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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

e^h

1È¥VÐZ[µâg
(Reflection of Light at curved surfaces)

W\)®)ÞZzgÛ~�~W"VÐ�WzZáìwÆ!*g}~¥â]qÝ�`
�XZkÆ´z{W\�z~W"VÐ0¥â]ÌqÝ�`�X

W\Yy`��ÈW"VÃ�z~WNWYV¹Y@*ìX
Z½~�ð¥V~W\ÆìÑ]»x@{�D�ñW\F�uz2]~2�ñ�VÐX

HZ½~�ð¥VÐ�WzZáìw�~W"VÐ�WzZáìwÆ�z�D�? •

HñR,Çh-V~ZEw�äzZÑWsZq-�~Ws�@*ì?Zy~ìwgLYV�W •

�?
øgZìwPW"V~�ZzgP~;�ZÃW@*ìYV? •

ìwqÝ�Mh�? Qt HëËWNW~ •

Hër~jÆOñWNWÆfg=Ë`6,Îg`ÅÃúVÃ%Ãi�Mh�? •

È¥VÐ�äzZáZ[k~ÌiZztZ[kZzgiZztz̧q)z~�D�?YV? •

W�!�z~W"VÐZ[kâgÐ0Zz6,���ÎZÑ]6,'×h+z�s#ÆaZk$»
_·�,X
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Z[kÆ¬çÆ_.ËiZz}6,Ãqz̧qz̧̀q6,Q�q�~âÐÃqz̧qZq-iZzt
¯D�ñz̧̀qÐ�ZCìXA$z{À�~âÐ)z~iZzt¯D�ñF�YCìX
Z[k»tçÓx¥VÆa9ìXeìtR�~�c*ÈX�V6,�.Þ̈g!*]tì�LLz̧̀q6,

Q�À�ÐiZz-VÅeöÅYCìXZ¤/ËR6,À�~â5YY�ZzgiZztz̧q¥xHYY�
A$teì�ëÃqFÐ�WzZáiZztÃ¥x�Mh�XË

!k3�
÷

G

RÆË`6,�WzZáÀ�~
âÃW�ãÐ¥xHYYìpËÈRc*)b{ÆËÌy6,À�~ânW�y7�@*X

ÈR6,q�~âÃ¥x�**
(Å.e$¡÷³X)6�̂ó»�(Zk6,â�~P6Î�X6 foam g',c*¯x)
~�3c*�HìX 1(a) �̂

(c*ÒÅRÐÀ�UzZµ�Z¤/̄xÃWśgHYñÂ6Zky6,q�~â foam zZãgì�tÓx6¯x)
�ÏZ#ÃðÃqZky6,7,Cì�V6RÃé�CìÂtÃqZÏiZzbÐF�ÏÔ�iZzt
Ãqz̧q6&q�~âÐ¯CìX

Æ_.Z0+gzãY+$ñh�£6~W\ä¾�Ût»x@{HX 1(b) Z[Zk¯xÃ̂
6Z[ÌZÕo6,q�~èo�VÐpW\tx@{�,ÐX�Óx6ËZq-Å̀Y+$%Ãi
�ä»gDygnp�)c*ËZq-y6,s�D�(X
Z¤/ë¯xÆZk�}ÃÛzãY+$ñh,A$ët�BÐ�6Zq-�zu}Ð6,}�YC�Ôc*

~�3c*�HìX 1(c) �zu}ZÖp~6Zq-�zu}ÐZ�Zs�C�X6�̂

fig-1(a) fig-1(b) fig-1(c)
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

Zk=ôÐëÃtZ0+Zi{�@*ì�WsÅRZ¤/�z~�ÂHp~�$ËìX
(1(b) Zq-!©�ç GWsg',Ð¶�ñ�DÆÒÆ]ZtìTÃZ0+gzãY+$ñhZ�Hì)^

(1(C) ZÏ§bZq-ö[Wsg',ÆZ,ÒÆâ#ìTÃÛzãY+$ñhZ�H�)^
~�3c*�HìÓxq�~èoËZq-`6,%Ãi�VÐZkÃ̀ 1(b) Zq-!©�çGWNWÆa6�̂

(ë�X C Ws»%�/Z+B5é EE)

W�æ¢a~Å�¥â]»Z¬�{�D�
�Z],}ZzgZyÆ�k6,̈g�D�ñW\ä5ì��Z],}»Û¢�Z],}Ëy6,
Q��kÐÀ�zZg�@*ìX

�kÅZkVwÆfg=ë�z~WNWÆËyÐq�~â»4Z0+Zi{ÎMh�XëÃÜsZÚ�**
�Ç��z~WNWÆ%�/~Z+B5é EEÐ�z~WNWÆËJ̀-Zq-â5�ÇX

~�3c* 2(a) Zk!*]ÃË�zZ��~^~'W�y�ÇX6�̂
�HìX!©�çGWs�g|Zq-(,}�}»z�@*ìXZkÆ%�/~y)%�/
Z

+
B5é

E
E

(Ã¥x�äÆaZq-Z,°æO}Æ%�/6,̈g�**7,}Ç!©�ç GWsT»
ÐWsÆËJ̀-5YäzZÑâZk`6,q�~â C Zq-zìX`

�ÇX
óq�~âÐ¯Cìt R ÆaiZztz̧qz{iZzt�Ç�Ãq R Ãq
~�3c*�Hì 2(b) �ÇX6�̂ r �ÇZzgiZztZ[k i iZzt

  i  =  r ëY���Z[kÆ¬çÆ_.
2(b) B@*ìX̂ Pole WNW»zV`)ææc*ð%�/(WNW»Ú

(principal axis Æ_.�Z|â�3c*�HìZzg�WNWÆÚZzg%�/Z+B5é EEÐ¦/g@*ìX"gZ-)
B@*ìX R »�gxãÃ,�z~WNW»Û¢Z+B5é EE C Zzg P B@*ìZ#�

Å¯z^Æ_."gZ-ÐáZi~7,äzZàÃúVÆaZFÃÑr 2(b) èÃg{!*Ñ̂
ÅÃÒÙXW\¾³6,qÐ?

fig-2(a)

fig-2(b)

3

SCERT, T
ELA

NGANA



�"Æfg)ZLQ�{ÆÅ¤&ÙX 1.1.1

ZkÅ¤&ÆaëÃáZi~ÃúVÆù´Ã
qÝ�ä»Ãð§iZC**�ÇÔt¾§bHYñÇX

�&Ð¬ëZq-Z(§iZ(g�,ÐT~
�gzÝÅáZi~ÃÑqÝ�VX

ëêâÃwÆZq-$½�-öE�}6,�z6Zk§bÎN�táZi~�VXZk̂Æ_. 3 ®Z#^
Z#Zq-gzÝ»JZ�Ûd$g3YñÂJVÆ�bÅs�DÃWD���gzÝÆJ}Ã�zg
HYñÇiZztZ�ZsÁ�@*YñÇZzgZ#ëJ}Ã¹�zg��ï�ÂqÝ�äzZáJVÆ
�ñáZi~�YD�XzZãgì�ñxHÃ�zg�ä6,gzÝÅu]~Ì¶zZµ�CìXZk»

Ètì�áZi~ÃúVÆ�wÆagzÝ»JZ�zgg3YñÇZzgZk§bg3Yñ�zZã�t
qÝ�XC��gzÝ»JZëÃ¹VAÇ?
;V!�W�ãÐ�ø7[Zq-JZâgìóW\äZ0+Zi{Îc*�Çæóz{Îg`ìXW�Îg`ÅÃúV»
ZEw�D�ñZq-!©�ç GWNWÐ�/Z�x�,X

Zq-!©�ç GWNWÃÎg`ÅY+$Zk§bgqp�Îg`ÅÃÑZk6,7,,X»½ÆZq-gL�}

ÃWNWÆ�tgnp�ñZq-J̀-áY��VW\Ã�&ÐgN*Zzggz×`�3ð�ê�Ôt
Îg`»ìw�ÇX)Zk!*]ÃD¯��»½»�ZZÚgN*��WNW6,Îg`ÐWäzZàÃúVÆ
gZ5~qb:�ä0*ñ(X
Îg`ÐWäzZà"gZ-ÆáZi~ÃÑ!©�ç GWNW

�¶(ZkÃ̀ 4 Ð�Z�Zq-y6,%Ãi�VÏX)^

(ë�X F !©�ç GWNW»âöc*âm)̀

fig-3

fig-4
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

�¶XZ#áZi~ÃúV»ÃLö[WNW6,7,@*ìÂW\H³Z~.�D�? 5 ^X /

HW\Zq-$©�ö
EG

ìwqÝ�D�Z#�âm`6,»½Ãg3Yñ? /

(ë�X�z~ f WNWÆÚÐZkyÆÃAÅeöÙXZkMðÃWNW»âmîw)
(R=2f) WNW»Û¢Z+B5é EEZkÃA»�kH�ÇX

Æ_.�{�»gHåHZk~ÌÃÑË`6,ñÃi�g��? 2(b) W\ä̂
Z¤/W\»½Æ�}ÃâmîwÐÌÁÃA6,gOÂHp~zZµ�Ï?c*QZkÐ�zg /

w�'�,A$H�Ç?
HÎg`»@gN*�Çc*Q(,Z�Ç? /

W\t�B�ZziÎg`»@�gógN*�ÇZzgâmîwÐic*�{ÃA6,�gó(,Z�@*�Z�3ð
�}ÇX
â^:Ã¦»{�¯ä6,��itzZã7�@*�WNWÅÃ́RZ[ÏRì®Zt§iZ(gH�Hì
�)Z[ÏRÅY+$)�ÅY+$(èo¯ñYD�X
HW\Ëö[WNWÐÌZq-{�»g�Mh�?

�¶XZ[kÆ�áZi~ÃÑÅs�C�ð�3N�î� 5^

6,Q�ªö[WNW» F XZ¤/FÃúVÃúÅY+$(,JNÂz{̀
âö)c*âm`(B@*ìX

Z#!©�ç GWÍ6,áZi~ÃúVÃeZÑY@*ìA$tF��Zq-âö6,�ÏX
HëÃCÙz�Ü!©�ç GWNWÆân6,ìwqÝ�Ç?W�¥x�,X /

fig-5

ÎGn�!ìw<
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�/Ç�r

qÝ�äzZáZìßV»x@{Zzg�ÆÃAÅeöZzgWNWÐìwÆÃAÅeö Ñ:
�**X

^»Z*�{Ôe�_c*¢aZÏX V ñxHÔ»½Ô!©�ç GWs)T»âmîw¥x�(Ô £/WÑ]:
Æ_.F,KM�£X 6 Z*�{ÔñxHZzg¢aZÏÃ̂ V Z*�{6,gqpX V !©�çGWNWÃ §i¿:
»½)6,�{c*Zh+(ÃWÐ ªÆÃA(6,gnp�ñ 80@*10 "gZ-6,WNWÃñxHÐZ£â])

úw�'�ïYNZzgZk£x»ç�,�V6,W\ÃzZãìwqÝ�@*�X
)Zk!*]ÅZôo',CYñ�>�z~WNWÆ"gZ-ÆZz6,�XZzg»½"gZ-Ængì(X

~�g`ÙX I ZLx@Z]Ã].zw

I ].zw
wk ¦Jc* ìw

)(,ZBgN*(
WNWÐ»½»Ã,

(V )ìw»Ã,X
WNWÐñxH»Ã,

)�»Ã,(
�¶Ky

1

2

3

4

ìwÅãC�6,ZLx@Z]Å¤/z\È~ÙX)}C��ìw(,ZìZzgZtì(t qÝ�äzZá
eì��£â]6,W\ìwqÝ:�ÃXZ,£â]ÅÌ¶K0+�ÙX

~�g`�Mh 2 aèëY���âmZ̀zg%�/Z+B5é EEH�@*ìëqgz!*Ñ�"Æx@Z]Ã].zw
Æx@Z]ÐW\H³Z~.�,ÐX 2 �X].zw

fig-6
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

Zk%³6,4ì�Zq-Zzgx@{HYñW\»½6,ìwqÝ�äÅÃÒÙZ#��~�ð�
Z£â]6,g¿YñXZkz�ÜWNW~Ì�N³ZzgZLx@Z]â^Ù�¾§bìwqÝ
�@*ìX
&
B}ÏîìwZtìc*¦JZzg(,Zìc*gN*?

2 ].zwX
Çc*Wi~ ¦Jc*Zt )(,ZBgN*( ìw »£x ìw ñxH»£x

âmZ̀zgMNWÆ�gxy
âm`6,

Æ�gxy C Zzg F

%�/èZ+B5é EE6,
Ð6,} C

ÐW\H³Z~.�D�? 2 ].zwX
WØ!©�ç GW"VÆfg=Ã¦{Æ»g�,Zzg}òZ~.�,:

WNWÆÃ¦{Æ !©�ç G 1.2
~ëä!©�ç GWNW6,Îg`ÐWäzZàáZi~ÃúV»Ã¦{��¬XT~âm` 2rX

~�3c*�HìX(Z[ë 4 6,Îg`»ìw¹gN*ÃW@*ìX)6�̂X

tZÐ�WNWÆ"g6,}Ì�~�ð�Ãgnp�ñÃ¦{�ù»g
HY@*ìZzgëèÃg{}òÅ¤&�,ÐX
�Vë�ÆZq-�`Ðå3zZàÁZiÁ�zÃÑBÐ�Z4V
~�Vót�B�WNWÐt¾§bF�C�Zzg¾£x6,ï�ìw
¯C�X

W�Zq-VwÆfg=KÅÃÒ�,X
~Cc*�Hì�Ûn�,�!©�çGWNWÐñizVÃA6,Zq-ñxHWNWÆ"g6,g¿� 7 6�̂X

ìX

fig-7
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^~ñxHÆ?)�(ÐÇ̀�ð�zÃÑ�3ð��XZyÃúVÃZ[kÆà]ÅãC�6,
6,Q�X 'A' F,KM�c*�HìXZ[kÆ�tÃÑ`
6,�ÇX 'A' ìwÆ?»uZZyÃúVÆ̀F,Z�/

6,YV? 'A' Zq-�` l

6,(A$ë�BÐ�6,�} 'B' ÐWÐc*úË£x6,gO)}` 'A' Z¤/ë6,�}Ã̀
6,tÃÑZÕo6,Q�XZka>Æu}»ìwZyÃúVÅzzÐ6,�}6,Z£â]

6,� 'A' 6,¶ÇX?Æu}Ðå3zZà'×h+ÃúVÆèor6,ë�BÐ�z{F��`
6,ñ}gOÂ?Æu}»ìw 'A' 6,%Ãi7�VÏÔ®ZZ¤/ë6,�}Ã̀ 'B' %Ãi�VÏp`

.e$gz×ZzgzZã�3ð�}ÇXZzgZk`Ð6,�{ª»½ÃUäªWÐú�äÅßg]~ìw
�®Ñ�YñÇX)Zk£x6,¼�ìßVÆZq-�zu}6,;�äÅzzÐ(

Ht³Ôz�³7ìT»IZi,Îg`ÅÃúVÆ�/~x@{H�Hì?
@*ëËÌ�~�ðÃqÆaiZztZ[k¥x�**ZÚW�y7�@*ìZka�CÙ�iëÃq�~â
n7,@*ìiZztz̧q¥x�**7,@*ìZzgZkÅ�zu~Y+$)z~iZztgppzZàÃÑL7,C�t

Zq-úÔ»xìÂQHøg}0*kÃðW�y§iÌ�Yì?
;V!�§j�Z[J-ëäXQñg»Y,̂{1Zy~ë�ÃúVÃ

»ç�Mh�X 'A' �gúÒ{ÃÑfe�ñ`
ëä�¬�"gZ-ÐáZi~ÓxÃÑF��WNWÆâm`Ð
*gC�Zka{�¯äÆa�&Ð4§itì�Z+Ãq�&
Ð¬sYñ��ÐWC�ZzgWNWÆ"gZ-ÆáZi~�ÔFÃq
z{�ÏTÃWNW6,z̧̀qÐ5YñZzg�WNWÆ"gZ-ÆâmyÐ
*gC�XZk»xÃ�¯äÆaëå�Z+ÃÑ{ÆÐ��Æu}ÐÇ̀�V

»x@{ÙX R1 (~Ãq 8 ^X)
ëVwÅwkßg]Ì9�Ïªz{Ãq�WNWÆâm`Ð*gC�Z[kÆ�"g

Z-ÆáZi~�̂CìX

fig-8
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ZkÐ��zu~ÃqqÝ�Cìtz{Ãqì�?Æu}Ð{g`�CìZzgâm`Ð
*gD�ñWs6,7,CìZ[kÆ�"gZ-ÆáZi~�̂CìX
®Zs�Z[ÏÃqz{â�Ï�Zk`ÐÇ̀��VÃqz̧qWNW

»x@{<X R2~9 Ð�ZCìZzg"gZ-ÆáZi~�̂Cì̂X

ZEw�D�ñQk»̀ç�Mh��Vt R2 Zzg R1 

Zq-�zu}Ãs�D�tz�£x�Ç�V?Æu}»ìwáCìX
Zq-ZzgÃqìTÃëW�ãÐéMh�X

IZi,ëä�¬�q�~âÐ¦/gäzZàÃqZ[kÆ�QÏgZ56,p#³�
~�̂CìXC��Ë�z~WNWÆaZ+Ã́Ãq�$Ëì?

ëY����z~WNWÆ%�/Z+B5é EEÐ5YäzZÑ
âQk`6,�kÆÀ�UzZ§�@*ì�VÈRÐâ!øM�@*ìZk
aZ¤/u}ÐWäzZàÃqsYñÂz{Ãq%�/Z+B5é EEÐ¦/gD

10 �ñWNWÐ�ZñÏZzgQÏgZ5ÐF�YñÏZkÃ̂X

Æîg6,�3c*�HìX¬xîg6,z{Ãq�q�~âÆ�B�B R3~

�̂CìSÏgZ5ÐzZ:ß¦ìX
ZyÃúVÆ´z{Ôz{ÃqÌ��ÐÇ̀ìZzgWNWÆÚJ-BìZ,{ÃVÆ¯ä~
æ�Çg�CìXZkÃqÆ
a"gZ-Ôq�~â�@*ìX

Z¤/øg}0*kZq-ñxH
~11 �g��6�̂X

�3c*�HìXË�Æu}
Ðå3zZà�zÃúV»`

ZzgQÏ� ' A ' »é

fig-9

fig-10

fig-11

R2

R1
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'A' Zzg̀ 'B' »Ã¦{�¯Mh�Xë�Ù��̀ 'B' Æ{Ðå3zZà�zÃúV»»̀é
�zâV�ÕoWNWÐ)z~ÃA6,�W�®Z�WzZÑìwÀ�UZzgwk�ÇX

Z¤/ñxHÃWNWÆ"g6,g3YñÂìw~ñxH»�°{¹V�**e�? l

Zq-Z+ÃqÆa�"g6,ËyÐÇ̀�ð"gZ-6,�̂CìSÏ"g6,F�ÏT»t³ïÑY
Yì�Zk»�°{"g6,��ÇXZ¤/Ë�Ã"g6,À�Ug3YñA$qÝ�äzZÑìwÌÀ�U�ÇXZk

ÐZq-À�n�ÇX�V` 'A' Æa�"g6,`
»éz{`�Ç�V�ñxHÆìw»�°{Âîg6,0*c*

5±<X®Z6�̂~�3c*�H 12 YñÇX̂X

ì�ìwQtZzggN*�ÇX
~Skßg]ÃzZã�äÆnÃ¦{� 12^

¯c*�HìX�V�Ã%�/Z+B5é EEYÐ6,}g3�HìXH
t³W\Æx@Z]Ð_�g�rì?)�/Ç�
r(
�zu~ßgÂVÆaZ,�Ã¦{Æ¯�Zzg¤&<�Ht{ÆÌW\Æx@Z]Ð
_�gnp�X?
�/Æ�zgZyHW\ä�¬�Ë£x6,ìw6,�} l

qÝ:�Z�?
~eð�ßg]»x@{ÙX�ñxHÃ 13 ^X

WNWÆâmîwÐÁÃA6,g3�HìX
(?Æu}ÐÑzq�ÏZzg"gZ- R1 «Ãq)

ÆáZi~w�'�D�ñZk§bF�Ï�âm`
Ð*g}ÔZkßg]Æâ¯**W�y�ÇX

fig-12

fig-13
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

�zu~ÃqTÃëäIZi,̂ÆaÉHå�>Æu}Ðä3�ñâm`Ð*g}

pZ+ÃðÃq»�**e7ìXaV�tÃqWNWÐ7�ZñÏZka�Ãð�~Ãq»
ZN[�**�ÇÔZq-Ãq�?Æu}Ðä3�ñ%�/Z+B5é EEÐ¦/g}X

pZ(Ìe�3ð7�ê®ZëðhZ�g�z$+w�,ÐX
OñZkÆ�ñxHÆu}Ð%�/Z+B5é EEYJ-Zq-ÃqsYñZq-Z+Ãq�ÛnÅYñÏ
�u}ÐÇ̀ìZzgZk�Ð*gCì�tëY+$WÐ(,Jä6,%�/Z+B5é EEYÐ*gYñZ+Ãq
RÆq�Æîg6,�ÏZzgZÏ�~F�ÏX

(Ås�C�ªtÃÑs7��XZk§b�Ë 13 ¨g<��zFÃÑ)^X
Ì£x6,zZãZzggz×ìwqÝ7�@*ZkÆ´z{FÃÑÅs�C�Â}6,Ììw7
0Y8-öGW�6,�}ÃWNWÐÂuJ-�zgw�'�¶6,Ì
ìw7AÇX

Z+ßg]~�ìwZkz�ÜqÝ�@*ì
Z#ëWNW~�Ù�Ht¿Ã¦{ÆÆfg=�**
eì?

Zq-��{WNW~ìwÆ�wÆa�r
ëäHQkÃc*�<�V6,ëäìwÃ³�äÆ
nFÃúVÃ#³�~Qkz�ÜJ-zÝ�~¶Tz�ÜJ-z{s:�,�VÌz�¿H
YñÇXZ#ëWNW~�Ù�Â�gZÝëZy�ÅsFÃúVÃ�Ngì�XZ(ªCÙ�@*ì�

Æ_.ÃúVÃZy�~WÐ(,JD�ñ 14 tËZq-`ÐWg��XZk`»ç^X
qÝHYYìXìww7áCXptëÃWNW~�3ð�êì6�ë�zu~ßgÂV~�Ù

~�3c*�Hììw¦JZzg(,Z�3ð�}ÇXHtøg}�/Ç�aÆx@} 14 �X6�̂X

Æ_.ì?
ÃúVÃQy�~(,JD�ñqÝH�HìwWi~ìwB@*ìÔëZkìwÃ6,�}6,Ç
ìwÆîg6,qÝ7�MhX

fig-14

11

SCERT, T
ELA

NGANA



tßg]T~�~�ð�%�/Z+B5é EEY6,�Zq-Zzg�Nßg]
6,̈g<X 15 ì̂X

ÆÃ¦{ÆÐëZkË6,í���»ìw 15 ^X
QÏÃA6,qÝ�ÇTÃA6,t��ptìwQt�ÇZzg�#Ö
~�Æ)z~�ÇX

�/Ç�a~W\äHx@{Hå?

6,gÇ��ÆaHW\ÃìwqÝ�Ç? F âm` /

Ã¦{�¯ØZzg�/Z�x�ØX

fig-15

èÃg{Ã¦{ÃVZzg�!*]ÐW\Ã!©�ç GWNWÅºmS:]»Z0+Zi{��H�ÇXZ(Ws
ìwÃQkz�Ü;�êìZ#�ZkÐ�Ûd$g¿YCìX)âmîwÐÌÁÃ,(ZzgZ,WNW
~ìw¦J�@*ìXW"VÅZkS¤ÃF§hVÐZEwHY@*ì}Z,WNW¬xîg6,
Z&b{âV)s#Ö{âV(~Zzg�0+Zy�iZEw�D�XZ+¥VÅZq-ZzgS¤t�Cì

ÆT.V. �t+ÃúVÃâmy6,%Ãi��î�t¬x£â]6,ÌÒ]ÐZEwGYD�
aZEwKYäzZáelZ&4545é GEHGE6,̈g<X

ZLZ§ZszZ)s~W\ÃFZ++�3ð�,Ï��ÈR�CìZyÐ�3ð�¶
zZáìwÌ(,}�N�D�pc*�gÚ�Óx+!©�ç G7�'¹�g~

+ö[Ì�C�X
HW\äL»gÆqÂg}ÆWNW6,̈gHì?
ZyÅR¾§bÅ�Cì?
HW\ä»gÆÔjZzg9ÅÆ>VÐ�WzZáìwÃ�¬ì?

�¶X 16 Zy>VÅR¾§bÅ�Cì?^X
HW\ö[¥VÆaÃ¦{Æ¯Mh�X

fig-16
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

Ã¦{Æ)ö[W"VÆfg)ìw»àC( 1.3
ëËö[WNWÆaÌÃ¦{�¯Mh�ZkÆaW�yF,+ÃÑàYNÏÎë
äIZi,1åXðh~Ïp~Æ�z�ÃÑàYNÏX�V6,&¸Z°ÃÅpǵ7,}ÇXXÆ
�tÃÑZEwÅYNÏaV�ZyÅÕÿ¯ä»§iz�ìZkaZy»Z¬�{7HYg;ìX

"gZ-ÆáZi~Ãqö[WNWÐ�Zä6,Zk§bF :1 �°{X
�¶ 17 �Ï�6�âm`ÐWg�ìX̂X

»wk�°{B@*ìÔâm 1 t�°{Ô�°{X :2 �°{X
Å̀�~�̂äzZàÃqóZ[kÆ�"gZ-Æ

Ã̈gÐ�&À�/õ GGX 18 áZi~�̂}ÏX̂

%�/Z+B5é EEYÅ�~�̂äzZàÃqóF�äÆ�ZÏgZ{ :3 �°{X
6,#³�~ßŴñÏZzgZ(�3ð�}Ç�tÃq%�/Z+B5é EEY

5±<X 19 X̂X . ÐWg�ì
W�Z[ëö[WNWÆ�tZ£â]6,g¿
�ðË�ÆìÑ]Æ�W~ZyZßßV»ZEw

�¶( 20 �,ÐX)^
ö[WNWÆ�t"gZ-6,Zq-�g¿�ìX

¦JÔgN* AB ÃZEw�D�ñëZq- 3 Zzg 1 Zßw
Æ�gxyWNWÆúqÝ�D F Zzg P ZzgÇìw

�XZkìwÃ6,�}6,qÝ7HYYZzgtÜsWNW
~ÃW@*ì®ZtZq-Wi~ìwìX�/Æfg=ZkÅ¤&<X

ZyZßßVÃZEw�D�ñZ£â]6,�Ãgpp6,�WzZáìÑ]ÃªCÙ�äÆa
Ã¦{Æ¯�ZzgW\Æ}òÃâ^<XZy}òÅ�"Æfg=¤&<X

fig-17

fig-18

fig-19

fig-20
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Æ(V) ZzgìwÆÃA (U) ËºmÃA6,g¿��»ìwZq-{m£x6,qÝ�ÇXHW\�ÆÃA
�gxyÃðmeMh�X

ÈWÅVÆa��Z~.�** 1.4
»x@{<X 21 ^X

ÐZq-Ãq"gZ-ÆáZi~^ B Æu} AB�        

Ð�ZCìXZ[kÆ�tÃq X �D�ñWsÆ`
)%�/ "C" Ðå3zZàZq-ZzgÃq B )ân(Ð��¦/gCìX F

Ð�ZCìZ[kÆ Y Z

+
B5é

E
E

(Ð*gD�ñWNWÆZq-y
�tÃqQÏgZ5~zZ:�YCìX

�ÇX A'B' »ìw AB »ìwìZÏ§b BÔB' 6,W:~Q�XZÏn B'̀ YB' Zzg XB' t�zFÃÑ
Æ_. 21^

�z!5Ò5é II]�X DA'B'C Ô DABC

U XP' "gZ-6,Zq-À�
�z!5Ò5é II]�VÐX DA'B'F Zzg DP'XF ZÏ§b

P'X = AB Åæ�ÐëÈMh�� 21^

Åæ�Ð (3) Zzg (1) )zZ]

6,;�ÇX PÔP' Z¤/Ãq"gZ-Æ4,�q-ÐáZi~*gCìA$ZkÆaëÈMh��
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P'F = PF  A$

Ðëx@{�Mh�� 21^
AC = PA - PC
A'C = PC - P'A
A'F = PA' - PF

~ZyÃ�g`�ä6, (5) )zZ]

ëY���

Ð��ä6, uvf Ã (7) )zZ]

WNW»��B@*ìZk�ÆÃZEw�Dz�Ü�CÙßg]Æ t)zZ]

ao�&´áV»ZEw�**ecX
WNWÆ�ÆÐ0Z�jVÆ´áV»ZÖg 1.5
ÓxÃAÚ�ÐeöòYNÐX X1

Ãqz̧qÅ�~C[KYäzZáÃAµ´#ÖÆ�BaYNÐZ#� X2

#³�ÆÃAÃt´#ÖÆ�B�YñÇX
Qkz�Üµ´#ÖÆ�BèYñÏZ#"g (hi) ZzgìwÅ�~ (ho) �~�ð�Å�~ X3

Z-ÐZz6,ÅY+$�XZzgtÆ�BZkz�ÜèYñÏZ#"gZ-Ð¬Y+$�X
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Æ!*g}~7,³ÐªÚÅ�#ÖZzgìwÅ�#ÖÆ (magnification) MØZ[ër
�gxyģX

(m)r 1.6
�z~M"V~�WzZáìwÅ�#ÖZ�CìX�V6,ëÜsZyÅ�~»Y,̂{fe�̂
6,̈gÙX 22

iZzt¯CìZzgZÏiZzt » q ÐMäzZàÃqÚ6,z̧qÆ�zgZy O'

6,F�YCìX q

xË[ Zzg Æfg=ëÈMh��[ 22^
�X

Å<å XEZ

´áVÆÒpÐ
PO = -u;   PI = -v;    OO' = ho;    II' = -hi

~�g`�ä6, (1) Zy�VÃ)zZ]

ërÅ°pZk§b�,ÐX
(r m) =

CÙßg]ÆatU*"$HYYìX
m =  

C[�z? (m) ~qÝ��{¥â]ÅãC�6,Óx0*õßgÂVÆar 2 ].zw
ªÅ�zg~6,g3�H 25 ªâmîwgppzZáZq-ö[MNWÐ 15 ªMðÆZq-�Ã 4 Vw:

ìXËgz×ZzgzZãìwÆ�wÆa6,�}ÃMNWÐX�zg~6,g3Y**
ecXìwÅâÎ6,û{ÙZzgZkÅ�#Ö¥xÙX

´áVÆ§jÆZ±gÐ i:
Ú»Ã,  (u) = -25 cm âmîw (f)= -15 cm

fig-22

r

(ìwÅ�~ hi)

(ÚÅ� ho)

 Dìw»Ã,    (-v)

(Ú»Ã, u)

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZ[µâg

fig-23
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

ìw»Ã, (v) = ? ÚÅ�~ (ho) = +4 cm

ìwÅ�~ (hi) =?

WNWÆ�Æ~t©�g`�äÐ

ªÅ�zg~6,g3Y**ecXìwÇ�ÇX 37.5 ®Z6,�}ÃMNWÆÚÐ

èÃg{©�g`�ä6,

®ZìwZtZzg(,Z�ÇX
ëäÈM"V6,gzÝÆZ[kÆ1»Y,̂{1XMØZ[ëgzi%{i0+Ï~ZkÆZEÑ]7,³ÐX

FaA»g�** 1.7
Æ!*g}~7,J�Ç�z{M"VÆZEwÐ¯VÃ Mg:k M\ä

¾§b°c*�@*åXHM\CNÐ�Zq-MsZEw�D�ñË�Ã
ù¤/xHYYì?

MØÃÒ�,X
ët¬�J`��Ë!©�ç GMNW~Îg`ÅÃÑMNWÆâm
y6,¾§b%Ãi�YC�XZq-�y6,ÃúVÆ%Ãi�YäÅzzÐZky6,ZyÅwZg]Ü
�YCìZzgZq-gL!©�çGMNWÅæ�ÐZq-»½Æ�}Ã¤/x�Mh�c*°Mh�XZk�"Ã̂
~�3c*�HìX)Zq-ö[MNWÐÌZk�"ÃZ�x�¶ÅÃÒ�,XM\»x@{Hì?( 23

fig-23

r
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ZÏ§bZq-(,Z!©�ç GMsá�Ë',@Ã¤/x�ä»�/�,X
¯NX TV dish M\äKz~»elZ&4545é GEHGE�¬�ÇXZq-Ç~c*ßìÆ�Û*Ð

�zV~Zk§b��,X��}[)z~Z�: 12c*8 MsÆÅLÃ acrylic
!5Ò5é
II

]Æ�°} 12c*8 ÆÛ¢Æ)z~�X dish antenna ��VZzgZy»Zg·q
Æ_.ÀM"VÃel6,ðV��ØXZ[M\» 24 »Zq©¯D�^ antenna

ÎÑg�&ÎÑgÃ�»gìX
RÎg`Æ�t�XZk (concave) ZkÃ�ÃÎg`Æ£.ÞZk§bgÚ�!©�ç G

»âm¥̀x�D�ñZÏ£x6,Ãð',@gÚXtZÚ¤/x�YñÇ�M\Zk',@~
ezwåÃÐX

^Æ�D (parabolic) iZEÑ]~)�»gÆ�ÑQ(!©�çGWNWk°
�¶X 25 �X̂

%�/èZ+B5é EEÔÛ¢Z+B5é EEÔ"gZ-ÔÚÔâöc*âmỒ

âmîwÔÚ»Ã,Ôìw»Ã,ÔÇìwÔWi~ìwÔr

fig-24

fig-25

ËÈR»À��gZÝz{âì�ÈRÆËyZzg%�/Z+B5é EEÃ�h@*ìX l

MNW»��: l

ìwÅ�#Ö l

ÚÅ�#Ö
     ìw»Ã,   =

�»Ã,       

r  m =
c*

=

 m = - 

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZ[µâg

ã~ZÖp

ëäH5
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

Çc*Wi~ ¦Jc*Zt (,ZBgN* »£x ìw ñxH»£x)Ú(
Wi~ ¦J (,Z MNWÆZ0+g Æ�gxy F MNWZzg

D D D ÑpÐ�£x6, âm`6,
Ç Zt (,Z _2.çGF} C Æ�gxy C Zzg F

Ç Zt ÚÅ�#ÖÆ)z~ 6, C %�/èZ+B5é EE6,
Ç Zt  gN* Æ�gxy F Zzg C Ð6,} C

Ç D

$©�
ö

EG

ìw âö6, ÑpÐ�Ã,6,

z{ìw�FÃúVÆÇ»̀éÐqÝ�@*ìÇìwB@*ìXZkÃ6,�}6,qÝHYYìX l

FÃúVÃÂW�}�qÝHYäzZÑìwÔWi~ìwB@*ìXZÐ6,�}6,qÝ7HYYìX l

D: ¦gZ]6,g�¿ .I

ËÚÃ!©�çGMNWÆ"§Z-6,%�/Z+B5é EEZzgâmyÆ�gxyË£x6,gppÅßg]~ìw X1

(AS1) ¹VáCì?
(AS1) ö[Zzg!©�çGM"VÆ�gxy�ÛtÃÒy<? X2

(AS1) ÇZzgWi~ìwÆ�gxyH�Ûtì? X3

(AS1) Zq-!©�ç GMNWÆfg)M\Wi~ìwM\ùqÝ�,Ð? X4

(AS1) �z~M"VÐŹ�jVÆ!*g}~M\HY��? X5

âmîw (e) Û¢Z+B5é EE (d) âö (c) %�/èZ+B5é EE (b) Ú (a)

(m)r (i) ìw»Ã, (h) Ú»Ã, (g) "gèZ- (f)

!©�ç GMNWÐÚ»Ã,Zzgìw»Ã,¥x�D�ñ�"Æfg=M\äH}òZ~.KX X6

(AS3)

D: ¦gZ]»Z:t .II

ªÆÃA6,g3YñX�z~ 10 ìw»Ã,¥xÙZ#�ËÚÃ"§Z-6,!©�çGMNWÆ�t X1

(AS1) ªìX 8 WNW»Û¢Z+B5é EE
(AS1) ìXZk»ÈÒyÙX +1 Ë��}MNWÅr X2

ZLZõ[Ã�Ûzr�Ø
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(AS2) �ÛnÙ��z~MsÐ�z§q¢»ZK̈yzZ�7ìXZkÆH}òìÐ? X3

Zq-!©�ç GMNW~�WzZáìwÆ£x»Z0+Zi{ÎäÆáZEw�äzZàÃÑ X4

(AS5) Z@*g�X
Ë!©�ç GMNWÆ"§Z-6,%�/èZ+B5é EEÐ�zggÇYäzZáÚÆaìw»¦g�D�ñÃ¦ X5

{�»gÙX
(AS5)

(AS7) Çh-VÆa×ÎWNWÆîg6,ö[M"VÃF,ßYV�ï�X X6

D: ¨gz�6,FFZd�gZÆÎZÑ] .III

ªìXZ¤/Ãð'ZkMNW 3 Zq-Çh~6,ë�Æ©ÆaZEw��{ö[MNW»Û¢ X1

(AS7) ¢aÆÃA6,�ÂMNW~�WzZáìwÅâÎZzg�#ÖÆ!*g}~ÉÀ�/õGX 5Ð
ìwÃÚÆ£x6,qÝ�äÆa�ÚÃË!©�ç GMNWÆgz',z¾£x6,ǵ�Ç?Ã¦ X2

(AS5) {�¯ØX

( ) 6,g3YñÂìw»£x�ÇX C Z¤/ËÚÃ!©�çGMNWÆgz',z"§Z-6, X1

Ð6,} c (d) 6,C (c) Æ�gxy C Zzg F (b) ÑpÐÃA6, (a)

( )
!©�çGMNW~�ìwgN*Zkz�ÜZkz�ÜqÝ�@*ìZ#�ÚÃ6,g3YñX X2

ÆMÐ C (d) 6,C (c) Æ�gxy F ÚZzg (b) 6,F(a)

( )
!©�çGMNW~Wi~ìwZkz�ÜáCìZ#ÚÃ6,g3YñX X3

ÆMÐ C (d) 6,C (c) Æ�gxy F ÚZzg (b) 6,F(a)

( ) =mr X4

(iv) (iii) (ii) (i)

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

( ) Zq-Ãqö[MNWÆâmyÐ�CÙ¦/gCìÂZ[kÆ�Ð*gCìX X5

ZÏgZ56,#³�~ (b) "gÆáZi~ (a)

Ðc (d) ÐF (c)

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZ[µâg
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¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZ[µâg

( ) Zq-ö[WNWÐ�WzZáìwÅ�#Öå X6

�Æ£x6,«�Cì (d) �Å�#ÖÆ)z~ (c) ��{ (b) r�{ (a)

ªÅ�zg~6,Zk»ìwáCì�» 30 Zq-!©�çGWNWÆ"gZ-ÆËÃA6,Zq-�g¿�ìXWNWÐ X7

( ) r=15 cm Ã,¥x<Z¤/
7.5 cm (d) 30 cm(c) 10 cm(b) 15 cm(a)

( ) ÐÅYCìX  �z~W"VÐ0ÓxÃ+VÅeö X8

 ìwÐ� (d) WNWÆÚÐ (c) WNWÆân (b) �»ìw (a)

( ) Zq-!©�çGWNW~Ç�ÐÇìw»Z�F,+Ã, X9

f/2 (d) 0 (c) f (b) 2f (a)

!©�ç GWNW»âmîw¥x�äÆa�/Ç�a»ZZ�ÙX X1

!©�ç GWNWÆ�t"gZ-6,�ÃZ£â]6,g3YñA$�WzZáìw»£xZzg�#Ö¥x<X X2

ZK̈ã�d$~�z~W"VÅ@*gõÐ0¥â]Z��ÆZq-g7ĝsX X1

ZLZ§ZszZ)sZyZâ6,̈g<Îö[z!©�çGWNWÆîg6,ZEwHYY�?Zk» X2

Zq-].zw»g�D�ñZK)®)~Wzm,ZV<X
gzi%{i0+Ï~QyñŹVÅ¦k,,Z�<�VW\

!©�çGZzgö[WNWZEw�D X3

�ZzgZK#{)®)~Wzm,ZV<X

Xi{�!*]

Xi{µ/È~
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e^h

2
6ð)zZ'

Chemical Equations

ë)oV~ëZLZ§ZszZ)s�äzZáZpZ]Æ!*g}~7,|`�XZyÃë
ä�zZlx8pZ]Zzg6ðpZ]~�HX
Z[óøg~gzi%{i0+Ï~�äzZáqgzfsZqw~�äzZàp=VÆ0¨gÙX

øg}�~½Z»Ç�** D

îpV»S D

¿w D

aä~0*ã5** D

Wx»± D

îs²áJ-ßìÆ!Ã%î[�Z~ǵ D

HtpZ]8�c*6ð?HtpZ]¬gè�c*x? M\ä¾§bÅp=V»x@{H? l

èÃg{!*ÑÓxZqx~ZÝÚÅ{¤~p~zZµ�ÏXZ¤/ZypZ]~ZÝZâÅS:]
Æåîg6,)�zS:]zZàZâk��ÂëÈMh��tpZ]6ðpZ]�X
ëù¥x�Mh��6ð¬ïzZµ�Z? l

tY+ÆaMØëPaZ�x�,ÐX
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B{0*ã5ØXZ[ZkZ2ZäÃ 10 Zq-kg}~Zq-¤/ZxZyua**)yM�à(³XZk~
ZKZiÐg��¶X

M\äHCkH? 7

M\äCkH�Ç�Z2Z:¤/xìXZkÅzztì�Z#yM�à)Zyua**(0*ãÐ¬ï�@*
ìÂZk¿~wZg~ÂZ**ð{g`�CìXyM�à0*ã~i��"g8-²w¯@*ìXÊ-.ø

G

»½Æ
fg)Zk²wÅ{¤ÅYõÙX

²wÅ{¤tì? 7

èÃg{!*Ñ²w~Z#ucÊ-.gö
G

»½Ãe1c*Y@*ìÂtYg8-~ps�Y@*ìX²YÊ-.gö
G

»½ 7

Æg8-~Ãðp~zZµ7�CX®Zt²wZ�ÏìX

Å (Na2SO4) B{0*ãá�Zk~Îe*Ü 100 Zq-kg}~½ã
ðh~ÐlZgiÙX

Å (BaCl2) 0*ã³ZzgZk~Û*³gZà 100ml �zu}kg}~½ã
ðh~ÏlZgiÙXqÝ�äzZá²ßVÆgùV»x@{ÙX

èÃg{!*Ñ²ßVÆg8-H�? 7

HM\qÝ�äzZá²ßV»**xCMh�? 7

²w5ØZzgx@{ÙX Na2SO4 ²w~ BaCl2

Zy�zâV²ßVÃ5ä6,HM\äËp~»x@{Hì? 7

c*;àgz³guF,� 20ml Zq-%zïÜZk~�DÆP�}³XZk~
eZaX%zïÜZk~zZµ�äzZàp=V»x@{ÙX

M\äÁp=VÃCkH? 7

%zïÜZkÆìÆ�Ûd$Zq-Q�ðâ\Å$ÃgÚX
Q�ð$Æ�BH�Z? 7

ÜZkÃZKZèVÐg��&À�/õ GGXM\äHCkH? 7

HÜZk¤/xì? 7

Æ�zgZy èÃg{!*Ñ_VÆfg)M\t³Z~.�Mh��Zq-6ðp

Û*ÜgÎ[»àC 1^

�D6,c*;àgz³guF,�Æ¿Ð;àgzX�»àC 2^

zïÜZk %

HCl c*
ÆF,ZÚ �D
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ZÝZâZKS:]Å�î�X®Ztõ&]Z8q�ZzggùVÆ�D�X X1

6ðpZ]',zVwZg~c*�gzVwZg~�Mh�ªZy~wZg~ÂZ**ðc*Â_.[�Cìc*Q{g` X2

�CìX
t**i5+k,Zâ¯Mh�qgÎ[¹Y@*ìX X3

Ë6ðp~�»Zy%Z`Ì�YìX X4

øg~gzi%{i0+Ï~ëZLZ§ZszZ)sZZlxÆpZ]»x@{�D�XZk!*[~ë
6ð¬5]ZzgZyÆä́ZÖgÆ!*g}~_·�,ÐX

6ð)zZ' 2.1
~Z#yM�à0*ãÐ¬ï�@*ìÂZq-5Úz��~Mð�yM�àZzg0*ã�zâV 1rX

~zZµ�ñ�Z¹ÓV~Òy�**Zq- 1 ÐÌ!*ÇZ¶XZk§b6ð¬5]�rX
îs¿ìXZkÃ�)zZ]Å̂~¿îg6,�YYìX
èÃg{!*Ñ¬ïÅ�)zZ]¼ZSb�CìX

yM�à + 0*ã g ''''''y;àgzM�à (1)

)�5]( )õÝ(
Z+Zâ�6ð¬ï~zfe�ZzgX~6ðpzZµ�@*ìZ¹�5]Zzg�WzZà5Zâ
Ãõ&]ë�X�)zZ]Å̂~�YäzZá6ð¬ï~�5]Åõ&]~p~Ã
Zq-¾Æ¶KyÅæ�ÐªCÙHY@*ì��5]Zzgõ&]Æ�gxyÎc*Y@*ìX�5]Ã¾Æ
¶KyÆ!*NY+$Zzgõ&]Ã�ZNY+$�Y@*ìXõ&]ÅY+$¾Æ¶Ky»u¬ïÅ�Ã
ªCÙ�@*ìX

»¶KyÎc*Y@*ìX (+) Z¤/¬ï~�zc*iZZ+�5]c*õ&]�VÂZyÆ�gxy
6ð)zZ]r 2.1.1

6ð)zZ]ÃªCÙ�äÆaèÃg{!*Ñ§jÆ´z{HM\Ãð�zuZ§i?m,�Mh�? l

ZÖpÆOñZ¤/ë6ð�ÆZEw�D�Â6ð)zZÂVÃ¿Zzg4îg6,ªCÙ�Mh�X
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H2O Ô0*ãÃ CaO ¦g�D�XZk§bëyM�àÃ 1 Z¤/nÃðÌ°��k,:H�ÂëZkÃ°�
��XZ[y Ca(OH)2 ZzgZy�z%·]Æ¬ïÐ�WzZá6%�'y;àgzM�àÃ

M�àzÆ0*ãÆ�B¬ïÃZk§bÉMh�X
CaO + H2O g Ca(OH)2 ''''''' (2)

èÃg{!*Ñ6ð)zZ]~¾Æ¶KyÅ�ZNY+$Zzg!*NY+$0*ñYäzZáCÙKÆ�CÙzVÅ®Z�
C[ÙX

HCÙKÆ�CÙzVÅ®Z��zâVY+$)z~ì? 7

Æ�B¬ï�Æ HCl qgzfs¬5]ZzgZyÅ6ð)zZÂV»x@{ÙXi7-�J]Ôc*
¯@*ìZzg;àgzX�{g`�CìX ZnCl2

Zn + HCl g ZnCl2 + H2 '''''  (3)

Îe*ÜÔÛ*³gZàÆ�B¬ï�ÆÎe*³gZàZzgÛ*Ü»CgÎ[¯@*ìX
Na2SO4 + BaCl2 g BaSO4 +  NaCl  ''''  (4)

H!*NY+$ñ��CÙKÆ�CÙzVÅ®Z��ZNY+$ñ��ÁÜÆ�CÙzVÅ®Z�Æ)z~ 7

ì?
H�5]~ñ��ÓxÁÜÆ�CÙóõ&]~ñ���? 7

�çÞ3ò1]æ�ÖÓãò1

(Ð�-ZgzV6,WH0*ÙÆZq-c*�z�y��-Zg,gz×Zzg!*ÇCÃ Ca(OH)2 aäÆ!h4�Òþ G²w)þ 7

WC�?
o�&´áVZzg��V»ZEw�D�ñèÃg{!*Ñ¿ÆnáZiy6ð)zZ]sX 7

6ð)zZÂVÃáZiy�** 2.1.2
ç!�ñSÆ/ñZ#Ë6ð¬ï~qÝ�äzZáõ&]ÅÀSZk¬ï~z
hezZá�5]ÅÀSÆ)z~�CìM\Y����CÙK»Zq-Z�F,+fg{�@*ì�6ð
¬ï~z©8ìZzg�CÙ��ÅS»f)�Zg�@*ìXÅ<å XEZç�ñâ�{ÅgzÐ¬ïÐIZzg¬ï
Æ�CÙKÆ�CÙzVÅ®Z�»)z~�**¢zg~ìX

¬xîg6,Zq-%�'ÃZkÆ6ð�ÆÆfg)�Y@*ì��Zk~ñ��{ÁÜÅ´áVÃªCÙ
�@*ìZzgn�k,KYäzZáZ°Z�%�'~ñ��ÁÜÆ�CÙzVÅ®Z�ÃªCÙ�D�X
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MØZ[ëZq-o�&§iZEw�D�ñ6ð)zZ]ÃáZiy�,XZkÑÆa
;àgzXZzgMxÆ¬ïÐ0*ã�WÆ¿ÃVwÆîg6,³X

CÙ�ïZzgõÝÆa96ð��VÆ�BZq-)zZ]sX :1 %³
Vw:0*ã¯äÆa;àgzXÆ�BMxÆ¬ïÆaM\

�g`fs6ð)zZ]ÉMh�X
H2 + O2 g H2O  ''  (5)

ZâÆ�@�Æ�Æ�)zZ]ÃáZiy�**ecXZkÆ :2 %³
a�ZâÆ�Ó]~ñ��{�CÙzVÆÚ�&Ãps7�**ecXpëo�&Z°Z�Ã��V

ÉMh�X (Coefficient ÐI/îg¢d$)°�~u
'2' sZzg0*ãÆ�@�ÆÐIÌ°� '2' èÃg{!*Ñ)zZ]~;àgzXÆ�@�ÆÐI

sXx@{Ù�H;àgzXZzgMxÆ�CÙzVÅ®Z��zâVY+$7Vìc*ZX�zâVY+$
ZyÅ®Z�)z~ìXZkat)zZ]áZiyìX

2H2 + O2 g 2H2O '''  (6)

ÃZq-o�&°�Ð��**¢zg~�@*ì (Coefficient) �Zz�]ÓxZâÆ°�~u :3 %³
aV��èÃg{!*Ñ¿~�5]Zzgõ&]Æa°�~uÅZ�F,+Ú�g»g�CìXZ¤/�u
b%¢!:�Â)zZ]Ã��äÅ¢zg]7�CXèÃg{!*Ñ)zZ]~ZâÆ°�~uÃ��äÅ
¢zg]7ìX

K
�CÙzVÅ®Z�

Óx6ð)zZ'áZiy�**ecYV�6ð¬5]Æ�zgZy�CÙ:ÂaZ�D�Zzg:Â+
�D�XZ(6ð¬ïT~�5]ÅY+$)!*NY+$(ZÁÜÆ�CÙzVÅ®Z�õ&]
ÅY+$)�ZNY+$(ÆÁÜ�CÙzVÅ®Z�Æ)z~�C�ZÐáZiy)zZ]¹Y@*ìX
��Z»×V:

¬ï (Formula units) )zZ]ÃáZiy�ä»ÈtY'ì�CÙÚÆÄ��Z»×V
~zágì�XZq-��Z»ð»È6�**xÐªCÙ�@*ìË´�Ø��ÆÆZq-

)Îe*gzZV(ZzgZq- Na+ ÅZq-��Z»ð~Zq- NaCl Z»ð�CÙÔgzZVc*�?ìXVwÆîg6,
H2O gzZV�X Br- gzZVZzg�z Mg+ ÅZq-��Z»ð~Zq- MgBr2 )³g+gzZV(�@*ìX Cl-

»Zq-�?ìX H2O ÅZq-��Z»ð
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â^:Z+)áZiy6ð)zZ]�ZâÆ�@��V6,
��CìeJç)zZ]BCìX

�zâVY+$CÙKÆ�CÙ~Z°Z�»».Þ :2 %³
ÙX)zZ]ÃáZiy�äÆa°�~uÃ¥xÙX�&

ÆçA C3H8 Ðic*�{ë{ÚÐZ�Z�**4�@*ìX
»g0Æ�CÙ�²�ZN 3 Zzgâ^Ù�)zZ]Å!*NY+$ (7) ~)zZ]ÆeJ�6,̈gÙ
»Z����,Â»g0Æ 3 Y+$ÜsZq-�CÙìXZ¤/ë�ZNY+$»g0eZðM�à~°�~u

�CÙáZiy�YNÐX
C3H8 + O2    g 3CO2 + H2O ''''  (8)

;àgzX�p�ZNY+$Üs�z�X 8 Z[;àgzXÆ�CÙzVÅ®Z�6,̈gÙX!*NY+$]
ÃgppÐ;àgzXÆ�CÙáZiy�YNÐX 4 ~°�~u H2O �ZNY+$

C3H8 + O2    g  3CO2  +  4H2O ''''  (9)

My%~MxÆ�CÙzVÅ®Z�6,̈gÙX!*NY+$�zMx�p�ZNY+$�k�X�ZN
ÃgppÐMxÆ�CÙáZiy�YNÐX '5' Y+$°�~u

C3H8 + 5O2    g  3CO2  +  4H2O ''''  (10)

�CÙzVÅ®Z�
K

)zZ]Æ�zâVY+$�CÙzVÃáZiy�äÆa)zZ]Å¤&ÙXèÃg{!*Ñ)zZ] :4 %³
Zq-áZiy)zZ]ìX (6)

)zZÂVÃ¾§báZiyHY@*ìMØPVßVÆfg)¥x�,ÐX
»Z�Zt: (C3H8) WxÅñ��Ï~6,zà :1 Vw

Zq-"g8-Zzg"1�ì�ic*�{F,¤/x�äZzg+ZyÆa/îgZgïZEw�CìX C3H8 6,zà
6,zàÆZ�Zt5+k,¬ïÆaZq-6ð)zZ]

ÉÀ�/õGXZk~6,zàZzgMx�5]�Z#�Ô
»g0eZðM�àZzg0*ãõ&]�X
¬ï~�áïZâÆ�ÆZzg´áVÃá�¬ïÉÀ�/õGZzg¦/¸I}~ÒyÆ�egzV%Zi
�CÙZ�X

ÓxZâÆ96ð��VÃZEw�D�ñ)áZiy)zZ]
ÉÀ�/õGX :1 %³

C3H8  +   O2  g  CO2  + H2O '''  (7)   ( )eJç)zZ]»
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¬x¬5]Zzgõ&]Æ9�ÆZzg6ð´â]ÃZEw�D�ñ)zZ]
ÉÀ�/õGX  :1 %³

o�&°�~uÃ¥xÙ@*��zâVY+$�5]Zzgõ&]ÆÁÜÆ�CÙzVÅ®Z�Ã :2 %³
)z~HYnX

Å�zâVY+$ñ��CÙÁÜÆ�CÙzVÅ®Z�ÅYõÙX (13) )zZ] (i)
õ&]~ñ���CÙzVÅ®Z� �5]~ñ���CÙzVÅ®Z� K

1~Fe 2~Fe2O3 Fe

3~Al2O3 3~FeO3 O

2~Al2O3 1~Al Al

~MxÆ�CÙzVÅ®Z��zâVY+$)z~ìX�!*¹�CÙzVÃáZiy�**ìX (13) èÃg{!*Ñ)zZ]

~Zq-�CÙ0*c* Fe ~�z�CÙZzg�ZNY+$)õ&]ÅY+$( Fe !*NY+$)�5]ÅY+$( (ii)

Ð¢[�ØX 2Ã Fe Æ�CÙzVÃ)z~�äÆaõ&]ÅY+$ Fe Y@*ìX�zâVY+$
b%z~îg6,áZiyÅ�)zZ]¼Zk§bì:

»Zq- Al ~!*NY+$ (Al2O3) Æ�CÙZÌÌ)áZiy�X Al~(14) èÃg{!*Ñ)zZ] (iii)

Æ�CÙzVÃáZiy�äÆa Al �zâVY+$ (A12O3) Æ�z�CÙñ���X Al �CÙZzg�ZNY+$
Ð¢[�ØXZ[b%z~îg6,áZiy)zZ]Zk§bìX '2'Ã Al ¾Æ¶KyÆ!*NY+$ñ��

~°�~uZ� (10) Zk!*]Å¤&�B�Óx°�~uZ�F,+å°��V�g|)zZ] :3 %³
F,+å°�~�ñ���X'×h+Zy°�~uzVÃ]äÅ¢zg]7ìXpCÙ6ð¬ï~Zk
§bgZ�&îg6,Z�F,+Zb%ZYqÝ�**¢zg~7X
�ÛnÙ�M\Ã�g`fs6ð)zZ]qÝ�ð

2C3H8 + 10O2    g  6CO2  +  8H2O ''''  (11)
Ht)zZ]̧Z2ÆÒpÐáZiyì? 7

M\¾§bÈMh�? 7

Æ(11) áZiy�äÆ!*z��ZkÆ°�~uZ�F,+åZ°Z�7�X)zZ] (11) 6ð)zZ]

Ð��äÅ¢zg]ì@*�My%~)zZ]tqÝ�X 2 Óx°�~uzVÃ
C3H8 + 5O2    g  3CO2  +  4H2O ''''  (12)

ZL�Z[Å¤&ÙX)zZ]Å�zâVY+$�CÙzVÅ®Z�ZzgZyÆZlx»ÑgÙZzgZk :4 %³
!*]ÃD¯Ø�)zZ]Å�zâVY+$z{7V�X

M],yM�àÔZ>4Æ�B¬ï�Æß;ZzgZ>4R,ZðM�à¯@*ìXZk¬ïÆZÖg :2 Vw
Æa6ð)zZ]sXZzgZkÃáZiyÙX
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~¾Æ¶KyÅ�zâVY+$ñ��CÙKÆ�CÙzVÅ®Z�)z~ìXtZq- (15) èÃg{!*Ñ)zZ]

áZiy6ð)zZ]ìX
Zq-áZiy)zZ]�äÆ�B�BZkÆ°�~uÌZ�F,+å (15) èÃg{!*Ñ)zZ] :3 %³

Z°Z��X
!*ÆHy%áZiy)zZ]Å¤&Æa)zZ]Å�zâVY+$ñ��CÙKÆ�CÙzVÅ®Z�Å :4 %³
2ÌÙX

õ&]~ñ���CÙzVÅ®Z� �5]~ñ���CÙzVÅ®Z� K
2~Fe 2~Fe2O3 Fe

3~Al2O3 3~Fe2O3 O

2~Al2O3 2~Al Al

)â^:6ð)zZ]ÃáZiy�ä»èÃg{!*Ñ§i[zæ»§iB@*ìX�%û)zZ]Ã
áZiy�ä~M\Ã'×h+Zôo�äÅ¢zg]�Cì(
6ð)zZ]Ã'×h+¥âC¯** 2.2

�5]Zzgõ&]Å�g`fsS:]ÃªCÙ�D�ñ6ð)zZÂVÃ'×h+¥âC¯c*YYìX
8qª( (i)

wZ]Åp´V)',zVwZg~c*�gzVwZg~p~( (ii)

�»Zy%Z`)Z¤/Ãð�Â( (iii)

gÎ[»àC)Z¤/Ãð�Â( (iv)

8qª(ªCÙ�**: 2.2.1

6ð)zZ]Ã'×h+¥âC¯äÆaZâÆ6ð��VÆ�B�B8qª(ÃÌªCÙHYñX
´�ZEwÅYC�X (s) Zzg (l) Ô(g) Z8qpVª�ÔâùZzĝkÃªCÙ�äÆaZZnKM
�Y@*ìX (aq) )M!(�Y@*ìX¿UZÐ 'aqueous' Z¤/Ú0*ã~/îg²wñ���ÂÂ

ÃZkÅ8qª(Æ�BZk§bÉMh�X (16) áZiy)zZ]

¤/x�äÃªCÙ�CìX D èÃg{!*Ñ)zZ]~´#Ö

D
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(g)c*"h" Z¤/Ë¬ï~�{g`�C�ÂZÐZz6,ÅY+$¾Æ¶Ky �ÆZy%Z`ÃªCÙ�**: 2.2.3

´#ÖÐªCÙHY@*ìXVw:
"i" Z¤/¬5]~gÎ[áCìÂZkÃnÅY+$¾Æ¶KyÅ´#Ö : gÎ[Æ�WÃªCÙ�** 2.2.4

ÐªCÙHY@*ìX
Vw:
�Zz�]�Ô�!*�ÔÓÏ¬ïz){¬ïÆÑZ_Ã¾Æ¶KyÆZz6,c*nªCÙHY@*ìX
VwÆîg6,

Zq-áZiy6ð)zZ]Å=ô 2.3
Zq-6ð)zZ]´áVZzg��VÆfg)�5]Zzgõ&]Æ¥â]�ÛZë�CìX Xi

t�5]Zzgõ&]Æ�Ó]ÆÚ�&ÃªCÙ�CìX Xii

(~ªCÙHY@*ìZka)zZ]Æfg)ë�5]Zzg u 6��@YVÃ�ðYV) Xiii

õ&]Æ�gxyYVÆmÆ!*g}~¥â]qÝ�Mh�X
Z¤/
²-.54

è
GG

G¤/Zx~ªCÙÅYNÂ)zZ]Æfg)ë�5]Zzgõ&]Æ?Ú�&ÃÌ¥x Xiv

�Mh�X
Z¤/¬5]~�zg�VÂëZyÅYVÆZ±gÐZzg�~��Zzg�!*î6,?SZzg? Xv

wÆģÃZEw�D�ñëZyuV»w¥x�Mh�X

',zVwZg~¬5]~wZg]{g`�CìZ#��gzVwZg~  wZg]Åp=VÃªCÙ�**: 2.2.2

¬5]~wZg]_.[�CìX�g`fsVßV6,̈gÙX
)',zVwZg~¬5](

)�gzVwZg~¬5](

´#ÖÐZzg�gzV (+) wZg~ÂZ**ðì&',zVwZg~¬5]Æaõ&]ÅY+$ 'Q' �V
´#ÖÐªCÙHY@*ìX (--) wZg~¬5]Æaõ&]ÅY+$
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³¤/Zxß;qÝ�äÆaZ>4Å�g»glZgC[ 1120 �ÛnÙ�èÃg{!*Ñ¬ïÆfg)
�äÆa¹YñX

áZiy)zZ]Æ_. i:

³¤/ZxZ>4�g»g�ÇX 540 ³¤/Zxß;qÝ�äÆa� 1120

6,¬ï�@*ìÂMiZ��äzZà;àgzX�» STP Îe*0*ãÅiZZ+lZgÆ�B 230gZ# :2 Vw
wÔSZzg�Ó]Å®Z�C[ÙX

�( H=1U ÔZzg O=16U ÔNa=23U )�CÙ~²)454è GGG:
èÃg{!*Ñ¬ïÆaáZiy)zZ]Zk§bìX

qça�pÒÛnjn6 ]æ�

�×Ü�×Ü�×Üm^

m^

tZq-áZiy)zZ]ì

)�CÙ~[Z»ð~(
Å~( )

)¤/Zx~(

?SZzgZ-ZÇegz°�ÃZEw�D�ñë6ð)zZ]Æfg)ZZâÆ�CÙzVZzg Xvi

�Ó]Å®Z�Ã¥x�Mh�X
t�5]Zzgõ&]ÅZ�°YVÐ0¥â]Ì�ÛZë�C�X
6ð)zZ]Æfg)ë

SXSģ (a

SXwģ (b

wXwģ (c

SXwX�Ó]Å®Z�~ģz){¥x�Mh�X (d

¥ÅF,¹ÆaÓ#Ö»j6ð)zZ'

�×Ü
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Ön9��

�^ÖÛ^l

�^ÖÛ^l

�^ÖÛ^l

Â(NA) �Ó] 6.02X1023 Å~ 1 ;àgzXª 2g

;àgzX~'''�Ó]0*ñYD�? 10g

i5+k, 7.3g Æ�B¬ï�@*ìT~ HCl c*(CaCO3) y»g1,M 50g Z¤/ :3 Vw
6,{g`�äzZà»g0eZðW�à»wZzg�Ó]Å®Z�C[<X STP �ñ��ìX HCl

èÃg{!*Ñ¬ïÆa6ð)zZ]�g`fsìX i:D
CaCO3   (s)  +  2 HCl (aq)    g  CaCl2 (aq)  +  H2O (l) +  CO2  (g) 

Æ�B¬ï�Æ HClÔ73g ÔCaCO 3 Ô100g )zZ]Æ_. Staichio Metric

»g0�ZðW�à{g`�CìX 44g

�g»g HClÔ36.5g ÔÆa CaCO3 Ô50g �g»g�CìZzg HClÔ73g ÔÆa CaCO3 Ô100g

�ø7[ìX HCl�7.3g �CìXpÜs
ÅlZg6,«�Cì�ÁlZg~ñ��ìXZk»Z®g HCl ÅaZzZgÜs CO2 Zk§bÐ

limiting 6,7�@*ìXÁlZg~�ø7[�ïÃLLöz��ïóó) CaCO3 ic*�{lZg~ñ��
(¹Y@*ì6�t�WzZáõÝÅlZg~f�@*ìX reagent

i:áZiy)zZ]Æ_.
;àgzX�êìA$ 2g lZg 46gÅ Na

lZg''?¤/Zx;àgzX�êì 230gÅ Na

�!*�6,Zq-¤/Zx?SzZà  1 bar, Standard Pressure Zzg Standard Temperature 6,ª STP

{w=ÍCì&¤/Zx�@w¹Y@*ìX 22.4�
{w=ÍCì 22.4 ;àgzX 2.0g6,STP

;àgzX{Hw=ÍCì 10.0g6,STP

;àgzX

m^

¥ÅF,¹ÆaÓ#Ö»j 6ð)zZ'32
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�5]Ôõ&]Ô',zVwZg~¬5]Ô�gzVwZg~¬5]Ô8z6ðpZ]Ô

��{c*eJç6ð)zZ]ó��Z»ðógÎ[ó°�~¢�MÔ�CÙ~SÔ
(Ô�@SÔZ-ZÇegz°�Ô¤/ZxD�@w STP £g~�Zzg�!*�)

Zk§bëÈMh��
44gÆCO2 f 73gÆHCl

? f 7.3gÆHCl

7.3g x 44g

73g

X(=ÍCìX CO2 Ô4.4 g (=ÍCìXA$ 22.4 L x�Zzg�!*z6, CO2Ô44g

4.4 g x 22.4 L

44g

~Ä�ã�VÐX CO2 Ô4.4 g Æ�Ó]0*ñYD�A$ CO2 Ô6.022 x 1023~CO2Ô44g

4.4 g x 6.022 x 1023

44g

= 2.24 Litres

= 6.022 x 1022 Mol

Zq-6ð)zZ]6ðp»ä́ZÖgìX •
Zq-áZiy)zZ]¬ïÆ�zgZy�5]Ôõ&]ZzgZyÅ8qª(ÃªCÙ�CìX •
Zq-6ð)zZ]ç�ñSÆ_.åáZiy�**ecX •
6ð¬5]T~wZg]_.[�Cì�gzVwZg~¬5]ZzgT~wZg]{g`�Cì',zVwZg~¬5] •
BD�X
Z+6ð)zZ]T~ÜsÁÜÅ´�ZzgZâÆ�@�Æ0*ñYD�Zzgz{)áZiy�Cì��{c* •
eJç)zZ]BCìX
6ð)zZ]ÃáZiy�äÆ�zgZyÁÜÆ´â]Zzg%·]Æ�Æ~p~:ÅYñÜsZyÆ°�~ •
¢d$Ã$+ÑYYìX
°�~¢d$åÂgLÐgN*å°��**ecX •

= 4.4g

¥ÅF,¹ÆaÓ#Ö»j6ð)zZ'

�ã

ã~ZÖp

ëäH5
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¦gZ]6,g�¿ .I

(ASI) Zq-áZiy6ð)zZ]ÐÃ́¥â]qÝ�C�X? X1

(AS1) 6ð)zZ]ÃYVáZiy�**ecX X2

(ASI) qgzfs6ð)zZÂVÃáZiyÙX X3

(ASI) qgzfs�5]Zzgõ&]Å8qª(Òy�D�ñZyÃáZiy<X X4

¦gZ]»Z:t .II

(AS1) qgzfsÆaáZiy6ð)zZ]��ñ¬ïÅnÅÙ|#ÙX X1

y;àgzM�à + **>uF,� g 0*ã + y**>f$ (a)
!5½54o-

ê

G

Y
E
G
I
G + M-e+ g

!5½54o-
ê

G

Y
E
G
I
GM-eZà (b)

(ASI) qgzfs¬5]Æa/ËwZyÅ8qª(áZiy6ð)zZ]
ÉÀ�/õGX X2

Îe*;àgzM�à;àgz³guF,ÚÐ¬ï�ÆÎe*³gZàZzg0*ã¯@*ìX (a

Û*³gZàZzgÎe*ÜÆM!²w¬ï�Æ**i5+k,Û*Ü»gÎ[ZzgÎe*³gZà»M!²w¯D�X (b

¨gz�6,FFZd�gZÆÎZÑ] .III
Æ��Z»×Vñ���qÝ CuCl2Ô6.023 x 1022 �zÅi7-ÔY6,u³gZàÆ²wÐ¬ï�@*ìT~ X1

(AS1) �äzZá@*ÆÆÅC[<X

{6,zàÆZ�ZtÐ{g` 2.46,STP ³�wwZg~ÂZ**ð{g`�Cì A ÆZ�ZtÐ (C3H8) Zq-Å6,zà X2

(AS1) �äzZàwZg~ÂZ**ðC[<X
6,WxÅSZzgwÅ£/lZgC[<X STP ¤/ZÃ"3ïJGHÃ»g0eZðW�à~ps�äÆa 2.4 kg X3

(AS1)

¥ÅF,¹ÆaÓ#Ö»j 6ð)zZ'

ZLZõ[Ã�Ûzr�Ø
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e^h

3
F,ÚZ�kZzg#

(Acids, Bases & Salts)

)®)Þ~W\äF,ÚZ�kZzg#Ð07,JìX
W\Y���F,ÚfZB~op�D�ZzgYÊ-.gö

G

»½Ãuc~ps��ï�XZ�k
gäÐó�ZzgucÊ-.ø

G

»½ÃY~ps��ï�X
Í1VZEw�D� (Antacid) »Dg�VA$z{�Z«!Z�M (Acidity) Z¤/Ãð¿!Z�M

Ãy�6ð¬ïzZµ�@*ì? 7

�*~F�gCZâY0*ðYC��Ê-.gö
G

»½ÔucÍÌ»gkÔ�~»²w¼YßVÅ'-VÆ
²t��**xC�ãc*$zgF,Úc*Z�k6,��D�XZyÃF,ÚZzgZ�kÅÙ|#Ænc*²w
Å¡]Ã¥x�äÆnZEwHY@*ì�²w~F,d-öIJS¤ìc*Z�Ï?qgz!*Ñ�gCF,d-öIJ

Zzg Methyl Orange zZ�ÏúÒ{²wÆ´z{P¡¦**xCúÒ{²w�$4-�5é GGGLWgô
ÃZEw�D�ñ�Ø�²wÅYõÅYCì�Wc*z{Z�k�c* Phenolpthalein ¢45é

E
G
E
 £45Ó4

è

E
G
GGE

F,ÚX
Zk!*[~ëF,ÚZzgZ�kÆ¬5]»_·�,ÐZzgY3Ð�¾§btZq-�zu}Ã
®s�D�XëZKgzi%{i0+Ï~ZEw�äzZàP�NZâYÆ!*g}~W�,ÐX

ÐqÝÅYCìXÊ-BèGFE�ßÃ&45é JGH)®)»Zq-7�ZìTÃ�gbCÙ (lichen)
Ê-.

ø

G

²wZq-g8-ì�Ê-BèGFE
ZEwHY@*ìX®~²w~Ê-.ø

G

»g8-Y*�@*ìXYßVÅPg3'c*V� ( I n d i c a t o r )

Ì�gbCÙZEwGYD�X (Geranium) Zzg̀%Z"54-ê
E
G
E

G (Petunia) ó°* (Hydrangea) ;àg#-B5é GEEG

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#

HW\Y��?
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F,ÚZzgZ�kÅ6ðS:] 3.1
�/Ç{~ZZâY»bCÙÆ�Bg�¿

�³�/Ç{Ðqgzfs%äqÝ<X
Ô(CH3COOH) ÔZ

$k5ë GHF,� (HNO3) Ô**>uF,� (H2SO4) ÔËguF,� (HCl) ;àgz³guF,�
[Mg(OH)2] Ô

!5½54o-
ê

G

Y
E
G
I
G;àgzW�à [Ca(OH)2] Ôy;àzgW�à (NaOH) Îe*;àgzW�à

ZyÓxZâYÆñ²w»gÙX (KOH) 7N*ô;àgzW�à (NH4OH) Zñ4;àgzW�à
kZzg¬²wÐZq-Zq-10+ZyZìW-V~eZnZzgZy (Watch Glass) jÅQìWc*V 4

ÅYõqgzfs@Zc*]Æ_.ÙX
«ZìW~~ñ��10+~YÊ-.gö

G

»½ez!*� (i)

�zu~ZìW~~ñ��10+~ucÊ-.gö
G

»½ez!*� (ii)

�~ZìW~~ñ��10+~$4-£é GGLWgôeZw� (iii)

a¶ZìW~~ñ��10+~¢45é EGE¢-£Ó4è
E
G

GEÅ10+eZw� (iv)

~�g`<XZÏ§b»¿Óx²ßVÆ�B�CÙZ�X 1 gùVÅp~»x@{�ÆfsÆ].zw

~�g`��{x@Z]ÐW\H³Z~.�D�? 1- ].zw 7

Zy%âVÐF,d-öIJZzgZ�Ï²wÅÙ|#<X 7

�¶Ky%:ucÊ-.gö
G

»½8
Ê-.g

ö

G

»½¢45é
E
G
E
¢-£Ó4

è

E
G

GE²w$4-£é GGbWgô²w

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#36
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Olfactory Indicator PZâYZ,�D�XÅ1F,d-öIJc*Z�Ï²w~ps�CìZyÃ
ë�X

W�!ëZk§bÆPbCÙÐ0Yïg~qÝ�,ÐX

Zq-ö8Å$kZzgZk~!*gq-»K�\iÆ�zVÃ�sÀ}ÅdVÆ�Bgqp 7

ö8Å$Ã¢ïÐ!*0+|�geµñ~7g~gZ]gÄ�£XZyÀ}ÅdV»ZEwZ[

F,ÚZzgZ�kÅYõÆnHYYìX
À}Æ�zVÅ1ÅYõ<X 7

Å10+,Zzg�zu}6,c*Îe* (HCl) Zq-�s(6,�zÖCVgqpXZq-6,c*;àgz³guF,� 7

ÅP10+,eZnX (NaOH) ;àgzW�à
ZyÀzVÃ´u{´u{>G�ñ0*ãÐ�ðñZzg�z!*g{ZyÆ1ÅYõ<Xx@Z]Ãâ^ 7

<X
z8»²tkX (Venilla) Z[ðhZß8-»%Zzg 7

Zq-ZJã"~ðhZc*;àgz³guF,�»²wZzg�zu~ZJã"~c*Îe*;àgzW�à» 7

²tÅP10+,eZnZ7jÅscÐZh Venilla ²wkXZy�zâVZJãSV~
§bhñXQZyÅ1ÅYõ<ZzgZÐâ^<X

Æ²wÐYõ<XZzg NaOH c*HCl ZÏ§bß8-Æ%Å1Ð�äzZàp~Ãc* 7

x@Z]â^<X
Æîg6, Olfactory Indicator Zzgß8-~Ð¾Ã Venilla W\Æx@Z]ÅãC�6,\iÔ

ZEwHYYì?
ZkrÐW\H³Z~.�D�? 7

ZegZzgCbZâYÃe0+~Zzg@*=Æ',@~7g3Y@*XYV? 7

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#

Î8/õ FGn�!ìwÙ

ÆZEwÅPVB�£XZLZ*�Ðn�!ìw<X Olfactory Indicator gzi%{i0+Ï~ 7
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�JÂVÆF,ØVÐ¬ï»x@{�**X Ñ:
ZJã"óïÏ"óh»',@ó»guóñxHó�0»0*ãóc*;àgz³guF,�ó�DÆ�Zä �g»gZâY:

~Cñ�§i6,WÑ]F,KM�ØX 1-^ §i¿:
B{c*;àgz³guF,�kZk~P�DÆ�ZäeZnX 10 Zq-ZJã"~ 7

i7-Æ�ZâVÅR6,W\Hx@{�D�? 7

{g`�äzZà�Ã�0Æ²wÐ*Zg�X 7

�0Æ²w~éYV¶? 7

�Ð½}éÆ0*kZq-Q�ðñxHÑ�X 7

W\Hx@{�D�? 7

Å¶K0+��CìX H2 Æ�B¥Ït� "POP" W\�BÐ�{g`�äzZà�(,~WzZi
Zk¬ïÅ6ð)zZ]Zk§b�ÏX

+F,� �J] g +# ;àgzX
2HCl  (aq) + Zn  (s) g ZnCl2   (aq) + H2(g)

»ZEw�D�ñ�CÙZ�X H2SO4 c*HNO3 Zk�/ÃËZzgF,�}
ZyÓxßgÂV~W\äHx@Z]KX
�g`!*ÑxÁÐW\t³Z~.�D��F,Ú�JÂVÐ¬ï�ÆÀ�;àgzX�{g`�D�X

ZJã"

i7-Æ�}

HCl

Z6&+
ïÏ"

�0»0*ã

H2

;àgzX�ÅYõ

Ð¬ïZzgQ HCl �D»c* 1 ^D
�ð$Ð;àgzX�ÅYõóñxH

»gu

�JÂVÐF,ØVÐ¬ï 3.1.1

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#

�/Ç�r
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»g1"54ø EGHZzg�JC;àgzX»1g"54ø EGH»F,ÚÐ¬ï 3.1.2

~A ZJã" �£ B Zzg A �zZJã"kZzgZyÆ**x 7

Îe* 0.5 ~½ã B ¤/ZxÎe*»g1,MZzgZJã" 0.5 ½ã
;àgzX»g1,M»²wkX

B{c*;àgz³guF,�5ñX 2 �zâVZJã"~½ã 7

W\Hx@{�D�? 7

�zâVßgÂV~qÝ�äzZà�ÃaäÆ0*ã)y 7

~�3c*�HX 2 ;àgzW�à²w(Ð*Zg�X6�̂
ZLx@Z]â^<X
qgz!*ÑrÆ�zgZy�¬5]�gì�z{fs~�b
��X

Z6&+

»gu

c*
HCl 

� CO2 

ZJã"

Na2CO3 

²w Ca(OH)2

.w°"

ïÏ"

Æ²wÐ»g0eZðW�à¦/gD�ñ Ca(OH)2:2-^

B{Îe*;àgzW�à»²weZw�ZJã"Ã¤/x 10 Zq-ZJã"~�DÆP�ZäeZnZzg
ÆÓx%ÖVÃ�CÙZ�Zzgx@Z]Ãâ^<X 2 <XZzgrD

ìZzgqÝ�äzZÑ#Îe* (H2) Zkr~ÌW\�BÐ�{g`�äzZà�;àgzX
ìX (Sodium Zincate) i

&½3ï
E
GH

¬ïÃZk§b�Y@*ìX
2NaOH    +     Zn     g  Na2ZnO       + H2(g) 

(Sodium Zincate)  

èÃg{!*ÑrÐW\t³Z~.�Mh��Z�k�JÂVÐ¬ï�ÆÀ�;àgzX�{g`�D
�X

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#
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®~¬ï 3.2

F,�DZ�k)®~(¬ï
²wkZk~¢45é EGE

¢-£Ó4
è

E
G

GE»Zq-¢{5NX²wÆg8-» NaOH B{ñ 2 Zq-ZJã"~½ã
x@{<X

Ã¢{/¢{5�H²wÆg8-~Ãðp~zZµ�ðX HCl Zk²w~ñ -

5ä6,²wÆg8-~p~YVzZµ�ð? HCl l

5�X NaOH Zk²w~Zq-c*�z¢} -

H�!g8-�z!*g{ªCÙ�@*ì? l

�z!*g{�!g8-qÝ�äÅHz�;]�$Ë�? l

NaOH ZkrÆ�zgZyZ%ÖV6,ëäx@{H�F,�5ä6,²w»�!g8-¸T$��HXYè
²w Ð¬ï�@*ìXZ�k»ZW,F,ÚÅzzÐ®s��HZzgZ#Zk H C l åîg6,

5c*YñÂ²w»�!g8-�z!*g{ªCÙ�ZXY;VZk²w~rÆ�zgZyF,ÚZzgZ�k NaOH~
Æ�gxy�äzZá¬ïÃZk§b�YYìX

{g`�äzZà�ÃaäÆ0*ãÐ*Zgä6,
Ca(OH)2 (aq)  +  CO2 (g)   g  CaCO3 i +  H2 O(1)

)CgÎ[()aä»0*ã(
»g0eZðW�àÅic*�{lZg*Zgä6,qgzfs¬ïzZµ�ÇX

CaCO3 + H2O  + CO2 (g)   g   Ca(HCO3)2 (aq)

(s) (l) )0*ã~i5+k,(
ZkÐW\t³Z~.�Mh��Z#�JC»g1"54ø EGHZzg;àgzX»g1"54ø EGHF,ÚÐ¬ï�D�A$

#́Ô»g0eZðW�àZzg0*ã¯D�XZy6ð¬5]ÃÀ�Zk§bÅ)zZ]ÐªCÙ�D
�

F,�+�JC»g1,M g 0*ã+»g0eZðW�à+#
F,�+�JC;àgzX»g1,M g 0*ã+»g0eZðW�à+#

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#40
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�JCW�à»F,�Ð¬ï 3.2.1

F,�5�hDg�Ô HCl Zq-kg}~»6,W�àÅðh~ÏlZgkZzg��}��}c* =

²w~�äzZàp=VÃâ^<X²w»g8-â^ÙX
qgz!*Ñr~W\äHx@{H? =

F,�~i��²w»g8-8!¯�uXZkp~ HCl W\�BÐ�Ù~ñ��»6,W�àc* =

³gZà»àCìX�JCW�àZzgF,ÚÆ�gxy�äzZá¬ïÃ¬xîg6,Zk (II) Åzz»6,
§b�Y@*ìX

+�JCW�à F,� g +# 0*ã
F,ÚÆ�gxyzZµ�äzZáZk¬ïÅ6ð)zZ]sZzgáZiy HCl »6,W�àZzg

<X
~5 èÃg{!*Ñ¬ï~�JCW�àF,ÚÐ¬ï�Æ#Zzg0*ã¯D�XT§br

�äzZá¬ïF,ÚZzgZ�kï�#Zzg0*ã¯D�X
ÐW\H³Z~.�D�? 6 Zzg 5r =

�zâV¬5]Ð�#Zzg0*ãqÝ�ñÔ�zâV�JCW�àZzg�JC;àgZàkÆF,Ú
Ð¬ï6,#Zzg0*ãqÝ�ñXZkÐët³Z~.�Mh���JCW�àÔ�JC;àgz
W�àÅ§bZ�ÏS¤gnp�X
�JCW�à»Z�kÐ¬ï 3.2.2

y;àzgW�à)aä»0*ã(Zzg»g0eZðW�àÆ (Ca(OH)2) ~W\ä 4r

~ñ��Zb%ZYF,d-öIJ�D�c*Z�Ï? Antacid Tablet =

àYCìA$n{~¾n»¬ïzZµ�@*ì? Antacid TabletZ# =

NaOH (aq) + HCl (aq) g NaCl (aq)   +   H2O (l)

F,�ZzgZ�k»¬ï��#Zzg0*ã¯@*ì®~¬ïB@*ìXÀ�Zk®~¬ïÃøDfŝ
~�Y@*ìX

+Z�k F,� g +# 0*ã

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#

Î8/õ FGn�!ìwÙ
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F,ÚÅ¬xS:]
F,ÚÅ¬xS:]H�C�? 7

Z[J-ëä�¬�ÓxF,ØVÅ6ðS:]Zq-Ü�C�X
�/Ç�r~ëäx@{H�F,Ú�JÂVÐ¬ï�Æ;àgzX�{g`�D�®Z
¹YYì�ÓxF,ØV~0*ñYäzZÑ�uK;àgzXìX

W�ëZq-rÆfg=Yõ�,Ð�;àgzXgppzZáÓxÁÜF,d-öIJ�D�c*7X

�ÃiÔZÈIÔ;àgz³guF,�ZzgËguF,Úz){Æ²w¯�X�ze{¤/ZÃ"3ïJGHÅspVÃ�z
Ù~gqpX 100ml Zg8-zZá',¹@*gzVÐ�h�Z¹

Æ_.�h�X 3 ÒR,~ÐZzgR,!5ÿEÃ�~�̂ ACÅ 230V ',¹@*gÆWiZ�u}Ã
WyÙX  Z[Ù~c*;àgz³guF,�Åðh~ÏlZgeZw�',¹Îó

ZJãSV~!*nLM>H�Z0*ãÔF,�ZzgZ�kÆ²weZw��bYNZzgZ¤/W\ÃÜs8 3 W\Ã =
Ê-.

ø

G

»½�c*YñA$ZyZJãSV~ñ��ZâYÅ¶K0+�¾§b�,Ð?
F,ÚÐ¬ï�ä6,qÝ�äzZà�ñxHÃu�îìX�aäÆ0*ã HCl y»Zq-%�'c* =

Ã�z�·¯CìXZk¬ïÐqÝ�äzZàZq-�y³gZàìA$Zk¬ïÅáZiy6ð)zZ]

sX

¬ï»x@{HXµ5Ògê GI;àgzW�à��Z�kì»g0eZðW�àÐ¬ï�Æ �gxy�äzZá
#Zzg0*ã¯D�Xt¬ïÌF,ÚZzgZ�kÆ¬ïÅ§bìXZkÐët³Z~.�D��
»g0eZðW�à��Z�JCW�àìF,d-öIJS:]gBbìX¬xîg6,t¹YYì�ÓxZ�JC
W�àF,d-öIJS¤Æqï�D�X
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W\äHx@HX 7

Zk¿ÃËguF,�Ô�ÃiZzgZÈIÆfg=́u{´u{�CÙZ�X
W\äHx@{H? 7

HCÙ%û',¹¢gz×�Ç? 7

W\x@{�,Ð�',¹¢ÜsF,d-öIJ²wÐ�gz×�Ç**� 7

�ÃiZzgZÈI²wÐX¢»gz×�**Zk!*]Å�?ì�²w~',¹
!*g»·î�g;ìXF,Ú~gzZVñ���D�ZzgZ#Zy²w~t

ìX Ãu�D�A$',¹gz¦/gC

Å¶K0+��D��F,Ú²w~;àgzX ìtZk!*] H + ~ñ��µgzZV H C l

¯D���F,d-öIJS¤Æqï�D�X�ÃiZzgZÈI²wÐ',¹¢»gz×:�** (H+) gzZV

gzZV6,« H+
gzZVñ��7ìXF,ÚÅ!Z�M²w~�WzZá H+

Zk!*]ÃªCÙ�@*ì�²w~
�CìX

Z�kÅ¬xS:] 3.3

Ã�}Îe*;àgzW�àc*y;àgzW�àz){Åæ�Ð�CÙZ�X 7r
H',¹¢gz×�Ç? 7

ZkrÆ}òÐW\HZ~.�D�? 7

Zy%Z`�D�X tgzZV» OH- �Z�k ',¹0*æÏ~¢gz×Zkz�Ügz×�@*Z#
HF,ÚÜsW!²w~gzZVaZ�D�?W�ZkÅYõ�,X 3.4

kX NaClk̂ 1.0 g Zq-�sZzgÈZJã"~ D

ZkZJã"~%6ËguF,�Åðh~lZg5�X D

W\äHx@{H?HZy%ZY"Ð�»Zy%Z`�g;ì? l

W�Z[ëZk¬ïÃ6ð)zZ]Åæ�ÐªCÙ�,ÐX

Ù

¤/ZÃ"3ïJGH

c*;àgz³guF,�

zz«( 230
-AC 

¢

�Z[J

:F,d-öIJ²w0*ã~',¹ñÝ�@*ì 3-^
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gzZVÆn;àgZàgzZV¯D H- ;àgzXgzZVWiZ�gzZV7�Dt0*ãÆ�ãÐF,I0*�CÙ
gzZVÐ ;àgz4gzZVÅúÒÏ H+

Xë 0*ãÆ�>VÐa%}�D� 6@*4 ���CÙ
�D�X

H+ + H2O    g   H3O+

gzZV¯D�XªF,ÚÜsW!²w~�gzZV¯D� H3O+c*H+
W\ä5�F,Ú0*ã~

%6ËguF,�Ð
½~%zïÜZk

ZJã"

NaCl

%î[
Ê-.g

ö

G

»½
Ã"
»gu
ZJã"

�Å»g~ HCl  4^
�0*ãÅñ��Ï~;àgzXgzZV¯CìZzg0*ãÅ)ñ��Ï HCl ïÏ"Ð{g`�äzZà

�ãÅ¹zZµ7�CX HCl~
�ãÅ0*ã~¹ÃfsÅ)zZ]~ec*�HìX HCl

{g`�äzZà�ÃZq-Æ��v}Èz4Y
Ê-.g

ö

G

»½ÐYõ<X 7

¾ßg]~
Ê-.g

ö

G

»½»g8-ps�Z? 7

èÃg{x@}W\H³Z~.�D�? 7

�);àgzX³gZà(Zq-F,�7ìYV�ëä�¬� HCl W\t³Z~.�Mh��È
»W!²wZq-F,�ìXaV�5Ê-.gö

G

»½ HCl È
Ê-.g

ö

G

»½Æg8-~Ãðp~7�ðp
uc��HX

)."(Ð Guardtube Z¤/ñÌ¹ic*�{%î[�A$qÝ�äzZà�Ã yÆn@Ze$:
*Zg�T~y³gZà�Zzg��ÃÈ�@*ìX
ïÏ"Æ�Ûd$zZµ�äzZá¬ïÆnHW\6ð)zZ]ÉMh�? 7

�/Ç�Zôo:fsÆZDw»x@{ÙXHW\ÃZy~ÃðXÃW@*ì?Z#LW\%6²ßVÆ
(»ZEw�,XgZ�&îg6,;ðV Test tube holder �B»x�D�A$W\Ãe��W\Ã)

ÐZ7ñ**ç**u�YìX
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W��BÐ�Z�kÃ0*ã~i�ä6,H�Ç?

;àgzW�àgzZV¯D�Xz{Z�k�0*ã~i5+k,�D� OH-  
Z�kÃ0*ã~i�ä6,

0*ã~b%z~îg6,i5+k,�X Be(OH)2 Z¹�)¨~(ë�XÓxZ�k0*ã~i5+k,7�DX
F,ÚZzgZ�k»0*ãÐ¬ï

F,Úc*Z�k~Z¤/0*ã5c*YñÂW\Hx@{�,Ð? 3.5

0*ãkX 10ml Zq-ZJã"~ 7

ÆP¢}eZw�ZJã"Ã��}��}h�X H2SO4 Zk~%6 7

ZJã"Æ�°}Ãg��¶ 7

W\HCk�D�?
Ht�gzVwZg~c*',zVwZg~¬ïì? 7

ZkaÃËguF,�ÆOñÎe*;àgzW�àÆfg=
�CÙZ�XZzgZLx@Z]Ãâ^<0*ã~ËF,Úc*Z�k»i�**
',zVwZg~¬ïìX0*ã~%6**>uF,�c*ËguF,�5äÆ
�zgZy�h+ZôoÅ¢zg]ìXF,ÚÃ0*ã~��}��}5**
e�Zzg²wÃxh**e�XZ¤/0*ãÃË%6F,Ú~Zq-!*g5�c*
Yñ{g`�äzZàwZg]Ð;BÚYä»Zky�ÇX

%6F,�ZzgZ�kÆ 5^
',àV6,ç{»¶Ky�3c*�Hì
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z){F,d-öIJpZmªCÙ�D�Z#�ZÈIÔ�Ãi�%½VÆ²wF,d-öIJ HCl, HNO3 W!²w~ =

pZmªCÙ7�DXYV?
tYV¹Y@*ì�F,ÚÃäÆ�zgZyF,�0*ã~5c*Yñ**�0*ãF,Ú~? =

HW\F,�c*Z�kÆ²wÅ¤�ÜÃ³�Mh�X
W�¥x�,

F,ÚZzgZ�kÅ¤�Ü 3.6

F,�Wc*¤!gìc*$zg¥x�äÆnZq-�/�,X
kX B Zzg A �zÙ D

kX (HCl) ~c*;àgz³guF,� B ZzgÙ (CH3OOH) ~c*Z$k5ë GHF,� AÙ D

Æ_.F,KM�£Zzg�zâV²w~',¹ÂZ**ðZ�w<X 7 ZyWÑ]Ãr D

W\äHx@{H? l

HW\Zyp=VÅz�;]»Z0+Zi{ÎMh�X l

W\�BÐ�;àgz³guF,�zZá¢ÅgzÝÅu]ic*�{�ÏXZkÆ!*W.ÞZ$k5ë GHF,�
zZá¢ÅgzÝ�®à�ÏXtZk!*]Å¶K0+��@*ì�;àgz³guF,�~gzZVÅ®Z�ic*�{ì

gzZVÅñ��Ïì H3O+ ~ic*�{gzZVÐ%Z�ic*�{ HCl ²Z$k5ë GHF,Ú~gzZVÅ®Z�Á�CìX
gzZVÅ®Z�¹¾�Ï®Zt$zg H3O+ ¤!gF,��ÇZ#�Z$k5ë GHZ�~ HCl ®Z;àgz³guF,�

F,��ÇX

iZZ+wZg]ÅzzÐh»',@IU»ÌZky�@*ìX
»x@{<Xtç{Æ¶KyÅ´#Öì�%6ËguF,�Zzg%6Îe*;àgzW�à 5^

z){Å1LÞ6,ñ���@*ìX
(ÆZg�i~°Z»ðw¶WCìXZk H3O+

ÔOH- 0*ã~F,Úc*Z�k5äÐZyÆgzZV)
BD�X (Diluted) Zzgz{F,ÚZzgZ�kc* (Dilution) ¿Ã¿**

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#
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)Zñ4;àgz NH4OH )Îe*;àgzW�à(Zzgc* NaOH Zk�/ÃPZ�kªc*
W�à(Ãá��CÙZ�X

W\Hx@�,Ð?ZLx@Z]Å=ô<X 7

»ÌZEwH (Universal Indicator) F,ÚZzgZ�kÅ¤�ÜÃ¥x�äÆnWÃ¹1
Y]ìXWÃ¹1�gZÝPbCÙ»Wö{ìXtWÃ¹1²w~0*ñYäzZá;àgzXgzZVÆ

ZZg�iÃZgùV~ªCÙ�@*ìX
e:)ZÏ( pH 3.6.1

e:c*ZÏ pH Ë²w~;àgzXgzZVÆZg�iÅeöÆnZq-e:»gH�Hì&
ë�X

²wÅ�g pH Ð1�HìTÆp¤�ÜÆ�( potenz %̀ði!*yÆÂ p ~ws pH)

ZÝZq-°�ÃªCÙ�Cì�²wÆF,d-öIJc*Z�Ï�ä»ZÖgìX
ÐÁzZµ�Âz{²wF,d-öIJ�ÇZzg 7 eä6,�g pH �@*ìZ¤/ 7 pH Ë®~²w»

gzZVÆZ�±ÃªCÙ�@*ìXZ¤/Ë²wÅ OH-
gzZVÅ¶Zzg H3O+ �A$z{ 14@*7 Å�g pH Z¤/

Ðic*�{�A$z{Z�Ï²w�ÇXfsÅ̂»x@{<X 7 �g pH

�g~p~ pH gzZVÆZg�i~p~Æ�B OH- Zzg H+ 6^
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²wÅ{¤ Åg�g pH »½»g8- pH ²w �¶Ky
HCl .1

CH3COOH .2
NH4Cl .3

CH3COONa .4
NaHCO3 .5

NaCO3 .6
NaOH .7

>H�Z0*ã .8

�»gk .9

Ç%̀»gk .10

»° .11

QR,»gk .12

ÅW»0*ã .13

ñi»gk .14

"g8-�ZWöæz[ .15

°[)IZiÍx( .16

°[)�ZiÍx( .17

F,� ®s Z�k

¤!g$zg¤!g $zg

�g»ZÖg pH DWÃ¹16,ñ��ZgùVÐ 7^

�g¥x<X pH ].zw~���²wÅWÃ¹1ZEw�D�ñ 7

Æ�}»Ý~�g`<X 2 ZLx@Z]Ã].zwD 7

�gC[<ZzgZLx@}»WÃ¹1].zwÐñZi:<X pH a»̧Ý~Zy»Z0+ZiU 7

W\Æx@Z]ÅãC�6,ZyZâYÅâÎHì?ÉÀ�/õGX
2- ].zw
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ZzgZ�Ï²w gzZV»Zg�iñF,Ú H+

pHäSorensen ~t¸]úÃ�zg�äÆn
 Å ¦gÅãC�6,²w pH »¦g�gsHXZk

J-öz���c* (molar)Å"1"Ã gzZã{¤ [H+]

�HX
Å�gzÈ~D¾§b7,³? pH

Z°Z�6,FF�@*ì� 14 e:#@* pH �gZÝ
gzZVÆZg�iÃªCÙ�@*ìXVwÆîg H +

#6,;àgz4gzZVÆZg�iÅ�gZq-Å�C pH6,
gzZV»Zg�i¹Ð H+ ìX´z{Zi,0*ã~

Å 1 0 - 1 4
Zzg p H = 0 ²ßV~��Zq-Å

~ZZâY 8 �@*ìX̂ Æ�gxy (pH=14) 

e:6,z��ÃªCÙH�HìX pH Æ²wÃ

Battery Acid

�»gk

!*gl»{Ø0*ã
(H2O in equilibrium 

with atmospheric
CO2)

@*i{>H0*ã
«g~0*ã
3ä»ÎeZ

²w( NaHCO3)

(NH3) ywZñ*

(NaClO) yw&Í-÷ EGF
(NaOH) »8ÎeZ

n}»gk
»g0Ææz!*]

u�
kg Vn}»
æz!*]
»°

Z&+}Åig�~
�z�|
py

Milk of

Magnesia

(Mg(OH)2

eä6,Zy»£x pH ²wZzg 8- ^

gzZVÆZg�i6,�@*ìXZ¤/ë)z~Zg�iZzg OH-
gzZVc* H3O+

F,ÚZzgZ�kÅ¤�Ü»Z®g²w~
gzZVñ���VÐz{ H3O+ )z~lZg~;àgz³uF,�ZzgZ$h45ë GG

HF,�BA$TF,Ú~ic*�{
gzZVÁ�VÐz{$zgF,��ÇXHZ[W\CMh��Ãµ H3O+

¤!gF,�BñÇZzgTF,Ú~

Z�k¤!g�ZzgÃµZ�k$zg?
ZLx@Z]Å¯Y6,CÙ�ÅâÎ»Z0+Zi{Î�X l

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#
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~p~ÅzzÐ�ZÕV~y%Z!aZ�$Ëì? pHH .2

B@*ì Enamel ÐÁ�@*ìÂ�ZÕV~y%Z!Ñzq�YCìX�Z-$»Zq-z 5.5pH Z#ì»
5.5 pH ��yÃ�»¯�@*ìZzg�»�&ÐJz�@*ìXt0*ã~i7�@*pZ#ì»

ÐnW@*ìÂ�ZÕV»izZwÑzq�Y@*ìXì~ñ��Ùc*3äÆ�]Zzg�zu~½ZðfgZ]�

ì~�ZÕVÆ�gxyg{YD�ZyÃ¹�ÆF,�aZ�D�ZkÐv»�&Ð4§it
ÆZEwÐ Tooth Paste ì�3äÆ�ìÃZh§b�s�**e�X�ZÕVÅÌðÆn

)tÀ�Z�Ï�D�(ZzgF,ÚÅic*�CÃ¹�Æ�ZÕVÅy%Z!c*vyÃgz»YYìX
pH øg}NÂx~ .3

tY'�Nì�øgZn{;àgz³guF,�aZ�@*ìXtn{Ãvyàñ%½ZÃÇ�ä
~æ��êìX$+NÆ�zgZyn{ic*�{lZg~F,�aZ�@*ìXZzgZkÅzzÐ�g�Zzg¡Ck�C

ë�Xt Antacid ìXZk�g�ÐÖgZ0*äÆnßvZ�ÎV»ZEw�D�XXÃ
�Zq- (Milk of Magnesia) F,ÚÅic*�{lZgÃ®s��ï�X

!5½54o-
ê

G

Y
E
G
I
G;àgzW�à Antacid

5wZ�kìZÒz9ZkÑÆnZEwHY@*ìX

�g~Z���YñÂH�Ç? pH Z¤/øg}�ÆZ0+gzãÂxÆ =

�g¹ßzÝ~��CìXYV? pH i0+{Z�xÅ =

ÅZÌ pH gzi%{i0+Ï~ 3.6.2

»Z�k�@*ì? pH Hm@*]Zzg³Z**]~ .1

ÐÁ�CìÂ 5.6 �g pH Å¹ÁzÝ~�i0+Ïg{Mh�XZ#!*glÆ0*ãÅ pH Y0+ZgZ�x
�gÃÁ��îìX pH ZÐ!Z!!*gÒë�XZ#!Z!!*glË�0+~~YCìÂt0+~Æ0*ãÅ

ZknÅ0+-V~W!Y0+Zg»i0+{gxÂ�Y@*ìX

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#
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¢}$4-£é GGbWgô1Æ¢}5�XZ[²wÆg8-» 3@*2 kZzg HCl Zq-kg{~c* =

x@{<X
¡F,d-öIJ�ÛmÆ̀sÃkg{~ñ��²w~Zh§b5ñZ[²wÆg8-Åp~»x@{< =

²wÆg8-~p~ÅzzH�Ï?e�X =

èÃg{!*ÑrÅãC�6,HW\6ð)zZ]ÉMh�? =

Hì? pH W\ÆyÆ!*rÅè» .4

Å¢zg]�CìXË7�}Å4%Æn pH 7�zVÆK%ÆnZq-ºmzÝ

¥x�äÆnW\Z»VÐèÆ%äZ�<ZzgøDfsCñ�r pH �g»g
Å�gC[<X´z{Zi,tÌâ^�Mh��T´ºÐW\äè pH ÅãC�6,èÆ

Z�Åìz;VÃµ7�}%0*gì�?

B{0*ã5�XZJã"ÆZb%ZYÃp[Zh§b 5 ¤/ZxèkZzgZk~ 2 Zq-ZJã"~½ã
hñXZb%ZYÃZ<ZzgZ�{Zb%ZYÃZJã"~¦<X

ÅYõ<X pH WÃ¹1~»½Åæ�ÐZ�{Zb%ZYÆ

6ðkBÐYâgzVZzg7�zVÅp�æZf 3.6.3

HW\ÃLßÅíä»N*ì?íe7-Æfg=�~Zq-F,�ghCìTÅzzÐ�g�Zzg
¡�CìX»UÅ(6,Z�k�3äÆÎe}ÆZEwÐWgZxMìX

Æ0W\H³Z~.�D�X pH W\ÆZL´º~7�}Å%ÆaèÅVà =

èÆÁqÑ]Æ7ÃZk~4~ÑäÆa�yXRV~a**c*y»g1,M5D�X =

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#
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LL�v÷óó)1zZàvk(Æ1zZá!*wÔ$4-�3ð GGE&F,�)ÃgîZ�(�~�Z4�D�
ÆDock Plant TÅzzÐ¡�ä@ìXZk»gzZî§i´`Z�ÏS¤Æqï

êVÃOW,{(ï�HY@*ì�k~�v÷Æ4,�q-�0*c*Y@*ìX
# 3.7
ÔZzgZt~ëäZ¬5]�F,ÚzZ�kÆ®~¬5]Æ�zgZy#Æ�WÃ�¬
ìXW�ZyÅ»g~ÔS:]ZzgZEwÐ0'×h+¥â]qÝ�,ÐX

ëV»{0+Zy 3.7.1

n�ñ�ëV»��s =

7N*ôÜÔÎe*ÜÔyÜÔ
!5½54o-

ê

G

Y
E
G
I
GÜÔ»6,ÜÔÎe*³gZàÔÎe***>f$ÔÎe*»g1,M

ZzgZñ4³gZà
ZyF,ØVZzgZ�ÎVÅÙ|#<XÐèÃg{!*Ñ#qÝòYMh�X =

z{#X~7Vµc*tZuÍ/õG�D�Zy»mZq-�{0+ZyÐ�@*ìX =

³gZàëVÆ KCl Zzg NaCl »mÎe*#{0+ZyÐìZk§b Na2SO4 Zzg NaCl}
{0+ZyÐmgnp�X
Zkr~�ñ�ëVÐW\Ä{0+ZâVÅÙ|#�Mh�? =

pH ëV» 3.7.2

ëVÆ%ä�Îe*³gZàÔZ>4³gZàÔ»6,ÜÔÎe*Z$k543ï GGHGHÔÎe*;àgzX»g1,M =

ZzgÎe*»g1,MX
>{0*ã~Z¹i<X =
Ê-.

ø

G

»½6,Zy²ßVÆ¿ÅYõ<X =

�gC[<)WÃ¹1(X pH »½Åæ�ÐZyÅ pH =
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ZyÃF,d-öIJÔZ�Ïc*®~~�gzÈ<X =

ZyF,ØVc*Z�ÎVÅÙ|#<X»ZEw#¯ä~�ZìX =

~�g`<X 3- ZLx@Z]ÃøDfs].zw =

3 ].zwX

®s Z�k F,� pH #

�CìX�zu~ 7 �g pH Ë¤!gF,�Zzg¤!gZ�kÐ�WzZá#®s�D�XÅ
ÐÁ�Cì²¤!g 7 �g pH §sË¤!gF,�Zzg$zgZ�kÐ�WzZá#F,d-öIJ�D�XÅ
Ðic*�{�CìX 7 Å�g pH �WzZá#Z�Ï¡]Æ�D�XÅ Z�kZzg$zgF,�Ð

$zgF,ÚZzg$zgZ�kÐ�WzZá#Æ!*g}~W\H}Ð? =

Å�g»Z®gF,ØVZzgZ�kÅZ�°�gzV6,�@*ìX pH Z+ßg�w~

(Chemicals from common salt) ¬x#Ð6ðZâY 3.7.3

#gzZã%·]�D��F,ØVZzgZ�kÆ®~¬ïÐqÝ�D�X#',¹îg6,
®~�D�X-VÂëVÅM®Z�0*ðYCìpÎe*³gZàZy�&~¹ic*�{�gìXÎe*
³gZàÃ¬x#c*3ä»#Ì¹Y@*ìXÎe*³gZà½Z»fZB(,Jä~Ìæ��êìX

«gÆ0*ã~Z#B�ñ�D�ZyëVÐ̧~F,zÎe*³gZàZµHY@*ìX�*
¬xîg6,Zy~ñ��ßNVÅzz (Crystals) ÆZ�V~̂k#Æf{],0*ñYD�Xt(,}̄

ÐÈg}�D�t"ã#BD�X�*iâ:Æ«gzVÆÈ�YäÐ"ã#Å6,'
µ�XÃ́Å§b"ã#ÅÌ»y0ÅYCìX
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#Døg~kBWiZ�~ÅZq-Zë
´#Ö

W\Y���¬x#Zq-Z+�ì
�½ZÆfZBÃ4+¯CìX´z{Zi,kB
WiZ�~~úZxÃ��ä�q-�Ñä~#»
ã~gzwg;ìX',¤â~Ó#ÖZ÷Zzg¾d$úZx
Ð¬x½ZðZâY)#(6,Lzßw�g�¶T
Æ³~úZxä���kBWiZ�~~(,|m%|�
z1X

W\ä'ÓÇ0+SÅeZ&+~âgaÆ
!*g}~��ÇXHZW\Y���LL#ø7¤/;óó
øg~kBWiZ�~ÅZq-Zë´#Ög�ìX

¬x#D6ðZâYÆn{xâ�{ 3.7.4
¬x#gzi%{Å¢zgc*]ÅZqzVÆaZq-Zë{xâwì}Îe*;àgzW�àÔ3ä
»ÎeZÀ}�ðä»ÎeZÔã0*�egz){ÔW��B�Zq-qÆZEwÐZâZq,)�Vw
Æ�eð��(¾§b»gÅYC�?

¬x#ÐÎe*;àgzW�à 3.7.5
Ì¹Y@*ì(Ð',¹gz¦/Zg~YCìÂt¹��Îe* brine Z#Îe*³gZàÆW!²w)&

¿ë�Xt**xqÝ�{�ÅãC�6, (Chlor-alkali) ;àgzW�à¯@*ìXZk¿Ã³gDZÅ¨ÐöG

ìXLL³góó³g+ÆnZzgLLZÅ¨Ðö GóóÎe*;àgzW�àÆnX

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#
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2NaCl (aq) + 2H2O (l)    g   2NaOH(aq) +Cl2 (g) +H2 (g)

³g+�µ',{6,ó;àgzXt',{6,qÝ�CìA$t',{6,Îe*;àgzW�à²wáCìX
Zk%µ~&õÝ»g�D�t&ÃZ+{q�D�6�̂~�3c*�HìX̂~ZyÆ

ZZEÑ]ÌC���X

(Bleaching Powder) g8-�'̀s 3.7.6
ëY���Îe*³gZàÆW!²wÅ',t0*æÏÆ�zgZy³g+qÝ�CìXt³g+�ã

ÆZzg Dry Bleached lime[Ca(OH2)] 0*�egÅ»g~~ZEw�CìXã0*�eg�gZÝ
³g+Æ¬ïÐqÝ�@*

�ÆÐªCÙHY@*ìXqÑèZkÅÇF,I¼uJ-ë{�CìX CaOCl2 ìXã0*�egÃ
Ca(OH)2 + Cl2    g   CaOCl2 + H2 O

g8-�'̀sÆZEÑ] 3.7.7
ÀZ¯äÅÅ~ÎCZzgÉ454è GEGEÀ}Åã~»½Æ»g{âV~Ç~ÆÍ�}Åã .1

ÆnZzgÑ&+g~~�|�ñÀzVÅã~
Z6ðØV~�~úÒ}Å̂~ .2

ÅWÆ0*ãÃ%̀Z�Ð0*u�ÆÅWÆ�.Þ¯ä~ .3

³gzÃgxÅ»g~~�gÓÏ¬ï .4

t',{6, µ',{6,

ZgïÔ3�ÆnZñ* 0*ãÅ$óÎ37wÔ8z~Ï�Z«
Q}âgó�Z]¿�zZ CFCs ®tÔ

�JÂV~Ãp=�ð�zg�äÔ�0Zzg
eñúÔ»½¯ä~Ô¡¦g8

;àgz³guF,�
ZEw:Z®�s�ä~ÔZñ4³gZàÔ�zZNÔWgZö��ây

&Í-

÷
EG
F)g8-�'`s( (CaOCl2)

ZEw:ywZEwÆnÀzVÅã

³gzgZÅ¨Ðö
G

6,zªÆZëõ&] 9^
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3ä»ÎeZ 3.7.8

�Zz�]3**¢¯äÆnÌZk»ZEwHY@*ìXZk%�'»6ð**xÎe*;àgzX»1,M
ìXZkÃZk§b»gHYYìX (NaHCO3)

NaCl + H2O + CO2 + NH3    g   NH4 Cl + NaHCO3 

¥x�Mh�? pH Å§bHW\ÎâWx;àgzX»g1,M» 14r
ÃF,ÚÅ®~�ä~YVZEw�D�? NaHCO3 HW\Z0+Zi{ÎMh��

3ä»ÎeZ**�äzZÑZ�k�@*ìX
+ZyÆ�zgZy¤/x�ä6,fs»¬ï�@*ìX

2NaHCO3 g   Na2CO3 + H2O + CO2

Îe*;àgzX»g1,MÆZEÑ]
(Å�CìXZkÆ�vZb%P NaHCO3

"5½5ë EGE
Y

0*�eg~ic*�{F,lZgÎe*;àgzX»g1,M) (1)

aZ�@*ìXTÐUc* CO2 Í0+ñ�ñWL~ NaHCO3 Zzg¶K3�X Ca(H2PO4)2

e.ÞgzK3,xZzgZ^©-Aö
EE
E�YD�X

»Zq-b%zF,0ÌìXtn}Æ!Z�MÃ®s�Æ Antacid Îe*;àgzX»g1,M (2)

WgZxàCìX
Zk»ZEwÎeZDF,�ZzgWvuäzZáWÑ]~ÌHY@*ìX (3)

Å§bÌ»x�@*ìX (antiseptic) t�Z«,-$ (4)

)Îe*»g1,M( Washing Soda �ðä»ÎeZ 3.7.9

Îe*³gZàÐqÝ�äzZàZq-Zzg6ð�ìÔ Na2CO3.10H2O �ðä»ÎeZ
W\äx@{H�3äÆÎe})Îe*»g1,M(Ã¤/x�ÆqÝHY@*ìXÎe*
»g1,MÅ�z!*g{H�Æfg=zZÚÎeZqÝ�@*ìXtÌZq-Z�Ï#ìX

¤/x�ä6,
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Na2CO3 + 10H2O g   Na2CO3 . 10H2O

Îe*»g1,MZzgÎe*;àgzX»g1,MZQZqw~»°Æ6ð�ìX
�ðäÆÎe}ÆZEÑ]
Îe*»g1,M)�ðä»ÎeZ(»ZEwhÔ�0Zzg»½�i~ÅØV~ZEw�@*ìX (1)

¯ä~HY@*ìX (Borax) Zk»ZEwÎe*Æ%·]}�§ (2)

�@*ìX (Cleaning Agent) Îe*»g1,M»ZEwyw£�Æn�g� (3)

Zk»ZEw0*ãÆ¸g~6Åx�zg~Æn�@*ìX (4)

HªCÙ�@*ìX 10H2O øD!*Ñ)zZ]~ =

Ã%î[¯�êì? Na2CO3 Ht =

�Cì? (Dry) HZkÅaÈ =

W��Ù�?
(Removing water of crystallisation) H�Æ0*ãÅ´uÏ 3.8

»6,ÜÅPaZq-ÈZJã~eZw�¤/x<X¤/x�ä6,»6,ÜÆg8-~W\Hp~
Ck�D�X

HW\ä̈gH�ZJã"Æ)gzV6,0*ãÅ10+, =

�?t¹VÐWN?
¤/x�äÆ�qÝ�äzZá»6,ÜÆ%ä =

¢}0*ãeZBX 2-36,
W\äHx@{H?H»6,Ü»8g8-�z!*g{ß^ =

Wc*?

Zkr~»6,ÜÅa��ÈÃWg��XZyÆZ0+gH�»0*ã�@*ìXZ#Z7¤/xHY@*ì
Â0*ãggZ]0�QhY@*ìZzgaC�YD�X
Z¤/W\JVÃ�z!*g{0*ãÐ5��,ÐA$Zk»8g8-�z!*g{ªCÙ�YñÇX
H�Æ0*ã~0*ãÆ�Ó]ÅZq-ºm®Z��Cì�#ÆZq-Z»ð��~ñ���D�»6,

CuSO4 . ÜÆZq-Z»ð��~0*ãÆ0*õ�Ó]0*ñYD�XWË{»6,]Ò©ïEH»6ð��
ìX 5H2O 

ô
0*ãÆggZ]

»6,ÜÅa

',3,

ZJã"

H�Æ0*ãÅ´uÏ 10^
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)úÒ{(1óF,�óZ�kóucÊ-.ø
G

»½ó8Ê-.ø
G

»½Ô¢45é EGE
¢-£Ó4

è

E
G

GEó$4-£é GGbWgôó#ó
ó;àgz4gzZVó�ó¤!gF,�ó¤!gZ�kóWÃ¹1ó Guard Tube ¿®só
ó�ZÕVÅy%Z!ó#»{0+Zyó¬x#óg8-�'`só Potenz, Antacid e:ó pH

(óH�»0*ãóö7Wsck Hydrated Salt 3äÃÎeZó�ðä»ÎeZóWË{#)

»�?5�Çc*7? Na2CO3 . 10H2O Z[W\eMh��
Zq-Zzg#T~H�»0*ã�@*ìz{/ìZk~H�Æ0*ãÅwÐ0*ãÆ�z�ã�D�

ìX CaSO4 . 2H2O Zk»��
W�ZkÐ0W�qÝ�,ÐX

ö7Wsck 3.8.1

�gzwZg]6,¤/x�ä6,t0*ãÆ�Ó]Å�êìZzgy 373KÃ CaSO4 .  2H2O /�«(
0Y@*ìZzgö7WsckB@*ìXZk»ZEweZËkIK�ð Üó½;àgZ"3ïJGH

A-VÃ9(6,Ñäcö7Æîg6,�D�Xö7WsckZq-C`sì�0*ãÆ�Bï�
�z!*g{/~ps�Y@*ìZzgt̂kS¯@*ìX

Æ�B0*ã»ÜsÛ�?a%Z CaSO4 W\äx@{H�Ç�H�Æ0*ãÅwÐ â^:D

�Z�3ð�êìX
�?ùqÝ�Mh�? Û W\t =

Æ�zZ»ð�Æ0*ãÆZq-�?Æ�uz�Zg�D�X CaSO4 tZkn��Zì�
ö7Wsck[äÔ=zK�ây¯äZzg¥VÃ=�¯äÆnZEwHY@*ìX

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#
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F,ÚzZ�kÆbCÙ�gZÝg8-c*gùVÆWö}�X»ZEwF,ÚZzgZ�kÅñ��ÏÃªCÙ�äÆnHY@*ìX l

gzZVÅúÅzzÐ OH-(aq) gzZVÆ�WÅzzÐ�CìX²w~ H+(aq) Ë�ÅF,d-öIJ¡]ZkÆ²w~ l

�ÅZ�Ï¡]Åqï�CìX
Z#ÃðF,�Ë�J]Ð¬ï�@*ìÂ;àgzX�{g`�CìZzǵ#áCìX l

Z�k�J]Ð¬ï�CìÂ;àgzX�{g`�CìZzgZq-#áCìX��J]ZzgWx6,��@*ìX l

0*ã~F,d-öIJc*Z�k²w',t»Z�w�D�YV�t!*nKM;àgzXZzg;àgzW�àZzgW�àgzZVaZ�D�X l

ë�X�Ë²w~;àgzX (0-14) e: pH ËF,�c*�Å¤�ÜÅYõºme:Æfg=ÅY$Ëì& l

gzZVÆZg�iÅeö�@*ìX
Ðic*�{�@*ìX 7 pH ÐÁZzgZ�Ï²w» 7 pH �@*ìZ#�F,d-öIJ²w» 7 pH ®~²w» l

gf~Z�x�ï�X pH ºm (Metabolic Activities) Y0+ZgZ�xZKAàu¤/xV l

%6F,�c*Z�k~0*ãÅWölZq-�',zVwZg~¿ìX l

F,ÚZzgZ�kW:~®s��́#Zzg0*ã¯D�X l

H�»0*ã�gZÝ0*ãÆ�Ó]ÅZq-ºm®Z�ì�N^~Ë#ÆCÙZq-Z»ð��Æ�B6ðîg6,a%~ l

�C�X
øg~gzi%{i0+ÏZzgØV~#ÆMZEÑ]�X l

¦ZgZ]6,g�¿:D .I
(AS1) F,ÚZzgZ�k~0*ã5äÐH�@*ì?t¿',zVwZg~ì�gzVwZg~? .1

(AS1) LL>{0*ãð»Z�w7�@*óóYV? .2

(AS5) aZ�@*ìX (Electricity) �s{�Åæ�Ðe��0*ã~F,d-öIJ²wÔ',tgz .3

(AS7) F,Ù!*gl»0*ã�gc*~ï��gc*ÆW!Y0+ZgzVÅi0+ÏÃ¾§bvyà@*ì? .4

(AS7) 3ä»ÎeZUÃ5ìZzgZ
^©-
A
ö

EE
E¾§b¯@*ì? .5

¦gZ]»Z:t:D .II
qÝ�ðXC� 9 Zzg 7Ô11Ô1Ô4 !*nKM pH WÃ¹1Æfg=YõÅ�Zzg pHÆE Zzg DÔCÔBÔA 0*õ²w .1

¤!g�ìX;àgzXÆ (e) $zgF,� (d) ¤!gF,� (c) ¤!g� (b) ®~ (a) Zy~Ã̈K²w
(AS1) Å(,f�ðF,KMÆÒpÐF,KM�£X pH Zg�iÃ

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#
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(AS1) ÐÁ�Â�ZÕV~y%Z!YVWCì? 5.5 ÔpH Z¤/ì» .2

(AS2) Zq-�z�|zZÑ{Ø�z�|~¼lZg3äÆÎe}Å5@*ìXfsÆnz�;]e�X .3

Ð�̄Å§s�@*ì? 6 ÔpH �z�|zZÑ{Ø�z�|» (a)

z{�z�|ó���W~îsz�ÜYV©8ì? (b)

(AS1) LLö7WsckÃgî"$Ðôp',@~g3Y@*ìóóYV? .4

ZzgZJã (HCl) ~;àgz³guF,� A ZJãSV~Zq-�îwÆ
!5½54o-

ê

G

Y
E
G
I
GÆ¢n��XZJã" B Zzg A .5

~Z$h45ë GG
H

Z�F,�5c*Y@*ìX¾ZJã"~º?ØÅWzZi¹!�Ï²�zâVF,ØV»Zg�i)z~�? B"
(AS3) YV?

¨gz�6,FFZd�gZÆÎZÑ]:D .III
(AS3) ~p~YVWCì?óó�Z[Å=ô<X pH �@*ìXpZ#��áCìÂZkÆ 6ÔpH LL{Ø�z�|» .1

(AS5) ÈgÆZEwÐW\Zq-1¾§b»g�Mh�X .2

( ) F,d-öIJ²w~$4-£é GGbWgô1»g8- .1

uc (d) **g� (c) ! (b) ig� (a)

( ) Z�Ï²w~¢45é EGE
¢-£Ó4

è

E
G

GE1»g8- .2

**g� (d) �! (c) ! (b) ig� (a)

( ) �Åñ��ÏÐ$4-£é GGLWgô1»g8- .3

8 (d) uc (c) ig� (b) **g� (a)

( ) �Yì _________pH Zq-²wucÊ-.gö
G

»½Ãig�~ps��}ÂZk» .4

10 (d) 5 (c) 4 (b) 1 (a)

( ) Zq-²wILZ&+}Æ½Ð¬ï�Æ�aZ�@*ì�aäÆ0*ãÃ�z�·¯@*ìA$t²w .5

KCl (d) LiCl (c) HCl (b) NaCl (a)

( ) Z¤/0*ã~Z�kÃi��c*YñA$ZÐ¹Y@*ì .6

� (d) F,� (c) Z�Ï (b) ¿®s (a)

CYÅF,¹ÆaÓ#Ö»j F,ÚZ�kZzg#
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( ) fsÅÁZâYÃW:~5äÐ¬x#qÝ�Ç .7

;àgz³guF,�ZzgÎe*;àgzW�à (b) Îe*¹ÜZzg�eZðW�à (a)

**>uF,�ZzgÎ�*;àgzX»g1,M (d) ³g+ZzgWx (c)

( ) WÃ¹1Ã¾g8-~ps�}Ç (pH=1) ;àgz³guF,� .8

uc (d) ig� (c) Purple Zg̈Zã (b) **g� (a)

( ) $+NÆ´`ÆnZEwÅYäzZà�zZÅn .9

(Antiseptic) �Z«,+M (d)Antacid �Z«!Z�M (c) Analgesic (b) (Antibiotic) ¡§� (a)

( ) �aZ�CìX _______ Z#
!5½54o-

ê

G

Y
E
G
I
G;àgz³guF,�Ð¬ï�@*ìA$ .10

³g+ (d) »g0eZðW�à (c) Wx (b) ;àgzX (a)

ZÈIZzg�Ãi�%·]~;àgzXñ���@*ìÔ1ZyÅ�gzÈ~F,ØV~7ÅYCÔËZq-rÆfg= .1

- ZÐU*"$<
Ë�ÆLL0*ãÆH�óóÐH%Z�ì?Zq-rÆfg=U*"$<X .2

W\ZLæg�&ky~dÎäÆa(»ZN[ù�zÐ?èÅYõ<ZzgZk6,ï�D�ñg7ĝ»g .1

<X
»½Åæ�ÐYõ<Ô&B}Ïî�gzVÃ].zw~�g`�D pH HÓxF,»gc*VF,d-öIJ�C�?¥x�äÆa .2

�ñZk6,Zq-g7ĝsX
ÅZÌÐ0¥â]Z�<X pH ZK̈ãZzgmCi0+Ï~ .3

yÃ�½;àgZ"3ïJGHÃLLö7WsckóóìÅz�;]Ð0¥â]Z�<X .4

CYÅF,¹ÆaÓ#Ö»jF,ÚZ�kZzg#
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e^h

4
È¥VÐZY½âg

Refraction of Light at Curved Surfaces

¬xîg6,�¬Y@*ì��Z�ÛZ�7,"Æn8ZEw�D�X{~�i{~ÆÀ6,izVÃ�Ú
ÆngN*ö[°�ZEw�@*ìX

HM\äLö[°�g��¬ì? o

HW\äL8Æ°ÎVÃgZì? o

CØ�°�ÅRb�Cìc*QÈ? o

t°Ð�gxy~�Ü�c*Q)gzV6,? o

*¸)®)~ëä�~RÐZYsâg»_·HìXWØZk!*[~ëÈ¥V6,ZYsâg»û
qÝ�,ÐX
W�È¥VÐZYsâgÃKÆnëZq-rZ�x�ï�X

ÈRÐZYsâg 4.1

ªMðzZÑ¾»¶KyUh»Zq-Z2ZãËs{à',@kXZÐ 4 Zq-ñL»½6,({Zo6Ð
ö6,g[ÖÔZL�z�&Ðí�¾»¶Kyµ�ð»½ÅÅLZ2Zã',@ÆúáWñ²W\�zu~
Y+$ÐZÐZ2Zä~Ð�ÚÅÃÒ�,X)c*�gì�¾»¶K:Z|îg6,g3Yñ(

W\H�Ù�? o

W\Ã¾»¶Ky¹gN*�3ð�}ÇX o

¾»¶KygN*YVÃWc*? o
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HtìwÇìc*Wi~? o

HW\Ã¦{�Åæ�ÐCMh��tù¯? o

ZL�z�&Ð²<4/õ X
G
J�z{ÔZ2Zã',@Ã0*ãÐ½�}XQZu!*gZk£xÐ¾Æ¶KyÃ̈gÐ�¶X
Z[W\ÃH�3ð�}Ç? o

HW\ÃìwZtÃWc*? o

tù�Yì? o

«ßg]~²',@{àågzÝÔ¾Æ¶KyÐÈR6,z�g�¶QhÆfg=�Z~�Z4
��QZu!*g',@Æ�zu~Y+$ÈR6,z�g�¶ZzgQ�Z~�Z4�g�¶XZk§bgzÝ�z
zZTVÐ�̂D�ñ',@Æ!*CÙWCìZzg¹gN*ìwáCìX
�zu~ßg]~âgÈR~�Z4��0*ãÐ¦/gCìZzghÆ!*CÙW�Zq-Zt
ìw¯CìX

Z#',@0*ãÐ½Z�Z�@*ì�zZzZTV)�ZZzg0*ã(Æ�gxyZq-ÈR0*ð
YCìX�Ûn<�0*ãZzgh»ZYsú)z~ì)�g|)z~7�@*(XZk

Æ_.�ZZzg0*ã�zZzZTVÃZq-ÈR6,].ZH�HìX 1 F,KM~̂
ZkÃq~Hp~WñÏ��zZzZTVÃ�ÑCå W{�äzZàÈR6,7,}Ï? o

HZYsÆ̧Z2Z[Ì�.ÞZ:t�? o

WØ¥x�D�
Zq-Z+ÈR6,̈g<��zZzZTVÃZµ�g�ì6�
~�3c*�HìXtÈRZq-�{»zìÔZk�{»%�/ZkÈR»%�/ 2^

ÐªCÙ�D�X c Z

+
B5é

E
EB@*ìXZÐ

Z(Ãðâ�%�/Z+B5é EEÐÈRJ-5�H�ÈRÆZky»
q�~âB@*ìXÈR6,q�~âÅ�Zq-`Ð�zu}`6,$+rgS
ìX

ë�z{â�ÈRÆ%�/Z+B5é EEZzgÚÃ5@*ìþþLL"gèZ-óóB@*ìX (P) ÈRÆ%�/ÃZkR»Ú
ÈR6,7,äzZZàÃÑ¾§b&×C�? o

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg
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�~¥VÅ§bÔZuÃq�"zZôÐûzZW~�̂CìÂz{q�~âÅY+$&×Cì
ZzgZ¤/z{ûzZôÐ"zZW~�Z4�C�Âq�~âÐ6,}&×CìX

WØë�B��»gWæßgÂV~Ã¦{�ùZ@*gMh�X
"gèZ-6,Ð¦/gäzZàÃq»¿H�Ç?ZÏ§b%�/Z+B5é EEÐ¦/gäzZàÃq¾§b�̂Cì? o

ÆçÆ_.RÆq�~âÆ�B�B̂�äzZàÃqZL Snell

gZ3ÐZ�Zs7�}ÏXZk§b�~�ÑZ_Æ�¦/gäzZà
�¶(Å<å XEZtZLgZ3 3 ÃÑq�~âÆ�B�B̂�,ÏX)^

ÐZ�Zs7�,ÏX
"gZ-ÆáZi~�̂äzZàÃq~Hp~zZµ�Ï? o

Ã̈gÐ�¶XZyÓxßgÂV~Ãq 4d Zzg 4cÔ4b Ô4a fsÅZDw
z̧q"gZ-ÆáZi~ìX

"gZ-ÆáZi~�̂äzZàZuÃqZq-ö[RÐ�Z�" :1 ßg]
(4a zZWÐûzZW~�Z4�g�ìX)^

ZuÃq"gZ-ÆáZi~¦/gD�ñö[RÐ�Z�ûzZô :2 ßg]
�¶( 4b Ð"zZô~�Z4�g�ìX)^

"gZ-ÆáZi~¦/gD�ñZuÃq!©�ç GRÐ�Z�ûzZô :3 ßg]
�¶( 4c Ð"zZô~�Z4�g�ìX)^

"gZÝÆáZi~¦/gD�ñZuÃq!©�ç GRÐ�Z�"zZô :4 ßg]
�¶( 4d ÐûzZô~�Z4�g�ìX)^

~zÃúVÆâÎW\ÃH�ÛtÃW@*ìX 4bÔ4a ZDw o

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZYsâg
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Zk�ÛtÅzzH�$Ëì? o

~zÃúVÆâÎW\ÃH�ÛtCk�@*ì? 4d Zzg 4c ZDw o

Zk�ÛtÅzzH�$Ëì? o

~zÃqÔ"gZ-6,Zq-{mJ̀-(Að FX)ì²ZDw 4(c) Zzg 4(a) W\ä�¬�Ç�ZDw
~zÃq"gZ-Ð�zgw�'�CìZ#ëzÃqÃúÅ§sÂW 4(d) Zzg 4(b)

~�3c*�HìÔÂW�{Ãq"gZ-ÆË`6,s�CìXz{ 4(d) Zzg 4(b) �ï�6�ZDw
B@*ìX (Focal Point) `�VzÃqèÃg{ÓxßgÂV~"gÃs�Cìâm`

W\ä�¬�Ç�0*ãÆZq-�k~g3�Z�ZKZÝ�#ÖÐ(,ZÃW@*ìZ#�ZÐ�kÅ
�-ZgÐ�¬YñX

�Å�#Ö~Zkp~ÃW\¾§b�NÐ? o

z{��(,ZÃW@*ì�»ìwìc*QÇ�ì? o

HW\Zk1Ã�äÆnÃðÃ¦{�¯Mh�? o

WØ¥x�,

ìw»àC 4.1.1
�¶("gZÝ 5 �)^ n2 Zzg n1 ZuZ+ÈR6,̈g<��zzZTVÃZµ�CìXXÆZYsú

6,Zu

$©�
ö

EG

�g3�HìXÃq�"gZ-Æ�B�Bw�'�C�ðÚÐ%Z�Zs 'O' ÆZq-`
Ðs A ¯CìX�zâV¥VÆ�gxã¥cÆ` a Æ¦/gYCìX�zu~Ãq�"gZ-ÐiZzt

Æ�B�B¦/gC AI ìXÃq&×��zu}zZô~�Z4�D�ñ q1 �CìX�ViZztz̧q

6,Q�ZzgìwáCìX I ìX�zâVzÃÑZq-` q2 ìX�ViZztZYs
ÈR»��Z~.�** 4.1.2

ìX b ¯Cì²q�~âZzg"gZ-Æ�gxy»iZzt g �Ûn<��zu~Ãq"gZ-ÐZq-iZzt
�¶( 5 )^

ÐªCÙ�D�X u �»Ã,ì&ë PO~ó 5^
ÐªCÙ�D�X v ìw»Ã,ì&ë PI

ÐªCÙHYg;ìX R ÈR»Û¢ì� PC

�zâVzZTVÆZYsú�XHW\Zy�gzVÆ n2Ôn1

�gxyÃðģªCÙ�Mh�?

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg
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~ACO[
~ACI[
ÆçÆ_.ëY��� Snell

Å©�g`�ä6, q2 Zzg q1

Z¤/tÃÑ"gZ-Ð�Ûd$F,�YC�ÂZ¹áZi~ÃÑ´gHYñÇZzgZ7LLë"g~ÃÑ
Å©¹gK�YNÏXZk(ÃLLë"g~(óó¹Y@*ìX g Zzg bÔa óóë�XA$iZzØ

~�g`�ä6, (1) t7)zZ]

aèÓxiZzØ¹Á�ggnp�Ô)zZ]Ã-V�YYìÔ

~�g`�ä6, (2) Zy�VÃ)zZ]

óNI Ð;�YñÇZkn (P) ��RÆÚ N aèÃÑ"gZ-Ð¹�Ûd$�`
Ð$+w�c*YñÇX PC Zzg PO óPI Ã!*nKM NCóNO

~�g`�ä6, (3) ZyÐVÃ)zZ]

�zâVzZTVÆZYsú�VÔ�ÆÃAÔìwÆÃAZzgÈRÆÛ¢Æ�gxy (4) )zZ]

gºÃªCÙ�CìX
t)zZ]Zkßg]Æn9ìT6,ëä̈gHìX

ÃÀòîg6,ZEwHYYìX (4) Z¤/ëfsÆä́§i6,¿�,Â)zZ]

È¥VZzg°ÎVÐZYsâgÆZ:tÆnfsÆ§jZEw�D�X
ÓxÃ+VÅeöÚÐÅYñX -

Ãqz̧qÅ�eöGYäzZáÃAµnYNX -
Ãqz̧qÅ�Æ#³eöGYäzZáÃAtnYNX -
"g6,ÕoÐÀ�UZz6,Å�c*VµàYNX -
"g6,ÕoÆÀ�UnÅ�~tàYñX -
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"g6,ÕoÐÀ�UZz6,Å�c*VµàYNX -

"g6,ÕoÆÀ�UnÅ�~tàYñX -

¹YñÇX (u) Ã�»Ã, PO �V
�ÇX (v) ìw»Ã, PI

�ÇX R ÈR»Û¢ PC

PO=-u, PI=v,PC=R ä́§jÆ_.
~gpp6, (4) Zy�VÃ)zZ]

Zk��Ã�~¥VÆnÌZEwHYYìXË�~Åßg]~ÈR»Û¢ÑpÐ��
~gpp6,��~¥VÆnt��qÝ�ÇX 5 #�YñÇXZk�gÃ)zZ] 1/R @*ìX®Z

ÆÃA�~Æ�gxã¥cÐeöGYNÐX v Zzg u â^:
WØfsÅVw6,̈g�D�X

Zq-t@*Ñ[Æ0*ãÅR6,À�UnÅ§sxgëgÐw�'�g�ì@*�z;Vñ��TÃ :1 Vw
�1aáX�Ûn<�T0*ã~tÆ!*Ç¬�~�ÂtÔTÃZ+ÃWñÏX

ÇÃ,Ð4,�q- (b) ÇÃ,Ð�zg (a)

ZÝgëgÐN (d) ZÝgëgÐic*�{! (c)

ZyegzVZk**]~ÐÃ̈K�g�&�Ç?W\ùU*"$�,Ð?
(1) '' Ë�~RÐZYsÆn i:

ìn Zzg0*ã»ZYsú x �Ûn<�Ë�0*ãÅRÆÐZz6,tÅ�~
1=(n1) �Z»ZYsú

v=y u = -x Ôn2 = n  Ôn1 = 1A$
�¶( E1 )^ v = -y

~�g`�ä6, (1) Zy�VÃ)zZ]
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ªTt�Ï�t¹�zgìXëät�ÛnHì� y>xA$n>1 èÃg{)zZ]~ëY���
tÀ�UnÅ�xgëgÐw�'�g�ìXi}6,Ëx@ÃZ(�3ð�êì�ZkäZq-Hg{

y>x Z»ÇV»Ã,�/õJHaè y Z»×VÃ,�/õJHpTÃZ(4ì�Zkz�Ü~tä x z�Ü~
ët³ïBÐ�TÆx@{Æ_.tÅgëgZkÅÇgëgÐic*�{ìX

Åßg'9�X (c) Zzg (a)®Z
ÆZq-Ës�{ÃzZô�Z~g3�HXCØ�"gZ-6,Zq-fg{Ã�{ n ZzgZYsú R Û¢ :2 Vw

ÅRÐ¾Ã,6,g3Yñ�Zk�{Å�zu~RÐZÏÃA6,ÇìwqÝ�?
Å?ÀâÎ6,̈g�äÐt¢zg~ì�ÃÑó"gZ-ÆáZi~Ô�{Ð¦/g,X E2^ i:

^Æ_.
ý«R6,ZYsÆ�zÃqy~"gÆáZi~�Ï(

n2  =  n  Zzg   n1  =  1  �Z»ZYsúì( n1 )�V�

hÆ¶�ñZq-Ës�{Æ%�/6,Zq-)Ës��0îEìÔCØ�ÛzãY+$Ð�Ú6, :3 Vw
Zk»ªCÙ~£xÇ£x��Çc*7?

n1=n h»ZYsú i:
n2=1 �Z»ZYsú

)h»Û¢( U = -R A$
ÈR»Û¢ R = -R

Using

   

qÝ�@*ì v=-R Zk)zZ]Ãi�ä6,�

�{Å«RÐ�»Ã,
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®ZëÈMh�Z¤/�»Ã,Zzgìw»Ã,)z~�Â��/õEO»ªCÙ~£xZk»ZÝ£x��ÇXt£x
�{Æâ�}ÆZYsú6,«7ìX
Z[J-ëäzZuÈRÔeìz{ö[�c*Q!©�çGZYsâg»_·HX�Ûn<�ZuËs�Å�zÈ

+�X
gzÝ»§i¿Zkz�ÜH�ÇZ#ZkÆgZ5~�z¥V6,�ZuËs�g¿Yñ? o

HW\äL°ÎVÆ!*g}~�ì? o

°�Ð¦/gäzZàgzÝ»§i¿÷�@*ì? o

WØë�Ù��°ÎV~gzÝ¾§bz�CìX

°Ð 4.2
°�Zk�Ãë��ËËs�Ð¯�ZzgT~�z+�VZy�z¥V~Ð�zâVc*
QÃðZq-R�z~�ª°�ÅÁZiÁZq-RÈ�CìX°ÐZnÆ�D�XZy~Ð

~�3ñ��X 6 P̂

(Bi Ë°ÐÅÛzãY+$Z½~�ð�z�z~+�$Ë�XZ,°ÐÃ�zCÙZö[°�
�¶Xt°�)gzVÆ£¨~%�/6,ñN*�@*ìX (6a) ë�̂ Convex Lens)

ZÏ§bZq-�zCÙZ!©�ç G°��zZ+�z~¥V6,��@*ì�%�/6,�Zzg)gzV6,ñN*�@*ìXZÐ
�¶ 6(d) �zCÙZ!©�çG°�ë�X̂

6(e)Ô6(c)Ô6(b) ZÏ§bö[bÔö!!©�ç GÔ!©�ç GbÔZzg!©�çG~ö[°ÎVÃKÆnZDw
»x@{<X 6(f) Zzg

%Ãi~°Ð Z_Og~°Ð

ö[ZÖ@
6(a)

b!©�çG

6(e)

!©�çG~ö[
6(c)

DZ°Ð 6^

bö[
6(b)

!©�ç GZÖ@
6(d)

ö!!©�ç G

6(f)
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Zkñçq~ëZ,�°ÎV6,̈g�,Ð�Þ�D�ªXÅñN*ð¹Á�CìX
WØZ[ë°ÎVÐ0Z�q]6,̈g�,X

Ë°ÐÅCÙÈR�gZÝ�{»z�CìX�{»%�/T»�z~°�
ÐC B@*ìXZÐZôm,~ws (Centre of Curvature) zìX%�/Z+B5é EE

ÐC2 Zzg C1 ªCÙHY@*ìXZ¤/Ë°�~�zÈ+�VÂZyÆ%�/Z+B5é EEÃ
B@*ìXÈ (R) ªCÙHYñÇX%�/Z+B5é EEZzgÈR»�gxãÃ,ÈR»Û¢

ÐªCÙ�D�XWØZ[�zCÙ}ö[ R2 Zzg R1 RÅÛ¢zVÃ!*nKM
ë�X°�ÆzV (Pricipal Axis) Ã5äzZáâÃ"gZ- C2 Zzg C1 ~�3c*�HìX 7 °�6,̈g�,ÐXt̂

¹YñÇX Optic Centre (P) Ã̀°�»oø~%�/

(Focal length of the lens) °Ð»âmîw 4.2.1
~�3c*�Hìc*"gZ-6,Ë 8(a) Zu°�6,7,äzZàâgÅÃqZq-`6,%Ãi�YCì6�̂

~zZãH�HìXz{`�VÐÃÑ%Ãi�YC� 8(b) `ÐÇ̀�ð�3ð�î�6�̂
B@* Focal Point or Focus (F)  )c*(z{̀�VÐÃÑÇ̀�ð�3ð�î�âm`c*âö

Focal ìXCÙ�zCÙ}°�Æ�zâmÕo�D�XâmZ̀zgoø~%�/Æ�gxyÃ,Ãâmîw
ÐªCÙHY@*ìX f ë�ZzgZÐ length

°ÎVÐ0'×h+Ã¦{ÃV6,̈g�äÆnëÃö[°�Å´#ÖÆîg6,ZzgÃ!©�ç G
5±<X 8(d) Zzg  8(c) °�Å´#ÖÆîg6,ªCÙ�,ÐXZDw

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZYsâg

fig - 7

fig - 8(b)fig - 8(a)
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Zu°ÐÐìwùáCì? o

°ÎVÐìw�WÐ0¥â]ÆnëÃgzÝÅÃúVÆ°ÐÐ¦/gä6,ZyÆ§i¿»Y,̂{¢8�ÇX
ëY���°�Å�z+�C�XÃ¦{Æ¯D�ñ�Ûn�,Ð�°�ÅÜsZq-�R
�Cìaèëä¦gHì�ZkÅñN*ð¹Á�CìXZ(B�ñëU*"$�,Ð�ZYsZq-

~Cc*�HìX 8(d) Zzg 8(c) �R6,�g;ì6�̂
gzÝÅ�ÃúV»§i¿²z{Ë°Ð6,7,C� 4.2.2

Z#ÃðÃqË°ÐÐ*gCìÂZkÆ§i¿ÃfsÆqÑ]~4îg6,
�YYìX

ÃA6,Õo�X 2f %�/Z+B5é EE7�toø~%�/Ð C2 Zzg C1 â^:
"gZ-Ð¦/gC�ðÃq :I ßg]

6,̈g< 9(b) Zzg 9(a) ÃðÌÃq�"gZ-Ð¦/gC�Z�Zs7�CX)ZDw
�¶( 10(b) Zzĝ 10 (a) oø~%�/Ð¦/gäzZàÃqÌÅs7�CX)^ :II ßg]

"gZ-ÆáZi~¦/gäzZàÃÑ :III ßg]
ëY���"gZ-ÆáZi~¦/gäzZàÃÑËZq-`6,%Ãi�C�c*Qâm`Ðò�

~�3c*�HìX 8(d) Zzg 8(c) Ä�ð�3ð�î�6�̂
Ð¦/Zg,ÂCØ�tÃqÃ̈KgZ3Z(g�}Ï? (focus) Z¤/ëZuÃqÃâö o

âöÐ¦/gäzZàÃq : IV ßg]
gzÝÅÃÑZ�F,+z�ÜÆZßwÆ_.¿�C�X®ZZ+ÃqâöÐ¦/gD�ñ

6,̈g<X 11(b) Zzg 11(a) ZYsÆ�"gZ-ÆáZi~gZ3Z(g�}ÏX)^

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg

fig - 9(a)

fig - 9(b)

fig - 10(a) fig - 10(b)

fig - 11(b)fig - 11(a)
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"gZ-Ð¼izZt¯D�ñZq-�zu}ÐáZi~ÃÑ°�6,7,äÅßg]~HzZµ�Ç? o

WØfsÅZDw6,̈g�,

12(b) Zzg 12(a) Z#áZi~ÃÑ"gZ-ÐÃðiZzt¯D�ñË°�6,7,C�)6�̂
~�3c*�Hì(ÂÃÑËZq-`6,%Ãi�YC�c*Qâm�~ÆË`Ðò�#�ð�3ð

âö6,"gZ-ÆÀ�U�@*ìX (focal plane) �î�Xâm�~
°ÎVÐìwÅúÆnÃ¦{ÆrÆQßw: 4.2.3

W�!Z[ëY3Ð�ìwÆ£xÆçÆnÃ¦{Æ¯äÆãC�~ZßwH�
"gZ-6,ìwÆ£xZzgZkÅ�#ÖÃ¥x�äÆnÃ¦{Æ¯äÅ{§�fsÆ

ZßßV6,¿�**¢zg~ìX
egßgÂVÆ!-A)Ïî

E

E IV@*I £xÆçZzgìwÅ�#ÖÃ¥x�äÆn�qgz!*Ñeð�
Ãð�zÃúVÅ¢zg]�CìX

"§Z-ÆË£x6,g¿��»ÃðÉ̀�,X -

èÃg{Zq-@*egßgÂV~ÐÎÃð�zÃúV»{�¯ØX -

�zâVÃúVÃZkuJ-(,JN�z{Zq-�zu}Ãs�ÃXt̀ìw»£x�ÇX -

»̀éÐZq-À�~â"gZ-6,UX -
À�~âÅMðìwÅ�#ÖÃªCÙ�}ÏX -

6,ö[°�Ð�WzZáìwÃ (6@*1 fsÅZDw6,̈g<XtZDwZq-�ÆZ£â])ßg]
ªCÙ�C�X

�ÑpÐ�Ã,6, -1
�ÆÑpÐ�Ã,6,�äÆHp�? o

°�6,¾nÅÃÑ7,,Ï? o

W\Y���ÑpÐ�Ã,6,Zq-�Ð°�6,7,äzZàÃÑÔ"gZ-ÆáZi~�C�X
¥ÅF,¹ÆaÓ#Ö»j È¥VÐZYsâg

fig - 12(b)fig - 12(a)

72

SCERT, T
ELA

NGANA



ÐÅY$ËìX 8(a) tÃÑâm`6,%Ãi�VÏX®Zâm`6,Z�ðgN*ìw¶ÇXZkÅ=ô^

"gZ-6,%�/Z+B5é EEÐ�zgg¿�� -2
~W\�NMh��Z#Ë�Ã%�/Z+B5é EE (13)^

ÆF1 Zzg C1 Ð�zgg3Y@*ìÂqÝ�äzZÑìw (C2)

�gxyzZµ�@*ì�ÇZtZzggN*�@*ìX
Æ�ëä�zÃÑÉÅ�XZq-Ãq"gZ-ÆáZi~¦/gCìÂ�zu~Ãq (13)^

oø~%�/Ð¦/gCì@*�ìwÆ£x»çHYnX
ÃúVÅ�h~ÃZEw�D�ñÃ¦{�¯äÅÃÒ<T~Zq-Ãq"gÆáZi~Zzg
�zu~ÃqâöÐ¦/gC�X

%�/Z+B5é EE6,g¿�� -3
6,g3Y@*ìÂ (C2) Z#Ë�Ã"gZ-6,%�/Z+B5é EE

6,qÝ�@*ì��ÇÔZtZzg�Å�#ÖÆ C1 ìw
�¶X 14 )z~�@*ìX̂

%�/Z+B5é EEZzgâm`Æ�gxyg¿�� -4
(F2) Zzgâö (C2) Z#LÃð�%�/Z+B5é EE

Æ�gxyg¿YCìÂW\ÃZ(ìwqÝ�@*ì��ÇÔ
�¶XZkßg] 15 ZtZzg�Å�#ÖÐ(,Z�@*ìX̂

Ð�zgqÝ�ÇX C1 ~ìw

âm`6,g¿�� -5
6,g3YñÂìwÑpÐ�Ã,6, (F2) Z#�Ãâö
�¶XZ#ìwÑpÐ�6,qÝ�ÇÂ 16 qÝ�ÇX̂

Z+ßg]~ëìwÅ�#ÖZzgâÎ6,û{7
�MhX

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg
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âmZ̀zgoø~%�/Æ�gxyg¿�� -6
Z¤/ë�ÃâmZ̀zgoø~%�/Æ�gxygOÂ�Wi~Ô

ÆÃ¦{�Æ_. 17 qÝ�ÇX̂ ìw ¦JZzg�Ð(,Z
W\�BÐ�ìwWi~Ô¦J�ÇZzg°�ÆZÏ§s¶ÇT

�Å�#ÖÐ(,Z�ÇXZÐr�{ ìw §s�g¿�ìXt
ë�X (magnified image) ìwÌ

ìwÅúÅèÃg{ßg]~Ô��z!*'�~WC�X
aè�WzZÑìwWi~�@*ìëZÐWçÐgZ�&îg6,�NMh�²�vÓxßgÂV~ìwÇ   -1

�@*ì&ëgZ�&îg6,7�NMhpìwÃ6,�}6,qÝ�äÅßg]~�¬YYìX
Zq-(,ZZzgWi~ìwÔ°�ÅZÏY+$qÝ�ÇTY+$�g¿�ìpZ+ßg]~tìw -2

Ç7�ÇX
¯ä~æ�QìXtW!Ë� (Microscope) Ëö[°�ÅZkS¤Ð�pg�Î

ÃZkÅ�#ÖÐ(,ZªCÙ�@*ìXW\Ãc*��Ç�Wi~ìw»(,Z�**Zkz�Üeì²�»Ã,
°�ÆâmîwÐÁ�X

Z[J-ëäö[°�Æfg="gZ-6,�ÆZ£â]6,Ã¦{�¯ñ�XZ[ë!©�ç G

Æ�gxyg3YñX F1 Zzg C1 °�Æfg=�WzZáÃ¦{Æ¯NÐ²�Ã
W\Hx@{�,Ð? o

ZLZkÃ¦{�»».ÞÔö[°�Æn¯ñ�Ã¦{ÆÐ<X
6,̈g<X�ÆZ£â]ÆnÃ¦{� 18^

¯äÅÃÒ<XW\Ck�,Ð��Æ£xÐsÃ
"gZ-6,W\ÃZq-¦JÔWi~ZzggN*ìw!©�çG°�Æâm
Z̀zgoø~%�/Æ�gxyqÝ�ÇX

WØÃ¦{ÃVÅPZq-VßV6,̈g�,X
6,Zk MN Ãö[°�Æoø~"g (S) Zq-Ã¦{�¯�T~gzÝÆZq-$©�ö

EG

JZ :4 Vw
�¶X E4 Ð�zgzZµ�@*ìX̂ (F) §bg3�Hì�Zk»ìwâm`

Ãs�CìX (F1) i:"gZ-6,À�~â¯Ø�âm`
¥ÅF,¹ÆaÓ#Ö»j È¥VÐZYsâg
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ÐËÌ�~ZuÃqU@*�z{ (S) gzÝÆ$©�ö
EG

JZ -

Ãs�}X (P') Zq-`
Ðs�«ÃqÆáZi~Zq-âZk (S) Zq-$©�ö

EG

JZ -

6,q�~ F0 Ð¦/g}Xtâ` (P) §bU�toø~%�/
âÃs�}Ç

Ãs (I) Ð¦/g}ÔZk§bÐ�tâ"gZ-6,Zq-` F0 Ð¦/g@*�ZZq-âU�̀ P' Z[$©û
EG -

�}X
ÆnZq-$©�ö

EG

ìw�ÇX (S) gzÝÆ$©�ö
EG

JZ I -

X°ÎVÆfg=ZYsÆ�ÃúVÆ 5 Vw
Zzĝ E5(a) gZ2VÃzZã�äÆn^

Æ{ÃVÃå<X E5(b)

Æ%ÖV6,¿<X 4 i:ZkÃ¦{�Ãå�äÆnVw
~Cñ��§iÆ�VÐX E5(d) Zzg E5(c) W\�BÐ�gZ5ZDw

CØ�HëZyZDwÆ}òÃ°ÎVÆfg=GYäzZá�!*]Æ�zgZywU*"$�Mh o

�?
WØ�Ù�

Ë°ÐÐ�WzZáìwÆZlx»x@{�**Zzg°ÐÐ�»Ã,zìw»Ã,C[ Ñ:
�**X

Zè�{Ôe�_c*¢að~ V ñxHÔC»½Ôö[°�)T»âmîw¥x�(x £/WÑ]:
Z*�{6,Zq-ö[°� V ^»Zq-Z*�{kZzgµn�z¢aÑ¶öÆz�~g[ÖX V §i»g:

g[ÖX°ÐÆ"gZ-»¦g<XQ�ðZuñxHZL�¶Æ;B~��ÔZkÐí�
"gZ-Å¦|~�zgYñX

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg

fig - E(4)

fig - E5(a) fig - E5(b)

fig - E5(d)

fig - E5(c)
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Zq-Zh+ÃZk§bF,KM�£)�C»½�YìZzg�"gÆÀ�Ug3�H�(�t»½°ÐÅ�zu~
§s�ZzgZq-£x6,W\ÃZq-ìwqÝ�ÇX

CØ�ìwqÝ�äÆnëZh+YVZEw�D�?��{WçÐëZÐgZ�&îg6, o

Z*�{ÐìwÆÃ,Åeö<ZkÆ´z{ñxHZzgZ*�{ÆÃ, V °�Æ YV7�NMh?
~�g`<X 1 ÅÌeöÙXZy�VÃ].zw
ªÆÃ,6,Zk§b 60 Z[Zq-ñxHÃ°�Ð

g[Ö�>°�Æ"gZ-6,zZµ�X>»ìw�zu~
Y+$Zh+6,qÝ�äÅÃÒ<XZh+ÃWÐ
úw�'�ï�ñ�sZzgzZãìwqÝ�,X°�

1 Å�VÃ].zw v Zzg u ÐìwÆÃ,Åeö<Zzg
ªz){Æn�CÙZØXÓx 30 ªÔ 40 ªÔ 50 ~gkge<XZL�"Ã�ÆZÃ+V�

~�g`<X 1 ßgÂV~ìw»Ã,Ìâ^<Zzg].zw
HW\Ã�ÆCÙÃ,ÆnZh+6,ìwqÝ�Z? l

CØ��ßgÂV~W\ÃìwYVqÝ7�Z? l

HÇìwqÝ�äÆnW\ìw»Z�F,+Ã,¥x�ÃÐ? l

ÇìwÆnZkZ�F,+Ã,ÃW\H**x�,Ð? l

W\Z#Ëñµ6,ìwqÝ:�0*NA$Zh+Æ£xÐ��{WçÐgZ�&îg6,ìwÃ�ÚÅ
ÃÒ<X

HW\Ãìw�3ð�c*? l

¾§b»ìw�3ð�c*? l

W\Ã�Ð(,ZìwZk§sqÝ�Ç�VW\ä�g¿ìXtWi~ìw�Ç&W\Zh+6,
qÝ7�0*NÐ!
HW\ZkWi~ìw»Ã,¥x�ÃÐ?

ÅZ©qÝ�ð�X v Æn (u) ~W\ÃñxHÆZ£â] 1 ].zw
Ågkge��{�VÐ°�»âmîw¥x�Mh�? 1 HW\].zw l

(u) �»Ã,(v) ìw»Ã,(f) âmîw

1 ].zw
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(Lens Formula) °Ð»�� 4.3
ÐÌ¦/g**e� F1 ÐÑzq��"gZ-ÆáZi~¦/gD�ñ°�6,7,äzZàÃqÔâm` O'

Å¶K0+�ÆnZuZzgÃq6, (I') Æa$©�ö
EG

ìw (O') ~�3c*�HìX$©�ö
EG

� (19) 6�̂
Ð¦/gäzZàÃðÌÃqZ�Zs P Ð¦/gC�XëY���oø~` P ¨g<�oø~%�/

7�CX
6,zÃq)«Ãq(Ð I' Ð¦/gC�ðXtÃq` P ÐÑzq��oø~%�/ O' Ãq

6,áCì)^ I »ìw"gZ-Æ̀ O »ìwë�XZk§b` O' QìXZkÃ̀�Æ̀
qÝ�@*ìX II' »wkìw OO' (�¶X"gZ-6,ëÃ� 19

!*nKM�»Ã,óìw»Ã,Zzgâmîw PF1 Zzg PIÔPO
F1II' Zzg PP'F1 6,¨g�äÐ� (19) BD�X̂

xË!5Ò5é II]qÝ�D�X

F1I = PI - PF1 Ð19 p̂
~gppÐ (1) Å7)zZ] F1I

 OO'/II"=PO/PI ìXZy!5Ò5é II]Ð� PII' Zzg OO'P øg};VxË!5Ò5é II]»Zq-Zzg�h
qÝ�@*ìX

 OO'/II'=PO/PIÐ(19) p̂
 ®Z

Ð(3) Zzg (2) )zZ]

Ð��ä6, PI )zZ]Ã

Æ�gxyÃð�!ģú�}Mh�? 'f' Zzg 'v'Ô'u' Hë o

WØ¥x�D�
~�3c*�HìX�Ûn<� (19) »¦g�,6�̂ OO' ö[°�Ægz',z"gZ-6,Zu�

6,̈g<X (19) �zu~Y+$°�»ÇìwìX̂ II'

qÝ�äzZÑìw÷ì? o

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg

fig - 19
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(Magnification) re$ 4.4
W�Z[ëË°ÐÐ�WzZáìwÅ�#ÖÆ!*g}~¥â]qÝ�,X

»x@{<X II' Zzgìw OO' ~� 20^
xË!5Ò5é II]�X D II'P Zzg D OO'P

)zZ]~´áVÆçÆÒpÐ�gzVÃ�g`�ä6,

W�Zq-Vw6,̈g�,X
ªâmîwzZáZq- 21 Zq-',¹¢ZzgZh+Ãö6,Zq-¢aÃA6,â�~g3�HìX :6 Vw

ö[°ÐÃ¾£x6,g3Yñ�zZãìwqÝ�X

re$

t)zZ]Zq-ö[°�ÃZEw�D�ñZq-�Æn{mßg]Æ�Z~.Å�ìXZÐZq-¬x)zZ]~
As�äÆn�ä́§i»gZC**�ÇX
ä́§i»gÆ�

PO= -u  ;  PI = v;   PF1 = f  
~gpp6,� (4) Zy�gzVÃ)zZ]

qÝ�@*ìX   1/f  = 1/v - 1/u 

ë�XZkÃËÌ°�ÆnZEwHYYìp�Zk (Lens formula) Zk��Ã°Ð»��
��ÆZEwÆnä́§i»gÃÅpgppÅ¢zg]ìX

Å��g,qÝ�ð�Zy�gzVÐâmîw¥x<X 'v' Zzg 'u'~1 �/Ç�rÆ].zw
HCÙ�gzVÆÃLÆaâmîwÅZq-��gqÝ�ð? l

W\ätx@{H�Ç��ÆÃAZzgìwÆÃAÆsÃW\ÃâmîwÅZq-��gqÝ�ð�ÏX�/Æ
�zgZyP�!*C�V�ð�VÏXA$Z+ßg]~qÝ�äzZáÓxâmîw»Zz�¥xÙXtZz�°�Æâm
îwÆ)z~�ÇX

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZYsâg
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°�Æâmîw»Z®gÁúZï6,�@*ìX
WØ¥x�,

z�°�k��/Ç�r~1�HåX°�ÆZkZz�âmîwÃâ^<�
C[H�HåXZq-kg{kXc*�gO�Zkkg{Å�~Ô°�ÆâmîwÐ¹ic*�{
�ãe�X)�Z,',@Å¢zg]ìTÅ�~Ô°�ÆâmîwÅ½ãegkH�(X
',@Æ�°}~Zq-({ßgÚXZ[',@~0*ãZk�~J-½,�ßÆZz6,~z
Ð0*ãÅ�~Ô°�ÆâmîwÐiZZ+�XZ[�Z],z~}�®gÅæ�Ð',@~°�Ã

2 ~�3c*�HìX°�ZzgßÆÖ@»Ã,�/Ç�r (21) Z|îg6,gOX6�̂
~C[��{âmîwÆ)z~c*QZkÐÁ�XZ[ßÃ°�Ð�¶X)trA
yZãz~Z�x�,(X

HW\Ãß»ìw�3ð�êì? o

Z¤/;V&7ÂYV?z�;]CØX o

W\Ãß»ìwZkz�ÜÃWñÇZ#°�Zzgß»�gxãÃ,°�Æâmîw)�Z~(ÐÁ�X
Z[°�ZzgßÆ�gxãÃ,ÃZk§bJ-(,JØ�ß»ìw¸T$�YñX

ZkrÐW\H³Z~.�D�? o

HâmîwZ§ZsÆzZô6,«�@*ì? o

W\ä°�Ã0*ã~Zk�ZðJ-e1c*ì��Z~°�ÆâmîwÐic*�{ìpW\Ãìw�3ð
�êìX)Z#W\°�ÃZz6,ZVNÂW\Ãìw�3ð7�}Ç(XZkÐU*"$�@*ì�0*ãÆZ0+g
°�»âmîw(,|Y@*ìX®Zët³Z~.�D��Ë°�»âmîwZkzZô6,«�@*ìT~
z{°�g3Y@*ìX

fig - 21

ª(ì 100 ¢a) 1 �c*�Hì�¢ZzgZh+»Ã, i:D
ÆE-6 ªìÂ^ x �Ûn�z�¢Zzg°ÐÆ�gxyÃ,

u= -x Zzg v= 100-x Zzg f= 21 _.
(~�g`�ä6,   1/f  = 1/v - 1/u Zy�gzVÃ°ÐÆ�Æ)

Zk)zZ]Ãi�ä6,�qÝ�Ç
Å�z�g,qÝ�VÏZk»i x tZq-�z�gY)zZ]ìTÐ

  

ªÅ�zg~6,gppÐ�zZãìwqÝ�ÇX 70 ªc* 30 °ÐÃ¢Ð  

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg
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(Lens maker's formula) °��izV»�� 4.5
Þ°�Æ"gZ- 'O' �Ûn<�Zu

$©�
ö

EG

0�
~�3c*�HìX�Ûn< 22 6,g¿�ì6�̂

�t°�Zq-Z,zZW~g3�HìT
ìX na »ZYsú

�Ûn<�Zkh»ZYsúTÐ°�¯c*�H
ìX nbì

R16,A Ð{g`�g�ìZq-Z,ö[°�6,7,CìT»Û¢Z+B5é EE 'O' ¨g<�ZuÃq�
~�3c*�HìX 22 ì6�̂
6,z�CìX A Ãqz̧q`

6,ìw¯Cì²z;VÃð!©�çGR70*ðYC�X Q �Ûn�z�tÃq`
PO = -u; �»Ã,  ÆÒpÐ (22)^

v = PQ = x »Ã, ìw
R = R1 ÈR»Û¢

n2 = nb Zzg   n1 = na

~�g`�ä6,  t©)zZ]

6,Zq-Zzg B Æ�B!©�ç GRÆ` (R) 6,z�äzZàÃqÈRÆÛ¢ A p`
J-(Að FX)ìXö[RÆ I 6,ÃqZYs�D�ñ"gZ-Æ` B %ûZYs�CìX̀

I ìw » Q :LÔ�»ìwÔ!©�ç GRÆa�Æîg6,1YñÇX®ZëÈMh��!©�ç GRÆn
6,̈g<X 22 �ÇX̂

�»Ã, u = PQ = + x

ìw»Ã, PI = v

ÈR»Û¢ R2 = -R2

¦gHYñÇX 2 ´gH�Hì²Z§Zs»zZôÔzZô 1 °ÐÅ!©�ç GR6,ZYsÆazZô
A$�qÝ�Ç   !*ëps�YNÐX Suffixes ®ZZYsÆ

fig - 22
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n1=nb Zzg n2=na

~�g`�ä6, n2/v - n1/u = (n2-n1) / R  qgz!*Ñ�gzVÃ)zZ]

Ã¦�ä6, (2) Zzg (1) )zZ]

Ð��ä6, na �zâVY+$

äpZ§ZsÆzZôÆ°�»ZYsúB@*ìX  nb / na = nba ëY���

t)zZ]ö[°�ÆaZq-{mßg]ÆaZ~.Å�ìX®Z�Zk)zZ]ÃZq-¬x̂�´
�ÏXZkÑÆa�ä́§i»gZC�ÇX®ZZk{mßg]Æaä́§i»gZCäÐ

ëY���
 1/f  = 1/v - 1/u 

Zk§b

Z¤/Z§Zs»zZô�Z�ÂZYsúó°�»ÇZYsú�ÇX

t)zZ]ÜsZkßg]~ZEwÅYñÏZ#°ÐÃ�Z~g3YñX
BCìX Lens maker's formula ÇZYsú�t)zZ]°��izV»ª� n �V

Zk!*[~âpfËÌ��ÃZEw�ä~åä́§iZCØZzgt�t��ËÌÞ â^:
°�ÆaZEwHYYìX
¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg 81
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Û¢zZá 'R' Zkz�ÜZEwHYñÇZ#gzÝÅÃq n2/v - n1/u=(n2-n1) / R �� o

zZázZô~�Z4�X n2 ì(ZYsú n1 ÈRÆzZWÐ)T»ZYsú
Ãð�z¥VÐ�zzZTVÆe{�ä6,²Zy�z¥V~ÐÃðZq-RÈ�Ô°�áCìX o

ìw»Ã,�@*ìX v �»Ã,Zzg u °�»âmîwÔ f ì�V 1/f = 1/v - 1/u °�»�� o

Z

+
B5é

E
E

°�ÔâmîwÔâöÔoø~%�/Ô"gZ-ÔÛ¢Z+B5é EEÔ%�/
âm�~Ô%Ãi~ÔZ_Og~

Z¤/Ëö[°�ÃÔ°�ÆZYsúÐÁZYsúÆzZô~g3YñÂt°�%Ãi~°��Ç
pZ¤/ZÐZkÆZYsúÐic*�{ÔZYsúÆËszZô~g3YñÂt°�Z_Og~°�
�ÇX
VwÆîg6,0*ã~�ZÆéZ_Og~°���VÐ
WØ°��izVÆ��ÅZuVw6,̈g�D�

ª60 Zzg R1=ª30 �Z~�zCÙ}!©�ç G°�»âmîwH�Ç²�z�z~¥VÆÛ¢ :7 Vw

1YñX n=1.50 �X²°�»ZYsú R2=

n=1.5 Zzg R1=ª-30ÔR2=ª60 ÐÔä́§iÆfg= E-7^ i:
ZEw�ä6, 1/f = (n-1) (1 / R1 - 1 / R2) )zZ]

1/f = (1.5 - 1) (1 / (-30)  -  1 / 60)

f = -40 i�ä6,
�Vt´#ÖZ_Og~°�ªCÙ�CìX

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZYsâg
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¦gZ]6,g�¿ .I
�/Æfg=W\tùU*"$�,Ð�Zuö[°�Ã0*ã~gpp6,ZkÆâmîw~Z�� -1

(AS1) �@*ìX
(AS1) �/Æfg=W\Ë°�»âmîwù¥x�,Ð? -2

(AS3) fsÆ£â]ÆäpÃ¦{Æ¯ØZzgìwÆ£xZzgâÎ6,û{<? -3

P Zzgoø~%�/6,g3�HX F2 �Ã (ii) 6,g¿� C2 �(i)

¦gZ]»Z:t .II
�z%Ãi~°ÎVÃ�záZi~ÃúVÆgZ3~Zk§bg3Y@*ì�°ÎVÐ¦/gäÆ�Ì -1

tÃÑáZi~�g�XCØ�°ÎVÃ¾§bF,KM�c*Yñ?�sÃ¦{ÆÅæ�Ð
(AS1) �ØX

ªÅ�zg~6,g¿�ìXìw¹V 60 ªìXZq-�°�Ð 20 Ë%Ãi~°�»âmîw -2

ªÆÃ,6,¶ÇZzgÇgN* 30 )�Z[:ìw°�Ð (AS1) ¶ÇZzgtìw¾n»�Ç?
Zzgwk�Ç(X

ÂC��Zk»âm n=15 �ZzgZk»ZYsú R Zq-�CÙZö[°�TÅÈ¥VÆÛ¢ -3

(AS1) H�Ç? f îw
Zq-j»ZYsú¥xÙ�Zq-?À%Ãi~°�ìÔZ#�Zk»âmîwZkÆ�z~R -4

(1.5 )�Z[: (AS7) ÆÛ¢Z+B5é EEÆ)z~ìX

âmîw�X f ZYsúZzg n ÈRÆÛ¢Ô R2 Zzg R1 �V 1/f = (n - 1) (1/R1-1/R2) °��izV»�� o

ö[°ÐÆfg=�WzZáìwÅS:]øDfs].zw~eð��X o

ìwÅS:] ìw»£x �»£x
$©�

ö

EG

ìw 6,(F1) âmy6, ÑpÐ�ÃA6,
ÇÔZtÔgN* Æ�gxy C1 Zzg F1 Ð6,} C2

ZtÔ)z~�#ÖÔÇ 6,C1 6,C2

ZtÔÇÔr�{ Ð6,} C1 Æ�gxy C2 Zzg F2

D ÑpÐ� 6,F2

¦JÔr�{ÔWi~ Ð6,} F2 Æ�gxy P Zzg F2

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg

�¶Ky
1

2

3

4

5

6

ZLZõ[Ã�Ûzr�Ø
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¨gz�6,FFZd�gZÆÎZÑ] .III

~�3c*�HìXZk°�ÐÄìwF 1 Zq-ö[°�&Zâ�zVÐ¯c*�Hì6�̂ -1

(AS2)Ð?
(AS3) W\Æ0*kZq-°�ìXZk°�»âmîw¥x�äÆnZq-�/?m,ÙX -2

�3ð�ì�Z�Z°°Ð¦/gCìXZ¤/âjVÆ£x¥x�VÂ AB ~Zq-Ãq Q-3^ -3

(AS5) °�J-ÃqÆgZ3Ã�3ØX

6,N1N2 ~gzÝÆ$©�ö
EG

JZZzg°�ÆìwÃ�3c*�Hì�"gZ- Q-4^ -4

g3�HìXZq-Ã¦{�Åæ�Ð°�Æ£xZzgZkÆâmîwÃC[ÙX
(AS5)

~�3c*�H Q-5 Æ£xÆçÆ�B6�̂ SI Zzg@ S gzÝÆJZ -5

(AS5) ìÃ¦{�ZEw�D�ñâmîw¥x<X

ªîwgppzZáZq-Z�Z°°�Ã¹V 15 ªâmîwÆZq-%Ãi~°�6,áZi~ÃÑeZàIX 40 -6

(AS5) g3Yñ��z°ÎVÐ¦/gäÆ�ÌÃÑáZi~�g�?Ã¦{�Ì¯ØX
�ÛnÙ�W\Î37wÆZ0+g0*ã~Ë)g}ÐÑZz6,�Ngì�²W\»Ãð�¶Zz6, -7

(AS7) 9ZìXHz{W\ÃZLZÝ�ÐÁc*ic*�{ÃWñÇ?

( ) fs~ÐÃ́�°�¯äÆ»x7W$Ëì? -1

h(b) 0*ã (a)

)Xè (d) (Acrylic Z�´) (c)

fig - Q5

fig - Q4

fig -Q 1

fig - Q3

¥ÅF,¹ÆaÓ#Ö»j È¥VÐZYsâg
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( ) fs~ÐÃ̈KÒy9ì -2

Ëö[°�ÆaWi~ìw»Ã,å�ÆÃ,Ð(,Z�@*ìX (a)

Ëö[°�ÆaWi~ìw»Ã,å�ÆÃ,Ð(,Z7�@*X (b)

ö[°�Ðå�ÇìwqÝ�@*ìX (c)

ö[°�Ðå�Wi~)ÇìwqÝ�@*ìX (d)

( �X) n ZzgZYsú R �~Xö[°�»âmîwH�@*ìZ#�ÈR»Û¢ -3

(b) f=R (a)

(d) (c)

Ë°Ð»âmîw¥x�äÆaZq-�/Â<X .1

�z°ÎVÆâmîw�X¨Zq-Âxù·ZyÆâmîwW\ùC[ f2 Zzg f1 �Ûn�z� .2

�,Ð²
t�zâVZq-�zu}Ðé�D�V? (i)

ÃA6,gÇYNX d t�zâVZq-�"gZ-6,Zq-�zu}Ð (ii)

°��izVÅ�»y~�ø7[°ÎVÐ0¥â]¦ÙXË°�ÅLL¤�Üóó�~Yä6,W\ .1

ZyÆâmîwù¥x�,ÐX
jÅ�zZìW-VÃ�h�£X�zZâO])0*ãZzgâg@%(ÐZyÃ6,��£Xt�zZ .2

â�zVzZáZq-°ÐÅ§b»x�}ÇZk°Ð6,âgÅÃq�Zw�ZLx@Z]Ãâ^�D
�ñZq-g7g^»g<X

¥ÅF,¹ÆaÓ#Ö»jÈ¥VÐZYsâg
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e^h

5
ZK̈ãWçZzgg3�*

Human Eye and Colourful World

(Æfg=�äzZágzÝÆZYs»_·HìXW\ä Lenses Ô!*[~W\ä°ÎV)
°ÎVÆfg=�WzZáìwÅâÎÔ£xZzǵ�#Ö»Ì_·HìX)®)2~ó§»]Æ
X,!*[-Z¡IY~ZK̈ãWçÅ�|#Ð0E+�{H�HìXZK̈ãWçwgCfÆZßw6,»x
�CìX�ZâZkz�ÜÃWC�²gzÝÅÃqZyZâÐF��øg~WçJ-B�XWçÅ
�|#~Zq-°�ñ���@*ìX

Ô!*[~W\ä°�»âmîwZzg�)�(ÆÃ,Ð�WzZáìwÅâÎó£xZzg
�#Ö»Ì_·HìX

(»H»xì? Lens ZK̈ãWç~°�) =

�zgZzg�Ûd$ÆÃ+V6,ñ��ZâÃ�Ú~¾§bæ�Qì? =

g
"545é G
H
G
EÐ)z~ÃA6,ËìwÃqÝ�**¾§be�Ç? =

HëWçÆ�tñ��ÓxZâYÃzZãîg6,�N0*D�? =

8~ZEwGYäzZá°Ð¾§bwg]ÆÕ÷Åo�D�? =

P�{ÎZÑ]Æ�Z[ÆnW\ÃZK̈ãWçZzgZkÅ»g��ÏÃ'¢zg~ìX
W�øDfsaZ�x�,Ð@*�wg]Ð0P�N�ëÐW��X

(Least distance of distinct vision) ZqÐi~wg]»Z�F,+Ã, 5.1

Zq-�gÏÂ[kXZkÂ[Ãðh}ÃA6,;ðVÐñ}gÚXZk�6,��ññZ�»_·
ÙX��}��}Â[ÃZKWçÅY+$�Ûd$ÑDYbZÚ�z{WçÐ!*Ç�Ûd$F,�YñX
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W\Hp´VCk�D�? =

W\Â[Æ,]6,ñ��,·wzs�®áÃWNÐc*W\ÅWçrÑÏXZ[��}��}

Â[ÃzZ:Zk£x6,áYñ�VÐ,·wzszZãÃWNZzgW\ÅWçÃËnÅ1Ì
Ck:�XZ[W\ZL�¶ÐWçZzgÂ[Æ�gxy»Ã,¥x�äÆnvXZkÃ,Ãâ^
ÙXZk¿Ã�zu}�¹VÆfg=�CÙZñZzgCÙZq-ÆazZãwg]ÆaÃ,â^ÙX
èÃg{!*ÑÓxÃ+V)zZãwg](»Zz�¥xÙX

Zz�Ã,Å�gHqÝ�Ï? =

ZkrÅæ�ÐëtZ~.�D��WçÐz{Zz�Ã,TÐëZâYÃ%Ú�Æ!*Ç�sZzgzZã
ªìXtwg]»Z�F,+Ã,B@*ìXtÃ,Zq-�Û�Ð�zu}�Û�Ô/ÆÒpÐ 25 �NMh�z{

�wÐÁ(~WçÆZ§Zs0*ñYäzZáW]¤!gZzgE�Zg�D 10 Z�@*ìXÁ�)/
ªÆ�Ûd$ 8@*7 �Zzgtic*�{Ú�Ã',�Z�&Ì�Mh�XÅ<å XLEZZk/~zZãwg]»Z�F,+Ã,

�@*ìX®/~W] 25cm �ÇX¬xîg6,Zq-¡q¿»zZãwg]»Z�F,+Ã,½ã
¢ac*ZkÐ 2@*1 ic*�{Ú�Ã',�Z�&7�0*D�ZkazZãwg]»Z�F,+Ã,ic*�{�Çª½ã

Ìic*�{�YìX
ªÃA6,Ãð�g¿YñA$HW\Zk�»Zz6,~uZZzg" 25 �Òp̂Z¤/W\ÅWçÐ =

uZ�zâVàz�Ü�NMh�?
W�¥x�D�

0*U$��.$ÅzZ],8-~ZEw�D�Ô PVC ÀzVÃmÆaZEw�äzZàPÇ~Ægz°c***»g{
ªÆ�zV~»^³Xö6,gðgeZ6&+Ã 40ªó 35ªó 30ªó 20 Z�ÙXZyÃ

gÚZzgZkÆ�Ûd$Zk§b9}�Y��W\»uÀ�~Z6&+Æúgì6�
ªÆÃA6,� 25 ~�3c*�HìXZ|scÃÎÐZk§b±o/õG�z{WçÐ 1^

~1 ªzZàÇ~Ægz°ÃÀ�UÌÆav6�̂ 30 ZLËZq-�¶Ð
�3c*�HìX

Z[W\Z6&+ÆZ|scÆáZi~Ã��Ç~Ægz°ÆZz6,~ZzguzVÃ
�ÚÅÃÒ<X�À�UzZµìX

HW\Ç~Æ�zâVuzVÃàz�ÜWçÆ"5Ðö FNGÃw�'�b%�NMh�? =
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ª�@*ìXtZq-�Û�Ð�zu}�Û�~ 25 ~W\ä5ì�zZãwg]»Z�F,+Ã,½ã 1r
ªÃA6,g¿�ðÇ~Æ�zâV)gzVÃ7�NMh�A$Z|sc6,À�UÎð 25 Z�@*ìXZ¤/

(Åæ� Clamp �ðÇ~ÃZk§bF,KM�Ø�ZkÆ�zâV)gzVÃÂ�ÛRÃ,Ð�NÃXÎ)
ÐÀ�UÎð�Ç~ÃZk£x6,)Â�ÛRÃ,Ð�ÚÆ�.Þ�(gÄ�ùX

ªîwzZà�zu~Ç~Ð$+w�ØXZk§bP� 30 Å£xÃpsK%ó Clamp Z|scÆ
�v}ZîwzZàÇ-VÃ¾�WçÃw�'�b%àz�ÜZyÇ-VÆ�zâV)gzVÃ�ÚÅÃÒ
<X
ZyZñŹV6,HW\Ç~Æ�zâV)gzVÃ�NMh�?Z¤/7ÂYV? =

W�Y3ÐX
ªÃA6,g¿�ìX)zZã 25 ÃW\åîg6,�NMh�� AB »x@{ÙX� 2 øDfŝX

�zâV)gzVÐWäzZàÃÑWç~�Z4�C�XÇZÏ B Zzg A wg]»Z�F,+Ã,(Yè
ÃWçÆ AB ~ÒyH�HìXYy³�� AB ÃÌåîg6,�NMh�6�Zz6, CD §b�

~�3c*�Hì 2 J-Ñc*�Hì6�̂ A'B' �Ûd$Æ£x
HZ[W\å��NMh�? =

(�NMh� EF »b%z~z) AB Åæ�ÐtzZã�@*ì�W\Üs 2^
ÐWäzZà B Zzg A ÐWäzZàÃÑWç~�Z4�C�² F Zzg E Yè

ÃÑWç~�Z47�0*'X
Ë�ÆZ�ð)gzVÐWäzZàÃÑWç6,Zq-iZzt¯C�XZ¤/tiZzt
ÐÁ�A$ëå��NMh�? 600

Ðic*�{�A$ëZk»b%z~{��NMh�Xz{ZWF,+iZzt�VÐëå��N 60
0

Z¤/tiZzt
�@*ìX/Åo9LÐt 60

0
Mh�iZztó{c*iZztwg]B@*ìXZq-¡qW�ò»iZztwg]
Zq-�Û�Ð�zu}�Û�~Z�@*ìX

�@*ìXZzg 600 ªZzgiZztó{ 25 W\ä5ì�¬xW�òÆnzZãwg]»Z�F,+Ã,½ã
W\ätÌ5ì�/Åo9LÐt�Û�Ð�Û�~Z�@*ìX

zZãwg]»Z�F,+Ã,ZzgiZztwg]/Æ�B�BZZ�ÛZ�~YVZ�@*ì? =

Zz6,ÆÎZwÆ�Z[Æa¬�ZK̈ãWçÅ�|#ZzgWçÆZdwÐ0ûÅ¢zg]ìX
ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j

fig - 2
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(Structural of Human Eye ZK̈ãWçÅ�|#) 5.2

ZK̈yÅWç¹�Zë-Z¡IY~ÐZq-ìt�ZâZzgZLZ§Zs

ñ��gùVÃ�ÚÆ�.Þ¯CìX
~�c*�HZ]¼-+öG{�ZK̈yÅWçÆãC�~�VÃªCÙ�@*ìXWç 3^

(Å�|#½ã�z~�@*ìXZkÅZ�RÈ�Cì Eyeball Æe¢)
(ë�Xtz{zì Cornea �Ës6,]Ðy~�CìTÃ�Û6)

�ÛzãY+$Ð�3ð�êìX
(ë�XZkÆ Aqueos Humour �Û6Æú�(�Cìz{âùÐ%æFN�CìZkÃW!²Aªî XE)

(�@*ì�ìw¯@*ìXW!²Aªî XEZzg°�Æ�gxyZq-�ZWC Crystalline Lens úN°�)
(B@*ìX Pupil (ë�XZk~Zq-ÎgZc�@*ì�¡) Iris eZc*�ÛZx�@*ìTÃ�ÛO)

Zq-g3z�@*ìTÃëWç~�Ù�X (Iris) �ÛO
�sV»ág8-Å�C�YèZ#ÃðgzÝZk6,7,CìA$z{gzÝÔWç~�Z4�CìX�VÐ
gzÝÆ!*CÙWäÅÃðRö7�CX¡Æfg=WçÆZ0+g�Z4�äzZàgzÝÅlZgÃ�ÛONzw
�@*ìæîgzÝÆñ́V6,�ÛOãVÃ¤�{�@*ì@*�ic*�{gzÝZ0+g�Z4�YñZzg!gzÝÆ
ñ́V6,tãVÃiZ@*ì@*�ic*�{gzÝWçÆZ0+g�Z4:�XªâgÅÃúVÃWç~�Z¾Æa

(»gzwZ�Z�D�X Variable Aperture �ÛOóãVÃ�gLLogziyóó)
°��gxy~J�@*ìZzggCgCZn!*CÙ~)g}5ì�D�XZ#âgÅÃqWç~

ÆÔ{Ã=ÍZ�Z�@*ìX°ÐZzg (Eye Ball) �Z4�CìÂg"545é GHGE6,ìwáCìXtWçÆe¢
ª2.5 ª�@*ìªWçÆ�t�ÆËÌ£xÐìw»ÙÃ,½ã 2.5 g

"545é G
H
G
E»�gxãÃ,
�@*ìX

ZÃ+V6,Z�xÃF,KM�ï�ñë¾§bìwÃ7VÃA6,qÝ�Mh�? =

°ÎVÐZYsÆZßwÅo9LÐHW\Zz6,ÆÎZw»�Z[�}Mh�? =

Ô!*[~W\7,|`���ÆZ£â]Æ!*z��ìw»Ã,x�@*ì²°ÐÆâm
îw~p~zZµ�X´z{Zi,°�Æâmîw»Z®gZkÆÛ¢Z+B5é EEZzgZkâ�}6,�@*ìT
Ð�t°�¯�XWçÆ�tZ£â]6,ñ��Z�xÆìwó7VÃA6,qÝ�äÆa

ZK (Eyelens) �y~°ÐÆâmîw~p~Ñã�ÏXtZk�z�Üe�ÇZ#�y~°�
zäÃps�}X

@!W]
�ÛO

¡

W!²Aªî XE

�Û6
y~�

_5½0î
I
EG

°�

¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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¾§by~°�ZCâmîw$+mgLì? =

~¾§btp~zZµ�Cì? EyeBall WçÆe¢ =

W�Y3!
�¶(y~°ÐÆÛ¢Z+B5é EEÃ 3 @!W]�y~°ÐÐa%}�ñ�D�)^

ps�D�ñy~°ÐÃZÏÆâmîw~p~Æaæ��D�X
Z#¹�zgÅ�6,WçÃ%ÃiHY@*ìA$@!W]e¢7,YD�TÐy~°�»âm
îwZWF,+�Y@*ì�g"545é GHGEÐZkÆ)z~ÃAÆ�@*ìXáZi~ÃÑZ#Wç~�Z4�C
�Âz{g"545é GHGE6,Ã%Ãi�C�Zzgë�ÃzZãîg6,�NMh�X

Z#Wç�Ûd$Å�6,ÃÃ%ÃiÅYCìA$@!W]~Ú�aZ�@*�TÐy~°Ð»
âmîw�Y@*ìX@!W]âmîwÐZk§b_��fe��g"545é GHGE6,ìw0YñZzgë

(ë�X@*ë Accommodation �ÃzZãîg6,�NÃXtâmîwÆ_�Å&¢AÃr)
tW]Zq-uÐWÐÚîÃ',�Z�&7�MhXÅ<å XEZZ#�ÃWçÐ�Ûd$F,Ñc*Y@*ìA$âmîw

ª�ÇX 25 _�7�0*@*@*�g"545é GHGE6,ìw0YñXÅ<å XEZË�ÆzZãwg]»Z�F,+Ã,½ã
~�¬�Hì 1- 6�r
y~°�Çìw¯@*ìc*Wi~ìw¯@*ì? =

g
"545é G
H
G
E
6,�WzZÑìwËÌ�Å�#Öó�|#Zzgg8-~p~Ññ%�ÚÆaøg~ =

¾§bæ��@*ìX
W�Y3

125 g
"545é G
H
G
E
6,y~°��»Zq-ÇZzgZtìw¯@*ìXtg"545é GHGE�gZÝZq-**iuG�Cì�½ã

óë���gzÝÅÃúVÃZzgZyÆWÃJw�@*ì Cones óZzg rods �Zky
&
B{5Ð

öGg�rìÎ
gzÝÅu]Å¶K0+��D�(tZ�ág}c*]½5Òø

Y
E

½ã rods gùVÅ¶K0+��D�² Cones X)

�y~¡g3VÆfg=�ârJ-�â]àD�X�ârZy�â]ÃÂ±�ÆZ:¬]Ãî 1

^�êìTÆ³~ëË�Ãc*�ÃZkÅ�#ÖózäZzgg8-~0*D�X
ÔI�~W\ä5ì�@!W]Åæ�Ðy~°�/Z±g�»Ã,p�ZLâmîw
~p~»!*)̄áCìX

Hy~°�Æâmîw~p~ÑäcÃðuHgì? =

y~°ÐÆZ�F,+ZzgZWF,+âmîwH�?ëZ7¾§b¥x�Mh�? =

W�¥x�,X
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Z#Ãð�ÑpÐ�ÃA6,g¿�CìA$y~°Ð6,�ÐF��WäzZà
4a áZi~ÃÑz��g"545é GHGE6,Zq-$©�ö

EG

�#ÖzZÑìw¯C�X̂
�¶XZkßg�w~y~°�ZWF,+âmîwg�rì
Z#Ãð�ÑpÐ�ÃA6,�

 u = - V=2.5ª
)ìw»Ã,��y~°�Zzgg"545é GHGEÆ�gxãÃAÆ)z~�Ç(
�ÆÅæ�Ð

�qÝ�@*ì
ªÃA6,Zq-�g¿�ìA$Zkßg�w~Wç»âmîwZ�F,+�ÇX 25 ây³�W\ÅWçÐ

�V u = -25 cm ; v = 2.5 cm

�ÆÅæ�Ð 1/f = 1/v - 1/u 

2.27 ª@* 2.5 Z¤/�»£xÑpÐ�ZzgzZãwg]»Z�F,+ÃAÆ�gxy�A$y~°�»âmîw
ªÆ�gxy�Ç@*�g"545é GHGE6,zZãìw0YñX

y~°ÐÅz{&¢ATÐz{ZKâmîwÃps�©8ì°ÐÅr
BCìX  óAccommodation of Lens

Z¤/y~°�ZLâmîwÃ_�7�0*@*ìÂHzZµ�@*? =

ªÅuÐ!*CÙ�A$HzZµ�Ç? 2.27 ª@* 2.5 Z¤/y~°ÐÆâmîwÅzÝ =

W�¥x�,X
wg]»Ú 5.3

�Zz�]Wç�góZKrÅ&¢AÅ�îìX

¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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Z,qÑ]~Z̈KyZâYÃzZãîg6,ZzgW�ãÐ7�N0*@*ìXy~°Ð~Õ÷ÅzzÐwg]
�®à7,YCìX¬xîg6,wg]Æ&Ú�D�Xz{t�X

(Ã@*{|)�zgÅÃÅ$zg~( Myopia) âÇ\ (i

(ÃÅê| Hypermetropia) ;�¢a\ (ii

(cZV| Presbyopia) 6,òÇ\ (iii

(Myopia âÇ\)�zgÅÃÅ$zg~() 5.3.1
�Z¾m�zgÅZâYÃzZãîg6,7�N0*D²�Ûd$c*4,�q-ÅqzVÃ�sîg6,�N0*D�XZk
nÆy~ÚÃâÇ\)�zgÅÃÅ$zg~(ë�ZkÃ�Ûd$Ã~Æ**xÐÌY**Y@*ìXZ,

ªÐÁ�@*ìXZ+ßg]~�zgÅZâYÐWäzZàÃÑy~ 2.5 Z¾m»ZWF,+âmîw
~�3c*�HìX 5(b) Zzg 5(a) °ÐÐZYsÆ�g"545é GHGEÐ¬ìw¯Cì6�̂

ªÐic*�{�zgzZàZâYÃzZãîg6,�NYì1âÇ\ÐOW,¿¼ÃAJ-g¿ 25 Zq-¡q¿
�ZâYÃ�zZãîg6,�N0*@*ìXâÇ\Ð

(TÃ Extreme Point OW,¿»Z̀�)
ây1Yñ6 M z{zZãîg6,�NYìZkÃ

~�3c*�HìX 5(c) �̂
Zzgwg]ÆZ�F,+Ã, M 6,c*M Z¤/�
6,g¿YñA$g"545é GHGE6,y~ (L) Æ�gxy

5(d) Zzg 5(c) °�Zq-ìw¯ñÇ6�̂
~�3c*�HìX

(B@*ìX Far Point ó`ê) M t̀
ZWF,+Ã,6,ñ��`�VÐy~
°�g"545é G

H
G
E
6,Zq-zZãìw¯@*ìXZkÃ`

(ë�X Far Point ê)
(B@*ìX Myopia Z¾m�̀êÐWÐÅZâYÃ7�N0*Dz{ÚâÇ\)

ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j

fig - 5(a)

fig - 5(b)

fig - 5(c)

fig - 5(d)

92

SCERT, T
ELA

NGANA



âÇ\ÅoÆn�H�**e34/õ XJ
G

X =

Z#Ë�Ã̀êZzgzZãwg]ÆZ�
Æ�gxyg3YñA$ ( L ) F,+ÃA

y~°�Ôg"545é GHGE6,Zq-zZãìw¯@*ì
XZ¤/ë`êÆWÐg¿�ð�Æìw
ÃZq-°ÐÆfg)`êZzgzZãwg]ÆZ�F,+ÃAÆ�gxyÑäÆ�.Þ�YNÂtìw
y~°ÐÆaZq-�»»x�}ÇX
tZkz�Üe�YìZ#Zq-!©�ç G°�ZEwHYñ)!©�ç G°ÐÆfg=ZYsÅzzÐ�WzZá
ìwÃc*�Ù(

âÇ\ÅoÆaZEw�äzZá°Ð»âmîwW\¾§bç�,Ð? =

Z¤/Ë¿ÆâÇ\Åo�**�Â�Zq-Z,°�»ZN[�**�Ç�ÑpÐ�ÃA6,g¿�ð�»ìw
°�»ZN[�**e34/õ XJ

G
X (biconcave) `ê6,¯ñXZkÆn�!©�ç GZÖ@

y~°�Æntìw�gÚ»x�}ÇXZk§bg"545é GHGE6,Wy%~ìwáCìX
W�Zk!©�çGZÖ@°�»âmîw¥x�D�X

(ÆÃAÆ)z~ìX Far point (`ê) v (ÑpÐ�ìZzgìw»Ã,) u �V�»Ã,)
-D = `ê»Ã,  = v óu=

óìX f L  �Ûn�z�!©�ç GZÖ@°�»âmîw
(Åæ�Ð Lens Formula °ÐÆ��)

1 / f = 1 / v   - 1/ u  

ótì�!©�ç G°�Å¶K0+��@*ìX f �V
ªÐic*�{�A$HzZµ�Ç? 2.27 »Z�F,+âmîw  Z¤/Wç =

W�¥x�,X
(Hypermetropia) ;�¢az\)�Ûd$ÅÃÅ$zg~( 5.3.2

;�¢az\ÃL�zgÃ~óÆ**xÐÌY**Y@*ìXZq-¿�;�¢az\ÐOW,ìic*�{ÃA6,g¿�ð
ZâYÃzZãîg6,�NYìp�Ûd$g¿�ðZâYÃzZãîg6,7�N0*@*XYèZk¿cy~°�»

ªÐic*�{�@*ìX 2.27 Z�F,+âmîw
¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*

fig - 5(e)

93

SCERT, T
ELA

NGANA



Z+ßg]~�Ûd$g¿�ð�ÐWäzZà
gzÝÅÃÑg"545é GHGEÆúìw¯ð�6�

~�3c*�HìX 6(a)^
;�¢az\ÐOW,¿ÆnZ�F,+ÃA»
`�V6,y~°�g"545é GHGE6,zZãìw¯@*ì

�¶X 6(b) óì̂ H �Ûn�,�L
WÐg¿�ìA$WçÔg"545é GHGE ÐHc*H Z¤/Zq-�

�¶(X 6(c) Zzg) 6(b) 6,Zk»ìw¯ñÏX̂
ZzgzZãwg]Æ H ZkÆ',ÜsZ¤/Ë�Ã
Æ�gxyg3YñA$t (L) Z�F,+ÃA

(�¶( 6a g¥C6,ìw7¯ñÏX̂)

(ó Near Point Z�F,+Ã,6,ñ��z{`�VÐy~°�óg"545é GHGE6,ìw¯YìÔz{LL4,�Oó̀ó)
Æ�gxyg¿ (L) (ZzgzZãwg]ÆZ�F,+ÃA H B@*ìX;�¢az\ÐOW,Z¾m4,�O)̀

�ZâYÃ�N7MhX
W\¾§bÐZkÚÃ�g�&�,Ð? =

Z¤/Ë�Ã4,�OyÆWÐg3YñA$y~°�g"545é GHGE6,Zq-zZãìw¯ñÇX;�¢az\ÚÅ
�g\oÆn�Zq-Z,°�Å¢zg]�Ï�4,�OyÆWÐ�»zZãìw¯nX²Ôz{�

(Æ�gxyg¿��X L (ZzgzZãwg]ÆZ�F,+ÃAzZá) H 4,�O)̀

°�ZEw�,X (biconvex) tZkz�Üe�Ç²ëö[ZÖ@
W\tùê�0*NÐ��Vö[°�Ãµâmîw»ZEwHYñ? =

°Ð»âmîw¥x�äc�ÛnÙ�Zq-�Ã
zZãwg]ÆZ�F,+Ã,6,g3�Hì
ö[ZÖ@°�Åæ�ÐZ#Ë�»Zq-ìw

~6(d) 6,¶ÇX6�̂ L 4,�O`ÆÃA
�3c*�HìX

�&À�/õ GGX 6(d) y~°ÐÆntìw�g�»x�}ÇXÅ<å XEZg"545é GHGE6,WçÆfg=Z�ðìw¶ÇX̂

ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j

fig - 6(a)

fig - 6(b)

fig - 6(c)

fig - 6(d)
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�»Ã, (u)=-25 cm �V
�ÇX -d= 4,�O»̀Ã, =(v ìw»Ã,)
ìX 'f' �Ûn<�ö[ZÖ@°Ð»âmîw

(Åæ�Ð Lens Formula °Ð»��)
1 / f = 1 / v  -  1 / u 

ÅYñÏ( f = 25 d / (d - 25) Åeöªc*T¢a~ f)

µ�Çª;�¢az\ÆÚÅoc�ö[ZÖ@°� 'f' ìA$ d >25cm ëY���
ZEw�**�ÇX

(Presbyopia) 6,òÇ\ 5.3.3
6,òÇ\Zq-wgCÚì�f~W@*ì�VW\VÅa¤�Ü~¶WCìXZ,ßÍV»`
�Ûd$WÐ(,|Y@*ìXTzzÐz{ÅZâYÃzZãZzg/W�ã7�NMh�X

(Æ$zg7,äZzgy~°ÎVÅEÆ»�YäÅzzÐaZ Ciliary Muscles t@!W])
�@*ìXtÚZÒ®|Z]~�3ð�êìXLLZq-¿fÅzzÐâÇ\Zzg;�¢az\
�zâV»Dg�Y@*ìX

(Å¢zg]�ÏXZq-¬x bi-focal Lens ZknÆy~ÚÅoÆn��zCÙZâm°�)
�zCÙ}âm°Ð~ö[Zzg!©�çG�zâVnÆ°Ð�D�TÆZz6,~z6,!©�ç G°��@*ìZzg
"zZq-ö[°��@*ìX
Z¤/W\W\VÅøáÆn�zZ{äYD�A$eZËW\VÅøá�Æy~ÚÃ�zg�äZq-̄

(?m,�@*ìT~ÚÃ�zg�äÆn°ÎVÐ0¬]�g`�C�X Prescription)

~�~�¬]»_·Hì? (Prescription) HW\äL̄ =

óó ~¶c*Z���Zì "Sight" W\äZÒßÍVÃë�ñ��Ç�LL÷~
Zk»HÈ�@*ì? =

wg]ÅøáÆ�À�eZËZkÅ�g\oÆno�&¤�ÜzZá°ÎVÆZEw»tg{�ï�X
TÐZEwKYäzZá°ÐÆâmîwÃ¥xHYYìX

°ÐÅ¤�ÜÐH%Z�ì? =

(Power of Lens) °ÐÅ¤�Ü: 5.3.4
gzÝÅÃúVÃ%Ãic*Ås�äÅz{Ú�Ë°ÐÐqÝÅY$Ëì°ÐÅ¤�ÜBCìX
âmîw»½[°�Å¤�ÜB@*ì
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°�»âmîwìX 'f  ' �ÛnÙ�
)¢a~(°ÐÅ¤�Ü P=1/f; )T¢a~( P=100/f

Ð̈HY@*ìX 'D' ZkÃ  ìX dioptre ¤�ÜÅZ»ð
°�ZEw�ä»tg{�êìA$Zk»âmîwH�Ç? 2D Z¤/eZË :1 Vw

P=2D �c*�Hì°ÐÅ¤�Ü i:
)T¢a~(he6, P = 100 / f  ; 2 = 100 / f  

f = 100/2 = 50 cm

ªìX f =50 ®Z°Ð»âmîw
:(Dispersion and Scattering of light) ZÎgâgzZ_Ogâg 5.4

W\ä!*glǢg~�W�y6,̧k�Ûb�W�ñ�¬�ÇXt�H©W\Æ�wÃñ{1�Ç�4
�Z],~̂~�á0+ZggùVÐï�áCìX
¾§bÎg`ÅCggÝ̧k�ÛbÆZgùVÃÈV�CìX =

ÔZ1Z[~W\ägzÝÆ§igzt»_·H�ÇXZ#tgzÝbZzgÈ¥VÐZYs��
*gCì��Zq-°Ð~�@*ìXW\ätÌ_·Hì�°ÎVÐ�WzZáìwÅ
âÎ£xZzg�#ÖH�CìX
âgÅÃÑZ#Zq-�zu}6,âbûZgRÐy}�ñZq-ËszZôÐ*gC�ÂHzZµ =

�@*ì?
(Hì? Prism �g) =

:(Prism)�g 5.4.1
�g�gZÝZq-ËszZôì�Z§ZsÐ�zûZg¥VÐ�ÑCå W{�@*ìZzgtZq-�zu}Ð¼iZzt¯D�X

Z#âgÅÃqZq-ûZgRÐ�Z4�CìÂ�zu~ûZgRÐ!*CÙÇ̀ìX�g6,zZµ�äZzgZk~Ð¦/gäzZà
ÃqÆ§i¿ÃKÆa��gÐ0Pï]ÐW�
qÝ�**¢zg~ìX

Zq-[új»�gkX��z[ú�°zVZzg&!k3�5Ðö
G

G

§°gpVÆ¥VÐ¯�Z�Xt§°gpVÅRZq-�zu}Å
Y+$u�ð�X

�g»Ûzãzì�!k3�5Ðö
G

G�°}6, PQR �Ûn<�[
jZ�ZìX

ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j
fig - 7
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~�3c*�H 7 ÐCc*�Hì6�̂ M Ð�Z4�g�ìTÃ̀ PQ Zzgâyk�gzÝÅZq-Ãq�gÆûZgR
(ZzgÀ�Æ�gxy�WzZÑ Incident Ray 6,Zq-À�zZgâU��RÐÀ�U�CìXÃqz̧q) M Æy PQ ìXR

(B@*ìX iI iZztiZztz̧q)

Ð�D�ñ�gÐ!*CÙÇ̀ N 6,z�YCìZzg�gÐ*gD�ñ�zu~Y+$ûZgR M tÃq`
Ð{g`�CìÔÃq%�){g`�äzZàÃq(BCìX N6,PR ìXz{Ãq�R

PR Zzg PQ (B@*ìXûZgR i2 6,Zq-À�~âUXÃq%�ZzgÀ�Æ�gxy�WzZÑiZztÔiZzt%�) PRÐN`
(B@*ìXÃqz̧qZzgÃq%�Æ�gxy�WzZÑiZzt A Æ�gxy�WzZÑiZzt�g»iZztc*�g»iZztZYs)

(B@*ìX d iZztZ�Zs)

Zq-[ú�gÆfg=*gäzZàgzÝÅÃqÆZYsÐ0¥â]ÆnW�Zq-�/Z�x�,ÐX

�g»ZYsú¥x�** Ñ:
ª�#ÖzZÑCeg^ÔRÔ6Ôð~Zzge0+{ 20 x 20�gó �g»gZâY:

Zq-�gkZkÃCeg^6,Zk§bgÚ��g»À�°{eg^Ðé�}XRÅæ�Ð�gÆ §i¿:
uz�ÆZ§ZsZq-âUX�gÃz;VÐU�£X

Q�{ÆÅzäc*^H�Ï? =

�£)ZÒ R Zzg Qó P tZq-[ìXgZÎVÆ**x
�gÆfg)�WzZÑ[ó)z~ZÑHq�@*ì(

Æ�gxy PR Zzg PQ ZY°RÅzä!k3�5Ðö
G

G�ÏX
(ìX A iZzt¥xÙXt�g»iZzt)

ÐM6,PQ »¶KyÎ�Zzg M6,PQ [ÆZq-)g}

6,e0+}Æ%�/ÃgqpZzg M *gäzZÑZq-À�~âUX̀
J-âÃîw M »iZzt¯D�ñ 30o

Zk»�°{ÔÀ�6,gÚX
�ØtâÃqz̧qB@*ìZzg�V6,�WzZÑiZztóiZztz̧q

(~�g`ÙXZq-¾»¶KyU6� 1 ìXZÐ].zw)
~�3c*�Hì 8 ^X

1 ].zwD
(i1) z̧q»iZzt (i2) %�~iZzt (d) iZztZ�Zs

¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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8- 6,À�U6Î�6�̂ B Zzg̀ A �gÃZkÅ(6,gÚ)6�ZkÐIg3�H(Z[âÆ̀
6,�zZzg6 D Zzg C (Æfg=�¶X̀ PR 6,Îð�JVÅìwÃ�zu}gc) B Zzg A ~�3c*�HìX

6,Ñ�ñ6�gÆfg)�Ú6,Zq-�â�6, B Zzg A 6,ñ��6Zzg D Zzg C Zk§bÎñ�
ÆxVÃ5�ZzgZk D Zzg C zZµ�VXZk¿ÃZôoÐÙXJVZzgjÆ�gÃU³X�z6Æ

ZzgÃq%�Æ N 6,%�Zg�CìXÀ� N Ð` PR J-zÝ�ØtÃq%�ì�R PRRÃ  â
~�g`ÙX 1 �gxy�WzZÑiZztiZzt%�B@*ìXZkiZztÅeö�ÆZkÅ�gÃ].zw

Æfg=*gä Ð¦/gãzZàâ�g D Zzg CóNóMóBóA Ãâ�Ð�hbXÕo N Zzg M Z[Õo
zZàâgÅzÃqÆgZ5ÃªCÙ�CìX

W\¾§biZztZ�Zs¥x�,Ð? =

6,s�}XZy�zÃúVÆ�gxy�WzZáiZztÃ 'O' Ãqz̧qZzgÃq%�ÃZk§bîw�Ø�z{̀
(~�g` 1 Å�gÃ].zw) 'd' ÐªCÙHY@*ìX 'd' C[ÙXtiZztóiZztZ�ZsB@*ìXZkÃws

z){Æn�CÙZ�XZê´iZztZ�ZsZzgiZzt%�ÃC[ 50o 
Zzg 40o <XZk¿ÃZiZz-V

~�g`ÙX  (1 �Æ].zw)
W\iZztZ�ZsÐHZ~.�D�? =

W\ä¢zgtx@{H�Ç�¬iZztZ�ZsQQ�Z�3ð�}Çp�
�iZztz̧q~Z���@*YñÇz,z,iZztZ�Zs~Z���@*Yñ
ÇX

HW\iZztz̧qZzgiZztZ�ZsÆ�gxyF,®)¤/Zs(éMh =

�?
"g6,iZztZ�ZskXñizVeöá�F,½ Y "g6,iZztz̧qkZzg X

»½6,iZz-VÆ�hÃÕoÆfg=ªCÙ<XWy%~ZyÕoÃ�h�TÐW\Ã¤/Zs)âÈ(qÝ
Å§b¤/ZsqÝ�Z? 9 �ÇX�&À�/õ GG�HW\Ã̂

¤/ZsÆfg=HW\Z�F,+iZztZ�Zs¥x�Mh�? =

"gÆáZi~Zq-â)�k( X Y;V¢zg¥x�Mh�X¤/ZsÆZ�F,+`ÐâÈÆn
"gÆ Y ÐªCÙHY@*ìXZ[`Ð D X"g6,s�äzZÑ`�Z�F,+Z�ZsìTÃ Y UX

"g6,Zq-`ÐMì�́iZztZ�Zs X áZi~Zq-âZk§bU�¤/Zs�kÐ�Z�Xtâ
»iZztz̧qìXZ¤/W\ZyiZz-VªiZztz̧q6,i�/�D�ÂW\tZ~.�,Ð�%�~iZzt
óiZztz̧qÆ)z~�ÇX

iZztz̧q

iZ
ztZ�Z

s

ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j

fig - 9

98

SCERT, T
ELA

NGANA



(6,ÃeZaX 1 ].zw)
HiZzt%�óiZztz̧qZzgiZztZ�ZsÆâÎÃðģ0*c*Y@*ì? =

HW\�g»ZYsú¥x�Mh�?Z¤/W\»�Z[;VìA$ù¥x�zÐ? =

W�¥x�Æ�Ù�X
:Derivation of formula for refractive index of a prism �gÆZYs»��Z~.�** 5.4.2

~Cð�Ãq»x@{ÙX 10(a)̂

Æfg= OMN[

 d=(i1+i2)-(r1+r2) ''''' (1)

~PMN[
A+(90o-r1)+(90o-r2)=180o

¿�ä6,�qÝ�Ç
  r1  + r2=A ''''' (2)

(Åæ�Ð 2 (Zzg) 1 )zZ])

d = (i1+i2) - A

A + d = i1  +  i2 ''''' (3)

èÃg{�)zZ]iZztz̧qÔiZzt%�ZzgÔiZztZ�ZsZzg�gÆiZzbÆ�gxygºc*mÃªCÙ�C
ìX

n1Sini = n2Sinr  ÆçÆ_.ÔëY��� Snell's

�g»ZYsúìX 'n' �Ûn�z�
6,�Z»ZYsú M ÆçÅæ�Ð Snells

Ðn1=1;  i-i1;  n2=n;  r=r1  

 Sin  i1 = n Sin r1 ''''' (4)

Ð n1 = n  ; i = r2  ;  n2 = 1 ; r = i2  6,N ÇZÏ§b
n Sin r2  =  Sin  i2 ''''' (5)

(ó6,iZztz̧qLiZzb%Æ D ëY���Z�F,+iZztZ�Zs)

ÆQR áZi~ìI MN »x@{Ù(XW\â�̂,Ð�â 10(b)^) i1=i2 )z~�@*ìª
�A(X 10(b) áZi~ì�gÆ�°}Æ)^ MN Ôª

¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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(~ps�ÇX D (óZ�F,+iZztZ�Zs) d iZztZ�Zs) i1  =  i2Z#  

(Zk§b�YñÏX 3 A$)zZ])  
A + D = 2i1

c*
Åæ�Ð 2 Å<å XEZ)zZ] r1=r2 �ÇA$tzZãì� i1 = i2Z#

  r1 = A / 2 c*2r1=A
~�g`�ä6, 4 Å�gÃ)zZ] r1 Zzg i1

t�gÆZYsúÃ¥x�ä»��ìX
:2 Vw

»Z�F,+iZztZ�Zs¯@*ìÂ�gÆZYsúÃC[ÙX 30o ó� A=60o
Zq-�g»iZzt

D=30o
Zzg A=60o �c*�Hì :i

ì  = ®Z����g»ZYsú
W��gÆ�BZq-W�yrZ�x�ï�X

ZkrÃZ0+�}#}~Z�x�ØZq-�gkZzgZkÃZq-C�-ZgÆ�Ûd$ö6,gÚXZq-
!*gq-Ç~»®kXZkÆZ0+gZq-ÎgZc�ÆZkÃÀ�Uö6,gÚX�gÃ�-ZgZzgÇ~Æ®Æ
�gxygÚX
ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j 100
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eß Light (ÙX�� On Ãeß) Light gÚX Light Ç~Æ®ÆúÎgZcÆ�Ûd$Zq-
(qÝ�CìX�gÅ�~ Narrow Beam �ÏÇ~Æ®ÆÎgZcÐgzÝÅZq-!*gq-Ãq)

ÃZk§bF,KM�Ø�gzÝËÌZq-U6,zZµ�X�gÆ%�~iZz-V~p~»x@{ÙX�gÃ
��}�D�ñZk§bF,KM�Ø��-Zg6,ìwÃWYñX

W\�-Zg6,Hx@{�,Ð? =

HW\�-Zg6,g3ìwÃ0*D�? =

YVCgzÝZgùV~��Cì? =

W\Ãµg8-�-Zg6,�Ù�? =

HW\CÙg8-ÆiZztZ�Zs~p~»x@{�Mh�? =

ÃyÐg8-»Z�ZsZ�F,+�ÇX =

W�Zq-ZzgrZ�x�ï�X

Zq-�JCR,}³ZzgZkÃ0*ãÐ½�£XZkR,}~Zq-WsÃZk
§bgÚ�z{0*ãÅRÐiZzt¯�XZ[gzÝÃ0*ãÐ�D�ñWs6,

~�3c*�HìXC»ge1geÅLÃ0*ãÅRÆZz6,Zk 11 ¤/Z�6�̂
§bF,KM�£�Zk6,g8-qÝ�VÐXZygùVÆ**xâ^ÙX

~ëäx@{H�Zq-CgzÝZgùV~Ë�ðìX 4 Zzg 3r
Åæ�Ðëtz�s#�Mh�� (Ray Theory HÃ¦Ãt) =

CgzÝZgùV~Ë�CìX
CgzÝZgùV~Ë�CìÔZkÅz�s#**eìX (Åæ�Ð Ray Theory) Ã¦Ãt

QWy%Z(ù�@*ì? =

W��B
(Dispersion of Light) ZÎ§âg 5.4.3

~ëäx@{Hì�ucg8-ÆniZztZ�ZsZ�F,+ 3r
�@*ì®.Þ�zu}gùVÆnZzg¶g8-ÆaZWF,+�@*
ìX

ZÎgâgB@*ìX  ~#$Y** (VIBGYOR CgzÝ»ZgùV)
*I̧�~ëä_·H��gÆZq-ºmZYsúÆn
Zq-iZztz̧q�Ç�Z�F,+iZztZ�ZsgÇÇX

¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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(Æ_.gzÝÅÃqåZ(gZ3Z(g�CìTÆaÁ Fermat's Principle �Ûâ^Zßw)
(~ëä�¬�gzÝÅÃqäZgZ2VÃZCc*ìX 3 z�Ü�g»g�X1r)

HZk»Èt�Ç��g»ZYsúZgùVÆe{�@*ì?X =

HCÙg8-ÆngzÝÅgëgÌZ�Cì? =

(Ð¸³Z~.�@*ì�t}òÃ¦ÃtÆtè],ìXÅ<å XEZëtÈ 4 (Zzg) 3 Ãg{!*ÑxÁ) è
(g8- Violet Mh��CgzÝZñ�V»Z)qì�Zîwñ`gBb�Xtâ**Y@*ì�¶)

g8-»îwñ`ic*�{�@*ìX Áîwñ`g�rì²uc
ñYÃtÆ_.gzÝÔñ`Å§bZ4V~ÄìXgzÝ�gZÝ',¹ïFñ`ìX
�V6,Ãðfg{8îg6,WÐúw�'7�@*XOñZkÆt',¹ZzgïFyZyÅu]',¹
ïFñ`Æ_.CÙzMzMÐCÙ̀ÆnZ�@*ìXt',¹ZzgïFyZy»ZPZigzÝÅ
gëgÐZ4V~�YD�X

HZ[W\Z0+Zi{ÎMh�Z#gzÝ�gÆfg=*gCìÂtZgùV~YVË�Cì?X =

ZkÅzztì�Z#âgÅgëgÜ~ÓxgùVcx�CìZzgZ#âgÅÃqËzZW~^
�CìA$ZkÅgëgîwñ`6,«�CìXëY���ZYsúÜ~âgÅgëgZzgzZW~âgÅ
gëgÅÚìXZÏ§bzZô»ZYsúâgÆîwñ`6,«�@*ìXZ#âgÅCÃqËzZô
Ð*gCìA$Zk~0*ñYäzZáÓxg8-ZLZ�F,+gZ5Zzgz�Ü»ç�D�ZzgZ

~�-ZgZzgWNW 4 Zzg 3 gùV»ZYsZ�@*ìXígùVÅ�ÑCå WÏzZµ�CìTÅzzÐ�a
Æfg=�3ýGqÝ�@*ìXëä�/Æfg=x@{Hì�Z#îwñ`~Z���@*ìA$ZYs

Æ�]gùVÆîwñ`»x@{�,A$�¥x�Ç� VIBGYOR ú~¶zZµ�CìXZ¤/ë
g8-�&ÐÁîwñ`g�rìXÅ<å XEZuc (Violet) ucg8-�&Ðic*�{îwñ`g�rì²¶

g8-»ZYsú�&ÐÁ�@*ìZzgt¹ÁÅs�@*ìX
gùV~Ë�YCìXW��Ûn 7 ëäx@{H�Z#Îg`ÅÃqÃ�gÐ*ZgZY@*ìA$t

�,Ð�ëä�gÐÜsZq-�g8-Ã*ZgZìX
HtÌ'×h+gùV~Ë�Ç?YV? =

ëY���âg»®�JZÅS¤ìZzgtZq-]~JZÐå3zZáñ�VÅ®Z�Æ
)z~�@*ìXtËÌzZô~ps7�@*XªZYsÅzzÐ®�~Ãðp~zZµ7�CX:
g3gzÝÆËÌËszZWÐ*gä6,ZkÆg8-~Ãðp~zZµ7�CX
ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j 102
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Zq-C�-ZgÉ<T6,Îg`ÅÃÑ7,g��VZk�-ZgÅY+$ZC¥c�ÆZk§b9}
³T~Ð0*ãËg;�XZkk[Æ Tube �Y��Îg`ÅÃÑW\Æ16,7,,XZq-

Au}6,ZigÄ�0*ãÆ·�ÃgzòX0*ãZiZzgk[Æ�gxyÅ(Ð¯Zg}Å§b¤/}ÇX
(»x@{�Mh�X Colours Zkz�Ü�-Zg6,�äzZáp=V»x@{<XW\�-Zg6,gùV)

W\�-Zg6,gùVÃ¾§b�N0*ñ? =

Îg`ÅÃÑ�-ZgÐF��W\ÅW\V6,7,g��c*0*ãÆ¢zVÐ?W��BÐX =

¸kè�ÛbÆpzg]g8-Îg`ÅgzÝÆZÎgÐc~
ñ��ÜggLgL0*ãÆ¢zVÐF�äÅzzÐqÝ
�D�XW�0*ãÆZq-¢}Åæ�ÐZk»x@{�,ÐX̂
»x@{<Zk~Îg`ÅÃq0*ãÆ¢}ÅZz6,~RÐ 13

*gCìXZ#0*ãÆ¢}ÐÃq*gCìA$ZÎgzZµ�@*
(ÆgùV~ps�YC Spectrum ìZzgÎg`ÅÃq�3ýG)

ìXfig-13

Zq-ÃqÆZYsÆ�zgZyRÃÝÐZq-]~�ZäzZàñ�VÅ®Z�ËÌzZWÆZq-y
ÐZq-]~*gäzZàñ�VÅ®Z�Æ)z~�ãecXZk»Ètì�âg»®�x�@*

(~0*ñYä v (Zzg®�) l (îwñ`) v ì²îwñ`~p~zZW6,«�CìXñ`Ågëg)
zZámÐëzZ��X

)E(ÐªCÙHY@*ì( nÃ )®� v = v l

ÆXñ`Ågëg~Z���Âîw l gZ�&pÐ�&�Cìîwñ` v ËÌßg�w~Z[k�Âgëg
ñ`~ÌZ���@*ìZzgîwñ`~¶�Âgëg~Ì¶zZµ�CìX

~W\ä�¬ìX 3 HW\ZLâjwÐÃðZq-Vw�}Mh�?��r =

W\»�Z[̧k�Ûb�ÇXtâgÆZÎgÅZq-4+VwìX
W\W�y6,̧k�Ûb»x@{�'�D�? =

H¡¦îg6,ȩ̈k�Ûb»g�Mh�? =

W��Ù�!ù?
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¹ic*�{Ås�Cì²uc~Z�Zs¹Á�@*ìXÎg`ÅÃq¢}Å (Voilet)¶
�zu~RJ-î6,ÓxgùVÅÃÑ´�Z½Z[kÅzzÐF�YC�Zzg«RÃßŴC�Zzg

¶ÃúVÆ Voilet ZYs�D�ñcY~�YC�X�zu}ZYsÆ�zgZyucZzg
�gxyiZzt(,|Y@*ì/Ú¬ZYsÆX

Æ�gxyzZµ�@*ìXZ#�Z½Zzg 42o
Zzg 40o �Z½Zzg{gYÃúVÆ�gxy�WzZÑiZzt

�A$¸kz�ÛbÆg8-¹�}ÃWD�6�̂ 42o
{gYÃúV»�gxãiZztZWF,+iZzt

~ec*�HX-VÂCÙ¢{gùVÆå�3ýGÃªCÙ�@*ìpx@ZL£xÆZ±gÐËZq-¢{ 13

ÐZYsÆfg=qÝ�äzZágùV~ÐËZq-�g8-»x@{�YìX
ÃqË¢{Ð{g`��x@ÅWçJ-BìA$ZÏ¢}ÐucgzÝZk (Voilet) Z¤/¶

»x@{Ù( 14 ÅWçJ-7BXt}Zzgc*¬xîg6,x@ÅWçÆnBì)^
ucgzÝ»x@{�äcW�yÅY+$Zz6,
Æ¢}»x@{�**�ÇXucg8-�Úc
Îg`ÅÃqZzg¢}ÐF��qÝ

�**ec² 42o �äzZàÃq»�gxãÃ,
�**ecXZ¤/ 40o

g8-�ÚctiZzt Voilet

Æ�gxyzZµiZzt»x@{ 42o
Zzg 40o

W\

óóg8-�3ð�, VIBGYOR �,A$W\ÃLL
ÐX
!*glÆ¢zVÐâgÅÃqË��̧µ�ÛbYV¯Cì? =

ZkÎZwÆ�Z[c�æ¢a~Z+Zw
»ZEw�**e�X�&Ð¬ÂëtzZã
�B�̧µ�ÛbZq-�zZ��~¸k7ìX
|~¸k�Ûb��ÃW@*ìZq-�

Z��~%zoì

fig-14

fig-15
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~�3c*�HXÓx¢}TÅgzÝ»ZÖg%zï̂~ 15 TÅâuøg~W\V6,7,Cì6�̂
�@*ìt%zoZ6,ÂV6,��@*ìXz{¢}XÐucg8-øg~W\VJ-í�X%zoÅ
Z�ðÛzã6,]ìXZk§bz{¢}�**g�g8-»Zy%Z`�D�ucg8-Æ{g`��{¢zVÆ

(Voilet) Z0+g�D�ZÏ§bZk%zo~ig�g8-Ô**g�g8-z){z){g8-0*ñYD�²¶
»x@{ÙX( 15 g8-»Zy%Z`�äzZÑ%zo�&ÐZ0+gzyF,+�@*ì)^

tøgZ¬x�/ì�W�y8�3ð�êìX
W�y8YV�@*ìX =

ZkÎZwÆ�Z[cW\ÃZq-Zzg1LZ_Ogâgó»û�**¢zg~ìX
Z_OgHìX =

W��Ù�X
(Scattering of light) Z_O§âg 5.4.4

âg»Z_OgZq-ë{1ìXW�Z_OgÆ¿ÃKÅÃÒ�,ÐX
HW\Y���Z#ÃðWiZ��CÙc*�?gzÝÆºm®�Åi�~W@*ìXA$H�@*ì? =

�CÙc*�ã��gzÝÅi�~WD��gZÝâgÅÂZ**ðÃ_.[�fe�ZzgZk»¼zZ
4V~{g`�D�XtâgÆZ_Og~�äzZÑãC�~¿ìX�CÙc*�?6,âg»ZW,ZkÅ�#Ö
6,«�@*ìXZ¤/fg{)�CÙc*�?(Å�#ÖÁ�A$Zk6,ZW,Z0+Zi�äzZàâgÅÃq»®�ic*�{)c*Á
îwñ`(�@*ìZzgic*�{�#Ö�A$®�Á�@*ìX

Z#W\�Zð�i~�̂gì�VA$HW\̧kz�ÛbÅ̂»Z0+Zi{�Mh�ZL�z�&Ðn�!ìw =

�Æ¢zg~¥â]Z�ÙX

¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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�ÛnÙ�Ë®�ÅgzÝË�CÙ6,7,CìA$ZkgzÝÅzzÐ�CÙ~Zg¬laZ�@*ìZkÅzzÐ
�CÙgzÝÃZu]Æ�BÓx4V~{g`�@*ìX
âgÅu]Ð%Z�âgÅÂZ**ðì�âgÅZ�á®)Å�ÆÀ�UËZ»ðgKÐ°]~¦/g@*ìX

~�3c*�HX 16 �ÛnÙ�WiZ��CÙc*�?cY~Ë£x6,ì6�̂
Zk�CÙc*�?6,¼®�zZàâgÅÃq7,Cìt�CÙc*�?ZÏz�Üg�¿»
ZÖg�@*ìZ#�ZkgzÝÐ�CÙÅ�|#Zzgâg»îwñ`ó_�gnp
�VXZzgZ+ßg]qw~�CÙgzÝÃ_.[�@*ìTÐZk~ZPZi
zZµ�@*ìXZkZPZiÅzzÐ�CÙÂZ**ð»Z�F,+zÓx4V~{g`
�@*ìTÅu]Z�CìXgzÝ»Zk§b�z!*g{{g`�**âg»Z_Og
B@*ìZzgâgÆZy%Z`»z{¿TÐÓx4V~Zu]ÐâgÅ
ÃÑ{g`�C�Z_OgâgB@*ìZzgt�CÙc*�?Z_Og~%�/B@*ì

ìXZk q X�ÛnÙ�Ãqz̧qZzgZ_OgâgÅu]Å�Æ�gxyiZzt
iZztÃëiZztZ_Ogë�X�!*]Ðtx@{H�H�âgÆZ_OgÅu]iZztZ_OgÆ_.ps

6,ZWF,+�CìX 90o �CìZzgtu�iZztZ_Og
¸zzì�W�yYg8-»�3ð�êìTz�ÜëW�yÅ§sÎg`ÅÃúVÆÀ�~�~
�Ù�X
Z¤/ëiZztps�D�ñ�Ù�A$Yg8-Åu]Ìps�CìX
Z[W\Ãtµ�Yì�âgÆZ_OgÐ8g8-�YVqÝ�@*ì?ÃðZzgg8-YVqÝ7�@*?
WØ�Ù��HZ_Og~%Z�/W�yÃ8�äÆf)�Zg�?

Æ�Ó] O2 Zzg N2 ëY���øgZâjwZ�CÙzVZzg�Ó]»qïìXW�yY�äÅzz
Åñ��ÏìXZy�Ó]Å�#ÖYg8-Æîwñ`Ð_�~�CìXZÏnt�Ó]

Yg8-ÆZ_Og~%�/»»x�D�ZzgYg8-»Z_OgzZµ�@*ìX
�Zz�]¤/xF,+�âV~W�yÃZiZz-VÐ�Ú6,C�3ð�êìXYV? =

fig-16
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øgZâjwZ�#ÖzZá�CÙzVZzg�Ó]Ð½Z�ZìXZyÅ�#ÖÆZ±gÐz{Z
Æ�ãÅ O2 Zzg N2 îwñ`ÆZ_OgÆ�.Þ�D�XVwÆîg6,0*ãÆ�ãÅ�#Ö

�#ÖÐic*�{�CìXt�zu}®�ÆgùVÃ��Yg8-Æ®�ÐÁ�D�ZyÆa�g
Z_Og~%�/»»x�D�X

¤/òÆ�y�gzwZg]~Z�±ÅzzÐ0*ãÆggZ]âjw~�áï�YD�TÅzzÐ =

âjw~0*ãÆ�Ó]ÅÒ]�YCìt0*ãÆ�ãZ_OgÆfg=Yg8-ÆOñ�v
gùVÃx�D�tÓxg8-ï�ZK̈ãWçÃCg8-Å�~ÃWD�XTÅzzÐW�y
CÃW@*ìX
HëâgÆZ_OgÃ�/Æfg=U*"$�Mh�? =

W��Ù�X

(ZzgËguF,�»²wkXÙAyZy~¬ï hypo Zq-»õÆÙ~Îe*åÇÏ"3ïJGH)
cgO�V6,Îg`ÅgzÝMlZg~�X�Æ�Zä�WÆ¿»x@{ÙZzgÙ~�äzZà
p=V6,̈gÙX

W\x@{�,Ð�¬ïÆ�zgZy(,~!~Ð�ÅF,ÂL¿~WCìX¬ïÅZ�ZY~�
Æ�ZägK�#ÖÆ�VÐpF,ÂLÅzzÐ��}��}ZkÅ�#Ö~Z���@*YñÇX

�Æ�ZäZ�ZY~Yg8-ÆÃWNÐp��}��}Zy»g8-C�@*YñÇYè
�#Ö~Z���@*YñÇXZkÅzzâg»Z_OgìZ�ZY~Z#�ZâVÅ�#ÖÁ¶A$Yg8-Å
gzÝÆîwñ`Ð_�¶XZÏnZ�ZY~tYg8-ÆÃWD�XZ#�ZâVÅ�#Ö~
Z���@*ìA$t�Zä�vgùVÆaZ_Og~%Z�/Æîg6,¿�D�tÓxgùV»ù·�gC
g8-ªCÙ�@*ìZyÅ�#Ö�vgùVÆîwñ`Ð_�~�CìZzgtÓxg8-¨ù¦C
g8-~ªCÙ�D�X

HW\Y���Îg`�qZzg¾z[ÆZz�]~ucYV�3ð�êìX =

c~Z�#ÖÆ�CÙZzg�?WiZ�Z:qª(~0*ñYD�Xt�?Zzg�CÙZK�#ÖÆ
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_.Zîwñ`zZàâgÅÃqÃÅs�D�XcY~ucg8-ÅÃúVÐ_�gppzZá
�Ó]Á0*ñYD�XÅ<å XEZucÃúV»Z�Zs�vgùVÆ!*W.ÞÁ�@*ìXÎg`Ðå3zZà
ÃÑcY»îsÃ,�/õJ�Æøg~W\VJ-B�X�qZzg¾z[ÆZz�]~ucg8-Ãgh�
Óxg3ÃÑÅs��øg~W\VJ-îÐI�iZb�YC�XucÃÑaè¹ÁÅs
�Cìøg~W\VJ-VYCìX³~�qZzg¾z[Æñµ6,Îg`Ñwg8-»�3ð�êìX

HW\z�;]CMh��YV�zPÆZz�]~Îg`CYV�3ð�êìX =

�zPÆZz�]~Îg`ÅÃúVÃðZzg�áxÆZz�]Æ!*W.ÞÁÃ,�/õJ�**7,@*ìÅ<å XEZÓxg8-Å
ÃúV~¹ÁZ_OgzZµ�@*ìX®ZÓxg8-ÅÃÑW\ÅW\VJ-VYC�³~Îg`
C�3ð�êìX

Z[J-ëägzÝÐ_.Z¦gZ]�ZYsóZ_OgÔZzgZ�Zsz){Ð0¥â]qÝX
tøg}Z§ZszZ)s�äzZáPpzg]bCÙ�Z#W\Zk~ÐË1»x@{�,A$
Zk1ÃB�ñâgÅ¡]ÅãC�6,Zkª]Z0�*Å*öÙX

øg}CÙ�+m,�0ZVZzgâ.ÞZÅxc*CLLu~z~gZðóóäuVZzg
âO]~Z_OgâgÆ1Ã�c*ìXZrVä�!*Cîg6,tx@{H�âO]Æ
fg=x�äzZáâgÅÃúV»®�ic*�{�@*ìX/ÚÃqz̧qÆ®�Æ

ÆRaman Effect »**x�c*ìXZÏ (Raman Effect ZÐLLgZð»ZW,óó)
ZEwÐ�0ZâVä�Ó]ÆZZDwÃ�gc*ÄHX

óHyper Meteropia óMyopla zZãwg]»Z�F,+Ã,óiZztwg]Ôy~°ÐÅró
Ô°ÐÅ¤�Üó�góiZzt�gc*�g»iZztZYsóZ�F,+iZztZ�ZsóZÎgóZ_Og Presbyopia

ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j
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ìX 60o ªìZzgiZztwg] 25 z{ÁF,+Ã,�VJ-WçzZãîg6,�N$Ëì l

y~°�Å&¢A²âmîw~p~zZµ�°�Å_�BCìX l

Ð%Z�z{ÚìTÅzzZ�ÛZ��zgzZµZ�x»x@{7�MhX Myopia l

Ð%Z�z{ÚìTÅzzZ�ÛZ��Ûd$~zZµZ�xÃ7�NMhX Hyper Metropia l

wg]»z{Úì��/ÆZ��ÐwgC_�~¶zZµ�CìX Presbyopia l

âmîw»wk°ÐÅ¤�ÜB@*ìX l

�g»ZYsú l

Z�F,+iZztZ�ZsìX D iZzt�gìZzg A �V6,
~��ä»¿ZÎgB@*ìX VIBGYOR âg»ZgùV l

z{¿T~Z+Cå EEEZ[�{âg»Óx4V~�z!*g{Zy%Z`�@*ì²ZkÅu]Z�Cì��CÙc*�>VÐ�@* l

ìâg»Z_OgB@*ìX

¦gZ]6,g�¿ .I
(ASI Ã¾§b�zg�zÐ?) Myopia y~Ú X1

(ASI y~ÚÅoÃ��) Hypermetropia X2

(AS3 �gÆZYsÆ¿Ã�!*Cîg6,W\¾§bÒy�,Ð?) X3

(ASI ¸k�Ûb�WÆ¿Ã��X) X4

(AS3 ¡¦îg6,̧k�Ûb¯äÅÃð�zVwÒyÙX) X5

ZYsúzZázZW~�Z4�Cì�zu}zZW~ n2 ZYsúzZázZWÐ n1 îwñ`zZàZq-gzÝ l1 X6

(l2=n1l/n2) �Z[: (ASI) gzÝÃîwñ`H�Ç?
(AS7 �Zz�]W�yCYVÃW@*ìX) X7

Zq-�Û�r�{�»x@{�g;ìXZ¤/Zq-%Ãi~°�ZkÅW\VÆ�tg3YñA$Hz{Z�xÅ�#ÖÃ(,~ X8

(AS7 Ck�}Ç?YV?)
¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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¦gZ]»Z:t .II
6,iZzt%�ìX  AC 6,iZztz̧qZzg   AB ~�gÅR 1 X^ 1

(AS5 {�ÃåÙX)
(AS7 �®ÑZzgCÃW@*ìYV?) Ground Glass hóËs�â**Y@*ìp X2

�@*ìX�~�R6,�g»ZY° 30o ÆiZztÐ7,CìTÐZk»iZztZ_Og 40o
Zq-âgÅÃqZq-�g6, X3

(AS7 () 25ó50 iZztZzg�g»iZzt¥xÙX)�Z[

ªîwzZáâm°�ÆZEwÅ¢zg]7,~A$�ÛR£x»Ã,Zzg 100 ÆOW,{�Û�Ã Hypermetropia Zq- X4

(AS7 ª() 33.33 1D °�Å¤�ÜC[ÙX)�Z[

( ) WçÐ�3ð�¶zZà�Å�#ÖãC�~îg6,«�Cì X1

WçÐ�ÆÃA6, (b �ÅÇ�#Ö6, (a

Z¤/g"545é GHGE6,ìwáCìÂ�#Ö6, (d ¡Ægziy6, (c

( ) WçÐZÃ+VÆZâYÃ�ÚÐfs»÷x�@*ì X2

y~°ÐÐ�»Ã, (b y~°Ð»âmîw (a

y~°ÐÐìw»Ã, (d y~°Ð»Û¢Z+B5é EE (c

( ) ps7�@* _______ ZYsÆ�zgZy X3

Zz6,ÆÓx (d âgÅgëg (c ®� (b îwñ` (a

)z~�~�Æ�gÆR6,Zq-âgÅÃq¦/gCì�×ÅZ|R6,g3�Hì X4

~Cc*�HìXÃqÆZ�F,+Z�ZsÆa�g`»Ã̈KÒy MCQ-4 6�̂
( ) �g�&ì

Z|ì QR (b Z|ì PQ (a

Z|ì RSc*PQ (d Z|ì RS (c
MCQ 4: ^

(1): ^ÎZw

ZK̈ãWçZzgg3�*¥ÅF,¹ÆaÓ#Ö»j
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( ) ìX¬xwg]ÆaZj¾nÅ8Å¢zg]ì 5m Zq-¿»`ê X5

âmîwÆ�B 10m ö[°� (b âmîwÆ�B 5m !©�çG°� (a

âmîwÆ�B 2.5 ö[°� (d âmîwÆ�B 5m ö[°� (c

( ) Ë�CÙc*�?Æfg=ZuÂVÅgzÝ»Z4V~_.[�ä»¿B@*ì X6

ZYsâg (d Z[kâg (c âg»Al (b âg»Z_Og (a

(AS3) ZL#{)®)~̧k�Ûb¯ä»�/ÙZzgZk»§i¿sX X1

�g»ZYsú¥x�äÆa�/Â<X X2

Z_OgâgÆbCÙ{ÆaZq-�/Â<X X3

(AS4 �g»ZEw�ź�@*ìXYV?U*"$�äc¢zg~¥â]Z�<X) X1

W\Æ�Û[z�Zg~ñ��âCÙZ%Zn0c*°��iÅ�»yäZy~Õ÷Ð0¥â]Z�<ZzgZq- X2

g7g^»g<X
y~Õ÷Ã�zg�äzZáZ°ÎVÃZ��D�ñZyÐ0g7g^»g<X X3

gzi%{i0+Ï~Z_OgâgÆ1Ð0¥â]Z�<X X4

¥ÅF,¹ÆaÓ#Ö»jZK̈ãWçZzgg3�*
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e^h

6
�CÙÅ�|#

(Structure of Atom) 

W\äë)oV~�CÙ~ñ��f~fgZ]�t',¹!*ggppzZáZ9Z÷óµ',¹!*ggppzZá
6,zN*÷Zzg',¹îg6,®~fgZ]ER,Z÷Ð0¥â]qÝ�`�X

',¹îg6,®~�CÙ~tf~fgZ]Zq-�B¾§bñ���D�? 7

)®)2~W\ZZå\ógzê̄geZzgæ1CÙÆ7��{�CÙ~%âVÐ0ãC�~¥â]qÝ
�`�X

W\Å*¥̧â]ÅãC�6,Zq-�CÙ~%:»gÙ?
HW\�CÙ~ñ��f~fgZ]ÃÃðZzgF,KM~gÄMh�? 7

)ZLyó�¹VZzgZÚ.$Åæ�k(
ZLZzgZL�¹VÆ¯ñ�ñ�CÙ~%âV»Ngx@{<Zzg�g`fsÎZÑ]Æ�Z[�£X

HÓx�CÙzV~Zq-�nÆf~fgZ]0*ñ��? 7

ËÌK»Zq-�CÙ�zu}KÆ�CÙzVÐZYV�@*ì? 7

�CÙ~Z9Z÷¾§bF,KM~�D�? 7

qgz!*ÑÎZßVÆ�Z[�¶Æn�âgÅ¡]óg3?ZzgZyÅS:]ÃY'¢zg~ìX
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(Spectrum) �3ýG 6.1
W\ä̧k�ÛbÆ�W»x@{H�ÇX
¸k�Ûb~�]g8-0*ñYD��!*nKMÔ¶Ô¾VÔ8Ô!Ôig�Ô**g�ÔZzguc�X
W\�NMh��Zg8-Ú��ñ�3ð�ï�ZzgCÙg8-Åu]Zq-yÐ�zu}yJ-

Z�CìX

(Wave Nature of Light)  âgÅñY¡]
Z#W\Ë�Á0*ã~ßeZs�ÂW\ØzV»x@{�,ÐTÅzzÐ0*ãÅR6,aZ� l

äzZÑÌyñ�VÅ̂~Óx4V~�̂@*ìX
W\Y���Z#Ãð�)}eðw(Zg¬l�ä4ìÂWzZiÅñãaZ�CìX l

ZÏ§bZ#Ãð',¹!*gZg¬l�ä4ìÂ',¹ïFñãaZ�C�)WÐúw�'�@* l

ì(
%²',¹!*g',¹yZy~p~aZ�@*ìX',¹yZy~zZµ�äzZàtp~ïFyZy~Ì
p~aZ�CìXaZ�{',¹ZzgïFyZy�Zq-�zu}ÆdZÁZì�äÆ�B�Bñ`Å
Z�á®)Å�ÆÀ�U�D�XtZk§b»¿ÚYg~gLìX

�Cì C = 3 x 108 m / s %ðgzÝZq-',¹ïFñ`ìXgzÝÅgëg

',¹ïFñ�VÅS:] 6.1.1

ÜY~�̂äzZà',¹ïFÂZ**ðÅS¤ÇZÏ§b�Cì�«g~ñã0*ã~�̂C
Åqï�CìX (n) Zzg®� (l) �X«g~ñ�VÅ§b',¹ïFÂZ**ðÌîÁñ`

îwñ`

',¹yZy

yZy ïF
� ñ`Å

',¹ïFñ` 1 ^D
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Z»ðz�Ü~ËÌ`Ð¦/gäzZà B@*ìX l �z|�ÛZiÆZWF,+Õo»�gxãÃ,îÁñ`
Z»ÇV~ªCÙ�D�X 1/s c*S-1 ë�®�Ã (n) ñ�VÅ®Z�Ã®�
Æ�gxy0*ñYäzZágºÃZk§bªCÙ�Mh�X (C) ZzgâgÅgëg (n) Ô®� (l) îwñ`

    )c*(    

tģWÃ¹wg�rìXT»Z:tËÌñ�6,HYYìX®�~Z���äÐîwñ`~¶
zZµ�CìX
',¹ïFñ�V~ZZlxÆ®�0*ñYD�X',¹ïFñ�VÆ®�»tåZq©',¹

B@*ìX (Electro magnetic spectrum) ïF�3ýG
�g]~�3ð�¶zZà̧k�Ûb%ð�3ýGÅZq-4+VwìX̧k�Ûb~�3ð�¶zZÑCÙg8-
Zq-ºmîÁñ`»qï�@*ì�ucg8-)ic*�{îwñ`(Ðá�¶g8-)Áîwñ`(J-;
�@*ìX��{WçÐ�3ð�¶zZátg8-)îwñ`(Ã%ðgzÝë�Xucg8-Ð¶g8-J-
��ñîwñ`»Zq©�äzZá¤/z\Ã%ð�3ýGë�X

(Electro magnetic spectrum) ',¹ïF�3ýG 6.1.2
',¹ïFñ�V~ZnÆîwñ`0*ñYD�Xîwñ`»tåZq©',¹ïF�3ýGB@*ìX
',¹ïF�3ýGÁîwñ`zZàÇâÃúVÐá�ic*�{îwñ`zZàgi+-ñ�V6,��CìXp
øg~W@Üs%ðgzÝ»�Z�kgBb�X

ßìÅscÃWvÆ?6,¤/x�ä6,H�Ç? 7

¤/x�ä6,ßìÅscÆg8-~HÃðp~zZµ�ð? 7

%ð�3ýG ik,ucÃÑ!*Ññ¶ÃÑ

Áîwñ` ic*�{îwñ`

',¹ïF�3ýG 2 ^D
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ßìÅscÃ¤/x�ä6,wZg~ÂZ**ðâgÅ̂~{g`�CìXZ�ZY~ßìÅscucg8-~
ps�Cì)ÁÂZ**ðic*�{îwñ`(X��wZg]~Z���ÇßìÅsc**g�Ôig�ÔYg8-
~ps�CYñÏ)ic*�{ÂZ**ðÁîwñ`(X�VJ-�ZWF,+wZg]qÝ�ä6,ßìÅsc
Cg8-)Óx%ðîwñ`(~ps�YñÏX

¤/xsc~W\Zq-g8-»x@{�Dz�ÜH�zuZg8-Ì�NMh�? l

Z#wZg]ic*�{�YñÂZq-Ðic*�{g8-Ì{g`�D�pwZg]Åu](,"ÅzzÐZq-
ºmg8-)!5ÕäIMMucg8-(ÃWäÆ�zgZy�vg8-Ã7WNÐX

ä',¹ïFÂZ**ðÆÚZy%Z`ÅgzZe$ÃÂhD�ñZq-Ãt7 (Max Plank) mö7-
»qÝ¢[�@*ìX hn HXZkÃtÆ®Z#ÂZ**ð»ZÃq

z){  hn,  2hn,  3hn........ nhn }
ö7-»xì "h" Æfg=ªCÙHYYìX�V E = hn Ã)zZ] E ªËºm®�6,ÂZ**ð

ZÃqÆZ+Cå EEEZ[c*Zy%Z`»®�ìXucg8-ÆaÂZ**ð "n" Zzg 6.626 x 10-34 JS TÅ7
)ic*�{îwñ`Á®�(Á�Cì/ÚYg8-)Áîwñ`ic*�{®�(ÆwZg]Æ(,"Ð (E)

ËÌ8�Ð{g`�äzZàwZg~ÂZ**ð~ÌZ���@*ìX
öãÃtÆ®Z#',¹ïFÂZ**ðÆZ+Cå EEEZ[c*Zy%Z`Å�g,)Ú�C�**�ÚX
Zknâg~�3ýG»Z+Cå EEEZ[c*Zy%Z`îwñ`Æ¤/z{»õÝ�@*ìX

HW\äL�-ZàÆñµ6,î/°ñ�? l

¥�ñîpVÐZnÆg8-ÃWD�X
îpV~tg8-¹VÐWD�? l

(¯kZ[Zk paste) zZa�k~ª½Y6,u³gZàkXZk~%6;àgz³guF,�5�~
~Ãö#-êHEÆ@*gÐ¶Zq-I~á�ZÐ)gz×?6,gqpX

W\äÃµg8-»x@{H? l

ZkaÃZ7Z$o-ê
EI
G³gZàÐ�CÙZ�X

ëx@{�Mh��Y6,u³gZàÃ°äÐ!g8-»>ZzgZ7Z$o-ê
EI
G³gZàÃ°äÐZg̈ãuc

g8-»>aZ�@*ìX (Crimson red) 

HW\äZ7f$Ñ!~ig�g8-ÅgzÝ�@ì? l
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Îe*ÆggZ]Z7f$Ñ!~ig�g8-ÅgzÝaZ�D�
Zg8-ÅgzÝYV{g`�D�? Zq-�?Ð¤/x�ä6,ZZâY l

�0ZâVä�gc*ÄH�CÙKZq-Sàg8-ÅgzÝ{g`�@*ìXtg8-âgÅºmZzgZîw
ë�X (Line Spectra) ñ`ÃªCÙ�D�Îé�3ýG

(Finger �CÙ~�3ýG~ñ��èo**¥x�CÙzVÅÙ|#ÆaZEwKYMh�ó6�
ZèVÆ¶KyÃßÍVÅÙ|#ÆaZEw�D�X Print)

1O»;àgzX�CÙ~%:ZzgZkÆÕ÷ 6.2
�3ýG�CÙ~�|#Ð0Ã́¥â]�ÛZë�C�? é l

"5Ò
ø

E
G1Oä?m,H��CÙ~Z9Z÷¥ÂZ**ðgppzZá�ÁpßV6,Ô%�/}ÐZ�zg~6,0*ñ
YD�Z#LÃðZ9ZyÁÂZ**ðzZápw
)jãqª((Ðic*�{ÂZ**ðzZápw)�q-�{
qª((6,�DÎ@*ìÂz{ÂZ**ð_.[�@*ìZÏ
§bZ#z{ic*�{ÂZ**ðzZápw)æZg(ÐÁÂZ**ð
zZápw)æZg(6,�DÎ@*ìÂÂZ**ð»Zy%Z`�@*
ìX

 quantised �C�ªÂZ**ð)lZge$( E1,E2,E3 �g,Üs Ë�CÙ~ñ��Z9ZyÅÂZ**ÇVÅ
�CìXZyÂZ**ÇVÐ0pwÃ}pw)}æZg(ë�ZzgÂZ**ðÅÂ�g,ÂZ**ðÅ+BC�X

eúguÐmgppzZáâCÙ¢]¸XZ,Vä
"5Ò

ø

E
G{ue-e1O
�CÙ~%:ZzgÃZ#-êEHÃtÃKÆnãC�~¥â]�ÛZëXXTÆnZ7

Y~â.ÞZÅxÐâZiZ�HX1OâCÙ¢]Æ´z{Zq-�Zzg�"54gö JGEïÃ 1922

�Ûzr�¶Æqò¸X

;àgzX�3ýG 3 ^D
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ë�X (Ground state) Z9ZyÅZ�F,+ÂZ**ðzZàqª(Ãjãqª( l

Z9ZyZ¤/ÂZ**ðqÝ�@*ìÂz{ic*�{ÂZ**ðzZápw)æZg(6,�DÎ@*ì)�q-�{qª((
HZ9Zy~_.[��{ÂZ**ðå',�ÛZggSì? l

Z9ZyZKÂZ**ðÃÅ��z!*g{jãqª(~(ìXZk§bÅð�ðÂZ**ð',¹ïFÂZ**ðÅ̂
~{g`�CìXZ¤/Zk»îwñ`%ð´º~�ÂtâÅ^~ªCÙ�CìX&Zy%ZYâ

¹Y@*ìX (emission line) 

1O»t�CÙ~%:;àgzX�3ýGÅÓx�zVÅ=ô�@*ìX;àgzXÆ�3ýGÅ�zVÐ01O
zZáZ�z (High resolution) »t%:»x[%:â**Y@*ìÔpZ#;àgzXÅ�zVÃ�ÂZ**ð

j\)�3ýGe(Åæ�Ðx@{H�HÂØ`��CÙ~�3ýGÅ��gZÝZµZµ�zV»ù·�X
H1O»�CÙ~%:;àgzX�3ýGÅ�zV»'×h+!*gq-F�zV~��äÐ0z�s# l

�@*ì?
1O»�CÙ~%:�CÙ~�3ýGÅ�zV»'×h+!*gq-�zV~��äÆ¿Å=ô7�e?

Bohr-Sommerfield model of Atom 1OÎ%ì»�CÙ~%: 6.3

¯CìZkÃzZã�äÆ (Fine Spectrum) é�3ýG'×h+!*gq-�zV~Ë���3ýGL"
nÎ%ìäD~pßV)æZgzV(Ã�gs�zZD�ñ1OÆ�CÙ~%ä~F,çÅX1OÆ
¬�Z],z~pw)æZg(Ã�V»ÂVgnp�ñÎ%ìä1OÆ�zu}pw)æZg(~Zq-D~
pw)æZg(Ô1OÆ�}pw)æZg(~�zD~pw)æZg(z){»¦g7HXZk§b��CÙ»
%�/{ZyD~æZg»ZÝâö�@*ìXZkät|Ã7H�¬xîg6,�zg~w�'%�/~̧]Æik,
ZW,D~pw~w�'�D�ñËZq-ZÝâöÆ�Ûd$�CìX

�Z9ZãpwÆnZÝ£�k,~°�ÅãC�¯  1OÎ%ì»%:�CÙÔ 4 ^D

l = 1

l = 0
l = 0

l = 1

l = 2

l = 0
l = 1

l = 2

l = 3
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(Quantum mechanical model of an atom) �CÙ»ÃZ#-êEH}n%: 6.4

HZ9Zy%�/}ÆZ§Zs§gZ56,�¤/�l�D�? l

~¤/�l�D�VÂZZz�]~Z9ZyÆû pw)æZg( Z¤/Z9Zy%�/}ÆZ§Zs§gZ5c*
z̧qÃ�g�&îg6,¥x�Mh�XZkÆn��zÎÑZ]Æ�Z[�b�ÇX

Z9ZyÅgëgHì? l

HZ9Zy»�g�&îg6,ûz̧q¥x�**eì? l

Z9Zy��{WçÐ�3ð7�ïXÂW\ZkÅgëgZzgûz̧qÃ±i�çb¥x�Mh�?
@*gO~ZâYÃ�ÚÆnëN*gaÑ"3ïJGHÅæ�fe�XÇZÏ§bZ9ZyÅgëgZzgûz̧qÃ¥x�ä
Æno�&gzÝÅæ�áMh�XaV�Z9Zy¹�gL�D�®ZZ7�ÚÆnÁîw
ñ`ÅgzÝ�g»gìX
Áîwñ`ÅtgzÝZ9ZyÐ�ZD�ñZyÅw�'~ñaZ�CìXZknËZ9ZyÆû
z̧qZzggëgÅàz�Ü¡Æ�Beö7ÅY$ËX
èÃg{!*ÑI�ÐØ¸ì�ËÌ�CÙ~Z9ZyËÌºmgZ5ÃZ(g7�DX

1OÆ�CÙ~%äÆ_.H�CÙzV~uz��D�? l

~�7�DÂZk»Èì��CÙÅÃð§uz�7 pw)æZg( Z¤/Z9Zy%�/}ÆZ§Zs

�DX

m»gwZk,ê®zvö7-:
Y1918 %̀*»Zq-Ãc*C¢]�ZVåTäÃZ#-êEHÃt7HXTÆnZÐ t

~¢]Æâ.ÞZÅxÐâZiZ�HXÃc*C¢]Ænmö7-ä¹Ï
}.â]Z�x�,XpZkÃÃZ#-êEHÃtÆ!*zZW�xÆîg6,à]qÝ�ðXtÃt�CÙ~
Zzgf~�CÙ~¿Ð0ZK̈yÅÎa~Zq-Zz[',0*��c*X

1CÙÔÎ%ì»%:;àgzXÆ�CÙ~�3ýGÐ0é�3ýGL"Å»x[=ô�äÆ!*z��
�CÙ~%ä»�j{�7�ä~**»xg;X
1O»ÃtZy�CÙzVÆ�CÙ~�3ýGÅÂ±9îg6,7�eX~Zq-Ðic*�{Z9Zy0*ñYD
�X

Ë�CÙ~Z9Zy%�/}ÆZ§Zs§�zg~6,�}æZg~YV¤/�l�@*ì? l
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í�ËÌ�CÙ~Z9ZyÃËºm£x6,ªCÙ�**e7ìX
ZyqÑ]~Ë�CÙ~ñ��Z9Z÷ÅS:]ÃKÆnZ§zyÑzeôä�CÙÆÃZ#-êEH}n%:
Ã7HX
Zk�CÙ~%äÆ_.t�Y@*ì�Z9ZyË���ñz�Ü~1OÆ7��{pwÆOñ
%�/}ÆZ§Zsºm(~0*ñYD�X

ëZkºm´ºÃHë��VË���ñz9~Z9Zy0*c*YYì? l

%�/}ÆZ§Zs»z{´��VZ9ZyÆ0*ñYä»ZkyZWF,+�@*ìLLWg&45ÿ EGHóóB@*ìX
%�/}ÆZ§Zs0*ðYäzZà{à(~ÜsPWg&45Òø EGH�0*ñYD�XZ9ZyÆnZq-
ºmªx5+k,ÂZ**ðzZáWg&45ÿ EGHÃ£�k,~Z°Z�ÆZq-SàÃLÆfg=ªCÙ�Mh�X

(Quantum Number) £�k,~Z°Z� 6.5
ÐªCÙ�Mh�Z7LL£�k,~Z°Z�óóë�XtZ°Z�   n, l, m1 ËÌ�CÙ~CÙZ9ZyÃ&Z°Z�

%�/}ÆZ§ZsZ9ZyÅÂñ��ÏÃªCÙ�D�X
£�k,~Z°Z�Ã́¥â]�ÛZë�D�? l

£�k,~Z°Z��CÙÆ%�/}ÆZ§ZsZ9ZyÆñ��g�zZá´ºZzgZkÅÂZ**ðÆ!*g}~
¥â]�ÛZë�D�XZ7�CÙ~Wg&45ÿ EGHë�X

CÙ£�k,~°�Ã́S:]ÃªCÙ�@*ì? l

(Principal Quantum Number)   (n) �g£�k,~°� 6.5.1
LL�g£�k,~°�óóZÝpwÅ�#ÖZzgÂZ**ðÃªCÙ�@*ìX

�CìX (n = 1, 2, 3, ........) Å�g,µ9Z°Z� n

Å�g~Z���@*ìpwÅ�#Ö~ÌZ���@*ìZzgZypßV~ñ��Z9Z÷ n ��

%�/}Ð�zg�DYD�X
Å�g~Z�±»ÈpwÅÂZ**ð~ÌZ��ìX n

Å�gÆnZq-ZÝpw0*c* n ÐÌªCÙ�D�XCÙ K, L, M,..... ÃZÒ n = 1, 2, 3, ........

Y@*ìX
pw K L M N

n 1 2 3 4

(The Angular momentum Quantum Number) (l) iZzc*ð£gw�'£�k,~°� 6.5.2
Å�gZq-f~pwÃªCÙ�CìX l �VÏCÙ n-1@*0 �g Å l Å�gÆa nCÙ
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Å�g%�/}ÆZ§Zsñ��f~pwÅ�|#Ð0¥â]�ÛZë�CìX "l" CÙ
ÐªCÙ�D�X s, p, d,........ Å�gÃ¬xîg6,Zôm,~ws "l" Ëf~pwÆn

l 0 1 2 3

f~pw»**x s p d f

f~�gë� 1s ÆnZq-�f~pw�Ç& l = 0 �Â n = 1 Z¤/
f~pw 2p Æn l = 1 f~pwZzg 2s Æn l = 0 Æn�zf~pw�D�XT~ l = 1 �Â n = 2 Z¤/

0*c*Y@*ìX
ÅZWF,+�gH�Ï? l Æn n = 3 l

ÅX�g,e�$Ë�? l Æn n = 4 l

(The Magnetic Quantum Number) (ml) ïF£�k,~°� 6.3.3

Æ�gxy9Z°Z��D�X l @*-l  Å�gøw# ml ïF£�k,~°�Å
Æ_.øDfs�C� (2l + 1) Å�g, ml Å�gÆn l ËÌ

-l (-l + 1) ......-1, 0 , 1 ......(+l - 1) + l

t©�CÙ~ñ���vWg&45ÿ EGHÆÒpÐºmWg&45ÿ EGHÆûz̧qÃªCÙ�C�X
�ÇX 1s ÜsZq-�g�ÏªÜsZq-Wg&45ÿ EGH  Æn ml Zzg   (2l + 1) = 1 �Â l = 0 Z#

Wg
&45

ÿ
EG
H&"g p �C�Xª& -1, 0, +1 &�g,ZZnKM  Æn m1 Zzg   (2l + 1) = 3 �Â l = 1 Z#

Ð̈HY@*ìX px, py, pz, 6,0*ñYD�XÎ X, Y, Z

Wg

&45
ÿ
EG
HÅÂZ**ð7V�Cì? p HZyÐV l

�gzZáf~pw~ñ��Zzïf~pwÅ "l" Å�g,Ë ml

]®Z�ÃªCÙ�CìXZÝpw~0*ñYäzZáf~pwÆ
ÓxZzïf~pßVÅÂZ**ð7V�CìX

��Åæ�Ðf~pw~ (2l + 1) Å�gÆn "l" �~�
0*ñYäzZáZzïf~pßVÅ®Z�Ã].zw~�g`<X

l f~pw f~pwÅ®Z� Zzï
0 s

1 p

2 d

3 f
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~pwÔf~pwZzgf~pw~ñ��Zzïf~pwÅ®Z�ªCÙÅ�ìX 2 ].zwD

f~pw»ZÖg Å®Z� Zzïf~pw f~pw~ñ��

CÙf~pw~Z9ZyÅZWF,+®Z�Zk~
Æ®Z�Å�t�CìX Zzïf~pw ñ��

Zf~pßV~Z9ZâVÅZWF,+®Z�Ã
~ec*�HìX 3 ].zwD

f~pw Å®Z� V f~pß Zzï
(2l + 1)

ZWF,+
®Z� Z9ZâVÅ

2- ].zw

3- ].zw

Zzïf~pw 2pzZzïf~pw 2pyZzïf~pw 2px
DWg

&45
ÿ
EG
H S

Wg

&45
ÿ
EG
HÅ̂ Dd

DWg
&45

ÿ
EG
H�zCÙ}eĝÆ�D d DWg

&45
ÿ
EG
HeĝÆ�D�XZzg P DWg

&45
ÿ
EG
HÅ̂�z~�CìX S
�X�fs~eñ��X
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t£�k,~°�Z9ZyÅ�zÂ¤/�ÙF,KMóZq-��®)Zzg�zu~#ª(��®)ÃªCÙ�@*ìX
ÐªCÙ�D�XZ¤/�zâVÅ7µ�Â¤/�láZi~�Ïzg: (- 1/2) Zzg (+ 1/2) Z7ZZnKM

¤/�/)áZi~~�VÏX
Z#Z9Z÷MZ9Zã�CÙzVÆºmZzïf~pw~(0*D�Â�¤/�Ù£�k,~°�Å

ZÌ¥x�CìX
Ë�CÙ~Z9Zypwóf~pwZzgZzïf~pw~¾§b�Z4�D�? 7

(electronic Ë�CÙÆpwóf~pwZzgZzïf~pw~Z9ZâVÅF,KMZ9Zãú
BCìX configuration)

   (Electronic Configuration)  Z9Zãú 6.6
Z9ZâVÅF,KMÃ4îg6,KÆnë;àgzXÆ�CÙ6,̈g�,ÐXYV�Zk~ÜsZq-�
Z9Zy0*c*Y@*ìX

f~pw x f~RZzg l ZÝÂZ**ðÅRÔ n ÐªCÙHY@*ì�V  nl x
Z9ZãúÃÃÆ�B
~Z9ZâVÅ®Z�ÃªCÙ�@*ìX6�fs~Cc*�HìX

nlx

�ÏX 1s1
ZzgZ9ZâVÅ®Z�Zq-�A$ZkÅZ9Zãú (Z) = 1 �CÙT»�CÙ~°� (H) ;àgzX

1s1 Wg

&45
ÿ
EG
H~ñ��Z9ZâVÃªCÙ�@*ì

ÃªCÙ�@*ì iZzc*ð£gw�'£�k,~°�

�g£�k,~°�ÃªCÙ�@*ì

(Spin Quantum Number) (ms) ��c*¤/�Ù£�k,~°� 6.5.4

!*nKMpwÅ�#Ö)ÂZ**ð(f~pwÅ�|#ZzgZ9ZyÆûz̧qÅ ml Zzg l, n ÐV£�k,~Z°Z�
z�s#�D�X

~ig�g8-ÅgzÝ»x@{H�ÇXZkig�g8- (Sodium vapour lamps) W\äZ7f$Ñ!
Æfg=�t�ä6,�zèo�Zq-�zu}Æ (Spectroscope) ÅgzÝ»ic*�{¤�ÜzZá�3ýGe

�3ð�ï�Ẍc*:Zzgi�F¨c*:�J'ZknÆèoÃªCÙ�D (Doublet) ¹�Ûd$�D�X
�X
Z9ZyÆZk§bÆ',@*�ÃªCÙ�äÆnZq-iZZ+£�k,~°�Ã�gsH�H���c*¤/�Ù£�k,~

ÐªCÙ�D�X ms °�¹Y@*ìXtZ9ZyÅS¤ÃªCÙ�@*ìXZkÃ
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(The Pauli Exclusion Principle)   0*à»Z]ðZßw 6.6.1
Wg
&45

ÿ
EG
H~�Z4�@*ìX�zuZZ9Zy 1s 

45Í-
ê

X
GGÆ�CÙ~�zZ9Zy0*ñYD�XªZ9Zy

Wg
&45

ÿ
EG
H~ñ��¬Z9ZyÆ�B�h~¯@*ìX 1s

�Cì  1s2  Åjãqª(~Z9Zãú He Zk§b

Z[ÎZwtaZ�@*ì�Zy�zZ9ZâVÅ¤/�l¾§b�Cì?0*àÆZ]ðZßw 7

Æ_.Ë�zZ9ZyÆegzV£�k,~Z°Z�7V7�DX
Æ�CÙ~ He Z�**¢zg~ìX ms �zZ9ZâVÆn)z~�VA$ ml Zzg l Ô n Z¤/

Z9ZyÆat¢zg~ì��h~Å̂~¤/�l�}X
�CìZzg ms = + ÐªCÙ�D�XZq-Z9ZyÅ¤/�l 'hi' Z9ZâVÅ�h~~¤/�lÃ

�CìXªZ9ZyZzïf~pw~Zq-�zu}Å#³�~ ms = - �zu}Z9ZyÅ¤/�l
¤/�l�D�X

Zq-Zzïf~pw~ÄZ9Z÷�Z4�Mh�? 7

~Z9Z÷¾§b�Z4�D�zZã�**�Z]ðZßw»ZëÑìX Zzïf~pw Zq-
~Üs�zZ9Z÷��Z4 Zzïf~pw ÅÜs�z©�e�$Ë�ZknËÌ ms aV�

�Mh�XXÅ¤/�/Zq-�zu}Å#³�~�C�X
�CÙÅZ9ZãúZk§b�CìX He ®Zhi

1s2

~ñ��Z9Zy H Z9ZyÅ¤/�lÃeD�ñÌZ9ZãúÃªCÙ�Mh�X6�W\ä�¬�
Æn£�k,~Z°Z�ÆÃLZk§b�D�X

MZ9ZyzZá�CÙzVÅZ9ZãúY'øg}n¢zg~ìXZ�CÙ~Wg&45ÿ EGH~Z9ZãF,KM
��CÙÐ0ZkÆZ9Zã',@*�Zzg�B�B¬ï5+k,~Æ!*g}~¥â]�ÛZë�CìXW�

Æ�CÙ6,̈g�D�X (He) Z[ë45Í-ê
X
GG

Æ�CÙ~�zZ9Zy0*ñYD�X (Z = 2)
45Í-
ê

X
GG 7

t�zâVZ9Zy¾§bF,KM0*ñ�ñ�Dì? 7

Zq-Ðic*�{Z9ZygppzZá�CÙzVÅZ9ZãúÒy�äÆn�&ZßßVÃY'¢zg~ìX
t0*à»Z]ðZßwÔWs!*»ZßwZzgz»Zßw�XW�ZyÐ0¿U¥â]qÝ�,ÐX
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Å(,f�ð7ÆÒpÐ�Z4�D�X (n + l) Z9Zyf~pw~ .1

�gÁ n 7)z~�ÂZ9ZyZkf~pw~�Z4�@*ìTÅ (n + l) Z¤/Ë�zf~pwÅ .2

�CìX
Å(,f�ð�gÃªCÙ�CìX (n + l) �gzfŝ

Zf~pßVÅ(,f�ðÂZ**ÇVÃZk§bªCÙ�Mh�X
Å(,f�ð7ÆÒpÐPÁÜÅZ9Zã (Z) �CÙ~°�

f~pßV~Z9Zy6,�äÅF,KM 6^
ñ&Îæ
J

»{�

(Aufbau principle) Ws!*»Qßw 6.6.2

Z¤/ë(,_�ñ�CÙ~°�ÆÒpÐZq-KÐ�zu}KJ-YNÂ�CÙ~Zq-Zq-Z9Zy»
Z���@*YñÇ

�g£�k,~°�ìX 'n' �CìX�V 2n2 ËÌpw~Z9ZyÅZWF,+®Z�
Æ)z~�CìX�V 2(2l+1) ~Z9ZâVÅZWF,+®Z� (s,p,d,f) ZÏ§bËÌf~pw

�CìX 14 ÔZzg 10Ô6Ô2 ìXªZyf~pßV~Z9ZâVÅWWF,+®Z�!*nKM l = 0, 1, 2, 3......

jãqª(~Z9Zãú�z�ÜZ9Z÷Ã�ø7[ÁÂZ**ðzZáWg&45ÿ EGH~Zkz�ÜJ-6,�D
YNZ#J-�Z9ZâVÅ]®Z��CÙ~°�Æ)z~:�YñXW̧s!*»QßwB@*ìX)%̀ð

(,f�ðÂZ**ðÆÒpÐ6,GYD�X f~pw ì(XZk§b "y" »È " Ws!* " i!*y~Â
Z9ZãúÃªk�äÆn�z¬xZßwøg~æ��D�X
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qgzfsÁÜÅZ9ZãúsX
K �CÙ~°�

Z9Zãú

ñ`Ô�3ýGÔ)ÚÂZ**ðÔé�3ýGÔWg

&45
ÿ
EG
H

Ô£�k,~Z°Z�ÔpwÔf~pwÔZzïf~pwÔ
Wg

"5
ÿ
EHÅ�|#ÔZ9Zã¤/�lÔZ9ZãúÔ0*à»Z]ðZßwÔWs!*»ZßwÔz»Zßw

4- ].zw

~XZVZ9ZyÃµZzïf~pw~�Z4�Ç? (Z = 6) �CÙ (C) »g0 7

Zzïf~pw~�Z4�ÇX py Zzïf~pw~�h~¯ñÇc*z{Z� px H�Z4�äzZÑXZVZ9ZyZÏ 7

(Hund's Rule)  z»Zßw 6.6.3
ZkQßwÆ_.Z9Zy~�hc*VZkz�ÜJ-7k�Z#J-�ñ��{Óx7VÂZ**ðzZáZzïf~

(~Zq-Zq-Z9Zy�Z4:�YñX degenerate orbital pw)
Zzg   1s Z9Z÷ 4 �CìZk~¬ 1s2 2s2 2p2 ìZkÅZ9Zãú (Z = 6) T»�CÙ~°� (C) »g0

f~pw~e{îg6,�Z4�D�XÅ¤/�l7V�CìX 2p ZÇZy 2 f~pßV~�Z4�D�X!*¹ 2s

f~pw~ñ���z)�h~�ZgZº}Z9Z÷ÃáZi~¤/�lÆfg=Cc*�HìX 2p �V

¥ÅF,¹ÆaÓ#Ö»j�CÙÅ�|#
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C = n l Æ_.�C� (C) ÜS:]Æfg=ªCÙHY@*ìZzgtlZg,âgÅgëg (n) Zzg®� (l) âgÃîwñ` l

îwñ`»¤/z\
�3ýGB@*ìX l

Æfg=ªCÙH E = hv ',¹ïFÂZ**ð)âg(~ÜsP)ÚÂZ**ðÅ�g,0*ðYC�XÎ)zZ] l

YYìX
Ë�CÙ~Z9Zyºm®�zZàâgÆZ+Cå EEEZ[Æfg=ÂZ**ðqÝ�Mh�Zzgºm®�zZàâgÆZy%Z`Æfg= l

ÂZ**ðÅMh�X
Z9Zy}æZg~0*ñYD�XZ¤/Z9Zy',¹ïFÂZ**ðÅßg]~ÂZ**ðÃ_.[�D�Â »�CÙ~%:: 1O l

z{ic*�{ÂZ**ðzZàR6,�DÎD�tºm®�zZà',¹ïFÂZ**ðÅßg]~ÂZ**ð»Zy%Z`�D�ñÁÂZ**ð
zZáR~zZ:WD�X
ºm®�zZàâg~ÂZ**ðÅZ+Cå EEEZ[&Zy%Z`ÅzzÐ�CÙ~é�3ýGz��~W@*ìX l

ËÌZ9ZyÆûz̧qZzggëgÅ/q-z�Üeö�**e7X l

%�/}ÆZ§Zs»z{´��VZ9ZyÆ0*ñYä»ZkyZWF,+�@*ìf~pw)Wg&45ÿ EGH(B@*ìX l

Ë�CÙ~Wg&45ÿ EGHÅZZnKMÂZ**ð�|#ZzgF,KMÃÒy�D�X m1ÔlÔn &£�k,~Z°Z� l

ZÇZyÅ¤/�l�CÙÅfZCS¤ìX l

Ë�CÙÆpwÔf~pwZzgZzïf~pw~Z9ZâVÅF,KMZ9ZãúBCìX l

0*àÆZ]ðZßwÆ®Z#ËÌ�zZ9ZâVÆnegzV£�k,~Z°Z�7V7�DX l

Z9ZyZÏf~pw)Wg&45ÿ EGH(Ã¬6,�@*ìTÅÂZ**ð�&ÐÁ�CìX Ws!*»Zßw: l

~(degenerate orbital) Z9Zy~�hc*VZkz�ÜJ-7k��Z#J-�ÓxZzïf~pßV z»Zßw: l

Zq-Zq-Z9Zy�Z4:�YñX

¦gZ]6,g�¿ .I
(AS1) Ë�CÙÅZ9ZãúÐÃyÃ́¥â]�ÛZë�C�? .1

(AS1) ¸k�ÛbÚ�3ýGÅZq-VwìXz�s#< .2

(AS1) f~pw)Wg&45ÿ EGH(ÐH%Z�ì?t1OÆæZgÐ¾§bZ�@*ì? .3

(AS1) Ë�CÙ~Z9ZyÆûz̧qÅ7ªÏÆn&£�k,~Z°Z�ÅZÌÒy<X .4

(AS1) §jÐH%Z�ì?t¾§bæ�ÇgU*"$�@*ì? nlx .5

(AS2) pw~¾pwÅÂZ**ðic*�{�Cì L Zzg K .6

�CÙÅ�|#¥ÅF,¹ÆaÓ#Ö»j
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¦gZ]»Z:t .II
fsÆÎZÑ]Æ�Z[

ÉÀ�/õG .I

(AS1) �gÂZ**ðpw~�Z4�äzZáZ9ZâVÅZWF,+®Z�H�$Ëì? (a) .1

f~pw~�Z4�äzZáZ9ZâVÅZWF,+®Z�H�$Ëì? (b)

Ëf~pw)Wg&45ÿ EGH(~�Z4�äzZáZ9ZâVÅZWF,+®Z�H�$Ëì? (c)

�gÂZ**ðpw~Äf~pw0*ñYD�? (d)

(ASa) Ëf~pw)Wg"5ÿEH(~Z9ZyÅXÂ¤/�ØVÅF,KM�$Ëì? (e)

pwÆZ9ZâVÅ®Z�Æ)z~�CìX�g` L Zzg K pw~0*ñYäzZáZ9ZâVÅ®Z� M Ë�CÙÆ .2

(AS4) fsÎZßVÆ�Z[�£X
�&ÐÛzãpwÃ̈Kì? .a

ÛzyF,+pw~ÄZ9Zy0*ñYD�? .b

ZkK»�CÙ~°�H�Ç? .c

ZkKÅZ9ZãúsX .d

�g`fsWg&45ÿ EGH{�**¶zX�CÙÅZ9ZãúÃªCÙ�@*ìXZk~ñ��tÅ¶K0+�<XW\Æ�Z[Å@*G .3

(AS1) �äzZáZßwÃC�

(AS1) ÆÛzyF,+pw~0*ñYäzZáWy%~Z9ZyÆnegzV£�k,~Z°Z�sX Na Îe* .4

�g`fs~Ë�CÙÆZ9ZyÐ0egzV£�k,~Z°Z�����XC��tÃµWg&45ÿ EGHÐmgnp (i .5

(AS2) �?
(AS4) Z9ZyÆaegzV£�k,~Z°Z�sX 1s1 

(ii

(AS7) �ÂZk»®�¥x< 1.0m Zq-gi+-ñ`»îwñ` .6

)( Zq-Zy%ZY�3ýG@*gq-:©~gz×�zV6,��CìXZ�ÐÃygz×�3§öG
E

�-VÃªCÙ7�C�X .1

y%ZYÃúV»îwñ`   (b) Zy%ZYÃúV»®� (a)

âgÅgëg   (d) Zy%ZYÃúVÅÂZ**ð (c)

hi hi hi h
  1s2         2s2             2p3

N (Z=7)

¥ÅF,¹ÆaÓ#Ö»j�CÙÅ�|#
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( ) pw~0*ñYäzZáZ9ZâVÅZWF,+®Z� L Ë�CÙÆ .2

16 (d) 8 (c) 4 (b) 2 (a)

( ) �ÂZkÆf~pw~ñ��Zzïf~pwÅ®Z� l = 1 Ë�CÙ~ .3

0 (d) 3 (c) 2 (b) 1 (a)

( ) ËWg&45ÿ EGHÅ�#ÖZzgÂZ**ðÃªCÙ�äzZÑ£�k,~°� .4

ms (d) ml (c) l (b) n (a)

�CÙ~ÃbÆZg»YÐ0¥â]Z��D�ñg7g^»g<X .1

�CÙ~Ãc*]7�äzZá�0ZâVÐ0¥â]Z�<X .2

Wg
&45

ÿ
EG
HÆ%ä»g<X d Zzg pós .3

ucÔ8Zzg!�Z�ZðgùVÐ0îwñ`Zzg®�Ð0¥â]Z�<X .4

�CÙÅ�|#¥ÅF,¹ÆaÓ#Ö»j
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e^h

7
ÁÜÅ�gzÈ~D�zg~].zw

Classification of Elements - The Periodic Table

~FZlxÅZ�zc*]0*ðYC�X�»y�ZgÃZyÓxZ�zc*]Æ**xc*�ǵ (Medical store) Zq-Z�zc*]Å�»y
Â�@*ìXW\Z�zc*]Å�»y6,Y��»y�ZgÐÃðºm�zZÔ�D�VÂz{W\Ã¯ËÂÆ�zZ�êìXt¾
§beì?

~ñ��ZâYÐ0ÎGX�»y~ñ��ZâYW\ÃZq-F,KM~ (Super Bazar) ZÏ§bËÎ6,!*iZg
gÇ�ñ�3ð�,ÐXz;VW\ZK£/�Ã/W�ãqÝ�Mh�Xtùeì?

gzi%{i0+ÏÐmgppzZáèÃg{!*Ñx@Z]Ð�¥x�@*ìÃðZ(ÂxT~FZâ�áï�VZyÃ
S:]ÅãC�6,F,KM�bÑiòìX

F�wÐD6Y~Ì�b�ZVZkz�ÜJ-�ø7[ÁÜÃZyÅS:]Å¯6,¤/z7V~�gzÈ�äÅ
ÃÒ�DWgì�X

ÁÜÃ±Z0+Zi~F,KM�¶Å¢zg]YVì? 7.1
Æ_.Z+��Ë8c*6ðpÆfg=Ì'×h+��{�~¹7�$ËK (1661) gZ',^!*L

ÁÜ�gc*Ä�ñ¸X 13 BCìXZkz�ÜJ-Üs (Element)

63 YJ-½ã 1865 ÁÜ�gc*Ä�ñZzg 11 Æiâä~'×h+ (Laviosier) z,�~ÆZ!xJ-C| 18

ÁÜ¡¦îg6,qÝKY`¸X 17 ÁÜ�gCz�bÐZzg'×h+ 91J-1940 ÁÜ�gc*Ä�ñX
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ÁÜ�gc*Ä�`��V�VZyÅ®Z�~Z���@*�HCÙKZzgZkÆ%·]Å 118 ¡¦ÁÜÆ!-A)Ïî
E

EZ[J-
6ðF,KVÃc*�ǵ¹Â�@*�HX
ë*¸)oV~7,|`��ÁÜÃ�JÂVZzgZ�JÂV~�H�HìXVwÆîg6,Îe*Ô7N*ôz){�J'
�Zzg�Zzg³g+z){Z�J'�XpZk�gzÈ~~¹ÐÕ÷0*ñYD�XZ>4~P�JCS:]�C
�ZzgPZ�JCZ,ÁÜÃ4�J'¹Y@*ì®Z'×h+4§jÐÁÜÅ�gzÈ~�**Z�¢zg~��HåXZka6Y
�ZâVäZyÁÜZzg%·]ÃZyÆ8z6ðpZmÅãC�6,Z§jZ(g�D�ñ�gzÈ~ÅÃÒÑzqÅX

ä¹�;àgzX»�CÙZq-y~�ì (Joseph Louis Proust) z,�~ÆW¸i~�isCk6,Z�& 18

Zzg�vÓxÁÜÆ�CÙ;àgzXÆF�CÙzVÆZ·ZuÐz��~WD�X)Zkiâä~ÓxÁÜÆ�CÙ~ZziZyÃ
¦gHY@*åX( '1' åZ°Z�~ªCÙHY@*åZzg;àgzX»�CÙ~ziy

(Dobereiner's law of triads) eZ',²»çe 7.2
**ò%̀ð6Y�ZVä7V6ðpZmgppzZá&&ÁÜ (Dobereiner-1829) �;yzz³Ç8-eZ',²

¹Y@*ìXZkäÁÜÅS:]ZzgZyÆ�CÙ~ZziZyÆ�gxygºÃªCÙ (Triads) Æ¤/z\¯ñq&45Ò3ï
GI
GG
I

�äÅÃÒÅX
ÁÜÃá�Z¹(,_�ñZziZy�CÙÆÒpÐF,KM�¶6, 3 eZ',²ä¹�Z#7VS:]Æqï

�gxã�CÙ»ziy¬ZzgWy%~KÆZziZy�CÙ»Zz��@*ìXtÒyeZ',²»çeB@*ìX

�g`fs].zw»x@{ÙXCÙ�~ñ��ÁÜZq-eÃªCÙ�D�X
].zw

ÁÜZzgQyÆ�CÙ~ZziZy ¬Zzg�}KÆ�CÙ~ziy»Zz��Ô¤/z\
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(K) Zzg7N*ô (Li) Ô

Ê-�-
ê

G

G »�CÙ~ziy (Na) W\äx@{H�«�~Îe*
Æ�CÙ~ZziZy»Zz��@*ìX
HW\â!*¹ËV~�Ø²/õ YGÁÜÆÃL~z�ģªCÙ�Mh�? l

CÙ�Æ¬Zzg�}K»Zz��CÙ~ziy¥xÙZzg�gxãKÆ�CÙ~ziyÐ l

Zk»».ÞÙX
W\äHx@{H? l

eZ',²ÅtÃÒÐ¥x�Z��CÙ~ZziZyZzgZyÅS:]~ģ0*c*Y@*ìX
ZkÅtïä6Y�ZâVÃZk!*]ÅÂz�Ñð�7V8z6ðpZmÆqïÁÜÃP
¤/z:~�HYYìXï̧ÁÜÅ�gzÈ~ZzgÁÜÆ�zg~].zwÅgZ{ûZgÅX
Õ÷:

Zkiâä~¥xÓxÁÜÃeÅ̂7�~YmX -1

tÃtZ�F,+ZzgZWF,+SgppzZáÁÜÐ0**»xg;X -2

Æ�CÙ~ZziZy»Zz�7�@*ìX Br Zzg F »�CÙ~ziy Cl eÆa  F, Cl, Br

���CÙ~YVÅ¡Æ�BeöÅF,KV~4~WC�z,�tÃt**»x�@*�HX -3

(Newland's Law of Octaves) EC»4k0î XIG»ç 7.3
äCc*�LLÁÜÃZyÆ(,_ (1865) YyECZq-',¤â~6Y�ZVåXEC l

¤/z:~ªCÙ�D�XCÙ¤/z\ 7 �ñZziZy�CÙÆ�[ÐF,KM�¶6,t
~7V6ðpZmÆqïÁÜ0*ñYD�XóóZyx@Z]ÅãC�6,ECä

4k0î XIG»ç7HX
tÒy�@*ì�LLÁÜÃZyÆ(,_�ñZziZy�CÙÆ�[Ðg3 4k0î XIG»ç

YñÂZyÅZq-{mF,KM�3ð�îìT~ZyÆpZm)z~z²V6,�CÙZñYD�Xóó

eZ',²äÁÜÆ�gxy¾§bÆgºÃ�ì�äÅÃÒÅ? l

ìXeZ',²ÆçeÅãC�6,HW\ 3.51g/cm3
Zzg 1.55 ÅÑ©!*nKM (Ba) ZzgÛ* (Ca)y l

ÅÑÄCMh�? (Sr) Z7Z$o-ê
EI
G

¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw
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(1866) EC»ÁÜ»].zw 1 ].zwX

6ðpZm 8z 7V Ë�b�KÐW¸i�D�ñCÙWẐVK�b�KÅS:]Ã�CÙZ@*ìX
zZáÁÜÃZ|�~ec*�HìXECz{ª¿åTäÁÜÃZ°Z�º!GX$+¬ÐQkÅ�gzÈ~Ã:QkÆ
��b�ZâVäJwHZzg:�¡Î�ÌÆ%̀9äZkÅZ�á®)ÅX

ÐÑzq��WÐÅY+$(,_YNÂWẐVKjg+ (H) ECÆÁÜÆ].zw~Z¤/ë;àgzX
ÆpZm7V�X (Cl) Zzg³g+ (Fl) Ôjg+ (H) �ÇX�V;àgzX (Cl) ZzgZkÆ�QWẐVK³g+ (Fl)

�ÇXZk (K) ZzgZ�WẐVK7N*ô (Na) ÐÑzq�D�VÂWẐVKÎe* (Li) ÇZÏ§bZ¤/W\

Ê-�-
ê

G

G

§btÁÜ7V8Zzg6ðpZm»ZÖg�D�X��t�J'¹ic*�{¬ï�C�X

ECÆ].zw~Ì{xV0*ðYC�
(Ni) Zzgò (Co) ECä�zÁÜÃZq-�{ä~g3X}Ã!*«( l

Ô(Ni) Ôò (Co) !*Ç�)xËpZmgppzZáPÁÜÃZq-�¤/z\~g3�HX}ZkäÃ!*«( l

Å� (F, Cl, Br, I) XÆpZmZ�pZ¹ß3ÁÜ (Pt) Zzgö#-ê
HE

(Ir) ÔZgi+* (Pd) öe*
~g3X)«Z|��¶(

ÁÜJ-�öz�ìX].h+ÁÜÆaÃðñµ7�c*�HX�~�gc*Ä 56 EC»�zg~].zwÜs l

�{ÁÜZyÆpZmÆZ±gÐECÆ].zw~(70*nX

HW\Y���ECä4k0î XIG»çYV7H?].h+�CÙ~�|#Æ7ÃW\Æ l

�Z[Åz�s#Ù?
HW\B��EC»4k0î XIG»ç�g�&ì?ZL�Z[Åz�s#ÙX l

¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw
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ECäÁÜÆ6ðpZmÅ�zge$ÃñuÅ�zge$Ð%1o�äÅÃÒÅXËñuWá~CÙWẐV

L
aç Nó¬aç NÅS:]Ã�CÙZ@*ìX¸zzì�ECä�Zz�]ÓxÁÜÃZyÆpZm~0*ñYäzZà7+MÅ
6,zZ{K%�gzÈ~�äÅÃÒÅX

(Mendeleeff's Periodic Table) �;»�zg~].zw 7.4
�;äZkz�ÜJ-�gc*Ä�{ÁÜÃ!*�°{îg6,ZyÆ(,_�ñZziZy

~ec*�HìXþZk 2a �CÙÆÒpÐZq-eĝÅ̂~F,KM�c*Xÿ6�].zw
f~¤/z\~ BÔA äegÃ̂WJÀ�~»Ý~�Hq¤/z\¹Y@*ìXCÙ¤/z\Ã

�H�HXCÙ»Ý~7V6ðpZmzZáÁÜ0*ñYD�XZkäec*�Zq-�
¤/z\~0*ñYäzZáÁÜÅS:]xË�C�²Zq-��zg~0*ñYä
zZáÁÜÅS:]Z�C�X

 ÔLi ¬x�ÆzZá%·]¯D�ª R2O ¬»ÝÆÁÜWxÐ¬ï�Æ
�%·]¯D�X K2O Zzg Na2O ÔLi2O Z#WxÐ¬ï�D�Â!*nKM XK Zzg  Na

Z#WxÐ Ca Zzg Mg ÔBe ¬x�ÆzZá%·]¯D�X} RO �zu}»ÝÆÁÜWxÆ�B¬ï�Æ
¯D�X CaO Zzg MgO ÔBeO ¬ï�D�Â

�;äZq-�¤/z\ÆÁÜ~x¹ZyÆ¬x¤/ÄÅãC�6,Òy�äÅÃÒÅìX

HW\ñuÆaç NzVÐzZ��?
yz*ãñu~�]aç N0*ñYD�Xz{�Ôg}ÔÇÔâÔ0*Ô�ZÔãÔ�Xf!�´Åñu~ezÔg~ÔòÔÃÔÎÔÑÔK
z){aç N0*ñYD�@*�ËÏÅ�ï¯ðYnX¬xîg6,Paç N�CÙZñYD�XCÙWẐV

aç N¬aç NÆ�z�@*ì
Zzgz�ÐZ�aç NÅZ�ZY�CìX

¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw
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zgjy( 1871 ZbCg²-+öG%̀9~T�{�;»�zg~].zw) 2a ].zwD

(Periodic Law)  �zg~ç
�;Æx@Z]ÅãC�6,�zg~].zw~ÁÜÆpZmÐ0Zq-ç7H�H��zg~çB@*ìX
ZkçÆ®Z#LLÁÜÆ8Zzg6ðpZmZyÆZziZy�CÙÆ�zg~÷�D�Xóó  

»Ñg{( 1871 :�;»�zg~].zw) 2(a) ].zwX

�;Æ�zg~].zwÅZëS:]: 7.4.2

I À�~»Ý0*ñYD�q¤/z\¹Y@*ìXZ¹gzðZ°Z� '8' �;Æ�zg~].zw~ ¤/z\Zzgf~¤/z\: -1

Ð̈HY@*ìXË�Ø²/õ YGÀ�~»Ý)¤/z\(~ñ��ÓxÁÜÅS:]7V�C�XCÙ¤/z\Ã�z VIII@*
~�H�HìXËf~¤/z\~ñ��ÁÜic*�{F,Zq-�zu}Ðx¹gnp�X}ïc* B Zzg A f~¤/z:

S:]ÆZ±gÐZq-�zu}Ð (Li, Na, K, Rb, Cs) ÆÁÜ IA **�J'BñYäzZáf~¤/z\

»°uJ-x¹gnp�X
ci+k0*ñ ' 7 ' �;Æ�zg~].zw~Z|ËVÃ�zgc*ci+k¹Y@*ìX].zw~] :(Periods) Z�zZg -2

ÐªCÙHY@*ìXËZq-�zg~ñ��ÁÜÆpZmZq-�zu}ÐZ�D 7@*1 YD�qy²!Z°Z�
�pË�zg)�(~�áïÓxÁÜÆ�Z�WäzZà�Z4S:]Ã�CÙZCìX
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].zw~ÁÜÅF,KMÅãC�6,�;ä7ªÏÅ�PÁÜ**¥x�X **¥xÁÜÆpZmÅ7ªÏ: D3

Æa].zw~o�&{à(g¿�ìX�;»tZ�yå�w~PÁÜ¢zg�gc*Ä�VÐXZkä
ZL].zwÅãC�6,Zy**¥xÁÜÅIZiz�Ü7ªÏÅXZkÆªk��{ÁÜÆpZm�~�gc*ÄG�
ÁÜÆpZmÆ!*ÇxË¸X

óóÆ�BP**x?m,GX)Zk (Eka) w~�gc*Ä�äzZáÁÜÃZkä¬gèîg6,Zq-��ÂLLZk
 ZkZ>4Ô  Æ�X(ÁÜXÅ7ªÏÅ�¶ZyÆ**xZk1gZyÔ  LZq-ó  Zq-©]ÂìTÆp°� (Eka)

ZktygÇ�Z̧yÅS:]!*nKM�~�gc*ÄG�ÁÜZC*Ôµ5Í-ê
Y

GG
ÔZzg̀%!54-êG

E

GÆxË¶X

HW\Y����;äZkZ>4Æ̀Zâ®)Æ!*g}~H¹? l

Z# (Ga) LLZ¤/~Zk**¥xK)ZkZ>4(ÃZL;B~gÅVÂt&À£ÿ FYñÇóóXZkÆ�ZkZ>4ªµ5Í-ê
Y

GG l

�CìX 37oC C[H�H²øg}�Å� 30.2oC �gc*Ä�ZÂZk»Z̀â®)

ZziZy�CÙÅo .4

�PÁÜÅ�CÙ~ (Au) ZzgÎ** (In) ÔZ&+* (Be) �;Å�zg~].zw~ÁÜÅo�&F,KMÅzzÐÛ&Í-ê GG
åX 13.5 »�CÙ~ziy (Be) }�;Æ�zg~Û&Í-ê GG YVÅo�ä~æ�qÝ�ðX

¤/Ä  ç�wziy< = �CÙ~ziy

3- ].zw

¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw
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4.5 x 3 = 13.5 ªYC¶X®ZÛ&Í-ê GG»�CÙ~ziyZkz�Ü '3' C[H�HZzgZkÅ¤/Ä 4.5 �/ÅãC�6,Û&Í-ê GG»ç�wziy
1Y@*åXZkaZk�CÙ~ziyÆÒpÐZkKÃ].zw~Zµ¤/z\~g3Y**ecåXp�;ä¹�Û&Í-ê GG

�ÇA$�t 9 »�CÙ~ziy (Be) �ÇXZ¤/ 4.5 x 2 = 9 �**ecXZk§b�CÙ~ziy 2 7ÉÜs 3 Å¤/Ä (Be)

z){�zu}¤/z\ÆÁÜÆxË�ÏXZÏ§b Mg, Ca �zu}¤/z\~�áï�nÇZzgZkÅS:]�!*Cîg6,
Æ9�CÙ~ZziZy¥xGX (Au) ZkäZ&+*ZzgÎä

"�°Ï»� .5

�ÁÜÅ"�°Ï»��¬YYìX"�°ÏÆ (I) ZzgZ-e+ (Te) �;Æ�zg~].zw~÷g*
Ð¬ I (126.9U) ÃÁ�CÙ~ziygppzZáKZ-e+ Te (127.6U) �~ic*�{�CÙ~ziyzZáÁÜ�÷g*

g3�HX�;äZ,(,_�ñZziZy�CÙÆ�[ÐgÇ�ÁÜ~z̧q5+k,Zy!VÃJwH�ZyÁÜÅ9
F,KMÆaæ�ÇgU*"$�ZX

�;Åt)©àÎõÓx6�ZâVÃ�;Æ�zg~].zwÃJw�äZzg�;Ã¨�zg~].zwÆ
!*zZW�xÆîg6,Ù|#qÝ�ä~æ��~X

�;äZ#�zg~].zwÃ�gsHåZkz�ÜJ-Z9ZyÅ�gc*ÄÌ7�ð¶XZkÆ!*z��t�zg~].zw l

D6YÆ_·ÆaZq-�³ãC�¯�Zkiâä~)F,KM�{!*zgc{:¦gHY@*åXZkÆZ³Zi~
�CÙ~°�zZáK»**xLL�ZCxóóg3�HX 101

r;Æ�zg~].zwÆÕ÷ 7.4.3

ic*�{�CÙ~ziyÆPÁÜÁ�CÙ~ziyÆÁÜÐI0*ñ��X ÁÜÆ"�°{�h: -1

(ÐI0*c*�HX 126.9 )�CÙ~ziy I (ÔZ-e+ 127.6 )�CÙ~ziy Te }÷g*
~g3�HìX B Zzg A )x/pZmgppzZáÁÜÃZq-�¤/z\Æf~¤/z\ )x/ÁÜ»Zq-�Bǵ: -2

¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw
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�;ä�zg~].zw~{à(YVg¿?ZkÐ0W\ÅHgZñì? l

Æ0W\H�0*ñ�? Ea2O3, EsO2 l

Óẍc*:�J'̂k�C�p;àgzXZq-�ìTÆ�ã~�z�CÙ�XHW\¬¤/z\~ l

¨c*:�JÂVÆ�B;àgzXÅËqÃo�&B�X

].h+�zg~].zw 7.5

Y~�gc*ÄH�Z#ËKÃ�ÂZ**ðzZáZ9ZyÆ 1913 ZÝZñ÷ä
fg=�gHY@*ìÂz{KºmnÅÑÃúV»Zy%Z`�@*ìXZyÑÃúVÅF,KM»�t
�D�ññ÷ZyÁÜ~µ',¹!*gÅ®Z�ÃC[�eXËKÆ�CÙ~ñ��µ

BCìXZk�bÆfg=ñ÷ (Z) ',¹!*gzV)6,zN*y(Å]®Z�QkK»�CÙ~°�
ätCkH�ËÌK»�CÙ~°�ZkÅ�CÙ~SÐic*�{ãC�~S¤�CìX

ÁÜÆ�CÙ~Z°Z�ÅåW�Æ�t¶K0+�Å��ÁÜÅ�zg~].zw~(,_
�ñ�CÙ~°�ÆÒpÐF,KM4�ÏXZk§bÅF,KMÅzzÐ"�°7VÆ�»

Ðic*�{�CìpW-e+Å/Ú÷g*»�CÙ~°�Zq-Z»ð (I) Å�CÙ~SW-e+ (Te) XÌ»��HX}÷g*
Á�@*ìX�CÙ~°�ÆZk¦gä�zg~çÃps�ä6,6g��c*X�zg~ç�CÙ~SÆ¦gÐ�CÙ~°�Æ¦gJ-

B@*ìX (Modern periodic Law) ps��Hì�].h+�zg~ç
ëY����;»�zg~çZk§bìLLÁÜÆ8z6ðpZmZyÆZziZy�CÙÆ�zg~÷�D
�óóXWØZ[ë].h+�zg~çÃKÅÃÒ�,ÐX

].h+�zg~çÆ®Z#LLÁÜÆpZmZyÆ�CÙ~Z°Z�Æ�zg~÷�D�Xóó

Cu, Ag, ¤/z\ÐmgppzZá I B z){� Li, Na, K ¤/z\ÐmgppzZá̈c*:�J'� IA}
Zq-Z�J]ì (Cl) ¤/z\ÐmgppzZÑ³g+ VIIA z){ÁÜÐ¹Áx¹gnp�XZÏ§b Au

~ñ��!5½2.ç G
Y
E
G
E
Zq-�J]ìX VIIB Z#�

¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw
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�zg~].zw~ÁÜ»£x 7.5.1

].h+�zg~].zw~ZVg{À�~»Ý�D�q¤/z:¹Y@*ìZzg�]Z|��C�qci+k¹Y@*ìX
].h+�zg~].zw~ÁÜÆ£x»ç¾¯Y6,HY@*XWØëZkÆ!*g}~�BX
].h+�zg~].zw~Z9ZyÅF,KMÆÚø~�gzÈ~�Mh��z9z9Ð�CÙZñYD�X7VÛzã

pw)¤/Dpw(ÅZ9ZãúzZá�CÙzVÆÁÜÃZq-»Ý~g3�HTÃ¤/z\¹Y@*ìXË¤/z\~ÁÜQyÆ
(,_�ñ�g£�k,~°�ÆÒpÐgÇ��X

Zzïf~pw~ic*�{Ðic*�{�zZ9Z÷Å 1 f~pwÆ 's' L�CÙÅ�|#óÆ!*[~W\7,|`��
'd' Z9Z÷ÅRö�CìX 6 Zzïf~pw0*ñYD�ZzgZk~ic*�{Ðic*�{ 3 f~pw~ 'p' Rö�CìXCÙ

Zzïf~pßV~ 7 f~pw~ ' f ' Z9Z÷ÅRö�CìZzg 10 Zzïf~pßV~ic*�{Ðic*�{ 5 f~pw~
(Differentiating Z9Z÷ÅRö�CìXËKÆ�CÙ~0*ñYäzZáWy%~Z9Zyc**Z9Zy 14 ic*�{Ðic*�{

�u~�H�HìX s, p, d, f Æf~pw~Z�{wÆÒpÐÁÜÃ electron) 

s Zq-Na f~pw~W@*ìXZka 3s(differenitiationelectron) ~WäzZÑ*Z9Zy (Na) }Îe*
�uK p f~pw~W@*ìZkát pÔ(defferentiating electron) ~WäzZÑ*Z9Zy (Al) �uKìXZ>4

�uKB@*ìZzg§* d f~pw~W@*ìZkát d (defferentiating electron) »*Z9Zy (Sc) ìXZe&+*
�uKB@*ìX f fspw~W@*ìZzgt f(defferentiating electron) ~*Z9Zy (Ce)

WØë�g`fsÁÜÅZ9Zãú»x@{�,ÐXWy%~WäzZáZ9ZyÃâ>{H�HìX

58Ce   1s2  2s2  2p6  3s2  3p6  4s2  3d10  4p6  5s2  4d10  5p6  6s2  5d1  4f1

6,5±Ù(Xt].zw¿�zg~].zwBñYä 23 ].h+�zg~®Í/õGÅãC�6,].h+�zg~].zwú�c*�HìX)�
: (Z) zZá�;ÆZÝ�zg~].zwÅÂV^ìZzgt].h+].zwÃîs�zg~].zw¹Y@*ìXËK»�CÙ~°�

Üsµ',¹!*gzVªKÆ�CÙÆ%�/{~6,zN*âVÃªCÙ�@*ìÉZkKÆ®~�CÙ~Z9ZâVÅ]®Z�ÃÌ
ÁÜÆ�CÙzVÆ8z6ðpZm6,zN*÷Å®Z�6,7ÉZ9Z÷Å®Z�Zzg�CÙzV~ZyÅF,KM)Z9Zã C@*ìX
ú(6,«�D�X®Z].h+�zg~çÃZk§bÒyHYYìLLÁÜÆ8z6ðpZmQyÆ�CÙzVÅZ9Zã
ú»�zg~÷�D�X
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(Groups) ¤/z: 7.5.2
ÐVIII@*I �zg~].zw~À�~»Ý¤/z:BD�Xîs�zg~].zw~]ZVg{¤/z\�XZ¹gzðZ°Z�

gzZî¶Kã�X B Zzg A Ḧ�HìX
ZØ[ïw�Ø²/õ YG B Zzg A Ð̈H�HìX 18@*1 Å].h+\g�á]Æ®Z#Zy¤/z:Ã²!Z°Z� IUPAC

�XëgzZîuqÆ�B].h+ÂxÃeÂí]ZEw�,ÐX
(VIA)16 ¤/z\ (IIA)2 ¤/z\ Vw:

ns1 ÛzãpwÅZ9Zãú Fr@*Li~(IA)1 ÁÜ»¤/z\K»{0+Zyc*6ð{0+ZyÌB@*ìX}¤/z\

�CìZzgẗc*:�JÂV»{0+ZyB@*ìX

�uÆPZë¤/z\ÁÜÆ{0+Zã**xfsÆ].zw~�Ø�� p �uZzg s

îs�zg~].zw»x@{�D�ñfs»].zwo�&Z:¬]ÐåÙX
5 - ].zw

¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw
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HW\Y����zg~].zwÆP{0+ZâVÆ**x¾§bZ~.K²/õ YG�? =

ÐqÝKYD (Plant ash) z){'7�ZgZÄ KÔNa (aliquili = plantashes) ¨c*:�JÂV»{0+Zy:
ÁÜ̈c*:�JÂV»{0+ZyBD�X IA ¸X¤/z\

ÆÁÜ�JÂVÆ�Bï�²CåFJ] (VIA)16 aV�¤/z\ (Chalcogens=ore product) eÈX{0+Zy:
¯D�ZkaZ¹eÈX{0+Zy¹Y@*ìX

Æ9ÁÜ�g]~«g~ (VIIA) 17 X¤/z\ (Genus=produced) Zzg (Halos-sea salt) ;ßX{0+Zy:
#Æîg6,qÝGYD�XZkaZ¹;ßX{0+Zy¹Y@*ìX

ÆÁÜ6ðîg6,Á¬ï�D�Z¹â.Þ�¹Y@*ìX45Í-ê XGGÆ´z{ (VIIIA) 18 6�¤/z\ â.Þ�:
�CìX s2p6 ÓxÁÜZyÆÛzyF,+pwÅZ9Zãú

f~pw s ZpßV~Z9ZyÆ%æFN�äÆ§j6,ci+~ÁÜÅ®Z�«�CìXCÙci+Zq-6ZÝpwÔ -2

Wg
&45

ÿ
EG
Hå%æFN�YD�X)ÎZñ¬ci+Æ(X p Zzg s ÐÑzq�@*ìZzgQkz�Ü»�@*ìZ#�ZÝpwÆ

0*c*Y@*ìXZkf~pwÆa (1s) ~ÜsZq-�f~pw (K) pwÐÑzq�@*ìXªZÝpw K ªci+
ÁÜ0*ñYD�X 2 �X®Z¬ci+~Üs 1s2(He) Zzg 1s1 (H) Üs�znÅZ9ZãúeìZzgz{

pwÆaWJn L 0*ñYD�X 2p Zzg 2s pw~�zf~pw L ÐÑzq�@*ìX (L) �zuZci+�zu}ZÝpw -3

Li, Be, �CìXZk§b�zu}ci+~ÁÜF,KMzZg 2s1,2s2,2p3 to 2p6 ÅZ9Zãúe�CìXz{
(B to Ne) �uÆÁÜ p Zzgb (Li, Be) �uÆÁÜ s �XZk§b�zu}ci+~�z B, C, N, O, F, Ne

0*ñYD�X

:(Periods) �zg 7.5.3
Ð7@*1 ci+k0*ñYD�XZ¹²!Z°Z� 7 �zg~].zw~Z|$VÃci+k¹Y@*ìX].h+�zg~].zw~

ḦY@*ìX
»°�QkKÆ�zg»ç�@*ìX};àgzX (main shell) ËºmKÆ�CÙ~0*ñYäzZáZÝpw -1

 Li, Ðmgnp�XÇZÏ§b 1 0*c*Y@*ìXZkatci+ (K) ~ÜsZq-�ZÝpw (He) Zzg

45Í-
ê

X
GG (H)

(0*ñYD�XZkat�zu}�zgÐmgnp L Zzg K Æ�CÙzV~�zZÝpw) Be, B, C, N, O, F, Ne

�X

¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw
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³g+» Cl Üp=VÆaZEwHY@*ìX Cl to Cl- ªLLzZg_óóÆ�X�¬xîg6, "heir" Æp Ide =

»ÈL7VóÆ�X "Oid" ³gZàgzZVìX Cl- �CÙìZzg
ÁÜ(Ã 15) 57La to 71Lu ZzgPä 58Ce to 71Lu J-ZzgPä 57La to 70Yb P�b�ZâVä =

ÃÌÉ4-£é EG**àk~ÑgHY**ecXZkÆ´z{Zq-c 21Sc and 39Y
Å54-£é GEG**àk�ÛZg�c*XZq-cz£tì�

J- 57La to 71Lu Zzg 21Sc, 39Y tÓxtg}Ç�YV� ÃÌÅ54-£é GEG**"545å JGHGHk~�áïHY**ecX SC ì�
ÓxÁÜÅÛzãpwZ9Zãú7V�CìX

c*90Th to  10 3Lr ÆçA~Ì¸qwìXZZ�Z�]t�� (Actino id s) W
µ545é
H
G
Eàk =

ÓxZµ545é HGEàkBñYNX 89Ac to 103Lr c*89Ac to 102No

0*ñYD�XpZ# 3d Zzg 3pÔ3s f~pw 3~(M) ÐÑzq�@*ìXZkpw (M) �Zci+�}ZÝpw -4

ÁÜ345é XGFñYD�X 8 ~�Z4�D�XZka�}ci+~Ì 3d ~%æFN�YD�ÂZn�� 4s Z9Zy

�X (Al to Ar) �uÆÁÜ p Zzgb (Na, Mg) �u~ s T~�zÁÜ
�pZ#Z9Zypw 4s, 4p, 4d, 4f ~egf~pw0*ñYD�� (N) ìXtZÝpw (N) aåZÝpw -5

F,KM~�Z4�D�XZkÅzzÐa¸ci+~ 4p Zzg 3d, 4s ~�Z4�D�Â�CÙzV~Z9Zy
(31Ga �u~ p ZzgbÁÜ (Sc to Zn) �uÆÁÜ d 10Ô(K,Ca) �u s ÁÜ0*ñYD�T~�z 18

ÁÜ0*ñYD�X 18 0*ñYD�Xa¸ci+~] to 36Kr)

0*ñYD�X (37Rb to 54Xe) ÁÜ 18 ZÏ§bëtzZã�Mh��YV0*v,ci+~] .6

�u f ÁÜ 14 Zzg (6s) �u~ s ÁÜ 2 0*ñYD�T~ (55Cs to 86Rn) X,ci+~]AÁÜ .7

~0*ñYD�X (6p) �u p ÁÜ 6 ~Zzg (5d) �u d ÁÜ 10 ~Zzg (4f)~
Å§b 57La ÁÜ 58Ce to 71Lu ë�X (Lanthanoids)c*(Lanthunides) ÁÜÃÉ4-£é EG**àk " 4f "

ZyÁÜÆa¹�ñizV**xìX Lanthonide 7VS:]Æqï�D�XZka
p Zzg (6d) �u~ d ÁÜ 10Ô(5f) �u~ f ÁÜ 14Ô(7s) �u~ s ÁÜ 2 �ÂZVci+**åìT~
90Th to 103Lr ¹Y@*ìXt (Actinides)c*(Actinoids) ÁÜÃWµ545é HGEàk 5f PÁÜ0*ñYD�X (7p) �u~

�D�X
�uÆÁÜÃ�zg~].zwÆne{Cc*�HìX f BñYäzZá Actinoides Zzg Lanthanoids

¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw
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�J'ZzgZ�J' 7.5.4

W\)®)ÛÆ!*[�JÂVZzgZ�JÂV~�JÂVÅS:]Æ!*g}~7,|`�XWØZ[ë�zg~
].zw~ÁÜÅ�JCS:]Æ!*g}~7,³ÐX

Ûzãpw~&c*ÁZ9ZyÆqïÁÜÃ�J'¦gHY@*ìZzg0*õc*QkÐiZZ+Z9ZyZ¤/Ûzãpw~

�uÆÁÜ)�}¤/z\Ð!*g�, d �VÂZ¹Z�J'¦gHY@*ìX�Zk~PZ]ðßg'ÃWC�X
Ì¹Y@*ìZzg�zg~].zw~!*NÐ�ZN (transition metals) ¤/z\J-(�J'BC�ZzgZ¹�g~�J'

Å54-£é GEG**àkZzgZµ545é HGEàk ÐmgppzZá (IIIB) �uÁÜÅ�JCS:]�gónYC�X�}¤/z\ d Y+$

¹Y@*ìX (Inner Transition Elements) Zy�g~ÁÜÆZ0+g0*ñYD�XZÏaZ¹Î�g~ÁÜ
z{ÁÜ�XÅS:]�JÂVZzgZ�JÂVÆ�gxy�C�Xt�JÂVÅ§b (Metalloids) 4�J'c*

�u~ñ��ÓxÁÜ sXBÔSiÔAsÔGe ÃWD�pZ�JÂVÅ§b3,x�D�t¬xîg6,4ñÝ�D��
z,¤/z\Ãgh�(ÁÜ�J'ÔZ�J'Zzg4�J'�X�zg~].zw~W\ä 18 �u~ñ��) p �J'�X²

Zq-S̈úuÈ~�@�ÏXZkuÈ~Å!*NY+$zZáÁÜ�J'Zzg�ZNY+$zZáZ�J'�ẌS6,)c*(Zk
z){4�J'�X Ge ÔAs ÔSi ÔB Æ!*Ç�Ûd$ñ��

].h+�zg~].zw~ÁÜÆ�zg~pZm: 7.5.5

].h+�zg~].zwÁÜÆ�CÙzVÅZ9ZãúÅãC�6,ú�c*�HìXÁÜÆ8z6ðpZmZyÅZ9Zã

úÐ%1o�X!*<mQyÅÛzãpwÅZ9ZãúÆXëÂµ�D�Ë¤/z\~ñ��ÓxÁÜÅ6ð
S:]7V�**ecZzgZz6,ÐnÅY+$8S:]~Zq-ö0*c*Y**e�X

Å54-£é GEG**àkZzgZµ545é HGEàkÃ�zg~].zwÆnYVg3�Hì? 7

Z¤/ZyÁÜÃZÝ].zw~�Z4HY@*åÂ¦gÙ�].zw¾§b»�@*? 7

¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw
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ZÏ§b].zw~ªËci+~!*NÐ�ZNY+$�z|ÁÜÆ�gxyÁÜÆ�CÙ~Z°Z�~Zq-»Z��
�@*ìX®ZË�Ø²/õ YG�zg~�zÁÜÅ¤/DpwZ9Zãú7V7�CXZÏzzÐË�zg~ñ��ÁÜÅ6ð

0*ðYCìXZkÃKÆ (Gradation) S:]Z�C�Zzg!*NÐ�ZNY+$QyÆ8pZm~ÚF,KM
aëÁÜÅPS:]á�t¤/z\Zzgci+~¾§bps�C�_·�,ÐX

Ë¤/z\Zzgci+~ÁÜÅS:]ZzgQy»gDy: 7.6
ËKÅ¤/ÄÐ%Z�QkKÅ;àgzXc*WxÆ�BYÅ&¢A�Cìc*!*ßZô :(Valence) ¤/Ä 7.6.1

îg6,;àgzXc*WxÆfg=Ë�v�CÙÆ�BYÅ&¢A¤/ÄBCìX
;àgzXÆÚø~ËKÅ¤/ÄÐ%Z�;àgzXÆ�CÙÅ®Z�Æ)z~�Ï²WxÆÚø~Ë
KÅ¤/ÄÐ%Z�WxÆ�CÙzVÆÅ®Z�»�kH�ÏXZk!*]Ãf�d�B�Ë°�Æ¤/z\»�ZkKÅWW

ÐªCÙHY@*ìX 18@*1 ÆZ±gÐ IUPAC ÐZÖgHY@*ìZgz VIII@*I F,+¤/ÄÃe@*ìTÃ6,Zä§jÐ
»Zq-�CÙ Ca ìX 1 Å¤/Ä Na ¯@*ìX®Z NaH ÆZq-�CÙÆ�B6ðîg6,ï� H »Zq-�CÙ Na}

ìX 2 Å¤/Ä Ca ¯@*ìÂ CaO ÆZq-�CÙÆ�Bï� O

¤/z\c*QkÐic*�{~ V ¬xîg6,;àgzXÆÚø~ËKÅ¤/ÄZkÅgzZî¤/z�°��CìXZ¤/K
ìX 8-7=1 ÐZkKÆ¤/z\Æ°�Ã̧&�ä6,qÝ�äzZÑ°��@*ì}³g+Å¤/Ä 8 ñ���ÂQkÅ¤/Ä

J-(,fìZzg 4 ÐÑzq�CìZzg¤/z\�ÆÚø~z{ 1 ¬xîg6,¬ci+Æ¤/z\ÆÁÜÆa¤/Ä
�uÆÁÜ p Zzg s @*#J-nìX)Zk»Z:tÜsZÝ¤/z\ÆÁÜÆaª 1@*2@*3@*4 QkÆ¤/z:Æa

6,�@*ì(X
W`ÀËKÅ¤/ÄQk�CÙÆ¤/Dpw)�&ÐÛzãpw(~ñ��Z9ZyÅ®Z�Ãây1Y@*ìX].h+
sV~¤/D¦gÅ(�~°�»¦g0*c*Y@*ìX

ÁÜÅ¤/Ä¥xÙ? 20¬ 7

Z¤/ë�zg~].zw~!*NÐ�ZNY+$(,³ÂË�zg~¤/Ä¾§bps�Cì? 7

Z¤/¤/z\~Zz6,ÐnÅY+$(,³Â¤/Ä¾§bps�Cì? 7

�CÙ~Û¢: 7.6.2

ËKÆ�CÙ~Û¢Ð%Z�%�/{Æ%�/Ð�&ÐÛzãpwÆ�gxy»Ã,ìX
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ZkÃ,»Û�CÙ~�#Ö¦gÅY$Ëì�³g+�CÙ»Ñq-¤/DÛ¢B@*ìX
Z»ÇV~ÅYCìX  (Pico meter) 'pm' �CÙ~Û¢Åeö

1pm = 10-12m

Ë¤/z\~�CÙ~Û¢Åp~:
�zg~].zwÆË¤/z\)»Ý(~�CÙ~Û¢Å©Zz6,ÐnÅY+$(,f���Ë¤/z\~ë
nÅY+$YNÐÂKÆ�CÙ~°�~Z���ÇX®Zic*�{Z9ZâVÃgppÆaic*�{pwÅ¢zg]�CìXí
Ë¤/z\~Zz6,ÐnÅY+$YNÂpßVÅ®Z�(,|YñÏX

�CÙÆ%�/}ZzgÛzyF,+pwÆ�gxyÃ,(,ñÇZk§b�zg~].zwÆ¤/z\~Zz6,ÐnWä6,
�CÙ~°�Æ�B�B�CÙ~�#Ö~ÌZ���ÇX

Ëci+~�CÙ~Û¢Åp~:
Ëci+~!*NÐ�ZNY+$ÁÜ»�CÙ~Û¢QQì��ë�ZNY+$(,³ÐÂZ9ZyQk�

�uÅßg]~ZzgZ0+gzãpw~�Z4�D�X®Z%�/{ZzgÛzãpwÆ�gxyÆÃA~Ãð f Zzg d ZÝpwc*
p~7�**e�pci+~�CÙ~°�ÆZ��Ð%�/Zðeg`~Z���ÇTÅzzÐÛzyF,+pwÆZ9ZâV
6,%�/Zðæ~Z���Çí�CÙÅ�#Ö~¶zZµ�ÏX

ËKÆ�CÙ~Û¢Åe{qª(~eö7ÅY$ËìXtZkae7�@*YV�ë%�/{Æ
Z§Zs=Í}�ñZ9ZyÆûz̧qÅ¶K0+�7�MhpëË̂k~Zq-�zu}Æ�Ûd$ñ���CÙzVÆ%�/zV
Æ�gxyÃAÅeö�Mh�XZkÆ�CÙ�CÙÆaÛÃ,³�D�ñëË�CÙÅ�#ÖÅeö�Mh

�Ðic*�{ÁÜ�J'�Zzg�JÂV 75 �Xt§îkqª(~0*ñYäzZà�JÂV�ÁÜÆaÆ�@*ìX
BD�X (metallic radii) Æ�CÙ~Û¢�JCÛ¢

Ë�CÙÅ�#ÖÅeö»�zuZ§i¤/D�Ó]~ñ���CÙzVÆ�gxyÃAÅeö�**ìX
�ã~ñ��³g+Æ�z�CÙzVÆ�gxy0*ñYäzZáÑq-¤/DÈÆîwÅeö�D�ñ³g+Å�CÙ~ Cl2

�#Ö¥xÅY$ËìX

6- ].zw
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HËKÆ�CÙZzggzZVÅ�#Ö7V�Cì? l

WØqgzfsqª(6,̈g�,Ð
~¾Å�#Öic*��ÏZzgYV? Na+

Zzg Na gzZV¯@*ìX (Na+) »�CÙZq-Z9ZyÃÅ� (Na) �ÛnÙ�
Z9Zy0*ñYD�ZzgZnÛzyF,+pwÅ 11 6,zN*yZzg 11 Æ�CÙ~ (Na) ìX®ZÎe* 11 »�CÙ~°� (Na) Îe*

3sÆNa+
Z9Zy�ñ��gT�X 10 6,zN*y0*ñYD�pÜs 11 gzZV~ Na+ ìXZ#� 3s1

Z9Zãú
~6,zN*âVÅ®Z�/Ú Na+ �CìX 2s22p6 pw~ÃðZ9Zyñ��7ìXZkaZkÅÛzãpwÅZ9Zãú

gzZV Na+
Z9ZâVÆic*�{ì®ZÎe*gzZV»%�/{Ûzypw~ñ��Z9ZyÃic*�{%�/Zð¸]Ðæ�}ÇXí

(cation) �CÙÐÁ�CìXZk§bÐËKÆµgzZV Na gzZVÅ�#Ö Na+ �#Ö~���Á�Y@*ìX®Z
Å�#ÖZkÆ®~�CÙÅ�#ÖÐÁ�CìX

Na (157pm) Na+ (98pm);
K (203pm) K+(133pm);

Mg (136pm) Mg+2(65pm);

®~�CÙzVÆaÑq-¤/DÛ¢�c*�HìX Al (125pm) Al+3(50pm)

�zu~Vw6,̈gÙX
ª³gZàgzZV¯@*ìX anion »  (Cl-) »�CÙZq-Z9ZyÃqÝ�Æ³g+ (Cl) �ÛnÙ�³g+

~¾Å�#Öic*�{�ÏÔYV? Cl- Zzg Cl l

1s2 2s2 2p6 
gzZVÅZ9Zãú (Cl-) Zzg³g+ 1s2 2s2 2p6 3s2 3p5 Æ�CÙÅZ9Zãú (Cl) ³g+

Z9ZyZzg³gZà 17 �Cìp³g+Æ�CÙ~ 17 �CìX³g+Zzg³gZàgzZVCÙZq-~6,zN*âVÅ®Z� 3s2 3p6

~%�/ZðæÁ�Cì/Ú³g+�CÙÆXZka³g+ (Cl-) Z9Zy0*ñYD�X®Z³g+gzZV 18 gzZV~
Å�#Ö/ÚZk (Anion) ÆÁ�CìXZk§bËKÆtgzZV (Cl) �CÙÅ�#Ö/Ú³gZàgzZV (Cl)

Cl (99pm) Cl – (181pm); Æ®~�CÙÆic*�{�CìX
F (64pm), F– (133pm);

O (73pm), O2- (140pm);

N (75pm), N3- (171pm);

¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw
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«gzZãÂZ**ð(  = IE1)

�zu~gzZãÂZ**ð( = IE2)

ËKÅ�zu~gzZãÂZ**ðQkÅ«gzZãÂZ**ðÐic*�{�CìYV? 7

ËKÅgzZãÂZ**ð�g`fsúZï6,«�CìX
:(Nuclear Charge) %�/Zðeg` -1

%�/Zðeg`ic*�{�ä6,gzZãÂZ**ðÌic*�{�CìX
Æ�gxy³g+Æ�CÙÅgzZãÂZ**ðic*�{�CìX 17Cl Zzg 11Na

:(Screening effect or sheilding effect) s!ZW, -2

%�/{Zzg¤/DpwÆ�gxyËpw~6Z9Zy�Z4�YD�VÂts[Å§b¿�D�Zzg%�/ZðæÃ
Æ55Cs Zzg 3Li ¤/DZ9Z÷6,Á�D�Xts!ZW,B@*ìXs!ZW,ÆZ�±ÐgzZãÂZ**ð~¶zZµ�CìX

~¹ic*�{Z0+gzãpw0*ñYD�ZkaZkÅgzZãÂZ**ðÁ�CìX 55Cs �gxy
:(Penetration power of the orbitals) Wg

&45
ÿ
EG
HÅk\oÅ¤�Ü -3

ZÝpwÐ0Wg&45Òø EGHÅ%�/{ÅY+$�VÅ¤�ÜZ�CìXVwÆîg6,�VÅ&¢A
Å BÔ1s2 2s2 2p1

Ô5B Zzg 1s22s2
Ô4Be Z9ZyÃïÜW�y�@*ìX 4f Å/Ú 4s �~�CìX®Z 4s>4p>4d>4f>

Ð».Þ6,Á�CìX 2s Å�VÅ&¢A 2p gzZãÂZ**ðÁ�CìYV�
:(Stable Electronic Configuration) ªx5+k,Z9Zãú -4

ªx5+k,Û6,Z9Zã 7N ÆW�y�ÇYV� (1s2  2s2  2p3) 7N ÐZ9ZyÃïÜ/Ú (1s2  2s2  2p4)8O

úg�rìX

�g`fs~�~��h-V~¾Å�#Ö(,~�Cì? 7

(a)Na, Al      (b) Na, Mg+2      (c) S2-, Cl-      (d)Fe2+, Fe3+      (e) C4-,F-

Ionization potential :c*gzZã¸{ Ionization energy gzZãÂZ**ð 7.6.3
ËÌ}®~�CÙÆÛzyF,+pwÐZq-Z9ZyÃï%Æa�g»gÂZ**ðÔgzZãÂZ**ðBCìXËÌ

}®~�CÙÆÛzyF,+pwÐ¬Z9ZyÃï%Æa�g»gÂZ**ðÔ«gzZãÂZ**ðBCìXËÌKÆZ»ð
BC  (2nd Ionization Energy) µgzZVÐZq-Z9ZyÃï%Æa�g»gÂZ**ðQkKÅ�zu~gzZãÂZ**ð

ìX

¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw
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ZgzZã¸{Å�g, 7- ].zw

~�~�� KJ/mol qgzfs].zw~gzZã¸{Å�g, 6- ].zw

:(Atomic radius) �CÙ~Û¢ -5

ÅgzZãÂZ**ð 'Na' Ðic*�{�CìZzg 'I' ÅgzZãÂZ**ð F �CÙ~Û¢ic*�{�ÂgzZãÂZ**ðÁ�CìXZka
Ðic*�{�CìX 'Cs'

Z¤/ë¤/z\~nÅY+$(,_YNÂgzZãÂZ**ðÁ�CìZzgci+~!*NÐ�ZN¬xîg6,Z���@*ìX
~ªCÙ�D�X KJ mol-1

gzZãÂZ**ðÃ³�w°ñw
gzZãÂZ**ðÃgzZã¸{Ì¹Y@*ìpZ#ëZ�bgzZã¸{ZEw�D�ÂZkÅZ»ðZ9Zyzz«(°�CÙ

r4�@*ìX ev atom-1c*
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Å�g,µ�C�XW\ enthalpy ¨c*:i�F�JÂVZzgâ.ÞuVÅC[��{Z9ZyqÝ�äÅ 7

ZkÅz�s#¾§b�Mh�X
zZá�D�YV? enthalpy ÐÁ 'Cl' /Úz��Ûd$Æ�}�zgÆÁÜ 'F' �zu}�zgÆÁÜ} 7

�g,nYNÏZzgci+~ enthalpy Z¤/ëË¤/z\~nÅY+$(,_YNÂZ9ZyqÝ�äÅ
�g,¹Á�C�Zzg̈c*:i�F�JÂVÅt enthaply !*NÐ�ZNY+$(,fìX�JÂVÅZ9ZyqÝ�äÅ

�g,µ�C�X].zw~ªCÙÅ�ÂZ**ðÅ�gzVÆat¶KyÂZ**ðÆZy%Z`c*vyÃªCÙ�@*ìXZzgµ¶Ky
ÂZ**ðÆ�wc*Z+Cå EEEZ[ÃªCÙ�@*ìXz{ÓxúZï�gzZãÂZ**ð6,ZW,Z0+Zi�D�z�úZïZ9ZyqÝ�äÅ

6,ÌZW,Z0+Zi�D�X enthalpy

Electron affinity-Electron gain enthalpy Z9ZãgÉDZ9ZyqÝ�äÅZUk 7.6.4

PÁÜÆ�CÙgzZãÈ¯äÆ�zgZyZ9Z÷qÝ�D�XZq-�CÙZ9ZyÃqÝ�äÆ�.ÞÜsQk

z�Ü�@*ìZ#�CÙÆ!*CÙñ��Z9ZyÃ%�/{ZKY+$æ�}XZkæÐÂZ**ðWiZ��CìX
Ë}®~�CÙ~Zq-Z9Zy�Z4�ä6,WiZ��äzZàÂZ**ðQkKÅZ9ZãgÉBCìXËKÅ

¹Y@*ìX enthalpy Z9ZãgÉÃQkKÅZ9ZyqÝ�äÅ
=K»�CÙ( M «Z9ZãgÉÔ�V  = E1)

=K»�CÙ( M �zu~Z9ZãgÉÔ�V  = E2)

(2nd ËKÆZ»ðtgzZV~Zq-Z9ZyÃ�Z4�ä6,{g`�äzZàÂZ**ðQkKÅ�zu~Z9ZãgÉ
BCìXZ#Z»ðtgzZV~Zq-Z9ZyÃ�Z4HY@*ìÂnz{KÂZ**ðÆZy%Z`» electron affinity)

ZÖg7�@*Zk»Èt7��ztZzg�tgzZV7�W�XtgzZV¢zg�W�p�zu}Z9ZyÅËq6,ÂZ**ð
�zu}Z0+Zi~ªÈÆ�W~{g`�CìX

8- ].zw
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2.20 ÈÅÂZ**ðÅãC�6,0*#äÁÜÅ',¹!3©3ï EEGGÅ©º!Å�XZkätây1�;àgzXÅ',¹!3©3ï EEGG
�CìZzg;àgzXÆÚø~Zkä�vÁÜÅ�gzVÃC[HX�g`fsVw~',¹!3©3ï EEGGÅ�V»x@{ÙX

9 - ].zw
K);àgzXÆÚø~',¹!3©3ï EEGG( ci+

F(4.0), Cl(3.0), Br(2.8), I(2.5) ;ß½( )VIIA

Li(1.0), Be(1.4), B(2.0), C(2.5), N(3.0), O(3.5), F(4.0), Ne(-) ci+ 2

Z#ëË¤/z\~nÅY+$(,_YNÂ',¹!3©3ï EEGGÅ�g,nYNÏZzg!*NÐ�ZNY+$Ëci+
ìX 'Cs' Zzg�&ÐÁ',¹!3©3ï EEGGzZÑªx5+k,K 'F' ~t(,f�X�zg~].zw~�&Ðic*�{',¹!3©3ï EEGGzZÑK

:(Metallic and Non-Metallic Properties)  �JCZzgZ�JCS:] 7.6.6

�J'¬xîg6,Á',¹!3©3ï EEGGS¤Åqï�C�X%·]~t�J'¬xîg6,Zk§b»gDyªCÙ�C�
c*QµgzZVÅßg]~g{YC�X

Zk§bÅS¤Ã',¹µ��ZgzZáÁÜë�X�J'',¹µ��ZgÆqï�C�X

:(Electronegativity) ',¹!3©3ï EEGG 7.6.5

ÁÜÆe{�CÙzVÅS:]�XZ#ÁÜÆ�CÙW:~ enthalpy gzZãÂZ**ðZzgZ9ZyqÝ�äÅ
X�ÂZ9ZyÃæ�äÅ&¢A»».Þ�äÆa»©eäÅ¢zg]�CìXZkÑÆa',¹!3©3ï EEGG»
¦g�gsH�HìX

',¹!3©3ï EEGGÐ%Z�Ë�?ÆÈÙ�CÙzV»z{gDy�Z9ZyÆZ·ZÅ�h}ÅÑÄÃZKY+$æ�@*
ìX',¹!3©3ï EEGGB@*ìX

z{ÓxúZï�ÁÜÅgzZãÂZ**ðZzgZ9ZãgÉ6,ZW,Z0+Zi�D�z{QyÁÜÅ',¹!3©3ï EEGGÅ�gzV6,ÌZW,Z0+Zi
ä?m,H�ËKÅ',¹!3©3ï EEGGQkÅgzZãÂZ**ðZzgZ9ZãgÉÅ�gzV»Zz� (Mulliken) �D�XZka$Ò5½èGE

�CìX
= ',¹!3©3ï EEGG

gzZãÂZ**ð+Z9ZãgÉ
2

¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw 151

SCERT, T
ELA

NGANA



S:]Åx¹ÅãC�6,ÁÜÅ�gzÈ~Å�ìX l

eZ',²äÁÜÅ�c*VeÅãC�6,¯NZzgECä4k0î XIG»ç7HX l

�;»�zg~ç:ÁÜÆ8Zzg6ðpZmQyÆZziZy�CÙÆ�zg~÷�D�X l

ñg»�zg~ç:ÁÜÆ8Zzg6ðpZmQyÆ�CÙ~Z°Z�Æ�zg~÷�D�X l

].h+�zg~ç:ÁÜÆ8Zzg6ðpZmZ9ZãúÆ�zg~÷�D�X l

(,_�ñZziZy�CÙÆÒpÐÁÜÅF,KM~0*ðYäzZà"�°ÏÃÁÜÃQyÆ(,_�ñ�CÙ~Z°Z� l

ÆÒpÐF,KM�}��zgH�HX�CÙ~°��ËKÅãC�~S¤ìZzgZkÃñgä�gc*ÄHX
ci+k~F,KM�c*�HX 7 ¤/z:Zzg 18 ].h+�zg~].zw~ÁÜÃ l

Æ�Z¾ÆÒpÐÁÜ (differentiating electron ËKÆ�CÙÆf~pw~6Z9Zyc*Wy%~Z9Zy) l

�u~�H�HX s,p,d,fÃ

eÔ4k0î XIGÔ�zg~çÔ�zg~].zwÔ�zgÔci+Ô¤/z\Ô

Å54-£é GEG**àkÔWµ545é HGEàkÔ
K~{0+ZyÔ4�J'Ô�zge$Ô�CÙ~Û¢ÔgzZãÂZ**ðÔ

Z9ZãgÉÔ',¹!3©3ï EEGGÔ',¹$4543ï IEGGG

Z�J'QyÆÁ�CÙ~Û¢zVÅzzÐic*�{',¹!3©3ï EEGGÆqï�D�X
W�ë�}�zgÆÁÜ»x@{�,X

Na, Mg, Al, Si, P, S, Cl  �Zci+:
Z�J'�XZk Cl Zzg P, S �Zzg (Metalloids) 4�J' Si Zzg Al �J'�Ô Mg Zzg Na ëY���

a�zg~].zwÅ!*NY+$�J'Zzg�ZNY+$Z�J'0*ðYC�XZk»ÈZ¤/ë].zw~!*NÐ�ZNY+$
ÁÜ6,̈g�D� (IVA)14 (,_YD�Â�JCS¤nìZzgZ�JCS¤(,fìXWØë¤/z\

C      Si      Ge      Sn      Pb  ¤/z\: IVA

�J'�X Pb,  Sn Zzg (metalloids) 4�J'  Ge Zzg Si �VëY���»g0Zq-Z�J]ìX
Zk§b].zw~Z�J'!*<m�ZNZz6,~Y+$Zzg�J'!*N¬Y+$0*ðYC�XZk»ÈË¤/z\

~Z¤/ëZz6,ÐnÅY+$(,_YNÂ�JCS¤(,fìZzgZ�JCS¤nìX

¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw
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�uÆÓxÁÜ)Å54-£é GEG**àkZzgWµ545é HGEàk(Î�g~ÁÜ f ¤/z\(�g~ÁÜZzg Zn �uÆÓxÁÜ)ÎZñ d l

BD�X
ÁÜÅ�zg~S:]ZzgQyÆgDyÃ¤/z\Zzgci+~ªCÙH�Hì l

gDy �zg{¤
ci+ ¤/z\

!*NÐ�ZNY+$
J-nì 0 (,fìZzg 4@*1

Zz6,ÐnÅY+$Óx
ÁÜÆa7V

¤/Ä

nì (,fì �CÙ~Û¢
(,fì xì gzZãÂZ**ð
(,fì nì Z9ZãgÉ
(,fì nì ',¹!3©3ï EEGG
nì (,fì ',¹!543ï IEGG
nì (,fì �JCS¤
(,fì nì Z�JCS¤

¦gZ]6,g�¿ .I
�;óZ9ZãúÃYä%Ì].h+�zg~].zwÅ§bZC].zw»g�Mh¸XW\t¾§bzZã�,Ð? -1

(AS1) �;Æ�zg~].zwÆÕ÷H�?�;ÆÕ÷Å].h+�zg~].zw~¾§b�°Å�? -2

(AS1) ].h+�zg~çÃÒyÙX].h+�zg~].zwÅF,KMÃÒyÙ? -3

(AS1) �u~�H�HÒyÙZzgZk§iÅ�gzÈ~ǢZZ+H�?  s, p, d, f �zg~].zw~ÁÜÃ¾§b -4

(AS1) zZáKÅS:]s? 17 �CÙ~°� -5

_____________ ci+� _____________ Z9Zãú
_____________ K»{0+Zy _____________ ¤/z\�
_____________ ¤/Ä _____________ ¤/DZ9ZâVÅ®Z�

_____________ �J]ZzgZ�J]
¥ÅF,¹ÆaÓ#Ö»jÁÜÅ�gzÈ~�zg~].zw
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(AS1) �zg~].zwÃZEw�D�ñ�g`fs].zwÃ%æFNÙ? -7

(AS1) �zg~].zwÃZEw�D�ñ].zwÃåÙ? -6

�zg~ñ��ÀZ9ZâVÅ
®Z�

Óxf~pßV~ZWF,+
Z9ZâVÅ®Z�

6,�äzZáf~pw �zg~°�
(Period Number)

1
2
3

18 18 4s, 3d, 4p 4
5
6

**å 32 7s, 5f, 6d, 7p 7

�zg~°�
(Period

Number)

ÀÁÜÅ®Z�
(Total No. of

elements)

ÁÜÀÁÜÅ®Z�
ªKWy%~K�u s�u p�u d�u f

¦gZ]»Z:t .II

(AS1) Åì? A,B,C,D �g`fs~�~�Z9ZãúÁÜ -1
ÃµÁÜZq-�ci+~0*ñYD� -1 1s22s2 -A
ÃµÁÜ -2 1s2  2s2 2p6 3s2 -B
Ãµâ.Þ�ÁÜ�? -3 1s2 2s2 sp6 3s2 3p3 -C

Ãµ¤/z\c*ci+Ðmg�rì 'C'K-4 1s2 2s2 2p6 -D

z,¤/z\Æ(QyÅ�g]~zZ�ÛlZg~�ø7!�%ûúÒ{ÁÜBD 18 �uÆÁÜ)ÎZñ p �uZzg s -2
(AS1) �XHt9ìÔYV?

ÁÜÅZ9Zãúfs~�~�ì? X, Y, Z -3
Z = 2, 8, 2 (c) Y = 2, 6 (b) X = 2 (a)

z,¤/z\Ðmg�rì 18 Ã̈KK (iii Ã̈KK�zu}¤/z\Ðmg�rìX (ii Ã̈KK�zu}ci+Ðmg�rìX (i
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(AS1) qgzfs].zw~CÙZ9Zy»¤/ÄZ9ZyÅ®Z�Ô¤/z\�Ôci+�sX (a) -4

(AS1) »¶KyÎØX  (P �g`fsÅ�h-V~¾Å�CÙ~�#Ö(,~�ðìXÙ|#ÙZzgQÐ) -5

B c*Al (iv) N c* P (iii) Li c* Cs (ii) Mg c* Ca (i

(AS1) (»¶KyÎØX P �g`fsÅ�h-V~¾ÅgzZãÂZ**ðÁ�CìXÙ|#ÙZzgZÐ) -6

K Ô Br (iv) Br Ô F (iii) Li Ô O (ii) MgÔ Na (i)

(AS1) �JCS¤¾§bps�CìZ#ëw�'�D� -7

ci+~!*NÐ�ZN (ii) ¤/z\~nÅY+$ (i)

(AS2) zZáÁÜÃµ�uÐmgnp�Ô7ªÏÙ? 64 Zzg 46 Ô37 Ô9 �CÙ~Z°Z�ÅãC�6,�CÙ~°� -8

Æ�gxy�WzZá%�'»��ªk Y ÆK 16 Zzg¤/z\ X ÆK 13 �zg~].zwÃZEw�D�ñ¤/z\ -9

(AS2)Ù?
(AS2) ìX�zg~].zw~Zk»£x¹V�ÇZzgYV? 19 Zq-K»�CÙ~°� 10

Z¤/qgzfsÁÜ»mZq-�¤/z\Ð�Â (b)

ZzgZq-�¤/z\ (P) ÔZq-�ci+Ð�Â (G)

(AS1) s? (N) c*Zq-�ci+Ð:�Â

K¤/DZ9Zy¤/z\��zg~°�
�×Ë�

�Ò�nrà
Ún,ßn�nÜ
a^ñn;�æqà

Ê×ç�mà
]ÖÛçÞnÜ

ÁÜ¤/z\&ci+&:�¤/z\:�»Ý
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¨g�6,FFZd�gZÆÎZÑ] .III

�zg~].zw~ñ��ÁÜ»£xQyÅ6ðS:]Ãªk�äÆaW\Åæ��@*ìXZq-VwÆfg= -1

(AS7) �Ø?
KÅ�ZNY+$ìÂCØt{¤¾K~�ÏX Y ÔX ~K 2 ci+ -2

ic*�{gzZãÂZ**ð (iii) Á�CÙ~�#Ö (ii)  Á%�/Zðeg` (i)

(AS1) ic*�{�JCS¤ (v) ic*�{',¹!3©3ï EEGG (iv)

( ) ~0*ñYäzZáÁÜÅ®Z� 2 îs�zg~].zwÆci+X -1

32 (d) 18 (c) 8 (b) 2 (a)

( ) K̈ìX »KìX�g`fs~Zk¤/z\~Z�K»�CÙ~°�Ã VA �zg~].zwÆ¤/z\ (Z=7) **>zX -2

17 (d) 15(c) 14 (b) 9 (a)

( ) ìX�g`fs»K6ðîg6,ZkÐx/�@*ìX 2Ô8Ô7 Zq-�CÙÅZ9Zãú -3

(Z=18) (d) (Z=15) (Ã`gk c) (Z=9) jg+ (b) (Z=7) **>zX (a)

( ) �g`fs~�&Ðic*�{¬ï�J]Ã́ì -4

gzs* (d) 7N*ô (c) Îe* (b)
É4-�-

ê
G
G

G   (a)

Æ²ßVÐ¬ï�@*ìXZyÒ**]Ã�/Æ NaOH Zzg HCl #{Å�6,Z>40*ãÐ¬ï7�@*ìpc* -1

Zq-Al fg=Y»?W\Æx@Z]e6ð)zZ]sXZyx@Z]Æfg=Hët³Z~.�Mh��
ì? metalloid

¤/z\ÁÜÅ¬$Ò3ïGG6,¥â]Z�ÙZzgZ#Qy»ñZiZ:�zg~].zw VIIIA ZÚ,Mc*W\ÅZjwÑ$k,~Ð -1

(AS4) Æ�vÁÜÆ�BHY@*ìÂZy~0*ðYäzZàS:]6,Zq-g7g^»gÙ?
¤/z\ÁÜÅ�JCS¤Ð0¥â]Z�ÙZzgZz6,ÐnÅY+$�JCS:](,f�Ã@*G IA -2

�äzZàZq-g7g^»gÙ?
¥ÅF,¹ÆaÓ#Ö»j ÁÜÅ�gzÈ~�zg~].zw

MZN!�Z!*]

Xi{�!*]

Xi{6,Z7½ïEH
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e^h

8
6ðÈl

Chemical Bonding

M\¦/¸!*[~ÁÜÅ�gzÈ~Æ].zwZzgÁÜÅZ9ZãúÆ!*g}~7,|`�ZzgtÌYy`��
ÁÜñ���X 118 ½âê
tÀ�¾§bñ���D�? l

HtÁÜMiZ�Z:�CÙ6,c*�CÙzVÆ¤/z\Å̂~ñ���D�? l

)®)2~ëä�¬�MxÔ**>zXZzg;àgzXÔ�z�CÙ~�ãÅ̂~ñ���D�Xz{Ã́¸]ì�
�Ó]~�CÙzVÃM:~«�gBbì?

HÃðZ(Kì��CÙÅ̂~ñ���@*ìX l

YVPÁÜ�Ó]Å̂~ZzgP�CÙÅ̂~z��gnp�? l

M\ë)oV~6ðZ��ÆZ¸Z2Æ!*g}~7,|`�X6ð%·]»ú0***�gZÝZÁÜ
»Z§hVÐ�CÙzV»M:~Z��»³�@*ìXZkÐFÎZÑ]aZ�D�X

YVPÁÜZzg%·]Æ¬5]!F,+�D�Z#�PÁÜ)¬ï)å[(�D�? l

YV71Y@* NaCl2 Zzg HO2 1Y@*ìX NaCl ZzgÎe*³gZàÆa�� H2O YV0*ãÆa�� l

YVPÁÜM:~X�Z#���zu}ÁÜM:~7X? l

MØëZk!*[~qgz!*ÑÎZÑ]Æ�Z!*]�l�,ÐX
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HÁÜZzg%·]Z�CÙzVÅZÐZ�~��{F,+F,KMÅzzÐ¶�ñ�D�X l

H�CÙzVÆ�gxyæ0*ðYCì? l

ÅVwfe�X NaCl MØZ[ë��{#ª
��{#ÃZ2Zä~á�hä6,HZkÆZb%Z³g+ZzgÎe*´u{�YD�?7!ZkÐt³À_ì�
Îe*Zzg³g+Æ�CÙM:~«}�ñ�X

z{Hì�ZyÃ«�gBbì? l

z,�~ÆZzZy%Zzg�,�~ÆZ�Zð�zg~�b�ZV&nÅ¸ÂVÆ0Y�¸X�f!̧]Ô 19

ïF¸]Zzg',¹jã¸]

Davy's experiment e-~»�/
gZbZXk^ßy (1778-1819) 6.«ç XE~e-~

�JC 250 ~Z,Vä 1807 ~d~Æ6,zW¸X
ÀVÅæ�ÐZq-',¹ÒR,~»gÅXZkÅæ�Ð',{{
ëVÅ',t0*æÏÆfg)¹ic*�{¬ï�J]�
7N*ôZzgÎe*Å$ÅX

t�¬�Hì�%�'»�JCzt',}ÅY+$v�@*
ìZ#�Z�JCzµ',}ÅY+$v�@*ìXZkÐt
³Z~.�@*ì��J'µ',¹!*ggnp�ZzgZ�J't',¹!*g
gnp�XZk§bt%�'~M:~',¹jã¸]Å¯6,
a%}gT�X

ÈÃzZã�C KCl Zzg NaCl Zkz�s#ÐHM\5�?YVc*YV7?tz�s#
t»g0Æ%·]c*�z�CÙ~ÁÜÆ%·]ÆÈÅz�s#7�$ËìX ìX

A Votaic pile

Experimental setup in Davy

6ðÈl¥ÅF,¹ÆaÓ#Ö»j
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z{tÌYy`¸�Z9ZyZzg6,zN*yz��gnp�XZy»¢å�Ë�ãÆ�CÙzVÅM3æÅzz�gZÝ',¹jã
¸'¶XZ#�z�CÙZq-�zu}Ð¹�Ûd$MD�CÙZq-�CÙÆZ9Zy�zu}�CÙÆ%�/}ÅæÃCk�D
�XpZ9Zyt',¹!*gzZáfgZ]�D��Zq-�zu}Ã�«�D�ZzgZk§bµ',¹!*gzZá%�/}ÌZq-
�zu}Ã�«�D�XæZzg�«Å¤�Ü�gZÝÈÅú»ç�CìXZ¤/̧]æÔ̧]�«Ðic*�{�A$�CÙM:
~X�ZzgZ¤/̧]�«Ô̧]æÐic*�{�Â�CÙM:~7XXZ#�CÙM:~Zq-�zu}Æ�Ûd$�D�
A$ZyÆZ0+gzãpw~ñ��Z9ZyZzg%�/})OW,�D�XpÛzyF,+pw)¤/Dpw(~ñ��Z9ZyOW,

Zk§b�CÙÆ�gxyÈÆú0*ä~¤/DpwÆZ9Zyf)�Zg�D�X �D�X
��$~M\',zVwZg~Zzg�gzVwZg~¬5]Æ!*g}~7,|`�XZzgM\ÁÜÅ�gzÈ~Æ].zw
~ÁÜÅ¬$Ò3ïGGÆ!*g}~7,|`�X

PÁÜic*�{¬$Ò3ïGGgnp�ZzgPÁ¬$Ò3ïGGgnp�X
P6ð¬5]~ÂZ**ð»Z+Cå EEEZ[�@*ìZzgP6ð¬5]~ÂZ**ð»Zy%Z¿̀~M@*ìXYV? l

_.[�äzZàÂZ**ð¹VYCì? l

�CÙzVÆ�gxyú0*äzZáÈZzgÂZ**ð~HÃðģ0*c*Y@*ì? l

ZÁÜÅ¬$Ò3ïGGZ�äÅHzz�$Ëì? l

CkÆ´â])c*(CkÅ$©�ö
EG

�|#: 8.1
Z9ZãúÅãC�6,�zg~].zw~ÁÜÅ�gzÈ~ZzgF,KMä6ðÈÐ0Zq-5ÎaaZÅX
å[uVÅ�gc*ÄZzgZyÅZ9ZãúÅz�s#ÐÔÁÜÆ�CÙzV~ÈÆ�WZzgZ7K~æ�

(Ðmgnp�X~�zu}ÁÜÆ£«~�.ÞÃZ0+Zi¬$Ò3ïGG VIIIA zZV¤/z\c* 18 BXå[��#¤/z\)

0*ðYCìZy~P6ð¬ï~zfe�XPÃð6ð¬ï~z7feXtªx5+k,�D�XZkat**
ÂZL�CÙzVÐM:~ï��?¯D�Zzg:�Ë�zu}ÁÜÆ�CÙzVÐï��?¯D�X

ZkÅHzz�$Ëì? l

MØY,̂{BX
Ô!*[~�Ø�ÁÜÆ].zw6,ÃeZBZzgn�Ø�].zwÃ6,�,X

]ÖÓ9�]Þoi�ÓnØ

Âß�� qça�pÂ�� +�Êjo]ÖÓ9�]á

¥ÅF,¹ÆaÓ#Ö»j6ðÈl
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~�3ð�ìX 1 Zpw~Z9ZyÅF,KM)Z9Zãú(].zwX z,¤/z\ÆÁÜÆ�CÙzVÅ 18

Zq-KÆ�CÙ~0*ñYäzZá¤/DZ9ZâVÃ¿UCkÅ´#Öc*Z9ZyÆ$©�ö
EG

^ÐªCÙHYYìX
�CÙ~0*ñYäzZá%�/}ZzgZkÆZ0+gzãpw~0*ñYäzZáZ9ZâVÃÁÜÅ´#ÖÐªCÙ�D�Z#
�ÛzãpwÆZ9ZâVÃ̀c*7Ó4/õ FGFÆ¶KyÐªCÙ�D�X

MØ�Bt¾§bªCÙ�D�?
MgÇyZzgÎe*Æ�CÙzVÆaCkÆ$©�ö

EG

ZDwfs~�Ø��X
Ar ¾MgÇyÐÑzq�,XZkÆMJ¤/DZ9Zy�D�XMgÇyÅ´#ÖÃëZk§b��:

Zk´#ÖÆZ§Zs¤/DZ9ZyÃF,KM�,ÐX´#ÖÆegzV§s/q-z�Ü�zxVÃ�g`�D�ñ´#ÖÃMJ
Z9ZâVÐå�,XZk§bëÃtqÝ�@*ì

Æ¶Ky X ì(ZzgZk~Zq-�¤/DZ9Zy0*c*Y@*ìXëZ9ZyÃ Na ZÏ§bÎe*Æa)Îe*Å´#Ö
ÐÌªCÙ�Mh�X

Îe*ÆaCkÅ´#ÖÃZEw�D�ñZk§bªCÙ�Mh�X

å[�ÆaCkÆ$©�ö
EG

Ã̂fs~ªCÙH�HìX

].zw~�Ø�ÁÜÃCkÅ´#ÖÐªCÙÙXÁÜÆ].zw6,ÃeZaZzgZyÆÁÜÆ¤/z\�ÃsX

�zu}Zzg�}»ÝÃ�¶XtzZã�YñÇ�Óxå[�ZLÛzyF,+pw~MJZ9Zygnp�ÎZñ
ÆX (He)

45Í-
ê

X
GG
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�zg~].zw6,̈gÙXHM\¤/z\�Zzg¤/DZ9ZyÆ�gxyÃðģ0*D�?
¤/z\ÆaëÃ¤/DZ9Zy 13-18 Zzg 1-2 ë�zg~].zwÃ¤/DZ9ZyÅ®Z�¥x�äÆaZEw�D�X

&¤/D 13 �z¤/DZ9Zyg�rìZzg¤/z\X 2 ÜsZq-¤/DZ9Zyg�rìX¤/z\X 1 Zk§bqÝ�D�X¤/z\X

X ¤/DZ9Zyg�rì 4 z,¤/z\ 14 Z9Zyg�rìZzg
(c*�)<(XÃZ9ZyÆZÖgÆaZEwHY@*ìZkZ9ZyÃ�#Öc*�|#Ãðm7 . â^:)̀

~eñ�ÁÜÆ�CÙzVÅZ9ZãúZzgå[uVÆCk$©�ö
EG

ZÖg~W\äHx@{H? 2 ].zwD l

c*4k0î XIG�YCìXz{å[�Æ ns2, np6 ÁÜ�6ð¬ï~zfe�ZyÆÛzãpwÅZ9Zãú
�z�YC�Xt!*]f�¶Ky�³�4k0î XIG»ZßwÜsZßw�ì�ây7XYèFIVBñ���X

CkZzgÃËÆ¤/Ä»Z9ZãÃt 8.2
Electronic theory of valence by Lewis and Kossel

F�0ZâVääpZ9Zy�CÙzVÆ�gxy�WzZá6ðÈÅz�s#ÆaFÃlXpZk¦gÅ
7HXZ,VäZk¦gÃMiZ�Z:îg6,7HXZkÃbÅãC�Z9ZyÅ ~1916 tjz�s#ÃËZzgCkä

o9LÐ¤/Ä6,FFìXå[�Å6ð¬5]~z**heÅS¤ÃãC�¯�!3©�ö E
G

îg6,¤/ÄÅz�s#ÅT
Ð4k0î XIGÆZßwÅgZ{ûZg�ðX

¤/z\(Æ�CÙzVÆi',@*�» VIIIA Zzg#c* VIIAÔVIAÔVAÔIVAÔIIIAÔIIAÔIA Zë¤/z\ÁÜ)
x@{<Z#�ZyÆ�gxy6ðp~zZµ�C�XtZLÛzãpw~4k0î XIGZ9ZãúÃ0*äÅÃÒ�D�X

Z[ëZkÃqgzfsz�0VÆfg)ÐX
J-(�CÙzVÆ¤/DpwÐZq-Z9ZyÃ{g`�äÅÃÒ�D�ñZ»ð CsÐLi ÆÁÜ) IA ¤/z\

µgzZV�W�X

ÁÜ ;àgzX 45Í-
ê

X
GG Û&Í-ê GG 1gZy »g0 **>zX Mx

¤/z\ 1

¤/DZ9Zy 1

CkÅ$©�ö
EG

^ Hl

2 - ].zw
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Zk§bZyÆÛzãpw4k0î XIGZ9ZãúZ(g�fe�X
11Na g 2, 8, 1,         11Na+  g 2, 8 Vw:

J-(�CÙzVÆ6ðp~Æ�zgZy¤/DZ9ZyÃ{g`�äÅÃÒ�D BaÐMg ÆÁÜ) IIA ¤/z\

�ñ�CÙ}µgzZV�W�XZk§bZyÆÛzãpw4k0î XIGZ9ZãúZ(g�fe�X
12Mg g 2, 8, 2         12Mg2+  g 2, 8 Vw:

ÆÁÜZL�CÙzVÆ&¤/DZ9ZyÃ{g`�äÅÃÒ�D�ñé}µgzZV�W�X IIIA ¤/z\

Zk§bZyÆÛzãpw4k0î XIGZ9ZãúZ(g�fe�X
13Al g 2, 8 , 3   ;   13Al3+ g 2, 8 Vw:

ÆÁÜZL�CÙzVÆ6ðp~Æ�zgZy�z¤/DZ9ZyÃqÝ�äÅÃÒ�D�ñ�CÙ} VIA ¤/z\

tgzZV�W�XZk§btZyÆÛzãpw~4k0î XIGZ9ZãúZ(g�fe�X
8O g 2, 6   ;    8O

2- g 2, 8 Vw:
ÆÁÜZL�CÙzVÆ6ðp~Æ�zgZyZq-¤/DZ9ZyÃqÝ�äÅÃÒ�}�ñ VIIA ¤/z\

Z»ðtgzZV�W�XZk§btZyÆÛzãpw~4k0î XIGZ9ZãúZ(g�fe�X
9F  g 2, 7   ;   9F - g 2, 8 Vw:

ÆÁÜå[µ4mø
Y

GBD�Xt:ÂZ9ZyÃ{g`�äÅÃÒ�}�Zzg:qÝ�äÅX VIIIA ¤/z\

¤/z\Æ�zu}ÁÜÌZ9ZyÃ{g`7�D VIIIA ¬xîg6,45Í-ê XGGZzg*y6ð¬ï~ËÌn»z7feÔZzg
Zzg:�Z9ZyÃqÝ�D�Z#�tP6ð¬5]~zfe�X

)*yÆ�CÙ:ÂZ9ZyÃqÝ�DìZzg:{g`�D�(   10Ne g 2,8 Vw:

{g`��{Z9Zy
Y�zð4k0î XIG

qÝ��{Z9Z÷

6,À',¹!*g gzZV

Z�J' å[µ4mø
Y

G �J'

Rn
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qgz!*Ñ}òÐZë¤/z\ÆmÐM\äHx@{H? l

YVÁÜÆ�CÙW:~p�?¯D�? l

�CìÎZñ45Í-ê XGGÆXZkÆ�CÙ~Üs�zZ9Zy 8 Æå[uVÅ¤/DpwÆZ9ZyÅ®Z� VIIIA ¤/z\

Z9Zy�D�XZkat�CÙ¹ic*�{�ì5+k,�D 8 �D�pZk»Ëpwå�@*ìXå[�Æ¤/Dpw~
�Zzg¹Á6ð¬5]~zfe�XZkÐt³Z~.HYYì�Z,�CÙc*gzZVXÆ¤/Dpw~MJZ9Zy
ñ���D�Z,�CÙc*gzZV¹ic*�{�ì5+k,�DìX

¤/z\ÆÁÜ6ð¬5]Æ�zgZyÛzãpw~MJZ9ZyqÝ�D�ñ VIIAÐIA HtZ·tì� l

gzZV¯D�XÅZ9Zãúå[uVÆ�CÙzVÆ�z�Cì?
7tZ·t7�YXÛzãpw~MJZ9Zy»Åñ��Ï�CÙc*gzZVÃªx5+k,¯CìX

Zyx@Z]ÅãC�6,Zq-ZßwLL4k0î XIG»Zßwóó¯c*�HìX
(Octet rule) 4k0î XIG»Zßw 8.3

tZßwÒy�@*ì�LLz{ÁÜÆ�CÙ�6ðp~~zfe��gZÝz{ZL�CÙzVÆMy%~pw~MJ
Z9ZyÃqÝ�ä~æ��ï�Xóó

�9Ð%Z�t¦gHY@*ì��CÙ»%�/{ZzgÓxZ9ZyÎZñ Kerel) Ckä�CÙÃµ',¹!*ggppzZÑ�9
ÛzyF,+pw~ñ��Z9ZyÆ(ZzgÛzãpw)T~ic*�{Ðic*�{MJZ9ZyÅRö�CìX(¹Y@*ìX

6ðîg6,¬ïÁÜÆ�CÙzVÆÛzãpw~MJZ9Zyñ��7�DXZyÅ¬$Ò3ïGG»gDy4k0î XIGÃqÝ
ÅzzáCìc*ÂZL�KÆ�CÙzVÐc*ZÁÜÆ�CÙzVÐX (bond) �**�@*ì�È

�z�CÙzVc*�CÙzVÆ¤/z�V~M3¸]ÆË~z{Zq-�ì5+k,Z»ðk�ì&LL6ðÈóó¹Y@*ìX
6ðÈÆFZlx�D�XZk!*[~ÜsgzZãÈZzg¤/DÈÆ!*g}~n�!!ìw�,ÐX

gzZãZzg¤/DÈ 8.4

Ionic bond gzZãÈ 8.4.1

ÃËägzZãÈ)',¹jãÈ(Ãqgzfs�ëÅãC�6,�gs�zZc*X
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�JC�CÙÆ{g`��{Z9ZyÅ®Z�ZyÁÜÅ¤/Ä�CìZzgtZyÁÜÆ¤/z\»°�Ì�@*ìX
�X�ZyÆ¤/z\»°�ÌìX 2 Zzg 1 Å¤/Ä!*nKM Mg Zzg Na}

Z9ZyÃqÝ�Æt!*g~ps�D� 1 Zzg 2Ô3 �Cì!*nKM 7 Zzg 6Ô5 Z�JÂVÆ�CÙXÅ¤/Ä!*nKM X5

(BD�Xå[uVÅ§bÛzãpw~MJZ9ZyqÝ�D�X anion) tgzZV

Z�JC�CÙÆqÝ��{Z9ZyÅ®Z�ZyÁÜÅ¤/Ä�CìX
Æ)z~�CìX  (8 �)¤/z\»°�D

ìX (8 - 7) = 1 }³g+Å¤/Ä

Formation of ionic bond  gzZãÈÅú
(~ps Anions) (ZzgtgzZV Cations) �JC�CÙÐZ�JC�CÙ~Z9Z÷ÅÃÅzztµgzZV

�YD�XZygzZVÆ�gxy',¹jã¸'¿�C�Zzgz{M:~æÅzzÐ6ðÈ»g�D�

gzZãÈ�zZÁÜÆ�CÙzVÆ�gxyZq-�CÙÐ�zu}�CÙ~Z9ZyÅÃÅzzÐáCìX X1

VIIA ¤/z\)¨~�J'(ZzgZ�J' IA �zg~].zwÆ!*NY+$Zzg�ZNY+$¹ic*�{¬ï5+k,�J' X2

(�D�X Halogens ¤/z\)ìX
å[uVÆ¤/Dpw~Z9ZyÅ®Z�MJ�CìÎZñ45Í-ê XGGÆ�CÙÆXZkatÓx�CÙ6ðîg6,)¬ï X3

Zzgªx5+k,�D�X
¬xîg6,�J'XÆÛzãpw~Zq-Ô�zc*&Z9Zy�D�ÔZyÃ{g`�Æµ!*g~ps�D�X X4

(BD�Xå[uVÅ§bÛzãpw~MJZ9ZyqÝ�D�TÅzztªx5+k, Cations) µgzZV
�YD�X

6ðÈl¥ÅF,¹ÆaÓ#Ö»j
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6�ëY��t6ðÈ�WÅzz�gZÝgzZV�D�XZkaZkÈÃLLgzZãÈóóë�X�Zz�]̧ÂVÃÅp
gnp�ñZyÃ',¹jãÈÌë�6�ëY��ZkÈÆ�WÅzz¤/DZ9Zy�D�XZkaZkÈÃLL¤/D
ÈóóÌë�X
ëgzZãÈÅ°pZk§b�Mh�X
µgzZVztgzZVÃ�h}gppzZà',¹jã¸�æ)��JC�CÙzVÆZ�JC�CÙzV~Z9ZyÆv�ä6,�W
�(ÅzzÐ�',¹®~%·]qÝ�D�Zy%·]Æ�gxyzZµ�äzZÑÈLLgzZãÈóóBD�X

ÆgzZãÈÅúÃB�X AlF3 Zzg Na2OÔMgCl
2
ÔNaCl W�Z[ëgzZã%·]� l

Îe*³gZà��gZÝÎe*Zzg³g+ÆÁÜÆY6,áCìTÃfs Åú: (NaCl) Îe*³gZà 1 Vw:
~�c*�HìX
µgzZVÅú:

0Y@*ìZzgZkÅZ9Zã (Na+) »�CÙZq-Z9ZyÅ�4k0î XIGZ9Zãú¯D�ñµgzZV (Na) Z#Îe*
Æ�CÙÆ)z~�YCìX (Ne) úå[�*y

tgzZVÅú
³g+»�CÙZq-Z9ZyÃqÝ�D�ñZL¤/DpwÆ4k0î XIGÃå�@*ìXZk§btÎe*Æ�CÙ»Åñ

Æ)z~�CìX (Ar) �ñZ9ZyÃqÝ�D�ñtgzZV~ps�@*ìZzgTÅZ9Zãú6[�

Z9Zãú   =  2,  8,  7                 2,  8,  8                                      

ÅZyÆgzZVÆfg)ú NaCl %�'
gzZV�W�Xt#³',¹!*ggppzZágzZV Cl- Zzg Na+ Æ�CÙzVÆ�gxyZ9ZyÅÃÅzzÐ Cl Zzg Na

»%�'¯D�X NaCl ',¹jãæÅzzÐZq-�zu}Ãæ�D�XZk§b

%�'Åú: (MgCl2)
!5½54g

ê
G

Y
E
G
I³gZà :2 VwX

%�'Æ�WÃ¿U6ð MgCl2
!5½54o-

ê

G

Y
E
G
I
G³gZà»%�'�gZÝ

!5½54o-
ê

G

Y
E
G
I
G
Zzg³g+ÆÁÜÆYÐáCìX

)zZ]Æfg)fs~�c*�HìX

Z9Zãú
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ÅZkÆgzZVÆfg)ú: MgCl2 %�'
ÅZ9ZãúqÝ�@*ìX 'Ar'ÔCl- ÅZ9ZãúqÝ�@*ìZzgCÙZq- 'Ne' ÔMg2+

gzZV�W� 2Cl
_
Zzg Mg2+

Zq-
!5»4o-

ê
G

Y

G
I
G»�CÙZL�zZ9ZyÃZq-XZq-³g+Æ�CÙÃv�@*ìTÆË~

»%�'¯D�X MgCl2 ZzgM:~æ�D�ñ
Åú (Na2O) :eZðÎe*ñâM�à 3 VwX

qgzfs~eZðÎe*ñâM�àÅúÅz�s#�~�ìX
(Na+) µgzZV»àC

M�àÅú( O2- tgzZV»àC)

ÅZyÆgzZVÆfg)ú Na2O %�'
¯D�X O2-

Zzg 2Na+ Æ�CÙZCZq-XZq-Z9ZyMxÆZq-�CÙÃv�D�ñ Na �z
ÅZ9ZãúqÝ�@*ìX (Ne)ÌO2- ÆZ9ZãúÆ)z~�CìÔZzgZk§b 'Ne' ÅZ9Zãú Na+CÙ

áCìX Na2O (Æ�gxyæÅzzÐ%�' 2Na+
Zzg O2-

gzZâV)  Zy

:(AlCl3) Z>4³gZàÅú
Z>4³gZàÆ%�'ÅúÃfs~�c*�HìX

Z9Zãú

Z9Zãú
He

Z9Zãú Z9Zãú

µgzZVÅútgzZVÅú
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»%�'ú0*@*ìX AlCl3 gzZâVÆ�gxy',¹jãæÅzzÐ

gzZã%·]~gzZVÅF,KM:
k̂qª(~gzZã%�'ÆµgzZVZzgtgzZV¾§bñ���D�X l

MØZ[ëZkÃÎe*³gZàÆ%�'Åæ�Ðz�s#�,ÐX l

»�hZq-Z»ðÅ§bz��g�r�Ç? Na+Cl- Ë̂k̄~ HM\Î!�� l

Na+
Z¤/M\Z(Î!�ÂM\ßÎ!�Xc*�gì�',¹jã¸])��CìXZkate7�Zq-

gzZVÃæ�}XËgzZV Na+
gzZVZq- Cl- Ãæ�ZzgZq- Cl-

gzZVÜsZq-
Å!*gZzgZkÅ�#ÖÆ_.Zq-{mlZg~#³gzZVZkÐæ�D

ÆgzZVÐZzg 6Cl-
gzZVÆZ§Zs Na+ �XZk§bÎe*³gZàǢ~Zq-

ÆgzZVÐ«}�D�XNk̂gzZã%·] 6Na+
gzZVÆZ§Zs Cl-

Zq-
~µgzZVZzgtgzZVZyÆ�gxy',¹jã¸]æÅzzF,KMzZg�D�

~�~�ìX (1) t���Z��~�D�XÎe*³gZàÅN^
ë (Face centred cubic lattice crystal)¯ Å̄ÃUð%�/~$½�-öE NaCl 

�X
(Coordination number) Zq-�Ø�gzZVÆZ§Zs#³gzZVÅ®Z�TÐz{=ÍZ�@*ìÔZkgzZV»g�°�

B@*ìX
ìX 6 gzZV»g�°�Ì Cl-

Zzg 6 gzZV»g�°� Na+ }Îe*³gZàǢ~

Åú (Al3+) Z>4ÆµgzZV

Åú (Cl-) ³gZàÆtgzZV

Z>4»Zq-�CÙ&Z9ZyÅ@*ìZzg³g+Æ&�CÙZq-XZq-Z9ZyÃqÝ�D�X

Z9Zãú

Z9Zãú
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µZzgtgzZVÅú6,ZW,Z0+Zi�äzZáúZï
Ô!*[~M\�zg~].zwÆ¤/z\Zzg�zg~zZµ�äzZáÁÜÆ�JCzZ�JCS:]~�ÛtÆ!*g}~7,|
`�XMØZ[ëÁÜÅ�JCZzgZ�JCS:]Zzg�ë»Z¬�{�,X

�JC{¤c* ¬xîg6,�JÂVÆÁÜZ9ZyÅ�ZyÆ¤/Dpw~4k0î XIGå�0*D�X�JÂVÅZk{¤Ã
',¹$4543ï IEGGGë�XÁÜXÅ',¹$4543ï IEGGGic*�{�CìµgzZVú�ï�XZÏ§bZ�J' electropositivity

Z9ZyqÝ�D�ñå[uVÅZ9ZãúqÝ�fe�ÔZy (17Cl) Zzg³g+ (9F) Ôjg+ (8O) �Mx
BCìXÁÜXÅ',¹!3©3ï EEGGÅ{¤ic*�{�C electronegativity �CÙzVÅt{¤Z�JC{¤c*',¹!3©3ï EEGG

ìtgzZV¯D�X
HM\qgz!*Ñz�;]Å=ô�Mh�? l

Æ)z~c*ZkÐic*�{�@*ìgzZãÈ¯D�X 1.9 Z,ÁÜÆ�CÙXÆ',¹!3©3ï EEGG»�Ût
gzZãÈÅúÆ!*g}~M\tYy`���CÙc*ÂZ9ZyÅD�ñc*qÝ�D�ñ¤/DpwÆ4k0î XIG
Ãå�D�ªgzZãÈ~Zq-�CÙÐ�zu}�CÙ~Z9ZyÅÃ¿~MCìX

Z9ZyÆÅäÐµgzZVZzgqÝ�äÐtgzZVÆ�W»Z®g)gDy(qgzfsúZï6,«�@*ìX
�CÙÅ�#Ö X1

gzZã¸{ X2

Z9ZãgÉ X3

',¹!3©3ï EEGG X4

Z,ÁÜÆ�CÙXÅ�CÙ~�#Öic*�{ÁgzZã¸{ÔÁZ9ZãgÉZzgÁ',¹!3©3ï EEGG�CìµgzZV¯D�X
Z,ÁÜÆ�CÙXÅ�CÙ~�#ÖÁÔgzZã¸{ic*�{ÔZ9ZãgÉic*�{Zzg',¹!3©3ï EEGGic*�{�CìtgzZV¯D�X

(Covalent bond) Ñq-¤/DÈ 8.4.2

~tGz£7H�PÁÜÆ�CÙM:~Z9ZyÃvK%ÌZL¤/DpwÆ4k0î XIGÃå 1916äG.N.Lewis

�D�X
�CÙM:~Zq-c*iZZ+�CÙÐZL¤/DpwÆZ9ZyÆZ·ZuÐ4k0î XIGÃå�D�X

Z9Zy��zâV�CÙÐZ·ZuK�ñ�D�XZy»m�zâV�CÙzVÐ�@*ìXÔZyZ·ZÅZ9ZâVÅ
ë�X Covalent Bond óó zzÐ6ðÈú0*@*ìÔZkÈÃLLÑq-¤/DÈ

6ðÈl¥ÅF,¹ÆaÓ#Ö»j 168

SCERT, T
ELA

NGANA



ZkÆ¤/DZ9ZyÃªCÙ�D�X (dots) jg+ÆCÙZq-�CÙÆZ§Zsñ��Õo
�z�CÙzVÆ�gxy)z~¤/DZ9ZyÆZ·ZuÐ�WzZÑ6ðÈÐZy�zâV�CÙÆ¤/Dpwc*Â4k0î XIGc*

qÝ�D�ÔZk§bÆÈÃÑq-¤/DÈë�X (duplet) �CÙ~�h
Ñq-¤/DÈ~ÂLLÑq-óóÆp�zZâ)z~Ñq-�äÆ�X�VCÙ�CÙÈ¯äÆaZL¤/Dpw
ÐZq-Zq-Z9ZyÃÑq-�@*ìXZÏaÈÃÑq-¤/DÈ))z~¤/DZ9ZyÆ¬zyÐ�WzZÑÈ(»**x�c*�HìX

Åú: O2 �?
Z9Zyñ���D�X¤/Dpw»4k0î XIGå�äÆa 6 ìXMxÆ�CÙÆ¤/Dpw~ 2,6 ÅZ9Zãú 8O

MxÃ�zZ9ZyÅ¢zg]�CìXZka�zMxÆ�CÙZq-�zu}Æ�Ûd$MD�ñZLZL�z�zZ9ZyÃ
�ã~�zÑq-¤/DÈ�W�t�zâV�hMxÆ O2 Ñq-�D�ñ4k0î XIGå�D�ZzgÈ¯D�XZSb

�zâV�CÙzVÆ�gxy�D�X
ú0*@*ìX O2 ë-VÈMh��MxÆ�z�CÙzVÆ�gxy�CÙZÈáCìTÅzzÐMx»�?

qgzfsZDw6,̈gÙXMxÆ�zâV�CÙzVÆ¤/Dpw~4k0î XIGå�[ìX

}jg+Æ�z�CÙM:~ï�Zq-ªx5+k,�?¯D�XCÙZq-jg+»�CÙÈÆaZq-Z9ZyÑq-�D�ñ
F2 �h~¯@*ìZk§bt�hZ·ZÅ�hBD�Zzgtjg+Æ�zâV�CÙÆM3Z9ZyÆZ·ZuÐ¯@*ìX�?

~CÙZq-jg+�CÙ»¤/D4k0î XIGå�@*ìX
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»�? (CH4)
$4-£4

è
G
G

GE

4 »�CÙegZ9Zy)ªCÙZq-;àgzXÆ�CÙÆaZq-Z9Zy(Zzg (C)
$4-£4

è
G
G

GEÆ�ãÅúÆa»g0 CH4

Ñq-¤/DÈ�W�X C-H »�?ú�ï�XZk§beg CH4 ;àgzXÆ�CÙZq-Zq-Z9ZyÑq-�D�ñ
TÃfs~�3c*�HìX

»�? (NH3) Zñ*
ÅZ9Zã 1H ìZzg 2,5 ÅZ9Zãú 7N Æ&Zº}Ñq-¤/DÈñ���D�X N-H Zñ*Æ�ã~

ìX 1ú
**¶zX»Zq-�CÙÈÆaZL&Z9ZyÃÑq-�@*ìZ#�&;àgzXÆ�CÙÈÆaZq-Zq-

Z9ZyÑq-�D�XZk§bbZ9Zyc*&�hZ9Zy~ÐCÙZq-�h**¶zXZzgZq-;àgzXÆ�gxyñ���@*
X ì6�̂~�3c*�Hì

HM\eMh��**¶zXÆ�ã~Ã̈KÈñ���@*ì?MØ�B! l

»�? (N2) **¶zX
Z9ZyÅ¢zg]�CìX**JzXÆ 3 ìXZkÆ¤/Dpw~4k0î XIG¯äÆa 2,5 ÅZ9Zãú N

�z�CÙZq-�zu}Æ�Ûd$WD�ZzgCÙZq-�CÙ&&Z9ZyÃÑq-�D�ñÈ¯D�XZk§b�z**¶zX
Æ�CÙzVÆ�gxybZ9Zyc*&�hZ9Zyñ���D�X�z**¶zXÆ�CÙzVÆ�gxyéZÈáCìTÐ
»�?ú0*@*ìX N2
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»�? (H2O) 0*ã
ÆZº}Ñq-¤/DÈñ���D�XW��Bt¾§b�W�X (O-H) ~�z H2O 0*ãÆ�ã

�CìX 1 Åú 1H ìZzg 2,6 ÅZ9Zãú 8O

Z9ZyÃ�z 2 Z9ZyÅ¢zg]�CìXt 2 ZL¤/DpwÆ4k0î XIGÃqÝ�äÆaMxÆ�CÙÃ'×h+
¯@*ìX H2O ;àgzXÆ�CÙzVÆ�BÑq-�D�ñ0*ã»�?

Z¤/W\Zz6,�~�VßV6,̈g�,XW\tx@{�,Ð�Z#�CÙW:~¤/DÈ¯D�ñ�?ú�ï�A$W:
Æ�ã N2 Æ�?~(c*&�h~Z9Zy) O2 ~a%äzZá�z�CÙzVÆ�gxyZq-�h~Z9Zy�z�h~Z9Zy)

~(»Z·Zu�@*ìX
�z�CÙzVÆ�gxyZ·Zu�äzZàCÙZ9Zã�h~Ñq-¤/DÈÃªCÙ�CìXZ¤/a%äzZá�z�CÙzVÆ�gxyZ9Zã
�h-V»Z·Zu�Ât�CÙZÈB@*ìXZÏ§bZ¤/&Z9Zã�h-V»Z·Zu�ÂtéZÈB@*ìX

BCìX Covelency TK»�CÙæ¤/DÈYìz{ZkKÅÑq-¤/D
Ñq-¤/DÈ»îwZzgÈÅÂZ**×V 8.4.3

Ñq-¤/DÈ¯äzZá�z�CÙzVÆ%�/zVÆ�gxyáZi~Ã,ÈÙîwB@*ìX
~1Y@*ìX Angstraom unit (Ao) )**â¢a(c* nm ZkÃAc*îwÃ¬xîg6,

Ë}�z�CÙ~¤/D�ãÆ�CÙzVÆ�gxy�WzZáÑq-¤/DÈÃÂhäc�g»gÂZ**ðÃÈÙÂZ**ðë�X
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HZ�CÙzVÆÈÆaZyÅ�g,Z7�C�? l

tÃtZy�>VÆiZz-VÆ�ÛtÅ=ô�äÐ (2

Æ�gxy Æ�ã BeCl2 �Üì�

Æ Æ�ã~ BF3 �@*ìX 180o
iZzt

» ~CH4 �@*ìX 120o �gxyiZzt

107o 18' ~NH3 Ô 109o 28' iZzt

�@*o z) 104o  3 1 '   ~H 2O Zzg

ìXªtÃt�ãÅ^Å=ô�äÐ�Ü
ìX

¤/DpwÅZ9Zã�h~Æ�«»Ãt: 8.6
Z,�Ó]X~&c*&Ðic*�{�CÙñ���VZzgÓx�CÙZq-%�/~�CÙÐÑq-¤/DÈÅæ�Ða%}�D

Valence shell - elctron - pair repulsion theory (VSEPRT) �XZy~ñ��iZz-VÅ=ôÃ
ªLL¤/DpwÅZ9Zã�h~Æ�«»ÃtóóÐz�s#ÅY$ËìX

È AO È»îw È)Âhä(Æa�g»g
(KJ/mol-1) ÂZ**ð

�@*ìX (pico metre) ²¢a 100 **â¢ac* 0.1 ¢aÆ)z~c* 10-10 T»îw (Ao) Zq-Z&½n.ç E
Y
H
Zx l

1 nanometre =10-9 metre l

¤/DZ9ZãÃbÆÕ÷: 8.5
Ë�z�CÙzVÆ�gxyÑq-¤/DÈáCìA$tâ**�Hì��CÙzVÅS:]ÆsÃZy�CÙzVÆ�gxy�W (1

zZÑÈ»îwZzgÈÅÂZ**ð)z~�CìZ(Zkaì�¤/DÈËÌ�z�CÙzVÆ7VZ9ZyÆÜsZ·Zu

Ðz��~W@*ìXpiîg6,Zzgx@Z]Ðt¥x�@*ì�È»îwZzgÈÅÂZ**ð)z~z7V7�C�Z#
�¶( 3 �ZkÈ~zhezZá�CÙZ�VX)].zw

ÈÆîwZzgÈÅÂZ**ðÐM\H%Z�fe�? l
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Gillespie ä7HåXZkÃbÃ (Powell) Zzg0*zs (Sidgwik) ~�zu 1940 ZkÃbÃ�&Ð¬
~o�D�ñzÝ�~X 1957ä(Nyholm)

µ5Ó4o-
ö

Y

GGFZzg**ð�x
tÃtfsÆï]Å?m,7�@*ìX

Æ_.¤/Dpw~Ñq-¤/DÈ~zhezZáZ9Zy)ÈÙZ9Zy(ZzgË�h))ÈÙ VSEPRT Ãt (1

Z9Zy(�XZy',¹!*gÆ!*�ßVÆ�gxy̧��«zZµ�CìXZÏatZq-�zu}Ã�«�D�ñÂuJ-
�zg�YD�ZzgTÐqÝ�äzZÑ�?Zq-ºm̂)�|#(Z(g�@*ìX
Z¤/ë¤/Dpw~zhezZáÑq-¤/D�hZzg%�/~�CÙÆË�hÅÀ®Z�Å®Z�YyBÂZy¶Ky���D (2

�ñ%�/~�CÙÆZ§ZsZy�hÅF,KMÅz�s#�D�ñq,�ãÅ̂)�#Ö(Å=ô�Mh�X
ËZ9ZyÆ�h%�/~�CÙÆZ§Zsic*�{(=ÍD�/ÚÑq-¤/D�hzZáZ9ZyÆXZ(Zka�@*ì� (3

YV�)ÈÙ�h6,Üs%�/~�CÙÆ%�/}Å¸�æ»ZW,�@*ìZ#�ÈÙ�h�h}6,�zâV�CÙÆ
%�/zVÅ̧�æ»ZW,�@*ìXZk§bëtÈMh��%�/~�CÙ~Ë�hÅñ��ÏÅzzÐq,�?»ÈÙ
iZztZzg�|#áµiZzbZzg�|#ÐË�gZ�CìXZ¤/%�/~�CÙÆË�hZzgÑq-¤/D�hÆ�gxy̧�

�«ÅzzÐiZztic*�{�@*ìA$�CÙzVÆ�gxy�WzZáÈ»iZztÁ�Y@*ìX
Z¤/%�/~�CÙÆZ§Zs�z�hÑq-¤/DÈÅzzÐ�W�ZzgZk%�/~�CÙ~ÃðÌË�h)ÈÙ�h:�A$Zy (4.1

iZzt¯D�Zzgq,�?é^Z(g�@*ìX 180o Æ�gxyÃð̧��«zZµ7�CìZzgt�CÙ

Z¤/%�/~�CÙÆZ§Zs&�hÑq-¤/DÈÅzzÐ�W�ZzgZkÆ%�/~�CÙ~ÃðÌ)ÈÙ�h)Ë (4.2

iZzt¯D�ñ[ÆgZk6,ªCÙ�D�Zk§bq,�?À^»�ÇX 120o
�h(:�A$t�CÙ
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Z¤/Zq-�ã~&ÈÙ�hZzgZq-Ë�hñ���A$tË�h%�/~�CÙÆ%�/ÆZ§Zsic*�{(=Í}ÇTÆ (4.4

Ë~�zu}&ÈÙ�hZq-�zu}Æ�Ûd$zZµ�VÐX
ÈÙ�h (3N-H) ÆZ§Zs& N Æ�ã�~%�/~�CÙ NH3 VwÆîg6,

ZzgZq-Ë�hñ��gLìXÈÙ�hDÈÙ�hÆ�«ÐË�hDÈÙ�h»�«ic*�{�@*
Æ�ãÅ^egV�CìaV�Zk~eg�hZ9Zy�D�Zzg NH3 ìX

áµiZzt�**ecpË�hDÈÙ�hÆ�gxy̧��«Åzz 109o 28'

�@*ìX 107o 48' Ðiîg6,tiZzt

ZkÀ%zoÆZz6,~gZk6,�@*ì N ^»�@*ì�6, triagonal pyramidal »�?À%zï NH3 Zka

Z9Zy7 8 �XZy�CÙzVÆ¤/Dpw~ B Zzg Be 6,M\ä̈gH�Ç�ZyÅ%�/~�CÙ BF3 Zzg BeCl2 �Ó]  â^:
(electrondificient Z9Zyñ���ZkaZ,�>VÃZ9ZyÅ¶»�? 6 Zzg 4 �XZy~F,KMzZgÜs

ë�X molecules)

Z¤/%�/~�CÙÆZ§Zseg�hÑq-¤/DÈÅzzÐ�W�A$tegÈÆ�hZq-egVÆegÃâV6,�D (4.3

�@*ìX 109o 28' �X)tZq-&Z��~F,KMì(ZzgZk�ã~áµiZzt
ÆZ§Zseg (C) iZzt�@*ìYV�%�/~�CÙ»g0 109o 28'Ô  Æ�ã~ (CH4) }$4-£4è G

G

GE

Z9Zy�h)È(�D�6�̂~�3c*�HìX
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Valence Bond Theory ¤/DÈ»Ãt 8.7

Quantum ~Ñq-¤/DÈÅz�s#ÆaÃZ#-êEH}oâew 1954ä(Linus Pauling) ¾0*z#
TÃ¤/DÈ»Ãt¹Y@*ìÃ7HX Mechanicl Model

Z#�z�CÙZq-�zu}Æ¹�Ûd$MD�A$Zq-�CÙÆ¤/Dpw �z�CÙzVÆ�gxyÑq-¤/DÈA$áCì (1

ÆËZ9Zy (orbital) �zu}�CÙÆ¤/DpwÆf~pw (orbital) »ËZ9ZygppzZÑf~pw (orbital) Æf~pw
�D�XZk¿Ð�z�CÙzVÆ�gxy (overlap) g�rìZq-�zu}Æ�BZ$�5é EEt (Opposit spin) �#³��

Zk§btZ9Zy�h�Z$�5é EEtK�ñ��zâV�CÙzVÆ%�/zVÐ̧�æÅzzÐ Ñq-¤/DÈú0*@*ìX
a%}gT�Zzgt�zâV�CÙzVÃZq-�zu}Ð�h}gnp�X

Æ)�h~�Zg '1S' �CÙÆ H ~ñ��)�h�ZgZ9Zy�zu} (orbital) f~pw '1S' �CÙ~ H �ãÅú H2}
�?ú0*@*ìX H2 È¯@*ìZzgZk§b H-H #³��zZáZ9ZyÆf~pw)Mg&45ÿ EGH(Æ�BZ$�5é EEt�D�ñ

�CÙ H  �CÙ   H                 »�? H2      

Z¤/Ë%�/~�CÙÆ%�/ÆZ§Zs�zË�hZzg�zÈÙ�hñ���VA$Ë�hDË�hÅ̧]�Z«ic*�{�@*ì/Ú (4.5

Ë�hDÈÙ�hÆXZk§b�zâVÑq-¤/D�hÆ�gxy»iZzt'×h+Á�Y@*ìX
(H2O) }:0*ã»�?

Æ�ã~%�/~�CÙMxÆ%�/ÆZ§Zseg�hZ9Zy�D�X~ (H2O) 0*ã
Æ�ãÅ§b (CH4) Zzg�zÈÙ�h�D�X0*ã»�?egVª (lone pair) �zË�h

^c*iZzbÅ̂»�@*ìYV�Zk�ã~Ë�hDË�hZzgË�hX V �äÆOñt
�Y@*ìX 104o 31' ÈÙ�h�hÅ̧]�«�C�XZkat

Ë�ã~ÈÆiZzbÐH%Z��@*ì? l

%�/~�CÙZzgÃð�z�CÙzVÆ�gxyÑq-¤/DÈ¯äzZ}�CÙzVª%�/~�CÙÆ%�/ÐË�z�CÙzVÆ
È»iZztì( a %�/zVÃ5äzZáz{�z¦g~)ìà(èo»�gxy�WzZÑiZztLLÈÙiZztóóB@*ìX)^�AX

Å (Strength of bonds) ÈÅ¤�Ü (VSEPRT) ¤/DpwÆZ9Zã�hÆ�«Ãt
ÆÑq-¤/DÈÆ¦g (Lewis) z�s#�ä~**»xg;ìaV�tÃt7g~§bCk

6,«ìXtÃtÑq-¤/DÈÆ',¹{¤Æ!*g}~Ì'×h+z�s#7�eX (Concept)
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»�?¾§bú0*@*ì? HCl l

MgJw~ñ��)�h~�Zg#³��Z9Zygnp '3p'Æ Æ�CÙ Cl MgJw~ñ��)�h~�ZgZ9Zy '1s' �CÙÆ H
�?»g�D�X HCl �XtMgJwZq-�zu}ÐZ$�5é EEt�D�ñ

�ãÅú N2 8.7.2
MgJwÐZ$�5é EEt�D�ñ px �CÙÆ 7N ìX�Ûn�z�Zq- 1s2 2s2 2px1 2py1 2pz1 �CÙÅZ9Zãú 7N

MgJw pz Zzg py Z
$�5é
E

EtÅzz�@*ìXZk§b end-onend overlap )]
À)é
Y

(È¯@*ìXtÈ%�/~"gÐ sÔpx-px

MgJw px-pz c*YÑ(Z$�5é EEt�D�XaV�t�zMg"5ÿ EH side- on side Mg"5ÿ EHÐUÐ) pz Zzg py �CÙÆ 7N �zu}
pz-pz )0*ð(Zzg pÔpy-py Z

$�5é
E

Et7�MhXZkatÜs end-on-end ÆÀ�zZg)ª%�/~"gÆÀ�zZg(�D�Xt
�ã~éZÈñ��gLìX N2 )0*ð(È¯D�XZk§b pÔ

Mg&45ÿ EGHÆ�zu}Mg&45ÿ EGHÆZ$�5é EEtÐ�W S Mg&45ÿ E
H

G»Z$�5é EEtAic*�{�ÇÈZk�g¤�Üzg�ÇXZkZ$�5é EEt~ÎZñ (2

zZáÈ~�{¤ªCÙ�CìX
�CÙZL¤/DZ9ZyÆ�CÙ~Wg&45ÿ EHGÅÙ|#Ã!*¹gnp�pÈl~zfe�ñ;�äzZáZ9Zy�zâV (3

�CÙzVÆaÑgKYD�X
Z#�CÙzVÆ�gxyFÈñ���VA$Zy~�&ÐªÈ�zâV�CÙzVÆf~pw)Mg"5ÿEH(»Z$�5é EEtÎ (4

]À)é
YÈë�Zzg!*¹�zu} " s " %�/Zð"g)îà(u}Ðu}Ð�WzZáÈic*�{¤�ÜzZg�@*ìTÃ

0*ð " p " MgJwÆZ$�5é EEtÐ�È¯D�z{Uð)§°BYÑ(Z$�5é EEt¯D�Xz{È$zgÈ�D�TÃ
)]
À)é
Y

(Èic*�{¤!gZka�@*ìYV�ZkÈ~Mg"5ÿEH»Z$�5é EEtu}Ðu}c*Î"g~Z$�5é EEt "s " Èë�
)0*ð(È$zgÈ�@*ìYV " p " �@*ì��zâV�CÙzVÆ%�/zVÐic*�{̧]æÐa%}�D�Z#�

MgJw»Z$�5é EEtU)YÑB§°(�@*ìXZkZ$�5é EEt~Mg"5ÿEHZzg%�/~"gzVÆ�gxy®~R d Zzg p �ZkÈ~
ªCÙ�CìX (Nodal plane)

�ã6,̈gÙX Cl-Cl 8.7.1

ÆË#³�� 3pz1 Æ�CÙ» (Cl) ËZ9Zy�zu}³g+ 3pz Æ�CÙ» (Cl) �ãÅú~Zq-³g+ Cl2

Z9ZygppzZáMg"5ÿEHZq-�zu}ÐZ$�5é EEt�D�X
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�ãÅú: O2 8.7.3
py �CÙÆ O8 MgJw�zu} py �CÙ 8O �CìXZ¤/Zq- 1s2 2s2 2px2 2py1 2pz1 �CÙÅZ9Zãú 8O

]À)é
YÈ¯@*ìXZk§bÆ¿Æ��zMx py-py 6,Z$�5é EEt�D�ñ (end-on-end) MgJwÐÎZÑ%�/Zð"g

MgJwZq-�zu}ÐM:~Uð)YÑ(Z$�5é EEtÐÎ pz Zzg pz MgJw~Zq-Zq-Z9ZyagT�Xt 2pzÆ
2O È¯@*ìXZk§b (p) 0*ð pz-pz Zq-�zu}ÐáZi~�D�XZk§b pz-pz ZÑ%�/Zð"g6,À�Zg�D�Zzgt

0*c*Y@*ìX (Double bond) ~�z�CÙzVÆ�gxy�zCÙZÈ
Valence bond theory hybridisation ¤/DÈÃtZ%o: 8.8

�ãÅú: (BeCl2) Û&Í-ê GG³gZà 8.8.1

ìXZk�CÙ~ËZ9Zyñ��7�@*ìZzgtÂµÅYCì�tËÆ�BÑq- Is2 2s2 ÅZ9Zãú 4Be

»�CÙ�z³g+Æ�CÙzVÆ�BCÙZq-Zq-Ñq-¤/DÈ»g�@*ìXZkÈ 4Be ¤/DÈ7»g�nÇpZkÆ',Üs
2px Mg"5ÿ EH~ñ��Z9Zy 2s (6,̈g�D�T~ excited state �CÙÅ�g~qª() 4Be Å=ôÆaMØ

~�DÎ@*ìX
ÅZ9Zãú 17Cl �CìZzg 1s 2  2 s 1  2 p x1 Æ�CÙÅZ9Zãú 4 Be Zk§b�g~qª(~

�CìX 1s2 2s2 2p6 3s2  3px2 3py2 3pz1

f~ 2sÆBe �Ç� s2s-3p Ô�z³g+Æ�CÙzVÆ�B�zÑq-¤/DÈ¯@*ìZy~ªÑq-¤/DÈ Be Z¤/
2pxÆBe �Ç� s2px-3p f~pwÆZ$�5é EEtÐ¶ÇZzg�zuZÑq-¤/DÈ 3pz pwZzg³g+ÆZq-�CÙÆ
Æ Be-Cl Z

$�5é
E

EtÐ¶ÇXëä�¬�f~pßV»Z$�5é EEtZìZkn�z 3p Zzg³g+ÆZq-�CÙÆ
ÈÅÂZ**ðÌZ�ãecXpZk�?~�zâVÈzVÅÂZ**ð)z~ìXZ=ZyÆ�gxy�WzZÑ

~LLf~pßV 1931äLinus Pauling Zk§bÆZqÐiÅz�s#Æa �gz�@*ì 180 iZzt

»Ãt7HX Hybridisation of Atomic orbitals ÆZ%oóó
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¾0*z#ä�ãÆáµZzgÇÂZ**ÇVÆ�ÛtÅz�s#�äÆa�o�CÙ~MgJwÆÃtÃ7HX
�o�CÙ~MgJwÃbÆ_.LLË�CÙÆ¤/DpwÆMg"5ÿ EHXÅÂZ**ð¬xîg6,7V�CìZq-�zu}
Æ�BZ$�5é EEt)�Z½Z$�5é EEt(�D�ZzgtZLMg"5ÿ EH�z!*g{F,KM�ï�XZyÅ®Z�z��ÏpMg"5ÿEHÅ{¤�

Mg"5ÿEH~ñ��gL 2px Zq-Z9Zy�g~qª(~ZÏpwÆ 2s Æ�CÙÆMg"5ÿ EH 4Be ÂZ**ðZzg�#Ö)z~�CìX
�D�Zzg�z!*g{F,KM�{�z7VMg"5ÿ EH~ps�YD�X (Intermix) ìXtMg"5ÿ EHZq-�zu}Ð�Z½Z$�5é EEt

íkÆÃt)Zßw(Æ_. Hund's rule

tMg"5ÿ EHZq-Zq-Z9ZyqÝ�D�XZk§b
Z
$�5é
E

Et~zhezZáMgJwÆ_.)z~
sp ®Z�~6�oMgJwqÝ�D�XÃ
sp Æt�z�o Be f~pw)Wg&45ÿ EGH(ë�X

Wg

"5
ÿ
EH sp �CÙÆZzïf~pw Be MgJw 3pz

1
iZzb¯D�XZ[CÙZq-³g+»�CÙ 180o

Wg

"5
ÿ
EH

Zq-�zu}Ð
Zzgt�zâVÈÅÂZ**ð)z~�C ]À)é

Y

(¯@*ìª s sp-p È) BeCl Æ�B;�@*ìZzg�z7V
ìX

�ãÅú BF3 8.8.2
~2px1 ÆMy%~pw~Zq-Ë)"�h(Z9Zy 5B ìX6�ëY��  1s2 2s2 2px1 ÅZ9Zyú 5B

�?�ÇXZk�ãÅ=ôÆafs B-F ~ÜsZq-Ñq-¤/DÈÅÂµÅYCìXq, B-F ñ��ìXZk§b
Æï]Åæ�àYCìX

1s2 2s1 2px1 2py1 Æ�CÙÅ�g~qª(~Z9ZãúZk§bàYCì Boron (B) (i

�CÙÆMg"5ÿ EH B È�D�XZkÐtZ0+Zi{Îc*Y@*ì� B-F �ã~&7V BF3 6�ëY��� (ii

Mg"5ÿEHÅ�z!*g{F,KMÐ&  2s 2px 2py �D�ñ�oMg"5ÿ EH»g�D�� (Intermix) �Z½Z$�5é EEt
�of~pw)Wg"5ÿ EH(ë�X sp2 7VZzïf~pwz��~MD�XÃ

6,¯D�XX B iZzbZL%�/~�CÙª 120o �oZgJwZq-�zu}Ð sp2
Zk§bt&Zzïf~pw

Zzïf~pwÆ0*kÜsZq-Z9ZygLìX sp2 ÅzzÐZyÆ�gxy̧]Z�F,+�YCìZzgCÙZq-

BeCl2   Û&Í-ê GG³gZà
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f~pwT~Üs 2pz Æ�CÙ (F) Z[&jg+
F9 = 1s2 2s2 2px2 2py2 Zq-Z9Zy�@*ìX)

�oZzïf~pwÆ�B sp2 Æ& B( 2pz1

)]
À)é
Y

(È¯D�X sÔsp2-p ;�D�ñ&

Æ�ãÅú: NH3 8.8.3
ÈÅÂZ**ð7V N-H Æ�CÙ�D�t& H »�CÙZzg&;àgzX N Zñ*ÆZq-�ã~Zq-**¶zX

�@*ìX =107o 48' ZzgiZzt
1s2 2s2 2px1 2py1 2pz1 ÅZ9Zãú 7N

Zzïf~pwZq- P **¶zX�CÙÆ& N MgJw 1s Æ�CÙÆ H Z¤/&;àgzX
 )]

À)é
Y

(7VÈ»g�D�p sÔ p-s �zu}Ð;�D�XÐ&
Æ�CÙ N ìX 107o 48' Æ�**ecZ#�iîg6,iZzt 109o 28' »iZzt
�of~pw»�**¢zg~ìX sp3 �CÙÆMg"5ÿ EH»�Z½Z$�5é EEt N ~ÈÆiZz-V~Zk�ÛtÅ=ôÆa

sp3 �o 4 tMgJw»�Z½Z$�5é EEtZzg�z!*g{F,KMÅzzÐ 2px, 2py, 2pz Zzg 2s �CÙÆ 7N Zk¿Æ�zgZy
Zzïf~pw~Zq-�h~�ZgZ9Zy sp3

Zzïf~pÅ)4èGËZq- sp3
Zzïf~pwz��~MD�XZyegzV

Zzïf~pw~Zq-XZq-Z9Zyñ��gLìX sp3 �D�Zzg�zu}&
)�h~�ZgZ9ZyMg"5ÿ EH sp3 Æ�CÙÆ�o N MgJw~ÜsZq-Z9Zy�@*ìÔ 1s Æ�CÙX~ H Z[&

109o 28' �oMg"5ÿEHÅzzÐiZzt sp3
)]
À)é
Y

(È»g�@*ìXZk§bZk�ã~ sÔsp3-s ÐZ$�5é EEt�D�ñ&
Z9Zy�@*ìXË�hzÈÙ�hÆ�gxy lone pair ~Zq-Ë�h sp3 �**ecpZq-�oZzïf~pw

Ð =109o 28' ¸]�«ic*�{�Cì&4h4ï EEEG¤/D�hz¤/D�hÆ�gxyÅ̧]�«ÐTÅzzÐtáµiZzt
�Y@*ìX =107o 48' Á��iZzt

0*ãÆ�ãÅ̂ 8.8.4

�Y@*ìX =104o 31' 0*ãÆ�ã~
�CìX 1s1 ÅZ9Zãú 1H Zzg 1s2 2s2 2px2 2py1 2pz1 ÅZ9Zãú 8O

XZk�ã~MxÆ�CÙ È�Wec ss-p f~pwÆZ$�5é EEtÐ�z s Zk§b0*ãÆ�ã~�z;àgzX�CÙÆ
�**ecX =90 f~pw~�z�hËZ9Zy�D�Zka pÆ
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Æ�CÙÆf~pwÆ�Z½ O 0*c*�HìX =104o 31' piîg6,

s Æ�CÙ~Zq- O Ð�Zk�ÛtÅz�s#eìX sp3
Z
$�5é
E

Et)�oMg"5ÿ EH(

Zq-�zu}Ð (2px
1, 2py, 2pz) Zzïf~pw p Zzg& (2s) Zzïf~pw

�oZzïf~ sp3 �Z½Z$�5é EEt�D�ñ�z!*g{F,KM~MD�ñeg7V
�o sp3 Æ¤/Ä~bZ9Zy�D�XZkaÃð�z O pw»g�D�6�

�oZzïf~pw~Zq-Zq-)�h~�ZgZ9Zy�@* sp3
Zzïf~pw~�zË�hZ9Zy�D�Z#�!*¹�z

Zzïf~pwÐZ$�5é EEt�D�ñ�z s MxÆËZ9ZyÆ�oZzïf~pw�z;àgzX�CÙÆ O ìXt
109o »�gxãiZzt ]À)é

YÈ¯D�XË�hXË�ḩ]�«ic*�{�Cì&4h4ï EEEGË�hDÈÙ�hZk§b sp3-s

�of~pwZzïf~pwÅáµ^egV�**ec(p0*ãÆ�ãÅ sp3 �Y@*ìX) 104o 31' ÐÁ�� 28'

�YCìX V^
Å̂Æ!*g}~M\WÐWäzZá!*[»g0ZzgZkÆ%·]~7,³ÐX C2H2 Zzg C2H4ÔCH4 �Ó]�

4- ].zw   gzZãZzgÑq-¤/D%·]ÅS:] 8.9

Ñq-¤/D C2H6 )Ñq-¤/Dª( HCl )gzZã%�'( NaCl {¤ �!¶Ky
30.0 36.5 58.5 �@��ÅS 1

"g8-� "g8-� CN̂k 8{¤ 2

Ñq-¤/D Ñq-¤/Dª gzZã ÈÅn 3

-183 OC -115 OC 801 OC !̀Zâ®) 4

-88.63 OC -84.9 OC 1413 OC !̀�l 5

)ª�~i5+k,p
ª�~�0*ã~)
i5+k,

ª�~i5+k,�0*ã
Zzg¼uJ-)ª�~
5+k,�D�

ª�~i�@*ì�0*ãZzg
)ª�~i7�@*

i5+k,~ 6

Á¬$Ò3ïGGZzg#}Å�6,
¹N¬ï�@*ìX

Zz��gZ»¬ï�@*ì ª�~t¹ic*�{¬ïìZzgt
D�X ¬ïÏ]~��

6ð¬$Ò3ïGG 7
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Ô(Cation Ñq-¤/DÈÔµgzZV)  gzZãÈÔ  6ðÈÔ  4k0î XIGZßwÔ  CkeZ^̂Ô  å[�Ô  Z9ZyÔ

gzZã%·]Ô  �Ó]ÅúÔ  )ª�Ô  ª�Ô  ¤/ÄÔ Z9Zã  Ô',¹jã¸]Ô (Anion V) tgzZ
ÈÙÂZ**ðÔ  »îwÔ ÈÙ  Ë�hÔ  ªÈÔÈÙ�h~Ô  ',¹!3©3ï EEGGÔ  ',¹$4543ï IEGGGÔ  Ñq-¤/D%·]Ô

gzZãZzgÑq-¤/D%·]ÅS:]  aÒÔ  éÔ  �ãÅ̂Ô

#}Å�6,̂kqª(~gT�Xª%·] NaCl qgz!*Ñ].zwÐªCÙì�gzZã%·]�
ÅS:]�Z̀â®)z̀�lÔ¬$Ò3ïGGZzgi5+k,~z){gzZã%·]ZzgÑq-¤/D%·]Æ�gxyzZµ�D HCl�

�XZ¤/�zZÁÜÆ�gxyÑq-¤/DÈáCìA$È~zhezZáZ9ZâVÅ�h~ic*�{',¹!3©3ï EEGGgppzZáKÅY+$
?ØYCìZk§bic*�{',¹!3©3ï EEGGgppzZáK6,b%z~t!*gZzgÁ',¹!3©3ï EEGGgppzZáK6,b%z~µ!*gWY@*ìXZk§b
Æ®~�ã�ZL�CÙzV6,b%z~!*ggnp�ª�ãBD�ZzgZSbÐ�WzZÑÈªÑq-¤/DÈc*b%z~gzZãÈc*
b%z~Ñq-¤/DÈB@*ìX

gzZã%·]Æ�Ó]~#³gzZVÆ�gxy¤!g',¹jã¸]æ�CìTÅzzÐt̂kqª(~gT
�ZzgZy»!̀Zâ®)Zzg̀!�lic*�{�@*ìXx/S:]gppzZá%·]»~ZyZ4S:]gppzZá%·]Ð�@*

6ð¬5]Æ Æ�ª%·]ª�~i�D�X (like dissolves in like) ìª)x/Xx/~i�D�(
²w~gzZã%·]ÆgzZVÅ!*ëp~Ðt²w~Zq-�zu}Ð!~Ð¬ï�D�XZkat¬5]ÏCc*
!F,+¬5]BD�X

Ñq-¤/D�Ó]Æ�gxy̧]æ$zg�C�XZkaÑq-¤/D�Ó]#}Å�6,uVc*âO]Å
qª(~�D�XZy�Ó]»!̀Zâ®)z̀!�lÁ�@*ìXZßwx/Xx/~i�D�Æ�x/S:]
gppzZá%·]»~yZy�S:]gppzZá%·]Ð�@*ìXZkatÑq-¤/D%·])ª�~i5+k,
�D�YV�Ñq-¤/D%·]Å{¤)ª�CìX6ð¬5]~Ñq-¤/D%·]ÆÈÆIUZzg�WÅ
zzÐõ&]�D�XZkat¬5]Zz�c*N�D�X

Zßwx/Xx/~i�D�Æ�!-Cÿ
E

~0*ñYäzZáÈÅ{¤zZá%·]Zy��~i
�D�XÆÈÅ{¤~x¹�CìX

}
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¦gZ]6,g�¿  .I
(AS1) ¤/DZ9ZyZzgKÅ¤/ÄÆ�ÛtÅz�s#ÙX (1

CkÆ§i!»gÃ|^~ªCÙH�HìXZy6ð%·]Åz�s# (2

(AS1) ÙX (FigQ2)

Å¤/ÄHì? YK (b ~Ä¤/DZ9Zyñ���? YK (a

�zg~].zw~ÁÜÅ�gzÈ~)£x(ÆÒpÐëZk!*]Åz�s#�Mh��ZyÁÜ~¾§bÆ6ðÈ�VÐX l

�gZÝgzZVµc*t',¹!*ggppzZáfgZ]�D�X�CÙZ9ZyÅ�c*qÝ�D�ñgzZV0YD�X l

�z�CÙzVc*F�CÙzVÆ�gxy̧]æÆË~t�CÙZq-ªx5+k,Z»ð~ps�YD�TÃ6ðÈë�X l

�CÙ»ÛzyF,+pw¤/DpwB@*ìZzgZk~ñ��Z9Zy¤/DZ9ZyBD�X l

ÐmgBb�Z¹å[�ë�YV�tµ4mø
Y

GË�zu}ÁÜÐ¬ï7�'X45Í-ê XGGÆÎZñ (VIIIA) ��#¤/z\ l

�vÓxå[uVÆ¤/DpwÅZ9Zãú4k0î XIGå�CìX
6ðîg6,¬ïÁÜÆ¤/Dpw~4k0î XIG**å�@*ìX l

�CÙÆ¤/Dpw~ñ��Z9ZyÅ®Z�Æ¯6,Zy~0*c*YäzZáÈÅn»Z0+Zi{Îc*Y@*ìX l

ÁÜ�Z9ZyÃqÝ�D�ñZL¤/D4k0î XIGÃå�D�ÔZ¹',¹t{¤gppzZáÁÜë�XZyÃtgzZV l

(ë�X anions)

gzZã%·]ÅúZy�CÙzVÆ�gxy�CìXz{ÁÜ�)',¹µ{¤gnp�(ZL¤/DZ9ZyÅD�Z#�',¹t l

ÁÜZ9ZyÃqÝ�ÆZLZL¤/D4k0î XIGÃå�D�ñÈ¯D�X
',¹jã¸�æÅzzÐµgzZVZzgtgzZVZq-�zu}Ðï�Zq-®~Z»ð)�?(¯D�TÃgzZãÈë�X l

gzZãÈÀ�N̂k�D�ZzgZy»!̀Zâ®)ic*�{�@*ìX l

Ãå�D�ñÈ¯D�tÈÑq- duplet ¤/D4k0î XIGc* Z(6ðÈT~�CÙM:~ZL¤/DZ9ZyÆZ·ZuÐZLZL l

¤/DÈB@*ìX
�z�CÙZq-Zq-Z9ZyÑq-�D�ñZq-Ñq-¤/DÈ¯D�X l

CÙZq-È~Ñq-Z9Zy�hZq-Ñq-¤/DÈÃªCÙ�@*ìX l

Ñq-¤/DÈ~�CÙzVÆ�gxyZ·Zu�äzZáZ9ZyÅ®Z�å)z~�**¢zg~7ìXZk{¤ÅzzÐ�z��~ l

MCìX
Ãt7H�HX VSEPRT �>V~ÈÙiZz-VÃzZã�äÆa l

6ðÈl¥ÅF,¹ÆaÓ#Ö»j

Fig-Q2
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Zk�ã~ÄÑq-¤/DÈñ���? (d Å¤/ÄHì? XK (c

(AS2) »m¾¤/z\ÐìX Y Zzg X ÁÜ (e

¾§b�ãÅÈÅÂZ**ðZzgÈ»îwÅæ�ÐëZkÅ6ðS:]Åz�s#�Mh�?VwÆfg)=ô (3

(AS1)Ù?
qgzfsÑq-¤/D�Ó],Z9ZyÅú¾§bF,KM0*CìXZkÅz�s#Æa��{eZð¤/ZxÆfg) (4

(AS5) ªCÙÙX
Cl2 ³g+ (c) (H2O) 0*ã (b) (CaO) yM�à (a)

(AS5) Æ§i!»g~ªCÙÙX Lewis qgzfsCÙZq-�CÙÃCk (5

(CO2) »g0eZðW�à (f) (CaCl
2
) y³gZà (e) (Br2) ',z}� (d)

É4-�-
ê
G
G

G (c)y (b) Û&Í-ê GG (a)

¦gZ]»Z:t .II
Z9ZyÆZq-�CÙÐ�zu}�CÙ~v�äÆ¦g)Ãb(ÅãC�6,ú0*äzZá�Ó]Îe*³gZà (1

(AS1) Åz�s#ÙX CaO ZzgyM�à (NaCl)

(AS1) F,KMzZg�X 17 Zzg 11Ô6 Ãð&ÁÜ�XÆ�CÙ~°� C Zzg BÔA (2

(AS1) Zy~Ã̈KKÑq-¤/DÈ7¯Yì?YV? (ii)(AS1) Zy~Ã̈KKgzZãÈ7¯Yì?YV? (i)

(AS1) Zy~Ã̈KK�zâVgzZãÈZzgÑq-¤/DÈ¯Yì? (iii)

(AS1) »eZÃ̂t¾§bÐ�CÙzVÆ�gxy�WzZáÈÅúÅz�s#�Yì? Lewis (3

¤/DÈÆÃtÆ_.fs~����Ó]ÅúÅz�s#<X (4

�? O2 (b) �? N2 (a)

¨gz�6,FFZd�gZÆÎZÑ] .III
(AS5) fs~�z6ð¬5]»f�H�HìXÎZÑ]Åz�s#ÙX X1

»�?áCìX (NH3) **>zXZzg;àgzXÆ¬ïÐZñ* l

»�?áCìX (CH4) »g0Zzg;àgzXÆ¬ïÐ$4-£4è G
G

GE l

 (AS1) CÙZq-¬ï~�áï�CÙÅ¤/Ä¥xÙX (a)

(AS5) Æ§i!»g~ªCÙÙX Lewis ¬ïÆq&]ÃCk (b)
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( ) qgzfs~Ã̈KK',¹!3©3ï EEGGg�rì?ªCÙ�@*ì? (1

y (d)
!5½54o-

ê

G

Y
E
G
I
G (c) Mx (b) Îe* (a)

( ) 6,ªCÙ�äzZÑ!*g�ÇX X Ðï�gzZã%�'¯@*ìXA$K Y �zu}K 11X23
Zq-K (2

-2(d) -1 (c) +2(b) +1(a)

( Æ¤/Dpw~ñ��Z9ZyÅ®Z��CìX) 'A' �?¯@*ìA$�CÙ ACl4 ³g+Ðï� 'A' Zq-K (3

4(d) 3(c) 2(b) 1 (a)

( ) )¬ï�»z{KTÆÛzãpw~4k0î XIGZ9Zãú70*ðYC (4

gi+Zy (d) �îy (c) WgÇy (b)
45Í-
ê

X
GG (a)

( )

$4-£4
è
G
G

GEÆ�ã~]¤/DÈÅ®Z� (5

4(d) 3(c) 2(b) 1 (a)

( ) �CÙzVÆWggCwÆZ%o»¦g7�äzZÑ (6

Ã (d) Ck (c) ñ÷ (b) 0*# (a)

( ) Û&Í-ê GG³gZàÆ�ã~È»iZzt (7

104o.31' (d) 110o (c) 120o (b) 180o (a)

(AS4) Ñq-¤/D%·]ÆpZmZzgZyÆZEwÐ0¥â]Z��ÆZq-g7g^»gÙX (1

6ðÈl¥ÅF,¹ÆaÓ#Ö»j
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e^h

9
',tgzZV

Electric Current

ë)oV~W\',¹gzóÒR,~ó',¹�zgZzgZêZb%ZYÆ!*g}~7,|`�X
',¹�zgÐH%Z�ì? l

Zq-',¹�zg~',¹@*g�hZYñA$¾nÆ',¹!*g)µc*t(ó',¹@*gÐ*gD�? l

gzi%{i0+Ï~H',¹!*gÆ·�»Ãðo]ñ��ì? l

W\)®)Û~ðÆ!*g}~7,|`�Xð».�gZÝ�z!*�ßVÆ�gxyc*!*�wZzgi}Æ�gxy',t
»Zy%Z`ìXt',¹Zy%Z`!*�wÐi}ÅY+$�@*ìA$�Z~®aZ�CìóTÃëðë�XTÅzzÐâjw
~�îaZ�CìX

ð».âjw~',¹!*gÅw�'Åi0+{VwìX
HCÙ',¹!*g»·�Ð',¹gzÅz��~WCì? l

W��BX

Zq-¢óZq-°�ÒR,~Ô�Z[JÔZzgPqb%m%ñ�ñ@*=Æ@*g³X@*=Æ@*gÐ¢Zzg�Z[JÃ�hD «ßg]:
�ñ@*gÆuzVÃ',¹ÒR,~Ð�h�ØXZ[�Z[JÃÈ�D�ñ¢»x@{<X

W\äHx@{H? l

',¹�zgÐÒR,~Ã�ÑCå W{�,Ô!*¹Óx�zu~F,KMÃz,��ìgOXZzg�Z[JÃÈ�,X �zu~ßg]:
W\äHx@{H?H¢gz×�Z?

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j185

SCERT, T
ELA

NGANA



Z[',¹�zgÃ@*=Æ@*gÆOñ8yÆ@*gÐ�h�Z[',¹�zgÃ�Z[JÎ��h�XZzgx@{<�H �~ßg]:
¢gz×�@*ì?

ZyÐVßgÂV~W\ä�¬�Ç�¢Üs«ßg]~�gz×�@*ìXâ!*¹�zßgÂV~gz×7�@*X
HW\Z0+Zi{Î�CMh��¢�zu~Zzg�~ßg]~YVgz×7�Z? l

�Â,)®)~W\7,|`��ÒR,~�gZÝ6ðÂZ**ðÃôpÅ�ð�CìXZzgtÂZ**ð',¹ÂZ**ð~
ps�CìXTÅzzÐ¢gz×�@*ìXT»W\«ßg]~x@{�`�X¢Ãgz×�äÆa�g»g
ÂZ**ðÃÒR,~c*JZY½�CìXp�~ßg]~8yÆ@*g',¹�zgÐ�h}�¸TÐ',¹gz7*gCZk
ßg]~¢gz×7�@*XZ#�',¹�zg~ÒR,~Ìa%~�CìX

Zk§b�Å{¤ÂZ**ðÃJZYc*ÒR,~Ð¢J-�ä~¹ZëgzwZ�Z�CìXZ,ZâY�',¹ÂZ**ð
$43¨

ÿ

EGG

�ä~æ��ï�ñÝBD�XZzgz{ZâY�ÂZ**ðÃJZYc*ÒR,~Ð¢J- $43¨
ÿ

EGG ÃJZYc*ÒR,~Ð¢J-
�ä~æ�7�ï�)ñÝBD�X

ÓxZâYñÝ»»xYV7�D? l

�@*ì? $43¨
ÿ

EGG

Zq-ñÝ¾§bÂZ**ðÃÒR,~Ð¢J- l

z,�~ÆZzZb~ec*�ñÝÔ��JÂV~M®Z�~WiZ�Z9Zy0*ñYD 20äLorentz Zzg Drude

�²µgzZVZL£x6,3gT�X
W�Zq-%A$YwÆ�~~Z9Zy»x@{�D�X�ÛnÙ�ñÝZq-î�zgìXWiZ�Z9ZyñÝ~

Z#Z9Zy"F,KMw�'~�VXA$z{ËÌ�~w�' ~ec*�HìX 1- "F,KMw�'�D�X6�̂
~Cñ�F,ZlÀ�~»W\¦g�,ÔÂ�BÐ�æZ9ZyñÝÆF,ZlÀ�~~!*NÐ 1 �Mh�XZ¤/̂

�ZNZq-]~0*g�D�Zã�Z9ZyZq-]~�ZNÐ!*NY+$F,ZlÀ�~Ã;g�D�XZk»Ètì
�Z#ñÝA�zg~�ÂËÌñÝÆF,ZlÀ�~Ð¦/gä
zZÑ',¹!*g#�ÇX

Zq-ñÝ~Z9ZyÅw�'H�Ï²ZkÆuzVÃ l

Zq-ÒR,~Ð�h�c*�H?
Z#ñÝÆuzVÃÒR,~Ð�hZY@*ìT~Zq-¢Ì
a%ZìA$z{¢gz×�ÇXYèÂZ**ðÒR,~Ð¢Ãv�ÏX

:Z9ZâVÅ"F,KMw�' 1-^
)A�zg~(
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ZkÂZ**ðÅÃ~Z9Zy»(,Z�4ìX
Z¤/pÂZ**ð1ÃÒR,~Ð¢J-v�ä~Z9Zy

�f)�Zg�XpZyÅZq-%A$w�'�ãe34/õ XJ
G
ZzgZ¤/Z9Zy

ÅZq-%A$w�'�A$ñÝÆF,ZlÀ�~~Ð*gäzZàÀ',¹!*gÅlZg#Ðic*�{�ÏX6�̂
~�3c*�HìXZ9ZyÅ%A$w�'Ã',¹gzë�X 2X

A$ëÈMh��',¹!*gzVÅ%A$w�'»**x�LL',¹gzóóì
',¹gz: 9.1

ËñÝÆF,ZlÀ�~~ÐZ»ðz�Ü~¦/gäzZá',¹!*gÅÀlZgÃ',¹gzë�X
�Ç Q/t z�Ü~ËñÝÆF,ZlÀ�~Ð¦/gg;�Â',¹!*gÅÀlZgZq-]~ t ó',¹!*g Q Z¤/

óÐªCÙHY@*ìX A (ìZkÃL ampere Z»ðZ'.2.ç GFJ) SI ',¹gzÅ

ë',¹gzÅeö¾§b�Mh�? l

ÃZEw�D�ñë',¹gzÅeö�D�X',¹�zg~ZÐë��hZY@*ìXZn´z{ Ammeter À�
X Zq-R¢aÃ',¹gzÅeözZáWB6,�&�D�ñÌ',¹gzÅeöÅY$Ëì

YVZ9ZyZq-%A$�~�w�'�D�? l

Z#ñÝ',¹�zg~ÒR,~Ða%Z:�A$ñÝ~0*ñYäzZáZ9Zy"F,KMw�'�D�XZ#ñÝÃ
ÒR,~Ð�hZYñA$Z9Zyºm�~w�'Z(g�D�X

Z9Zy¾�~w�'�,Ð? l

HZ9Zy~ÚZuZqaZ�Ç? l

HtxewÐw�'�,Ð? l

ñÝ~0*ñYäzZáWiZ�Z9ZâV~ÒR,~Æµu}ÅY+$ZuZqaZ�@*ìX

:F,KM~Z9ZâVÅw�' 2-^

Q

t
I=

1C
s c*1A=

ÃÅ.ïE 1

]1
Z

'.2.ç GFG= 1Z9Z÷( 6.625x1018 ÃÅ.ïE  1)

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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ZzgZ#tZ9Zy',¹~yÆiCÙZW,µgzZVÐ
�ZD�A$ÂZ**ð»Zy%Z`�D�Zzg�VJ-�CÙ�Zî
Æ���'Ì�Mh�XtZ9Zy',¹yZyÅzzÐ
�z!*g{ZuZq0*�Ãu�YD�ZzgQ�zu}µgzZâV

~ec*�HìX 3 Ð�ZD�Zk§bZ9ZyñÝ~w�'�D�6�̂X

ZÏ§bëB��ñÝ~Z9ZyZq-xZz�ewÐw�'�D�XëZkewÃUîewc*U�gëgë�X
W�Z[ëWiZ�Z:',¹!*gzVÅZz�U�gëgÃlZäSC[�,X

X�ÛnÙ� ì 'A' �ÛnÙ�Zq-ñÝÆF,ZlÀ�~»gK
ñÝÆuzVÃZq-ÒR,~Ð�hZ�Hì@*�Zk~',¹gz»¦/g

',¹!*gzVÅZz�U�ewÃzZã�Cì6 Vd� �nX�ÛnÙ
~�3c*�HìXñÝÆZ»ðw)',¹!*gÅÑÄ(~ 4 �̂

�@*AVd ìXZkZz�ÃAÆañÝ»w Vd ìXË',¹!*g»Zq-]~ð��{Zz�Ã,Ã n ñ��',¹!*gÅ®Z�
Æ)z~ìX�ÛnÙ�',¹!*g nAVd »x@{Ù(XZkw~0*ñYäzZá',¹!*gzVÅ®Z� 4 ìX)^

ìZzgt',¹gzÆ)z~�@* nqAVd 6,F,ZlÀ�~ÆgKÐZ»ðz�Ü~¦/gäzZÑÀ',¹!*g D ìA$£x 'q' »!*g
ìX

',¹gz   I = nqAVd ('' 1)

 ('' 2)

ÃßxìX 1.602 x 10-19 C  'e' ëY���ËñÝ~',¹!*gÆqïZ9Zy�D�X',¹!*gÅlZg

)Zq-Z'.2.ç GFJ(',¹ 1A W�ëZq-@*=Æ@*g~0*ñYäzZáZ9ZyÅUzgëgÃC[�,ÐX²Zk@*gÐ
ìX n=8.5x1028 m-3 ìX�/Æfg=¥xÅ�@*ÆÅÑÄ A=10-6 m2

gz*gg�ìZzgZk»F,ZlÀ�~gK»gK
(ëÃtqÝ�ÏX q = e (~�g`�ä6,�V) 2 Zy�gzVÃ)zZ])

ZkÐtªCÙ�@*ì�Z9ZyÅw�'¹NìX
Z#ëËÌ',¹�zgÃÎóWy�D�eìZ£à@*g»îwHÌîsF,�X',¹�zg~0*ñYäzZÑ',¹

ÂZ**ðÆJZ)ÒR,~(»·z]̧{7g}ñÝ~',¹yZyaZ�@*ìX
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t',¹yZyñÝ~0*ñYäzZáÓxWiZ�Z9ZyÃZq-�BZq-%A$�~w�'�ä6,6g�@*ìX
Vd óÅ´#ÖZzg q Å�g,µ�X',¹gzÆ·�Å�»ç',¹!*gL 'A' Zzg 'n' te@*ì� I=nqAVd )zZ]

»qÝ¢[t�@*ìXtt´#ÖZk!*]» Vd Zzg q µ�@*ìXZk§b Vd tZzg q Z9ZyÆa ÐHY@*ìX
»qÝ¢[µ�@* Vd Zzg q Z�ág{�Cì�',¹gzÅ�t',¹!*gÆ#³�~�CìXµ',¹!*gzVÆn

ìX®Z',¹gzÅ·�Å�µ',¹!*gÅ·�Å���CìX
(Potential Difference ·z]̧{) 9.2

Z9Zyw�'ÆaÂZ**ð¹VÐqÝ�D�? l

Z#ñÝÆuzVÃÒR,~Ð�hZY@*ìA$ÓxñÝ~',¹yZyaZ�@*ìXt',¹yZyÔ',¹!*g)Z9Zy(
ìXWiZ�',¹!*g',¹yZyÅ� Fe 6,¬Z+�äzZà̧] q 6,̧]eZmìX�Ûn�z�',¹yZyÅY+$ÐWiZ�Z:',¹!*g

~ZuZqaZ�@*ì)Z¤/WiZ�Z:',¹!*gZ9Zy�VA$',¹¸]Å�',¹yZyÆ#³�~�Cì(
ª',¹yZyWiZ�Z:',¹!*gÃZq-%A$�~w�'�äÆa¼»xZ�x�êìX

HW\',¹¸]Æfg=Z�x�{»xÃ¥x�Mh�? 7

(~�3c*�HìX 5 Ã,�/õJ�ä6,6g�CìX6�)^ 'l'J-BÐA �ÛnÙ�',¹¸]',¹!*gzVÃ̀
ëY���»x�gZÝ̧]Zzģ]Å��/õJ�{ÃA»qÝ¢[�@*ìX

W=Fel 6,',¹¸]Æfg=Z�x�{»xt�Ç q Zk§bWiZ�Z:',¹!*g
? Z»ð',¹!*g6,',¹¸]ÅzzÐZ�x�{»xH�@*ì

W/q=Fel/q = Z»ð',¹!*g6,',¹¸]Æfg=Z�x�{»x
X J-ÑäÆaZ�x�c*�H»x·z]̧{B]ì BÐA Ã,�/õJ�D�ñ` l ',¹¸]Æfg=Z»ðµ!*gÃ

t�ÏX Ã,Ð�ÑCå{G��zÕoÆ�gxy·z]̧{ l ÐªCÙ�D�XËñÝ~ 'V' ·z]̧{Ã́#Ö

ÐªCÙHY@*ìX 'V' (ìZzgZkÃ Volt Z»ðLLzz«(óó) S.I t·z]̧{LLzz

É4-

÷

H
G
EóóÌB@*ìX·z]̧{Å

�w 1

ÃÅ.ïE 1 
= zz«( 1

IJ
C1V=
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·z]̧{ÅZ�b~',¹gzÅ�H�Ï? 7

Hµ',¹!*gñÝ~w�'�D�?ZkÆnHW\ÃðVw�}Mh�? 7

ë)oV~W\ä',t0*æÏÔ',¹�»g~ÔZzgâO]ÅñÆÆ!*g}~7,JìW\Zy�!*]Ãc*�<X
(Zq-�zu}Æ#³� anions (ZzgtgzZV) Cation Z#Ë(wÐ',¹gz*Zg~YCìA$µgzZV)

~w�'�D�XË',t0*æ{~µ!*gzVÅw�'Å�å',¹yZyÅ�~�CìX²t',¹!*gÔµ',¹
!*gzVÅ�Æ#³�~w�'�D�Xª(w~tgzZVzµgzZV�zâV»Z�w¿~W@*ìXZ�qÆ
aµZzgt�zâVgzZVÅw�'0*ðYCìXp�JCñÝ~ÜsZ9Zy�w�'�D�X)%A$Yw~µ!*g
ZK(�6,}�D�(

W/q J-w�'�D�A$',¹yZyµ»xZ�x�êìXZkn B Ð` A Z¤/Zq-ñÝ~µgzZV`
»·z]̧{ZWF,+ A ÅY+$ìA$` BÐA WiZ�µgzZVcµ�@*ìXZ#W\ë��',¹yZyÅ�

·z]̧{Z�F,+�ÇYV��tgzZVå',¹yZyÅ�Æ#³�~w�'�D�A$ëÈMh�� » B`
Z9ZyÁ·z]̧{Ðic*�{·z]̧{ÅY+$w�'�D�X

ëY���ÒR,~Æ�zâVuzV6,·z]̧{Zkz�ÜJ-xîg6,�ìgSìZ#J-�ÒR,~ÐÂZ**ð»å
îg6,Zy%Z`:�YñX

¾§bÒR,~ZLuzVÆ�gxy·z]̧{Ãxîg6,�ìgBbì? 7

Z#ÒR,~ÆuzVÐñÝÃ�hZY@*ìXA$ÒR,~»Zy%Z`)eCg`(YV¿~W@*ì? 7

Zk»�Z[�¶ÐIëÃtY'¢zg~�Ç�ÒR,~c*È{:¾§b»x�D�X
ÒR,~�z�JCÀV)',{(óZzg6ðâ�{)',t0*æ{(6,��CìX�zÀVÆ�gxy',t0*æ{T~µ

6,̈gÙ(',t0*æ{ÅY+$ÐgzZV6,Zq-ºm¸] 6 ZzgtgzZVZq-�zu}Æ#³�~w�'�D�X)^
(ë�X6ðâ�{Å{¤ Fc ¿�CìTÅzzÐtgzZV%A$�~w�'�D�XZķ]Ãë6ð¸])

Å¯Y6,óµgzZVËZq-1ÅY+$w�'�D�ZzgZk1Ð5�X
ë�X (Anode) ít1µgzZVqÝ�CìXZkÃµ',{

tgzZVµgzZVÅ#³�~w�'�D�ñ�zu~1
ÐiYD�Zk§bt1tgzZVÅ10YCìXTÃt

(ë�Xt¿Zkz�ÜJ-Yg~gLìZ#J- Cathode ',{)
��zâVÀV6,gzZâVÅZq-ºmlZg¦:�YñX

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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(Fe Z#ÀV6,pÐ�&',¹!*giY@*ìA$w�'Æ�zgZy',¹!*gZq-Zzģ]ÃCk�D�XZk¸]Ãë',¹¸])
ë�XZķ]Å�6ð̧]Å�Æ#³�CìZzgZķ]ÅlZg»Z®gÀV6,6zZágzZâVÅlZg6,�@*
ìX

gzZâVÅw�'Zkz�ÜJ-ZKÀ́VÅY+$Yg~
(7 Ðic*�{�X)^X Fe ',¹¸] Fc gìÏZ#J-�6ð¸]

�¶XgzZâV»ZLÀ́VÐ6»¿Zkz�ÜYg~gLì
)6ð¸]()z~:�YñX Fc )',¹¸](Zzg Fe Z#J-�

)z~�Ï Fe Zkqª(~gzZâVÆ�gxyÃðw�'7�ÏZ#
5ÒR,~c*Ë�ë!*iZgÐy%h+ÑD�A$Zk �¶( 8 Æ)^ Fc

~ñ��',t0*æ{ÆgzZVáZiy̧]Æik,ZW,�D�X)TÃ
~�3c*�HìX(ÒR,~Æ�zR,!5ÿEÆ�gxyx·z]̧{Å 9^

¸zzìX
ÒR,~~0*ñYäzZà6ðâ�}Å{¤Å¯Y6,
ÀV6,6zZágzZâV»Z®g�@*ì

Z#Zq-ÒR,~Ã',¹�zgÐ�hZY@*ìXA$H�Ç? 7

Z#ñÝÃÒR,~Æ�zâVuzVÐ�hD�XñÝÆ�zâVuzVÆ�gxy·z]̧{aZ�CìXt·z]̧{

ÓxñÝ~',¹yZyaZ�@*ìX)ñÝ~',¹yZyÅ�µu}Ðtu}ÅY+$�Cì(X
ëY���ñÝ~¹ic*�{lZg~Z9Zy0*ñYD�Xµ',{Æ�Ûd$0*ñYäzZáZ9ZyZk

',{ÐæÅ¯Y6,Zk',{ÅY+$w�'�ä��XTÆ³~Zk',{6,ñ��µgzZâVÅ®Z�nìXZk
Ðt (Anode) Ð$zg�YCìXZk§b6ð¸]t',¹!*gzVÃµ',{ Fc ó6ð¸] Fe n',¹¸]

Å§s¤ìXZzgµgzZâVÃt',{ÅY+$w�'�ã7,CìXaètgzZVZzgtu}Æ (Cathode) ',{
�gxy(,~¸]�«¿�CìXtuZZq-Z9ZyÃñÝ~ejìXÅ<å XEZ',¹gzÆ·�Æ�zgZyñÝ~ñ��Z9Zy

Æ�gxyÂZiãqª(:�ì�YñX Fc Zzg Fe Å®Z�xgSìXt¿Zkz�ÜJ-Yg~gLìZ#J-�̧'

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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Electromotive Force (emf) ',¹¸]ø�: 9.3
Z#ÒR,~ÆuzVÃñÝÆuzVÐ�hZYñA$',¹¸]Æik,ZW,ñÝ~ñ��Z9ZyU�gëgÐt

',{Ðµ',{ÅY+$w�'�D�XZÏz�Ü',¹¸]Å�Æ#³�~tgzZâVÅlZgÆ)z~µ
(¿�CìX Fc gzZVtu}ÅY+$w�'�D�XYèZy6,ÒR,~~6ð̧])

(ÅzzÐt»xZ�x0*@*ìX Fc gzZVÃw�'�¶~ÒR,~~ñ��6ðÂZ**ðy%a�CìXª�6ð̧])

#³w�'�¶ÆnZ�x�{»xÃë Å� Fe Ãµu}Ðtu}J-',¹¸] q 6ð¸]Æfg=t',¹!*g
(ÅlZgÆX Fe (ÅlZg)z~�Cì',¹¸]) Fc ´g�D�XZzgtÌ¦gH�Hì�6ð̧]) 'W'

uzV»�gxãÃ,ìX6ð¸]Æfg= 'd' �Ç�V  W = Fcd 6,H�H»x 'q' 6ð̧]Æfg=t',¹!*g
Ãßx',¹!*gÃµu}Ðtu}J-w�'�¶cZ�x�{»xÃfs~�c*�HìX 1

 óZk§b Fc  = Fe ëY���

6ð̧]Æfg=Z»ðt',¹!*gCÙZ�x�c*�H»xì�t',¹!*gÃµu}Ðtu}J-w�'�ê W/qt
B@*ìX (e)emf ìX»x',¹¸]ø�

6ð¸]Æfg=Z�x�{»xì�Z»ðµ',¹!*gÃÒR,~Ætu}Ðµu}J-w�' emf ¬xîg6,
�¶cHY@*ì

c*·z]̧{Åeö¾§b�,Ð? (emf) ë',¹¸]ø� l

¬xîg6,LLzz«(¢aóóÆfg=·z]̧{c*',¹¸]ø�ÅeöÅYCìXZkÃ',¹�zg~áZi~�hZY@*ìXZ#
',¹ÒR,~c*ËÃ¼àVÆnN*ga~ZEw�äÆ�¢Ð{g`�äzZàgzÝæî�YCìÂëë��
ÒR,~c*�N*ga~ZEwH�HåZk»Zy%Z¿̀~Wc*XZkÆHp�X

ÒR,~Ð�h}�ñÝ~Z9ZyÅU�ewZzg',¹·z]̧{~HÃðģ�@*ì? l

Zzx»ç 9.4

ÅÚx�CìX V/I U*"$�**ì����ñÝÆn   Ñ:
Zzg�Z[JX LED ªDßìc*$41ºé GE2Å¡ÖCVX 10 Æ0*õ°�È{äÔñÝ@*gZ*eZzgzz«(eÔ 1.5v �g»gZâY:

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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~Cñ�§iÐ�h,XßìÅ÷Ð 10 ',¹�zgÃ̂ ¿: §i
ñÝÆuzVÃ�h�XJÃÈ�,XZ*eÅæ�Ð',¹gzÃZzgzz«(e

~�g`ÙX 1 Åæ�Ð·z]̧{ÅeöÃ].zw

1- ].zw
V / I (I) ',¹gz (V) ·z]̧{ �¶Ky

~�g`ÙXZk¿Ã&ó 1 Ãë��h�Xzz«(eZzgZ*ÅeöÃ].zw Cell ÆOñ�z Cell Z[',¹�zg~Zq-
~�g`ÙX 1 á��CÙZ�ZzgeNK]Ã].zw Cell egZzg0*õ

Å�gC[ÙX V/I Zk§bCÙßg]~
ÅÚx�CìXZkÃëgc*èÅi!*y~Zk§bÉMh�X V/I W\äHx@{H?

Zk�/Ðët³Z~.�Mh��ßìÅ÷ÆuzVÆ�gxy0*c*YäzZÑ·z]̧{gZ�&pÐ�&�CìZk
Ð*gäzZà',¹gzÆ²�x�X)ªßìÅ÷Å�x�ãe�Z#�ZkÐ',¹gz*gC�(

X"g6,1YñXW\�BÐ�JZYÐ*gä XÃ 'V' "g6,Zzg·z]¸{ YÃ I Æ�gxyF,®U²',¹gz I Zzg V

�B(X 11 zZÑZq-â�qÝ�ÇX)^X
»ZEw�D�ñ�/Ã�CÙZ�X LED Z[ßìÅ÷ÆOñ

ÆEu}ÃÒR,~Æµu}ÐZzggLu}ÃÒR,~Ætu} LED

~�g`ÙX 1 Å�g¥xÙX].zw 'V' Å�gZzg·]¸{ I Ð�h�X',¹gz
ÅÚ V/I Å�g¥x�D�ñ I Zzg V ].zwZKâ^~¯NXCÙßg]~

»g�Æ�g,�g`�,X 1 ¥xÙZzgZLâ^,-6,Zq-].zw

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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ÅÚx7ìX V/I W\�BÐ�
Æ�gxy¤/ZsUX I Zzg V Æa LED Z[

~�3c*�HìX 12 W\ÃZq-È¤/ZsqÝ�Ï6�̂
Zz6,����!*CrÐëÃt!*]zZã�Cì�P�JÂVc

 Zk|Ã̀%ð»âCÙ¢]Yg`d-.èGEZzx ÅÚx�CìX I Zzg V x�6,
ä7HëZzxÆçÃZk§bÒy�,ÐX (George Simmon Ohm)

gZ�&pÐ�&�CìñÝ (V) ËñÝÆuzVÆ�gxy0*ðYäzZà·z]̧{

ÐÕzZà',¹gzÆ²�x�
)x�6,(

x=

ÐªCÙ�D�XA$ 'R' txñÝÅ'×ZØBCìXZkÃ
V = I R

ÐªCÙ�D�X W  (BCìXZzxÃ́#Ö Ohm Z»ðZzx) SI '×ZØÅ

ÅÚxYV7�C? I Zzg V Åßg]~ LED HW\Z0+Zi{ÎMh�� l

HÓx�J'ZzxÆçÆ@*,�? l

ZzxÆçÅgzÝ~Hëñ+VÅ�gzÈ~�Mh�? l

ZzxÆçÆ_.ñ+VÃ�zi%zV~��Mh�X�ZzxÆçÅ0*È~�D�ZzîñÝBD�XÓx
ó)ZzîñÝ�X LED's �J'ZzîñÝ�X�ñÝZzxÆçÅ0*È~7�D)ZzîñÝBD�X}

:(Limitations of Ohm's Law) ZzxÆçÆÕ÷: 9.4.1
�JCñÝ�ZzxÆçÅ0*È~�D�²�Zzg�zu}8qÑ]x�VX�Åp~ÐPâ�zVÅ

¤/ZsñÝcÈqÝ�CìX}ñÝÌZzxÆçÅ V-I '×ZØ~p~zZµ�CìXñÝÅ�~p~Ð
0*È~7�DXZzg4ñÝ�%̀!54-êG

E

GóZzgtyÌZzxÆçÅ0*È~7�DX

zz«( 1

Z

'.2.ç GFG 1
Zzx= 1

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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'×ZØÐH%Z�ì? l

Óxâ�zVc'×ZØÅ�g7V�Cì? H l

Z#ËñÝÃÒR,~Ð�hZY@*ìA$WiZ�Z:Z9ZyU�gëgÐºm�~w�'�D�Xw�'Æ�zgZy
Z9ZyÔ%A$YwÆµgzZV�Z�guYD�XZk»Ètì�t}éÂZ**ðÃwZg]Å̂~{g`�D�X
',¹yZyÅzzÐ�ÒR,~Æfg=ñÝ~aZ�@*ìXZk',¹yZyÐtZ9Zy�z!*g{ÂZ**ðqÝ�D�ZzgWÐ
w�'�D�X%A$YwÆgzZVZ9ZyÅw�'~g»z^aZ�D�XZk§bñÝ~YwÆgzZV»Z9ZyÆ
·�~g»z^»Z®gñÝ»â�{ÅâÎ6,�@*ìX

®ZñÝÅ'×ZØÐ%Z�ñÝ~Z9ZyÅw�'~g»z^aZ�**ìXz{â�{�Z9ZyÅw�'~g»z^aZ
(B@*ìX Resistor �@*ìz{'×Z3)

Hgzi%{i0+Ï~ZzxÆç»Z:t�@*ì? l

ZK̈ã�Ã',¹�áu¾zzÐ4ì?',¹gzÐc*·z]̧{ÅzzÐ? l

W��BÐX
Electric Shock  ',¹�áu 9.5

)Z¤/�Ø0*ãÐF,�(Ð�gó 100 �Ûn<�ZK̈ã�Zq-'×Z3ìXZK̈ã�Å'×ZØÀ�
)Z#�¢¹È�(J-(,fìXW�ZK̈ã�Ð*gäzZá',¹gzÅlZg¥x�,X�ÛnÙ� 500000

ÒR,~Æ�zâV',zVÃZKZèVÐZk§bñ}��',¹�zgå�YñX�ÛnÙÆW\Æ�Å 24v W\

ìXW\Æ�Ð*gäzZà',¹gzÃZk§b�c*�HìX 1,00,00 '×ZØ
I = 24 / 10000 = 0.00024 A

t',¹gzÅ¹ÁlZgìXZ#Zk§bÅ',¹gz�Ð*gCìA$t�~0*ñYäzZáZZ¡IYÆ
ZdwÃOW,7�CX

Æ·z]̧{)zz

É4-

÷

H
G
E

(ÃY��X (Main) HW\øg}yÆ',¹�zg~ZEw�EZá} l

Æ',¹@*gÃgäÐøg}�6,HZW,�Ç? 240V l

zz«(Æ',¹@*gÃgD�A$øg}�Ð*gäzZà',¹gzÅlZg 2 4 0 V Z#ë
�ÏXZ#ZâlZg~�Ð',¹gz*gCìA$�ÆZ0+gzãZ¡IYOW,�VÐX� I=240/100000=0.0024A

ÆZ0+gzãZ¡IY»OW,�**',¹�áuB@*ìXZ¤/',¹gz»*gÚ�A$�Å¢Ãvyà@*ìTÅzzÐ�Å̧]

J-VYñA$t 0.07A '×ZØÁ�YCìXZk§bZK̈ã�~ÕzZà',¹gzÅlZg(,|YCìZ¤/t',¹gzÅlZg
�wÆ»x�äÃOW,�CìX
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6,̈gÙ�ZK̈ã�Ð',¹gz 2 ',¹gzZq-]ÐiZZ+Ú�Ð*gCìA$ñ]zZµ�$ËìX].zw 0.07At
*gä6,�äzZáZW,Z]Ãe@*ìX

2 ].zw
',¹gzZ')42.ç GFJG~ ',¹gz»ZW,

0.001 ',�Z�&HYYì
0.005 1�{�@*ì
0.010 W]»)ZgZ�~îg6,i**
0.015 W]»Nzw»�Y**
0.070 Z¤/',¹gz�wÐ*gCìÂvyàCìZzgz{Zq-]Ðic*�{z�ÜJ-*gCìÂñ]zZµ�$Ëì

Zz6,Å�cÐët³Z~.�Mh��Z#�ÆZq-��Ð�zu}�~·z]̧{aZ�@*ìÂt',¹
�áuÅzzáCìXZ#',¹gzZK̈ã�Æ�zZ¡IÐ¦/gCìÂz{Zk�Ð*gäÃF,ß�îìT~'×ZØÁ�C
ìX�ÆÓxZ¡IY~'×ZØ7V7�CX}�Å¢~'×ZØic*�{�Cì/Ú�ÆZ0+g0*ñYäzZá
Z0+gzãZ¡IYÆXÎ�k,J-ZK̈ã�Ð',¹gz*gä»¿Yg~gLìZK̈ã�Å',¹gzZzg'×ZØ!*�ps�D
gSìXÅ<å XEZ',¹�áuZK̈ã�Å·z]̧{ó',¹gzZzg'×ZØ»ù¦ZW,�@*ìX

(Zq-Z(Z9Z7-e�W!ìTÐ',tÐmgppzZàF§bÅeNK]ÅY$Ëì Multimeter R¢a)
eŔ¢ae��gzVÃyÎV~ªCÙ�@*ìXZq-R¢a&�V6,��@*ìX

ZzgtegyÏµZzgteöÃªCÙ�@*ìX )ªCÙ�äzZÑz(: Display

tÎóZEw�äzZáÃ�ª(�êì�z{',tÐ )ZN[�äzZÑÎó(: Selection Knob

(Åeö�nX (Zzg'×ZØ) V mgppzZáZZñg�BZ'.2.ç GFG~',¹gzÔzz
É4-

÷

H
G
E

)

Common or ground) 'COM' R¢aÆÀ��zu}�D�XZq-Ã )u}(: Ports

�@*ì�Vucg8-Æ mAV �hZY@*ìX�zuZuZ Lead (ë�X�V({g8-» Port

Îc*Y@*ì Lead

',¹�zgÅeöÙX DC ',tç**u�@*ìXZknÜs AC ',tÅeö�Mh�Xp AC ZÒR¢a   ZkC{:

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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�JÂVÅ'×ZØ6,ZW,Z0+Zi�äzZáúZï 9.6

�Zzg'×ZØ 9.6.1

R¢a»ZEw�D�ñA�zg~a%}�ñ¢Å'×ZØÅeöÙX¢Å'×ZØÅeöcR¢aÃ
6,gOXZ[R¢aÆuzVÃ¢ÆuzVÐ�h�XB¢aøDfs 2K Zzx¢aÆîg6,ZEwÙXR¢aÆÎóÃ

eöÃªCÙ�}ÇX
c*¢ÅÇ'×ZØÃªCÙ�}ÇX 1c*0.00 l

2M c*200k BñÇXA$W\Ã 'Over Load' ÃªCÙ�@*ìÔA$z{ 'OL' ªCÙ�@*ìZzgZ¤/ 1 Z¤/R¢a l

6,ÎógÄ�eö�ã�ÏX
6,ǵ�ÇX 200 c*2K Æ�Ûd$CCìXA$W\ÃeöÃÁ�D�ñ 0c*0.00 Z¤/R¢a~eö l

~Cñ�§iÐZâYÃZq-�zg~ 13 Zk§bqÝ�äzZàeöÃZKâ^,-~�g`�,X̂
�h�X¼�k,�Zz6,Cñ�§iÐ¢Å'×ZØÅeöÙXZ[eöÃâ^,-~�g`ÙXZy�zâVeNK]
~W\H�ÛtCk�D�?A�zg~a%}¢Å'×ZØÁ�Ï/ÚÈ�zg~0*ñYäzZá¢ÆX

È�zg~a%}¢Å'×ZØic*�{�äÅHzz�$Ëì? l

W\ä¨gH�Ç�È�zg~¢¤/x�Y@*ìX¢~0*ñ
YäzZá@*gÅ�~Z��Ð¢Å'×ZØ(,fìXZk§bët
³Z~.�D��¢Å'×ZØZzg�Æ�gxyÃðģ�YìX

Zk§bËñÝ~0*ðYäzZà'×ZØÅ�g�6,«�C
ìZzg�~Z�±Ð'×ZØ~ÌZ���@*ìX

�·z]̧{zZá@*g6,á�zZàm%c*ÃYV',¹�áu74? l

»·z]̧{0*c*Y@*ìXZ¤/W\Zy 240V ',¹PV6,�záZi~@*gÅZq-�h�CìXZy',¹@*gzVÆ�gxy
�z',¹@*gzVÐÃðÌ',¹ñÝÃ�h�,A$Zy~Ð',¹gz*gCìXZk§b�Zk',¹gzÃqÝ�CìXZ#m%c*
Ë(,}·z]̧{Æ@*g6,ßìÂm%c*ÆczVÆ�gxyÃð·z]̧{7�@*Ôaèz{ÜsZq-�@*g6,�CìXZk
§bm%c*ÐÃð',¹gz7*gCXZknz{Ãð',¹�áuÃCk7�CX

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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 Nature of Material and Resistance â�}Å{¤Zzg'×ZØ 9.6.2

ß;Ô@*=ZzgZ>4Æ)z~îwZzg)z~F,ZlÀ�~»gKgppzZàsñk
ñÝÆ Q Zzg P ~Cñ�§i6,�zgÃF,KM�ØX 14^

ÐËZq-�JCscÃ�hbX�zg Qg Zz P �zAu}�Xu}
ÃåÙXZ*eÅæ�ÐZk~0*ðYäzZà',¹gzÅeöÙ
ZzgZKâ^,-~ZkÅeöÃ�g`<XZÏ§b�zu~�JC
scÐ�zgÃå�D�ñ¿Ã�CÙZbXZzgCÙßg]~',¹gzÅ
eöÙZzgZkÃZKâ^,-~�g`<XW\äH¨gH?
Z�JCscÃ�zg~�häÐ',¹gz~p~zZµ�Cì²·z]̧{xìX

ZkrÐëä³Z~.H�ñÝÅ'×ZØZk~0*ñYäzZáâ�}Å{¤6,«�CìX  

Zq-ñÝÅ'×ZØ6,HZW,�Ç²Znîw~Z��HYñ? l 

W�¥x�,

Length Conductor and Resistance ñÝ»îwZzg'×ZØ 9.6.3

~Cñ�§j6,Zq-',¹�zgF,KM 14 7VF,ZlÀ�~ZzgZîwzZàßìÅPsñ³X̂
ªîwÅßìÅsc�h�XZ*eÅæ�Ð',¹gzÅeöÙZzgZkÃZKâ^,-~�g` 106,Q Zzg P �ØXu}

ÙXZÏ§b�zu}ßìÅsñXÆZîw�V',¹�zg~�h�ZzgZyÆ',¹gzÅeNK]Ãâ^,-~�g`
ÙXW\äH¨gH?scÆîw~Z��Ð',¹gzÅ�g~¶zZµ�CìXZÏ§bßìÅscÅ'×ZØ(,f
ì²ZkÆîw~Z���@*ìX�V·z]̧{xìX

(ÆZ#�·z]̧{ l (gZ�&pÐ�&�CìZkÆîw) R ZkrÐët³Z~.�D��ñÝÅ'×ZØ)
x�X

(1 ''') )�VF,ZlÀ�~»gKZzg�xì( Zk§b

HñÝÅñN*ð'×ZØ6,ZW,Z0+Zi�Cì? l

W��BÐX
',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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Cross Section area and Resistance   F,ZlÀ�~»gKZzg'×ZØ 9.6.4

Q Zzg P ~Cñ§j6,F,KM�Ø',¹�zg 14 X̂ )z~îwZzgZF,ZlÀ�~zZàßìÅPsñ³
 uzVÆ�gxyZq-ßìÅscÃ�h�XZ*eÅæ�Ð',¹gzÅeöÙZzgZKâ^,-~�g`<XZÏ§b�zu~

spVÃ�h�',¹gzÅZeNK]ÙZzgZyÃZKâ^,-~�g`ÙXW\ä̈gH�Ç�ZkscÐ F,ZlÀ�~zZà
',¹gzic*�{*gCìTÆF,ZlÀ�~»gKic*�{�@*ìXZk§bscÆF,ZlÀ�~»gK~Z��Ð'×ZØn
ìXZkrÐët³Z~.�D��'×ZØF,ZlÀ�~ÆgÕÆ!*�pÐ�&�CìX
Zk§b

(2 ''')     ))z~îwZzgx�6,(
(ÅgzÐ 2 (Zzg) 1 )zZ])

  )x�6,(

6,̈gÙX 15 óÚ´xìX�LL'×ZØâ¦óóc*LL'×Z½óóB@*ìXZz6,�~�)zZ]ÃKc^ r �VL
'×ZØâ¦Ëâ�}Å�ZzgâÎ6,«�Cì²Ëâ�}Å'×ZØâ�}ÅâÎÔ�Zzgææ~qÑ]6,

)ZzxX¢a(�Cì - m Z»ð  S.I «�CìX'×ZØâ¦Å
(B@*ìX s '×Z½»½[ñÆ)

Ëâ�}Å'×ZØâ¦Å�gZmñÆÃªCÙ�CìXZ+
�J'XÅ'×ZØâ¦Á�Cì4ñÝ',t�D�X@*=Å
'×ZØâ¦Á�äÅzzZkÃ',¹@*g¯ä~ZEw�D�X

(Ð¯c*Y@*ìX Tungsten ¢~ZEwHYäzZÑ@*gÀ�)
(�@*ìX 3422Co

ZkÅ'×ZØâ¦¹ic*�{Zzg̀Zâ®)�)
Ð 10

14
Yb%))ñÝ(Å'×ZØâ¦Å�g¹ic*�{ª

(½]�mzx)òÔ�zçóZzgß;( Alloy Zzx¢a�CìX) 10
16

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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ò(Å'×ZØâ¦�zu~ 2% !5½2.ç G
Y
E
G
E
Zzg 12% @*=Ô 86% Zzg

$45»4
è
G
EYE
E

)

kHic*�{�CìXZknZyÃZ,~ÔI7z){ 100@*30 �JÂVÐ
(Æîg6,ZEw�D Heating Element ~¤/x�äzZà�)

)½](ÆZEw»Zq-ÃZ+{tÌìÔ�Åp~ Alloys �XZy
6,'×ZØ~ic*�{�Ût7�@*Zzgtic*�{F,WxÐ¬ï7

(Zzg%̀!54-êG
E

G Silicon �DXPâ�zVÅ'×ZØâ¦�ty)
kHic*�{�C 10 10

@*10 5
(�zu~�JÂVÐ Germanium)

kHÁ�CìXZk§b 1016
@*1015 ìXpqb%Å'×ZØâ¦Ð

(BD�X4ñÝÃ conductors Semi Æâ�}4ñÝ)
I C s (¯ä~ZEw�D�X I C s eZÇeÔR,Z�Zzg)
Zzg T.V (ÃÓxZ9Z7-ZâY�ÛR, Integrated Circuit)

ñ!*L¯yz){Å»g~~ZEw�D�X
',¹�zg~',¹WÑ]¾§b�h}YNÐ? /

(Electric Circuits ',¹�zg) 9.7
Z(È�zgTÐ',¹@*gZzgÒR,~Ã�hZY@*ìZzgXÐ

Z9Zy»*g�@*ì',¹�zgB@*ìXZ9ZyÆÚ·�Æn
¢zg~ì�',¹�zgå��gxy~{:�XÀ�',¹�zg~',¹
@*g~Zq-(g¿YCì�VÎóÃ�hZY@*ìTÐ',¹�zgÃ
ÂhZZzg�hZYYìX',¹�zg~Zq-ÐiZZ+WÑ]�h}YD�
�',¹JZ)ÒR,~(Ð',¹ÂZ**ðÃqÝ�D�XtWÑ]À�ë�c*ëáZi~îg6,',¹�zg~�h}YD�X

Z#ZyWÑ]Ã',¹�zg~ë��hD�A$Z9ZyÆ*gä»ÜsZq-�gZ3�@*ìX�ÒR,~)�-Zg~
Îó1gec*¾ñ(Æ�zuzVÆ�gxy0*c*Y@*ìXZ#ZyWÑ]ÃáZi~�hZY@*ìA$t�áñ¯D�ZzgZ9ZyÆ
*gäÆZgZ5�W�X

3 ].zwX
Úíj×Ì�â^iç7ÒoÚ�]uÛkÞçÂo

�J' 6,20oC Ôr(Ohm - m)

e0+~ 1.59 x 10-8

@*= 1.68 x 10-8

Î** 2.44 x 10-8

Z>4 2.82 x 10-8

y 3.36 x 10-8

"5½h4
è

HE
Y
H
E 5.60 x 10-8

i7- 5.90 x 10-8

ò 6.99 x 10-8

ß; 1.00 x 10-7

g 2.20 x 10-7

ðzx 1.10 x 10-6

)¤/ZÃ"3ïJGH(»g0 2.50 x 10-6

%̀!54-êG
E

G 4.60 x 10-1

ÅW»0*ã 2.00 x 10-1

_5Ò1¹é GGy 6.40 x 10-2

3Ç~ 1.00 x 10-3

h 10.0 x 1010

g', 1.00 x 1013

�Z 1.30 x 1016
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ë�ZzgëáZi~�hÅZKZq-ºm{¤�CìXëZy�zâV§bÆ�hÆZEwÐ�WzZá',¹�zgÐ0
¿U_·�,ÐX

Series Connection of Resistor '×Z8V»ë��h 9.7.1

�g`ÙX R1, R2, R3 ZyÅ�gzVÃ�g Z¢kXR¢aÅæ�ÐZyÅ'×Z8VÅeöÙXZKâ^,-~
~Cñ�§iÐ�h�X 16^

',¹�zgÐa%~�ðÒR,~ÆuzVÆ·z]̧{ÅeöÙX
ÅeöÙX V1, V2, V3 CÙ¢ÆuzVÆ�gxy·z]¸{

ZzgZKâ^,-~�g`ÙXÒR,~Æ·z�Ü̧{Zzg'×ZØ»
».ÞÙX

W\äH¨gH? l

øVÆ·z]̧{»ù·�zgÆÀ·z]̧{Æ)z~�@*ì®Z Óx
V = V1 + V2 + V3 ----------(1)

Å�gÆîg6,�g`ÙX I Z*eÅæ�Ð',¹�zg~*gäzZà',¹gzÅeöÙXW\Åâ^,-~
W\äH¨gH? l

(Equivalent Resistance of a Series Connection) ë��hÅç�w'×ZØ
»x@{ÙXZk̂~øVÃ'×Z8VÅ´#ÖÆfg=ªCÙH�HìX 17^
ë�'×Z8V~',¹gzÆ*gä»ÜsZq-�gZ3�@*ì

Æ)z~�Cì I Zk§b',¹�zg~*gäzZà',¹gz
ZzxÆçÅgzÐ

V1  = IR1 6,·z]̧{ R1

V2  = IR2 6,·z]̧{ R2

V3  = IR3 6,·z]̧{ R3

ë��hÅç�w'×ZØìX Req �Ûn<

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j

fig - 16

fig - 17

fig - 18
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ç�w'×ZØÆHp�? 7

Z¤/ë��h~�Óx'×Z8VÐ*gäzZà',¹gzËZq-'×ZØÐ*gäzZà',¹gzÆ)z~�ÐA$t
'×ZØç�w'×ZØBCìX)²',¹gz»â~.x�(

 V = IReq Zk§bóëqÝ�D�
Å�g�g`�ä6, V Zzg V1,V2,V3 (~ 1 )zZ])

IReq  =IR1  + IR2 + IR3

Req = R1 + R2 + R3

Zz6,�~�)zZ]ÐëÈMh��Z#'×Z8VÃë��hZY@*ìÂZyÅç�w'×ZØZÐZ�~'×Z8VÆù´Æ
)z~�CìX
Z¤/Zq-'×Z3Ãë��hÐïw�c*YñÂH�Ç? l

Z¤/Zq-'×Z3Ãë��hÐïw�c*Yñc*{HYñA$�zgîg{YñÇZzg',¹�zg»�{�YñÇZÏzzÐ
yw',¹WÑ]Ãë�7�hZY@*X

HW\Z0+Zi{ÎMh��yÅzZ],8-¾§bÅYCì? l

W��BÐX
 Parallel Connection of Resistor '×Z8V»ëÂZi~�h 9.7.2

~�3ñ�§jÐZ7�h�X 19 ~T§b¢»ZEwH�HåZÏ§bÆ¢á�ó^ 6r
R¢ac*zz«(¢aÆZEwÐCÙ¢Æ·z]̧{Åeö<XZzgZK
â^,-~�g`ÙX
W\äH¨gH?CÙ¢6,·z]̧{)z~ìX
t¢ëÂZi~BNÐXZ*eÅæ�ÐCÙ¢~*gäzZà',¹gzÅ
eöÙXZyeNK]Ã�g`ÙX

'×Z8VÐ¦/gg�ìX R1, R2, R3 ',¹gz I3 Zzg I2, I1 �Ûn�z�
ÒR,~ÐX',¹gzZEw�g�ì? 7

HtZÐZ�~'×Z8VÆ)z~ì? 7

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j

fig - 19
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Z*eÅæ�Ð',¹gzÅlZg¥xÙX
W\tx@{�,Ð�ëÂZi~�h~�'×Z8V6,�Ë',¹�zgÅ',¹gzZÐZ�~'×Z8VÐ*gäzZàÀ',¹ .1

gzÆù·Æ)z~�CìX
Zk§bëÉMh�

(1) .............   I = I1 + I2 + I3

ëÂZi~�hÅç�w'×ZØ
~Cc*�Hì 20 »ìà{�̂ 19^

ZzxÆçÅgzÐ
Ð*gäzZà',¹gzó R1

Ð*gäzZà',¹gz R2

Ð*gäZzà',¹gz R3

~�3ð�ìX 21 ëáZi~�hÅç�w'×ZØìÔ�̂ Req �ÛnÙ�

A$�qÝ�ÇX
(~�g`�ä6, 1 Å�g~)zZ]) I, I1, I2, I3

ëáZi~�h~��X R2 Zzg R1 �ÛnÙ��z'×Z¤

ëÂZi~�hÅç�w'×ZØCÙZq-'×Z3ÅZÐZ�~'×ZØÐÁ�CìX
W\Zk³Ðt�Mh��YVËñÝÅ'×ZØ!*�pÐ�&�CìZkÆF,ZlÀ�~ÆgÕÆXF!*gq-
ëÂZi~@*gzVÆù´ZzgZq-ñL@*g»¦gÙX!*gq-@*gzVÆù´Å'×ZØCÙZq-!*gq-@*gÐÁ�CìX
�zu}p~ñL@*gÅ'×ZØ!*gq-@*gÆ£«~Á�CìX

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j

fig - 20

fig - 21
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ëáZi~�h~��A$�zg~ç�w'×ZØC[ (b) ë� (a) 30 W Zzg 20 W Ô10 W &'×Z¤ 1 Vw:
<X

�R3 = 30 W Zzg R2 = 20 W ÔR1 = 10 W ���',¹�zgÆ_. i:D
Req = R1 + R2 + R3 ë��hÅç�w'×ZØ (a)

Req = 10 + 20 + 30 = 60W

ëáZi~�hÅç�w'×ZØ (b)

Å R1 ìA$ 20 W Zq-',¹�zg~ë��h~��Zzg�zg~ç�w'×ZØ  8 W Zzg 4 W ÔR1  &'×Z¤ 2 Vw:
�gC[<X

Req = R1 + R2 + R3 ë��hÅç�w'×ZØ i:D
20 = R1 + 4 + 8 

R1 =  20 - 12  = 8W
R1  = 8W

Å R1 ìA$ 3 W Zq-',¹�zg~ëáZi~�h~��Z¤/�zg~ç�w'×ZØ  12 W Zzg R1  �z'×Z¤ 3 Vw:
�gC[<X

ëáZi~�hÅç�w'×ZØ i:D

(»x@{<Zzgç�w'×ZØC[<X 22 �b�',¹�zg)^ 4 Vw:
Zzg R2 = 12 W ÔR1 = 4 W i:D���',¹�zgÆ_.

�R3 = 7 W

ë�a%ZìX R3 ëáZi~a%}�Z#� R2 Zzg R1 ',¹�zg~
ëáZi~�hÅç�w'×ZØ

Req=3+7=10W Ðë�a%Z�ZìA$�zgÅç�w'×ZØ R3ÔRp

Fig - 22

Rp
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¦/�̧~cG�'×Z8VÆë�ZzgëáZi~�hÆOñZyÅç�w'×ZØÃZEwHYY
ìXpZq-ÐiZZ+ÒR,~Ða%}F��{',¹�zgzVÆ��Æat§i»gWæ7ìX
W��B

(Kirchhoff's Laws) �esÆà] 9.8
�zg6,�.ÞZ:t�D�ªX~gZ�&',¹gz*Zg~YCìZzg DC �z��{®Í/õG�esÆà]BD��

X~ÒR,~Zzg'×Z3ËÌ§jÐ�h}��VX

(Junction Law Ç»ç) 9.8.1
»x@{<X 19 6,ñ��̂ 148�

6,',¹gz��g�ìX�V6,ÒR,~ÐqÝÅ�À',¹gz P �V`
ÇìXz{` P '×Z8VÐ*gäzZàÀ',¹gzÆù´Æ)z~�CìZzg̀

�V&c*iZZ+ñÝ@*gX�ÇB@*ìX
Zq-',¹�zgÆËÌÇ6,',¹gz��CìXÇ~�Z4�äzZà',¹gz»

ù·åÇÐ{g`�äzZà',¹gzÆù´Æ)z~�@*ìXZk»Ètì�Ë',¹�zg~ÇÆ£x6,
ÐëZ~.�Mh�X 23 ÃðÌ',¹gz¦7�CX̂

I1 + I4 + I6 = I5 + I2 + I3

tç�ñ!*g6,FFì
(Loop Law)  ß\»ç 9.8.2

ËÈ�zg~ZZb%ZY6,(,_Zzg�Ö·z]̧{»ZrZðù·å#�**ecXtçß\»çB@*ìXtç
�ñÂZ**ð6,FFìX

�ÛnÙ�Zq-',¹ß\~ß\ÆZ�Zð�zÕoÆ�gxy0*ñYäzZá·z]̧{Å¼�gìX��ë',¹
ß\ÆZ§Zsw�'�DYNÐZzgÓxZb%ZY)'×Z3ZzgÒR,~z){(Æ·z]̧{Åeö�,A$·z]̧{Å�g(,f

pZ#ëåîg6,',¹ß\»Y,̂{fe�ñZL ZzgnìtZk~0*ñYäzZáZb%ZYÅS¤6,«�CìX
Z�Zð£x6,í�A$À·z]̧{~p~#�**ecX®Z·z]̧{~p~»ZrZðù·#Æ)z~�@*ìX

Fig - 23

P
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ä́ZÖg¾§bHYñ? •

t1YñÇX (emf) Z#ëÒR,~Æµ',}Ðt',}ÅY+$(,_�A$ÒR,~»',¹¸]ø� .1

µ1Yñ (emf) Z#ëÒR,~Æt',}Ðµ',}ÅY+$(,_�A$ÒR,~»',¹¸]ø� .2

ÇX
Z#ëË'×Z3Ð¦/gäzZà',¹gzÅ�Æ�B�B¦/gD�A$ZkÆ·z]¸{Å´#Öt¦gÅ .3

YñÏX
Z#ëË'×Z3Ð¦/gäzZà',¹gzÅ�Æ#³�¦/gD�A$ZkÆ·z]̧{Å´#Öµ¦gÅ .4

YñÏX

:D|̂~�b��zgÅÀ·z]̧{Ænß\Å)zZ]sX 1 Vw
ìA$·z]¸{ -V1 '×ZØ6,ÒR,~Å·z]¸{ R1~ABCDEA i:Dß\

0 = -V1+IR1    �ÇX:',¹�zg~À·z]̧{ IR1

:Dß\»çZEw�D�ñ|̂~À·z]̧{¥x<X 2 Vw
ÐABCDEA i:DW����',¹�zg6,ëß\Æç»Z:t�D�X

ì -V1 6,·z]̧{  v1 ÒR,~
ì -V2 6,·z]̧{  v2 ÒR,~

I R1 =  6,·z]̧{ R1

I R2 =  6,·z]̧{ R2

I R3 =  6,·z]̧{ R3

q,p~ A$',¹�zg~À·z]̧{Å
IR1 + IR2 - V1 + IR3 - V2 = 0 

Fig - 24

Fig - 26

I

I

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j

Direction of traversing

fig - 25
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:Dß\»çZEw�D�ñ|̂~)ÓxÂß\Æn(À·z]̧{¥x<X 3 Vw
i:DW����',¹�zg6,ëß\Æç»Z:t�D�X

~ABCDEA ß\
ì -V1 6,·z]̧{  ÒR,~

ìX IR1+IR2 '×Z8V6,·z]̧{

-V1 + IR1 + IR2 = 0 ',¹�zg~·z]̧{Åq,p~
:Dß\»çZEw�D�ñ|̂~)ÓxÂß\Æn(À·z]̧{¥x<X 4 Vw
i:DW����',¹�zg6,ëß\Æç»Z:t�D�X

Zq-ß\ì ABCDEFA ^~ I

-V1  +V2 ÒR,-V6,·z]̧{=

+I1R1   - I2R2 = '×Z8V6,·z]̧{

    -V1   + V2   + I1 R1    - I2 R2 = 0    ß\~·z]̧{Åq,p~

Zq-ß\ì AFEDCBA ^~ II

-V2  +V1 ÒR,-V6,·z]̧{=

+I2R2   - I1R1 '×Z8V6,·z]̧{

    -V2   + V1   + I2 R2    - I1 R1  = 0   ß\~·z]̧{Åq,p~

Zq-ß\ì FEDGHF ^~ III

-V2  ÒR,~6,·z]̧{=

 + I2R2 + (I1 + I2) x R3 '×Z8V6,·z]̧{=

  -V2  + I2 R2  + (I1 + I2) x R3 = 0    ß\~·z]̧{Åq,p~

Zq-ß\ì FHGDEF ^~ IV

+V2  ÒR,~6,·z]̧{=

R3 x - (I1 + I2) - I2R2  '×Z8V6,·z]̧{=

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j

fig - 27

fig - 28
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 +V2  D (I1 + I2) x R3  - I2R2 = 0  ß\~À·z]̧{Åq,p~

Zq-ß\ì HGCBAH ^~ V

+V1  ÒR,~6,·z]̧{=

   - R3  x  (I1 + I2) - I1R1 '×Z8V6,·z]̧{=

 +V1  - (I1 + I2) x R3 - I1R1  = 0 ß\~À·z]̧{Åq,p~

Zq-ß\ì ABCGHA ^~ VI

-V1  ÒR,~6,·z]̧{=

  + I1R1 +   (I1 + I2) x R3 '×Z8V6,·z]̧{=

 -V1  + I1R1  +   (I1 + I2) x  R3 = 0     ß\~À·z]̧{

ß\»çZEw�D�ñ|̂~ÓxÂß\ÆnÀ·z]̧{¥x<X :D 5 Vw
Æ',¹�zg6,ß\Æç»Z:t�ä6, 29^

Æa ACDBA )I(ß\
-V2 + I2R2 -I1R1 + V1 = 0

Æn EFDCE )I(ß\
-(I1+I2) R3 - I2R2 + V2 = 0

- (I1  + I2) R3 - I1R1 + V1 = 0 Æn EFBAE )I(ß\
(30 ìZkÐqÝ�äzZà',¹gzÅlZg¥xÙX)^ 12V Zq-ÒR,~T»',¹¸]ø� :D 6 Vw

Ç»çZEw�D�ñ�zg~',¹gzÅo�&�¿~Ñ�X i:
Æn DAFED ß\

 -3I1 + 12 - 4I = 0

4I + 3I1 = 12 (''' a)

Æn DABCD )I(ß\
-3I1 + 12 - 5 + 2 (I - I1) = 0

 2I - 5I1 = -7...................(b)

I1  = 2A (Ãi�ä6,ëqÝ�D� b (Zzg) a )zZ])

ìX  2A  = Å�~ÐqÝ�äzZàÀ',¹gzÅlZg 12V

Fig - 29

Fig - 30
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-.$',¹gz»ZEwHìX 100 W\äZLy~��ÇZkâ{ëä 7

-.$ÆHp�?
�g`ìXtHªCÙ�D�? 220V Zzg 60W Zq-¢6, 7

W��BX
Electric Power ',¹¤�Ü 9.9

gzi%{i0+Ï~ZEw�äzZá',¹�ây��Ô',¹Ã�Ô5yÔZzg�Ûóz){',¹»Ü��D�X�Ûn�z�
*gCìX I ìTÐ',¹gz 'R' Zq-ñÝTÅ'×ZØ

ëY���Z#ñÝÐ',¹gz*gCìA$wZg~ÂZ**ðaZ�CìX
~�3c*�HìX 31 J-*g@*ì6�̂ 'B' ]~` 't' Ãßx 'Q' Ð',¹!*g 'A' �Ûn�z�̀

]~',¹yZy~Z�x�{»x t 0*c*Y@*ìX V Æ�gxy·z]̧{ B Zzg A �Ûn�z�̀
(1) '''' W = QV

t»x',¹ñÝ~',¹!*gÐÅð�ðÂZ**ðÆ)z~�@*ìX
',¹!*gÐZq-]~Åð�ðÂZ**ðXì? 7

Æ)z~ì W / t  Hz{
(2 ''') (ÅgzÐ 1 )zZ])

(ÃªCÙ�CìX I Zz6,�~�)zZ]ñÝÐ*gäzZà',¹gz)

Zq-]~Z�x�{»xÃªCÙ�@*ìX Zzg

ë)oV~W\7,|`��¤�Ü�gZÝ»x�äÅÑb�Cì
(ÃªCÙ�@*ìX P ó',¹¤�Ü) Zk§b

(3 '') P=VI ',¹¤�Ü
Zz6,�~�)zZ]Åæ�Ð',¹�zgÐa%}ËÌ',¹WáÆ',¹Ü�»�[Îc*YYìX

 V = IR ZzxÆçÅgzÐ

Fig - 31
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(ÃZk§bÉMh� 3 ë)zZ])

  

ÃÒR,~ÐZEw�{',¹gzÅlZg¥x�äcÌZEw�Mh�Xë)zZ]ÃZk§b P = VI )zZ]

ÌÉMh�X
  P = eI

ÒR,~»',¹¸]ø�ì "e" �V
W�ëVwÆfg=�',¹¤�Ü¾§bZEw�CìX

60J ÆËJZÐ�hZYñA$z{ 120V �g`ìXZkÆpt��Z¤/¢Ã 120V Zzg 60W Zq-¢T6,
',¹¤�ÜÃ°]wZg~c*gzÝÅÂZ**ð~ps�@*ìX
¢6,�g`Å�¥â]ÐëZkÅ'×ZØ¥x�Mh�X

Å�g�g`�ä6, P Zzg V

R = 120 x 120 / 60 = 240

�ÏX 240 �g`�ZkÅ'×ZØ 120V Zzg 60W Zk§bZq-¢T6,
ÒR,~Ð�hZYñA$¢Æfg=',¹¤�Ü»Ü��ÇX 12V Z¤/Zk¢Ã

P = V2 / R = 12 x 12 / 240 = 3 / 5 = 0.6W

Ð',¹Ü�ÃªCÙHY@*ìX Kilo Watt aèzZ^',¹¤�ÜÅgKZ»ðìXZq-(,~�g³zZ^

1KW=1000W=1000J/S

CÙâ{WäZzá',¹.ÞÃW\ä�¬�ÇXW\Æy~ZEw��{',¹¤�ÜÃ-.$Æîg6,�3c*Y@*ìX-.$
HªCÙ�@*ì?

)Zq-úzZ^°�( 1KWH -.$ª
1KWH = (1000 J/S) (60 x 60s)

=3600 x 1000J

= 3.6 x 105 J
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Over Load 9.10

(ÆHp�? Over Load) l

',¹WÑ]ÃvyîÅHz�;]�? l

(ÅzzÐ',¹WÑ]ÃvyàìX Over Load ëZÒţFg��)
(ë�XZy@*gzV~Á'×ZØ�Cì Line ',¹aðÀ�øg}yÃ�z@*gzVÐqÝ�CìÎÑM)

�@*ìXt�z@*g»·z]̧{yÆÓx#zV~*g@*ìTÐZyw',¹WÑ]� 240V ZzgZyÆ�gxy·z]̧{

ó�Û`z){a%}gT�X T.V 5yÔ
yÆÓx',¹WÑ]Zy�z@*gzVÆZ£â]6,a%}�D�XZk»tÈì�Óx',¹WÑ]Zy�z

�CìXyw',¹WÑ]ÅZ¤/'×ZØ¥x�Â 240V @*gzVÐëáZi~a%}�D�XZk§bCÙ',¹WÑ]6,·z]̧{

Åæ�Ð¥x�Mh�X}Zq-¢Ð*gäzZà',¹gzTÅ I = V / R ëZy~Ð*gäzZà',¹gzÅlZg
�ÏX 1Aì240 '×ZØ

Zyw',¹�âyXÅ'×Z¤Z�C�z{ZlZg~',¹¤�Ü»ZEw�D�XÀ',¹gzÅ
ZEw��{lZg)z~�Cìyw',¹WÑ]Ð¦/gäzZà',¹gzÆ)Ç»ç(ÔZ¤/ë¹ic*�{yw',¹WÑ]/
Zq-z�ÜZEw�D�A$',¹»Ü�Ì¹ic*�{�ÇX

Z¤/',¹(,}eäJ-(,J�~YñÂH�Ç? l

ZkÆ�Z[ÆaXW\ZLy~·K�ñé¢a»x@{ÙXW\

ä̈gH�ÇZy6,øDfs�g~è�ð�VÏX
240V ·z]̧{:

5 - 20A ',¹gz:
�@*ìX 240V ZkÆpy~�áZi~@*g�Z4�D�ZyÆ�gxy·z]̧{

20A ',¹gz*gCìXªëic*�{Ðic*�{ 20A Zzgic*�{Ðic*�{ 5A Zy~ÐÁÐÁ
ÐiZZ+',¹gz»ZEw�@*ìA$',¹�zg¤/x�Y@*ì 20A ',¹gz»ZEw�Mh�XZ¤/

ÐiZZ+',¹gz»ZEw( 20A (ë�X)ª Overloading ZzgWvµ$ËìXZÏÃ)
6,̈gÙX̂~���ÓxZâYÆ´z{Z¤/ë�ÃÌZEw~ÑNA$',¹ 32^
Ðic*�{ZEw�ÇXZkÐWvµ$ËìX 20A gz»

Ð�äzZávyÐëù$Mh�? Over Loading lFig - 32

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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ËñÝÆF,ZlÀ�~~ÐZ»ðz�Ü~¦/gäzZá',¹!*gÅlZgÃ',¹gzë�X l

Ë',¹�zg~·z]̧{»xÅz{lZgì�Z»ðµ!*gÃZq-`Ð�zu}J̀-w�'�¶~Z�x0*ñ l

R¢aZq-Z9Z7-W!ì�',¹gzÐa%}ZWÑ]Åeö�@*ìX)�·z]̧{ó',¹gzÔZzg',¹'×ZØ( l

ËñÝ~',¹gzÔgZ�&pÐ�&�CìñÝÆuzV6,0*ñYäzZà·z]̧{ÆZ#��x�X Zzx»ç: l

(V=iR ª)

ÆHp�? Short Circuit l

yw',¹@*gzVÃZzgZyÐa%}yw',¹�âyÃvyà@*ì? Short Circuit YV l

',¹!*gÔ·z]̧{Ô',¹gzÔR¢aÔZzx»çÔ'×ZØó'×ZØâ¦ó
�esÆà]Ô',¹¤�ÜÔ',¹ÂZ**ð

32 (»ZEw�D�X6�̂ Fuse Ð�äzZávyÐôp�äÆnëyw',¹�zg~) Overloading

(ÆZEwÐ',¹gzAiÆfg=*gCìXAiÀ�gN*@*g�@*ìT»Z̀â®)¹ Fuse ~�3c*�HìXZk§b)
ÐiZZ+',¹gz*gCìA$z{@*g¤/x��£Y@*ìXZk§b',¹�zg{�Y@*ìZzgW\ 20A Á�@*ìXZ#AiÐ

Æyw',¹�âyÃvyÐXc*YYìX
(»ZEw�D�X Fuse ÐÓxyw',¹WÑ]ôpgppÆaëyw',¹�zg~) Overloading ZÏ§b

~�Ût�@*ìX Overload Zzg1~Æ Overload â^:yw

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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¦gZ]6,g�¿ .I
(AS1 Ñg÷XegzeÆÃtÆ_.¾§bZ9Zy»·�',¹gzaZ�@*�?) X1

(AS1 ',¹¸]ø�Zzg·z]̧{Æ�gxyH�Ûtì?) X2

(AS1 ËñÝÅ'×ZØ�6,«�CìW\t¾§bU*"$�,Ð?) X3

(AS1 Z9u�áuHì?t¾§bzZµ�@*ì��) X4

6,·z]̧{Åeö A ë�Zq-ÒR,~Ða%}�X'×ZØ B Zzg A Zq-',¹�zgZk§bZ@*g�T~�z'×Z¤ X5

(AS5 ÆaÐZq-zz«(eÃÌ�hZ�HìX)
(AS7 ó6,·z]̧{#ìX) B ì²̀L __ 6,·z]̧{ A ~` Q-6^ X6

Fig - Q6

Zzx»çx�6,�JCñ+VÆa��tìXZk»Z:t}ñÝZzg4ñ+V6,7�@*X l

ËñÝÅz{',¹{¤TÅ¯Y6,ñ+V~Z9ZâVÅWiZ�w�'Å#¿�Cì'×ZØBCìX l

Ra l/A ËñÝÅ'×ZØ»Z®gâ�}ÅâÎÔZkÆîwZzgF,ZlÀ�~ÆgÕ6,�@*ìX l

(ZkñÝÆZ»ðîwZzgZ»ðF,ZlÀ�~ÆgÕÅ'×ZØ�Cì Resistivity ËñÝÅ'×ZØâ¦) l

Ë�zg~�zc*�zÐiZZ+u}Ðu}Ã�h~�'×Z¤Zkz�Üë�BC�Z#ZyÓx~ÐZq-�',¹gz l

Zq-�gZ5Ð*gCìX
Ë�zg~�zc*�zÐiZZ+�uuzVÐ�h~�'×Z¤Zkz�ÜëáZi~BC�Z#Zy�&Æ)gzV6,)z~ l

·z]̧{0*c*YñX
Ç»ç:Ç~�Z4�äzZàÀ',¹gzZkÐ{g`�äzZà',¹gzÆ)z~�@*ìX l

Zq-È�zg~0*ñYäzZáZZb%ZYÆ·z]̧{~Z��c*¶»ZrZðù·#�@*ìtß\B@* ß\»ç: l

ìX
(BCìX W Âx~zZ^) S.I ·z]̧{Zzg',¹gz»qÝ¢[',¹¤�ÜBCìX',¹¤�ÜÅZ»ð l

�CìX KWH Zzg W-S ',¹ÂZ**ð�gZÝ',¹¤�ÜZzgz�Ü»qÝ¢[�CìX',¹ÂZ**ðÅZ»ð l

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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¦gZ]»Z:t .II
(AS1 ¾§b�YCì��?) Overloading yw',¹�zg~ X1

(AS1 YVZEw�D�?) Fuse yw',¹�zg~ë X2

(As1 Zy~Ð¾Å'×ZØic*�{ì?) 220Vó60W Zzg 220Vó100W �z¢6,!*nKMZk§b�g`ì X3

(AS2 Æ��D�YV��) Tungsten(Filament ¢~ZEw�äzZá@*g) X4

(AS2 »gÆ�ÑQë��h}YD�c*ëÂZi~?YV?) X5

yw',¹�âyÃëÂZi~',¹�zg~YV�hZY@*ì?ë�YV7�hZY@*?Z¤/ë��hZYñÂH�Ç? X6

ÅZq-ÒR,~Æ�zuzVÃñD�VA$W\Æ�ÐX 12V ìZ¤/W\ 100000 Z¤/W\Æ�Å'×ZØ X7

(AS7) ',¹gz*g}Ï?

¨gz�6,FFZd�gZÆÎZÑ] .III
Æ&'×Z¤�XZyÃZßgÂV~F,KM�ï�ñX'×Z¤qÝ�Mh�? 30W �ÛnÙW\Æ0*k X1

. W\Æ�Z[Å¤&Æa'×Z8VÅZZDw¯�
y%a 60WóT.V Zzg 80W y%a�CìX5y 40W ìXk[ÑV$ TV Zq-y~&k[ÑV$Ô�z5yÔZzgZq- X2

gz[° 3 [RVÆZEw�,X 5 [RVcZzgKz~ 12 [RVÆnÔ�z5y 5 �@*ìXZ¤/Óxk[ÑV$
(AS7 �y~',¹ÂZ**ð»y%aHWñÇX) 30ÐKwh

ìÔZkÃ0*õ)z~�V~�H�HìX 50 Zq-ûZg@*gTÅ'×ZØ ( 1

( ) Zy�VÃëÂZi~�hZ�HìXZyÅç�w'×ZØ�Ï
10 (b 2 (a

6250 (d 250 (c

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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( ) Å§sw�'�@*ìXZ»ð!*gÃw�'�¶~Z�x0*äzZÑ»xB@*ìX BÐA (Zq-',¹!*g̀ 2

6,·z] A (` a

6,·z] B (` b

Æ�gxy·z] B Zzg A (c

ÅY+$',¹gz BÐA (d

( ) (�wBÃßx)z~ì 3

Xzz«( 1 (b XzZ^ 1 (a

XZzx 1 (d XZ

'.2.ç GFJ 1 (c

( ) Å'×Z8VÃë��hZ�HA$',¹�zg~ç�w'×ZØ 2W Zzg  4W Ô6W (4

4W (b 2W (a

6W (d 12W (c

( ) Å'×Z8VÃëáZi~�hZ�HA$',¹�zg~ç�w'×ZØ 3W Zzg 6W Ô18W (5

36W (b 12W (a

1.8W (d 18W (c

( A$',¹�zg~ç�w'×ZØ) '×ZØÃëáZi~�hZ�H 12W Å�z'×Z8VÃë��hZ�HZzg 6W Ô6W (6

6W (b 24W (a

2.4W (d 18W (c

( ) (@*g~',¹gz»Z®g 7

(Üs·z]̧{Æ¿�ä6, a

(Üs@*gÅ'×ZØ b

(Zy�zâVÅzzÐ c

(Zy~ÐÃðÌ7X d

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j215
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(AS3 Zzx»çÒyÙ?Zq-�/Æfg=ZkÃ��) X 1
ËñÝÅ'×ZØgZ�&pÐ�&�CìZkÆîwÆZ#�F,ZlÀ�~»gKZzg�x�XW\tù�N X2

(AS3 Ð?)

Zq-ÒR,~á�ZkÆ·z]̧{ÅeöÙÒR,~ÃZq-',¹�zg~�h�ZzgQZkÅ·z]̧{Åeö<? (a) X1

(AS4 HÒR,~Æ·z]̧>~Ãð�Ût�Ç?)
(Æ'×ZØÅeöÙXZq-',¹�zgT~Zq- Filament R¢aÐA�zg~�h}�¢Æ@*g) (b)

]Æ�H�Ïeö 30 ÅÒR,~Zzg�Z[J�¯�X�Z[JÃÈÙXZ[Zk¢Å'×ZØ6, 12V¢
(AS4 ÙXZq-].zw»gÙZzgeNK]Ã�g`ÙXZkÐW\H³Z~.�,Ð?)

W\Æy~ZEw�äzZáZøVÅ'×ZØC[<Zzge��Ãµ¢Å'×ZØÅ�gic*�{&Á X2

ìXZLx@Z]6,Zq-g7g^»g<X
W\Æy&Zjw~',¹gzÆÜ±6,¥â]Z�<Zzgg7ĝ»g<X X3

',¹gzZV¥ÅF,¹ÆaÓ#Ö»j
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HëZ9ZyÅw�'6,EHÆà]»Z:t�Mh�?
ZkÃKÆnZ9ZyÅ"F,KMw�'ÃÃZ0+Zi�,X  : â^

ñÝ~0*ñYäzZá  ón ìX�ÛnÙ�L A ZzgF,ZlÀ�~»gK 'l' �Ûn�z�Zq-ñÝT»îw
ó6,ÐñÝÐ*gäzZà',¹gzt�ÏX V Z9ZyÅÑÄìXx·z]̧{L

I = nAevd ................. (a)

Z9ZyÅU�gëgìX vd óZ9Zy»',¹!*g e �VL
�zâVuzVÆ�gxyZ9ZyÃw�'�¶~Z�x0*äzZÑ»x

W = Ve .................(b) 

ëY�',¹¸]ÅzzÐZ�x0*äzZÑ»x
W = Fl.................(c)

ó',¹yZy~Îð�̧]ì F �VL
(ÅgzÐ c (Zzg) b )zZ])

F = Ve / l  fg{6,¬Z+�@*ìA$ Fl = Ve 

�Ï F = ma EHÆ�}çÅgzÐËÌfg{6,̧]

ma = Ve / l  g  a = Ve / lm (''' d)

t = t Zzg u=0 ógëgqÝ�@*ìXA$ v óz9~z{L t #ìÔL (u) �Ûn�z��Z9ZyÅZ�Zðgëg
v = u + at  )zZ]Ð

v = 0 + at  

v = at = vet / lm (Ð d )zZ])

Z9ZyÆgzZâVÅYwÐ�Zä6,ÔZ9ZyÅw�'6,0*È~¬Z+�CìXZk§bZkÅZz�gëgÔZk
ÅU�gëg0YCìX

vd = (v + u) /2 = v / 2 Z9ZyÅZz�gëg
óÅ�g�g`�ä6, v Zz6,~)zZ]~L

vd  =  vet / 2lm U�gëgó   = Zz�gëg

',tgzZV ¥ÅF,¹ÆaÓ#Ö»j
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(~�g`�ä6, a Å�g)zZ]) vd

I = nAe(Vet/2lm)

I = V (ne2t / 2m) (A / l)

I = 2m / ne2t) (l / A) = V ''' (e)

(x�XaètZ9ZyÅºm e (ZzgZ9Zy»',¹!*g) m Zz6,�~�)zZ]~Z9ZyÅS)
(ñÝÅ�J]6,«�CìXºmñÝÆntÌx�CìX n S:]�XZ9ZyÅÑÄ)

(x�@*ìX A (ZzgF,ZlÀ�~»gK) l ËñÝÆnÔñÝ»îw)
Å�gñÝÅ�6,«�CìXZ¤/�~Z���@*ìA$Z9ZyÅ"�°{w�'(,|YCì®Z t

Å�gnìX t

Å�gÌx�CìX t ñÝÅx�6,
Å�g R Ìx�YCì²ñÝÅ�Ìx�X�ÛnÙt (2m / ne2t) (l  /  A)A$

ì)ñÝÅ'×ZØ(
I R = V (' f) Ð( e A$))zZ]

ZkÃëZzx»çë�X
R = (2m / ne2t) (l / A) (''' g �V)

ñÝÆS¤ÃªCÙ�CìXËñÝÆnZ'Z5ðqÑ]ÐZkÅ 2m/ne2t Zz6,�~�)zZ]~

Ãx�gÆîg6,1Y@*ìeì'Z5ðqÑ]ps�D (2m/ne2t) '×ZØÌps�CgSìXA$
óìXZkÃë'×ZØâ¦ë�X r �VX�ÛnÙ�t�gL

r = 2m / ne2t

(ÐëÃqÝ�CìX g )zZ])

 R = rl / A (''' h)

â^:EHÆçÐZzxÆçÃZ~.H�HìX
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e^h

10
',¹ïÞ

Electromagnetism

W\äÔ!*[ó',tó~',¹gzÆwZg~ZW,Z]»_·HXëZKgzi%{i0+Ï~F',¹WÑ]�',¹ñR,Ô',¹
¾ñÔ',¹^VÔ',¹�+z){»ZEw�D�X

z{¾§b»x�D�? 7

',¹ït¾§b»x�D�? 7

H',tZzgïÞ~Ãðmì? 7

Hë',tÐïÞaZ�Mh�? 7

ëZk!*[~',¹ïFZW,Z]»_·�,ÐXZkÆ´z{',¹gzÆïFZW,Z]gppzZà',¹ñR,ZzgÃu
ïtÆ',¹ZW,Z]gppzZá',¹¾ñ»Ì_·�,ÐX

Hans Christian Oersted (1777-1851 ;÷�tZzg·)
z,�~ÆZq-**ñg�0ZV*g}�MVä',¹ïÞÅ� 19

~ZëgzwZ�ZHXZrVäF£â]»�̂D�ñ)�b�úZx~»°=w
~ZL)Æ�zgZy 1820 �ñXZk�zgZyZ7¹¼IÃ5XZzg·äZ6,s

Zq-Z(�/Z�x�c*�ZkÐIËä:�¬åXZrVäZq-Úú)ák(ÃZq-
�JCñÝÆng3ZzgZkñÝÐ',¹gzÃ*ZgZXTÐÚúÅÎð~Z�Zs

aZ�ZX
Zzg·äZk�/Æ}òÅZÌzZãÅZzg',tZzgïÞ~mÃU*"$HX
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z{Zzg
$h45å G
H
G
H�åT ¬tâ**Y@*å�',tZzgïÞ�bÅ�zZ�áñ�X»Zq-�zu}ÐÃðm7X

äZy�zâVÆâÎmÃªCÙHXZkx@}Æfg=ZrVäCc*�',tZzgïÞZq-�zu}ÐmgppzZá
bCÙ�XP�0ZâVäZk�/ÐOW,��Zk].h+yZyLL',¹ïÞóó~'×h+°ÄÅXZyÅïÆ}ò
ÐF].h+�³Ãc*]�tWñXTÐeZ#-.ð JEZzg',¹ñR,ÜZëZX�Z]ÅgZ{ûZg�ðZkÐZq-].h+)ßYÃ
�ÛzrqÝ�ZXZk].h+)ßYÆ�Ûzrägi+-Ô8zn,yÔZzgâg~g8ÜZX�Z]Å§súÒÏÅX;g÷��
Zzg·ÆZ³Zi~ïFyZyÅ¤�ÜÅZ»ðÃLLZzg·óóÆ**xÐñÎxH�HX

Y~Zzg·ÃLgZbÎi+÷ZOaWs�bó»ÛzygÁ))±gÁ(**'×�H�HX 1822

Zzg·»�/ 10.1
îwzZà�zrc*VÎ�XÆZz6,~uzV6,gK�gZh¯ð� 1cm Zq-êâÃwÅZq-ÅL³ZkÆ)gzV6,

3 ßzZÑ@*=»@*gZk§bF,KM�Ø�z{r-V~¶�gZhzVÐ��*g}ZzgZq-',¹�zg¯�X',¹�zg 24 �X
Æ_.ë��h�XZ[ÚúÃ@*=Æ@*gÆn 1 (zz«(ÒR,~Ô�Z[JZzg@*=Æ@*g6,��ÔÎ^ 9 )c*

gÚXZq-sqïtÃÚúÆ�Ûd$Ñ�X
HsqïtÐÚúÅÎð~Z�ZsaZ�Z? 7

sqïtÅzzÚúÅÎð~Z�ZsYVaZ�Z? 7

sqïtÃ',¹�zgÐ�zggÄ�ØZzg',¹�zgÐ',¹gz
Ã*Zg�XÚúÅÎðÅ�~p~»x@{ÙX

W\äHx@{H? 7

HÚúÅÎðÅ�~Ãðp~zZµ�ð? 7

ÚúÅÎð~�ñZkZ�ZsÆnÃ́¸]f)�Zgì? 7

H',¹gz»qï@*gÎð6,Ãð̧]¬Z+�@*ì? 7

»Z¬�{Ù( (Field Force) ëZķ]ÃHë�?))®)ÛÆ!*[LL¸]óó~Cð�Ã&C¸] 7

ÚúÆ�Ûd$sqïtÅ)ñ��Ï~ZkÅÎð~aZ�ñZ�ZsÅz�;]ÃKÆn�ïF
�ÇX
\+
A�5é EE yZyZzgïFyZy6,',¹yZyÆZW,Z]Æ¦gÃ

W�ëZk»_·�D�

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j
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ïFyZy 10.2
ëZ�bLLyZyóó»ZEwZkz�Ü�D�Z#%Ë8g*ÆZq-�ó�zu}�6,̧]¬Z+�@*�XW\r
~Zk»x@{�`�XW�ëZkyZyÃLLïFyZyóó»**x�ï��ÚúÅÎð~Z�Zs»!*)̄áCìX 1

tyZy¾§báCì? 7

HësqïtÆyZy»x@{�Mh�? 7

W�ÃÒ�D�X

Zq-C»½ÅÅLöÅR6,gqp»½Æ�gxãz~sqïFgÚXïtÆ�Ûd$Zq-ÚúgÚ
ZkÅÎðZq-ºm�6,jYñÏXÎðÆ�zâVuzV6,RÅæ�Ð»½6,ÕoÎ�XÚúÃU�ZyÕoÃ5D
�ñé«¯�Xé«6,¾»¶KyÎ���[ÐÑwÅY+$¶K0+��@*�X»½ÆZ£â]6,ÚúÃgnp
�ñZk¿Ã�CÙZ�XÚúÅÎðZ£â]6,Z4V6,jYCìX

Z(YV�@*ì? 7

sqïtÃU�»½6,ÚúÃgÚÚúÅÎðÑwX�[Å�jYCìXZ[sqïtÃZkÆ
��£x6,gÄ�ØX

HÚúðÅÎðÅ�Ãðp~zZµ�ð?YV? 7

sqïtó%8ÓkÆÚúÅÎð6,ZW,Z0+Zi�CìXZq-̧]ÚúÅÎð~Z�ZsaZ�äZzgZk
ÆZq-ºm�~jYäÅzzk�ìX

Îð6,ZW,Z0+Zi�äzZà̧]¾âÎÅì? 7

¸]�ÚúÅÎð6,¼ÃAÐ¿�Cìz{�gZÝsqïtÆïFyZyÅzzÐìX
~ë�N`��ÚúÅÎð~Z�Zs»½6,Z£â]6,ZìXTÐ�Zk!*]»Ø¸ 2r

ì�ïFyZyÅ�Zq-`Ð�zu}̀6,Z�CìX
Z#W\sqïtÆ4,�q-ÚúÆ£xÃps�D�XW\tx@{�Mh�ZkÆZ�Zs~`/

p̀~zZµ�CgSìXZ[ÚúÃ»½6,sqïtÐ»°�zgzZµ�zÕo6,Zq-Æ��v}gÄ�ÎðÆZ�Zs»
x@{ÙX
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W\äHx@{H? 7

sqïtÐ»°ÃAÆ�zâV£â]6,ÚúÅÎðZq-��ªÑiX�6jYCìX
Zk»HÈì? 7

Zyx@Z]Ðët³Z~.�D��sqïtÐÃ+VÅp~6,yZyÅ¤�Üps�CgSìXZ[

ÚúÃöÐ¼Zz�ð6,sqïtÆZz6,ñ}gOXW\x@{�Mh�ïFyZysqïtÆZ§Zs

Óx4V~ñ��ìXÅ<å XEZëÈMh��ïFyZy�Z��~�@*ìªïFyZyZLJZ)�sq
ït(ÆZ§Zs=ÍZ�Z�@*ìXèÃg{!*ÑcÐët³Z~.�Mh��Zq-sqïtÆZ§ZsÆ´�~
ïFyZyz��g�rì�¤�ÜZzg�ÜS¤»qï�@*ìX

ïFèo 10.2.1
ëïFyZyÅ�Zzg¤�Ü¾§b¥x�Mh�X 7

W\Y���ïFyZyÅ�ÚúÅæ�Ð¥xÅY$ËìW�ët¥x�,�ïFyZyÅ
¤�Ü»ç¾§bHY@*ì?

Zq-C»½ÅÅLöÅR6,gOX»½Æz�~Zq-ÚúgÚXÚúÅÎðÆ�zâVuzV6,RÅæ�
Ð»½6,ÕoÎ�XÚúÃU��zâVÕoÃ5äzZÑZq-âUXtâ'Z5ðÑwZzg�[ÃC@*ìXZ[Zkâ6,
sqïtÃZk§bgÚ�ÑàÚ'Z5ðÑwÅY+$�XZ[ÚúÃsqïtÆÑàÚ6,gÚtËZzg
Y+$��Å¶K0+��}ÇXÚúÅÎðÆÑàÚ6,�z!*g{̀Î�XZ[ÚúÃZk`6,gÄ��z!*g{ÑàÚ6,
Î̀�XZk¿ÃZkz�ÜJ-�CÙZ�Z#J-W\sq
ïFÆ�!ÚJ-:VYNXsqïtÆÑà

Ð�!ÚJ-ÆÓxÕoÃ5�XW\ÃZq-È 'N'Ú

âqÝ�ÇXZ[sqïtÆÑàÚÐZq-Zzg̀»
ZN[ÙXZÏ§bÑàÚÐFÕoÃÉ�D�ñ

Æ_.FÈèoqÝ 2 Ô¿Ã�CÙZ�XW\Ã̂
�VÐX

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j

fig - 2   Magnetic field lines
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tÈèoH�? 7

}îg6,ZyÈèoÃLLïFèoyZyóó¹Y@*ìXtèoyZy+B5Ðö
GE

Gèo�D��yZyÅâÎÅ�
~æ��ï�XÅ<å XEZtÈèoyZyÆèoÅúÒÏ�D�XZ¤/W\ZyèoÆËÌy6,ÚúgOA$Úú
ÅÎðZkÈÆ�k6,jYCì)qª(jy~WCì(Å<å XEZët³Z~.�D��âyZyÆËÌy6,5�H
�kyZyÅ�ÃªCÙ�@*ìX

HtèoyZyAô�c*ÈX 7

�N�tê7�Mh�tôA�c*ÈYèë 2 èoyZy�CÙÈôÃWD�pW\èoyZyÅ̂
sqïtÐ*gäzZáèoÅF,KMÃ7Y�XëZk!*[~WÐ�̂ZkÆ0Y3ÐX

èoÆ�gxy{àc»x@{ÙXP£â]6,èoyZyRy�)sqïtÆ̈Æ�Ûd$(Zzg
P£â]6,èoyZy�zg�zg��ñ�D�)sqïtÐ�zg(Zkßg]qwÐët³Z~.�Mh��ïF
yZyz;V¤!g�Ç�VèoRy�VÐZzgïFyZyz;V$zg�Ç�V6,èo�zg�zg��ñ�VÐX

®ZïFyZy)ûZg�@*ìYèZkÅ¤�ÜZzg��̀g̀$+rgSìXëyZyÅS:]�¤�ÜZzg
�ÆÒpÐZkÅâÎÅ°p�Mh�XyZyZkz�Ü)ûZgBñÇZ#ZkÅÃð{¤¤�Üc*�`/̀
$+r�XZÏ§byZyZkz�ÜûZgBñÇXZ#�zâVS:]¤�ÜZzg�CÙ̀6,x�XW�ëûZgïF
yZyÅ¤�ÜÅz�s#�D�X

HëïFyZyÆCÙy6,0*ðYäzZà�g»ç�Mh�X 7

ïFÓfDÑ¢ïEGLïFÓf 10.2.2
ÜY~Zq-ûZgïFyZy»¦gÙXTÆZq-`6,gK

~Cc*�HìXW\tx@{ 3a zZÑ�~À�zZgzZµìX6�̂ 'A'

�,Ð�Zk�~ÐPèoyZy*Zg,ÐXZyèoÅ®Z�Ð
Zk�~6,ïFyZyÅ¤�Ü»Z0+Zi{Îc*YYìX

Ð"f" zZáZk�~Ð*gäzZáèoÅ®Z�ÃïFÓfë�XTÃ A ïFyZyÆÀ�zZggK
ªCÙHY@*ìX

ïFÓfóïFyZy~¦g��{�~Ð*gäzZáèoÅ®Z�ÃªCÙ�@*ìX"�!ÓfïF
yZy~�~ÅF,KM6,«�@*ìX

',¹ïÞ ¥ÅF,¹ÆaÓ#Ö»j
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ìXZ[ïFyZyÅ¤�ÜÃÓfÅgz weber Âx~ïFÓfÅZ»ð SI pë�V�~ÃÀ�zZg�¦g�,ÐX
Ð/W�ã�YYìX¦g��{Z»ðgKzZÑ�~Z¤/ïFyZyÆÀ�zZg�A$ZkZ»ðgKÐ*gäzZÑÓfyZy

(BCìX®ZÑ¢ïEGLïFÓfÐ%Z�ïF B Å¤�ÜÃªCÙ�@*ìX}îg6,yZyÅt¤�ÜÑÄïFÓf)
ÃïFyZy»Zâ!Ì¹Y@*ìX B yZyÆÀ�zZgZ»ðgKÐ*gäzZÑïFÓfìX
ìX "f" Ð*gäzZÑïFÓf A �ÛnÙ�gK 7

yZyÆÀ�zZgZ»ðgKÐ*gäzZÑÓfH�Ç?
Æ)z~�ÇXyZyÆÀ�zZgZq-�~Ð*gäzZáïFÓfZzg�~ÆgK~ÚÑÄ f/At

ïFÓfBCìX
ïFÓf&gK = ®ZÑÄïFÓf

B = f / A    a  f = BA

Ì¹Y@*ìX Tesla ìZkÃ weber / (meter)2 ÑÄïFÓfÅZ»ð
yZy~ñ���~ÅËÌF,KMÆn��Å̈

zZá�~ÆÀ�Æ�gxy�WzZÑ A ZzggK B �Ûn�z�ïFyZy
ìX q iZzt

~Cc*�HìXyZy~ñ��À�zZg�~»z{gK�Óf 3(b) 6�̂
ìXA$Ñ¢ïEGLïFÓfZk§b�ÏX A Cosq Æik,ì

B = ik,ZW,gK&ïFÓf
)Z#�~yZy~¼iZzt¯@*ìA$Zk��ÃZEwHY@*ì(

B = f / ACos q
f = BACosq �~Ð*gäzZÑÓft�Ç   

�~Z#yZyÆáZi~�A$ZkÐ*gäzZÑÓfH�Ç? 7

ïFÓfZzgÑ¢ïEGLïFÓfÆ¦gÆ¬gsÅH¢zg]ì? 7

Zk!*[~WÐW\�BÐZy¦gZ]Ã¾§bZEw~Ñc*Y@*ìX
HïtÆ´z{ÔïFyZygppzZáÃðZzgfgZùÌ�X 7

HW\Y���',¹pXæ]J-»g¤/�CìX 7

W��BX
ïFyZy1z',¹gz 10.3

~tx@{Hì�Z#',¹ñÝÐ',¹gz*Zg~�A$ZkÆ4,�q-gÇ�ñÚúÅÎð 1 ëär
~Z�ZsaZ�ZXZkx@}Ð�t³Z~.�ä~æ�Qì�LL',t',�Zg@*gZLZ§ZsïFyZyaZ�@*ìóóX
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W�',t',�Zg@*gÆZ§ZsaZ�äzZáïFyZy»_·�,X
ïFyZy1z�',t',�Zg@*g 10.3.1

4(a) Zq-Ç~»®³ZzgZk~Zq-ÎgZc¯�X6�̂
~Cc*�HìXZk«ÃZq-ö6,gÚXZ[®6,Zè�{ÃgÚ6�̂

ßñN*ðzZá@*=Æ@*gÃ«~¯ñ�ÎgZc 24 ~Cc*�HìX 4(a)

Zzgg',»guÆÎgZcÐ*ZgD�ñZè�}ÐZ|qª(~Zk§b
"�z{Zè�{Ðé:�ä0*ñX@*gÆ�zâVuzVÃÎóÆfg=

10@*6 ÒR,~Ð�h�,X«ÆÎgZcÃ%�/â��ñZkÆZ§Zs

(zz«(ÅÒR,~ZEw 9 )c*3 Úú�Z],~zä~F,KM�,X',¹�zg~
�,ÎóWy�,',¹gz@*gÐ*g}ÏX

ÚúÆÎÇVÅ�¾§bps�Ï? 7

W\tx@{�,Ð�z{�Z],}Æ�kÅ�ÃCNÐX
@*gÆZ§ZsïFèoyZyÅ̂tì? 7

tèo�Z],z~�VÐXÅ<å XEZët³Z~.�Mh��ïFèoyZyÈ
4(b) ^Æ�D�X�',t',�Zg@*gÆZ§Zs�WzZáïFyZyÃ̂

~Cc*�HìXZk!*]Å¤&Ô@*gÐ',¹gz*gäÆ�zgZyZkÆ 4(c) Zzg

Z§ZsßìÆ',Z�}Ã;�ÅY$ËìX
ïFyZyÆËy6,ïFZâàyZyÅ�H�Ï? 7

Z¤/',¹gzZ¢¨é EGSZz6,~Y+$)�ÆZz6,(��A$èoyZyÅ�
~ec*�HìXZ¤/',¹gzZ¢¨é EGSnÅY+$ 4(b) LL#³��®)óó�ÏX6�̂

~4(c) )�Æn(��A$èoyZyÅ�LL��®)óó�Ï6�̂
ec*�HìXëèoyZyÅ�»ç¾§b�,Ð?

ZkÃ¦ñ;BÆZù`ÆZßwÆfg=W�ãÆ�B�YYìX
Z¤/W\',t',�Zg@*gÃZL¦ñ;B~Zk§båxB�W\»ZùV',¹gzÅ�

~4(d) ~�A$&×~�ðZÄ_VïFyZyÅ�ÃªCÙ�C�6�̂
ec*�HìX

Úú

Ç~»
®

ïFèoyZy

ïFèoyZy

',¹ïÞ ¥ÅF,¹ÆaÓ#Ö»j
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ïFyZy1z�Z],~ÄA î F 10.3.2

Zq-ÁñN*ðzZÑÇ~»®³XZk6,C»½ðVÙZzgZkÅR6,�z
ß(k 24 @*=»@*g) qb%m%J�Z ~�3c*�HìX 5(a) ÎgZc¯�6�̂

%ûZk§bn�tZq-�Å§b 5Ð 4 Zy�zÎgZpVÐZk@*gÃ
(X@*gÆuzVÃÎóÆfg=ÒR,~ÆR,!5ÿEÐ�h�ØX 5(a) ÃWñX)^

Z[ÎóÃWyÙXÚúÃ�Æ×VÖ@®6,gÚXÚúÅÎðÆ�zâV
uzV6,ÕoÎ�XZkÆ�ÚúÃËZq-`6,gÚX�z!*g{ÚúÅÎðÆuzV6,ÕoÎ�X®Æ)g}6,î
J-Zk¿ÃYg~gÚXZk7g}¿Ã�Å�zu~Y+$Ì�CÙZ�XZkÆ�ZyÓxÕoÃ5D�ñZq-â¯�T
ÐW\Ã�Z],~�Ð�WzZÑïFâyZyqÝ�ÇXÎgZpVÆ�gxy�vÕo6,ÌZz6,Cñ�¿Ã�CÙZ�ZzgZy
Ǽèo¯�XW+�ÆèoyZyqÝ�VÐX

HW\�ÆïFyZyÅ�eMh�? 7

Zk»�Z[ÚúÅÎðÅF,KMÆ_·Æfg=�c*YYìXW\Zk»x@{ÚúÃ�Æ%�/6,gÄ�
�Mh�XZk��VÚúÅÎðqª(jy~WCìz{�Ð�WzZáïFyZyÅ�ÅúÒÏ�CìX
:ïFyZyÅ��Æ�~ÆÀ�zZg�CìX

ÚúÅÎð�Ð�WzZáïFyZyÅ�ÅúÒÏYV�Cì? 7

ÚúÃ�ÆgcÆ�tgqpZzgZkÅÎðÅF,KM»x@{ÙX�Ægc6,zZµÎðÆÚÃâ^ÙX
ëY����!ÚÑàÚÃæ�@*ìXÚúÅÎðZk§b�xYCì�Zk»�!Ú�ÆÑàÚÅ
¶K0+��@*ìX®ZëÈMh��Z#�~',¹gzÅ�LL#³��®)ó
��Ð�WzZáïFyZyÅ�W\ÅY+$�ÏXZL�/ÐZk!*]
Å¤&<)�Æ@*gzVÃ#Ög�(XZzgZ#�~',¹gzÅ�LL�
�®)óó�ÏA$�ÆïFyZyÅ�W\Ð6,}�ÏX�Ð�W
zZáïFyZyÅ�»ç¦ñ;BÆZßwÆfg=HYYìX
TÆ_.LLZ#W\ZKZèVÃ',¹gzÆ�ñh�,A$ZùVïFyZyÅ�ÃªCÙ�@*ìXóó

~ïFyZyÅ�»x@{ÙX 5(b)^

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j
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ïFyZy1õÎ¢8à 10.3.3

Zq-Ç~»®³ZzgZk6,C»½ðVÙXZkÅR6,)z~
~ec*�HìXZyÎgZpVÐ@*= 6(a) Ã+V6,PÎgZc¯�6�̂

~Cc*�HìXtZq-|¯@*ìXZk�Æ 6(a) »@*g*Zg,6Ð̂
uzVÃÎóÆfg=ÒR,~Ð�h�ØX',¹�zg»ÎóWyÙX�Ð',¹
gz*g}ÏXZ[�ÆZ§Zs«6,ßìÆF,ZÚ)gL�}(

;�)rò(X«ÃÐÔ�ØX»½6,ßìÆF,ZÚZq-ºm
^~F,KM0*YNÐ

z{¾§bZkF,KM~WD�? 7

tîs|Î¢8àB@*ìXZq-îs@*g�%̈àÈ}V~}
~ec*�HìXÎ¢8à 6(b) Y@*ìÎ¢8àB@*ìXÎ¢8à»yZŷ

Ð�WzZÑïFyZyÔZq-sqïFÐ�WzZáïFyZyÆ
xË�@*ìTÐªCÙ�@*ì�Î¢8àZq-sqïtÅ§b',@*��@*ìX¦ñ;BÆZßwÃZEw�D�ñ
Î¢8àÆïFyZyÅ�»çHY@*ìXÎ¢8à»Zq-uZÑàÚZzg�zuZ�!ÚÅ§b',@*��@*
ìXÎ¢8àÆZ0+gzãèoyZyÛzãèoyZyÐö~�D�XÎ¢8àÆÛzãèoyZyÅ�Ñà
ÚÐ�!ÚÅY+$�Cì²Z0+gzãèoyZyÅ��!ÚÐÑàÚÅY+$�CìX:ïF
èoyZyÈôú�D�X6�sqïFÆn�D�X

ëä�¬�',t',�Zg@*gZLZ§ZsïFyZyaZ�@*ìX®Z',¹!*gÅw�'ÐïFyZyaZ�@*ìX
Zq-',t',�Zg@*gÃïFyZy~g3YñÂH�Ç? 7

W�ëZk»x@{�D�X
u!*gZzg',t',�Zg@*g6,ïF¸] Ã 10.4

8zn,y(Æ6,�}Æ�Ûd$Ñ�XW\äHx@{H? CRT)TV Zq-sqïtÃ
W\tx@{�,Ð�6,�}6,¦k,*�YCìX
¦k,YV*�ð? 7

',¹ïÞ ¥ÅF,¹ÆaÓ#Ö»j
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H6,�}J-îzZáZ9ZyóÅw�'sqïtÆïFyZyÅzzÐOW,�ð? 7

sqïtÃ6,�}Ð�zg��ØXZ[W\Ã6,�}6,£zk,zZãÃWNÐXZk
¿Ã�CÙZD�ñZk!*]Å¤&Ù�sqïtÐ�WzZÑïFyZy
Z9ZyÅw�'6,ZW,Z0+Zi�@*ìXZkÅzzt|ì�ïFyZyÃu!*g6,̧]

eZmìXţ]LïF¸]óBCìX
HëZq-ïFyZyÆfg=Ãu',¹!*g6,¬Z+�äzZà̧]¥x�Mh�? 7

Ðw�'�g;ìTÃ̂ V ÆÀ�zZggëg B ïFyZy  óq �Ûn�z�Zq-',¹!*gL
~ec*�HìXÃu!*g6,¬Z+�äzZàïF¸]Å�gÃ�!*C§jÐ¥x 7

HYYìZzgZÐfsÅ)zZ]ÐªCÙHY@*ìX
F = qvB

6,ZW,Z0+Zi�äzZàïF q !*g6,ïF¸]&lZgzVÔ',¹!*gÔgëgZzgÑÄïFÓf»qÝ¢[�CìXZq-!*g
Å�ïFyZyÅ�ÆÀ�zZg�CìX v ìX�ZÏz�Ü»g¤/�ÏZ#!*gÅgëg F=qvB ¸]Æn)zZ]

Æ�gxy "v" Å�Zzg!*gÅgëg B !*g6,ïFyZyÅ̧]ÆnÌZÏ)zZ]ÃZEw�**Z#�ïFyZy 7

�@*ìX q iZzt
�!*Cîg6,tU*"$�[ì�yZyÅ�Zzg!*gÅgëgÆ�gxyiZzt�A$!*g6,¬Z+�äzZàïF¸]Æ

n)zZ]

F=qvB sinq

ïFyZyÆáZi~w�'�äzZá!*g6,¬Z+�äzZàïF¸]H�Ï? 7

Z#!*gïFyZyÆáZi~w�'�@*ì)ïFyZyÅ�c*
Sinq �A$ 0o Å�g q Å�g#�YñÏXqgz!*Ñ)zZ]~Z¤/ q #³�(

�ÇïFyZyÅ�ÆáZi~w�'�äzZá!*g6,ÃðïF¸]¿ = 0

7�C)ïFyZyÅ�c*#³�(X
Ãu!*g6,¬Z+�äzZàïF¸]Å�H�Ï? 7

Zq-ïFyZy~w�'�äzZá!*g6,¬Z+�äzZàïF¸]Å
�Ã¥x�ä»ëW�y§iY��XZL¦ñ;BÅZèVÃÃu!*gÆw�'Å�gÚZzgZkÆ�ZK

~8(a) ZèVÃïFyZyÅ�ÅY+$ñhbA$ZùV!*g6,¬Z+�äzZáïF¸]Å�ÃeñÇX6�̂
ìX ec*�H

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j

fig - 7
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228

SCERT, T
ELA

NGANA



ZkZßw»Z:tïFyZyÅ�ZzgÃu!*gÅgëgÆ�gxy�WzZáiZztÅCÙßg]6,�ÇX
ïF¸]Å�åÃu!*gÅgëgZzgïFyZyÅ�ÆÀ�zZg�CìX
¦ñ;B»Zßw¬xîg6,Zkz�ÜZEwHY@*ì²gëgZzgïFyZyÅ�Zq-�zu}ÆÀ�zZg�VXt

Å��A$ZùVïF¸]Å B çÒy�@*ì�LLZ¤/Þ�]ÅZi',¹gzc*!*gÅgëgÅ��ZzgÖ@ÅZiïFyZy
~ec*�HìX 8(b) �Ãe@*ìX²ÐVZÄ_VZq-�zu}�À�zZg�V6�̂

ZkZßw»Z:tµ!*g6,�@*ìX
yZy~w�'�äzZát!*g6,ZW,Z0+Zi�äzZà̧]Å�H�Ï? 7

¬µ!*g6,¬Z+�äzZàïFyZyÅ̧]Å�¥x�,XZk�
Å#³�Ôt!*g6,¬Z+�äzZà̧]Å��Ï?

W�',�ñ�ñfg{6,ZW,Z0+Zi�äzZà̧]ÅZq-Vw6,̈g�D�X
1 Vw:

Ðw�'�g; V ÆÀ�Ugëg B ïFyZyÆZâá q Zq-',�c*�Zfg{
ìXfg{ÆgZ3»Û¢Zzgz�Ü�zgZy¥x<X

F=qvB ~ec*�HìA$fg{6,¬Z+�äzZà̧] E-1 �Ûn�z�yZyÅ�»½ÆZ0+gÅY+$ì6�̂  i:
ÆÀ�zZg�CìXÅ<å XEZfg{�Z],z~gZ56,w�'�g;ìZzgZk6,¬Z+�äzZà v �ÏXëY���ţ]åig{Ågëg

ïF¸]%�/�̧]Å§b»x�CìX
ìX r �Ûn�z��Z],z~gZ3»Û¢

ëY���%�/�̧]=

qvB =  

Zk)zZ]Ãi�ä6,�qÝ�Ç�

2pr / v = T fg{»z�Ü�zgZy
Å7�g`�ä6, r

',t',�Zg@*gÃïFyZy~gpp6,H�Ç? 7

',¹ïÞ ¥ÅF,¹ÆaÓ#Ö»j

fig-8(b): Right hand
rule for positive

charge
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',¹gz�gZÝÃu!*gìXëY���CÙ!*g6,ïF¸]ZW,Z0+Zi�CìX:Z#',t',�Zg@*g)Ãu!*gÆ
ù·6,FF(ïFyZy~g3Y@*ìA$Zk6,ïF¸]¬Z+�CìX

HW\ïFyZyÆ_Z{gÇ�',t',�Zg@*g6,ïF¸]Ã¥x�Mh�? 7

ëtY���ËÌ!*g6,ÃðïF¸]¬Z+7�Ï²z{yZyÅ�ÆáZi~w�'�gì�VX®ZïFyZy
Æ_Z{gÇ�@*g6,¬Z+�äzZà̧]#�ÏX

Å B ÆÀ�UgÇ��',t',�Zg@*g6,¬Z+�äzZàïF¸]Ã¥x�,² B W�ûZgïFyZy
îw L 6,�ìXÅ<å XEZÜs@*gÆ L ÐªCÙH�HìX�Ûn�z�yZy»îw X ~ZkÃ 9 �»½ÅZ0+gzãY+$ìX̂

zZÑz�ïFyZy~�ÇXZzgâ!*¹@*gïFyZyÆ!*CÙ�ÇXëY���',¹gzÔ�gZÝÃu!*gìXÅ<å XEZz{¼
BCìX V (Drift Vilocity) gëgÐw�'�D��U�gëg

Zq-zZu',¹!*g6,ïF¸]t�Ï
F0 = qvB

ìX®Z',t',�Zg@*g6,ït»@*g6,ZW, Q �Ûn�z�ïFyZy~À!*g
F = QvB  .....................(1)

ÃyZyÐ*gäÆn�g»gz�Ü Q ',¹!*g
  .....................(2)

~�g`�ä6, 1Ã 2 )zZ]

 .....................(3)

   I =  @*g~ñ��',¹gzÆ)z~�@*ìX Q/t ëY���

(~�g`�ä6, 3 Å7)zZ]) I

F = ILB .....................(4)

�Ûn�z�@*gÆu}ÒR,~Ða%}�

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j

fig - 9
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â^:t)zZ]ZÏz�Ü�g�&�ÏZ#',¹gzÅ�ïFyZyÆÀ�zZg�X
~�Mh� 9 ïF¸]ÅzzÐ@*g~�äzZáZ�Zs»x@{W\̂X

¯@*�A$Zk6,¬Z+�äzZàïF¸]H�ÏX "q" Z¤/@*gïFyZy~iZzt 7

W�Zq-',t',�Zg@*g6,¬Z+�äzZàïF¸]»Zq-�"Æfg=x@{�D�X�Ûn�z�ïFyZy
ìXA$Zq-',t',�Zg@*g6,ZW,Z0+Zi�äzZà̧]Zk§b�Ï q Zzg',¹gzÅ�Æ�gxy�WzZÑiZt

)ËÌiZzt6,( F = ILB Sin q .....................(5)

W\ZkÅ�»ç¾§b�zÐ? 7

',t',�Zg@*g6,¬Z+ïF¸]Å�Ã¥x�äÆnW\¦ñ;BÆZßw»ZEw�Mh�X
W�Zq-',t',�Zg@*g6,¬Z+�äzZà̧]Æx@}ÆnZq-�/Z�x�,X

ú�VXZq-@*=»@*gr-VÆZz6,~ 'v' Zq-Ç~»®³Zk6,�zDrc*VÎ�Zyr-VÆZz6,~u}
zz«(ÅÒR,~Ð�h�XJÃÈ�Æ',¹�zgÐ',¹gzÃ*Zg�XZ[ 3 uzVÐ*ZgD�ñZ,�Z[JÆfg=

~�3c*�Hì 10 Zq-{**wïtÃ@*=Æ@*gÆ�Ûd$Ñ�X6�̂

@*g6,Zk»HZW,�Ç? 7

@*g¾Y+$Ås�Ç? 7

¦ñ;B»ZßwÆfg=̧]Å�»çÙX

H�!*Cîg6,x@{��{Z�ZsÅ�Ãc*Cîg6,�Ûn��{�Æ_.ìX 7

{**wïtÆ̈Ã!*ëpsÙ�z!*g{Z�Zs»x@{ÙZzg',¹�zg~',¹gzÅ�Ã$+w�Zk�/Ã
�CÙZ�X
H¦ñ;B»Zßw@*g6,ïFyZyÆfg=¬Z+��{̧]Å�ÃzZã�@*ì? 7

',¹ïÞ ¥ÅF,¹ÆaÓ#Ö»j
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~ec*�HìX»½Ð 11(a) {**wïtÆÑàZzg�!ÚÆ�gxy�WzZáïFèoyZyÃ̂
~eñ�ïF 11(b) À�U*gäzZáZq-@*g»¦g<XZkÐ',¹gz*ZgØ)»½ÆZ0+gzãY+$(t̂

yZyÅ§b�ÏXW�Z[õ,èoyZyÅ̂¯äÅÃÒ�,Xëtx@{�D��@*gÆfg=�WzZáèo
yZy»Zz6,~z)�Z],~èo»({**wïtÐ�WzZáèoyZyÆ{Ð;�@*ìZzg@*gÆèoyZy»
+
CÏî

E

Fz)�Z],~èo»({**wïtÆèoyZyÅ�Æ#³ìXÅ<å XEZõ,yZy»Zz6,~zÐ¤!gZzg+CÏî EFz
$zgïF¸]»qï�@*ìXZk§b@*gÆZ§ZsZq-)ûZgïFyZy¯@*ìZk)ûZgïFyZyÃ̂

~ec*�HìÅ<å XEZ@*gïFyZyÆ$zgêÅY+$w�'�@*ì 11(c)

HtZ�Zs¦ñ;BÆZßwÐ¥x��{ïF¸]Å�Æ_.ì? 7

Zq-',t',�Zg�ÃûZgïFyZy~gpp6,H�Ç? 7

HëZy¥â]»ZEwZq-',¹ñR,¯äÆa�Mh�? 7

W��Z[�¶ÅÃÒ�D�X

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j

',t',�Zg@*g6,ïFyZyÆfg=¬Z+��{̧]Å�Ã¥x�äc¦ñ;B»Zßwæ��@*ìXpZk@*g
ÆZ�ZsÅzzÅz�s#7�@*X

HW\ZkÅzzeMh�? 7

Z+ßg]»¦g<Z#@*gÐÃð',¹gz7*gCA$ÜsZq-�Ûzã¸]ïFyZy){**wït(
�ÇXZ#@*gÐ',¹gz*gCìA$ZkÐÌZq-ïFyZyaZ�ÇXt�zyZyZq-�zu}6,$43�þ EE��Zq-)ûZg
ïFyZy¯D�XW�ë̂Åæ�ÐZk»zZãx@{�,X

fig-11(a): Field lines due to
horseshoe magnet between its pole

fig-11(b): Current
into the page

fig-11(c)
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',¹ñR, 10.4.1

',¹ñR,Æ»x�äÆ§iÃKÆn�ûZgïFyZy~
gÇ�ñ',t',�Zg�Æ',@*�Ã'�ÇX

ûZgïFyZy~g3�ZZq-!k3�5Ðö GG',¹�zgìX ABCD �Ûn�z�
~Cc*�HìX',¹�zgÆÎóÃWy�ÆZkÐ',¹gz 12(a) 6�̂

~ec*�HìX 12(a) *Zg�XZk',¹�zg~ÕzZá',¹gzÅ�Ã̂
»ïFyZyÐ¯äzZÑiZztH�Ç? CD Zzg AB 7

»ïFyZyÐ�WzZÑiZztåiZzt�[��@*ìX CD Zzg AB W\tx@{�,Ð�
6,¬Z+�äzZàïF¸]Å�Å¶K0+��Mh�? CD Zzg AB HW\

!k3�5Ð
ö

G

G',¹�zgÆZHq 7

(FV) 6,ïF¸]Z0+gzã� AB ïF¸]Å�Ã¥x�äÆn¦ñ;BÆZßw»ZEwÙX
yZyÆÀ�U¿�CìX (Fe) 6,Ûzã� CD ïFyZyÆÀ�U¿�CìZzg

6,̧]$+rgSì�Yèt',¹�zgÆZqpV)F,KM(~yZyÐZiZzb¯D�X DA Zzg BC

6,¿�äzZà̧ÂVÅªH�? DA Zzg BC 7

~',¹gzÅ�yZy DA Zzg BC ~',¹gzÅ�yZyÆáZi~�ÂZy6,ïF¸]¿7�CXZ¤/ DA Zzg BC Z¤/

6,nÅY+$¤ìX DA 6,ïF¸]�ÃZz6,¤ìZzg BC ÆÀ�U�Â
!k3�5Ð

ö

G

G�6,¿�äzZàÀ̧]H�Ï? 7

6,¿�äzZà¸]Æ)z~Zzg#³�CìYèZy~ CD 6,¿�äzZà¸] AB ÛzãyZyÅzzÐ
6,¿�äzZà̧ÂV»ù·Ì# DA Zzg BC )z~',¹gz#³4V~�CìXZy̧ÂV»ù·#�@*ìZÏ§bI

�@*ìX®Z�6,À̧]#�CìX
p|qª(¤/�l~ìt¾§beì?

|YV¤/�l�@*ì? 7

',¹ïÞ ¥ÅF,¹ÆaÓ#Ö»j

fig - 12(a)
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W�ë1LÞÆe�½èEÃÅ%ÅVw6,̈g�D��V1LÞÆe�½èEÆZzg6,)z~
¸'#³4V~¿�CìX)z~lZgZzg#³4VzZà�z̧'Z#1LÞÆ

~12(b) e
�½
èEÆ�zâVY+$¿�Cìte�½èEÃ¤/�Ùw�'�î�X6�̂
ec*�HìXZÏ§bZq-!k3�5Ðö

G

G�6,Ì)z~Zzg#³ïF¸]ÅzzÐ|�
�®)¤/�l�@*ìX

Z¤/�~',¹gzÅ�~Ãðp~:�A$ZkÅ¤/�lt�Ï? 7

Z¤/�~',¹gzÅ�~Ãðp~7�CÂtZq-Z|qª()F,KM(J-¤/�l
�@*ìA$§�ÅzzÐz{��®)'×h+¤/�l�@*ìXZ[

!k3�5Ð
ö

G

G�Æ̂V6,¬Z+�äzZà̧]Å�ë�Æ
#³�CìX®Zţ'�Ã#³��®)¤/�l�zZäÅÃÒ�C�Xít|qª(jy~W@*ìZzg#³�
�®)~¤/�l�@*ìXt¿Zkz�ÜYg~gLìZ#J-�',¹gzÅ�',�ÛZg))ps�{(gSìX

W\�~Ú¤/�lÃ',�ÛZggppÆnH�,Ð? 7

Z¤/�Å«Û¤/�lÆ�ÔZkÅ',¹gzÅ�ÃZ«(�,A$|Zq-��~¤/�l�äÑÇX:Z¤/
�~',¹gzÅ�ÃCÙW�S¤/�lÆ�Z«(�c*YñA$|åZzgÚZq-��~¤/�l�ä4ìX

ët¾§bqÝ�Mh�? 7

»ZEw�D�XTÃ B2 Zzg B1 ZkÃqÝ�äc',]4ø IG
~ec*�HìXt',]4ø IG',¹JZ)ÒR,~(Ða%} 12(c)^

Ða%} C2 Zzg C1óSlip Rings �D�XZy',]4ø IGÆu}
ÐZzg B1óC1 �D���Æ_Z{¤/�l�D�XZ�Zð~

Slip Ða%Z�@*ìXW�S¤/�lÆ�',]4ø IG�zu} B2ó C2

ÐZk§ba%YD���~',¹gzÅ�Z«(YñX Rings

t¿CÙW�S¤/�l6,�@*gLìX:�Å¤/�lÅ�',�ÛZggSìX
L',¹ñR,óÆZEwÆn',¹ñR,~¸ZßwZEwHY@*ìX
',¹ñR,~ó',¹ÂZ**ðÃ85ÐöGÂZ**ð~psHY@*ìXëä�¬�Zq-',t',�ZgûZg@*gïFyZy~¤/�l�@*ìX

Z#Ë�Ð',¹gzu',Z{G%ZkÃïFyZy~¤/�l�zZc*YñA$H�Ç? 7

',¹gzÃ¾§baZHYYì? 7

fig - 12 (c)

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j

1LÞÆe�½èE6,ñ»¿

fig - 12(b)
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Zâà',¹gzÔïFyZyZzģ]Å�~0*ñYäzZáģÃë¡Í-.5ë
E

GE
YÆ!*N;BÆZßwÆfg=ÌzZã 7

�Mh�XZLZù`ÔÞ�]zZàZiZzg�gxãZiÃZk§b;��tW:~Zq-�zu}6,À�zZg�VX
Þ�]ÅZiïFyZyÅ�ÃªCÙ�}ÏX�gxãZi',¹gzÅ�ÃªCÙ�}ÏZzgZùV¸]Å�ÃªCÙ
�}ÇX¡Í-.5ë

E

GE
YÆ!*N;B»ZßwZEw�D�ñë',¹ñR,Å»g��ÏÅz�s#�Mh�X

',¹ïFZâ!»ûZzg�gc*Ä9Ze}Zzg
42.ç XGE~ÆG��zZg�!*]»³ìXW�Zy~ÐZq-�/

Z�x�,X
Ðgalvanometerc*ammeter Æ_.�ÆuzVÃ�k 13^
ÅÎð galvanometer �h�',¹�zg~',¹¸]ø�Æ:�äÆ:LÀ�

~ÃðZ�Zs7�ÇXZ[Z¤/ë�ÅY+$Zq-ïFsc�N²Zk»
ÑàÚ�ÅY+$�ÔZq-�N!*]zZµ�ÏXZ#ït�ÅY+$w�'

ÅÎð~Z�Zs�ÇX�Zk!*]»o]ì��~ galvanometer �g;�Ô
 ',¹gzaZ�ðìpZ#ïtqª(jy~�ÂÎð~ÃðZ�Zs7�@*

ZzgZ#ïtÃ�zgáYc*Y@*ìÂÎð~�z!*g{Z�Zs�3ð�êìpZkz�Ü
Îð»Z�Zs#³�~�ÇXT»Ètì��~�',¹gzaZ�ðì#³�~w�'�CìXZ¤/ëït

ÅÎðÅw�'!*ÇZy Galvanometer ÆÑàu}ÆOñ�!uZZEw�,ÂèÃg{p´VZÏ§b�VÏp
�ÏX

'×h+�!*]�tK~æ��ï��ïtc*�ÅZ�°w�'Ð�~',¹gzaZ�CìXZkÐÃð�Ût
7�@*��ÃïtÅY+$w�'�~Yñc*ïtÃ�ÅY+$w�'�~YñX

9Ze}»ç 10.5.1

ËÈ�Ð%1oïFÓf~Úp~Ð�~',¹gzaZ�CìX
t9Ze}Æç»Zq-ZÖgìX

fig - 13

Electromagnetic induction 10.5

HW\Y��?
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(Lenz Law) �»ç 10.5.2

Z#ësqïtÃ�Å§sw�'�ï�Â',¹gzaZ�CìX/ZÖp�v',¹ïFZâ!z��~W@*ìZzg
',¹ÂZ**ð~ps�CìX (Mechanical Energy) 85Ð

öGÂZ**ð
W�ZkZ%»ë-Y,̂{fe�X

ëY���ËsqïtÆÑwÚÃ�Å§sgnp
�ñïtÃw�'�ï�Â�~Zâà',¹gzaZ�CìX�Ûn
�z�sqïtÆÑàÚÆÒpÐ�~aZ�äzZà',¹
gz»·���®)ìXZ[t',t¦/Zg|Zq-ïtÅ§b§i¿»
ZÖg�}Ç²Zk»�!uZÔsqïtÆÑàÚÅY+$�X

fig - 14

',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j

Ðz��~WC (Induced Electromotive Force EMF) t',¹gzZâà',¹gzBCì�Zâà',¹¸]ø�
ë�X Electro Magnetic Induction ìXZkZâ!',¹gzÆaZ�äÃ',¹ïFZâ!

9Ze}äZL�!*]Æ�zgZyx@{H��~',¹gz»aZ�**�~ïFÓf~p~ÅzzÐ�@*ìX
c*Zâà',¹gzaZ�C�XZkZë EMF ZkätÌU*"$H��~ïFÓf~!F,p´Vic*�{Zâà',¹¸]ø�

�°}Å�gc*ÄÆ�Zkä',¹ïtZâ!Æà]7G��g`�X

Zq-È�~aZ�{Zâà',¹¸]ø�Zk~¦/gäzZáïFÓfÅp~ÅÑbÆ)z~�CìX

ZkÒyÃ�!îg6,Zk§b�YYì
EMF Zâà',¹¸]ø�  = Óf~p~  & z�Ü

e = Df / Dt.....................(6)

f0 (~aZ�äzZÑÓfìX�ÛnÙ� Coil�) (Phi)  f Zk)zZ]Ã9Ze}»Zâà�ây¹Y@*ìX�V
�ÇX Nf0 (~Zâ! Coil @̀�VA$7g}�) N �~aZ�äzZÑZâ!ìZ¤/7g}�~

f = Nf0.....................(7)

c*�gì�Z[J-ëäZâà',¹¸]ø�c*Zâà',¹gzÅ�6,̈g7HXëVw~ëä�¬ì��~Zâà
',¹gzaZ�CìX

ZkÅ�H�Ï? 7

HW\ç�ñÂZ**ð»Z:t',¹ïFZâ!6,Ì�Mh�? 7
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9Ze}»çZ~.�** 10.5.3
ó¢a» lL Æ_.WÑ]F,KM�ØXZyWÑ]~ñÝ',t)î@*g(ÅZq-áZi~�h~ìXÆ�gxy 15^

~gÇ��XëZq-ZzgñÝ',t)î@*g(Zk§bñ}gÄMh��t�z 'B' Ã,�tZq-ûZgïFyZy
�¶(X 15 áZi~',¹@*gzVÐÓk~�V)^

(Ãæ�}ÇTÐ�~ÂZ**ð!*��'aZ�ÏXt�ñÂZ**ðÆ®Í/õGÅ Coil Z+ßg]~sqït�)
Üszgi~ìX®ZZk»Èt�Z�ëä��ÛnHå�',¹gz»·z��®)�ÇóßìXªt�**ec�Zâà',¹gz

~�3c*�HìX�» 14 Å�sqïtÆÑàÚÆÒpÐ#³��®)�ÏZzgZ+ßg]~6�̂
ÆÑàÚÃ�«�}ÇXÅ<å XEZ� Coil ÑàÚÔsqïtÆÑàÚÆ£.Þ�XA$sqït»ÑàÚ
~',¹ÂZ**ðÃaZ�@*ìXZk§b (Coil) ec�Zk¸]6,�10*äc»xZ�x�,Xt»x�ït6,HYñÇ�

',¹ïtZâ!~�ñÂZ**ð»ç��tW@*ìX
Ð6,}Uc*Yg;ì²ït»Ñà  (Coil W�Z[Zq-Z+ßg]6,̈g�,�V�sqïtÃ�)
',¹ÂZ**ð~ps�CìÔZkp~~ (Mechanical Energy) (Æ£.Þ�X�V6,85ÐöGÂZ**ð Coil Ú�)

ÂZiy',�ÛZggppÆn|ïtÅw�'Å#¿�@*ìXtZÏz�ÜeìZ#ït»ÑàÚ�Æ�!Ú
Æ£.Þ�X

HW\Z0+Zi{Î��Z+ßg]~Zâà',tgzÅ�H�Ï? 7

(~Zâà',¹gzÅ�#³��®)�ÏXªt¹YYì�Z#�~Óf»Z���@* Coil Ñiòîg6,�)
ìÂ¸|Óf~Z��Å'×ZØ�@*ìZzgZ#�~ÓfÁ�@*ìÂtÓfÅZk¶ÅÌ'×ZØ�@*ìX

ZkÃgzkÆâCÙ�3�5é EG]{a�ä7HX
Henrich Lenz {a�
Æ®Í/õGÃ-VÒyHYYì�Zâà',¹gzZK�Ã¼Zk§bªCÙ�Cì�¸��~ïF Lenz's�

ÓfÅp~Å'×ZØ�CìX
Hëç�ñÂZ**ðÐ9Ze}»Zâà',t»çÒy�Mh�? 7
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',¹�zgÅ�ÆnáZi~ñßßVÆ
)g}6,Zq-�k',tgzÙk

(Ð�h�c*�HìXZk�g~ galvanometer)

ñÝÃ�áZi~ñ+VÐÓk~g3�HìÔ
!*NY+$Uä6,�k',tgzÙkÅÎð~

Z�ZsaZ�ÇX

Z[Z¤/Zk�g~ñÝÃ¦SY+$w�'

�,Â',tgzÙkÅÎð#³�~Z�Zs

]~w�'�~�A$',tgzÙkÅgi+8-Ð�',¹ Dt ¢aÆÃ,J- "s" �}ÏX�ÛnÙ�@*gÃ!*NY+$

EMF �ÏX�ÛnÙ�t EMF �zg~¦/gäzZà',¹gz¥x�ÏX',¹�zg~',¹gzZkz�ÜªCÙ�ÏZ#',¹�zg~
ìXA$�ñÂZ**ðÆçÐtzZã�@*ì�',¹ÂZ**ð)',¹gzÐ%1o(Zk»xÅzzÐaZ�Cì�ëä "e" 

�g~@*gÃw�'�¶~ÜsÅ�XZ¤/ëZyWÑ]ÅF,KM~0*ðYäzZà'×ZØÃÃZ0+Zi�,A$¬Z+�äzZà
Z

'.2.ç GFJ',¹gz¦/gCì² I ¢aMðÐ l Æ)z~�ÇXtZk!*]»o]ì��g~ñÝÅ FS ¸]ÐHYäzZÑ»x
ñÝïFyZy~g3�X

Zy¥â]Å¯6,HW\',¹ñÝ6,ïF¸]Å)zZ]Z~.�Mh�? /

6,���I�6,̈g<( 204 Åæ�Ð�� 4 �Ï))zZ] BIl ëY���ţ]

F = BIl.....................(8)

ţ]¬Z+�äzZà̧]Å'×ZØ�}ÏX¬Z+̧]Å�ñÝÐ¦/gäzZà',¹gzÅ�»ç�}ÏX

�VëZuµ»xZ�x�}gì�XñÝÃw�'�¶ÆaHYäzZÑ»x',¹ÂZ**ð~ps�@*ì®ZHYä
zZÑ»xt�ÇX

fig - 15
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W = FS  = BIls .....................(9)

(Åæ�Ð 8 )zZ])

Z#ëáZi~ñ+VÆ�gxy�g~ñÝgnp�Âå',¹�zg»g�Y@*ì�Ë�gïFZâ!»Zq©�@*ìXZ[

Z#ë�g~ñÝÃ!*NY+$w�'�ï�ÂáZi~ñ+VZzg�g~ñÝÐ�WzZáß\ÆgK~¶zZµ�C
ìZzgß\ÆZâ!~Ì¶WCìXt¶fsÅ)zZ]~�~�ìX

D f = Bls .....................(10)

Ð10 Zzg 9 ÆÀ�UzZµì)zZ] ls ÔgK B �V
W = (D f ) I

Ð��ä6, Dt �zâVY+$
W/Dt = I (D f / Dt) .....................(11)

P = ID f / Dt  ',¹¤�Ü
Dîg6,',¹¸]ø�Æ)z~ (e = Df/Dt)  )c*zzÉ4-÷

H
G
E

(»qÝ¢[�Cì emf ëY���',¹¤�Ü',¹gzZzg
�ÏX®Z

',¹¤�Ü  P =  eI .....................(12) 

Zzg',¹gz»qÝ¢[�CìXÅ<å XEZ',¹@*gÃUäcZq-]~ EMF ',¹�zg~aZ�äzZà',¹¤�Ü
t)zZ]ÂZ**ðÅp~  (D f / Dt)I ',¹¤�Ü~ps�YñÏX (Mechanical Energy) ZEw�{85ÐöGÂZ**ð

ÃªCÙ�CìX
Ð��ä6, DtÃ 9 )zZ]

W/Dt  = Fs /Dt = BIls/Dt .....................(13)

�Ûn�ä6, v @*gÅgëgìZÐ s/Dt �V
)',¹¤�Ü(   P = W/Dt = Fv = BIlv .....................(14)

(Ð 14 (Zzg) 12 "2.ç
G
EE¹¤�ÜgëgZzģ]»qÝ¢[�Ï)zZ])

W/Dt = eI

eI = BIlv

ZÐwHC',¹¸]ø�ë�X e = Blv  �tqÝ�@*ì
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èÃg{!*Ñ)zZ]9Ze}ÆZâàçÅ)zZ]7YV�Zk»ß\Ðm7ìXt)zZ]Zkz�Ü»gWæ�C
ì²ñÝ',tZq-ûZgïFyZy~¦/g@*ìX

ÅPVßV6,̈g�D�X emf W�Z[ëïFZâ!~
1 Vw
èVzZáZq-�ÆCÙZq-@̀~ïFÓfz�ÜÆ�Bps�@* 400

ìX̂5±ÙX�~aZ�äzZàZWF,+Zâà',¹¸]ø�¥x
óÆ�zgZyZâ!',¹¸]ø�~ t = 0.3 ]@*] t = 0.1 ÙXe��

Ãðp~zZµ�CìX
zQìX9Ze}Æç 0.001 ]~Zq-@̀~ïFZâ!~�äzZÑZ�� 0.1 �~�ðF,®ÐzZã�@*ì� i:

e = NDf / Dt Æ_.�~aZ�äzZÑZWF,+',¹¸]ø�
e = 400 x 0.001/0.1 = 4V ©�g`�ä6,

]J-ïFZâ!~Ãðp~7�ðZknZâà',¹¸]ø�~ 0.3Ð t = 0.1 F,®ÐªCÙ�@*ì�]
ÌÃðp~7�CX

X2 Vw
¢a°]ÅgëgÐw�'�g;ìXZ¤/t 10 ïFZâ!zZáyZy~ZkÅ�ÆÀ�U 0.8T Zq-ñÝ

',¹¸]ø�aZ�@*�A$ñÝ»îw¥x<X 8v ïFZâ!ñÝÆuzVÆ�gxy
e = 8V gëgZzg  V = 10 m/s óB = 0.8T i:�c*�Hì�

e = BlV

8 = 0.8(l)(10)

)ñÝ»îw( l = 1m

9Ze}Æà])',¹ïFZâ!(ÆZ:�] 10.5.4

',¹ïFZâ!øg}Z§Zsñ��ìX
W\ä�¬�Ç�_5½3ð GGg¨YõÆ�zgZy�@*gÆ(,}�Ð¦/g**7,@*ìÔZk�Ð��w',¹gzÆ·�Å 7

zzÐ$zgïFyZyaZ�@*ìXZ¤/Zkz�Üøg}�BßìÅZâYñ���VÂ(,}�Ð%1oïF
Óf$+mìZzg�~Zâà',¹gzaZ�Cì�ZÑgxtÅzzáCìX

fig - E-1
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_gkgeó)�ë�zñuGgc)c*(WzZigkge�äÆnZEw�D�(tÌ',¹ïFZâ!Æ 7

Zßw6,»x�@*ìXtZq-Z,ö8_6,��@*ìT6,ßìÆW�àÅ�»g~�CìZzg��zu}
�VÆ£¨~�£â]6,ic*�{ïÞg�rìZ#_Ã',¹@*gÆZq-gL�Ð¦/ZgZY@*ì

ë�(Â_ÐaZ�äzZÑïFyZyps�@*ì�@*gÆZq-  Head of tape recorder )�ë
gLÐ�~',¹gzaZ�@*ìX

~g¥/ZY@*ìXZkñµ6,',¹ïFZâ!»Zßw¾§b ù
]½2.çG
E »geÆZEwÆaZkÅïF÷Ã ATM 7

»x�@*ì?ZL�¹VZzgZLZ*E+{Ðn�!ìwÙX
ó',¹ïFZâ!ÆZßw6,»x�@*ìZq-�JC�ÃZq-Q~RÆ!*Çn (Induction Stove) ZâàaA 7

g3Y@*ìZk~��w',¹gz�Cì@*�9�g9ïFyZyaZ�Z#W\0*ãÐ½Z�Z',@Zk6,gnp�
(aZ�@*ìXaè EMF ZkÆn$+m�ZïFyZy',@Æ�°}Ð¦/g@*ìZzgZk~',¹¸]ø�)

tZâà',¹¸]ø�c*Zâà',¹gzaZ�@*ìXaè',@ÅZq-Hg{'×ZØ�CìÔZk~Ð  ',@�JC�@*ì
¦/gC�ð',¹gzZk~wZg]aZ�CìTÐ0*ãÌ¤/x�Y@*ìX¸zzì�ëZkaÛÃZâàaA

ë�X (Induction Stove)

HW\äLÎeÌì�ë',¹ÂZ**ð¾§bqÝ�D�?
W�Z[ëZkÐ0ZÐX

',¹ïFZâ! 10.5.5

~ec*�HìXZq-3,xßì»Z2Z:Zk+}6,Z¢¨é EGS 16(a) Zq-Ç~+{³X6�̂
~ec*�HìXZq-�JCI 16(a) gqpXZkßìÆZ2Zä6,@*=»@*gnX6�̂

³T»¢3,xßìÆZ2ZäÆ¢Ð¼ic*�{�ZzgZÐZ2Zä6,Ð�Z4�D�ñ
',¹gzÆJZÐ�h�ØZzg',¹ÎóWy��ØX AC Ç~Æ+}6,gÚX@*gÆuzVÃ

W\äHx@{H? 7

W\̈g�,Ð��JCI�6,¼Zz�ð6,j�HX
',¹ÎóÈ��ØX�JCIegZâðZ0+Zi~�Z~ZcY@*ìX

Ð�h�x@{ÙX DC ',¹u',Z�ÃU�ZkÃ AC �Ð
Zy�zâVßgÂVÆ',@*�~�ÛtYVì? 7

fig - 16(a)
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Z#�JCI¼Zz�ð6,jY@*ìA$�f!̧]Æ#³Ã́¸]¿�Cì? 7

(ZEwÅYñÂH�JCIZz6,ZJYì? DC Z¤/gZ�&',¹gz) 7

(Ð�t�JCIZz6,Z`ÇYV�EHÆ�zu}çÆ_.Zk AC ��w',¹gz)
~�3ð�ìX 16(b) (ÆWiZ��Å̂ Metal Ring 6,q,̧]#�CìX�JCI)

(�ziyÆ)z~p f (nÅY+$¿�@*ìZkÃáZiy�äÆaZq-̧]) w ziy)

~ec*�HìX 16(b) #³�~¿�Cì6�̂
e���JCô6,¿�äzZà**¥x̧]Hì? 7

(ZEwÅ�ìXt',¹gz AC Zkr~��w',¹gz)
)z~z²V~ZKlZgZzg�Úps�CgSìëY��
��~',¹gzÐïFyZyaZ�@*ìZknZq-z9Æn

»Zq-uZÑàÚZzg�zuZuZ�!ÚÆîg6,»x�uX (Coil)�
ÆÚ!*ëps�YD�X®Z (Coil) �zu}z9Æ�zgZy�
ÆÚ)z~z²V~!*ëps�D (Coil) ëÈMh���

�X�JCô»Zz6,Z3ZÏz�ÜeìZ#�tZq-ïtÆîg
Æ§i¿Æ#³�X6� Solenoid 6,»x�}ZzgZ4z²VÆ�zgZyZkÆ̈!*ëps�Vpt

ÃZz6,~Y+$Ð�Ú6,',¹gz»·���®)ìXZÏßg]~ Solenoid ~�3c*�Hì�Ûn�z� 16(c)^

Zz6,~uZ�!Ú�ÇXô6,Zz6,ÅY+$¸]ZÏz�Ü¿�}ÏZ#ô»Zz6,~uZÑàÚ�Ç)ªg8-»�!
Æ�!ÚÆ�t�ÇX(tZkz�Ü�eìZ#ô~',¹gz»·�#³��®)�)² SolenoidÚÔ

ZÐZz6,Ð�¬Yñ(¼zMÆ�ÎlàÆ̈$+s�ZzgZÏzMÆ�zgZyôÆ̈Ì$+s�XZÏzz
Ð�JCIZz6,ZÞìX

�JCô~',¹gzÅHzzì? 7

Zzgô~ïFZâáÅlZgZzg�ps Solenoid (óx',¹gz7�CZkn� AC ��w',¹gz)
�CgSìX

fig - 16 (b)

fig - 16 (c)
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�V6,�JCô»gKxìp�JCôÐ*gäzZÑïFyZyps�@*ìZk§bôÐ%1oÓf~p~
zZµ�CìX

(ZEwÅYñÂg8-¯g~Zc�n¤/Y@*ìYV? DC Z¤/gZ�&',¹gz) 7

Zq-Solenoid ~',¹gz:�Â�JCôÐ%1oÓf#�@*ìXZ#',¹gz¦/Zg~YCìÂ SolenoidZ#
sqïtÆîg6,»x�@*ìZzg�JCôÐÓf%1o�Y@*ìZzgZÏz�ÜôÐ%1oÓf~p~zZµ�CìZzgt
Zz6,ZJY@*ìZzgZkÆ�Z#Óf~Ãðp~�:�ÂªCÙìtg8-n¤/YñÇXZ¤/_eß:�Âg8-Zz6,ZJ�n

(ps�@*ìX Flux ¤/Y@*ìXZkßg]~ÌôÐzZhÓf)
Zk�tÐW\H³Z~.�,Ð? 7

Z9u¾ñZzg��wDgZ�&',¹gz 10.5.6

Ë�ÃïFyZy~Ú�ä6,H�@*ì? 7

HZ(�äÐ�',¹gzqÝ�Ï? 7

W��Ù�X
Zq-!k3�5Ðö

G

G�6,̈gÙX�ÛnÙ�ZÐÈ^Æ
5± 17(a) Zq-xïtÆ̈Æ�gxyg3�HX̂

ÙX��|�OìÔZk~Ð¦/gäzZÑïFÓfÌ
ps�@*ì',¹ïFZâ!Æ�âyÆ_.�~Zâà',¹
gzaZ�CìX

H�~aZ�äzZàZâà',¹gzÅ�x�C 7

ì?Ht$+rì?
�Ûn<�Z�ZY~�ÃZk§bF,KM�c*�Hì�Zk~ÐïFÓf¦/gC�XZ#tÀ�Uqª(jy~WYñ X1

n�ÂZk~ÐÃð',¹gz7¦/g}ÏXZk§bZkqª(~',¹gz#�ÏX B Zz6,ZzgR A A$ZkÅR

AC generator

fig - 17(a)
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Å§s¦/g}ÏXZq-6ÆZq-aåðz BÐA Ã��®)�c*Y@*ìÂZk~',¹gzaZ�ÏZzg CoilZ# X2

6,',¹gz#ÐZ�J-ãÏZzg|Z|qª(~WYñÇX
Z¤/ë�Ã�**Yg~gOÂ6Æ X3

�zu}aåð{Æ�zgZy',¹gzÁ�C
ÆÀ�UzZµ�Yä Coil YñÏZzg

Zz6, B 6,#�YñÏZkz�ÜR
n�YñÏXÛ¤/�lÅ� A Zzg

Æ��zu~Û¤/�lÆ�zgZyaZ
�äzZà',¹gzÅF,KM¬ÛÆ
)z~��ÏpZkÅ�#³

�¶( 17(b) �ÏX)^
HW\Z0+Zi{ÎMh���Æ�tÆ�zgZy',¹gz»·�#ÐZ�J-ZzgQZ�Ð#J-îÅzzH�$Ë 7

ì?
HëZk',¹gzÃZEw�Mh�?Z¤/;VÂù? 7

W�¥x�,
Slip ~�3c*�HìX�Æ�zuzVÃ�z 17(a) 6�̂

Ð�hZ�HìX»g0Æ�z',lZk§bF,KM��� Rings

Ã�!*D�X Slip Rings ��z{�Ð',¹gzZ~.�äc
ógi+-z){�ÛzãWÑ]Ð�hZY@*ìÂ TV Z#Zy',ØVÃ

Zy~»g0Æ',ØVÆ)gzVÐ',¹u',Z�Æfg=Z7`c*
YYìX
Zk§iÐqÝ��{',¹gzz9z9ÐCÙZq-Û�zgÆ

~zZãH�HìX 17(b) �zgZyZK�ps�CìXZÐ̂

Zq-å¤/�lÆ�zgZy�Åqª(w�'

DC generator

fig - 17(b)

fig - 17(c)
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Z+',¹gzÃ��w',¹gzë�T~',¹gzZK�)z~z²VÐps�CìZkn��w',¹gz»Zq-
(�@*ìX Frequency ®�)

¹Y@*ìX (AC Generator) ëä�V6,T¾ñÆ!*g}~7,JìZÐ��w',¹gz¾ñ
',¹gzùqÝ�Mh�? DC CØ�ëZq-¾ñÆZEwÐ 7

a�Hp´V�ã7,,Ï? ~ps�äÆ DCGeneratorÃ AC Generator 7

WØ¥x�,
Ã�Æ slip rings Z¤/�z°�
Æ_. 17(c) �zâVuzVÐ^

¾ñ DC ¾ñÔ AC �h�c*YñA$
',¹gz DC Æîg6,»x�äÑÇZzg

qÝ�ÏX

WØ�Ù��t÷»x�@*ìX
¬Û��~Z#|À�~
qª(~�A$aZ�äzZàZâà',¹gz#ÐZ�J-BìZzgQ#�YCìZzgZ#|Zkqª(Ð'×h+WÐ(,k

J-í�ZzgZk§b�zu}Û��Æ�zgZy',¹gz�ÆZ0+g�< slip rings ìÂ�Æ�zâVu}�zu}
YCìX�Æ�zu}Û��Æ�zgZyaZ�äzZà',¹gz¬Û��~aZ�äzZà',¹gzÆ)z~�Cì

~�3c*�HìX 17(d) 6�̂
(BCìXZk§b¾ñ~85ÐöGÂZ**ðÔ',¹ DCc*Direct Current Zk§baZ�äzZà',¹gzgZ�&',¹gz)

ÂZ**ð~ps�YCìX

Zq-å¤/�lÆ�zgZy�Åqª(w�'

fig - 17(d)
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Ô(Induced current) ÔZâà',¹gz slip rings ïFÓfÔÑÄïFÓfÔ',¹ñR,Ô
�g RMS ',¹gzÔ AC Zzg DC Ô',¹¾ñÔ (induced EMF) Zâà',¹¸]ø�

Å¤�ÜÐ%Z�yZãèoÅ®Z�ìX (B) ïFÑÄÓf 7

ÔïFyZyÆÀ�U�~Ð¦/gäzZáÓfZzg�~ÆgKÅÚÃë�X (B) ïFÑÄÓf 7

',¹gz»qï@*gïFyZyaZ�@*ìX 7

F=ILB sinq Zzg F=qvB sinq 7

',¹ñR,~',¹ÂZ**ðÔ85ÐöGÂZ**ð~ps�CìX 7

�ZzgïFyZyÆ�gxyẃ�'ÅzõÐaZ�{',¹gz',¹ïFZâ!BCìX 7

ÔZk�Ð¦/gäzZáïFÓfÅp~ÅÑbÆ)z~ EMF 9Ze}»ç:ZuÈ�~aZ�äzZÑ 7

�@*ìX
»ç:�~aZ�äzZà',¹gzÅ�¼Zk§b�Cì�t�~ÓfÅp~Å'×ZØ�C Lenz's 7

ìX
ÐÀ�Uw�'�@*�ÂñÝÆuzVÆ�gxyaZ�äzZà v îwgppzZÑñÝïFyZy~gëg lZ# 7

�ÇXZk',¹¸]ø�ÃÃu',¹¸]ø�ë�X Blv ·z]̧>)zz

É4-

÷

H
G
E

(

¾ñk~85ÐöGÂZ**ðÔ',¹ÂZ**ð~ps�CìX 7

¦gZ]6,g�¿
(AS1) HïFèo̧]È�C�?�Ø -1

(AS1) �¶ïFèo̧]�3ð��X@*g~',¹gzÅ�H�Ï? Q1^ -2Q1^

ã~ZÖp

ëäH5

ZLZõ[Ã�Ûzr�Ø
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~Zq-sqït�Æ�Ûd$w�'�g;ìT»ÑàÚ�ÅY+$ìA$ Q3^ -3

(AS1) �Ð¦/gäzZáïFÓf~Hp~�Ï

6,� Q 6,',¹gz�ÆZ0+gÀ�U�Z4�CìZzg̀ P Zq-|�ÆÀ�Ug3�HìXZq-` -4

(AS1) Æ:LïFyZyÅ�H�Ï? coil ~�3c*�HìX Q4 Æ!*CÙWCì6�

¦gZ]»Z:t
~�3ð�ìX̂~�~�',¹gzÅ�Æ_. Q4 Zq-�~ÕzZà',¹gzÅ�^ -1

(AS1) ZkÆgc6,�WzZÑïFÚH�Ç?
(AS1) Zh+Æ4,�q-sqïtáWä6,L�YVYCìÔ�Ø? TV -2

ïFyZyÅ�ÆZ0+gïFyZyÅ�ÃªCÙ�CìZq-¦J@*gT~',¹gz x ´#Ö -3

�zhCìïFyZyÆÀ�Ug3�HìXC��ïFyZyÅzzÐ@*g6,̧]H�Ï?tÃ́
(5 )^ (AS1) �~̧]eZáÇ?

�Âït»Zâ!yZy 40A ¸]¿�g�ìXZ¤/',¹gz 8N ªMðzZá!k3�5Ðö
G

G@*g6, 20 Zq-ïFyZyÆÀ�zZg -4

H�Ç?
(AS1) (1 tesla) �Z[:

ZzgsqïF�zâV�Zq-��~w�'�D�XZkßg]~H�Ç? Coil ~�3c*�HìX Q5 6�̂ -5

(AS2) 9Ze}Æ7��{LLZâàà]óóÆgzi%{i0+Ï~PZEÑ]e�X -6

Q6^

Q4^

Q5^

Q2^

Q3^

247

SCERT, T
ELA

NGANA



',¹ïÞ¥ÅF,¹ÆaÓ#Ö»j

( ) Zy~ÐÃ̈K',¹ÂZ**ðÃ85ÐöGÂZ**ð~$+mìX  .1
Îó (d) ¾ñ (c) ÒR,~ (b) ñR, (a)

( ) Zy~ÐÃ̈K85ÐöGÂZ**ðÃ',¹ÂZ**ð~$+mìX .2

Îó (d) ¾ñ (c) ÒR,~ (b) ñR, (a)

( ) Zq-',t',�Zg@*g6,ïF¸]H�ÏZ#�ZkÃûZgïFyZy~ïFyZyÆÀ�zZgg3�H� .3

(d) 2ILB (c) ILB (b) 0 (a)

( ) 1 Tesla = .4

EH&Z'.2.ç GFJD] (d) Z

'.2.ç GFJ&¢a (c) EH&Z'.2.ç GFJD¢a (b) EH&ÃÅ.ïE (a)

( ) ïFÓfÅZ»ð .5

zQ (d) Çzk (c) Zzg
$k5å GH
H (b) eZM (a)

( ) Ë',t',�ZgñÝ6,Ãð̧]¿7�C²ZkÅF,KM .6

ïFyZyÆÀ�U (b) ïFyZyÆáZi~ (a)

F,KM6,ņ̃s7ì (d) ïFyZy~ (c)

(AS3) Ãð�zxÁÅæ�ÐU*"$�z�Ãð',t',�Zg@*gïFyZyaZ�@*ìX  -1
(AS3) �/Æfg=W\ùU*"$�,Ð�Zq-',t',�Zg@*gÃïFyZy~gpp6,Zk6,̧]¬Z+�Ï? -2

(AS3) Zq-rÆfg=9Ze}ÆZâàçÃ��? -3

9Ze}ÆçÅ�ÆaW\Ã̈K�/?m,�,Ð?ÃyÐWÑ]�g»g�?�/Æ4}òÆaW\H�zm,7�,Ð? -4

(AS3) ZôïD+ZÛÌÒyÙ?
(AS3) W\�/Æfg=tùU*"$�,Ð�',t',�Zg@*gïFyZyaZ�@*ì? -5

(AS4) 9Ze}ÆçÆfg=',¹gzÆaZ�äÐ0¥â]Z�Ù?  -1
(AS4) Zq-��{',¹ñR,»g�äÆaZÚ.$Ð�g»gZâYZzg§i»gÐ0¥â]Z�Ù? -2

(AS4) 9Ze}Æfg=G��!*]Å¥â]Z�<X -3

MZN!�Z!*]

Xi{�!*]

Xi{6,Z7½ïEH
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e^h

11
ø»g~ÆQßw

Principles of Metallurgy

z){Ð¥́â]qÝ (Sonarity) W\W^,)®)~�JÂVÅPºmS:]�$ðGOgtÔÕ�Zzg¤/`  

�`�X�J'øg~i0+Ï~ZëgzwZ�Z�C�XëZ�JÂVÃZ¢zgc*]ÆnZEw�D��Î**Zzg
e0+~i-g»g�äÆaÔ@*=Ôß;ZzgZ>4',¹ñÝ@*gzVÅ»g~~Zzg�ñ́V6,Pºm',@Å»g~z){~Ì
ZEw�D�XZkÆ´z{ë�JÂVZzgZyÅ½ÂVÐµFywZâYZLyzV~ZEw�D�X

HW\PZ+ZâYÆ**xCMh���JÂVÐµ�C�? 7

~ZÏ§b0*ðYC�? (nature) Høg~gzi%{i0+Ï~ZEw�äzZàt�J'�g] 7

�ZÖpÃ�ì? (Metallurgy) Zzgø»g~ (Mineral) Ôny (Ore) HW\äL²CåFJ] 7

HW\Y��Zy�JÂVÃ¾§bÐZ~.HY@*ì? 7

èÃg{!*ÑÎZÑ]KÆaW\Ãø»g~Æ!*g}~Y+Å¢zg]ìXZk!*[~ëø»g~Ð0Z
¦gZ]ZzgZk¿ÐÌzZ��VÐTÐgzi%{i0+Ï~ZEwÅYäzZà{Ø�JÂVÃqÝ�D�X

LLø»g~Ố²
CåFJÂVÐ�JÂVÅ$ZzgZyÐ½ÂVÅ»g~»¿ìóóX

ZK̈ã@*gõÆ»³ZzgßìÆ�zgÆ_·Ð�ZyZâYÆZEwÐ0Ø¸ìXZkiâäÆßÍVä
»³)@*=ZzgHÅ½](ZzgßìÐµZâYZEw�äÅZ�ZYÅìX

ÐÌic*�{�J'ñ���X 75% W`
®
ÿ
N�ø7[ÁÜ~
�g]~�JÂV»z̧q 11.1

�J'�g]~ù0*ðYC�? 7

i}"{ZgnÅZz6,~6,]�JÂV»Zëfg=ìX«g~0*ã~ÌPi5+k,#�Îe*³gZàZzg!5»4o-ê G
Y
EI
G

³gZàz){0*ñYD�X
ø»g~ÆZßw ¥ÅF,¹ÆaÓ#Ö»j249
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z){¹Á¬ï�D�ZÏat�g]~WiZ�Z:qª(~0*ðYC (Cu) Zzg@*= (Ag) Ôe0+~ (Au) P�J'�Î**
Yèt¹�Á¬ï�C�X�v�J'aè¹ic*�{¬ï�C�Zkn�g]~%�'qª(~0*ðYC�X �X

BD�X (Mnierals) ~0*ðYäzZà�JÂVÆÁÜc*%·]LLn*]óó (Crust) �gCîg6,i}ÅZz6,~6,]
�£â]6,�ø7[n*]~Ë{m�J]»�¹ic*�{0*c*Y@*ìTÐ�J]Å$o«j§i

BCìX (Ores) ÐÅY$ËìXZ+n*]TÐ�J]ÃçÙvyÆ%qÝHYYìÔ²CåFJ'
~Ò]Ð0*ðYäzZà�J]ì�CÙnÆn*]~0*ð (Crust) VwÆîg6,Z>4i}ÅZz6,~6,]

**ò (Bauxite) YCìpÓxn*]ÐZkÅ$�**çÙîg6,ÃZ+{j7ìXZka¬xîg6,ZkÃ!*�"3ïJGH
�Z>4W�à0*c*Y@*ìX 70@*50 ²

CåFJ]ÐqÝHY@*ìT~

øDfs²CåFJÂV»x@{ÙXZzg²CåFJ]~ñ���J]ÅÙ|#ÙX
1- ].zw

�J] �� ²
CåFJ] �J] �� ²

CåFJ]
Zn (ZnO) Zincite Al (Al2O3 .2H2O) Bauxite

Na (NaCl) (Rocksalt)# "ã Cu (CuFeS2) Copper Iron Pyrites

Hg (HgS) (Cinnabar) ÷s Zn (ZnS) Zine Blende

Fe (Fe3O4) Magnetite Mg (MgCO3) Magnesite

Pb (PbS) Galena Mg (MgSO4 .7H2O) Epsom Salt

Ca (CaSO4.2H2O) (Gypsum) �È Ag (AgCl) Horn Silver

Ca (CaCO3) (Lime Stone) aä»ß Mn (MnO2) Pyrolusite

Mg (KClMgCl2.6H2O) Carnallite Fe (Fe2O3) Haematite

n*]�C�pÓxn*]¢zg~7�²CåFJ]�V?HW\ZkÒyÐ5 (Ores) Óx²CåFJ' /

�XYV?

ø»g~ÆZßw¥ÅF,¹ÆaÓ#Ö»j

Î8/õ FGn�!ìwÙ
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~ec*�HìX 2 Z[Z¹�gzÈ~�äÅÃÒÙ6�].zw
2 ].zwX

�×Ën9�
(Sulphates)

Ò^�eçÞn9�
(Carbonates)

Ò×ç�]ñn;�
(Chlorides)

�×Ë^ñn;�
(Sulphides)

�Ò�^ñn;�
(Oxides)

~�áï²CåFJÂVÐ�Ã́�J'qÝ�C�? 1 ].zwX o

HW\Zy�JÂVÃZyÅ¬$Ò3ïGGÅãC�6,F,KM�}Mh�? o

~W\ä¾!*]Ãâ^Hì? 2 ].zwX o

W\äâ^H�Ç�F�JÂVÅ´²CåFJ'W�àkZzgÏàk6,��C�XZÏnWxZzg�
B@*ì�V6,eÈÆp²CåFJ]Zzg854ø EG

E

ÆpaZ (Chalcogen family) zZV¤/z\(»¤/z\eÈX{0+Zy 16)

(Chalco = Ore, Genus = produce) �äÆ�X
�XZÏnt�g]~WiZ�Z:qª(~70*ðYC�?  Ü�J'Z�ð¬ï�C Al Zzg MgÔCaÔNaÔK

~{mîgÐW�àkÔ (Crust) z){Ü�J'5w¬ï�C�XZkati}ÅZz6,~6,] PbÔFeÔZn Z#�
ÏàkZzg»g1"54ø EGHÅ̂~0*ðYC�X

Ü�J'¹Á¬ï�C�Zkat�g]~WiZ�Z:qª(~0*ðYC�Xë�JÂVÃ¬$Ò3ïGGÅãC�6, AgÔAu

øDfs§jÐ4,zàF,KM~ÉMh�X
K, Na, Ca, Mg, Al

Z�ð¬$Ò3ïGG
Zn, Fe, Pb, Cu

5w¬$Ò3ïGG
Hg, Ag, Pt, Au

¹Á¬$Ò3ïGG
ë²CåFJÂVÐ�J'ùqÝ�D�ÎG? o

H�J]Å¬$Ò3ïGGÔ²CåFJ]ÅâÎ)W�àkÔÏàkÔ³gZàkÔ»g1"54ø
E
G
H

Ô

]Ò©54
ø

E

G
H

(Zzg¿3Æ�gxyÃð o

ģ0*c*Y@*ì?
ënã²CåFJÂVÐ�JÂVÅ3ù�D�? o

Ãµ§jZEwKYD�? o

WØY+ÅÃÒ�,Ð

:(Extraction of metals from the ores) ²
CåFJÂVÐ�JÂVÅ3B 11.2

²
CåFJÂVÐ�JÂVÅ3»¿&Zë%Zi6,��@*ì

c*gd��**  �J]Ã{Ø¯** (3) »�w {x�J] (2) %6�**c*eg;�** (1)
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²
CåFJ]ÅZ�Ûz�Ï 11.2.1

¬xîg6,i}Ð»)Æfg=ïàYäzZà²CåFJ]~èZzggîÅMlZgßNVÅ̂~0*ðYCìX
%6�**c*eg;�äÐ%Z�²CåFJ]Ð�J]qÝ�äÆ�zgZy)¢zg~ß~ZâY»ÂuJ-e{�ä»

¹Y@*ìXZk%³~�Ae�n{Øc*ic*�{%6²CåFJ]qÝ�ãecX Gangue ¿ìXZyèÅßNVÃ
Gangue ²

CåFJ]Åeg;ZzgZ�Ûz�ÏÆaZCñYäzZá8§hVc*2»Z®g²CåFJ]ZzgZk~�áï
Å8S¤Æ�gxy0*ñYäzZá�Ût6,�@*ìX

Ò�n�

µçÖß-

]Ú^Âk

e�Ñµ^�n�åií×n�

²
CåFJ]

²
CåFJ]Ã%6¯**

Æfg=

²
CåFJ]Ð{x�J]ïÜ

(Extraction of Crude metal from Ore)

Z�ð¬$Ò3ïGGzZà�J' ¬$Ò3ïGGzZà�J' 5w ¹Á¬$Ò3ïGGzZà�J'

;ÑàkW�àk

��JÂVÅ',t0*æÏ

�J]
( z){ Al  ÔMg ÔNa )}

»g1,M²CåFJ]Ïà²CåFJ]

È' V�i~

�J]ÆW�àk

]ÅAs �J

�J]Å$
z){ Zn ÔCu}

Ïà²CåFJ]

�J]Ã{Ø¯**
(eg: Ag)

È'

J]ÅAs �

W�àk

�J]
V�i~

ø»g~ÆZßw¥ÅF,¹ÆaÓ#Ö»j

a^iãç7�12ößß^

�âçÞ^

qã^+n¡in�]¨

ÚÏß^�n�oÂ×nv�+o

ÒnÛn^ñoivçmØ

ìç�Ò^�ivçmØ

ÒnÛn^ñoa9^¨Ò^��mÏä

e�Ñµ^�n�åivçmØ
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§i»g §i»**x
Z¤/²CåFJ]ZzgßNVÆ�gxyg8-Ô�#ÖÔ�|#ÜS:]»�Ût�ÂA$²CåFJ]Æ
�zVc*fgzVÃ;ðVÐ�̀�vßNVÐ´u{�1Y@*ì

;ðVÐÍ
(Hand Picking)

²
CåFJ]Æ�zVÃ5�âbR6,g3Y@*ì�ZiZV0*ãÆ!*�1·�Æ�B�ð1Y@*
ìXÁÑÄzZáßNVÆfgZ]0*ãÆ·�Æ�BËYD�²ic*�{ÑÄzZá
²
CåFJ]ÆfgZ]agT�X

�ð**
(Washing)

t§i{mîgÐÏàkÅ²CåFJÂVÆaÎ�q�@*ì��46ÅS¤7
gnpZ#�Zy~�áïßÅ46»Dg�Y'�XZkaZyßNV6,�²CåFJ]»

~�Z4HY@*ìX0*ã (Floataion cell) `s¯1Y@*ìZzgZkÃ0*ãÆ�B¾Z�{:
~o�&�!*�Æ�B�Z*Zg~YCìX�Z*gäÐ0*ã~ÄvaZ�@*ìXÄv

Æ�B²CåFJ]ÆfgZ]R6,WD�Z#�ß_µd�YD�XÄv´u{�1Y@*
ìX�ZiZV´u{��{ÄvÐ²CåFJ]ÆfgZ]qÝ�äÆaZÐ�ð1Y@*ìX

�¶( 1 )^X

Ä5¾Z�
(Froth Flotation)

Z¤/²CåFJ]c*ß_~ÃðZq-�ïFZzg�zu~)ïF�Â²CåFJ]Ã',¹ï¥V
�¶( 2 ÆZEwÆfg=e{HY@*ìX)^X

ïF´uÏ
(Magnetic Separation)

²
CåFJÂVÅeg;Æ�v§jÌ�TÆ0¥â]W\Z�)oV~qÝ�,ÐX

ïFeÏ 2 ^XÏà²CåFJ]Ã%6¯äÆaÄ5¾Z�»¿ 1 ^X

ïF²CåFJ]

ïFëÏà²CåFJ]
ÆfgZ]Æ�B
wZg]Æé )ïF(:>î FXX

`s²CåFJ]

w�'�@*Û

)ïF²CåFJ]

�Z[�Z ik,

Ïà²CåFJ]ÆfgZ]

ø»g~ÆZßw ¥ÅF,¹ÆaÓ#Ö»j
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³
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Æ
�B¬ï
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g
F,Ø

V
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¸
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}
0*ã
Ð¬ï
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x
Æ
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]

Ó
x�J

'³
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Ð¤/
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ä
6,pÐø

³
gZà

k¯
D
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p
Z

yÅ
¬$ Ò 3

ï
G
G

Z
z
6,

Ð
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Y
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n
ì
X

Z
k
Ð

�t
K
~æ�Q

ì
�

Z#
�J

]Z
q-ñ

w³
g+

�
Ð³

gZà¯
ä

Æ
a¬ï�C

ìÂ
wZ
g

]
{
g

`�C
ì

J-c*
¤!

g
F,
Ú
Ð¬ï

Pb
Ð

K

»U�
H

2
�Z
ä
6,
¬$ Ò 3

ï
G
G

~¶
Æ
�B

¿
~
W
@*
ì
X

X
¹
�
�

]
M

g
X�}

Æ
Æ
�BÔ

K) Æ
�B
XZ

�Z
w
Æ
�BZ

z
g

Fe

¹�
W

×
Ð
(

Pb

J-¸
\
Ð¬ï

6,
Fe
Ð

K

»U�
H

2
¬$ Ò 3

ï
G
G

~¶
Æ
%

¿
~
Wc* ¹�

�
]
Æ
�B

Z#�
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¹�
W

×
Ð
(

Fe

J-
Q

}
0*ã
Ð

M
g
Ð

K

»
¿U�

~
W
@*

H
2

¬ï
~
ì
X

J-t
¬$ Ò 3

ï
G
G
n
ì

M
gÐ

K

¹�
�

]
Æ
�B

Z#
�

K

¹
W

×
ÐU

D
�

M
g

 Ô
Na

2O
W

xÅ
ö
z��ÛZ

b
6,

O
2

¯C
�

Z#�
zZ�Û�ÛZ

b
6,

K
2O Æ
6,
W
�à

q
Ý�

D
�
X

K Na

J-
Q

}
0*ã
Ð

Au
Ð

Al »U�
7�@*

X
H

2

4,
zà

F,
KM
~
R
�
Z
z
g
W
�
à

k

�
D

(V
ig

ou
r)

¯
ä
Æ
a

Ú
�
X

C
aO

, 
M

gO
, 

A
l2

O
3,

 Z
nO

, 

Fe
2O

3

Ca M
g Al Zn Fe

J-c*
¤!

g
F,
Ú
Ð¬ï

Au
Ð

Cu

»U�
¿
~
7
W
@*
X

H
2
�Z
ä
6,

»H
2

J-¸
\
Ð

Au
Ð

Pb U�
¿
~
7
W
@*
ì
X

R
7
�
ÉR

6,
W
�àÅµ¯

D
Pb

O
, C

uO
, H

gO
�
X

Pb Cu H
g

K
C

l,
 N

aC
l,

 C
aC

l2
, 

M
gC

l2
, 

Al
C

l3
, 

Zn
C

l2
, 

Fe
C

l3
, 

P
bC

l2
, 

Z
z
g

C
uC

l2
, H

gC
l2

, A
gC

l, 
Pt

C
l3

�W
�
X

Au
Cl

3

R
7
�
Z
z
g:

�
R
6,
W
�
à

k

¯
D
�
X

Ag Pt Au
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R
ea

ct
iv

ity
 o

f M
et

al
s
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].
z

w
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²
CåFJ]Ð{x�J] 11.2.2

i�F6,]ÐqÝ��{²CåFJ]ÅZ�Û��ÏÆ�ë�J]Å$»¿Z�x�ï�X�&Ð¬²CåFJ]Å
�Æfg)ZkÃW�à~psHY@*ìXZkÆ�'×h+ßÂVÃ�zg�äÆa�JCW�àÅAsÆfg){x

²
CåFJÂVÐ�J]Å3»Z®g�J]Å¬$Ò3ïGG6,�@*ìX �J]ÃqÝHY@*ìX

¥x�{�JÂVÅ¬$Ò3ïGGÅF,KM»ûqÝ�äÆaëQ}0*ãÔM\Ôt¤!gF,�Zzg³g+Æ�B
Å¯Y6,ëä¬ïeÅßg]¤/~Å (Vigorous activity order) ¬5]»_·�,ÐX¬ï~ZK¤!g¬ïF,KM

�&À�/õ GG( 4- B@*ìX)].zw (Activity Series) ìX�JÂV»ZyÅãC�6,4,zàF,KM~F,KM�b�LL¬ï�óó
(Reduction of purified ore to the metal) {Ø²CåFJ]Å�J]~As

²
CåFJ]ÅAsÐ�J]ï%ÆaZEwKYäzZá§i»g»Z®g�J]Æ¬ï�~0*ñYä

zZá£x6,�@*ìX
Eatraction of metals at the top of the activity series ¬ïeÆ!*Ñð�JÂVÅ3 (A)

z){Ã²CåFJ]Ð�J]ÃW�ãÆ COÔC (��{6ðA~§hV�¤/x�äÐ Al Zzg MgÔCaÔNaÔK)

�BAsÆfg=´u{7HYYìXAs»§i�V6,**�.Þ¿ìYV�Zy�JÂVÅAsÆa��Å
¢zg]�Cì��7ìXçÙîg6,ÁÑL§iZEw�äÆa',t0*æÏ»§iZCc*Y@*ìXZy�JÂVÆ

6,�JCgzZVÅ/Ú0*ãÆ (cathode) (-) W!²ßVÅ',t0*æÏ**�.Þ¿ìYV�W!²w~ñ��0*ãÔt',{
�@*ìX (Discharged) gzZVÃZy%Z`

P�{�JÂVÆ"�ñ%·]Ð�JÂVÃZ~.�äÆa',t0*æÏ�.Þ¿zZu§iìX"�ñ
ZEwH (Anode) (+) Zzg¤/ZÃ"3ïJGH»µ',{ (Steel cathode) (-) Å',t0*æÏÆa¯Ñ�»¯�Zt',{ NaCl

Åµt',{6,¦�CìZzg³gZàgzZVµ',{6,¦�@*ìX (Na) Y@*ìX�J]
t',{6, 2Na+ + 2e- g 2Na

µ',{6, 2Cl- g Cl2 + 2e-

qgz!*Ñ',t0*æÏ~�J]Ã��ðqª(~gppÆaic*�{',¹gzÅlZg�g»g�CìZzg²CåFJ]Æ
Z̀â®)~¶ÑäÆao�&ßNVÃ²CåFJ]~�áïHY@*ìX
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Ectraction of metals in the middle of the activity series ¬ïeÆ�gxã�JÂVÅ3 (B
)i7-Ôß;ÔHógZzg@*=(:¬xîg6,Zy�JÂVÅ²CåFJ'�g]~ÏàkZzg»g1"54ø EGHÅ̂~0*ðYC
�XZy²CåFJÂVÃ�J]~ps�äÐIZ¹�JCW�àk~ps�**¢zg~�@*ìX

ÏàÅ²CåFJ'iZZ+�ZÅñ��Ï~��J-¤/x�ä6,W�àk~ps�YC�Xt¿È'
B@*ìX¬xîg6,Ïà²CåFJÂVÐ�J]ÅAsÐIÈy�W�à~ps�1Y@*ìX (Roasting)

�JCW�àÃ�ZiZVo�&As¬ïÆZEwÆfg=�J]~ps�1Y@*ìX��V6,ñizVA~
¬ï»g0ìX

~ (Furnance) Èz :(Reduction of metal Oxides with Carbon »g0Ð�JCW�àÅAs (i)

qÝ�CìX (CO) Ð�JCW�àkÅAsÅYCìTÐ��J]Zzg»g0ñIW�à coke )Ã́(

: (Reduction of oxide ores with CO) ÐAs CO W�à²CåFJ]Å (ii

Å$Æ�zgZyZkÅ´ (Cu) @*= :(Auto reduction of sulphide ores) Ïà²CåFJ]Åp�»gAs (iii

6,t́�JCW�àqÝ�@*ìX (Roasting) Ïà²CåFJ]Ãb%z~îg6,�Z~È+

¯Cì SO2 Z#�ZÅu',Z�ÃÈ��c*Y@*ìZzg�(,J�~YñÂ!*¹ÏàW�àÆ�B¬ï�Æ�J]Zzg

�h+¬ï�JÂVÐ²CåFJÂV)%·](ÅAs (iv

:(Redcution of ores (compounds) by more reactive metals)

~Z>4Æ�B�JCW�àÆ¬ïÅ¢zg]�CìXZ#�h+ (Thermite Process) êâ"3ïJGH¿
¬ï�JÂV�Îe*ÔyZzgZ>4z){Ã�gA~¬ïZEwHY@*ìÂz{%�'~�áïÁ¬ï�J]ÃU�ZyÅ(á

�D�TÆ³~¹ic*�{wZg]{g`�CìXZÏ (Exothermic) fe�Xt¿U�Æ¬5]Zd',zVwZg~
a�J'��ðqª(~qÝ�C�X

Öz

Vw

Vw

Vw Vw:
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ZzgZ>4Æ̀sÆ�gxy�äzZá¬ïÃgsÅð-VZzg0VÆN (Fe2O3) W�à (III) W],y
B@*ìX (Thermite reaction) 6,izVÃ�häÆaZEwHY@*ìXt¬ï¬xîg6,LLêâV$¬ïóó

:(Extraction of metals at the bottom of the activity series) z){( HgÔAg ¬ï�Æ¬�JÂVÅ3) (C

¬ï�Å¬F,KM~0*ðYäzZà�J'¬xîg6,WiZ�Z:qª(~�ø7[�C�XZyÅ¬$Ò3ïGG�v�CÙzV
Ð¹�Á�CìXÜsZy�JCW�àÃ¤/x�ä6,Ìt�J]~As�YD�Zzg�%ûZyÆW!²wÆ
�B¿U�Æfg=ÌqÝGYD�X

~ps HgO ��0*g}Å²CåF]ìÃ�ZÅñ��Ï~¤/xHY@*ìÂtZ�ZY~ (HgS)(Cinnabar) Z#÷s (i

�Y@*ìX�ZiZV'×h+¤/x�ä6,As0*�0*g}~ps�Y@*ìX

:(Displacement from aqueos solutions) Ẃ!²wÐ¿U� (ii

ÆZn ÆgzZVqÝ�äÆaiHY@*ìX Dicyanoargentate Æ²w~ KCNÃ Ag2S �V6,
»gÎ[qÝ�@*ìX Ag `sÐZygzZâVÃÓk~Ñä6,

:(Purification of the crude metal) {x�J]Å$ 11.2.3

(Anions) ²
CåFJ]ÅAsÆfg=qÝÅ��J]Æ�B)ps�{²CåFJ]ÅßÅÔ�v�J'ZzgZ�JCgzZV
z){�áï�D�X

Ïà²CåFJ]ÐqÝH�H»6,W],y0*],�»%�'�@*ìXZk%�'~ (Blister Copper) VwÆîg6,W�ð@*=
ðhZ�»6,ÏàÔß;Zzg�0*ñYD�XZkÅ$o�&§hVøw',¹0*æÏÆfg=ÅYCìXz{¿TÐ

¤/x�ä6, ¤/x�ä6, ¤/x�ä6,
Vw Vw:

Vw Vw:

ø»g~ÆZßw ¥ÅF,¹ÆaÓ#Ö»j

fig - 3 (a) fig - 3 (b) fig - 3 (c)
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»¿Z%Zi6,� refining B@*ìX�J]Å "Refining" ){Ø�J]Ã{Ø�J]~psHY@*ìX
�@*ìXPgdÓÆ§jøDfs~�Ø²/õ YG�X

z){X (Electrolysis) ',t0*æÏ (d) (Liguation) Zâ®) (c) Ô(Poling) 7# (b) Ô(Distillation> (a)

�~��J]Å$ÆaZCñYäzZá¿»Z®g�J]ZzgZkÅßNVÅâÎ6,�@*ìX
t§iZ�F,+Z̀â®)gppzZà�JÂV�i7-Zzg%Yg~Å$Æa.e$�Î�q :(Distillation)> (a)

qÝ�äÆa� (distillate pure metal) ìX~�NzZà�J'�gß_�áï�C�X>{{Ø�J]
Å>ÅYCìX extracted metal �ðqª(~ñ��

Ðhc*Y@*ìXZn (poles of green wood) Zk§i~��ð�J]Ã!Ç~Åhã :(Poling) 7# (b)

¾C�XW«�Zg@*= (slag/scum) ÅßÅ}^~{g`�C�c*Q�0*���ð�J]ÅR6,�g"
ÅZÏ§iÐ$ÅYCìX!Ç~Ð{g`�äzZàA~µ4mø

Y

G»6,Å'×h+�ÃgzÇìX (Blister copper)

Zk§iÐHÜÁZ̀â®)zZà�J]ÃZq-ezZyR6,·c*Y@*ìXZk§bÐtic*�{̀ :(Liquation) Zâ®) (c)

Zâ®)zZàß_Ð´u{�YCìX
Zk§i~){Ø�J]Ã�gµ',{ZEwHY@*ìX :(Electrolytic refining) ',t0*æ{$ (d)

~g3Y@* (Electrolytic bath) ZÏ�J]Å{Ø÷Ã�gt',{ZEwHY@*ìXZ¹Zq-o�&',t0*æ{²w
ìT~Zk�J]»i5+k,#ñ���@*ìX£/�J]{Ø̂~t',{6,¦�CìZzgß_Zzg�zu~�J'

Å§bqÝ�C�',t0*æÏÆ�zgZy¬5]Zk§b�D� (Anode mud) µ',{»A
µ',{ M g Mn+ + ne-

t',{ Mn+ + ne-  g M

{Ø�J]ì( =M ìZzg) 3Ô2Ô1=n �V6,
ë@*=Å$Æa',t0*æÏÆ¿ÃZEw�D
�X){Ø@*=»ZEw�gµ',{HY@*ìX
{Ø�J]Å¡sñt',{Æîg6,ZEwÅYC
�X',t0*æ{»6,Ü»F,Ù²w�@*ìZzg',t
0*æÏ»î³t�@*ì�@*={Ø̂~µ',{
Ðt',{6,v�Y@*ìX

:@*=Å',t0*æ{$ÆaWÑ]ÅF,KM 4-^
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µ',{6, Cu g Cu2+ + 2e-

t',{6, CU2+ + 2e-  g Cu

~ñ��**i5+k,ßÅµ',}Åµ (Blister copper) i5+k,ßÅ²w~i�YC�ZzgW«�Zg@*=
Ô|gÔÍ®Zzgö"54-ê

H
G
E

G�áï�XZy�JÂVÅ "5Òð
H
Gä'êG Æîg6,¦�YCìX~�J'ZAñãÔ]Ò54-êGEGÔ (Mud) ~Çg}

!*ic*!»y%aÔ$Æy%aÆ)z~�@*ìX
§̧ii7-Å$ÆaÌZEwHYYìX

:(Corrosion) i8- 11.3
ßìÃi8-5)W],yW�à(Ôe0+~»({�Y**)|gÏà(Ô@*=Zzg»³6,!g8-ÅR»àC)»6,»g1,M(

z){i8-�ÅPVB�X
HW\Y���i8-YV4ì? o

i8-�ÆaÃµqÑ]f)�Zg�D�X o

WØ¥x�,Ð

&ZJã�V³ZzgZy~�sßìÐ¶!gÚX o

ZJã"~0*ãÅðg~lZgeZaZzg»guÎ�ØX A Æîg6,**'×�ÙX CÔBÔA ZyZJãSVÃ o

B{%eZw�»guÐÈ��ØX%0*ãÅR6,¾} 1 ~eZaÔ�ZiZVZk~ B �l3@*�Z>{0*ãZJã" o

ÇZzg�ZÃ0*ã~i�äÐXñÇX
eZaZzgZÐ»guÅæ�ÐÈ (Anhydrous calcium chloride) ~ðhZ�**WË{y³gZà C ZJã" o

ÙX**WË{y³gZà�Z~ñ��W!ggZ]Ã_.[�©8ìXZyZJãSVÃP�âVÆagÄghØZzgx@{
ÙX)^�&À�/õ GG(

ZJã"~ñ��úV6,i8-µY@* A W\x@{�,Ð�
ZJã A ZJãSV~ñ��úV6,i8-74ìX C Zzg B ìZ#�
ZJã" B "~ñ��!�ZZzg0*ãÆ�BÓk~WD�Z#�

ZJã"~ñ��!Üs C Æ!Üs0*ãÐÓk~WD�Zzg
È�ZÐÓk~WD�X

z{Ã́ÑZ_�XÅãC�6,ßìÐµZâYi8-Wß��YC�? o

¬xîg6,�J]Z9ZyÅ��0*CìTÆ³~W�àk o

qÝ�D�Xßì»i8-Wß��**¬xîg6,LLi8-óóB@*ìXt
¿�ZZzg0*ãÅñ��Ï~zZµ�@*ìX

:i8-�ÆqÑ]»x@{�** 5-^
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i8-Wß��äÅ6Y¼ë{ìpt',¹6ðbCÙ}Æa¢zg~ìXËßìÐ¶�ÅRÆºm
Æîg6,',@*��@*ìZzgëZk¬ïÃZk§bÉMh Anode £x6,i8-�Æ�zgZy&»4hå GG»¿zZµ�Z@*ìZzgºm£x

�X
gzZVÅ H+ µ',{6,{g`�äzZáZ9Zy�J]~Ð*g��J]Æ�zu}z~YD�Zzg

ñ��Ï~WxÅAszZµ�CìX)t�Y@*ì�»g0eZðW�àÅ�ZÐ0*ã~i5+k,~ÅzzÐ�WzZá
gzZVqÝ�@*ìX0*ã~ñ��;àgzXgzZVcY~ñ��F,ÙW�àÅ¹ÅzzÐÌqÝ�@* H+Ð H2CO3

Æîg6,»x�@*ìX (Cathode) ì(X¬ï~t£xt',{
t',{

¯D��i8-~;àgé9q-W�à cðWxÐ'×h+�0*�9q-gzZV 9kgzZV         

ZzgZ�;àgzXÆgzZVaZ�DìX (Fe2O3.XH2O) Æîg6,ªCÙ�D�X (Hydrated ferric oxide)

:(Prevention of corrosion) i8-Ðôpǵ 11.3.1

ZâYÃi8-Ðôpǵ¹¢zg~ìXt¿Üsb�7X@*ìÉt�q�U*]ÐÌX@*ì�øV»
¤/Y**Zzģz){»i8-ÅzzÐ»x:�**X

ËqÃi8-�Ðôpgpp»�&Ð��{§i�JC�ÅRÃcYÅÓkÐX**ìXZ(ë�ÅR6,
(X Bisphenol gzµc*Ìc*P6ðZâYÅµm%J�Z�x�}Mh�X)}$i¨45é EEGEw

À¬ï

)½]¯**(»§iZEwHY@*ìTÐ (Alloying) �JÂVÅS:]~4~ÑäÆa½»**
øDpZéS¤Åqï�J]qÝ�CìX}ß;zWeä6,ZEw�äzZà�J]ìZ#�ZÐZkÅ
{Øqª(~ZEw7HYYìYV�t¹�3,x�@*ìZzg¤/x�ä6,W�ãÐn�Y@*ìXZkaZk~
�v�JÂVÅðh~ÏlZgc*ßÅ5ðYC�Zk~»g0Åðg~lZg5ä6,tJZzg¢o�Y@*ìXZÏ§b

Zo 24 Z#ßìÆ�BòZzg�zçÃ5c*Y@*ìÂ�ZñÖZ®qÝ�@*ìT~i8-74ìX{ØÎ**
ÎäÆîg6,Y**Y@*ì��¹�3,x�@*ìXZkqª(~ti-g¯äÆañizV7�@*ìÔZkaZk~

ZoÎäÃi-g¯äÆaZEwH 22 e0+~Zzg@*=ÅßÅ�áï�ÆZÐJ¯c*Y@*ìX¬xîg6,yz*y~
ze0+~c*@*=5ñYD�X 2 �VÆ�B 22 Y@*ìXZkÐ%Z�{ØÎäÆ

ø»g~ÆZßw¥ÅF,¹ÆaÓ#Ö»j

µ',{

HW\Y��?
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z){(z){¬ï�D�c*QcYÐp� ZnÔSn �zuZW�y§i�J]ÅR6,�zu~�J]Åµl%J**�)
z){(p�OW,�CìpZÝ MgÔZn ¬ï�D�Zzg�Ãôpgnp�X',¹�»g~Æ§jÐm%Jð��J])

�J]Ãi8-Wß��äÐXCìX
ø»g~~ZEw�äzZáPZë§j 11.4

 (A few important processes used in metallurgy)
Smelting 11.4.1

P yr o c h e m i c a l Zq-wZg~6ð¿ S m e l t i n g

ìXZk§i~²CåFJ]Æ�B¢Zi0+{ (Pyre=heat)

�áï�D�ñ��J-¤/xHY@* (Fuel) ZzgZgï (Flux)

ìX�~Z��ÅzzÐ�J]��ðqª(~qÝ�C
slag ¬ï�Æ gangue Æ�zgZy¡Ó½ø

E

Ð smelting ìX

Å²CåFJ] (Fe2O3) ¯@*ìTÃ´u{�1Y@*ìXKN*V$
¡Ó½

ø

E

Æ (CaCO3) �gZgïZzgaä»ß (Coke) ~Ãu

Æ¿Ã¬xîg6,Sàz smelting îg6,ZEwHY@*ìX
¹Y@*ìX (blast furnace) ~Z�x�c*Y@*ì&Öz

Öz~zZµ�äzZá¬5]

Öz 6^
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F,Ùâ�{Å (gangue) Ãe{�äÆa5c*Y@*ìXZ¤/ßÅ gangue ²
CåFJ]Ð¬ï�Æ Flux: ¡Ó½

ø

E

11.4.4

� ÂF,Ù¡Ó½ø
E

FeO ZEw�D�XZzgZ¤/ßÅZ�ÏâÎ� Flux Ã�g CaO ÂZ�Ïâ�}Å� SiO2 �V&
qÝ�äÆa5c*Y@*ìX gangueÃ SiO2

ø»g~~z»gzwHì? o
z{ùZâ��Ã',�Z�&�D�? o
HÓxÆVÅ�|#Zq-Ü�Cì? o

WØ�B
ÃZ�x�¶ÆaZEwÅzÃ (Pyrochemical Process) ø»g~~wZg~6ð¿ :(Furnace)z 11.4.5

ZEwHY@*ìXzÆ&Zëz�D�Xq
¹Y@* (firebox) Zzg>�Zy (Chimney) ÔÇ Hearth

ìX
z»z{£xì�V6,²CåFJ]Ã¤/x�ä Hearth

Æag3Y@*ìX
z{Zy%ZY£x�@*ì�VÐ� Chimney z~

Zzg**»g{â�}{g`GYD�X
>�Zyz»z{£xì�V6,ZgïÃWÆag3Y@*ìX

¶�z 7^

ferrous

ø»g~ÆZßw¥ÅF,¹ÆaÓ#Ö»j

(Roasting) È' 11.4.2
§iìT~²CåFJ]ÃZMxc*�ZÅñ��Ï~ZkÆ̀Zâ®) Pyrochemical È+»¿Zq-

Æn¤/xHY@*ìXZk¿~qÝ�äzZàZâY)Ïà²CåFJ]Ð�JCW�à(Ì̂k̂~0*ðYCìX¬x
ZEwÅYCìX (Reverberatory furnace) îg6,È+Æa¶�z

ìT~ (Pyrochemical Process) Zq-Z(6ðwZg~¿ V�i~ (Calcination ¬�i~) 11.4.3
²
CåFJ]Ã�ZÅ°xñ��Ï~wZg]àðYCìXZk¿~¬xîg6,²CåFJ]Å¹�YCìX
Vw6,
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ë�X (Minerals) ~0*ñYäzZáßNV6,��JC%·]Ãn*] (Earth Crust) "{Zgn o

BD� (Ore) Z,n*]XÐ�JÂVÃÃZ+{j§jÐZ~.HY@*ì²CåFJ] o

¹Y@*ìX (Gangue) ²
CåFJ]~0*ðYäzZàßNVÃ o

B@*ìX Flux Ãe{�äÆa5c*YäzZÑâ�{ Gangue o

�JÂVÅ3Æ&Zë%Zi�X²CåFJ]»Zg�iÔ{x�J]Å3Ô�J]Å$X o

Ô�ð** (Hand Picking) ²
CåFJ]Åeg�äÆaZEwKYäzZá8§j:;ðVÐÍ o

ÔÄ5¾Z�ÔïF´uÏz){X (Washing)

�JÂVÃ¬�ÆZ±gÐZyÃ4,zàF,KM~r�JÂV»¬ï�B@*ìX o

Ô6ðAsÔp�»gAsÔ¿U�Ô RoastingÔCalcination {x�J]Å3ÆaZEwKYäzZá§j: o

',t0*�{AsX
V�i~Zq-Z(6ðwZg~¿ìT~²CåFJ]Ã�ZWxÅ°xñ��Ï~wZg]àðYCìX o

Æ�zgZy»g1,MẂ�à~ps�YD�X V�i~ o

z{¿ìT~Wxc*�ZÅzZ�Ûu',Z�Æ�B²CåFJ]Ã¤/xHY@*ìX (Roasting) È' o

Æ¿Ã¶�z~Z�x�c*Y@*ìX Roasting Zzg Calcination o

{x�J]Å$Æ§j:¿>ó7#óZâ#Öó',¹0*æÏ�X o

ø»g~ÆZßw ¥ÅF,¹ÆaÓ#Ö»j

n*]Ô
²
CåFJ]ÔÄ5¾Z�Ôêâ"3ïJGH6,zªÔ¿>Ô7#Ô

ÔV�i~ÔÖzÔ¶�z (roasting È') Ôsmelting Zâ®)Ô',t0*�Ï$Ô

�zâV(,}Óc*{äÆ�B�u�D�T~²CåFJ]Zzg Hearth Zzg (fire box) Öz~>�Zy
Zgï�YìX

hearth e{�D�XpZgïÆW6,? hearth ~>�ZyZzg (Reverberatory furnace) ¶�z
~ñ��²CåFJ]ÐÓkÆfg=ZÐ¤/x�D�X

Zzg>�Zy~gZ�&gZ�7�@*Zzg:�?²CåFJ]ÐÓk�D�X hearth z~ retort

ã~ZÖp

ëäH5
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¦Zg]6,g�¿ .I
(AS1) �g]~W�à²CåFJ]Å̂~0*ðYäzZàÃð&�JÂVÆ**xsX -1

(AS1) �g]~WiZ�Z:qª(~0*ðYäzZàÃð&�JÂVÆ**xsX -2

(AS1) ø»g~~²CåFJ]Åeg;6,Zq-â^s? -3

(As1) �g]~�J'ùzZµ�C�?Ë�znÅn*]ÅVB�ØX -4

(AS1) ²
CåFJÂVÆZg�iÆ�zgZyë¾ñµ6,ïFeÏÆ§jÃZEw�D�?VwÆfg=�ØX -5

(AS1) Æ�gxyH�Ûtì?CÙZq-ÅZq-Vw�ØX Roasting Zzg Calcination -6

ïFeÏ (ii) Ä5¾Z� (i) (AS5) øDfs{�UX -7

(AS5) ¶�z»�s_Z{�Z@*gØZzg**'×�Ù? -8

¦gZ]»Z:t .II
(AS2) �g]~

!5»4o-
ê
G

Y
EI
G�J]³gZàÅ̂~z̧q�@*ìXZkÅ$ÆaAs»Ã̈K§iñizVìÔe�? -1

(AS2) Ãð�zZ,§hVÆ**xeØXÐ¹�{Ø�J]Z~.�Mh�X -2

(AS2) Z�ð¬ï�JÂVÅ3ÆaW\Ãµ§iÅ?m,�,ÐZzgYV? -3

(AS7) êâ"3ïJGH¿Hì?gzi%{i0+Ï~ZkÆZ:�]eØ? -4

gzi%{i0+Ï~;BÐY]CZzg�ð**�§ië¹V6,ZEw�D�?VB�Ø?W\ùZyVßVÃ²CåFJ]Ã -5

(AS7) Z�Ûz�{�äÐ�h,Ð?

)(
²
CåFJ]~0*ðYäzZàß_BCì -1

ny (d) Slag (c) Flux (b) Gangue (a)

)( øDfs~»g1,M²CåFJ]Ã́ìX -2

(Galena) µ5Ó45é

Y

GG
E (d) / (c) !*�"3ïJGH (b) ~**�"3ïJGH (a)

ø»g~ÆZßw¥ÅF,¹ÆaÓ#Ö»j

ZLZõ[Ã�Ûzr�Ø

MZN!�Z!*]
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ø»g~ÆZßw ¥ÅF,¹ÆaÓ#Ö»j

)( /»9��Ã̈KìX -3

CaSO4. ½ H2O (b) CuSO4. 2H2O (a)

CaSO4. 2H2O (d) CuSO4. 5H2O (c)

)( Ä5¾Z�Æ¿~Zk%ÃZEw�D� -4

(Pine Oil) 0*íWL (b) Pz̄ (a)

(Olive Oil) iìy»% (d) (Coconut Oil) Å6,}»% (c)

)( Ä5¾Z�»§i²CåFJ]Å$ÆaZEwHY@*ìX -5

W�à (b) Ïà (a)

**>f$ (d) »g1,M (c)

)(
²
CåFJ]ìX (Galena) µ5Ó45é

Y

GG
E -6

Ag (d) Hg (c) Pb (b) Zn (a)

)( WiZ�Z:qª(~0*ðYäzZà�J]X -7

Hg (d) Fe (c) Au (b) Pb (a)

)( ~�&Ðic*�{0*ðYäzZà�J]ìX (Crust) "{Zgn -8

W],y (d) i7- (c) Z>4 (b) Wx (a)

)( êâ"3ïJGH¿~A~¬ï�@*ìX -9

Si(d) Fe (c) Mg (b) Al (a)

)( �ä»ZëÑ²CåFJ]Å�**ìX smelting-10

Zy~ÐÃð7X (d) ®s (c) As (b) �(a)

(AS3) i8-�Æa�ZZzg0*ã¢zg~ìU*"$�äÆaZq-�/?m,ÙZzgZkÆ§iÅz�s#ÙX -1

(AS4) ¹Á¬$Ò3ïGGÅqï�J'e0+~Ôö&4-ê HGEZzgÎäÅ3Ð0¥â]Z��ÆZq-g7g^»gÙX -1

Xi{�!*]

Xi{6,Z7½ïEH
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e^h

12
»g0ZzgZkÆ%·]

Carbon and its Compounds

ÔñR,Çh-VÃ`äÆaZEwKYäzZáZgï ½Z�ë3D�ÔÀ}�ëÛ�óWgZö�ÅZâ
z){Óx»g0Æ%·]6,��D�X

»g0Å�gc*ÄâI@*gõÆ�zg~�ðX�*ßvZkÐ0Y�¸Xz{**xC%·]°��çÃ́
»g�D¸X (Charcoal)

Ðmg�rìXZk¤/z\ÆÁÜÆ ¤/z\ IVA z,¤/z\c* 14 Zq-Z�J]ìt].h+�zg~].zwÆ »g0
¤/Dpw~egZ9Zyñ���D�X

ÅZ9Zãú��X 6C WØë»g0
ìX 6 »g0»�CÙ~°�

(Octet) ìX»g0ÃZLÛzãpw~4k0î XIG 6C: 1s2 2s2 2p2 »g0ÅZ9Zãú)¬xqª(Bjãqª((:
�CìZ#�ZkÆ 2.5 gzZV¯n»g0Å',¹!3©3ï EEGGÜs C-4 Å�Æa'×h+egZ9ZâVÅ¢zg]�CìX@*�

Z9ZyÃeáǵÂ�@*ìXZÏa»g0 10 6,zN*y6,FF%�/}Ã 6 6,zN*y�D�X»g0Æ 6 %�/}~Üs
gzZV7¯YX C4-

W�ãÐ

H»g0ZLÛzãpwÐegZ9ZyÅ�45Í-ê XGGÅZ9ZãúqÝ�Yì? 7

gzZV¯**7,}ÇXZ(�äÆaÂZ**ðÅZq-¹ C4+
Z¤/»g0ZLÛzãpwÐegZ9ZyÅ�êìÂZkÃ

gzZV�WÆZk**]¹�Á�D�X»g0ZK C4+ (,~lZgÅ¢zg]�Cì�¬xîg6,�ø7[7�CXZka
a¤/Dqª(ÅúÆaZLegZ9ZyÃ�v�CÙzVÐZ·Zu�@*ìXZkÆaZjZL��CÙzVc*�vÁÜÆ
�CÙzVÆ�Bï�egÑq-¤/ÄÈ¯**7,@*ìX
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»g0ÆÈ¯äÆ�]Ãfs~ec*�HìX
Zq-�KÆ�CÙzVÆ�BegÑq-¤/DÈ�;àgzXÆ�CÙzVÆ�Bc*Zzg³g+Æ�CÙzVÆ�B (i) (a

ZÁÜÆ�CÙzVÆ�BegZº}Ñq-¤/DÈ (ii)

Zº}È¯YìX 2 »g0»�CÙZq-�zCÙZÈZzg (b

»g0Zq-ZºZZzgZq-éZÈ¯YìX (c

CH2=C=CH2 c*»g0�z�zCÙ}È¯@*ìX }
»g0Æ�CÙèÃg{!*Ñ§hVÐFZnÆÈ¾§b¯Mh�? 7

Q�ð�ðqª(~»g0Æ�CÙÆ)�h~�ZgZ9ZyÆ0*ñYäÅz�s#<? 7

6ðÈl»_·Ù(»g0Æ�CÙ~Q�ðqª(~0*ñYäzZá 8 ¤/DÈÆÃtÆ_.)!*[
eg)�h~�ZgZ9ZyÃfs~ec*�HX

(Ground state »g0ÅZ9Zãú)¬xqª(

»g0)¬xqª((
(Excited state »g0ÅZ9Zãú)Q�ðqª(

»g0)Q�ðqª((

CH3
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~�Z4�@*ìX 2pz ÆZq-Z9ZyÃ 2s »g0»�CÙQ�ð�ðqª(~ZL
Q�ð�ðqª(~»g0»�CÙeg)�h~�ZgZ9ZâV»qï�@*ìZzgZkÅzzÐegÑq-¤/DÈ¯äÅ

§sâb�@*ìX
Z9ZyÃQ�äÆaÂZ**ð¹VÐqÝ�Cì? 7

�t'ec�¬xîg6,WiZ�»g0»�CÙQ�ð�ðqª(~70*c*Y@*ìXZ#»g0»�CÙÈ¯äÆ
aWâ�{�@*ìÂz{Q�ð�ðqª(~WäÆa¢zg~ÂZ**ðÃÈÙÂZ**ðÐqÝ�©8ìXtÂZ**ð»g0Zzg�v
�CÙzVÆ�gxyÈ�WÆ�zgZy{g`�CìX

�@*109o28' È»iZzt Æ�ã~eg�z»g0X�gzXÈñ���D�ZzgZyÆ (CH4)
$4-£4

è
G
G

GE 7

ìXëZkÅz�s#ù�Mh�X
s f~pw~ZzgZq-Z9Zy p )�h~�ZgZ9Zy qgz!*Ñc~ëä0*c*�Z�ð�ðqª(~»g0Æ&

f~pw~Q�ð�ðqª(~ñ���D�ZyegzV¤/DZ9ZyÅÂZ**ð)z~7�CX
$4-£4

è
G
G

GEÆ�?~))z~ÂZ**ðÆqï¤/DZ9ZyÐeg)z~Ñq-¤/DÈù�W�?
X WØ�B

(Promotion of an electron) Z9ZyÆ�gz~Z�� 12.1
Z#È�W�ÂÂZ**ð»Zy%Z`¿~W@*ìZzg�CÙ¹�ªx5+k,�YD�XZ¤/»g0�zÈ¯äÆOñ

egÈ¯@*ìÂ¹ic*�{ÂZ**ð»Zy%Z¿̀~W@*ìXTÆ³~�WzZÑ�?¹�ªx5+k,�@*ìX
Wg

&45
ÿ
EG
HÅÂZ**ÇVÆ�gxy�Ût¹Á�@*ìXZ#»g0»�CÙÈ¯äÆaWâ�{�@*ìÂÈÙ 2p Zzg 2s

¾0*z#
»Ñg�*Æx�b�ZâVZzgZK̈y�z�&�]~�@*ìZzg Zy

Z¹¹�OW,Á6�ZVÆîg6,à]qÝ�ðìX
¾0*z#�z{zZu¿�qZ[J-�z)Z·ZÅâ.ÞZÅxqÝ�ñ

Y~ZðÆaX 1962 Y~6YÆaZzg�zuZ 1954 �Xªâ.ÞZÅx
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ÂZ**ðÅðh~ÏlZgZ9ZyÃQ�ð�ðqª(~Ñä~Üs
)�h~�Zg ~ê8-Î�eg 2pz »Zq-Z9Zy 2s �CìZzg

¯@*ìX Z9Zy

óÈ¯äÆa»g�pt )�h~�ZgZ9Zy Z[eg

egZ9Zy�zZf~pßV)Wg&45ÿ EGH(~ñ���ZzgZyÅÂZ**×V
)z~ÂZ**ðzZá )�h~�ZgZ9Zy ÌZ�XZ#J-egzV

Zzïf~pw~ñ��:�VA$J-�eg�zÈqÝ7
�VÐX

6,�Zf~pßVÅÂZ**×V)z~�VÏ? )�h~�ZgZ9Zy t¾§b�Yñ�»g0Æeg l

**ò1Æfg=�Mh�X (Hybridisation) ëZkÅz�s#Z%o

(Hybridisation) Z%o 12.2
Y~�gsHXË�CÙÆ½ã)z~ÂZ**ðgppzZáf~pßV 1931 Z%oÆ¦gÃ¾0*z#ä

LLZ%oóó ÆqïZzïf~pßV»qÝ�** F,KMâÅzzÐZq-ÜS:]))z~ÂZ**ðZzg)z~�#Ö( Å
B@*ìX

ÐZ%o�@*ìZzg (2px, 2py, 2pz)V Zzïf~pß p Zzïf~pwZzg& s Q�c*�Z»g0»�CÙZLZq-
sp3

Wg

&45
ÿ
EG
H

(ë�X�V6,»g0»�CÙ sp3
f~pw) sp3

F,KM$+w�eg�zZzïf~pßV~ps�Y@*ìq
Z%oÐ*g@*ìX

f~pwBD &CÒð

E

¾ù+B�é
E�

ö sp3 Æ_.6�zZzïf~pßV~�Z4�D�� Hund's rule Z[egZ9Zy
f~pwë ù

+B�é
E�

ö
&CÒð

E

¾ sp3
Zzïf~pßVÐï��W�ZkaZ¹ p f~pwZzg& s f~pwZq- sp3 �X)aV�

�(X
óó7,JYñÇX sp three óóÃLL sp3 â^:�V6,LL
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z��~WD�XZy Zzïf~pw &CÒð

E

¾ sp3 ÅzzÐ»g0Æ0*keg�z (Hybridisation) Z%o
egzV~Zq-Zq-Z9Zy�@*ìXZ#»g0Æ0*keg)�h~�ZgZ9Zy�D�Âz{eg»g0Æ�CÙzVÐÈ¯Y
ìc*�vZq-¤/DÁÜÐï�Ñq-¤/DÈ¯YìXZ#»g0�gzXÐ¬ï�@*ìÂ;àgzXÆeg�CÙZq-

�äÅZYi] (overlap) Zzïf~pwÐZ$�5é EEt &CÒð

E

¾ sp3 Ã»g0ÆÛzãpw~ñ�� f~pw s Z9ZygppzZá
»iZzt¯D�ñÑq-�D�X 109o28' �ï�Zzgt

)ZLZ9ZâVÆ�gxyÁÐÁ�«Ã',�ÛZggppÆa�CÙÆÛzãpw~ñ��egZzïf~pwegÒ
»%�/�@*ìfsÅ̂�¶ tetrahedron ÆegÃâVÆ�B�Ba%YD�(%�/~�CÙ)»g0( (tetrahedron)

]À)é
YÈ¯@*ìXZyÓxÈzVÅÂZ**ð sp3- s t¿»g0ÆZq-�CÙZzg�gzXÆeg�CÙzVÆ�gxyeg

)z~�CìX

(sp2 Hybridisation) Z%o sp2 12.2.1

W\»g0Æ�CÙÆ�zZº}ÈZzgZq-�zCÙ}È¯äÅ&¢AÃù�NÐ?

(Æ�?ÅVw6,̈gÙXS(£4è
G

GEÃ¬xîg6,Z
#-�5Ó4

è

GG

GGE¹Y@*ìX (ethylene, CH2=CH2)Ô(ethene) S

(£4
è

G

GE)

s Z%o�@*ìX»g0Æ�CÙÅQ�ð�ðqª(~Zq- Sp2 Å»g~Æa»g0Æ�CÙ~ CH2 = CH2 Z

#-£4
è

GG

GE

Æ¿Ð*gD (Hybridisation) Z%o sp2
(W:~ï� 2px, 2py Zzïf~pw)ª p Zzg�z (2s) f~pw

(!*¹gLìXZq- pz Zzïf~pw)ª 'p'(unhybridised) &CÒð

E

¾ �XZk¿Æ�Z[CÙ»g0Æ�CÙ~Zq-)
»g0�CÙÆ%�/} Zzïf~pw~Zq-Z9Zyñ���@*ìX &

CÒð

E¾ Zzïf~pwTÆCÙ sp2
Z9ZyÆqï&

»iZzt¯D�ñ´u{�D�X 120o ÆZ§ZsZq-�zu}Ð
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Zzïf~pw sp2
Zzïf~pwÃ�zu}»g0Æ�CÙZq- sp2

Z#»g0»�CÙÈ¯äÆaWâ�{�@*ìÂZLZq-
&CÒð

E

¾ù+B�é
E�

öã&ÐöG sp2 »g0Æ�CÙÆ��z �@*ìXZ[�zâV (Overlap) È¯äÆaZ$�5é EEt (s) ]À)é
Y

sp2-sp2Ð
f~pwÐZ$�5é EEt�D�X~Zq-)�h~�ZgZ9Zy0*c*Y@*ìX�z»g0�CÙzVÆ) s �z;àgzX�CÙÆ 8ð

EÎ
(ethene) È¯D�6�̂~�3c*�HìXZkÐ%Z�Z(£4è

G

GE p Zzïf~pwYÑ)U(Z$�5é EEt�D�ñ pz
&CÒð

E

¾
»�? (C2H4)(ethene) È0*c*Y@*ìXZk§bZ#-£4è G

G

GE p ]À)é
YÈZzgZq- (s) Æ�?~»g0Æ�CÙzVÆ�gxyZq-

øDfŝ»�ÇX

(sp Hybridisation) Z%o sp 12.2.2
ÆOñÜs�zZÁÜÆ Z

#-£4
è

G
G

GE( ethene) Z�CÙzV CÙ»g0�CÙegZ�CÙzV)$4-£4è GGGE(c*&
�CÙzVÃÈ~�áï�@*ìX»g0Æ�CÙÈ¯äÐIZLZ0+gzãZzïf~pw»Z%o�D�XZkz�ÜtÜs
ZL�zf~pw»Z%o¿~ÑD�X

2 ~!*¹ 2p �äÆaZEw�D�Z#� &CÒð

E

¾ Ã Zzïf~pw ~ÐZq- f~pw 2p f~pwZzg 2s �V6,
ë�Zk (sp hybrid orbitals) f~pw &CÒð

E

¾ spÃ f~pw �{6 &CÒð

E

¾ Zzïf~pwÃpsG%gh�ï�X
Zzïf~pwÃ�z!*g{F,KM�}�¯ñYD�X 2p Zzïf~pwZzgZq- 2s a�t

W\»g0�CÙÅZq-é}ÈZzgZq-Zº}È¯äÅ&¢AÃù�NÐ? 7

(aectylene, C2H2) ethyene ÅZq-é}ÈZzgZq-Zº}È¯äÅ&¢AÃKcë "C" WØ»g0�CÙ
Æ�?Ã�gVwfe�X

Æ�?~»g0Æ�CÙzVÆ�gxyZq-éZÈ0*c*Y@*ìZzgCÙ»g0Åa¶¤/ÄZq- (Acetylene) Z

$h45Ó4
è
G
H
GGE

Zq-;àgzXÆ�CÙÐt�CìX
»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j271
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sp Æ�?~�z»g0Æ�CÙZzg�z;àgzXÆ�CÙ�D�XQ�ð�ðqª(~CÙ»g0»�CÙ C2H2

ÃZ%o~�áï�Æ�z 2pxª Zzïf~pw "p" ZzgZq- (2s)ª Zzïf~pw "s" Z%oÐ*gD�ñZLZq-
&CÒð

E

¾ ) 2~ f~pwë�X�V6,CÙ»g0Æ�CÙ &CÒð

E

¾ sp �zZzïf~pwÅú�@*ìq
(�D�X 2py,2pz Zzïf~pw)} p (unhybridized)

 Zzïf~pwÐZ$�5é EEt�D�ñ &CÒð

E

¾ sp Zzïf~pw�zu}»g0�CÙÆ &CÒð

E

¾ sp »g0�CÙ»Zq-
]À)é
Y

 s-sp f~pwÐZ$�5é EEt�Æ 's' Zzïf~pw;àgzX�CÙÆ &CÒð

E

¾ sp ]À)é
YÈ¯@*ìCÙ»g0Æ�CÙ»  sp-sp

Zzïf~pwÐ p &CÒð

E

¾ Zzïf~pw�zu}»g0Æ�CÙÆ�z) 'p' &CÒð

E

¾ Èú�êìXZq-»g0Æ�CÙÆ�z)
» ethyne ¹Y@*ì̂»x@{Ù(XZka ppy-py, ppz-pz È¯D�X)q p YÑîg6,Z$�5é EEt�D�ñ�z

Èñ���D�X p ÈZzg�z s Åâ#�@*ìZzgZk�?~&  �?

»g0Æ¾z8ZDw 12.3
ËKÅz{ÚTÅzzÐz{�zc*�zÐiZZ+8qpV~0*c*Y@*ìZzgZkÆ8pZmZp6ðpZm

BCìX�CÙzVÅF,KM~�ÛtÅzzÐZk{¤»ZÖg�@*ìX (Allotropes) Zq-��D�V¾z4M

È¯äÆ�»g0Æ�CÙzVÆ%�/Æ�gxyÈ»îwH�ÇZzgZyÅÈÅÂZ**ðH�ÏÔF,KMzZgZy�>V
Ã�Ù�ñ�ØX Zzg

ÈÙiZztHì? �>V~ C2H2 Zzg C2H4 ÔCH4

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j

Î8/õ FGn�!ìwÙ
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»g0Æ¾z8ZDwÅ�z©V~�gzÈ~Å�ì�øDfs�X
NZDw 7

$¨Ð+
ö

EG

ZDw 7
$¨Ð+

ö

EG

ZDw 12.3.1
»g0ÆZ$¨Ð+ö

EG

¾z8ZDw:Ã́ÔÃuÔ»VÔmCegÃwÔ³ZãegÃwÔ}»g0Ôðz@ÃuÔØ¤/egÃwz){�X
NZDw 12.3.2

6ðÈzV~ZLW\ÃF,KM�ï�XZÏaz{Z8Zzg6ð�½V��ZZzg &CÒð

E

¾ »g0Æ�CÙZip�Z
¤/ZÃ"3ïJGHz){»bCÙ{�D�X»g0̂k�~&N¾z8ZDw~0*c*Y@*ìX�ZÔ¤/ZÃ"3ïJGHZzg,-î#g+X

�ã´u{�D C60 �ZZzg¤/ZÃ"3ïJGHÅ�|#Ñq-¤/DYàÅâ#�CìZ#�,-î#g+̂k�@�|#ìT~
�XtÓxN¾z8ZDwZK�|#ÆZ±gÐZ�D�ZzgtZK8S:]e{ªCÙ�D�X

Diamond  �Z (i)
Ð*g@*ìZkaCÙ»g0 (Hybridisation) Z%o sp3 �}~CÙZq-»g0�CÙZKQ�ð�ðqª(~

fs (Threedimensional Structure) âjw�ÛZë�@*ì�}Å�Z��~�|# (tetrabedral) Æ�CÙÃegÒ
~�~�ìX

È¹�¤!g�D�X�}Å�|#~ñ��ÈzVÃÂhäÆa¹ic*�{ÂZ**ðÅ C-C �}~
¢zg]�CìXZka�Z¹�J�Æîg6,ÑgHY@*ìX

(Graphite) ¤/ZÃ"3ïJGH (ii)
Èñ���D�Xt6,'×¹$zģÂV C-C ¤/ZÃ"3ïJGH�zZ��~6,]Å�|#6,��@*ìXZk6,]~

Æ�BZq-�zu}Ða%~�ð�C�X

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

Lattice Structure of diamond Diamond Structure
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Æâjw~zZµ�D�Z, (Trigonal planar) !5Í-
ö

I
I!h4ð

Gû ¤/ZÃ"3ïJGH6,]Å�|#~»g0Æ�CÙ
È¯D�ZzgCÙ C-C f~pw!*bZ$�5é EEtÐ ù

+B�é
E�

ö
&CÒð

E

¾ sp2
Z%oÐ*g@*ìX sp2 âjw~CÙ»g0»�CÙ7Vîg6,

Âx»g�D��å6,]6, p Zzïf~pw!*bîg6, 'p' &CÒð

E

¾ g�rìX) Zzïf~pw &CÒð

E

¾ ) 'p' »g0»�CÙZq-
Å (London dispersion forces) �@*ìX¤/Ã"3ïJGHÅCÙ�z6,ÂVÆ�gxyßyZ_Og~̧ÂV (delocalised) )³

»Ã,¯C�ðe{�YC�Xt0*ãÆ�?Åñ��Ï~¹� 3.35Ao
!*b¿Wzg~ÅzzÐtZq-�zu}Ð
$zg�C�XZÏa¤/ZÃ"3ïJGHÅ6,'W�ãÐÒ$Ë�ZzgZ¹W�ãÐÂhZYYìXZÏ¯Y6,¤/ZÃ"3ïJGHÃ=�ð

ZEw�D�X "lead" ZzgR~�g (lubricant)

W\RÐ»½6,�Æ¿Ãù�NÐ? 7

Z#ëRÐ��ÂÎ6,CæI^YCìTÅzzÐ¤/ZÃ"3ïJGHZK6,]Ã»½6,gh@*ìZÏaR
³ Æ¶K**]Ã»½ÐW�ãÐSc*ÌYYìYV�t6,'»½Ð¢ïÆ�BÈS�ð7�C�X)

Z9ZãÂxÅzzÐ¤/ZÃ"3ïJGHZq-ZYñÝ',tìX p(delocalised)

(C60) Buckminster fullerence ,-î#g+ (iii)
,-î#g+Üs»g0Ð¶Z�#ÖzZá�>V6,FF�D�XZy�>VÅF,KMÅzzÐÅA�{

Ã) (veporized carbon) ú�|#ÆÃWD�XZ#»g0ÆggZ] (tube) ÔD~c*â (hollow sphare)

HY@*ìÂ#g+ú0*D�X (Condense) ¬ïuVÅcY~Z+A)é
E

E�

ÔRobert F.Curl Y~�b�ZâVÅZq-� 1985 ,-î#g+Ã¬xîg6,#g+¹Y@*ìXZkÅ�gc*Ä
ÐUniversity of Sussex Zzg Rice University äÅ� Richand E.Smalley Zzg Harold W.Kroto

~6Y~â.ÞZÅxÐâZiZ�HXZ,VäZK�gc*Ä��{�|#� 1996 mgnp¸XZyÐVÃ�w
Richard Buckminister ÆxË¶XZk�|#Ã7�äzZá�b�ZVZzgWǵ45ëGH Geodesic Structure

Æ**x6,g3ìX "Bucky" fuller

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j

The arrangement of carbon atoms in graphite layers

HW\Y��?
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BCìX "Bucky balls" :�z~#gß¬xîg6, Bucky balls

�ã0*ñYD�X�Zq-Å!*wÅ̂¯D�X 60C �z~ ~½ã Buckminister fullerene (C60)

+0*ð (Hexagonal) DÏ 20 Zzg (pentagonal)
&
A.g

ö

E

12 �?ÅZkÅ!*wÅ̂~½ã 60C #g+Ô
6,��@*ìX (Hybridized orbitals) f~pw �o sp2 YC�XZk~CÙ»g0»�CÙ

Ã¶K:¯ä (Resistant bacteria) #gß6,�.ÞZ±g?ZEÑ]Ð0ïÅYg�ì�'×Z�Ùc*
Å»g~Zzg (Antibiotics) ÆaSà¡§ZV
Ã¶K:¯äÆ (melanoma) u¤yÐOW,úV�

aZEw�gì�X
Nanotubes **âk' (iv)

~1991 **âk'»g0ÅZzgZq-¾z8̂ìTÃ
ä�gc*ÄHìX**âk' (Sumiolijima) Îñà8-)é EG

� Ñq-¤/DÈ6,FF»g0�CÙzVÆDÏ
6,��D���¤/ZÃ"3ïJGH (Hexagonal arrays)

6,]Æ�z�D�X�V6,t6,'¤/ZÃ"3ïJGHÅ§b
(Cylinder) �7�'É**Ik÷~tZq-Z2Zä

Å̂~W�ð�C�XZÏzzÐZ¹LL**âk'óó
ë�X**Ik'Ì¤/ZÃ"3ïJGHÅ§bñÝ',t�C�

Integrated ZzgZ¹�g�@@*gÆZEw�Mh�X
~6,izVÃZq-�zu}Ð�häÆa@*=ÆOñ**âk'ÃZEwHYg;ìX�b�ZâVä**âk' Circuits

HìX (inject) ÃZk~�Z4 (Bio molecules) ÃZq-zZu3~ps�äÆa§C�>V

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

Single-walled carbon
nanotube or Buckytube
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*Û/â�{ :Graphene ¤/ZÃM

**xÐ�ªCÙì�¤/ZÃMÃ¤/ZÃ"3ïJGH�ÐZ~.HY@*ì��R~ZEw�@*ìX¤/ZÃ"3ïJGHÅ§b¤/ZÃM
�3 ¤/ZÃ"3ïJGH~½ã (thickness) ñL (1mm) Ìåîg6,»g0Æ�CÙzVÐF,KM0*c*�Z�@*ìXZq-B¢a
(Thick) ñL (0.3 nano meters) **â¢a 0.3 ¤/ZÃMÅ6,'0*ðYC�XZk~»g0Æ�CÙåîg6,���

ú�ï�X (Hexagonal honey comb) DÏ9�0î FG
kHÌ�@*ìZzgt 6 kH¢o�@*ìZzgZkÐ 200Ð(steel) ¤/ZÃMÔ@*=Ð4ñÝ',tìZzgt̄Ñ�

gzÝÆaåËs�@*ìX

(Versatile nature of carbon) »g0Å!�¡] 12.4
ZVgz,�~{~~�b�ZâVä%·]Æ�gxy0*ñYäzZá�ÛtÃzWeä6,�äÅÃÒÅ

(ä%·]Å°pZk§bÅ�Z,%·]�i0+{Z�xÐqÝ 1807) (J.J.Berzelius) ìXZZ',i:
¹Y@*ìZzg"YyZâYÐqÝ�äzZá%·]Ã) (Organic Compounds) �D�Z¹**xC%·]

)��i0+ÏÅgzbì (Vital force) �~0*ðYäzZà§»C¸] (inorganic compoounds) **xC%·]
(Organic (ÅzzÐ»g�D�Z#�i0+{Z�xÆ!*CÙţ])ñ���CìXZÏaZk»ìwå�**xC%·]

7ÅY$ËìX (synthesized) ~@*; (laboratories) Å�/Ç{ compounds)

Ã)**xC#Zñ4�c*,M (Urea) Yä**xC%�'-gc* 1828 (F.Wohler) ª]Z0§jÐZpze
Ã¤/x�Æ�/Ç{~»gHX

3D illustration showing a sheet of graphene A piece of graphene aerogel - weighing only
0.16 mg per cubic cm. is placed on a flower.

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j

HW\Y��?
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t¿F6�ZâVÃOW,HZzgZ,Vä»x!Æ�B
!-£4

è

G

GEÔZ$k5ë GHZ±z){�**xC%·]Ã�/Ç{~»gHXZ,V
äZkìw6,Ì»g~¢[Îð�**xC%·]Üsi0+{Z�x�

ÐqÝ�D�X6Y�ZâVäÎeÆ**xC%·]ÃZq-5
°p�~YñXÁÜÅ�½VÆ_·Æ�Z,Vä**xC
%·]Å°p¼Zk§bÅìX**xC%·]»g0Æ%·]
�D�X�ZiZV**xC6YÃåîg6,»g0Æ%·]Æa
Hg��c*�HXHt¿9ì?

ÜsZq-KÆ%·]Æ_·Æa6YÅZq- l

Sà�ácHg�**Ht¿9ì?Z#�FÁÜZzgZyÆ%·]
ñ���QÌZyÆaÃðSà�ácHg7Å�ìYV?

ëY���Óx�?�i0+ÏÆa¢zg~��
)l%!(Ô;gñ÷Zzg Lipids »g1àg�Ô6,z�ÔEÀZ±kÔ

zN*NÔZy�&~»g0�@*ìXi0+{�tÆÂñV~�6ð
¬5]z̧q5+k,�D�tÓxÆÓx»g0Æ%·]�D�X

�g]Ð��½ZYqÝ�CìQk~ZZ�zc*]Ô¾kÔgôZzgZgï��gC�Zzgðz@z){~»g0Æ
%·]�D�X¡¦g8Ôö_5½øHÔ¡¦g',z){~Ì»g0Æ%·]�D�XZkaëÈMh��»g0
Zq-SàKì�M®Z�~%·]g�rìX

(Catenation) iî~{¤ 12.4.1

»g0ÅZq-Zâ¿{¤tÌì�z{ZL��CÙzVÆ�BÈ¯D�ñîsiî¯@*ìXZ¤/ÃðKZL
{¤ë�X (catenation) ��CÙzVÆ�gxyÈ¯�(,}�?¯@*�ÂZk{¤ÃëKÅiî~

Wohler Fridrich ze�Ûi+gÝ
(1882Ð1800)

%̀ðâCÙ6Yå�',i:»�á¤/�åX�w
(Sliva Cyanide) Y~Zkä|g�Ñà 1828

Åæ� (Ammonium chloride) ZzgZñ4³gZà
Å (ammonium cyanate) ÐZñ4�Ñà
Å (Urea) »g~ÅÃÒÆ�zgZyq�U*Cîg6,-gc*
(synthesized) @*;

Z�x�~Xt�*Å�&
Ð«**xC@*;

( O r g a n i c

¶� Synthesis)

Ãtgz¢AÃ0*l0*l
��~¶X

zeäZk�~'×h+7gÄÅZzgt
�gc*ÄH�Zñ4�Ñ�Zzg-gc*»�@��xË
ìpZyÆ6ðpZmZ�XtëF,µ543ïGEGG

Å«�gc*Ä¶Z#�-gc*»�@ (isomerism)

ZzgZñ4�c*,M»�� C O ( N H 2 ) 2 ��
åX NH4CNO

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j277
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HW\ä�ì�»g0ùÈú�}YìX

egZº}Ñq-¤/DÈ (a)

Zq-�zCÙZZzg�zZº}Ñq-¤/DÈ (b)

»g0Æ�CÙzVÐc*Q�vÁÜÆ (C=C=C) c*�z�zCÙ}È Zq-ZºZÑq-¤/DÈZzgZq-éZÈ (c)

Ã!�)4èGE�äÆaÈ¯@*ìX (tetravalancy) �CÙzVÐZKeg¤/D{¤
M®Z�~ (1) Z§hVÐÈ¯äÅ»�&¢A�»g0Ã�g]»Zâ3K¯CìX�gZÝ»g0»

ZnÆMÈ¯äÅS¤�ZÐZâ3K¯CìX (3) »bCÙ{�**Zzg (Catenation) iî~{¤ (2) %·]¯**

(Hydrocarbons) ;àgz»gÞ 12.5
;àgz»gÞH�? 7

Z,%·]XÆ�>V~Üs»g0Zzg�gzXÆ�CÙ0*ñYD�;àgz»ÞBD�X         

ZzgÈiî~ (Open Hydrocarbons) gz»gÞÅ�z©V~�gzÈ~Å�ìq?iî~�gz»gÞ ;à
(Aliphatic ë�X?iî~%·]Ã¬xîg6,l%!�Zg»gµ%·] (Close Hydrocarbons) ;àgz»gÞ

ë�X (Acyclic Hydrocarbons) c*)ó»gµ%·]B)ó�gz»gÞ Hydrocarbons)

Open and Closed chain hydrocarbons AZzgÈiî;àgz»gÞ 12.5.1
WØZ;àg»gÞÆ�!��»x@{�,ÐX

&454
è
F
E
H
GE¦Siî~%�' n CH3-CH2-CH2-CH2-CH3 (1)

WðÎ"5454è FG
E
H
GEÔ�ácúiî~%�' ( 2 )

�e&454è F
E
H
GEÔZq-ó%�' (3)

»g0Å�z{»�{¤ì�îsiî~�¯@*ìT~»g0ÆÑÅV�CÙ0*ñYD�6�P6,z�Æ
�ãz){X�ZzgÃ`gkZzg�vZ�JÂV~ÌtS¤�Cìp"uÁ0*ðYCìX

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j 278
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HÓx%·]~»g0Zzg;àgzXÆ�CÙ)z~®Z�~0*ñYD�? l

W\ä«Vw~x@{H�Ç�Óx»g0Æ�CÙZq-�zu}Ða%}�ñ�D�}³~Zq-é
k�ìZ#��zu~Vw~eg»g0Æ�CÙéîg6,Zq-�zu}Ða%}�ñ�Z# (Linear Structure) �|#

�0*vZV»g0»�CÙâ�giîÐa%@*ìTÆ³~�áck�ìX�~Vw~ëä0*c*�»g0ÅiîÈ��Zq-
I¯CìXZkaZÐëÈiî~;àgz»g0c*I;àgz»g0ë�X

AlkenesÔAlkane Ã'×h+ {(Cyclic Hydrocarbons) ZzgI�Zg (Aaliphatic) l%!�Zg } Óx;àgz»gÞ
~�gzÈH�HìX Alkynes Zzg

BD�X "Alkanes" Z,;àgz»gÞT~»g0Æ�CÙzVÆ�gxy�WzZàiîÜsZºZÈ0*c*Y@*ì (1)

"Alkenes" Z,;àgz»gÞT~»g0Æ�CÙzVÆ�gxy�WzZàiîÁZiÁZq-�CÙZÈ0*c*Y@*ìZ¹ë (2)

ë�Zzg
"Alkynes" Z,;àgz»gÞT~»g0Æ�CÙzVÆ�gxy�WzZàiî~ÁZiÁZq-éZÈ0*c*Y@*ì (3)

BD�X
(Saturated and Unsaturated Hydrocarbons)  §�{Zzg**§�{;àgz»gÞ 12.5.2

( S a t u r a t e d ZºZÈ0*c*Y@*ì§�{;àgz»gÞ ( C - C ) Z,%·]X~Üs»g0X»g0
Ô§�{;àgz»gÞ�D�XZ,;àgz»gÞX~»g0Æ�CÙzV Alkanes BD�XÓx Hydrocarbons)

(Unsaturated 0*c*Y@*ìZ¹**§�{;àgz»gÞ ( ) �zCÙZÈc*éZÈ (C=C) Æ�gxyÁZiÁZq-
**§�{;àgz»gÞ�X Alkynes Zzg Alkenes ¹Y@*ìX Hydrocarbon)

¦SiîÔ�ác�ZgiîZzgÈiîzZá%·]§�{Zzg**§�{�Mh�XøDfsVßVÃ�&À�/õ GGX
Zy~ÐÃµ%·]**§�{�? -1

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

�Ø²/õ YG%·]~�ácúiîZzgÈiî~%·]Å¶K0+�ÙX -2
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Binding of Carbon with other elements »g0»�vÁÜÆ�BÈ¯** 12.6
ët�`��»g0Zzg;àgzXÆ%·]Ã;àgz»g0ë�X
H»g0�vÁÜÆ�CÙzVÆ�BÌÈ¯@*ì? 7

ix@Z]Ðt!*]U*"$�ðì�»g0Üs;àgzX�ÐÈ7áCÉ�vÁÜ�WxÔ**>zXÔ
�ÔÃ`gkZzgß

Ê-
B-
ö

E

E
E

ÁÜÆ�BÌÈ¯@*ìX
WØ�vÁÜÆ�B»g0Æ%·]ÃY3ÐX

Functional groups in carbon compounds »g0%·]~PC¤/z\ 12.7
Ë**xC%�'ÅZqÐi~pZm»Z®gZkÆ�?~ñ���CÙc*�CÙzVÆ¤/z\6,�@*ìZkÃPC¤/z:

¹Y@*ìX (Functional groups)
**xC%·]ÅZy~0*ñYäzZáPC¤/z\ÅâÎ6,�gzÈ~ÅYCìXPC¤/z:**xC%·]
ÆpZmÆf)�Zg�D�XxËPC¤/z:gppzZá%·]Zq-�6ð¬5]»ZÖg�@*ìX

Carbon compounds with C, H, X  6,FF»g0%·] C, H, X12.7.1
z){(Æ�CÙÃªCÙ�@*ì BrÔCl ß3ÁÜ) "X" ñ����V6, C,H,X Z,%·]T~ 7

¹Y@*ìX Halogen derivativesc*(Halohydrocarbons) Z¹ß3�gz»gÞ

Carbon compounds with C,H,O  6,FF»g0%·]  C, H, O 12.7.2
Ð¶zZá%·]ZnÆ�D� C,H,O l

(Alcohols) ZÈ3Òø X (1)

qÝ (Alcohols) ZÈi R-O-H Ð$+w�c*YñÂ� "R" ÆZq-�gzX�CÙÃ (H2O) Z¤/0*ãÆ�ã
BD�XøDfsVßV6,̈gÙX (Alcohols) ¤/z\0*c*Y@*�ZÈI -OH �D�XZ,;àgz»g0X~
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BD�X (Ketons) L¤/z\ñ����y                   Z,�gz»gÞ�X~ (Ketones) �y (iii)

¤/z\Ã�y¤/z\)¬xÂx~(¹Y@*ìX
ì »¬x�� (Ketones) �y

¤/z\�X�xËÌ�Mh�ZzgZÌ�Mh�X (Alkyl) ZÃL R1
Zzg R �V6,

(Carboxylic Acids) »g1W¦/´Z�k (iv)
»g1W¦/´Z�»¬x�@��

(Alkyl) ZÃL¤/z\ R ì�V6, R-COOH
�CÙìX Hc*

¤/z\»g1W¦/ZL¤/z\B@*ìX

:(Ether) Zpi (v)

¤/z\Ð$+w�¶6,qÝ (Alkyl) Æ�zâV�gzX�CÙzVÃZÃL H2O Zpi»g0ÆZ,%·]��
�D�Xt¤/z\�áËc*Z�Mh�X

¤/z\ìX)ZÃL¤/z\»¬x�� (Alkyl) ZÃL "R" ì�V6, R-OH ZÈI»¬x��
(Aldehydes) ZN�à (ii)

BD�XfsÅVßV»x@{ÙX (Aldehydes) �XZN�à -CHO Z,;àgz»gÞXÆL¤/z\X

"R" ì�V6, R-CHO ZN�à»¬x��
L-CHO ZÃL¤/z\c*;àgzXìZzg

¤/z\ìX
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Isomerism  ëF,0Ì 12.8
øDfs�z�½V»x@{ÙX

ZyÅ�854è
EG

Gt�?HtxË�? 7

�½V~»g0Zzg�gzXÆÄ�CÙñ���? (b) Zzg (a) 7

�½VÆn¿�@��sXHt�zâV�854è
EG

GxË�@��gBb�? (b) Zzg (a) 7

»».ÞH H2OÐR-O-R' Zzg ROH Ð».Þ�Mh�6�ëä NH3 ¤/z\Zâí¤/z\B@*ìëZâb» -NH2

qÝ�D (Primary amines) ¤/z\Ð$+w�ï�Â�Z�ZðZâb Alkyl ÆZq-;àgzX�CÙÃ NH3 Z¤/ë ìX
qÝ�D (Secondry amines) �XZ¤/�z;àgzX�CÙzVÃ�zZÃL¤/z\xËc*ZÐ$+weZBÂ�U*â~Zâb

(Tertiary ÆÐV�gzX�CÙzVÃZÃL¤/z\)xËc*Z(Ð$+weZs�Â�U*æZâb NH3 �XZ¤/ë
qÝ�D�X amines)

t%·]»g1W¦/´Z�kÐZ~.KYD�X :Esters Z7k (vi)

qÝ�D�X (esters) ZÃL¤/z\Ð$+w�¶6,�Z7k 'R' Æ�gzX�CÙÃ -COOH Z¤/

Compounds containing C, H, N   6,FF%·] N, H, C 12.7.3
)ZÃL¤/z\(Ð$+%ÐZâbqÝ�D R Æ�ãÐZq-;àgzXÆ�CÙÃ NH3 Zñ* :Amines  Zâb

ZâM¤/z\B@*ìX -NH2�
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-CH2 Z¤/W\qgz!*Ñ%·]»x@{�D�ÂW\Ã¥x�Ç��~0*ñYäzZááZF,%·]~Zq-
Z»ð»�Ût0*c*Y@*ìX
**xC%·]»ëz��øDfspZm»qï�@*ìX

Zy»Zq-¬x���@*ìX (1)

z){X (CnH2n+1 )OH ÔZÈi (CnH2n-2) Alkynes Ô(CnH2n)AlkenesÔ(CnH2n+2)(alkanes) }Z9
Z»ð»�Ût0*c*Y@*ìX (-CH2) �~0*ñYäzZááZF,%·]~ (2)

txËL¤/z\ÅzzÐZq-�6ðpZm»bCÙ{�D�X (3)

�D�X C-COOH Zzg C-CHOÔC-OH }ZÈ7ÒøÔZN�kZzg»g1W¦/´Z�kÆL¤/z\F,KMzZg
»x@{Ù( 1- ZyÅ8S¤~�góZ��ÃW@*ìX)].zw (4)

ZLZ*�Åæ�Ðqgz!*ÑVw~�Ø²/õ YG%·]Ã**x�ØX
¹Y@*ìX n-butane ~ZÐ (Common system) B@*ìXc*¬xÂx (butane) ª%�'�+
¹Y@*ìX iso-butane B@*ìZ#�ZÐ¬xÂx~ (2-methyl propane) $4-£é GGL6,zà -2 �zuZ%�'

t�zâV%·]�g]~0*ñYD�XZK�|#~�ÛtÅzzÐZyÆpZmZ�D�XZ,%·]XÆ�@
»bCÙ{ (isomerism) ¹Y@*ìXZ,%·]�ëF,0Ì (isomers) ��xËpZyÅpZmZ�VÂtëF,I

¹Y@*ìX (isomer) �D�VZ¹ëF,´40îGE
ÔZÏaz{xË�@��Æqï�D�( meros= Ôz iso= )xË

qgz!*ÑVw~ëä�¬�ëF,0ÌÅzz%�'Å�|#ìXZÏaZkÃë�!ëF,0Ì
ë�X (Structural isomerism)

Ã**'×�ÙX (isomers) øDfs»g0%·]ÅZ�½VÃZ@*gäÅÃÒÙXZ*�Åæ�ÐëF,´40îGE
C6H14 (b) C5H12 (a)

(Homologous series) ëz�� 12.9
Z[J-ëä**xC%·]Å»g0iîZzgPC¤/z\ÅãC�6,��gzÈ~ÅìX�V6,'×h+Zq-Zzg�gzÈ~

Æ(Successive compound) ëz��ÅãC�6,ÅYg�ìX»g0%·]»Z(�T~�záZF,%·]
B@*ìX (Homologous series) Z»ð»�Ût0*c*Y@*ìLLëz��óó -CH2 �gxyZq-
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ÅVB�X (Homologous series) Z9ÔZÉ½54èGGEÔZÃMÔZÈ7ÒøÔZAàkZzg»g1W¦/´Z�kz){ëz�� Vw:
B@*ìX homologs ëz��»ZÐZ�~gÁ

�Ø²/õ YG�X (homologous series) »x@{ÙXZy~&Zëz�e 3 Zzg 2Ô1 fs~�Ø²/õ YG].zw
(homologous series of Alkanes) Z9»ëz�� 1 ].zwX

ìX  n = 1, 2, 3 �V6, CnH2n+2 »¬x�� (Alkanes) Zkëz�eZÅ5»4è GGE
»ëz�� (Alkenes) Z

Å5»4
è
G
GE 2 ].zwX

ìX n = 2, 3, 4 ì�V6, CnH2n Z

Å5»4
è
G
GE»¬x��

»ëz�� (Alkynes) ZÃM 3 ].zwX

ìX n = 2, 3, 4 ì�V6, CnH2n-2 »¬x�� (Alkynes) ZÃM
(Nomenclature of organic compounds)  »g0%·]»l 12.10

øg}0*kÑÅV**xC%·]ñ���X�&Ð¬�gc*ÄH�H**xC%�'ZkÆ¬x**xÐY**Y@*ìXVwÆîg6,
ÃZ$h45Ó4è GG

H
GEÆ**xÐY**Y@*ìX»g0Æ%·]ÆCÙgÁÆ**xÃZÐZ�~îg6,c*�ǵ¹�Â»xìX (C2H4) Z

#-£4
è

G
G

GE
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ZkX6,�10*äÆaZ¹o�&§jÐ**x�ØYD�XZkÆaÎZŅ̃Zò-2',Zñ{ØZzgZ:¹6Y
Ãú�c*�HìXZkÅPf)�Zg-V~ÐZq- (international Union of Pure and applied Chemistry)

f)�Zg~**xCZzg)**xC%·]Ã±F,KM~**x�bìX±l�¶»ZëÑËZq-�|#Æa�g~�*~
Zq-�**x�c*YñZzgZk§iÐZq-**xÆaZq-��|#�X

Ñ§ (3) Prefix �� (2) Word root (1) **x~t&Zb%Z�áï�D� IUPAC Ë**xC%�'Æ
Suffix

%�'Æ�ã~ñ��»g0Æ�CÙÅ®Z�c*%�'Åâ�giî~0*ñYäzZá»g0Å :Word root 12.10.1

BCìXX Word root ®Z�

Ã��Æîg6,�Y@* (Substituents) Ë»g0Æ%�'Å�@�|#~ñ��úè ��: Prefix 12.10.2

ìX��ÆÌZZb%ZY�XX~ZëZ�Zð��ÔU*â~��Ô°�~��ZzgÑg~���X
Æ(Cyclic compounds) ì�Üsó%·] "Cyclo" Z�Zð�� :(Primary Prefix) Z�Zð�� (i)

aZEwHY@*ìZ¤/%·]ó:�VÂ**x»tz)ñ���@*ìX
(Substituents) ��zu}�gzÆPC¤/z\Ð0e@*ì&úè :(Secondry prefix) U*â~�� (ii)

z){ alkoxygroup (-OR) (ÔZ´WË¤/z: R ) alkyl group ÁÜÔ (hologens) ¹Y@*ìX}ß3
��X Alkoxy Zzg AlkylÔhalo Z¹!*nKM
Z#Zq-�úèc*MÈc*PC¤/z\�CÙZc*Y@*ìA$**xÆZk{ÃZEw :(Numerical prefix) °�~�� (iii)

óóZzg0*õ%û�CÙZä tetra óóÔeg%û�CÙZä6,LL tri óóÔ&%û�CÙZä6,LL di HY@*ìÔ�V6,�z%û�CÙZä6,LL
óóz){�Y@*ìX penta 6,LL

**x»tzZk!*]Å¶K0+��@*ì�â�giîÆ¾»g06,úèc*MÈc*PC :(Number prefix) Ñg~�� (iv)

¤/z\ñ��ìX
Ë»g0Æ%�'Å�@�|#~ñ��PC¤/z\ÃÑ¨Æîg6,�Y@*ìXZkÆÌF Ñ§: Suffix 12.10.3

ZZb%ZY�XX~ZëZ�ZðÑ§ÔU*â~Ñ§Ô°�~Ñ§ÔÑg~Ñ§�X
Ð"ane" È§�{�Â (C-C) t�%�'Å§�{qª(Ð0e@*ìXZ¤/ :(Primary Suffix) Z�ZðÑ§ (i)

ªCÙ�D�XZ,%·]T~»g0Æ�CÙÜsZq-�zu}ÐZº}ÈÐa%}�ñ�D�Z#�
Ñ§ÆZ�� "yne" é}ÈzZá%·]Ã ( Zzg**§�{) "ene" �CÙ}È6,FF%·]Ã (C=C) **§�{

ÐªCÙ�D�X
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t�PC¤/z\Åñ��ÏÃºmwzsÆfg=e@*ìX;àgz»gÞÆ :(Secondry suffix) U*â~Ñ§
ÃU�PC¤/z\Æºm**xÃ�Y@*ìX e z){~Wy%~wzs yneóeneóane **x~

'e' Z¤/�gz»g0�Â }
'-ol' Z¤/ZÈ7Òø�Â
'-al' ZN�à�Â

Zzg '-one' �y�Â
z){X 'oic acid' »g1W¦/´Z��Â

~'×h+PZ�ZðZzgU*â~Ñ£V»x@{�Mh�X 4 W\].zw
»g0%·]Ã**x�¶Æ�zgZyøDfsF,KMZCðYCìX

~H�Ût0*c*? (11) Zzg (10)Ô(9) Zzg (8)Ô(7)Ô(6)Ô(3)Ô(2)Ô(1) W\ä
Æa (secondry prefixes) ì�U*â~��V (numerical designations) Z°Z�ZzgÑg~�gz (2)Ô(1)

Æ(substituents) Ô���zu}�gzÆPC¤/z:Æ�CÙZñYäÃZzg£xÃªCÙ�D�qúè (3) ��
îg6,Y**Y@*ìX

�%�'Å�@�|#~0*ñYäzZáMÈzV»£xZzgZyÆ�CÙZ�ÃeD�XtZ�Zð (7) Zzg (6)

Ð�ZyÅ**§æÏ»Ø¸ìX (8) Ð0�D�Z#� (suffix) Ñ£V

Æ£xZzg (principal functional group) c*ZëL¤/z\ (fuctional group) �L¤/z\ (10) Zzg (9)

ÃªCÙ�@*ìXZkÐ (poly fucntional compound) ML%�' (11) �CÙZñYäÐ0eD�Z#�
t!*]»Ø¸ì�Ã̈K»g0�CÙZkÅúÒÏ�g;ìc*Ãµ»g0�CÙÐL¤/z\ÝìZzgtX!*g�CÙzZc*�HìX

ñ��:�Â� (numerical prefix) �Å¢zg]7ìYV�°�~�� "mono" Z¤/tZq-�i�ñ���Â�
Ôwordroot(5) Æ**x~Ì (aliphatic compounds) Yñ�L¤/z\�zCÙZc*7�HìXZÏ§bl%!�Zg%·]

pent
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Ñiòîg6,ñ���D�Z#��vÓxñ�� 11(secondry suffix) U*â~Ñ§ Zzg (primary suffix) Z�ZðÑ§ (8)
�ÌMh�Zzg7ÌX

Ð(hyphens) (-) Ã0 (designations) ZzgZ°Z�Zzg�g�V (commas)(,) ÑgÃ»â :(Punctuation) gñizZz�s
e{�D�X

Ã0*D�VÂ**x�¶ÆaW\Ãws{ÅF,KM (substituents) Z¤/W\�|#~Zq-Ðic*�{úè¤/z\

Ã�ÅRö7ìc*�7 (numerical prefixed) ÃZ(g�**7,}ÇX�V6,°�~�� (alphabetical order)
YñÇX

-NO2 (Ô Alkyloxy )ZÃLWË -OR (Ô Alkyl )ZÃL R (Ô Halo )ß� X :(Substituents) úr5¾æ
E

G

Y

z\

(z){�X Nitroso )**>zÎ NO (Ô Nitro )**>z
» (Principal functional group) Z¤/W\�|#~Zq-Ðic*�{L¤/z\0*D�VÂW\Zk~ÐZëL¤/z\

(subsituents) Æîg6,K�V6,â!*¹ÓxL¤/z:úè¤/z\ (secondry suffix) ZN[�,ZzgZÐU*â~Ñ§
0YNÐX

(secondry ZëL¤/z\ÆZN[ZzgZy»**x�¶ÆaF,ßÅn�ðF,KMøDfs~�~�ìXZkÃU*â~Ñ§
PC¤/z\Æ»g0ÃªCÙ�@*ìX��ZÝiî»z�@*ìX (C) Zz6,���].zw~ Æîg6,�Y@*ìX suffix)

:PZëL¤/z\Æ�B�YäzZá��ZzgÑ¨ 4 ].zwX
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Numan Clature - Rules 12.11

(Numbering Carbon Atoms) »g0�CÙzV»Ñg 12.11.1

Ñg�Mh�XTÐë (right to left) c*�ZNÐ!*N (left to right) ë»g0Æ�CÙzV»!*NÐ�ZN (1

Æ£xÅ¶K0+�ÃZ�F,+uJ-e¯Mh�X (functional groups) ZzgL¤/z: (substituents) úè
Åå@*,7�@*ìX (1) L¤/z\zZá»g0Ã�&ÐZ�F,+°�Ñg�,Z¤/85Âî FGz{Zßw (2

Ñg�,ÔZ¤/85Âî FGz{Zßw '1' ¤/z:Ãå -COOHc*-CHO »g0�CÙzVÅiî»{Ø�äzZáL¤/z\� (3

Æ@*,:Ì�VX (2) Zzg (1)

îsF,+Ú»g0Åiî»ZN[�,&â�giî¹Y@*ìXâ!*¹»g0Æ�CÙzV îsF,+iî»Zßw: 12.11.2

Ð�WzZàiî�ácc*UðiîBCìX

ñ���A$iî (Substituent) Z¤/»g0Æ%�'Æ�ã~ÜsZq-�»g06,úè Z�F,+Ñg»Zßw: 12.11.3

ñ���VZk»ÑgZ�F,+ (Substituent) ~ñ��»g0Æ�CÙzV»Ñg)2Ì(Zk§b�,�T»g06,úè
�X

ñ���VA$ (Substituent) Z¤/»g0Æ%�'Æ�ãÆâ�giî~�zc*iZZ+úè Z�F,+ù·»Zßw: 12.11.4

gppzZá»g0ÆÑg~Z°Z�»ù·Z�F,+�X (Substituent) »g0»ÑgZk§bHYñ�iZZ+úè

ß§i 9§i

2+5+5 = 12 ß§i 2+2+5=9 9§i
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øDfs%·]Æ**ñV»x@{<ZzgZz6,e��§i6,Zy**ñVÆZb%ZÃ´u{<XZyÅ¶K0+�
Z°Z�~<XZ7ZKâ^,-~�g`<XZkZ%ÆaZLZ*�Åæ�kX (11)@*(1)

¤/z\ñ���VA$Zy¤/z:Ã (Substituent) Z#â�giî6,�zc*iZZ+Zúè ws{ÅF,KM»Zßw: 12.11.4

Æ_.�Y@*ìX (Alphabetical Order) ws{ÅF,KM
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W�P'×h+VßV6,̈g�,
ÅúÒÏì²tË¤/z\Æ��c*Ñ§ÆîgúÒÏ (parent hydride) »g0�CÙÜsâ�g�gZà (C) â^:

7�@*ìX

(C)» -CHO ~(propanal) 6,Z0***w CH3-CH2-CHO }
ZÝiîÆ**xÆ�B�áï�@*ìX

Æ**x~ 2- Formylpropanic Acid

â�giî~�áï7ìX (C)» -CHO

CH3 CH2 OH 1 VwX
-OH (-ol) : (principal functional group) ZëL¤/z\

CH3-CH3 : (parent hydride) â�g;àgZà
CH3CH2OH f Zq-ZëL¤/z\+â�g;àgZà

f %�'»**x
2 VwX

f �zZëL¤/z:+â�g;àgZà
f %�'»**x
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3 VwX

-one >(C)=O ZëL¤/z\X

45454
è

X
GF
H
GE â�g;àgZà

ZëL¤/z\+â�g;àgZà

úè¤/z\ (hydroxy) OHg

ZÈi¤/z\ÐÌic*�{F,ß�~YCìX (-OH) (¤/z\Ã Keto )� >C=O â^:�V6,ZëL¤/z\

%�'»**x g

4 VwX

(Pantane)
"5454

è
FG
E
H
GE CH3 - CH2 - CH2 - CH2 - CH3 â�g;àgZà:
-ol -OH ZëL¤/z\

penton- 2 - ol  Zë;àgZà  + ZëL¤/z\

4-en (-2H) (subtractive modification) ôF,ç

: 5 VwX

%�'»**x g

OH

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j291

SCERT, T
ELA

NGANA



: 6 VwX

fs~���**xC%·]Æ**xs
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%�'Å�|#¾§bèYñ 12.12

Hë%�'Æ**xÅãC�6,%�'Å�|#ÃÉMh�? 7

;V!ë%�'Æ**xÅãC�6,%�'Å�|#ÃøDfs§iÐÉMh�X
Åæ�ÐZÝiî~ñ��»g0Æ�CÙzVÅ®Z�sX word root **x~ñ�� (1)

»g0ÆÑgÆ§i»ZN[ÙX�ZNÐ!*Nc*!*NÐ�ZNX6�**x~�c*�HìX (2)

¤/z:ÐÝÙX (substituents) »g0ÆZ°Z�ZzgÑgÆ_.CÙ»g0ÃZkÆúè (3)

**x~�áïL¤/z\ÃZkÆpÐø»g0�CÙÐ�hD�ñsX (4)

»g0Åa¤/C{¤ÃæÃgnp�ñ¢zg~®Z�~;àgzX�CÙzVÐZÐ%æFNÙX (5)
2 - bromo - 3 - ethyl-pent - 1, 4 - diene (2)  2 - methy pentan - 3 - ol (1) VB:

3 - bromo - 2 - chloro - 5 - oxo hexanoic acid (3)
3, 4 - dichloro but - 1 - ene (5) 3 - amino - 2 - bromo hexan - 1 - ol (4)

:1 iVw¬0*õ»g0Æ�CÙzZÑ�?ÉB

(Zzg�}»g06, -CH3 �zu}£x6,$4-£é GGL¤/z\)

ÃKX (-OH) PC¤/z\ZÈi
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»g0%·]Æ6ðpZm 12.13
(Chemical propertion of carbon compounds)

ÑÅV**xC%·]0*ñYäÆ!*z��Zy~öz�¬5]�zZµ�D�XZy~PZë¬5]Ð0
�V6,I��,Ð�øDfs�X

(Oxidation reaction) �~¬5] (2) (Combustion) Z�Zt (1)

(Substituation reaction) $+à¬5] (4) (Addition reaction) R¬5] (3)

(combustion reaction) Z�Z¹¬5] 12.13.1

ÔwZg]ZzggzÝaZ�D�X CO2 »g0ZzgZkÆ%·]�Zc*WxÅñ��Ï~V�
»g0c*ZkÆ%·]»WxÅzZ�ÛlZgÅñ��Ï~V�wZg]ZzggzÝaZ�**LLZ�Z¹¬ïB@*ìXZy

~�@*ìX 4+ ¬5]Æõ&]~»g0ZKZWF,+�~qª(
C + O2 g CO2 + wZg~ÂZ**ð (1)

2C2H6 + 7O2 g 4CO2 + 6H2O + wZg~ÂZ**ð (2)

CH3CH2OH + 3O2 g CO2 + 3H2O + wZg~ÂZ**ð (3)

R�X (soot) §�{;àgz»g0À�¯Y?Æ�BR�ÔZ#�**§�{;àgz»g0ig�?ì»´
Z¤/Z�ZtÆ�zgZyo�&lZg~�Z�ø7[:�Â§�{;àgz»g0Ì»´Ðm}�ñ?Æ�BR�XZ#

Æ´z{�Zzg**>zXÆW�àqÝ�D��âjwÃWß�{ H2O Zzg CO2 Ã́Ôðz@z){�ZÅñ��Ï~R�Â
��ï�XZ#Ã́c*egÃwPìÂ?Æ%ÜsÑw®aZ�@*ìXZknÜs>)%Ëf~õÝ(ÃqÝ

»´Ðm}? (Aromatic compounds) �äÆa}Zgï»ZEwHY@*ìXic*�{F,7~%·]
Æ�BR�X (Sootyflame)

�ñ́V6,�c*Pz̄ÆZ-6,+ZyÆ!*z��+ZyÆ',3,YV»Ẃß�c*({�YD�? 7

Zk»Ètì��ZÆÎgZcÈ�`�ZzgZgïåZ�Zt5+k,7�g;ìXZÏat»g0Å»´¯@*ì
�',àVÆZz6,({»´Åµ)CìX**åZ�Zt�ðZVaZ�@*ì��»g0»�@*ìX

Z�Z¹¬ïÀ�>aZ�äzZÑ¬ïìXt¿åWxÆ�B�@*ìX�V6,PZ]ðz�;]Ì�
�@*ìT~Z�Z¹¬ïÆ�zgZyÂZ**ð{g`�CìX (exothermic) pZ�Z¹¬ïå',zVwZg~
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(Oxidation reaction) �~¬5] 12.13.2
(Oxidizing Z�ZtÀ�Zq-�~¬ïìpÓx�~¬5]Z�Z¹7�DX�~¬5]�~¬�

z{ZâY���vZâYÅ (oxidising agents or oxidants) Åñ��Ï~Z�x�ØYD�X�~¬� agents)

��D�Zzgz{p�¿AsÐ*gD�X
c*F,d-öIJ7N*ôeZð�zó (Alkalines potassium permanganate) }¨~7N*ô6,!5»43ï GYEGH»²w
»x�D�ZzgZÈiÃ»g1W¦/´ (oxidizing agents) �g�~¬� (Acidified potassium dicchromate)

F,�~ps�äÆaWx�ÛZë�D�X

(Addition reaction) R¬ï 12.13.3
ZLW\Ã (Alkynes) ZzgZÃM (Alkene) (0*ñYD��Z9 **§�{**xC%·]~X~MÈ)

§�{¯äcR¬5]Ð*gD�X�zCÙ}Zzgé}ÈgppzZá»g0Æ�CÙzV6,R¬5]zZµ�D�X

»x�@*ìX (Catalyst) �gÓÏ¬ï "Ni" qgz!*Ñ¬5]~
HW\Y��ÓÏ¬ïHì? 7

z{�ì�¬ïÅÑb~Z��c*¶ÑCìXZzgtp�6ð¬ï~z7gZzg:� (Catalyst) ÓÏ¬ï
Zk�~Ãð6ðp~WCìX

�gÓÏ Ni ~ZEw�D��V6, (Hydrogenation) Zy¬5]Ã¬xîg6,pg�ã%Å;àgzXZ0+Zi~
¬ïZEw�D�Xpg�ãÎV~D**§�{»g0iî,�C�Z#�³Zãl%!~§�{»g0iî,�C�X

l%!Zzg%�zâVl%ñF,ØV6,FF�D�X%~**§�{l%ñF,Úñ���D�TÅzzÐ%#{Å
�6,âùqª(~ñ���@*ìpl%!Ô§�{l%ñF,ØVÅzzÐ̂kqª(~ñ���CìX

�³Zãl%!+ZyÆaZEw**�äÅ@Ze$YV�~YCìX 7

Ãµ%Ð+Zy�äÅ\glÅYCìZzgYV? 7

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

Î8/õ FGn�!ìwÙ
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(Substitution reactions) $+à¬5] 12.13.4
Z(¬ïT~�Ø²/õ YG%�'»Zq-�CÙc*�CÙzV»¤/z\�v�CÙc*�CÙzVÆ¤/z\Ð$+w�c*Y@*ìX$+à

¬ïB@*ìXZ9Ô§�{;àgz»g0�D�Zzgt6ðî6,gZ�ðÁ¬ï�D�XZÏaZ¹cZ¢54ø
E

G
E

ÆªgÉÆì(ª6ðp~ÆaÁgÉgnp�(XQÌtPo�& affins ªÁZzg Para Ô) (paraffins)

~zfe�X (Subsitution reaction) ÑZ_Åßg]~6ðp~Æa$+à¬5]

Æ�gzX�CÙzVÃ³g+ CH4 gzÝÅñ��Ï~³g+Ð¬ï�CìX!54-£4è G
G
G
GE (CH4) VwÆîg6,$4-£4è G

G

GE

P��v}UCìZzgZyÃ³g+Æ�CÙzVÐ$+w�îìX

PZë»g0Æ%·] 12.14
(Ethyl alcohol) ªZ#-£é GGLZÈi (Ethanol) øg}aZÒ»g0%·]�Ë�X�V6,ëZ#-£é GG**w

»_·�,Ð�»g0ÆZë%·]�X (acetic acid)ª(ethanoicacid) ZzgZ
#-£é GGâa-Z�

Ethanol (Ethyl alcohol) Z
#-£é GG**w)Z#-£é GGLZÈi( 12.14.1

~0*ãÆggZ]~Z��ÐÅYCìZ# (ethene) Z
#-£é GG**wÅ(,}eä6,»g~Z#-£4è G

G

GE :(Preparation) »g~
Zzg

"5½h4
è

HE
Y
H
E

W�à�@*ìZzg�Zzg�!*���@*ìX P2O5 �ÓÏ¬ï

Ìë�X grain alcohol hÔ[VÔ!*gà�Z»kÔZ#-£é GG**wÆ¬xfgZù�XZkaZ,Z»kÃ
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B@*ìX (Fermentation process) ~psHY@*ìX¿Â C2H5OH z{¿T~¶K5Zzg]Ã
Properties pZm

6,�l3@*ìX{ØZ#-£é GG**wÃ 78.3oC Z
#-£é GG**wZq-"g8-Zzg·pÒgppzZÑâù�@*ìX{ØZ#-£é GG**w

Z(Z#-£é GG**wT~�vZb%ZYÅßÅ�áïÅ denatured alcohol ë�X (absolute alcohol)(100%) ÇZÈi
Å�C�X aviation gasoline YC�TÐz{ÅWÆ�.Þ7gLXtßÅÔ$4-£é GG**wÔ$4-£é GGLW$ið J1N*L�yZzg

ZÈI» 10% B{lZg�»°ìX 200 iCÙÞ�@*ìXZq-!*Ú¿Åh�'ÆaZkÅ denatured alcohol

²wZq-ZYñR,ZgïìX (gasohol) �HÎA
Åðh~lZgÅWÐ (dilute ethanol) Z

#-�5é GGEw¬xîg6,ZÈIB@*ìtXZÈIæz!*]»Zëb%ìXñZ#-�5é GGEw
ìZkaZk»ZEw¦W-e+Ô3´Æ§\Zzg�v (solvent) ÑZ[âÙÅ¬�]7,CìXZkÆ´z{tZq-ZY�

FN*7-Ü�zZ�VÆ¯ä~HY@*ìX
HW\Y���7:ù̀eZÇgkÅÙ|#�CìÔ�z{ÑZ[âÙK�ñ�c*7? 7

7:WẀ¿ÐHì�z{Zq-ö8Òv~ñ��Ù!W!~Y7-
Åa�C��Zq-ZY�~¬ï (K2Cr2O7) âg}XÙ!W!~7N*ôeZð�zó

ethanal ìXZ#ègZÇgY7-âg@*ìÂ�÷Ð{g`�ñËÌn»Z#-�5é GGEw�0*�
~ps�Y@*ìX ethanoic acid Zzg

~ps�Y@*ìX Cr3+ Y!g8-Æ Cr2O7
2-

ZÈIÅ�Æ¿~i*Z°

"~!g8-Æ¶KyÅ�~ÐÑZ[âÙÆ�zgZyZÈiÅà�lZg»Ø¸ìX
Zy�âV7:Zq-Z9Z7-W!ZEw�g�ìT~gN*Zgï{:�@*ì�

�÷heZzgghäÆ�zgZyZ#-�5é GGEwÅ�ÐaZ�äzZá',¹Z�ágzVÅeö�@*ìX
ÆÈzVÅÙ|#�äÆa C-H Zzg C-OH ~ñ�� CH3-CH2OH Æfg= IR spectra 7:

ZEw�g�ìTÐÑZ[âÙ»Ø`c*Y@*ìX

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j
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(Chemical proportion) 6ðpZm

¤/z\�@*ìXt�JCÎe*Ð -C2H5 ÆxË�@*ìT~�gzXÆOñ (H2O) Z

#-�5é GGEw0*ãÆ�?
¯@*ìX (sodium oxide) ¬ï�Æ�gzX{g`�@*ìZzgÎe*ZHW�à

Æ�B¬ï H2SO4 %6
¯@*ìXtZq-**WËÏ¬ï (Ethene) �gzwZg]6,%6�gq-F,�Ð¬ï�ÆZ#-£4è G

G

GE 170oC Z

#-�5é GGEwÔ
ÃU@*c*{g`�@*ìX H2O Zq-**WËÏ¬ïì� H2SO4 ìX�V6, (dehydration reaction)

(Aectic acid, CH3COOH) Z

#-£45ë GG

G
E

Z� Ethanoic acid 12.14.2
c*Z#-�5é GGEwÐic*�{F,ÙìZ#� H2O Z

$k5ë GHZ�Zq-"g8-Zzg**pÎZg1zZÑâùìXt0*ã~i5+k,ìZzg
�JCF,ØVÐÁF,Ù{¤g�rìX

B@*ìXu�ÃzW (vineger) ²wu� 5-8%» Acetic acid B@*ìX Acetic Acid ¬xîg6, Ethanoic Acid

ZEw�D�X (Preservative) e:6,ZegzV~�gõ�

6ð¬5]:

)F,d-öIJ{¤:�JÂVZzgZ�ÎVÐ¬ï(
Æ¬ïÆxË�@*ìX ethanol Ð¬ï�Æ;àgzX�»Zy%Z`�@*ìXt Na Z

#-£é GGâ&Z�¬ï�J] (1)

Ð¬ï�Æ#Zzg0*ã¯@*ìX NaOH Z
#-£é GGâ&Z�   (2)

WiZ��@*ìX CO2 Z
#-£é GGâ&Z�Îe*»g1,MZzgÎe*�gzX»g1,MÐ¬ï�@*ì��$zgZ�k�Zzg (3)
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Ð0�C�X (dissociation) �gzV~ªCÙ�Mh�Xt�g,ZyÅW!"w~ZíZt pKa F,ØVÅ̧]ÃZyÅ

Esterification Reaction Z7$©5»4jè G
E

GG
I
E¬5]

H�? (Esters) Z7k 7

ZkPC¤/z\Æqï»g0Æ%·]ÃZ7ë�ZzgZy»¬x
¤/z\c*¢45é EGEb¤/z:ìX (Alkyl) ZÃL R' Zzg R ì�V R-COO-R' ��

ZzgZq-B{¯Ó4k5ÿ GIGZ$h45ë G
H
GZ�Zzg (absolute alcohol) Zq-B{Z#-�5é GGEw

%6ËguF,�ÅP10+,Zq-ZJã"~³X
^~eñ�§jÐZq-Ù~ÁZiÁ0*õ4J-¤/xÙX

B{0*ã1�H�Zzg»g�{Wö{ 50Ð20 ZÐZq-Ù~eZaT~
Å1ÎµX

W\äHx@{H? 7

W\äx@{H�Ç�õÝWö{Zq-·1zZà�ìXt��gZÝ
~zZµ�äzZÑ¬ïLLZ7$©5»4jè G

E

GG
I
E¬ïóóB@*ìX 2 Z7ìXa

(Esterification) Z7$©5»4jè G
E

GG
I
E 12.14.3

Åñ��Ï~»g1W¦/´Z�ZzgZÈIÆ�gxy¬ïÐ·1zZà�LLZ7óóú0*CìT H2SO4 %6

L¤/z\0*c*Y@*ìXt¬ïZ7$©5»4jè G
E

GG
I
E¬ïB@*ìX ~

�@*ìX reversible  Z7$©5»4jè G
E

GG
I
E¬ïNZzg

xËc*Z�Mh�(X R' Zzg R Z�Æ�gxy¬ïÅ)zZ])�V6, RCOOH ZÈiZzg R'OH

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j299
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(ethyl ethanoate)  ZzgZ

#-£45é GGGEa-Z�ÐZ#-£é GGLZ#-£é GGâ"3ïJGH (ethyl alcohol)  VwÆîg6,Z¤/Z#-�5é GGEw
»g�**eT�VÂ)zZ]Z,�ÏX

Soaps- sopanification and micelles �0D�1+MZzg$4hÒø G 12.15
HW\Y����0Hì?

(C15H31COOH Pamtic �0Îe*c*7N*ôÆ#zZáîsiî~l%ñF,�6,��@*ìX�0*xS-F,�
z){X�0»¬x (C17H33COOH Oleic acid)  ÔZz=F,� (C17H35COOH Stearic acid) ÔZ7q-F,� acid)

z){�X   R=C15H13  ÔC17H35 ì�V6,  RCOOK  c*  RCOONa  ��
Ãezw¹Y@*ìX trihydroxyalcohol   l%ÒVîsiî~l%ñF,ØVÆZ7k�D�Zzg

Z#l%çVÃÎe*�gzW�àÐ¬ï�Zc*Y@*ìÂÎe*#Æl%ñF,ÚZzgezwú0*D�Xîs
iî~l%ñF,ØVÆÎe*#�0BD�X�0Åúc*»g~ÆaZ�x�c*YäzZÑt¬ï¬xîg6,LL�1+M»

B@*ìX (Saponification reaction)  ¬ïóó
(Saponification reaction) �1+M»¬ï 12.15.1

  Æ³~�0qÝ�@*ìZk¿Ã�1+M ( h y d r o l y s i s ) R,ZðZ7Å¨~W[0*æÏ
¹Y@*ìX�0ZiÌð¬ï�D�XHW\Y���t¾§bÌð�D�?Zk!*]Ã (saponification)

Æ!*g}~Y' (colloidal solution)   Zzg¾Zzã²w (True solution)  KÆa��&Ð¬LLÇ²wóó
�ÇX

Hì?   (True solution)   Ç²w 7

ÐÁ¢zZáfgZ]�~��ñ�D�X¾Zzã (1nm) Zq-Ç²wz{�@*ìT~!-Cÿ
E

ÆZq-q¢a
Ðic*�{1DÙZgq¢a (1nm) ~

!-
C
ÿ

E

LLxig{óóB@*ìZzg!-Cÿ EÆfgZ]»¢Zq-q¢a (Colloidal solution) ²w
ÐÁ�@*ìX (1000nm)

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j

cone.H2SO4
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�V6,�ÃZq-Z_Og~zZôÆîg6,Y**Y@*ìX�0Zq-',t0*æ{ìXZ#�0Åðh~ÏlZgÃ0*ã~5c*Y@*ì
¯@*ìXt�Ç²w�ÛZë�@*ìpZ#tZq-ºmZ�iÅ (Low concentrated solution) Ât%̄6²w

Ã(ìÂ�0ÆfgZ]»Z½q�@*ì Critical micelle concentration (CMC) qª(�ë{$4hÿ GZg�i
(Associated c*ù¦¾Zzã (micelles) Æ�D��$4hÒø G (Colliod size) ZzgtZ½¦fgZ]¾Zzã�#Ö

BD�X colloid)

Micelle $4h
ÿ
G 12.15.2

B@*ìXZ#�00*ã~ (Micelle) 0*ã~�0Æ�>V»�z~̂~Z½qc*Z��**c*V¯**$4hÿ G
»²w¯@*ìT~�0Æ�ãZq- (collioedal suspension) i�@*ìÂtÑs�ñ¾ZzãfgZ]

�zu}Ðï��z~$4hÒø G»V¯D�X

$4h
ÿ
GÅú

B{0*ã³ 10 �zZJã�V³XCÙZJã"~
~�0Æ²wÅP B g[ÖXZJã" B Zzg A �zâVZJãSV~pg�ã%ÅZq-Zq-10+eZaZzgZy»**x

10+,eZfX
Z[�zâVZJãSVÃ)z~c*7Vz9J-izgÐhØX

H�zâVZJãSV~w�'gz1ǢgU�%Zzg0*ãÅ6,'ZµZµÃWC�? 7

ZJãSVÃ¼�k,Æa!*ÇZ,�gh�ØZzgx@{ÙXH%Å6,]Zµ�YCì? 7

¾ZJã"~Z(¬�@*ì?ZLx@Z]eØX 7

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

Micelle 3D Structure of a micelle
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�0»é�s�ä»¿ 12.15.3

�C (Greasy matter) �ÛnÙ�ë�ÀzVÃ�0Æ²w~=D�Xéc*nÏ¬xîg6,gz"�
ìX�0Æ�ãÆÓx;àgz»g0u}gz"�BnÏBéÆZ§ZsZq-�z~F,KM¯D�XZ#�Zy�>V

!*CÙÅ�ª0*ã~�D�X (Ionic ends) Æ�zu}gzZãu}
Z#Ì�À}Ã�0Æ²w~�Z4�D�Â�gz»g0

b%Ôéc*%ÐòY@*ìXðh~Ïw�' (Hydrocarbon)

Æ��0Æ$4hÒø GéÆfgZ]Ãªfe�ZzgZ¹0*ã~
x��ï�XZÏa�0»0*ã~�Y@*ìZzgÀ}�s

�D�X
gz"�ÆéÑÀ}6,�0ÆfgZ]»H¿�@*ì? l

ëY����0Zzg�À}6,Ñ�ñ%ZzgéÃ�zg�Æ0*ã~{g`�D�XZÏaÀ}�s

�D�X
(Zzg�zu})ªuZ)�gz»g0iî»uZ(�@*ì6 Carboxy end �0Æ�?»Zq-ªuZ)»g1WËuZ

�̂~�îc*�HìX
�0Æ�ã»ªuZ¡m;àgz��@*ì�0*ãÅY+$æ�@*ìXZ#�)ªuZ;àgz̄,-�@*ì�

¡mÀ}6,Ñgzµc*%ÅY+$æ�@*ì**�0*ãÅ§sX
Z#�00*ã~i�@*ìÂZkÆ�>VÆ;àgz̄,-u}ZLW\ÃéÆfgZ]ÐÝ�fe�Zzg

Z¹À}Ðe{��ï�X6�F,KMzZĝ~�îc*�HìX
:1-^

égz" (Hydrophobic ends) �0Æ�>VÆ;àgz̄,-u} o

fgZ]ÆZ§Zs¤/�l�D�X

:2-^
;àgz̄,-u}éÆfgZ]ÐÝ��ZÐïw!*CÙ�äÅ o

ÃÒ�D�X

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j
fig - 2

A soap molecule

fig - 1
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Z%oÔ¾z4MÔ�ZÔ¤/ZÃ"3ïJGHÔ,-î#g+Ô**Ek'Ôiî~{¤Ôa¤/CÔ;àgz»gÞÔZÅ5½54ø GGEÔ

ëz�� Ô(Isomerism) Z

É»454
ø
G
E
G

ÔZÃ"Ô§�{;àgz»gÞÔ**§�{;àgz»gÞÔL¤/z\ÔëF,0Ì
lÔZ�ZtÔ�ÔR¬ïÔ$+à¬ïÔZ#-�5é GGEwÔZ#-£é GGâa-F,�ÔZ7ÔZ7$©5»4jè G

E

GG
I
E

Ô�1+MÔ$4h
ÿ
G

»g0MZlxÆ%·]¯@*ìXZkÅXg¤/ÄZzgiî~{¤ÔegZº}ÈÔZq-�zCÙ}ÈZzg�zZº}ÈÔ 7

Zq-éZÈZzgZq-ZºZÈc*�z�CÙ}È¯äÅS¤�»g0ÃZâ3¯CìZka6Y~»g0%·]Æ_·
ÆaZq-Sà�ác�ìÅ�ìX
;àgz»Þ;àgzXZzg»g0Æ%·]�D�X 7

X(Alkenes & Alkynes) Zzg**§�{;àgz»gÞ (Alkandes) §�{;àgz»gÞ ;àgz»gÞÅ�znÆ�D�X 7

»g0Ô»g0Æ�CÙzVÆ�BÑq-¤/DÈ¯@*ìZkÆ´z{�vÁÜÆ�CÙzV�;àgzXÔWxÔ�Ô 7

**>zXZzg³g+Æ�BÌÑq-¤/DÈ¯@*ìX
»g0%·]~0*ñYäzZáPC¤/z:�ZÈ3Òø XÔZ®�àkÔ�÷Zzg»g1W¦/´F,ÚZKúc*V 7

0*c*Y@*�ZKúc*VS:]»�ZÖg�D�X S:]»bCÙ}�D�XeìZy%·]~

:3 & 4-^
�0Æ�ãéÆfg{Ã%�/~�ÆZkÆZ§ZsÝ�D o

ë�X (Micelle) �ñ�z~�|#zZÑV¯D�&$4hÿ G
$4hÒ

ø
G

0*ã~Ñs�ñ0*ñYD�6�¾Zzã²w~fgZ]

Ñs�ñ0*ñYD�X
0*ã~ñ��Z$4hÿ GZq-�zu}Ð�Ûd$W�gÎ[ú7�ï�X
�V6,Zq-$4hÿ G�zu}$4hÿ GÃ�«�@*ìYV�Zy~gzZVXgzZV

�«»¿�@*ìX (ion-ion)
ZkanÏBéÆfgZ]

$4h
ÿ
GÆYw~ö�ñ�D�X��W�ã

Ð0*ã~x�YD�ZÏ§b�0Æ$4hÒø GnÏÃ0*ã~i�á
e{�D�X

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

Third, Fourth 
Respersenting the
cleansing action of

soap

ã~ZÖp

ëäH5
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¦Zg]6,g�¿ .I
(AS1) Z

É½54
è

E

GEÔZ
É»454

ø
G
E
G

ZzgZÃM»¬x¬@��HìsX -1

(AS1) Z

#-�5é GGEwÃ�ZÅñ��Ï~°ä6,0*ãÆ´z{qÝ�äzZÑõÝÃ̈KìX**xeØX -2

(AS1) �&Ð��{�y»**xZzg�@��s? -3

(AS1) ÅMlZg¤/x�ä6,qÝ�äzZá%�'»**xeØX H2SO4 �gzwZg]J-%6 443KÃ (Ethanol) Z

#-�5é GGEw -4

Å (K4Cr2O7) Z#Z#-�5é GGEw (KMnO4) c*¨~7N*ô6,$45½5é GEYE"3ïJGH (Chromic anhydride) �zåW.àgZà -5

(AS1) ��D�ÂqÝ�äzZá%�'»**xeØX
ëz��ÅÃð�z CH3OHCH2CH3 Å°pÙ (Homologous series) »g0%·]Æëz�� -6

(AS1) S:]ÒyÙ?
(AS1) »g0Sm�Ñq-¤/DÈzZá%·]YV¯@*ì? -7

(AS1) ÃùqÝHY@*ì�ØZzg6ð)zZ]
ÉÀ£4/õGJX (Ethoxide) Z

#-�5é GGEwÐÎe*ZHW�à -8

(AS1) nÏ&éÃ�s�ä~�0Æ¿Ã��X -9

(AS1) **xC%·]ÆZ7$©5»4jè G
E

GG
I
E
Zzg�1+MÆ¬5]Æ�gxy0*ñYäzZá�ÛtÅz�s#ÙX -10

(AS2) H�ÇZ#Zq-Îe*ÆgLÐ�}ÃZ#-�5é GGEw~eZÑYñÇ? -11

(AS5) Æ�?ÅZ9Z7-eZ^�|#Z@*gØ? (C2H6) Z

#-£4
è

GG

GE -12

»�Ût�@* -CH2 ;àgz»gÞ¤/z\B�X»¬x��xËª7V�@*ìZzgZyÆ�záZF,%·]Æ�gxy 7

(Homologous series) ìZ#�ZyÅ�854è
EG

GZzgpZmxË�C�)}xËL¤/z\(Z(�ëz��
B@*ìX
»g0iî,¦S�C�c*Q�á}.Zgc*I�Zg�C�X 7

»g0%·]X»úÒ{�@��xË�p�|#Z�VÂLL�!ëF,IóóBD�X 7

§�{;àgz»g0Z�ZtÆ�zgZy»g0eZðW�àÔ0*ãZzgwZg]{g`�D�X 7

**§�{;àgz»g0Z�°¬5]Ð*gD�Z#�§�{;àgz»g0$+à¬5]Ð*gD�X 7

��»g0Æ%·]�Zzgøg~gzi%{i0+Ï~ZÌÆqï�X (glacial acetic acid) Z

#-�5é GGEwZzgZ#-£é GGâa-F,� 7

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j

ZLZõ[Ã�Ûzr�Ø
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¦gZ]»Z:t .II
ÅÅ~ZEwHY@*ì6ð (Vegatable Ghee) Ãz**~â (Addition reaction) ùR¬ï -1

(AS1) )zZ]Åæ�Ð�Ø?
(AS1) �Æ�Mh�s? (structured formula) gppzZá%�'ÆÓxÂ�! C3H6O �@�� (a) -2

(AS1) **x�Ø? IUPAC qgz!*ÑªCÙG�Â�!%·]Æa (b)

(AS1) Zy%·]~x¹B7+MHìs? (c)

»bCÙ{�C�XÁÜÔ%·]c*Wö}?¾z4MÃo�&VßVÆ (Allotropy) ¾)®)ÅZâY¾z4M -3

(AS1) fg=�ØX
�XZy~ÐÃ̈K%�'Z�°¬ï»bCÙ{�ÐZzg C3H8 Zzg C3H6 �z»g0%·]XÆ�@�ÆF,KMzZg -4

(AS2) YV?ZL�Z[ÐU*"$ÙX
ÆP¢}�Z4ÙZzg H2SO4 Z

#-�5é GGEwÃ!*ë5ØXZk~%6 1ml ¯Ó4k5
ÿ
G
I

GZ$k5ë GHF,�Zzg 1ml Zq-ZJã"~ -5

4J-zZR,!*B~¤/xÙZzgfsÆ�Z[�ØX 5 ZkWö}Ã
(AS2) õÝ%�'»**xeØ? (a)

(AS1) 6ð)zZ]Æfg=qgz!*Ñp~ÃªCÙÙ? (b)

(AS1) Z,¬5]ÆaÃ́Z�qZEw�**e�? (c)

(AS1) qÝ�ñ%�'Æúc*VpZmH�? (d)

)( Z
$k5ë GHF,�ÆøDfs°�»W!²w½ZðZâYÆDÆaZEwHY@*ì  -1

100% (d) 15-20% (c) 10-15% (b) 5-10% (a)

)( ÃZEw�D�X (Suffix) Z®�àÆlÆafsÆÑ§ -2

-ene (d) -one (c) -al (b) -ol (a)

(    ) Z#Z$k5ë GHF,�Ã0*ã~iHY@*ìÂtgzZâV~¹�Y@*ìX¹»t¿ZtÌ�@*ìYV�Z$k5ë GHF,� -3

¤!gZ�kì (d)  $zgZ�kì (c) ¤!gF,�ì (b) $zgF,�ì (a)

( ) »ZÖg�@*ìX (Isomerism) øDfs~Ã̈K;àgz»g0ëYá -4

C4H10 (d) C3H8 (c) C2H6 (b) C2H4 (a)

( ) {g`�D�X  ___________ ;àgz»g0¬xîg6,Z�ZtÆ�B -5

',¹gz (d) wZg]ZzggzÝ�zâV (c) gzÝ (b) wZg] (a)

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

MZN!�Z!*]
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0*ã»Z��H 8ml Zzg 4mlÔ2ml Z
#-£é GG&45ë JGEF,�1�HìZzgF,KMzZgZy~ 2ml ~°¾ c Zzg bÔa &ZJã�V -6

( ) �HìÂeØ�Ës²wÁZJãSV~ñßw�ÇX
ZJãSV~ b Zzg a Üs (b) ZJã"~ a Üs (a)

ÓxZJãSV~ (d) ZJãSV~ c Zzg b Üs (c)

( ) Z
$k5ë GHF,�ÃW×Ð¢{/¢{5ä6,W\Hx@}�,ÐX 2ml 0*ã~ 5ml Z¤/ -7

F,�ÅR6,0*ãÅe{µ¶Ï (b) F,�0*ãÅZz6,~R6,Zq-e{µ¯ñÇ (a)

�!ZzgËs²w¶Ç (d) ËsZzgI÷²w»g�Ç (c)

( ) k̂Îe*»g1,M~Z#-£é GG"5ë JEF,�ÆP¢zVÃ5c*YñÂÂ¬5]Æ}òH�VÐ -8

1zZáÈg}�ð,»Zy%Z` (b) î?gäÅWzZiaZ�Ï (a)

�|#1zZà�»Zy%Z` (d) îaZ�äÅWzZi (c)

Å _________ »Z���D�t�g H2SO4 Z#ëZ$k5ë GHF,�»Z#-£é GGLZÈiÐ¬ï�Zä6,Zk~%6 -9

( ) B@*ìX ____________ §b¬ï~z©8ìZzgt
Easterification **WËÏ¬ï (b) �~¬ïÔ�1+M (a)

Eaterification F,� (d) Eastrification A~¬ï (c)

(AS3) 0*ã»¸g~6¥x�äÆnZq-�/e�ZzgZkÅz�s#<X -1

Z

#-�5é GGEwZzgZ#-£é GGâa-F,�Æ�gxy0*ñYäzZá�ÛtÅÙ|#cZq-6ðZJy?m,ÙZzgZJyÆ§iÃ -2

(AS3) �Ø?
%�'¯@* 'Y' Æfg=�Æ¿Ð*gD�ñ KMnO4 ì�̈~ C2H6O T»�@�� 'X' Zq-**xC%�' -3

X(AS3) ìX C2H4O2 ìT»�@��
ÅÙ|#Ù Y Zzg X (a)

%�'Ð¬ï�Zc*Y@*ìqÝ�äzZÑõÝZegzVÆD~ZEwHY@*ìXZk$�)ÿ
G

Y %�'ÃZ# 'X' (b)

(AS3) Æ�zgZyW\Æx@Z]H�ÉÀ£4/õGJX

Æ�@ C2H2 ZzgZ
#-£é GGM C2H4 ÔZ

#-£4
è

GG

GE C2H6 ÔZ

#-£4
è

GG

GE CH4 )XèZzg�c*sðÅ�sVZEw�D�ñ$4-£4è G
G

GE -1

(AS4) %ä»gÙX
(AS4) Z

#-�5Ó4
è

GG

GGEÆfg=¡¦îg6,]VÃågäÐ0¬]qÝÙ? -2

(AS7) ZÈiÆZEwÅ�YaÆîgZ�x��ÅgzuåxW\¾§b�,ÐX -3

»g0ZzgZkÆ%·]¥ÅF,¹ÆaÓ#Ö»j

Xi{�!*]

Xi{6,Z7½ïEH
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Hì? pKa

ÅtßÇg?�gìX (Dissociation constant) ËF,ÚÅZíZ¹x pKa

Ë²w~F,ÚÅZíZt5+k,~ÅeöìX pKa

pKa= -log10ka

�gÎÁ�ÏF,�ZÚ¤!g�ÇX pKa

�g,�F,ÚÅ̧]eä~Î�q pKa �@*ìX 4.76» Ch3COOH #�@*ìZ#� pKa» HCl zZá 0.1M

Æ�gxy�@*ìZz�¤!g�D�Zzg$zgF,ØV» 5 Zzg 1ÔpKa �@*ìÔZ,F,ÚX» pKa<1 �C�X¤!gF,ØV»
�@*ìX pKa>15 Æ�gxy�@*ìX�&Ð$zgF,Ú» 15 Zzg 5ÔpKa

Úø~�bÎ�qÌ7�@*X pKa Å#ÐÁ�g,¬xîg6,7�~YC�ZzgZ¹ pKa Zk!*]Ãc*�g[Ö�
ÆÚø~�}Mh�X Ka Z¹gZ�&îg6,

È***µ4hé YGgZâPgZgZ�CgÆM{0+Zy4-.5é XEE**µ4hé YGgZ�Ô**á**µ4hé YGgZ�ÃaZ�ñX�w  
Å½åÅZzg B.Sc ~]g~ZjwC&½lç E

Y

wÃ�gzZzwÐ»x[HZzgWnw»ÒCgÐ 1947

�wÅ/~�g-Eg;ÐZK'e¤/~Ã�gzZzwÐqÝÅXZkÆ�z�w 17 ~Üs 1951Í
�äÆ PhD Y~ 1953 �Z,Vä¯gkyz-Eg;Ðd~~â7kÅe¤/~qÝÅX

Y~Z,VäZCªó£!W¤/{-Eg;¾wWsĝa 1954 7v7gÐznàg�ZX IITa
Å PhD ZK~1958 �w¶Z,Vä 24 ~�áù�zZc*XZkÆÇ�z�wâ̧V�Z#�ZyÅ/

e¤/~å�àX
ÆaÎZŅ̃ZòR6,R,Zzg�i�b�ZVâäYD�X material Cheimstry Zzg Solid state gZ� o

gZ�Z[�4ZezZ,̂g~',Zñzik,ZWyÆ�gÆZdÇ{6,Ã,̂�X o

g^a£á�áù�`�X 1400 ÂÁZzg 45 gZ�äZ[J- o

Y~Z&+c*�bZ-ZgeqÝ�äzZá¬¿�X 2004 çw«HZzgt�w Hughes Y~ 2000 ä�w Royal Society gZ�Ã o

ZâYåñÆR9zoz){(�oZâY CMR �g~�JÂVÆW�àÂx)5@*;Zâ¿�854è
EG

G�J'Bqb%zVÅ�ge$Ô o

ZyÅïÆZëyZygì�X Graphane Zzg¤/Z@ Nano tubes øwqk: Nano Material ZzgqZâY Hybrid Material

gZ�ÅZy�âV¤/Z¢54è
EE

GEZq-Zâ¿ZâYZzg¡¦Mð@*;6,ZKïÃYg~gÇ�ñ�X o

~Ó#ÖyäZ7LL¸g]gÚóóZ-ZgeÐâZiZ�HX 2014 �Ûzg~ 4 o

»g0ZzgZkÆ%·] ¥ÅF,¹ÆaÓ#Ö»j

e

(Chintamani Nagesa Ramachandra rao) È***µ4hé YGgZâPgZgZ�
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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+ m

§hVÃí!*�}XD+g+zZõ!u¤/ñVÆZÈx»gcZkY+$���V~¶K**]Æ�w»£7̈É
Z¦Z�»�w»�X
ÇàÃtJZEw�**óZëÎZÑ]6,Âz%Ãi�**óÜsZ,Zòt6,Âz�b�XÐZJ**]~ic*�{Ðic*�{ m

¶K**]qÝ�ÃZ,Zñg6,¿�äÐ!*ig�X
D+göÐI$»_·�ZðÐ�,Zzg�VÃÌ$»_·�äÆa}XZkÆ�¦gZ]Å�Æa m

�VÆ�gxyI��zZNX
�V~Zk!*]ÅÈZ�ÛZðÅYñ�z{WiZ�Z:îg6,ZLìÑ]Zzgf6@*W,Z]Ã�Z!*]�k,�äÆ�zgZyÈ m

Z�ÛZðÅYñXZzgZk§bZJ**]~�k,G�ÎZÑ]Ãic*�{F,ß�~YñX
Z�E+{Ã¥â]Z��äÐ0PÎZÑ]Zy�gÏÂ[~�~��Zy¥â]ÃZ�ÙZzg�VÃ¢zgÅ m

àNX
1geZJy~»[ÆÓxZñgÃ)z~ZÌ�~YñÏÅ<å XEZZ�Z×ZzgeÆ´z{�gÏÂ[ÆÓxZñgÃ»[Æ m

îg6,Ñg�,X
CÙ$Å��z�VÅ~Å�ìXªz#{)®)ÅD+gö�zuZz�/Ç�aX�/Ç�a�VÐ m

¾ßg]�zZBXt:�ta$Ð%1o�Å<å XEZZy»ZÈx�~�,X�/Ç�_VÆZÈxÆ�zgZy
�³§hVÆ��æZg`�Zy6,¿�äÅ@*N�,XCÙ�/Ç�rÆZÈxÆ�ag7g^»g�Æ
7�,X
�gÏÂ[~̈gÙócÙótÙóg7g^»gÙóZÚz-»ZÈxÙó�-Zg~g�!6,ðVÙóÀe}~z³ó m

¡Ò5å
E

G
H�/ÙóSàZc*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�,X m

ZjwÅÑ$k,~~�G+�ø7[g�ZkY+$�pBX
âjw§Càqóz){�ñç¬]ÆÏ�pÆ�ÛzrÆaßk,~6,z¤/Zxó»gk,ó£zk,óg~%âVÅ»g~z){ m

�_VÃF,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 m

�,
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³m,¥
�b»_·Ð%Z��bÆZJy~Zi¶K**]qÝ�**�7ÉqÝ��{Z¦Z��xÎaZzg±Z0+Zi m

~»x�**z){»gzi%{i0+Ï~Z:t�XZkÑÆ�wÆa�³Ãc*]Ãg^�qC~ôpG%�t
�D�ñ_·�äÅ¢zg]ìXª�³¦gZ]ÃKÆaI}óz�s#óGz�]Å¤&Æa
�!*]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,g7ĝ»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

¥ÅF,¹ÆaÓ#Ö»j312
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óeZ],Ë Ñ~YÍ0*wgi+~
gc*4Z�Zg{',Zñ(ïzF,�MÔ©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

!{3¨4
è

EE

GE

óZöZ}óY!ZÝZöóÎy!*iZgó©gW!*� Ñ~Zö-ìZgZx6,��
óZöZ}óI6,E;ðZjwóÍgZzgxóIz�á3! Ñ~WgW#¾g

Zk6,zWóWðZ}ZöZ~ó¢6-Eg;ó©gW!*�X eZË8öó
óZöZ}óÍḡ;ðZjwóÎx"óIukÃÝX Ñ~*Z3gZgZî

óZÎÃL6,zWóz~WðKZöó»zàX Ñ~Wðæyæð�
óZöZ}óI6,E;ðZjwóYe~ºgóIúgX Ñ~öâ�á�Z

7gxóukÃÝ SLóAHSóGTW óöZ}ó Ñ~Æz~ÆÑ~»}
óZ',çGH~ozzóI6,»Ö ZPHSó ZöZ} ó Ñ~Zö',}#Zgi+~

á¢
óZjwZkó »[pZziZ+

Íḡ;ðZjwó¦�á�óI©gW!*�X

ó)góWðZ}ZöZ~óâ»[Ûó©gW!*�X Ñ~*gZâ',ú

©gW!*�X ÔÛR,kZhe~K8W6,ñóÈÉ½3ðFgó�W!*�ó ó »[K·@
Z}óI6,E;ðZjwóWÓÃgóIz*.çEFCX . óZö" ·Z-[Z£**Ü »[

ZöZ}óI6,E;ðZjwó%iZ7góIÂxW!*�X Ñ~ÆU¾gó
óZ',çGH~ozzóI6,»Ö ZPHSó ZöZ} ó Ñ~z~Zï',3gZgZî
óI6,E;ðZjwóI&Ó½5å EYEH{X ZöZ} ó Ñ~æð�ïgi+~e&+Z!

óZjwZkó »[·�ZU
Íḡ;ðZjwóÎZgZyóI�*ôX

óZjwZkó »[Z£Zq
Íḡ;ðZjwó¦�á�óI©gW!*�X

óZjwZkó »[¦zZg_Z£
I6,E;ðZjwó7&½3ð EYEgóIúgX

óZjwZkó »[�Z°zs

I6,E;ðZjwóÇ0+S0*guóÍ�Zzg~DbóI�*ôX
óZjwZkó »[·pZz$Z+

I6,E;ðZjwózîVóIzgøX
óZjwZkó »[lZ+

I6,E;ðZjwó"5Òð FHgóIgógi+~X
óZjwZkó »[�ÔZ°Ý

eZ
"3ï
J
GHZs*e~»ßãóI�*ôX

óZjwZkó »[·Z-[Z£
I6,E;ðZjwóWÓÃgóIz*.çEFCX

óZjwZkó »[¦/Zy
Íḡ;ðZjwK�e~�µ0î YHÔ8[ôX

Ãg£ó¤/Z�Zhem,ZÓ
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