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eTT 11.1

eTT 11.2

 n+<yTq ||+#eTT ed+# 
eqeC =] Jeq $<q+ = 
$<+> +T+~. skjTq Xdy>  
}V+ e m|&H   J$ |]o*+, 
$Xw+y? nH skjT #s\T eTq #T 
eyT > eTq <VeTTqT sT>TTq$. 

esT\qT u eT]jTT skjTq nH 
s+&T s\T> eZ]+#e#TqT. u  
esT\qT dT\ueTT> yqT eT[+#e#TqT. 
nsTT  skjT esTqT yqT eT[+#T 
n+ dT\u+ <T. B sD+? skjT 
esT\ = |<s\T jsesTT. 
bs+u |<s\qT eTs b+<T # w+. 
u esT\ +f skjT esT n~ 
XXyTq$. skjT esT\jTT skjT 
#s\ <s sT>TsTT. 

 skjT #s ]+< eTqyT 
\TdT=H~?  |X de<qeTT  
\TdT=qT eTqeTT = eTT\qT 
sV<+.

•  MT #\T  MT neT>]  = y+& *  
n+<qT #&+&.

• * n+< jTT s+>TqT >T]+#+&.
•  b y+& * n+< jTT s+>TqT 

|]o*+#+&.
• MTs$T esTqT >eT+#sT?

•   ;sT & Hf{ <eDeTTqT 
rdT+&.

•   |H[ b{wjT+ nj&&qT 
rdT+& (s+&T <eD\T s+>T y)

•   b{wjT+ nj&& <eDeTTqT HeT~> 
& Hf{ <eD #s+&.

• MTs$T >eT+#sT?
eTT<TsT |dT| |#s+>T ne|eTTqT MTsT 

>eT+#s? 
n~ & nj&& (PbI2)

|eTT 11.2 & nj&& |dT| |# ne|eTT

|eTT 11.1 y+& * n+<

skjTq #s\T

10n<jTeTT 11

& nj&&

y+& * n+< jTT yT]d \T| s+>T 
yT\>  q\T| s+>T esTT+~. nq> 
y+& * n+< < yTsT|qT sTT+~. B 
>\ sDyT$T{ MTsT }V+#>\s?
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eTT 11.3

eTT 11.4

•    ;sT 5 >eTT\ *jT+ & 
(b& dTqeTT)qT rdT+&.

•  HeT~> < { \|+&.
•   ;sTqT +&.
•  MTs$T nqTu b+~]?

•   |H[ {&T *jT+ 
s=H{ b& rdT+&.

•  d\ V&] eTeTTqT \|+&.
•   | H[ @s&q esT\qT C>> 

>T]+#+&.

y&> q< MTsT >V+s? @$T 
]q< #<+.

*jT+ &, { #s ]| & dTqeTT 
(*jT+ V&&)qT @ss#TqT.  #s  
wy# #s eT]jTT BjT+<T TdTeTH 
XeTT $q&TqT. T&>\ L&q yjTTe  
eT]jTT weTT y\Te&TqT. 

@<H #TsTq b+>TqT MTsT >eT+#s? 
sH &j& yjTTe y\Te&T e\q  
sT>TT+~. 

~ es #~$qejT  skjTq 
#sjT+<T ]> k<sD |]o\q\>TqT. |q 
#]+q eTT qT+& skjT esT\T 
XXyTq esT\jTT eT]jTT = |<s\T 
js>TqjTT eTq dweT>T#Tq~. 

 skjTq #s bZH |<s\qT    
jq\ (Reactants) eT]jTT skjT 
#s |*eTT> @s& |<seTT\qT j 
(Products) \ n+<TsT.  

|eTT 11.3 d\ HCl  *jT+ s=H{ 
#sH=+<T.

#TsTq b+>T

 eTT 11.3 @s&q &dTq| 
<eDeTT (dTq| )qT|j+ >&\ 
y\yjT (White Washing) e#TqT. *jT+ 
V&&, >* sH &j&T yT\> 
#s ]|, >&\ MT< *jT+ s=H{ jTT 
|\T#{ bsqT @ss#TqT. dTq|  ydq 
s s+&T qT+& eT&T sE\ >&\| 
yTsTdTq *jT+ s=H{ bs @s&TT+~. 
>T]+#Te\dq dsyTq $wjTyTeT+f 
#\TessTT (Marble) skjTq bsT L& 
CaCO3 .

MT \Tk

11.1 skjTq #s\ s\T
nH skjTq #s\T HsTT. y{ eZsD 

#dq sTy n<jTqeTT #jTT eTq  
dT\u+> +&TqT. |<s\T @s& $<H{ 
skjTq#s\T sT |< s>T\T> 
eZ]+#&q$.  

skjTq #s\ $$< s\qT |&T 
#<+.

1. d+j> #s (Combination Reaction)

A B A B
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d+j> #s\ eT]= <VsDeTT\qT 
|&T #]<+. 

• H\ u>TZqT eT+&+#T/ <V+#T  

  C + O 2 → CO2 

• V&HqT eT+&+#T/<V+#T  

2H2 + O2 → 2H2O

2. $j> #s (Decomposition Reaction)

A AB B

AB  nH |<seTT, A eT]jTT B \T> 
$&bT+~. ~ $j>#sqT ddT+~. 

|eTT 11.5 |sY s=H{ >\ |H[qT 
y&#jTT.

|sY 
s=H{

|sY(II) 
&

     CuCO3 → CuO + CO2↑
∆

A,  B  \d AB nH = |<seTTqT 
@ssTdT+~. ~ d+j>#sqT d+# 
dss|eT>TqT.

eTT 11.5

eTT 11.6

•   XuyTq yT^wjT+ ]H eTTqT 
rdT+&.

•    |TsT (Tongs)  ]HqT 
|T+&.

•    ssYqT|j+ >* < 
y& #jT+& (MT  qT+& Mq+ 
<seTT Mg ]HqT +#+&)

•  &<qT d]+#+&.

•   & |H[ <<|  
2 >eTT\ |sY s=H{ b& 
rdT+&.

•  |sY s=H{ s+>TqT >T]+#+&.
•   C\ MT< |H[qT y& #jT+&.
•   y& #dq sTy ]q esTqT   

|]o*+#+&.
|eTT 11.4 eT+&T#Tq yT^wjT+ ]H

Mg ]H

| eTTq+<T, yT^wjT+ H *d 
yT^wjT+ & nH  |<seTTqT @ssTdT+~. 
s+&T  n+H me jqeTT\T *d 
#sH=+~   |<seTT @s&q n+{ 
#sqT d+j> #s (Combination Reaction) 
n+{sT.

2Mg + O2 → 2MgO
eTT 11.3 qT eTs #jT+&.  #s 

L& skjTq d+j> #s  <VsDyT. 
dMTsDeTTqT MTs djT+> sjT& 
|jT+#+&.

|# s+>T qT+& q\{ s+>T es& 
>eT+#+&. |sY s=H{, |sY (II) &T> 
$j>eTT #+<Te\q  sT>TT+~.
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msT| ><TeT s+>T yjTTe (NO2) 
y\Te&TqT >eT+#+&. & Hf{ $j>eTT 
#+~ & &, H{H & & eT]jTT 
H\T> @s&TjT B >\ sDeT>TqT.

| s+&T eTT\ (11.6 eT]jTT 11.7) 
qT+&,   dyTqeTT $&>=& s+&T  
n++f me |<s\qT @ss#TqT eTqeTT 
>eT+#>\eTT. n+{ #sqT $j>#s 
(Decomposition Reaction) n+{sT. 
$j>#s = s <VsD\T:
1. dTq|ssTT $j>eTT

CaCO3 → CaO + CO2↑
∆

2. nyjT+ &yT{ $j>eTT
     (NH4)2Cr2O7 → Cr2O3↑ + N2↑ + 4H2O↑∆

2Pb(NO3)2 → 2PbO + 4NO2↑ + O2↑
∆

A eT]jTT BC eT< skjTq #s ]q|&T 
A nH |<seTT BC qT+& B qT =\+  
AC qT @ss#TqT. B H A n~ #so\qT 
* q< *jTT#Tq~.

3. kqu+X #s

A AB BC C

eTT 11.7

•    | H[ & Hf{qT rdT+&.
•   C\MT< < y& #jT+&.
•  esT\qT >eT+#+&.

MT \Tk

eTT 11.8

•    ;sT 20 $T. |sY d{ 
<eDeTTqT rdT+&.  

•   qT|N\qT ;sT +#+&.
•   = sE\T n> +#+&.
•  qT|N\ eT]jTT |sY d{ <eDeTT\ 

s+>T\qT >eT+#+&.

|sdt 
d{

|sY

|eTT 11.6 qTeTT |sY d{ <eDeTT 
qT+& s kqu+XeTT #+~+#T

|sY 
d{ 

<eDeTT

*s+>T qTq |sY d{ <eDeTT 
|# s+>T esTqT eT]jTT qT|N\ 
><TeT s+>T q&TqT. ~ >T]+#<q 
esT. neH? <? qTeTT, sH n~ 
#so\ >\<  #s <&|s#T#Tq~. 
 eTTq+<T +< *q skjTq #s 
d+u$+#TqT.

Fe + CuSO4 → FeSO4 + Cu
 #s qTeTT, CuSO4 <eDeTT 

qT+& s kqu+XeTT #+~+#TqT. eTT 
11.8 eTs #jT+&. nsTT qT|N\  
<T\T> + & |j+#+&. <eDeTTq  
eT]jTT &MT< m+{ esTqT MTsT 
>eT+#sT? skjTq dMTsDeTT sjT+&.

n~ c> e<, nyjT+ &yT{ 
=+<s> $j>eTT #+~ { $]uT 
|# $sT\qT $&T<\ #jTTqT. ~ 
#&& n|seTT qT+& y\T|* 
e#T yjTTe\ e +&TqT. B skjTq 
n|seTT> |\TksT.
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eTs= <VsD
Pb + CuCl2 → PbCl2 + Cu

s < \eD <eDeTT qT+& ddeTT 
kqu+XeTT #+~+#TqT. +  ddeTT\qT 
y{ \eD <eDeTT\ qT+& |sY kqu+XeTT 
#+~+#>\<? <T. m+<Tq> + eT]jTT 
ddeTT\ H |sY, e #so\qT 
*Ze+T+~.  

n~ #so\ >\ eT\eTT, e 
#so\ >\ eT\eTTqT < dyTqeTT 
qT+& kqu+XeTT #+~+#TqT kqu+X #s 
(Displacement Reaction) n+<TsT.
4. <+< $j> #s (<+< kqu+X #s) 

(Double Displacement Reaction)

AB eT]jTT CD eT< #s jq\T 
s+& $&bsTT, njqT\ |q]sDeTT <s 
AD eT]jTT CB \qT @ss#TqT.

|eTT 11.7 u]jT+ d{ @s&T

{ s>,  \{ |<seTT @s&TqT 
MTsT >eT+#e#T. @s&q s> |<seTTqT 
ne|eTT (Precipitate) n+{sT. ne|eTTqT 
@ss# @<H #sqT ne| #s (Precipitation 
Reaction) n+{sT. SO4

2-  eT]jTT Ba2+ 
njqT\ eT< ]q #s e\qH u]jT+ d{ 
nH \{ ne|+ @s&q~. k&jT+ s& nH 
eTs= |<s+ L& @s&q~.

Na2SO4 + BaCl2 → BaSO4↓ + 2NaCl 

<+< $j> #s =s eTT 11.2qT 
eTs #jT+&. djT+> MTs dMTsDeTT 
yjT& |jT+#+&.  

s+&T jq\ eT< skjT #s ] 
y{ njqT\qT e]& #+~+#T=qT e\ 
s+&T $_q jeTT\qT @ss# #sqT 
<+< $j>#s n+{sT.

ys= <VsD
CuSO4 + H2S → CuS↓ + H2SO4

5. sDeTT eT]jTT jTsDeTT
eqe eTqT>& H neds eT\+. 

VseTT  sT rdT+& = sE\bT 
eTqeTT J$+#>\eTT. nsTT, H < 
J$+#eTT. eTq  J$+ <TdT\T s+>T\T 
e&+, <Vq #s\sTTq e+ yjTTe, 
=jT, H\u>TZ eT+&&+, qT| edTe\T T| 
|&eTT yTT<\>T nH <wjTeTT\qT 
#dTH+.  n |jT\T sD`jTsD 
#s nH | s| skjTq #s\>TqT. $<TY 
eT+, V wsD+{ nH b]X$T 
|jT\T sD #s\>TqT.

A AD DB C C B

eTT 11.9

•    |H[ 5 $T. k&jT+ d{ 
<eDeTTqT rdT+&.

•  ys= |H[, 5 $T. u]jT+ 
s& <eDeTTqT rdT+&.

•   s+&T <eD\qT \|+&.
•  MTs$T >eT+#sT?

u]jT+ d{
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|sY (II) &qT s> esT #+~+# 
d+<seTT, |sY (II) & HqT e 
e\q n~ jTsDeTT #+~+< n+{eTT. 
V&H |seDTe HqT b+~q+<Tq n~ 
sD+ #+~+< n+{eTT. eT]jTT $<eTT> 
#b\+f #s  jqeTT sDeTT 
#+~q|&T eT]jTT jqeTT jTsDeTT 
#+<TqT. +{ #s\qT sD`jTsD 
#s\T  jTsD #s\+<TsT.

sDeTT (Oxidation)
H #sT  V&HqT =\+#T 

 m\H(\T) eqT sD #s 
n+<TsT.
2Mg + O2 → 2MgO     (H #sT)
H2S + Br2 → 2HBr + S  
(V&HqT =\+#T)
Fe2+ → Fe3+ + e-       (m\HqT e)
jTsDeTT (Reduction)

V&HqT #sT, HqT =\+#T, 
m\H(\T) b+<TqT jTsD #s n+<TsT.

2Na + H2 → 2NaH    (V&H #sT)

CuO + H2 → Cu + H2O  (HqT =\+#T)

Fe3+ + e- → Fe2+    (m\HqT b+<T)

jTsD #s
sDeTT eT]jTT jTsDeTT @  

\eTT d+u$+# skjT #sqT 
jTsD #s n+<TsT.

 Zn + CuSO4 → Cu + ZnSO4

@< s jTsD #sqT sjT& 
|jT+#+&.

|eTT 11.8 jTsD #s

jTsDeTT

sDeTT

s

|sY (II) 
&

sDeTT eT]jTT jTsDeTT m|& 
 d+<s+ sT>TsTT. n+<Te\q  
#sqT jTsD #s (Redox reaction) 
n+{sT. 

jTsDeTq>
HqT e 
V&HqT b+<T 
m\H(\T) b+<T

sDeTq> 
HqT b+<T
V&HqT e
m\H(\T) e

eTsbe<T
m\HqT eqT sDeTjTT, 

m\HqT b+<TqT jTsDeTjTT 
eTsb+&T LEO, GER nH |<\T  
dVjT|&TsTT.
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 eTq+ H Vs edTe\| sD+ 
$HXs |ue+qT #|qT. =e eT]jTT 
qH *q Vs+qT # d| nf +q 
n~ b&eT+~.

y{ #&T sT eT]jTT ydq n_e~ 
#+<TqT. yd$ \+ |sT>T  EqT 
b&>T dsk<sDyT. qH\T eT]jTT 
=e\T \d+> sD+ #+~ <Tsdq 
>\ dyTqeTT\T> esT #+<TqT.

MT \Tk

6. wy# eT]jTT w>V #s\T
skjT #s\jT+<T n+ k<sDeTT> 

]> esT c> ]> esT.  
\TT &s+{\qT { ]+#Tq|&T 
weTT y\Te&TqT. >CqT eTq H\T | 
+q|&T #\> n|+#TqT.   |jT\+<T 
|]dseTT\qT+& weTT y\Te&T,  
>V+|&T sT>TT+~. n<$<eTT> nH 
skjTq #s\ X  y\Te&T  >V+|&T 
sT>TT+~.
m) wy# #s\T (Exothermic Reactions)

@ #s\+<T weTT y\Te&TH  #s\qT 
wy# #s\+<TsT.

N2 + 3H2 → 2NH3 +  weTT  
<Vq #s\jTT wy# #s. #s 

]> =\~ weTT y\Te&T#T+&TqT.  
_) w>V #s\T (Endothermic Reactions)

@ #s\+<T weTT >V+#&TH    
#s\qT w>V #s\+<TsT.  

2NH3 + weTT → N2 + 3H2

11.2. skjTq #s y>eTT
  (Rate of Chemical Reaction)

|eD\eTT @<H  jq+  
jqeTT jTT >& esTqT skjTq 
#sy>+> s+#e#TqT.

+~ #sqT |]>D+#+&.
A → B 

skjTq #sy>eTT
   
     y>eTT  = 

[A] → jqeTT A` >&
[B] → jqeTT B` >&

# TTD (-) >TsT, \eTT bT A 
>& sT>T<\qT ddT+~. 

# <q (G) >TsT, \eTT bT B 
>& |sT>T<\qT ddT+~.
11.2.1 skjTq #sy>eTTqT |u$eTT 

#d n+XeTT\T
1. jq\ due+ 
 (Nature of the Reactants)

yT^wjT+ ]H, V&] eTeTT  
eT]jTT nd{ eTeTT s+&+{ #sH=+<TqT. 
nsTT nd{ eTeTT +f V& ] 
eTeTT #s y>eTT> sT>TqT. m+<Te\H 
MT *jTTH? V&] eTeTT, nd{ 
eTeTT +f n~ #so\qT * +&TqT. 
jq dueeTT #sy>eTTqT |u$+ 
#jTTq dweTT> *jTT#Tq~.  

     d[A]            d[B] 
  -  ------- =  +  -------
  dt           dt 

eTT 11.10

•  A eT]jTT B nqT s+&T | H[\ 
yT^wjT+ ]HqT rdT+&.

•  | H[ A  V&] eTeTTqT 
\|+&.

•  | H[ B  nd{ eTeTTqT \|+&.
•  s+&T | H[\ esT\qT 

>eT+#+&.
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eTT 11.12
eTT 11.14

•  ;sT A  *jT+ s=H{ b& 
rdT+&.

•  ;sT B  #\Tes eTT\ (*jT+ 
s=H{) qT rdT+&.

•  A eT]jTT B ;sT\ V&] 
eTeTTqT \|+&.

•  esT\qT >eT+#+&.

•  |H[ b{wjT+ s{qT 
rdT+&.

• |H[qT y& #jT+&.
•  @$T sT>TH >eT+#+&.
•  e+>dt &j&qT seTT> 

\|+&.
• esT\qT >eT+#+&.

eTT 11.11

eTT 11.13
•  |H[ A eT]jTT B \ 3 >eTT\ 

+ b& rdT+&.
•  |H[ A  5$T. 1M V&] 

eTeTTqT \|+&.
•  |H[ B  5$T. 2M V&] 

eTeTTqT \|+&.
•  esT\qT >eT+#+&.

•   ;sT 3 >eTT\ #\Tes         
eTT\qT rdT+&.

•  5 $T. 1M V&] e \|+&.
• esT\qT >eT+#+&.
• ;sTqT y& #jT+&.
• esT\qT >eT+#+&.

2.  jq\ >& 
 (Concentration of the Reactants) 

+ b&, 1M V&] eTeTT eT]jTT 
2M V&] eTeTT s+&+{ #s 
]|q|&T, |H[ A  +f  |H[  
B  qT+& y\Te&T V&H yjTTe jTT 
y>eTT n~eTT>qT+&TqT. 2M V&] 
eTeTT, 1M V&] eTeTT +f me 
>&qT *Z +&TjT B >\ sDeT>TqT. 
qT, jq\ >& |]q|&T, #sy>eTT 
L& |sT>Tq *jTT#Tq~.
3. jq\ |]\ yX\eTT 
 (Surface Area of the Reactants)

#\Tes eTT\ +f *jT+ s=H{ 
b& ]eTT> V&] eTeTT 
#ssT|qT. B sDyT$T?  

*jT+ s=H{ b& |]\ yX\eTT 
me> +&T e\q #s ]>q 

sT>TT+~. BqT+& |]\ yX\eTT 
n~eTsTTq|&T #sy>eTT L& n~eT>Tq 
eTq *jTT#Tq~.
4. c> (Temperature)

>~ c> e<, #\Te s eTT\+<Tq 
*jT+ s=H{, V&] eTeTT 
<q+> #sH=+~ HeT~> sH &j& 
yjTTeqT y\Te]+#TqT. nsTT, y&#dq|&T 
sH &j& yjTTe ]>q  
y\Te&TqT. B {, c> |sT>T<\ 
uT #sy>eTT L& |sT>Tq \TdTq~.

5. seTT (Catalyst)

b{wjT+ s{qT y&#dq|&T, H 
yjTTe HeT~> y\Te&TqT. , jq\ 
e+>dt&j&qT *|q|&T, H n+ 
y>+> y\Te&TqT. e+>dt &j& 
seTT> |#jTTqT eT]jTT #sy>eTTqT 
|u$eTT #jTTq *jTT#Tq~.
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eTeTT\T, seTT\T eT]jTT \eDeTT\T

<esqT eT]jTT d+|Tq+qT esT 
#+<+& skjTq #s y> eyT esT 
#+~+#>\ |<seTTqT seTT n n+<TsT.

MT \Tk

 seT: eT, e n\dbsTTqT 
q&TTHe.  C eTsk 
>T.

eT\: e<T, ~ |\{ sT *jTT+~.

seT: n~ m+<Te\ |\> +<  
*jTTH?

eT\: $T+#T, < >T]+ H$T 
*jT<T.

seT: n+<T eTeTT +&T e\ n~ 
|\> +T+~. ds, B >T]+ 
eTq+ HsT+<+.

eTq J$eTT nH e\T, s\T     
eT]jTT \eD\T |j+#&TTq$. |+& 
sdeTT  &s+{  Ww<eTT e#TqT. n$ 
eTq J$eTT \ beVksTT. eTq 
JsXjT+ d$+#& V&] eTeTT eTq 
<V Je #s\ m+>H &&TqT.
11.3 eTeTT\T

{ ]q|&T H+ njqT  H3O
+ 

njqT # |<s eTeT+{sT. eTeTT 

{  me kqu+XeTT #+~+#>\ 
V&H |seDTe\qT *jTT+T+~.

nd&dt nH {H |<eTT qT+& eTeTT 
qyTq~. nd&dt nq> |\{ sT n 
nseTT. |\{ sT >\ |<s\T eTeTT\T. 
eTsd+, $>sY, <sd+ yTT<\>Tq$ |\{ 
sT *ZjTTq+<Tq n$ eT dueeTTqT 
*ZjTT+&TqT. n$ * *dt +qT msT| 
s+>T> esTqT.

n$ |H|*H s+>Tee eT]jTT $T< 
s+C >T_ s+>T#TqT. dV+> Vs 
|<s\ # d+~jT e\T +{sTT.

|eTT 11.9 eT <eDeTT * *dt 
+qT msT|> esTqT.

* *dt 
eTT

11.3.1  e\ eZsD 
1. y{ eT<s|s+> (Based on Their Sources)

e\qT s+&T s\T> eZ]+#e#TqT. 
n$ d+~jT e\T eT]jTT nd+~jT e\T.
d+~jT e\T (Organic Acids)

yTT\T eT]jTT +Te\ (dJe\T) q 
e\qT d+~jT e\+<TsT. <: HCOOH, 

CH3COOH (\Vq e\T).
nd+~jT e\T (Inorganic Acids)

s eT]jTT KeTT\ q e\qT 
nd+~jT e\T  KCe\T n+<TsT.  
< HCl, HNO3, H2SO4 (\yTq e\T)

keTV eTT
•   <jT+ qT+& kjT+eTT es MT 

<>Zs ]> @< 10 skjT  
esT\qT |]o*+ y{ eZ]+#+&.

•   nyjT+&yT{qT |j+ 
n|s jsT#jT+&. (X+ 
L&q)

•    e+ k&qT|j+ n|s 
jsT#jT+&. (X+>)
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2.  y{ seTT <seTT>
@ seTeTT (Monobasic Acid):eT 
<eD+ | eT| nDTe qT+&  V&H 
njH eyT y\Te&TT+~. < HCl, HNO3

~seTeTT (Dibasic Acid):eT <eD+ 
| eT| nDTe qT+& s+&T V&H njH\T 
eyT y\Te&TsTT.  < H2SO4, H2CO3

seTeTT (Tribasic Acid):eT <eD+ 
| eT| nDTe qT+& eT&T V&H njH\T 
eyT y\Te&TsTT.  < H3PO4

3. njTsD <s+> (Based on ionisation)

njTsD+ <s+> e\qT s+&T 
$<\T> eZ]+#e#TqT.
\yTq e\T (Strong Acids)

{ d+|Ps+> njTsD+ #+< 
eTeTT\T. < HCl
\Vq e\T (Weak Acids)

{ b+> eyT njTsD+#+< 
eTeTT\T. < CH3COOH
4. >& <seTT> (Based on Concentration)

@<H eTeTT { ]> y<TqT  
X { e\qT >& e\T eT]jTT d\ 
eTeTT\ eZ]+#e#TqT.
>& eTeTT (Concentrated Acid)

\ <eD+, n~ eTX *q 
e >& eTeTT n+{sT.
d\ eTeTT (Dilute Acid)

\ <eDeTT e eTX *q 
e d\ eTeTT n+{sT.

eT<s+ \_+# eTeTT
| e* eTeTT

eT d{ eTeTT

< {s] eTeTT

yT{ * eTeTT

$>sY  (food 
preservative)

nd{ eTeTT

|sT>T  eTeTT

MT \Tk

MT \Tk 11.3.2 e\ skjT <seTT\T
1. VeTT\ #s

+, d\ V&] eTeTT #sH=+~ 
+ s&T eT]jTT V&H yjTTe @s&TqT 
>T]+#+&.
 Zn  +  2HCl  → ZnCl2  +  H2↑

 eT+&T#Tq =y=, V&H yjTTe 
*q T&>\ <>Zs rdT= eq|&T, C\ 

{ uT @<H >& e 
*||&T # C>> +&*. yTT< 
{ rdT= < <qeTT> e 
=~=~> #s*. y yTT<{ >& 
eTeTT rdT= < { #]q, |< 
yTT+ w+ y\Te& #s+ * <s 
>j\esTT. bqT+& eT <eDeTT 
jT y<\&TqT.

e\ >T]+ e{&|&T eTq+ s+ 
nH |< |jk+.  eT nDTe 
kqu+XeTT #+~+#>\ V&H\T m 
+{j  d+KH eTeTT jTT s+ 
n+{sT. <VsD, nd{ eT+ H\T>T 
V&H |seDTe\T q|{, n+<T  
< eyT kqu+XeTT #+~+#>\eTT. 
n+<Te\H < @ seTeT+{sT.
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|teTqT X+ ]bT+~. VeTT d\ 
eTeTT qT+& V&HqT kqu+XeTT 
#+~+q< <M]+#&q~. (V&H 
yjTTe |teTqT X+ eT+&TqT). 
VeTT G eTeTT → \eDeTT G V&H

eT]jTT <VsD
       Mg  +  H2SO4  →  MgSO4  +  H2↑

eTT 11.15

eTT 11.16
•   |H[ 5 >eTT\ +         
sDTe\qT rdT+&.

•  ~d >sT <s 10 $T. d\ 
V&] eTeTTqT #s+&.

•  #s|&T MTs$T |]o*+#sT?

•   s+&T |H[\qT rdT= y{ I  
eT]jTT II n >T]+#+&.

•   |H[ I  =~> #* k& 
(Na2CO3) qT eT]jTT |H[ II 
 =~> e+ k& (NaHCO3) qT 
rdT+&.

•   s+&T |H[\q V&] 
eTeTTqT \|+&.

• MTs$T >eT+#sT?
•  | d+<seTTq y\Te&q yjTTeqT, 

dTq| { [Ca(OH)2] <eDeTT >T+& 
|+| MT |]o\q\qT qy<T #jT+&.|eTT 11.10 d\ HCl  + sDTe\T 

#sH=+<T

d\
HCl

V&H yjTTe

dT 
<eDeTT+ sDTe\T

MT \Tk

2. eTeTT\ V s=H{ eT]jTT V 
u s=H{\ #s

|eTT 11.11 sH &j&qT 
|+#T

dTq| sT

#* 
k&

d\
HCl

|H[ I
Na2CO3 + 2 HCl → 2 NaCl + H2O + CO2↑
|H[ II
NaHCO3 + HCl → NaCl + H2O + CO2↑

sH &j& yjTTeqT dTq| { >T+& 
|+|q|&T n~ dTq| { b\e esTqT.

Ca(OH)2 + CO2 → CaCO3 + H2O                                       
            (b\e+{)

•  = V\T e\ #s ]|, V&H 
yjTTeqT y\Te]+#e. 

 <:  Cu, Ag.
•  dTq|ssTT, dT<eTT, #\Tes eTT\T 

yTT<\>Tq$ *jT+ s=H{ jTT 
yssT us|eTT\T. ~ eTeTT\ 
#s]| \eD, sH &j&qT  
eT]jTT { #TqT.
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| eTT qT+& #sqT +~ $<eTT> 
d+>V+ yjT>\+. 
 V s=H{  V u s=H{ G eT+ → 
\eD+ G sT G sH & & 
s <VsD\T
MgCO3 + 2 HCl → MgCl2 + H2O + CO2

↑

Mg(HCO3) 2 + 2 HCl → MgCl2 + 2H2O + 2CO2
↑

V s=HT, V u s=HT seTT\T. 
qT n$ eTeTT\ #s ]| \eDeTT, { 
@ss#&+ bT sH &j& yjTTeqT 
L& y\Te]+#TqT.

MT \Tk

3. eTeTT\ V &\ #s

•  >E |\ <<| 2 >eTT\        
|sY (II) &qT rdT+&. <q+> 
d\ V&] eTeTTqT \|+&.

•  \eD| s+>TqT >T]+#+&.
•  |sY (II) & ]q es$T{?

d\ HCl

CuCl2CuO

|eTT 11.12 d\ V&] eTeTT 
|sY (II) & #s

 #s, |sY (II) s& @s&&eTT#        
q\T| s+>T qT+& |# s+>T                  
e]q~. V &T\T seTT\T qT, n$ 
eTeTT #s ]| \eDeTT eT]jTT {  
@ss#TqT.  

CuO + 2HCl → CuCl2 + H2O

| eTT qT+&
V & G eTeTT → \eDeTT G sT

n s]+#e#TqT.
eTs= <VsD

CaO + 2HCl → CaCl2 + H2O
4. { eTeTT\ #s

eTeTT, { V&H njH\#TqT.
HCl + H2O → H3O

+ + Cl- 
V&H njqT +]> +&e. nsTT 

n$ { V&jT+ (H3O
+) njq s|+ 

+{sTT. sT qsTT, eTeTT qT+& V&H 
njqT\qT ysT|s#T M\T<T.
11.3.3 eTeTT\ |j>\T (Uses of 

Acids)
1. sT u\qT eT]jTT mH s 

dyTqeTT\ j\qT d\] eTeTT 
(skjTH\ sE)qT |jksT.

2. eekjT+ msTe> |j+# 
nyjT+ Hf{ j H{ eTeTT 
|j>|&TT+~.

3. eTsT>T<=&qT XueTT #jTT <eDeTT> 
V&] eTeTTqT |jksT.

4. u+> b& $TXeT |<s+> {s] 
eTeTTqT |jksT.

5. Vs \jTT+#T u+CsTT 
eT| (k&jT+ u+CjT{) \eDeTT 
|j>|&TqT.

6. k& bjTeTT\ s eTeTTqT 
|jksT.

MT \Tk

d\]eTeTT L&q <yTq \{  
eT]jTT |dT| es| yT|\T >\ yesD+ 
X>VeTT neT]jTT+&TqT.  >VeTT| 
JesX\T ed+#>\y?

eTT 11.17
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11.4 seTT\T (Bases)
V&& njqT { ]q|&T  

s+ nH |<s+ y\Te&TqT. B sT #<T> 
+&TqT. q|&T dTe CsT&T \D+ * 
(<: #*k&, d k& eT]jTT d 
b{wt) +T+~. $ ms*dtqT * s+>T 
esTqT. $ |H|H >T; s+>TqT, $T< 
s+C |dT| s+>TqT ksTT.

|eTT 11.13 s\T ms*dt eTTqT * 
s+>T esT

11.4.1 s\ eZsD 

1. njTsD+ <s+> 
\yTq s\T:  \ <eD+ d+|Ps+> 
njTsD+ #+< s*$. < NaOH, KOH.
\Vq s\T:\ <eD+ b+> 
njTsD+ #+< s*$.< NH4OH, 
Ca(OH)2 

2.  y{ eT+ <s+>
@eT seTT (Monoacidic Base):| 
s| nDTe { njTsD+ 
#+~   V& njHqT #TqT.  
<: NaOH, KOH
~ eTseTT (Diacidic Base): | s| 
nDTe { njTsD+ #+~  s+&T V&  
njH\qT #TqT. <: Ca(OH)2, Mg(OH)2

3.  >& <s+> (Based on the      
Concentration)

@<H seTT { ]> y<TqT { 
 X { s\qT >& seTT\T eT]jTT 
d\ seTT\ eZ]+#e#TqT.
>& seTT (Concentrated Alkali)

\ <eD+ n~ sX *q 
s >& seT+{sT. 
d\ seTT (Dilute Alkali)

\ <eD+ e sX *q 
s d\ seTT n+{sT.

ms*dt +

MT \Tk

11.4.2 seTT\ skjT <seTT\T
1. VeTT\ #s

+, k&jT+ V&& #sH=+~ 
k&jT++{qT @ss#T bT V&H 
yjTTeqT L& y\Te]+#TqT.

Zn + 2 NaOH → Na2 ZnO2 + H2↑
VeTT G seTT → \eDeTT G V&H  

 eTseTT (Triacidic Base):
| s| nDTe { njTsD+ 
#+~  eT&T V& njH\qT #TqT. 
<: Al(OH)3, Fe(OH)3

{ ]> seTT\qT \\T n+{sT. 
n \\T seTT. nsTT seTT\jT 
\\T e. NaOH eT]jTT KOH \T 
\\T. nsTT Al(OH)3 eT]jTT Zn(OH)2 
seTT\T.

MT \Tk

s|  nDTe +& kqu+X+ 
#+~+#>\ V& deTV\ d+KqT 
seTT jTT eT+ n+{sT.
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|eTT 11.14 V&] eTeTT k&jT+ V&& #sH=+<T

4. seTT\ eTeTT\ #s
| eTT qT+&, eTeTT s |uy s<T 

#d+< >eT+].
NaOH + HCl → NaCl + H2O 

 eTeTT eT]jTT  seTT eT< ]> 
#sqT dsD #s n+{sT.

eTeTT G seTT → \eDeTT G sT
11.4.3 seTT\ |j>eTT\T (Uses of 

Bases)
1.  dT j k&jT+ V&&qT 

|jksT.
2.  ueH\ y\yjT&eTT *jT+ V&&qT 

|jksT.
3.  <s deTd\ y& Ww<eTT j 

yT^wjT+ V&&qT |jksT.
4.   <TdT\ MT<>\ ^E eTs\qT =\+#T 

nyjT+ V&&qT |jksT.

eT]jTT <VsD
2 Al + 2 NaOH + 2 H2O → 2 NaAlO2 + 3 H2↑
2. nV &\ #s

k&jT+ V&&, sH &j& 
#sH=+~ k&jT+ s=H{qT eT]jTT { 
#TqT.

2NaOH + CO2 → Na2CO3 + H2O
| #sqT { 

nV & G seTT → \eDeTT G sT
n s]+#e#TqT.

eT]jTT <VsD
Ca(OH)2 + CO2 → CaCO3 + H2O

3. { #s
seTT\qT { ]+q|&T V&& 

(OH-) njqqT #TqT.
NaOH  →   Na+   +  OH-

eTT 11.18

MT \Tk

NaOH <eDeTT NaOH <eDeTT  
+  

|H|H

NaOH <eDeTT  
+  

|H|H
+  

HCl  <eDeTT

= VeTT\T k&jT+ V&& 
#sH=+<e. < Cu, Ag, Cr.

•   X+Us| >E | 20MT.\ 0.1N 
k&jT+ V&& <eDeTTqT rdT= 
< = |H|H #T\T \|+&.

• >eT+q s+>T @~?
•  | X+Us >E | 20$T. 

0.1N V&] eT <eDeTTqT 
= #T> \|+&.

•  $TXeTeTT #s @<H s+>T esTqT 
>eT+s?
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 <eD+ V&H njqT >& jTT 

TTDd+esZeqeTTqT pH n+{sT.  <eDeTT 
eTe  se  de n pH $\Te\T 
ssTTksTT. S.P.L. ksHdH nH Xdy pH 

d\TqT |]#jT+ #XsT.                                      

eTT 11.19
•  eTsdeTT, #* k& <eD+, dT <eD+, eT<T bj\qT d]+#+&.
•  2 $T. | <eDeTTqT |H[ rdT= *dt eTT  d |+#+&.
•  ms*dt, * *dt, |H|H eT]jTT $T< s+C\ m+{ s+>TesTqT MTsT >eT+#sT?
• MT |]o\q\qT |{> jsT#jT+&.

e~] <eDeTT ms 
*dt

* 
*dt |H|H $T< 

s+C
eT sdeTT
#* k& <eDeTT
dT <eDeTT
eT<T bj\T

11.5 eTeTT\T eT]jTT s\qT >TssT>T (Identification of Acids and Bases)

d\ V&] eTeTT, d\ d\] 
eTeTT, k&jT+ V&& <eDeTT  
eT]jTT b{wjT+ V&& <eDeTT\ n< 
eTTqT eTs #jT+&.

d
eTeTT 

s+>T
seTT 

s+>T

*dt msT| *

|H|H s+>T <T >T_

$T< s+C msT| |dT|

B >D s|eTT, pH = -log10 [H
+] 

n sjTe#TqT.

d <eD\ [H+] = 10–7M; pH = 7 

eT <eD\ [H+] > 10–7M ; pH < 7 

s <eD\  [H+] < 10–7M  pH > 7 

OH– njqT\qT |]>D rdT=q|&T 
pH  <T\T> pOH qT y&TsT.

  pOH = -log10 [OH-]

0  1  2  3  4  5  6  7  8  9  10 11  12  13 14

14   13  12   11   10     9    8      7    6     5    4     3     2    1     0

s dueeTT |sT>TqTeTdueTT |sT>TqT
deTT

pH

pOH
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deTd\T
1. <eD+ V&H njqT >& 

0.001M. <eD+ pH $\Te m+?
yT

pH = – log10 [H
+]

pH = – log10 (0.001)
pH = – log10 (10-3)
     = – (–3) log10 10

     pH = 3               

2. <eD+ V&H njqT >&                    
1.0 x 10-9 M. <eD+ pH $\Te m+? e&q 
<eD+ eTe, se n *jTCjT+&.
yT

pH = – log10 [H
+]

pH = – log10 (1.0 x 10-9 )
pH = – (log101.0 + log1010-9 ) [ log10 1 = 0]   

         = – (0–9 log10 10)
pH = – (0 – 9) = 9
pH = 9     
n+f pH > 7. qT e&q <eDeTT 

seTT.
3. <eD+ V& njH >& 

0.001M. <eD+ pH $\Te m+?
yT

pOH = –log10[OH–] 
pOH = –log10 (10–3)
pOH = 3
   pH = 14 – pOH
   pH = 14 – 3 = 11
 4. <eD+ V& njqT >&               
1.0 x 10–9 M. <eD+ pH $\Te m+?   

yT
    pOH = –log10[OH–] 
    pOH = –log10 (1.0 x 10-9)

pOH = 9
   pH = 14 – pOH

       pH = 14 – 9 = 5     

11.6.1 pH eTT
k<sD+> pH eTTqT|j+ bsX\ 

|j>X\ pH qT =\TksT. pH + = 
d\ $TXeTeTT. = <eD\ pH $\Te\T 
+~ |{ e&jTTq$. yTT+ pH y|   
(0 ` 14).  BqT|j+  pH $\Te\uT 
s+>T esT\qT L& >eT+#e#TqT.

pH + pOH = 14 

pH = 14 – pOH 

pH = – log10 [H
+]

pH =   log10  

[H+] = 10- pH

<eDeTT  pH- dTesT>
eT sd+ 2.2 – 2.4

y{ sd+ 4.1

| 4.4 - 5.5

eqe \eTT 6.5 - 7.5

+{ +& nyj 12.0

1
H+

[H+] = 1 x 10-7 ; pH = 7

[H+] = 1 x 10-2 ; pH = 2

[H+] = 1 x 10-14 ; pH = 14

|eTT 11.15 pH eTT
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eTT 11.20

•  eTsd+, s+C sd+, 1M NaOH,1M HCl, d#yTq sT eT]jTT $>sY (Vinegar) 
\qT rdT+&.

•  <eD\ pH eTTqT eTT+#+&.
• esT\qT |]o*+#+&.

e.d+K  e~] (eT#T)
  pH | 

s+>T
pH- $\Te |<s dueeTT

1. eTsd+
2. s+C sd+
3. 1M NaOH

4. 1M HCl

5. d#yTq H2O

6. $>sY

11.6.2 eTq  J$eTT pH beTTK
1. eqe XseTT pH

•  pH $\TeqT|j+ eTq Xs s> 
s]+#e#TqT. pH $\Te 6.9 > +&q, 
eTq <VeTT \TT, <>TZ, |P seTT 
yTT<q y<T\ >T]jT>TqT. pH  
$\Te 5.5 >jTT+&q eTq <VeTT 
qsY DeTT\T e~ #+<T 
nqTL\+> +&TqT. 

• k<sD+> s>e+yTq eqe 
#seTT jTT pH $\Te 4.5 qT+& 6 es 
+T+~.  s><V pH $\Te 
# eTTKyTq~. 

• �eTq JsXjT+ d$+# <e+ jTT pH 
$\Te 2.0 Vs Js  <eeTT # 
nedseTT.

• �eqe s| pH $\Te 7.35 qT+& 
7.45 es +&TqT.  $\Te @<H 
|sT>T<\  sT>T<\ *q# y<T\T 
\T>TsTT. seTT <s pH $\Te 7.4> 
+&TqT.

• \+ jTT pH $\Te 6.5 qT+& 7.5 
eT< +T+~.

• eTq <+eTT\ mH$T e#eTT *jT+ 
bd{ #jT& n+ >{> +&TqT. 
(eTq <VeTT u>eTT\+{ +f n 
>{ u>eTT) H{ pH $\Te 5.5 +f 
e>jTTq mH$T V]+#&TqT. 
k<sD+> y& Y|dt\T sdue+ 
*jTT+& <+\qT XueTT #jTTqT. 
n~ eTeTTqT d]+ <+eTT\T 
$q+ +& b&TqT.

2. eT jTT pH

eekjT+ eT{ jTT pH # eTTKyTq~. 
ddt |\ eeTT\ k>T seT, e]k>T 
eTeT, #s k>T d eT neds+.

3. es| { pH

es| { pH $\Te <<| 7 > +&TqT. 
~, es| { d dueeTTqT eT]jTT 
d#qT *jTCdT+~. es| sT SO2     
eT]jTT NO2 \# \TweTT #+~q|&T eTes+ 
d+u$+ pH $\Te 7 +f ZbeqT.
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11.7 \eDeTT (Salt)
\eDeT+fH y| yd  \ |<seT 

eTq >TsT=dT+~. nsTT, n~ k<sD \eD+ 
eyT. |\T $<\T> \eD |jdTHsT. 
e\T, s\T #sH=+~ \eD\T  
nesTT. \eD\qT { ]+q|&T <q 
njqT eT]jTT TTD njqT esTT.

11.7.1 \eD\ s\T (Classification of 
Salts)

1. k<sD \eD\T (Normal Salts)
 e d+|Ps+>  s+ 

d]+q|&T  k<sD \eD+ 
jseT+~.

NaOH + HCl → NaCl + H2O

2. eT \eD\T (Acid Salts)
 eTeTTq+<* V&H njqqT  

VeTT b+> kqu+XeTT #+~+q|&T 
eT\eD\T  nesTT.  VQs 
e, +q <es >\  s+ 
b+> d]+q|&T  eT\eD\T  
nesTT. <VsD

NaOH + H2SO4 → NaHSO4 + H2O

3. s\eD\T (Basic Salts)
 ~ eT|   eT| seTTq+<* 

V&& njqqT,  eT s& b+> 
kqu+XeTT #+~+q|&T s \eD\T 
jsesTT.

 s\eD+ eTs eT+ #sH=+~  
k<sD \eD+> esT #+<TqT.

Pb(OH)2 + HCl → Pb(OH)Cl + H2O
~ eT seTT  s \eDeTT
4. <+< \eD\T (Double Salts)

s+&T k<sD \eD\ d+| <eD* 
deTysY w rdT= {> #] @s&q 
<eD d{]+q|&T <+<\eD\T 
@s&TsTT.  

<: b{wt \+
11.7.2 \eD\ |j>\T (Uses of Salts)

k<sD \eD+ (NaCl)
~ eTq nqT+ Vs+q eT]jTT 

Vs \jTT+#Tq |j>|&TT+~.

#* k& ( Na2CO3) (Washing Soda)
1. ]q  eT<T \+> es& 

|j>|&TT+~.
2. >V b\qT Xu+#jTT 

|j>|&TT+~.

e+k& (NaHCO3) (Baking Soda)
1. ~ u+> b&sY jsT#jTT 

|j>|&TT+~. u+>b&sY nH~ e+k& 
eT]jTT {s] eTeTT\ $TXeTeTT. ~  
\qT eT]jTT s=f\qT eT<Te> #dT+~.

2. ~ +{d& (eTes) j 
y&&  |<s+. ~ JsXjT+ n~ 
e  d]dT+~.

$s+q #s+ (CaOCl2) (Bleaching 
Powder)

1. ~, >T{ u]j\qT q+| 
CjTT |j>|&TT+~.

2. ~, | eT]jTT *HH ek\qT 
$s+q+ #jT& |j>|&TT+~.

bdsY |t b]dt (CaSO4.½H2O)
B $]q meTT\T nTq, $>V\ 

jqT |jksT.

keTV eTT
|j>X\ +< *q \eD\qT 

jsT#jT+&.
1. k&jT+ s&
2. b{wt \+
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e~] eT+qeTT
u>eTT ` n

1.  Zn +2 HCl → ZnCl2+ H2↑

  #s  ____________ #s <VsDeT>TqT.

 i) d+j> #s     ii) <+< kqu+X #s

 iii) kqu+X #s     iv) $j> #s

2.  msT| ><TeT s+>T >\ eT\eTT ‘X’ qT >* y&#dq|&T, q\T| s+>T dyTqeTT ‘Y’ > 
esT#+~q~. X eT]jTT Y \T _______ eT]jTT  _______ (Cu, CuO / Pb, PbO).

 3.   $<] pH eTTqT |j+ d#yTq { pHqT |+#qT. n~ |# s+>TqT 
#|q~. { eTsdeTTqT *|q sTy pH eTTqT |j+ #dq|&T nqT 
m+{ s+>TqT >eT+#>\&T? ( |#/msT|/|dT|)

4.  skjTq n|s+  _______ #s <VsDeT>TqT. (d+j>#s/$j>#s)

5.  & Hf{ d{eTT\qT u>T> y& #dq|&T y\Te& yjTTe _______ eT]jTT _______ 
s+>T +&TqT.

6.  d\sY Hf{ eT]jTT d\sY s& \ <eDeTT\qT *|q y+H @s& ne|eTT _______ 
s+>T +T+~. (\T|/|dT|/msT|)

 7.  + d{ \ <eDeTT qT+& n\$TjT+ V+ + V kqu+XeTT #+~+#TqT. 
(+, n\$TjT+ +f me #so\qT *Z +T+~/n\$TjT+, + +f me 
#so\qT *Z +T+~)

8.  <+ j s~+#T eTq+ <+\qT eT+> Xu+ #dT+&*. k<sD+> |j+# 
Y|dt _______  duy * +T+~.

9.  md{eTeTT $>sY \<T. |sT>T e+& eTeTT _______ ( eTeTT/ {s] eTeTT)

10. pH = - log10 [H+]. 0.001M V&H njH >& >\ <eD| pH $\Te _______          
(3 / 11 / 14)

u>eTT ` 
1.   (i) dTq| ssTT y&#dq|&T  eT]jTT

 (ii)  yT^wjT+ ]HqT >* eT+&+q|&T @ s| skjTq #s\T sT>TsTT?
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2.  MT u> *dq = |<s\ pH $\Te\T +< e&q$.

|<seTT pH $\Te

seTT 7.4
e+k& 8.2
$>sY 2.5
+{|\ |j+#T nyj 12

 |{ <+XeTTqT $Xw+ +~ |X\ de<H*e+&.
 i)  @ |<seTT eT duy *Ze+~?
 ii)  @ |<seTT sdue+qT *Ze+~?
3.  |sY d{ <eD+ qT|N\qT +q|&T < s+>T m+<Te\ e]+~? MT de<H 

HjT|s#+&.
4.   <eD| V& njH >& 1.0 x 10-8 M nsTT  <eD| pH $\Te m+?
5.      deq b&e >\ yT^wjT+ ]qqT |H[ A eT]jTT B \ rdT+&. |H[ A  

V&] e \|+&. |H[ B  md{ e \|+&. rdT&q s+&T e\ 
|Tq|]eD\T eT]jTT >&\T deq+> jTTq$. @ |H[ #s =+<s> sT>TT+~? 
m+<Te\q?

6.   ‘A’  eT]jTT ‘B’  nqT s+&T ;sT\ eTeTT rdT&q~. ‘A’   eTeTT { b+> 
$j>+ #+~q~. ‘B’   eTeTT |P]> $j>+ #+~q~.
i) ‘A’  eT]jTT ‘B’  \ eTeTT\ \Vq eT]jTT \yTq eTeTT\T @y$?
ii) \Vq eTeTT nq>H$T?
iii) \yTq eTeTT nq>H$T?
iv) \Vq eTeTT eT]jTT \yTq eTeTT\  <VsDeTT yjTTeTT.

7.   e&q skjT esTqT >eT+ +~ |X\ de<qeTT*eTT.

*jT+ &

CO2         

HCl             
CaCO3

Ca(OH)2D

    A
B

C

i)  ‘A’ eT]jTT ‘B’ \qT qT>=q+&.
ii)  *jT+ V&& jTT yD HeTeTTqT \T|eTT.
iii)  *jT+ & HCl  qT #s >T]$+q|&T @s&T qeTT ‘C’  qT >T]+#TeTT.
iv)  *jT+ & eTe  se? \T|eTT.
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8.   | H[ |sY Hf{qT rdT= C\ y& #jTTeTT.
i) L| Hf{ jTT s+>TqT \T|eTT.
ii) e @$T >eT+$?
iii)  #s jTT seTTqT \T|eTT.
iv) deTT\yTq skjTq dMTsDeTTqT yjTTeTT.

9.  d] |e#H >T]+ < d] #jTTeTT.
i) VseTTqT u<|s#T k&jT+ u+CjT{qT |jksT.
ii) eekjT+ H{eTeTTqT msTe> |j+#&+ <T.
iii) skjTqeTT\ sE n d\]eTeTTqT |\TksT.
iv) eTeTT jTT P H $\Te 7 H me> +T+~.
v) yjTT|P] bjTeTT\ nd{eTeTTqT |j+#<sT.

10.   jTsD #s\jT+<T m\H ~ sT>TqT. & yT^wjT+ |seDTe s+&T m\qqT, 
s+&T ]H |seDTe\ ={ #=|q ~ #jTTqT.
  i)  #s @s&T qeTT @~?
 ii)  #s deTT\ skjTq #sqT yjTTeTT.
iii) ]+#&T eT\eTT @~?
iv) sT]+#&T eT\eTT @~?

  v)  eT\eTT jTT sTsD #sqT yjTTeTT.
11. +< e&q | |]o\q   sDeTTqT d+#TeTT.

  i) uDd+# yT^wjT+ ]HqT +& yT^wjT+ b& |j+#<sT.
 ii)  + eT]jTT d\ H2SO4  = #T\ |sY d{ <eDeTTqT #]q #s =+<s> 

sT>TqT.
iii)  yT^wjT+ s=H{ eT]jTT d\ V& ]eTeTT\ eT< ]> skjTq #s $TXe 

=+ >& HCl qT #]q #s y>e+eT>TqT.
12. k&jT+ V&& V&]eTeTT  +~ $<+> #sH=+<TqT.

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

   i)  skjTq #s jTT seTT @~?
  ii) ~  wy# #s. $e]+#TeTT.
 iii) wy# #s eT]jTT w>V #s eT< >\ u<eTT$?
 iv) skjTqeTT\T #sH=+~q|&T <eDeTT jTT c> esT +T+<? 

13.  s+&T X+Us| >E |\qT rdT=qTeTT. y{ I  eT]jTT II n >T]+#TeTT. =+ |sY 
d{ <eDeTTqT yTT< X+Us| >E | rdT=qTeTT. =+ + b& s+&e 
X+Us| >E | rdT=qTeTT. |sY d{ <eDeTTqT + #s >T] #jTTeTT.
i)  skjTq #s jTT seTTqT \T|eTT.
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ii)  V| + nqTq~ \yTq <q$<T<e  \Vq <q$<T<e? $e]+#TeTT.
iii) |P] #s deTT\ skjTq dMTsD yjTTeTT.
iv) ~ ~> es? n~> es? \T|eTT. 

14. +~ |{ H\T>T \Te esTd\qT |sT#TeTT.   
dyTqeTT skjT deTT skjT HeTeTT |j>eTT

1. \ k& CaOCl2 *jT+ d{  
V$T V&{

$>V\ j

2.  e+k& Na2CO3 k&jT+ u s=H{ ]q \eTTqT eT<T 
\eTT> esT

3. ;+> b&sY 
($s+q #seTT)

CaSO4 . ½ H2O k&jT+ s=H{ s=f\ j 

4. bdsY |t b]dt NaHCO3 *jT+  s& $s+qeTT  #jTT

15.  & <[ |sY s& <eDeTT #]q|&T kqu+X #s d+u$+ |Tq d |sY 
@s&TqT.
i) #s skjTq dMTsDeTTqT yjTTeTT.
ii)  kqu+X #s m+<T d+u$+#TqT?

16.  + eT]jTT |sY (II) d{\qT *| y& #dq|&T  +~ jTsD #s d+u$+#TqT.
Zn    + CuSO4     ZnSO4 + Cu 
(s)         (aq)                (aq)       (s)

i)  jTsD nqT |<eTT < ddT+~?
ii)   #s m\qT\T m ~ #+<H \T|eTT.
iii) jTsD #s jTT nj dMTsDeTTqT yjTTeTT.

17.   skjTq #s ]>|&T, @<H  |<seTT HqT b+~q n~ sDeTT #+<qT 
njT eT]jTT n~ HqT sTTq jTsDeTT #+<qT njT n+<TsT. eq,  
|<seTT sDeTT #+~q eT]jTT{ jTsDeTT #+<TqT.  #qqT |j+  
+< e&q skjTq #s @ |<seTT sDeTT #+<qT eT]jTT @ |<seTT jTsDeTT 
#+<qT n \T|eTT. 

i) Mg   + O2     2MgO
    (s)       (g)                 (s) 
ii) ZnO   + C    Zn    + CO 
iii) Fe2 O3   + 3CO    2Fe  +  3 CO2

iv) Cr2O3  +  2Al     2Cr  + Al2O3    
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18.  <eD| V&H njH >& 1 X 10 -8 M
i) <eDeTT jTT pH  m+?
ii) <eDeTT jTT pOH  m+?
iii) e&q <eDeTT eTe  se? s]+#TeTT.

deTV\T> @s& #]+#+&
1.  d\sY Hf{ eT]jTT b{wjT+ uyT& <eDeTT\qT *|q|&T  |dT| s+>T >\ ne|eTT 

@s&TqT.
       #s jTT nj dMTsDeTT Ag+  +  Br -  AgBr

 i)    a)   |dT| s+>T ne|eTT jTT |s$T?
       b) ~ sT>TH?  s><?
ii)  d\sY uyT& jTT ne| #s jTsD #s n>TH? <?  de<qeTTqT 

$e]+#TeTT.
iii)  syTq #sqT @eT+<TsT?

FURTHER REFERENCE

Books: 1. Text book of Inorganic Chemistry–P.L. Soni- S.Chand & sons publishers,  
New Delhi.

   2.  Principles of Physical Chemistry –B.R.Puri, L.R.Sharma, Vishal Publishing Co, 
Punjab.

          3. Complete Chemistry(IGCSE) - Oxford University press, New York

Webliography:  www.chem4kids.com  http://arvindguptatoys.com/films.html
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MTs|&H >+<\j ys?  
>+<\jT+ =y\ |d\T+{sTT. MTsT 
dsk<sD+> @<H |d n& < 
|{ MT #T # w+. nsTT, MTsT  
 |d >Ts] e&+ # dT\u+. ~ 
m k<eTeT+~? |d\qT esZ\T> eT]jTT 
|esZ\T> $u+jTT+{sT. y{ y{ ns\     
|d\qT |]jTT+{sT. n+<Te\ |d\qT 
y&+ # dT\u+. 

|{ es 118 eT\\qT 
qT>=jTTHsT. y{ =< $&$&> 
$u+ y{ |j>* eT]jTT <s* 
n<jTq+ #jT&+ wyT+~. eq eT\\qT, 
y{ deq <s* <s+ #dT= deTV\T> 
$u+jTTHsT. eTBsD nH~ eqe 
H+. deq <s\T *Zq eT\\+{ 
n<jTq+ #jTe\dq eXqT Xdy\+<s 
>T]+]. deTVeTTq #+~q @<H  
eT\ >T]+ \TdT+f, $T*q y{ 
>T]+ dT\u+> \TdT>\+.

nH eT\\qT qT>=q sTy <s\, 
duy\, \D\ eT]jTT d+j\ yTT<\>T 
y{ <s+> eT\\qT eZ]+#T # 
|jT\T ]q$. (eT\\ eZsD |{ 

jsT #dq >=|q+ yT+&|t <+~).

12.1 <T esq jTeT+ 
 yT+&|t esq |{ b* =\+#\ 

nH eT+~ Xdy\T |jT+]. .X. 1912 
yd nH +> u Xdy  V ny> 
m\q &d y\Te& X- sD\  
bq:|H\qT qT>=HsT. nqT bq:|H\ esZ           
eT\ eT]jT |seDT d+U\, eT<  
>|tqT ^dq|&T dssK> @s&+~. VqT+& 
y\Te&q X- sD\ bq:|H\ esZeT\+, 
V| |seDT d+K nqTeqTb+ 
+T+~ eT]jTT V+ jTT |seDT 
<es| <s|& jTT+&< qT>=q&+~.

 eT\\qT y{ |seDT d+K\ <s+> 
eZ]+#eq yd d\V #qT. { 
<T esq jTe jTq +~ $<+> 
qT. 

 jTeT+ |s+, eT\\ jTT u 
eT]jTT skjT <s\T y{ |seDT d+K\ 
esq |yTj\T.

{ <T esq jTeT+ |s+,  
eT\\qT y{ |seDT d+K\ sVD 
eT+ neT]q|&T  $<yTq <s\T >\ 
eT\\T  eT ee<T\ s 
esqeTesTT.

n<jTeTT 12

eT\\ eZsD+

VH C|dt yd 
nH +> u Xdy  

(1887`1915) X- sD* 
|j+ eT\\ 
|seDT d+K\qT 

qT>=HsT.

 |seDTe jTT |seDT d+K 
nH~ < +<+ >\ b{q d+K 
 +<+ #T |]u$T+# m\q 
d+KqT *jT#dT+~.

MT \Tk
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12.2  <T esq |{ (Modern  
Periodic Table)

 <T esH jTe <s+> 
#dT=, nH d+<s\ nH esq 
|{\T sb+~+#&q|{ n+{ <s 
uyTq~ yT+&|t esq |{jT. |dT+ 
eTq+ |j+# Bss| esq |{ 
eT\\ m\H $Hk <s+> #dT= 
sb+~+#&+~. B <T esq |{ 
n n+<TsT.
12.2.1. <T < Bss| esq |{ 

` $e]+#T
 Bss| esq |{ |seDT d+K\ 

sVD eT+ eT\\qT neT]jTTHsT. 
 |{ ude+s esTd\qT |]jT&jTT 
eT]jTT u\+ esTd\qT >|\jTT  
|\TksT.
12.2.3 |]jT& >T]+ \TdT=qT

u de+s esTd\qT |]jT&T n+<TsT. 
eT\ esq |{ 7 |]jT&Tq$.

•	 yTT<{ |]jT& (|seDT d+K  
1 eT]jTT 2) ~ nq |]jT&. B jT+<T 
s+&T eT\\T eyT q$. (V&H  
eT]jTT V*jT+)

•	 s+&e |]jT& (|seDT d+K 3 ` 10) 
~ q |]jT&. B jT+<T m$T~ 
eT\\T eyT q$. (*~jT+ qT+& 
jH es) 

•	 eT&e|]jT& (|seDTd+K 11 ` 18) 
~ L&  q |]jT&. B jT+<T 
L& m$T~ eT\\T eyT q$. 
(k&jT+ qT+& sZH es)

•	 H\Ze|]jT& (|seDTd+K 19 ` 36) 
~  b&yq |]jT&. B jT+<T 18 
eT\\T >\e (b{wjT+ qT+& bH 
es)B 8 k<sD eT\\T, 10  
|]esq eT\\Tq$. 

•	 <e |]jT& (|seDT d+U 37 ̀  54) ~ 
L&  b&yq |]jT&. B jT+<T 18 
eT\\T >\e (sT;&jT+ qT+& HH 
es) B 8 k<sD eT\\T, 10 
|]esq eT\\Tq$.

•	 se |]jT& (|seDT d+K 55 ` 86) 
~ n b&yq |]jT&. B jT+<T 32 

12.2.2. Bss| esq |{ - $$< u>\T (Longform of Periodic Table)

<T esq |{, s,p,d eT]jTT f 
nH H\T>T u\T> $u+#&+~.

           H&T     +<H&T 

|]esq eT\\T
d  u

Bss| esq |{

 m&eT u>+ >|\T 1-2   
(b< eT\\T)  

s  u

eT<u>+ 
>|\T        
3` 12

&u>+ >|\T  13 - 18
( b< eT\\T)  

p  u

n+s |]esq eT\\T 
f  u

MT \Tk
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eT\\T >\e. (ddjT+ qT+& s&H 
es) B 8 k<sD eT\\T, 10 
|]esq eT\\T eT]jTT 14 n+s  
|]esq eT\\T (+<H&T) q$.

•	 @&e |]jT& (|seDT d+U 87 - 118) 
se |]jT& eH B jT+<T L& 
32 eT\\Tq$. nsTT |{es 26 
eT\\T eyT IUPAC- # n~s 
|Ps+> n+^]+#&q$.

12.2.4. >|\ >T]+ \TdT=qT
•	 esq |{ | qT+& +~ es 

neTs&q u \+ esTd\qT 
>|\+{sT. esq |{ 18  
>|\Tq$.

•	 yTT<{ >| eT\* sV\T 
(Alkali Metals) n+{sT.

•	 s+&e >| eT\* s eT 
V\T (Alkaline Earth Metals)) 
n+{sT.

•	 3 ` 12 es >\ >| eT\*  
|]esq eT\\T (Transition Elements) 
n+{sT.

•	 1,2 eT]jTT 13 ` 18 es >\ >| 
eT\\qT k<sD eT\\T  
b< eT\\T (Representative 
Elements) n |\TksT.

•	 13 e >|qT usH T++ n 
n+{sT.

•	 14 e >|qT sH T++ n 
n+{sT.

•	 15 e >|qT H{H T++ n 
n+{sT.

•	 16 >| eT\* (bjT+ |) 
#CH T++ n |\TksT.

•	 17e >| eT\* VCH 
T++ n |\TksT.

•	 18 e >| eT\* <s 

yjTTe\T (Noble Gases)  eT+< 
yjTTe\  (Inert Gases) |\TksT.

•	 esq |{ eT<  u>+> e+& 
+<H&T eT]jTT H&qT n+s  
|]esq eT\\ (Inner Transition 
Elements) |\TksT.

12.3 <T esq |{ jTT | 
\D\T 

12.3.1. |]jT& | \D\T
•	  |]jT& e+& n eT\ 

m\qT  d+j ss+ 
+|&TsTT.

•	 |]jT& m\H $Hd+ esT 
+&&+ e\ eT\\ skjT <s 
L& esT q|&TT+~.

•	 |]jT& m&eT qT+& & be=\~ 
eT\\ |seDT |]eD+ eT+> 
>TZT+~.

•	  |]jT& V due+ eT+> 
>TZT+~. nsTT nV due+ eT+> 
|sT>TT+~.

12.3.2. >|\ | \D\T
•	 2e eT]jTT 18e >| eT\\ 

|seDT d+K\ u<\T esTd> 
8,8,18,18,32> +{sTT.

•	 13 qT+& 17 es >\ >| eT\ 
|seDT d+K\ u<\T esTd> 
8,18,18,32> +{sTT.

•	 4 qT+& 12 es >\ >| eT\ 
|seDT d+K\ u<\T esTd> 
18,32,32> +{sTT.

•	  >| #+~q n eT\ y{ 
d+j ss+ m\q d+K 
deq+> +T+~.

•	  >| #+~q n eT\\ 
d+j deq+> +T+~.
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•	  |{ jT+<T V\T, nV\T |P]> 
ysT|s#&jTTq$. nV\T esq |{ 
& |u>q neTs& jTTq$.

•	 yT+&|t esq |{ <es  
d]jTq d {sTT+# eT\\ 
L& |dT+ <T esq jTeT+ 
<s+> y{ d {sTT+ HsT.

•	 esq <s Hj #LsT =s 
+<H&T eT]jTT H&T esq |{ 
~>Te u>q |+> neTs&jTTq$.

12.3.4 <T esq |{ ` b\T
•	 |{es V&H d]|&T kq+ 

{sTT+#&<T.

•	 +<H&T eT]jTT H& esq |{ 
|\ d\+ {sTT+#&<T.

•	 = |]esq eT]jTT n+s |]esq 
eT\\ m\H $Hk\qT >T]+q 
dwyTq $esD e&<T.

•	  >| n eT\\T  $<yTq 
skjTq <s\qT |<]ksTT.

•	 eTsT>Tkq+, sT>Tkq+, k+< 
+{ u <s  eTyTq esT 
q&TT+~. 

•	  >| #+~q eT\\ |seDT 
yks\T,  >| |qT+& +~ 
bjT =\~ eT+> |sT>T +T+~

12.3.3. <T esq |{ ` >=|<H\T 
(Advantages of The Modern 
Periodic Table)

•	 |{, eT\\ n eTTK <syTq 
|seDT d+KqT <s+ #dT= 
sb+~+#&q~.

•	 ~ eT\+ jTT kH B m\H 
$Hd+ nqTd+~+| #jTT#Tq~.

•	 |]jT&qT +|&&+ eTBsD 
#jT&q~. | |]jT& |seDT 
d+U |]> =\~ y{ X ksTT\ 
m\qT eT+> +|&T eT+< 
yjTTe m\H $Hd+ es 
eTT+|&TT+~.

•	 B dT\u+> >T]+#Te#T eT]jTT 
sjTe#T.

•	 | >| d++> q~  
eT]jTT | >|\qT >T]+q #q 
=\+#&q~.

•	  eT\+ jTT deTkjTeTT\T 
 |seDT d+KqT *jTT+&T 
e\q y+{ *|  d\+ 
{sTT+#&q~.

•	 m$T<e >| eT\\ yT+&|t 
jTT esq |{ d]jTq d\+ 
{sTT+#&jTTq~. |]esq eT\\ 
<s\T, y{ m&eT y|q eT]jTT 
&y|q neTs& jTT+& eT\\ 
<s\ eT<d+> +&&+ e\, |]esq 
eT\\qT esq |{ eT<u>+ 
neT]jTTHsT. 

|{ es qT>=q&q eT\\ 
d+U 118. IUPAC- # n~s |Ps+> 
|{+#&q e] eT\+ jTT |seDT 
d+K 112 (Cn 112). B |sT |sYdjT+.

12.4 V d+>VD+ (Metallurgy)

MT \Tk

HH n\$TjT+. y+&+{ \T|<H 
*q <. $eH* H jsT #ksT. 

n+<Te\q HqT # >=|<.
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HH s msT| 
><TeT s+>T +{qT. 
H HDeTT\qT jsT 

#ksT. n+<Te\ HqT # 
>=|<.

HH yT]d  V. nH 
jT+\T eT]jTT e+q\T H 
]+#&TsTT. n+<Te\ HH 

# >=|<.

|]#jT+
 Vd+>VD Xd+, eTq H>] 

+f |sqyTq~ (|sq \+ qT+& eTq 
V d+>VD Xd |]Cq+ +~) ||+#+ 
yTTyTT< |j+q V+ s. B 
b\T, jTT<\T eT]jTT nH |eTTT 
jsT #dHsT. eTq  J$+ V\T 
|eTTK b eVdTHsTT.  <X+ jTT 

n_e~, <X V d+|<qT <s+> #dT= 
>D+#&TTq~.

 f{jT+, $TjT+, e+>dT, 
sjT+ yTT<q$ jTT< ke jsT 
#jTT |j>|&T VeTT\T. n+<Te\q 
 VeTT\qT jTT< $T V\T (Strategic 
Metals) n+<TsT. V jTTsjT+, +< 
#s\ \ b eVdTq~. B qT+& # 
|< yTT+ X y\Te&TT+~.  XH +< 
X (Nuclear Energy) n+{sT. s, y+&, 
+>sT\qT|j+ HDeTT\qT eT]jTT 
usD\T jsT #jTT<TsT. n+<Te\ M{ 
HD| V\+<TsT.

+>sT d#qT s{\ \TsT. 
24 s{ +>sT R d#yTq +>sT.

 usD\T jsT #jTT 22 s 
+>s |jksT. B jT+<T yTT+ 
<es 22 u>\T +>sT eT]jTT 2 
u>\T s +T+~. d# X+ 91.6%.
22─24   x 100  = 91.6% (916 +>s+)

 >eTT +>s 2 Km b&e >\ 
 dq r>> #jT>\+. ~ nXjTyT! 
nsTT +.

y+& $jT+ 
|\ # |qT\T

n\$TjT+ s

+>sT >E\T

MT \Tk

MT ueq\ |s+ 
$&$&> MTsT 

|<ys. nsTT, 
MTs+<sT *d 
$TXeTV+> 

esT#+~ + 
# >=|> 

+T+~. < +.
 eTyT \eTT.
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 J$+ |eTTK b eV+# = V\T 
V\T nH Je jT\ d y<T neds+.

Fe- s msT| s+>T# Vy>_H qTeTT *Z +~.
Ca- meTT\T, <+\ # eTTK b eVdT+~.
Co $$TH B-12  +& V+.
Mg  - e\ |V]+ +& V+.

MT \Tk

eTq #T +& V\T

12.4.1.  V d+>VDXd+ |j+# 
= |<\T

KC\T (Minerals)

 K+ nH~  dyTq+>  nH 
dyTH\ $TXeT+> u$T |+#TqT.

<Te\T (Ores)

 eT\ nH KC\T +{sTT. 
y{ @ K+ qT+& nsTT eTq+  V   
dT\u+> u Ls$<+> eT]jTT n~ 

y<T d+>V+#>\y,   KC <Te 
n n+{eTT.

<VsD, +eT{ (Al2O3.2SiO2.2H2O)  
eT]jTT u{ (Al2O3,2H2O)  nH$ 
n\$TjT+ KC\T. nsTT, u{ 
K+ qT+& eyT eTq+ n\$Tj 
u<jT+> $u+ b+<>\+. {, 
u{qT n\$TjT+ jTT <Te njTT 
eT]jTT +eT{ n\$TjT+ jTT K+ 
njTT n+<TsT. 

n\$TjT++>s+ y+& 
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12.4.2.  KC\, <Te\ eT< >\ 
u<\T 

 •  KC\ VX+ e, <Te\ 
VX+ me. 

 •  KC\ qT+& V dT\u+> 
d+>V+#eTT. <Te\ qT+& 
V u<jT dT\u|< 
d+>V+#>\+.  

 •  KC\ <Te\T e.  <Te\ 
KC. 

yT+>: u$T |bs\qT+& V d+>V+#& 
yT+> n+{sT.

V d+>VD Xd+: V, < <Te 
qT+& d+>V+#T +& yssT |T{\qT  
eT]jTT V |]Xu #+~+# < $e]+# 
skjTqXd u> V d+>VD Xd+ 
n+{sT.

>+>T  e{: <Te uT +&& s 
eT*H\qT >+>T  e{ n+{sT. 

|: <Te nT&q eT*H (>+>T) 
]> |<s\T> esT <Te uT 
#s& |<s | (]+# |<s+) n+{sT.  
<: *jT+ &, d*
feTT: |, >+>T #sH=+~q|&T jsjT 
& eT*q |<s feTT n+{sT. 

| G >+>T   → feTT 
]+ $u+#T: *q V| &TqT 
]q d +& V+> es jTsD 
#sqT ]+ $u+#T n+{sT.  |< 
>+>T nq& eT*q |<s\T <Te uT  
\T|&q | dVjT+ =\+#&TsTT. 
V &T ]q d +&& V+> 
jTsD+ #+<TT+~.

& <Te s=H{ <Te V& <Te d& <Te

u { (Al2O3.2H2O) \yTH (ZnCO3) j{ (Na3AlF6) dqusY (HgS)

L|{(Cu2O) #\TessTT (CaCO3) bsYksY (CaF2) >*H (PbS)

VeTf{(Fe2O3) e>d{ (MgCO3) VsY d\sY (AgCl) sH |s{ (FeS2)

+{(ZnO)                                      d&s{ (FeCO3) s | (NaCl) + u+& (ZnS)

V d+>VD +& yssT |T{\qT  +~ |> + <s \TdTe#T.

>TsT$uq, qTsT>T \T |<, $<T<jTk+ |<, 
skjT |<.

>* +& y&#jTT >* dVjT+ 
y& #jTT jTsD |< XBsD+

n~ #so\ >\ 
V\T

 ydsT #so\ 
>\ V\T

k+BsD #+~q <Te

e #so\ >\ 
V\T

|]XuV+ |]XuV+ |]XuV+

$<TY $Xw jTsD |< 
XBsD e&T, jTsD+, XBsD+

<Te
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12.5 V\T ` \ueT>T 
      (Occurence of Metals)

<<| 80 V eT\\T u$T |qqT 
 u |] +~ u>+ K  
|eTT\T> q$. e #so\ >\ V\T 
d# d +&TqT. 

y+&, +>s+, b{q+ yTT<q$ 
d#> \_+# V\ <VsD\T. nH 
s V\T &T <Te\T>, s=H{  
<Te\T>, V& <Te\T>, d& <Te\T>, 
d{ <Te\T> d+j> s|+ |+#TqT.
12.6. n\$TjT+, s eT]jTT qT| 

V d+>VD+ 
12.6.1. n\$TjT+ V d+>VD

d++ : Al  
s+>T : y+&+{ \T|
|seDT d+K :13
m\H $Hd+ : 2,8,3
d+j : 3
|seDT <es : 27.
esq |{ kq+: |]jT&=3, 
>|t=13 (IIIA) 

u$T n\$TjT+ n+ $]$> 
\ueT>TqT. B #so\ me> qT+&T e\q 
~ d+j> s|+ \_+#TqT. n\$TjT+ 
jTT eTTK <Te\T +<jT&q$.

<Te |sT bsT
u{ Al2O3.2H2O

j{ Na3AlF6

s+&yT Al2O3.

1000˚C

n\$TjT+ |<q <Te 
u{( Al2O3.2H2O  )
n\$TjT+ |<q <Te  u{.  u{ 

qT+& n\$TjT+ V d+>VD s+&T 
|T{\ sT>TqT.  
1. ujTsY |< u{qT n\$TH> esT 
#+~+#T. 

 |jT +~ kbqeTT\Tq$.  
i. u{ <TeqT yT{ b&> #d  

|&q+qT|j+ k&jT+ V&&T <eD+ 
1500C e< *| y& #jTeqT.  #jT&+ 
e\q k&jT+ yT{ n\$TH{ \_dT+~.
Al2O3.2H2O + 2NaOH  2NaAlO2  +  3H2O

ii. k&jT+ yT{ n\$TH{qT { 
$q+ #+~+#&+ e\q n\$TjT+ V&& 
ne|+ \_dT+~.

 NaAlO2   +  2H2O   →  NaOH  +  Al(OH)3  

iii. neb e&ud, &q s m+&u{ 
1000˚C e< y& #dq|&T n\$TH (Al2O3) 
jseT+~.

 2Al(OH)3    →   Al2O3   +   3H2O
2. V |jT n\$THqT $<TY $Xw 
jTsD+ #+~+#T.

 $<TY $Xw |T+ n\T$TH (Al2O3) qT 
rdT= $<TY $Xw |< jTsDeTTq 
>T]#dq|&T n\$TjT+ jseT+~. 

<&: >|{ |P|PjT&q qT| =f
H&: ]q $<TY $XweTT q+<T 

y&BjT&q >|{ &\T
$<TY $XweTT: |]Xu n\$TH G ]q 

j{ G bsYksY (bsYksY $<TY $XweTT 
jTT sT>T c>qT ZdT+~).

c>: 900 - 950˚C

bfjT: 5 - 6V

u{ k&jT+ yT{  
n\$TH{
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 n\$TjT+ <& e<, H H& e< #sTqT. H, >|{ *d CO2 qT 
 @ss#TqT.

n\$TjT+ V+> $uq #+<TqT  +~ ds skjTq #s <s #|e#TqT.
2Al2O3 → 4Al + 3O2  

>|{ |PjT&q 
qT| =f

$<TY $XweTT

|]Xu 
n\$TjT+

>|{ &\T

|eTT 12.1. $<TY $XwD |jT <s n\$TjT+qT XBsD #jTT

>|{ &\T

n\$TjT+ jTT <s\T
u <s\T

i. y+& +{ \T| VeTT.   
ii. *q~, e k+< >\~. 
iii. s\T>qT eT]jTT r>\T>qT 

k>BjTe#TqT. 
iv.  eT w eT]jTT $<TY yV+> 

|#jTTqT. 

|eTT 12.2  V| $<TY yV 

v.  sT>TkqeTT: 660˚C.
vi. u> b*wt #dq|&T, sDjT 

yTsT|<H |<]dT+~.
skjTq <s\T

1. H #s :  k<sD c> e< 
n\$TjT+ >* #s H=+<<T. nsTT 
800˚C c> e< >* #sH=+~ &qT 
eT]jTT Hf&qT dT+~.

4Al   +   3O2  →      2Al2O3

 2Al   +   N2  →   2AlN
2. { #s 
n\$TjT+| & bs jTT+&T e\q 

n~ { #s bZq<T. nsTT, y&>qTq 
ms{ n\$TjT+| { $sT\qT |eV+| 
#dq|&T V&H yjTTe y\Te&TT+~.

2Al   +   3H2O   →   Al2O3   +   3H2↑

(n\$TjT+ &)

(n\$TjT+ Hf&)
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3. s\ #s
s\ n\$TjT+ #s H=+~ k&jT+ 

n\$TH{qT dT+~.
2Al + 2NaOH  + 2H2O → 2NaAlO2+3H2↑

4. eTeTT\ #s
d\ eT]jTT >& HCl \ #sH=+~ H2 

yjTTeqT y\Te]dT+~.
 2Al   +   6HCl   →   2AlCl3   +   3H2

d\ d\]eT+ #sH=+~ V&H 
yjTTeqT y\Te]+#TqT.

 2Al  +  3H2SO4  →  Al2(SO4)3   +  3H2  

>& d\]eT+ #sH=+~ d\sY 
&j& yjTTeqT y\Te]+#TqT.
2Al   +   6H2SO4 →  Al2(SO4)3 + 3SO2 + 6H2O

5. sTsD #s
n\$TjT+ eT+ jTsD. 

n\$TjT+ b& eT]jTT qT| & 
*q $TXe y&#dq|&T qT| &, 
qTeTT> sT]+#&TT+~.  |jTqT 
n\$TH<] |jT n+{sT.
Fe2O3  + 2Al  → 2Fe +  Al2O3 +  w+

k&jT+ yT{  
n\T$TH{

n\$TjT+ s&

d\

y& eT]jTT
 >&

n\$TjT+ 
 d{

d\ eT]jTT >& qeTeTT\ 
n\$TjT+ #s H=+<<T. nsTT 
n\$TjT+ V+| & bs @s& 
V| #so\qT D+| #dT+~.

$eqeTT  
(n\$TjT+ $TXeT V+)

|j>\T s|+ sDeTT

1. +{ b\ 
j

n\$TjT+ 
VeTT

~ *q~, #q~, 
j s~dT+~ 
eT+ w yV+.

2. $<TY r>\ 
|]XeT

n\$TjT+ 
r>\T

eT+ $<T<V+.

3.  $eH\T 
eT]jTT 
s 
b]X$T 
u>\T

&s\T$TH  
Al,Cu,Mg,Mn
e>*jT+ 
Al,Mg

$TXeTV\T *>, 
n~ q   
eT]jTT jT+ s<qT 
*jTT+{sTT.

4. y&$T <s 
n+#T

n\$TjT+ 
b& 

eT]jTT Fe2O3

< b&  \yTq 
sTsD eT]jTT 
Fe2O3 qT qTeTT> 
sT]+#TqT.

n\$TjT+ |j>\T

|]XeTqT d+<]+#T
w+ dVjT+ y*+> 

sV+#  b]X$T d 
d+<]+#+&. $]q s\T |{\qT 

|eTT 12.3.
m nks MTsT >eT+, MT 
|]o\q\qT qy<T #jT+&.

12.6.2 s V d+>VD

d+eTT: Cu    
|seDT <es: 63.55
|seDT d+K: 29
m\H $HdeTT: 2, 8, 18, 1
d+j: 1 , 2

\ueT>T - ~ d|dt (Cyprus)B$ 
\_+#Tq+<T e\q seTH\T B L|yT 
(Cuprum) n |*#ysT. s d# dqT 
eT]jTT d+j> dqT \_dT+~.

MT \Tk
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s jTT <Te\T bsT
i. |sY |s{ CuFeS2

ii. L|{  s_ s Cu2O

iii. |sY >H Cu2S

|<q <Te |sY |s{. yTT+ s 
 76% B qT+& jsT #jT&T#Tq~. 

|sY |s{ qT+& s d+>V+#T 
 +~ kbqeTT\ sT>TqT.

1. b& #jTT, >& |s#T (Crushing 
and Concentration): u>T> $&>=&q 
<TeqT qTsT>T \T |< >& |]#<sT. 

2. sd+>: >& |sq <TeqT H 
deT+ sd+> #jTT<TsT. sd+> e\q 
i.  eT =\beqT, uwo* eT*H\T 
=\+#&TsTT.

ii. >+<+, uds+, H, +{yTT y{  
&T\T> es& =\+|&TsTT. |sY 
|s{dt <Te |sY d&T eT]jTT qT| 
d&T\T> es&TT+~.

2CuFeS2   +   O2        Cu2S   +   2FeS   +   SO2

3. d*+>: sd+> #jT&q <TeqT u>TZ 
b& eT]jTT dT\ *|  udt =*$T 
y&#dq|&T yT{ eT]jTT T jsesTT. 

(yT{ R Cu2S + FeS)
4. udeTsCwH: ]q yT{qT u\ s 
(Blister Copper)> esT udeTsY  
|]eseTT ~ #sTT+#eqT. yT{ 
|sdt d&, |sdt &> es& d* 
*d T> =\+#&TqT. 
2FeS + 3O2 → 2FeO + 2SO2 →

FeO+SiO2 → FeSiO3
 (T)

                qT| d*{

2Cu2S + 3O2     2Cu2O + 2SO2 

2Cu20 + Cu2S    6Cu + SO2

→

5. XBsD (Refining): u\ s 
98% d#yTq |sY    eT]jTT 2% eT*H\T 
+{sTT. B $<TY $XwD |jT <s 
XBsD #jTT<TsT.  

$<TY $Xw XBsD 
n~ d# >\ V jsT #jTT 

 |< |jksT.
<&: |]XuyTq dq s |\
H&: n|]Xu |sY ~yT
$<TY $XweTT: d\]eTeTT eT]jTT 
|sY d{ <eD\ $TXeTeTT

$<TY $XweTT >T+& |eV+| Cdq|&T, 
d#yTq |sY <& |qqT, eT*H\T H& 
+<qT #sTsTT.H& +~ y|q #]q  
eT*H\qT H& eT*H\T n+{sT.

<s\T
u <s\T

s, msT| ><TeT s+>T VeTT. ~  
yT]jTTq{ >TDeTT *q~. n~ k+< \~. 
sT>T kq+ 1356˚C.

skjT <s\T
i. >* eT]jTT eT #s

>* eT]jTT eT s #s H=+~q|&T 
V+| |# s+>T >\ sjTT |sY 
s=H{ |\T# bs @s&TqT.

2Cu + O2 + CO2 + H2O  CuCO3.Cu(OH)2

ii. y&$T #s
s, yssT c>\ e< H #s 

H=+~ s+&T sq &T\qT, L| &T 
eT]jTT  L|dt &T\qT @ssTdT+~.
2Cu+ O2   2CuO (L| II &T q\T|)                 

4Cu + O2   2Cu2O  (L| I &T msT|)
u\ s <  
T&>\ s

>1370 K

<1370 K
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iii. eTeTT\ #s
a)  d\ HCl eT]jTT d\ H2SO4  #s 

>* q|&T s, d\ HCl eT]jTT H2SO4 
e\ #sH=+<<T. >* deT+ s  
e\ sT>TT+~.
2Cu + 4HCl + O2 (>*)  → 2CuCl2 + 2H2O
2Cu + 2H2SO4 + O2 (>*) → 2CuSO4 + 2H2O
b) d\ HNO3  #s 

s, d\ HNO3  #sH=+~ H{ & 
yjTTeqT y\Te]+#TqT.
3Cu + 8HNO3(dil) → 3Cu(NO3)2 + 2NO↑ +  4H2O

c) >& HNO3 eT]jTT >& H2SO4  #s
s, >& HNO3 eT]jTT >&H2SO4 \ 

#sH=+~ esTd> H{H & & eT]jTT 
d\sY & & yjTTe\qT y\Te]+#TqT.
Cu + 4HNO3 → Cu(NO3)2 + 2NO2↑ + 2H2O
          (>&)

Cu + 2H2SO4 → CuSO4 + SO2↑ + 2H2O
 (>&)

iv. ]H #s  
~, ]H #sH=+~ |sY(lI)s&TqT 

@ssTdT+~.
       Cu   +   Cl2     CuCl2

v. seTT\ #s  
s, s\ #s H=+<<T.  

|j>\T 
 •  $<TY r>\T eT]jTT $<TY |]s\T 

jsT #jTT |j>|&TsTT. 
 •  ] MTsY\T, b\T eT]jTT HDeTT\T 

jsT #jTT |j>|&TT+~. 
 •  $<TY eT+ |PjTT 

|j>|&TT+~. 
 •  y+& eT]jTT +>sT\ *| $TXeT 

V+> e]q|&T HDeTT\T  
eT]jTT usD\T jsT #jTT 
|j>|&TT+~. 

 J$+ s |j>+ nH 
n+X+|  |]X<H y~qT $<sT* 
jsT #jTeT #|+&.

y~

12.6.3 qTeTT ` V d+>VD

d++: Fe
s+>T: &< \T| s+>T
|seDT <es: 55.9
|seDT d+K: 26
m\H $Hd+: 2, 8, 14,2
d+j: 2 & 3
qT| VeTT \ueT>T 

n\$TjT+ s n~+> \_+# 
s+&e V+ qTeTT. 

~ ku$+> &T>qT, d&T>qT  
eT]jTT s=H{>qT | \_dT+~. qTeTT 
jTT <Te\T +~ |{ \T|& jTTq$.

qT| <Te\T bsT
i.VeTf{ Fe2O3

ii.e>f{ Fe3O4

iii.sH |s{ FeS2

VeTf{ <Te qT+& qT| V 
d+>V+#T (Fe2O3)

VeTf{  & <Te. 
1. >TsT $uq |< >& |s#T 

B >TsT $uq |< k+BsD 
>$+q|&T *q sDTe\T, eT*H\T 
=\+|&TsTT. sTyq sDTe\T +~ u>q 
\jTT+{sTT.  
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2. sd+> eT]jTT *HwH
>&|sq <TeqT  ]ess =*$T 

#*q+ >* deT+ \+> y& #ksT. B 
|*+> eT =\beqT eT]jTT >+<+, 
], uds+ +{ eT*H\T &T\T> 
=*bsTT.  
3. d*+> ( udt =*$T)

|$<+> sd+> #jT&q <TeuT 
s u>TZqT eT]jTT dTq|ssTT\ $TXe 
8:4:1 w rdT=  udt =*$T | u>q 
e+& X+Us| H+{ neT] <s  
|+|<sT. udt =*$T eT&T eTTKyTq  
u>\Tq$.
i. n&T>Tu>+ (<Vq d\+) c> 1500˚C 
# s u>TZ HuT  eT+& CO2 qT 
@ss#TqT.

C   +   O2        CO2   + w+

 #s w+ y\Te&T e\q ~  
wy# #s n>TqT.

ii. eT<u>+ (]> d\+) - # 1000˚C 
c> +&TqT. CO2 # CO > sTsD+ 
#+<TqT.

CO2  + C       2CO - w+

dTq|ssTT $j>+ #+~ *jT+ &T 
eT]jTT CO2  \qT dT+~.

CaCO3      CaO  +   CO2   -  w+

| s+&T #s\T w >V #s. 

*jT+ &T d* *d *jT+ 
d*{ nqT T> @s&TqT.

CaO   +   SiO2      CaSiO3

iii. |]u>+ (jTsD d\+) - # c> 
400oC > +&TqT. # sH yH&T, 
|] &TqT qTeTT> sT]dT+~.

Fe2O3   +   3CO     2Fe   +   3CO2

1500˚C

1000˚C

▲

TqT =\+q s ]q qTeTT 
=*$T n&T>Tu>+ d]+#&jTT+&TqT. 
qTeTTqT # qTeTT n+{sT.

400˚C

y& yjTTe\T

T 
jT 

y <s+

qTeTT jT 
y <s+

y&yjTTe\T 
y\T|* y 

<s+
qT| 

<Te, 
s u>TZ,  
dTq|ssTT

|eTT 12.4. udt =*$T

X+Us| H+{ neT]

MT \Tk

MT \Tk

 qTeTTqT nH s\ n#T\ |+| 
yssT qT| edTe\T> esT M\>TqT. 
BH b qTeTT n n+{sT.

qTeTT q+<* sH X { qTeTTqT 
3 s\T> $u+#e#TqT.  

# qTeTT (< 0.25% sH)  
 (0.25% ` 2% sH) 
b qTeTT (2% - 4.5% sH)  

>*  deT+ e&T  
 |< <TeqT >* +& e&<sT. 

s=H{ <TeqT < &T> e&T 
~jT d]jTq |<. 
>* deT+ e&T  

 |< n~ >* deT+ <TeqT 
e&<sT. d& <TeqT < &T> 
e&T ~jT d]jTq |<.
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u <s\T  
 •  ~ sTyq V+. B $w k+<  

7.9 g/cc. ~ yT]jTTq{ V+. 
 •  &< s+>T +&TqT. B s\T>, 

r>\T> k>BjTe#TqT. 
 • ~ eT w eT]jTT $<TY yV+. 
 • B q # me. 
 • B njTk+|s#e#T. 

skjT <s\T  
1. >* #s : >* deT+ y&#dq|&T 
njTk+ &TqT @ssTdT+~.

3Fe   +  2O2        Fe3O4 (q\T| s+>T)
2. eT >* #s: qTeTTqT eT >* 
+q|&T < |]\+| s |] & nH 
><TeT s+>T bs @s&TT+~.  dyTH 
T| n+{sT. T|Hs]#  <wjH 
T| |T n+{sT.
4Fe + 3O2+ H2O     2Fe2O3. H2O(T|)

3. { $] #s  
ms> q qTeTT { $] #s H=+~ 

njTk+ &TqT @ssTdT+~. 

3Fe +  4H2O ( { $])   Fe3O4  + 4H2↑                    
4. ]H #s  

]H #sH=+~ |] s&TqT @ssTdT+~. 
2Fe   +  3Cl2     2FeCl3  (|] s&)
5. eTeTT\ #s   

d\ HCl eT]jTT H2SO4 \ #sH=+~ 
V&H yjTTeqT y\Te]dT+~.

Fe   +   2HCl      FeCl2   +   H2↑
  Fe   +   H2SO4      FeSO4   +   H2↑
d\ HNO3  #s H=+~ |sdt Hf{qT 

@ssTdT+~.
4Fe + 10HNO3→4Fe(NO3)2 + NH4NO3 + 3H2O

>& H2SO4  #s 

2Fe + 6H2SO4 → Fe2(SO4)3 + 3SO2 + 6H2O

( { $])

>& HNO3  #s    
 #s qT| &T nH bs @s&T 

e\q, qTeTT < #so\qT T+~. 
m+<T+f < |]\+| qT| & (Fe3O4)  
@s&TjT. 
|j>\T  
i. b qTeTT - { >={\T, bsTT, s\T 
|{\T, eTT] { eT\T jsT #jTT 
|j>|&TT+~. 
ii.  ̀  ueH\T, jT+\T, bs\T, >|s\T, 
$<TY |ks r>\T #jTT |j>|&TT+~.  
iii.#qTeTT ̀  r> #T\T  $<T<jTk+eTT\T, 
+sT eT]jTT jsT #jTT 
|j>|&TT+~.   
12.7 V $TXe\T (Alloys)

s+&T  n+H me V\qT ]w 
w *|, ]+q|&T \_+# $TXe 
V $TXeT+ n+{sT. 

V $TXe |Tq <eDeTT n L& 
n+{sT. @ V+ jTT >& me> +T+< 
< <eD njTT, >& e q V 
<$eTjTT n+{sT. & nH |Tq <eD+ 
+ <$+>q eT]jTT s <eD>q 
+{sTT.
12.7.1 V $TXe jsT#d |<T\T
1. V ]+q sTy {> #sT.
2.  u> ]+q V\qT |&H 

>T]#jTT. 
ne\ZyT: k&jT+, +>s+, y+& ...yTT<\>T 
V\ b<sk *| $TXeT V+> 
jsT #d ne\ZyT @s&TT+~.

<+ d+sD ne\ZyT\T  
~ b<sd+, y+&, 

>s+ yTT<q V\ 
$TXeTeT>TqT. <+ 
s+<\qT |P&T 
|j>|&TT+~.

<+ ne\ZyT

MT \Tk
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s V $TXe\T  V $TXeT+> eeV]+#T 
>\ sD+

|j>\T

& (Cu,Zn) yTsT|<q+ me. ]+ e*dq 
s esT M\>TqT.  
s\T>, r>\T> k>BjTe#TqT. 
s +f ]qyTq~.

$<TY d+<q edTe\T, 
|\T, n\+s edTe\T, 
e+ b\T

+d+ ( Cu,Sn,Zn) ]qyTq~, qTqT|q~ eT]jTT $]>&T 
due+ \~.   

$>V\T, HDeTT\T, >+\T

12.7.2. s V $TXe\T

n\$TjT+ jTT V 
$TXe\T

 V $TXeT+> 
eeV]+#T >\ sD+

|j>\T

&s\T$TjT+ 
(Al,Mg,Mn,Cu )

*q~, \yTq~, j 
>T]<T.n\$TjT+ H 
yTq~.

$eH\ j 
|j>|&TT+~

e>*jT+ (Al,Mg ) *q~, \yTq~, dT\u+> 
j >T]<T.

$eq u>\ j, $Cq 
Xk|sD\ j

12.7.3 n\$TjT+ jTT V $TXe\T

12.7.4. qTeTT jTT V $TXe\T
qTeTT jTT V 

$TXe\T
V $TXeT+> eeV]+#T 

>\ sD+
|j>\T

eTs|&    
(Fe,C,Ni,Cr)

yT]d due+ >\~, j 
s~dT+~, me q >\~.

b\T,   k<H\T, yVH\ 
$&u>\T

  
(Fe,C,Ni)

]qyTq~, dT\u+> j 
>T]~, dk| >TD 
*+~.

r>\T, $eq $&u>\T

12.8 V jTeTT (Corrosion)

yesD+ e+& H, eT, >* eT]jTT  
\TweTT\ e\q = V\T y{ yTsT|<H sTT, 
$q+ #+<T <wj VjTeTT n+{sT. VeTT 
yesD+ ]| skjT #s\ e\q n~ V 
dyTq+> esT #+<TT+~.

{ _+<Te
T|

qTeTT

O2
Fe2+

qTeTT T| |T
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yesD+ eT, s yjTTe\T qTeTT |]\+||& +~ skjTq #s\T sT>TsTT.
Fe     →   Fe 2+   +   2e 

_

O2   +   2H2O   +   4e 
_
   →   4OH 

-

Fe 2+ njH, Fe 3+ njH>  sD+ #+<TT+~. Fe 3+ njH, OH -  njH #s ]| 
Fe(OH)3 @s&TT+~.  BH T| (Fe2O3 x H2O) n+{sT. ~ s qT| (III) &T.

eTT 12.1

A B C

T| |T +<q\T

MT \Tk

ssT sT\qT *q 3 | H[\qT rdT= y{| 
A, B,C  nH \qT =< | $&$&> n+#+&. 
deq |]eD+ >\   qT| N\\qT | | 
H[qT $&$&> +#+&. A nH |H[ k<sD 
sT, B nH | H[ q { uT sHfH qHqT 

V j Z+# |<T\T   
V j s~+#\+f y{ eT, CO2  

eT]jTT O2 \ d++<+ +& #jTeqT. 
B  +~ |<T\ <s k~+#>\eTT.
 •  |sTT+{\ |P |PjTT : V\ 

|]\+| |Pd s+>T |P e\q, >* 
eT]jTT eT V|  n++& 
d+s+#&TqT.

 •  qH eT]jTT +<q\T |PjTT : qT| 
ke |]\+| qH eT]jTT +<q\T 
|PjTT e\q, eT V|  +<T.

 •  V $TXe jsT #jTT : $TXeT 
V\T j dT\u+> s~ksTT.

 <VsD : eTs |& 

 •  >\HCwH |jT: qTeTT| + V| 
|P |PjTTqT >\H+> n+{sT. ~ 
T| |TqT s~dT+~. >\H+> e\q 
qT| V |]\+| + s=H{ nH 
d+s bs @s& V j s~dT+~.  

 •  $<TY eT+ |PjTT: $<TYqT|j+ 
 V eT]jTT V| |]\+|  
|P> @ss#TqT $<TY eT+ |PjTT 
n n+<TsT.  $<q+ e\q V jT+ 
s~+#&TT+~. yT]d >TD+ |sT>TT+~. 

 •  > d+sD: yT^wjT+ n~ #so\qT 
*jTT+&T e\q qTeTT jTT 
|]\+| yT^wjT+ |P |Pdq|&T 
n~ yesD+ yjTTe\ #sH=+~ 
qTeTTqT d+sdT+~.

eT]jTT C nH |  H[ nHs CaCl
2  
 rdT+&. @s& esT\qT = sE\ bT eT+> 

|]o*+#+&.   | H[ A  N\\T T| |{jTTq$. B,C \ q N\\T mTe+{ esT  
qT> nT\HjTTq$. 

A  +& N\\T >* eT]jTT { skjT #s bZq+<Te\q T| |{jTTq~. 
B  +& N\\qT qH e]+jTT+&T e\q y{ >* @e+ d++<+ q~.C  
N\\ $wj =d, nHs *jT+ s& nH |<s+ eTqT |P]> |\T T| |T 
neX+ +& bsTT+~. B{ T| |T >* eT]jTT sT nedseT (| eTT 
<s) dweTT> *jTT#Tq~.



212 213

sk
j

Tq
 X

d
eT

T

e~] eT+qeTT

u>eTT ` n 
1. qMq esq |{ |]jT&T eT]jTT >|\T \e. |]jT&T eT]jTT >|\T eT+> 

_______, _______ \qT dksTT. 
 i) n&TesTd\T eT]jTT \Te esTd\T  ii) \Te esTd\T eT]jTT n&T esTd\T  

2. eT&e |]jT& 8 eT\\T \e. y{ nVeTT\T m?
3.d+~jT dyTqeTT\+{ <syTq eT\eTT _______ >| \<T. (14 e / 15 e)  
4.  V <Te qT+& u<jT+> d+>Vk+. n\$TjT+qT, u{ qT+& d+>Vk+. B 

_______ n |\TksT. (<Te / KeTT)  
5.  +>sT nH eT\eTT dyTq+> \_+#<T. ~ >*  { #s H=+<<T. ~ _______ 

s|+ +T+~. (d# / d+j>)  

u>eTT `   
1. ssD : s b\qT Xu+ #jT+& + |# s+>T bs @s&TT+~. 
   sD+ :  bs @s&T >\ sD+ s |sY s=H{  

i) ssD eT]jTT sDeTT d]jTq$ eT]jTT  <H={ d++<+ *ZjTTq$. 
ii) ssD d]jTq< nsTT, sD+ ssD d++~+q~ <T.  

2. d& <TeqT ______ |< >&|]#<sT (qTsT>T \T |</ >TsT $uq |<) 
3.  qT| V |]\+| ys V |PjTT e\q n~ T| |TqT s~+#>\+. qTeTT| 

|\T# + V| |PqT |PjTTqT _______ n+<TsT.
(>\HCwH/|sTT+{+> n+f s+>T |P |PjT&+/<&qT d+s+#&+)  

4.  b<sd+ @<H V *| $TXeT+> e]q < ne\ZyT n |sT. <+  
s+<\qT |P&T |j+#& ne\ZyT ____ (Ag-Sn ne\ZyT/ Cu-Sn ne\ZyT) 

5. ssD:  y&$T dVjT+ V\qT n+#T n\$TjT+ b& eT]jTT Fe2O3 
|j>|&TTq~.

    sD+ :  n\$TjT+ b&  \yTq sTsD.  
 sDeTT e&q ssDqT ||s#TH? 

6. d<q \+ qT| N\ T| |TH? MT de<H sD \|+&.  
7.  qTeTT >& HCl eT]jTT >& H2SO4   #s H=+<TqT. nsTT n~ >& HNO3   #s H=+<<T.  

d]jTq sD+ yTqT sjT+&.  
8. $eH ]+#T n\$TjT+ jTT $TX V\T |j+|&T#Tq$. sD \+&.  
9.   X-  y+& +{ \ VeTT.  X H #s H=+~ Y- qT @ssTdT+~. VeTT 

X { $] #s H=+~q|&T V&H yjTTe y\Te&TuT Y qT L&                  
 @ssTdT+~. X eT]jTT Y \qT qT+&. 
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10. +~ |<[ k~+#+&.

A L K A L I G V K L
L G M N P E R I O D
K O P H A L O G E N
A L P Q R S U T U E
L D A Z Y X P W V O
I O D I N E B C D N
N O B L E G A S E S
E A C T I N I D E S   

|qT+& +< de+ss>

a.   u\+ esTd\qT _____ n 
n+<TsT.

b.  s+&e deTV eT\\qT _____ 
eT V\T n+{sT.

c.  |q \T\ jT+<T |j>|& 
& yjTTe_____

d.  |dT| s+>T L&q yT]d due+ 
>\ _____ V| d#qT 
s{\ \T|sT. 

a.  u de+s esTd\qT _____ n n+{sT
b.  yTT<{ deTV eT\\qT _____ n  

|\TksT.
c.     1 7 e deTV eT\\qT _____ n |\TksT.
d.  18 e deTV eT\\qT _____ n |\TksT.
e.  <ssTT& y~  |j>|& VH 

_____
f.  7 e n&T esTd +& n+s |]esq eT\eTT 

_____

11.  +~ y\qT d+# $<+>   |< yjT+&.
i) u$T qT+& <Te\qT w]+#T / d+>V+#T.
ii) <Te\uT $T& +& s eT*H\T.
iii) <Te jTT <Mueq c>qT Z+#T #s&T |<seTT.
iv) ]q d sd+> #jT&q & <TeqT V+> sT]+#T.
v) eTq sw+ \ueT>T <s V\T.

12.      +~ |{ e&q V\, +&sDeTT q V d+>VD  
|jT\qT d]jTq esTd eT+ yjT+&.  

    (sd+>, udeTsCwH, V |jT, d*+> (sTsD+), ujTsY |jT, $<T~XwD XBsD+, 
udt =*$T, *HwH, >TsT $uq, qTsT>T \T |jT)

V+ kbq+1 kbq+2 kbq+ 3 kbq+ 4 kbq+ 5

Al _ _ _

Cu

Fe _

d#q\T
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13. $w (|) <s\H<s+> H\T>T \Te esTd\qT dsq  |s#+&. 

V+ <Te skjTq d+  sTsD |jT
Al VeTf{ PbS udt =*$T
Cu u{ Fe2O3  udeTsCwH 
Fe |sY |s{ Al2O3 . 2H2O qTsT>T \T |jT
Pb  >H CuFeS2 V |jT

14.    $TXeT V\ d+u+~+q = |e#H\T +< e&q$. d] y{ >T]+ d]#d 
yjT+&.

 i) ~ V\ dCrjT $TXeT+.
 ii) <+ s+<\qT |P&T + ne\ZyT |j>|&TqT.
 iii) $>V\T, HDeTT\T, >+\T j &s\T$TH |j>|&TqT. 
 iv)   u>T> $&>=&q d $$< V\qT  <| eTs= <qT+ d+|& >T]#dq|&T 

$TXeTV\T jsesTT.
 v) +d+ <eD +.

15.  +~ |{qT |P]+#+&.   
|<X+ / d\+ c> skjTq |jT
<Vq |<X+

CaCO3          CaO+CO2

CaO+SiO2    CaSiO3

400°C

16.  HHe]H #|>\y?
i)  HqT n~ #so\ *q #q V+. qT, qT| edTe\qT b&T qqT HqT >+ 

#kqT.
ii) HH= |Tq <eD+. <+ y<T\T qqT s+<\T |P&T |jksT.
iii)   s es <eeTT HqT  n+>. HqT e |]eD+ +f  e sVq +T+~.
iv) e{ eT]jTT | #sH=+~q|&T HqT jseqT. 

17.  +~ |X\ {  s+&T y\ de<qeTT*eTT.
i) V esY +>s+ +& +>sT X+ m+?
ii) #H n+f nsyT$T? n+<T s&j<] eT\$? 
iii) $CqXd |]s\T / k<H\ j |j>|& V$?
iv) sDq d+j>jT |j>|&  |V]+ +& V+.
 v)  qTeTTqT eT >* +q|&T, <| msT| ><TeT s+>T >\ |<seTT |eT>TqT. n~ 

@$T{? < d+|TH \|+&. 
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18.  |s#+&.   

qT| seTT sH X+ |j>\T
 2 – 4.5 % eTT] { >=eTT\T eT]jTT { \Te\ eT\ j]
# qTeTT 0.25 – 2 % ueH\qT sD+ eT]jTT jT+\ j]
bqTeTT  
<T qTeTT

< 0.25% $<T<jTk+eTT\ j]

u>+ -   
1. |{ ^ u>\qT >T]#+&.  +~ |X\ de<H\T yjT+&.

i) |+ @ |jTqT ddT+~.  ii) s#T> >|{ & esT +&eqT. m+<T?
iii) $<T<TXc j{qT m+<T #s*? 
iv)  |jTqT *jTCjTT |P] skjTq dMTsD yjT+&.

2.   msT| ><TeT s+>T >\ A nH V eT >* +q|&T <| B nH |# s+>T bs  
@s&TT+~. A qT >* deT+ s+&T yssT c>\ e< y& #dq|&T, s+&T s\ &T\T 
(q\T|) eT]jTT D (msT|) @s&TqT. A,B,C eT]jTT D\qT qT>= d]q (deTT\) skjTq 
dMTsD\qT yjT+&.

3.  A nH \ yT]d V esTd> NaOH eT]jTT HCl \ #sH=+~+q|&T 
esTd eT+> B eT]jTT C \qT @ss#T uT V&H yjTTeqT  
y\Te]+#TqT. A nH V+ D nH V+ #sH=+<<T. sDyTeTq>, n 
#sH=+~  q bs V+| @s&TqT. n+<Te\q A nH V D jTT syD 
|jksT. A,B,C eT]jTT D \qT qT>= MT de<H\ d]|&T deTT\ skjTq   
dMTsD\qT yjT+&.

Books:  1. Text Book of Inorganic chemistry – P.L. Soni S.Chand Publishers, New Delhi.

   2. Complete Chemistry(IGCSE) - Oxford University press, New York
Webliography:  www.tutorvista.com.              science.howstuffworks.com

FURTHER REFERENCE

deTV\T> @s& #]+#+&
1.  \$TjT+ &qT (u>TZ) sT]+q|&T n\$TjT+ V b+<eTT. 

m+<T?
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sqeTT (Carbon)  jTT m\H $HdeTT: 
K = 2, L = 4  d+j  (valance 
shell) H\T>T m\qqT  *jTT+&TqT  
eT]jTT esq |{ (Periodic Table)  
>| 14  #+~q~.
|]#jTeTT (Introduction)

sqeTT JesX\+{ +T+~.  
eqe<VeTT sq dyTqeTT\ ]+|& 
+&TqT. sH  nVeTT. | ~ 
eeTT eT]jTT >|{\T> d#yTq d 
\_+#TqT. +<qeTT\qT eT+&+q|&T, 

|eTT 13.2 sqeTT eT]jTT < 
 dyTqeTT\T y|+jTT+& $<eTT

y{ sH, H #sH=+~ sH 
&j&qT @ss#TqT.

u$T MT< JesX\ eTqT>& sq 
dyTqeTT\T # eTTKyTq$. d+w skjTq 
#s\ (Complex reactions) <s >*, 
eeTT\T, +Te\T eT]jTT eT yTT<\>T 
n+{q sqeTT y|+jTT+&TqT. B 
sH #eTT (Carbon Cycle) n+<TsT.
13.1 sq dyTqeTT\T (Compounds of 

Carbon)
eqsT\qT <seTT> #dT= Xdy\T 

19e X| bs+ueTT sq dyTqeTT\qT  
s+&T $<eTT\T> eZ]+]:

i) nsq dyTqeTT\T (e |<seTT\ 
qT+& b+<e#TqT).

ii)  sq dyTqeTT\T  d+~jT 
dyTqeTT\T (Je |<seTT\sTTq e eT]jTT 
+TeqsT\ qT+& b+<e#TqT).

nsTTq|{, \sY d+XwD ]q sTy 
eZsD esT ]q~. 

sqeTT eT]jTT < 
dyTqeTT\T

n<jTeTT 13

d+eTT   :     C
|seDT d+K :     6
|seDT <es :   12

d+jjT :       4

 >|  :     14
K L

|eTT13.1sH m\H $HdeTT
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|eTT 13.3 |eTT 13.4

Je skjTq XdeTT
 n JesX\T sH |seDTe\ js>TqT. B ns+, JesX\T sH |seDTe\ 

]+|&jTT+&TqT.  sH |seDTe\T, s |seDTe\ *d u$TMT< Jes ssTT+#TqT. 
qT, sq skjTq XdeTTqT Je skjTq XdeTT n L& n+<TsT.

|&]#Y \sY
A creator of revolution in ORGANIC CHEMISTRY

MT \Tk

sq skjTq XdeTT (Carbon Chemistry)

sqeTT nH |<eTT JeeTTqT d+#TqT. d&H <XdT&q u*jTdt 
nqT skjTq XdE&T sq skjTq XdeTT nH |<eTTqT yTTyTT< 
|j+#qT. ~ Je\ skjTq XdeTTqT d+#Tq #|qT. 
nsTTq|{, |j>X\ nd+~jT dyTqeTT (nyjT+ djTH{) 
qT+& d+~jT dyTqeTT (jT]j) qT dw+#&+ s skjTq 
Xdy \sY d|\eTjTqT. ~ Je\ \ d<+eTTqT (Je |jT\ 
d<+eTT) <rd+~. |&]#Y \sY

sH skjTq Xdy
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m\qT +{sTT. {, < d+jjT 
H\T>T. &yjTT $HdeTTqT b+<T 
sH |seDTe H\T>T m\qqT sTT 
 >V+ C4+ eT]jTT C4-  njqT\qT  
@ssTdT+~.
1. ~ H\T>T m\qqT >V+ 

C4 – qjHqT @ss#TqT. nsTT sT 
b{qqT *q +<eTT |~ m\qqT 
|{ +#&eTq~ weTT. (nq> H\T>T 
n<q| m\qT +{sTT.)

2. ~ H\T>T m\qqT sTT C4+ 

jqqT @ss#TqT. nsTT H\T>T 
m\qqT =\+q|&T @s& s <q 
njqT\T (+<eTT sT b{qT  
eT]jTT uV  s+& m\qT) 
@s&& n~ yTTeTT X 
nedseTeT+~.

s sH |seDTe\  s 
eT\eTT\ |seDTe\, sH < 
d+j m\qqT |+#Te&eTT e\q  
deTdqT n~>$T+#TqT. H\T>T d+jjT 
+<eTT\qT @s]# | \DeTT >\ sH 
|seDTeqT k<sDeTT> f{ d+jjT 
sH (Tetra Valency of Carbon) n+{sT.

H\T>T V&H |seDTe\ sH  
H\T>T m\qT (= < ={ #=|q) 
|+#Te&+ e\ MT<qT nDTe (CH4)  
@s&TT+~.

    m\q qT |+#Te& d+#TqT.
|eTT 13.5 MT<H sDeTT

13.2 d+~jT skjTq XdeTT jTT 
<T s#qeTT

 V&sqT eT]jTT y{ jTT 
qeTT\ ]+#&q d+~jT 
dyTqeTT\ L&q skjTq Xd $u>eTTqT 
d+~jT skjTq XdeTT n s+#<sT. ~,  
+<eTT\ dueeTTqT, sDeTTqT, \DeTT\qT 
eT]jTT $$< s+>eTT\ y{ |j>* 
>T]+q |P] |]CqeTTqT eTq n+~+#TqT.

n+ $\Tyq VqsT eeTT sH 
jTT d{ sb+syT. VqsT 
eeTT 105 s eeTT (21.68 >).  
< dt+&j +| ysT  
\e+eTT> kBq+ #dT= y] 
eTT b~]. ydy  k<sD 
u>TZ>  n $\Tyq VqsT 
eeTT> sH jTT  sb+seTT!

MT \Tk

b*wt #jT&q  eeTT

H

H

H H

C13.3 sH +<eTT eT]jTT < 
dyTqeTT\T

 sH |seDT d+K 6 eT]jTT 
uksTT m\H $HdeTT 1S2 2S2 2P2. 
 e]  (Outermost Shell) H\T>T 
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13.4  sb+s  (Allotropy)
 eT\eTT { +f me s|eTT\ 

+&,  s|eTT\jT  $<yTq 
skjT <seTT\qT *jTT+& yssT u  
<seTT\qT *jTTq#  |esqqT sb+s 
(Allotropy) n+<TsT.
sH sb+s\T (Allotropes of Carbon)
 •  sH eT&T sb+seTT\qT * +&TqT. 
n$, d{ s|eTT (eeTT eT]jTT >|{), 
nd{ s|eTT (H\ u>TZ (Coke) eT]jTT 
*q H\ u>TZ (Charcoal) eT]jTT |\]H.

 •   e+ eT]jTT >|{\T d{ sb+s\T. 
nsTTq|{ y{ +< due+ <s+>  
n$ ysT|&T#Tq$.

 •  eeTT, | sq |seDTe H\T>T s 
sq |seDTe\ +~+#& >{ 
$TrjT sDeTT @s&TjT < 
>{<qeTTq eT]jTT <&eTTq 
sDeT>TqT.

|eTT 13.7 >|{ sDeTT

 •  sH sb+s\ |\]H s|eTT {.
yTTyTT< 60 sq |seDTe\ >\ 
*+ (|{u) seTT >\ nDTe> 
>T]+#&q~ (C-60). nyT] <X #+~q 
*  $TdsY |\sY >]# +#&q 
u> |+e ~ +&T e\q B  
$TdsY |\]H nH |sT eq~.

|eTT 13.8 |\]H |eTT 13.9 |{u

13.5 sH eT]jTT < dyTqeTT\ 
u dueeTT 
 •  sH s sq |seDTe\ y{y 
deTjjT +<eTT\ <s \TdT= |< 
d+K nDTe\Hs]# keTs+ >\ <s 
>=\TdT T (Catenation) n+<TsT. sH 
d+jjT H\T>T. {, n~    H\T>T 
s sq |seDTe\ +<eTTHs]# 
keTseTTqT * +T+~.

 •  H, V&H, H{H, >+<eTT, ]H 
eT]jTT s nH eT\eTT\ sH *d 
$$< ds dyTqeTT\qT @ss#TqT.

 •  sq |seDTe n q<q |]eDeTT 
* jTT+&T e\q < +<eTT +<| 

y+&sYy \eTT

13.6 eeTT sDeTT

 •  >|{ | sq |seDTe eT&T s 
sq |seDTe\  \+ +~+|& 
w{D e\j\qT @ss \VqyTq 
y+&sYy \eTT\qT *jTT+&TjT < 
eT<TeTTq sDeT>TqT.

 •  s nVeTT\ e~]> +& M{ 
d#m\qT +&T e\ >|{ eT 
$<TY yVeTT.
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\ m\qqT     \eTT> |{jTT+#TqT. 
~jT sq d+j> |<seTT\ ds 
>\ sDeTT.

 •  sq dyTH\T nDT k<XqT |<]ksTT. 
 nDTbsT * yssT <s\T >\ $$< 
sDeTT\T *jTT+&, s+&T  n+H 
me dyTqeTT\T |<]+# <wjTeTTqT 
nDTk<XeTT (Isomerism) n+<TsT. 
nq>, C2 H6 O bsT < \V   
(C2 H5 OH) eT]jTT & $T< <sY  
(CH3-O-CH3) |sT >\ s+&T yssT 
dyTqeTT\qT *jTT+&TqT.

 •  sq dyTqeTT\T deTjjT dueeTTqT 
*jTT+&T# e sT>T eT]jTT eTsT>T 
kqeTT\qT * +&TqT. 

 •  sq dyTqeTT\T bZH skjTq #s\+<T 
jq| nDTe\ b +<eTT\T 
$&>=&TqT eT]jTT j| 
nDTe\ = +<eTT\T @s&TqT.

 •  sq dyTqeTT\T dT\ueTT> <VqjT 
qesTT.

13.6 skjTq <seTT\T 
 •  sH eT]jTT < dyTqeTT\T H 
eT+& sH & & uT weTT eT]jTT 
+ y\Te]ksTT.<:

C + O2 → CO2 + weTT G +
CH4+2O2  →  CO2 + 2H2O + weTT G +
C2H5OH+3O2→2CO2+3H2O+weTTG+
 •  q sD (s b{wjT+ |s+>H{) 
|j+q, sq dyTqeTT\T dT\ueTT> 
sDeTT #+~ s* eTeTT\qT 
(Carboxylic Acids) @ss#TqT.<:

KMnO4/ OH-

2[O]
CH3CH2OH                      CH3COOH+ H2O
m<H m<HsTT eTeTT

 •  nd+| sq dyTqeTT\T, |&jT+  
 s deT+, V&H d+\q 
#s bZ+{sTT.

<:  
CH2 = CH 2   CH3 - CH3

H2

  BH              Ni-s+                <H
    

 •  sq dyTqeTT\T, ds+  @< 
s seTT\ deT+ ||D #s\ 
bZ+{sTT.<: MT<H, ||D #s 
bZ $$< sq jqeTT\qT  
@ss#TqT. 

 •  \V +{ sq dyTqeTT\T k&jT+ 
#s ]| V&H yjTTeqT y\Te]ksTT.

<:2CH3CH2OH + 2Na→2CH3CH2ONa + H2↑

13.7 deTCXDT\T(Homologous Series)
 $<yTq sDeTTqT eT]jTT skjT 

<seTT\qT *jTT+&, s+&T esTd dyTqeTT\ 
eT< & CH2 > e+&& d+~jT dyTqeTT\ 
deTVeTTqT  s> deTCXD n+{sT.
13.7.1 deTC XDT\ ku$ \D\T 
(Characteristics of Homologous Series)
 •  XD @<H  dyTqeTT < eTTqT|{ 
 sTy dyTqeTT CH2 nH k<sD 
u<eTTqT eT]jTT 14 |.<.| nDT <es 
u<eTTqT *jTT+T+~. 
(|.<.| R |seDT <es |eDeTT)

 •  deTC XD n dyTqeTT\T,  
$<yTq eT\eTT\qT eT]jTT  $<yTq 
|yTjT deTVeTT\qT * +&TqT.

 •  deTC XD n dyTqeTT\qT  
$<yTq k<sD bsT d+#e#TqT.
<:   H  =  CnH2n+2

  H   =  CnH2n

  H  =  CnH2n-2

 •  deTC XD #+~q dyTH\ nDT 
<es |sT>T<\ nqT>TDeTT>, y{ 
u <s\ eT+ q&TT+~.

 •  deTC XD #+~q dyTH\ skjTq 
<s\T  $<eTT> +{sTT.
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 •   k<sD |< |j+ 
deTCXD n dyTqeTT\qT 
jsT#jTe#TqT.

13.8 deTC XDT\ eTTK+ (Importance 
of Homologous Series)
1.   |{ es jsT #jT  XD 

d++~+q |<seTT\ <seTT\qT eTT+< 
\TdT>\eTT.

2.  deTCXD |]CqeTT e\q XD 
|<seTT\ >T]+q eT<yTq n<jTqeTT 
#jTT M\>TqT.

3.  XD yTT<{ |<seTT jTT  
<seTT\qT \TdTq+ eq XD 
$T*q @ |<seTT jTT dueeTTHqqT, 
KeTT> #|>\eTT.

13.9  V& sH\T (Hydrocarbons)
sH eT]jTT V&H\qT eyT *q 

n k<sD sq dyTqeTT\qT V&sqT 
n+{sT. $ d+~jT dyTqeTT\ qeTT\T> 
|]>D+|&TTq$. M{ {  me 
V&H       |seDTe\qT, s |seDTe\T 
 |seDT deTT<jTeTT\# kqu+XeTT 
#+~+q|&T n s sq dyTqeTT\qT 
qeTT #+~+#>\eTT.

V&sH\qT s+&T seTT\T> 
eZ]+#e#TqT. n$ d+| eT]jTT nd+| 
V&sH\T.
13.9.1 d+| V&sH\T ` H\T 
 (Saturated Hydrocarbons-Alkanes)

k<sD k+eTT R CnH2n+2 nqTdsZ: @H 
(ane). $, sH ` sH @+<eTT *q 
sq dyTqeTT\T. M{ #so\ e> 
+&T#  |PseTT M{ bs|H\T ({H 
uw =~b{ <VeTT (affinity) n nseTT)  
n |*#&ysT. 

IUPAC eed M{ H\T n  
|\TksT. (# @H (ane) nH~ eT\|<eTT 
*q nqTdsZeTT).

k+eTT k<sD 
HeTeTT

IUPAC 
HeTeTT

CH4

CH3CH3

CH3CH2CH3

CH3CH2CH2CH3

MT<H
<H 
b|H 
n-TfH

MT<H
<H
b|H
TfH

13.9.2 nd+| V&sqT (Unsaturated 
Hydrocarbons)
nDTe\+<T d+  sH ̀  sH ~+<eTT 

  sH ` sH +<eTT  

-CΞC-  *jTT+&& V&sH\qT nd+| 
V&sH\T n+{sT. M{ eTs s+&T 
$<eTT\T> eZ]+|e#TqT: H\T (alkenes) 
eT]jTT H\T (alkynes).

13.9 (i) H\T (alkenes) : CnH2n nH 
k<sD bsTqT *jTT+&TqT. nqTdsZ: 
H. deTT  sH ` sH ~+<eTTqT 
*q V&sH\T. M{ k<sD bsT 
CnH2n.  XD e sH\T >\ yjTT 
|<seTT\T, ]H #s ]|q|&T qH+{ 
|<seTTs&T e\q |PseTT M{ z*|H 
(^ uw z*|jT+{ nq> qH\T jsT 
#jTT n nseTT) n |*#&ysT.

IUPAC eed H jT+<* nqTdsZyTq 
@H (ane) <T\T> H (ene) qT ydq|&T 
(e]& #+~+q|&T) H |sT 
qeTeT+~. <VsD

CH3  – CH3 H2C = CH2

                
<H   BH

|eTT 13.10 u$TH |

(&) s+>T esT @s&q~ ` nd+|
(m&eT) s+>T esT <T ` d+| 
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<:  \V  ⇒ –OH 

   {H ⇒    C= O
   *V& ⇒ – CHO
   s* eTeTT ⇒ – COOH        

13.10.1 |yTjT deTV+ <s+> 
sq dyTH\ eZsD (Classification 
of Organic Compounds Based on 
Functional Group)
1. \V\T (Alcohols)

  (deTVeTT)  nT&q -OH 
(deTVeTT) *q sq dyTqeTT\qT 
\V\T n+<TsT. \V k<sD bsT 
R-OH, # R nqTq~   deTVeTT 
eT]jTT,  -OH nqTq~ |yTjT deTVeTT. 
\V\ IUPAC HeTeTTqT b+<eqq 
H (Alkane) +> |<eTT ‘-e’ qT 
=\+ < <T\T> z (ol) nqTdsZqT 
(Suffix) yjTeqT. eTqeTT \H (Alkanol) 
nH |sTqT b+<>\T>T#THeTT.

nDT k+eTT k<sD HeTeTT
IUPAC  

HeTeTT
CH3OH 

CH3-CH2-OH

CH3- CH2-CH2-OH 

CH3-CH-CH3

        OH

CH3-CH2-CH2-CH2-OH

CH3-CH-CH2-OH

        CH3

$T< \V

< \V

 n- b| \V

k b| 

\V () 

d+& b| 

\V

 n- Tf \V

 
k Tf 
\V

$T<H

<H

1-b|H

2`b|H

1 ` TH

2`$T<` 
1`b|H

n~ sH\T *q H\, nDTe 
sq |seDTe\ 1, 2, 3, 4, ..... nH d+K\ 
dVjTeTT ~+<eTT jTT kqeTTqT 
d+|e#TqT.

H
k<sD 
HeTeTT

IUPAC  HeTeTT

CH2 = CH2

CH3CH = CH2

CH3CH2 CH = CH2

CH3CH = CHCH3

~H
b|H
a- T{H
b- T{H

BH
b|H
T`1`H
T ` 2 ` H

(ii) H\T (Alkynes) 
k<sD k+eTT: CnH2n-2 
nqTdsZ: H (yne)

sq |seDTe\ eT< +<eTT >\ 
V&sH\qT H\T (Alkynes) n+{sT. 
H\ eH H\ L& |sT |e#TqT. 
nq> H @H nH nqTdsZ <T\T>  
HqT yj*. n~ sH\T *q H\, 
nDTe sq |seDTe\ 1, 2, 3, 4, ..... 
nH d+K\qT {sTT+ sq >=\TdT 
+<eTT jTT kqeTTqT d+#e#TqT.

H k<sD HeTeTT
IUPAC  

HeTeTT
 HC Ξ CH

H3C – C ΞCH

H3C – C  ΞC – CH3

H3C - CH2 –C Ξ CH

md{H
$T< md{H
& $T< md{H
< md{H

<H
b|H
T`2`H
T`1`H

13.10 |yTjT deTVeTT (Functional 
Group)

dyTqeTT\ jTT ku$ <seTT\ 
sDuyTq  |seDTeqT  |seDTe\ 
deTVeTTqT  #sH=+<T u>eTTqT |yTjT 
deTVeTT> s+|e#TqT. d+~jT 
dyTqeTT\ skjT <seTT\qT, |yTjT 
deTVeTT s]+#TqT. nDTe $T*q 
u>eTT  u <seTT\qT s]+#TqT.

2. *V&T (Aldehydes)
 deTVeTT (Alkyl Group)  

V&H |seDTe nT&q - CHO 
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deTVeTTqT *q sq dyTqeTT\qT 
*V&T n n+<TsT. *V& k<sD 
bsT R-CHO. # R nqTq~  
 deTVeTT  V&H |seDTe 
eT]jTT - CHO nqTq~ |yTjT deTVeTT. 
*V&T jTT IUPAC HeTeTTqT b+<eqq 
+>eTT -e qT =\+ < <T\T> 
 (al) nqTdsZqT yjTeqT. n+<Te\q 
eTqeTT \H (Alkanal) nH |sTqT  
b+<>\T>T#THeTT.

nDT k+eTT k<sD HeTeTT IUPAC 
HeTeTT

HCHO 

CH3- CHO
 
CH3- CH2- CHO
 
CH3- CH2-CH2- CHO

bs*V&

md{*V&

b|jTTH*V&

n-T{s*V&

$T<H
<H

b|H
TH

3. {H\T (Ketones)
s+&T  deTVeTT\ nT&q 

s=H -CO- deTVeTTqT *q sq         
dyTqeTT\qT {qT n+<TsT. {H jTT 
k<sD bsT R-CO-R'. # R eT]jTT 
R' \T  deTVeTT\T eT]jTT -CO- 
nqTq~ |yTjT deTVeTT. {H jTT 
IUPAC HeTeTTqT b+<eqq H (alkane) 
+> |<eTT -e qT =\+ < <T\T> 
zH (one) nqTdsZqT yjTeqT. n+<Te\q 
eTqeTT \HH (alkanone) nH |sTqT                     
b+<>\T>T#THeTT.

nDT k+eTT k<sD HeTeTT IUPAC 
HeTeTT

CH3COCH3

CH3COCH2CH3

CH3CH2COCH2CH3

& $T< {H 
(md{H)
< $T< {H

& < {H

b|HH

THH

3`|+HH

4. s* eTeTT\T (Carboxylic 
Acids)

 V&H |seDTe   
deTVeTT nT&q -COOH deTVeTT 
*q sq dyTqeTT\qT s* eTeTT\T 
n+<TsT. eTeTT jTT k<sD k+eTT 
(formula) R–COOH. # R nqTq~  
V&H |seDTe   deTVeTT  
eT]jTT  –COOH nqTq~ |yTjT deTVeTT. 
eT IUPAC HeTeTTqT b+<eqq H 
(alkane) +> |<eTT –e qT =\+ 
< <T\T> zsTT eT+(Oic acid) 
nqTdsZqT yjTeqT. eTqeTT \HsTT 
eTeTT (alkanoic acid) nH |sTqT  
b+<>\T>T#THeTT.

nDT k+eTT k<sD 
HeTeTT

IUPAC 
HeTeTT

HCOOH b] eTeTT $T<HsTT 
eTeTT

CH3-COOH nd{ eTeTT <HsTT
CH3- CH2-COOH b|j 

eTeTT
b|HsTT

CH3- CH2-CH2-COOH n-T] 
eTeTT

T HsTT 
eTeTT

= eTTKyTq sq dyTqeTT\T (Some 
Important Organic Compounds)

<<| n dyTqeTT\T eTq nH 
$<eTT\T> |j>|&T#Tq$. +<qeTT\T 
(fuels), Ww<eTT\T (medicines), s+>T\T 
(paints), |\T&T |<seTT\T (explosives), 
d+Xw b*eTsT (Synthetic Polymers), 
dT>+< <y\T (Perfumes) eT]jTT &s+ 
+{ # y{ sq dyTqeTT  
eT\eTT\T. C, d+~jT (sq) skjTq 
XdeTT eTq J$ s+>T\eTjT+>q  
eT]jTT dTKeTjT+>qT #dT+~. |&T, <H  
eT]jTT <HsTT eTeTT nqT s+&T  eTTKyTq 
dyTqeTT\qT >] |eTT> #]<+.
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13.11  <H (Ethanol)(C2H5OH)
\V XD n eTTKyTq |<seTT\ 

<H  < \V  k<sD \V\T 
{.
1. yTTddt qT+& <HqT jsT#jTT 
(Manufacture of Ethanol from molasses)

>& #s sd+ qT+& #sqT d{]+q 
sTy $T q\{ s+>T >\  <eyT 
yTTddt (molasses). <<| 30% d{sD+ 
 #s (dTC) yTTddt $T* +&TqT. 
(yTTddt 30% dTC d{sDeTT #+< 
nf +&TqT). ~, <H> +< *q 
|TeTT\ esT #+<TqT.
i)  $q+ (Dilution) :  #s >& <<| 

8 qT+& 10 XeTTq Z+#& yTT< 
yTTddt  { *| d\ <eD+> 
#ksT.

ii)   nyjT+ \eDeTT\qT #sT (Addition 
of Ammonium Salts) :  D|jT 
(Fermentation) sT>Tq|&T dt 
Vs+> |j>|&T q d++~ 
|<seTT k<sDeTT> yTTddtH 
+T+~. yTTddtq+<T q #*q+> 
qsTT < n~|s#T nyjT+ 
d{  nyjT+ bd{\qT #s*.

iii)  dtqT #sT (Addition of Yeast) : s+&e 
<X @s&q <eDeTTqT |< D |jT 
=f (Fermentation Tank)  rdT= 
< dtqT #s<sT.  $TXeTeTTqT 303K 
c> e< = sE\T +#eqT.  <X 
dT HesC eT]jTT CyTC m+CeTT\T 
#sqT (dTC) <H> esTqT.
   

                  
                

 

C12H22O11  +  H2O    C6H12O6  +  C6H12O6

HesC

dTC >C |C

C6H12O6                    2C2H5OH + 2CO2 ↑
<H

CyTC

>C

DqeTT #+~q <eeTTqT k++> 
ywt (Wash) n+<TsT.
iv) ywtqT d<qeTT #jTT (Distillation of 

Wash) :
DqeTT #+~q <eeTT 15 qT+& 18 

XeTT \V eT]jTT $T*q { $TXe 
+ d<qeTTq >T]#jTT<TsT. 4.5% sT  
eT]jTT 95.5% <H *q <H 
\<eDeTTqT eTTK u>eTT> b+<<eTT 
(\_+#TqT). B s|& d]{  (Rectified 
Spirit) n+<TsT. sTy  $TXeTeTTqT 
b&dTqeTT (Quick Lime) MT< 5 qT+& 6 
>+\T y&#d, n> 12 >+\T \jTT+#*. 
 $TXeTeTTqT d<qeTT #d, d#yTq \V 
(100%) qT b+<e#TqT. B |seT \V 
(Absolute Alcohol) n+<TsT.

 D|jT (Fermentation) 
d+~jT dyTqeTT\qT m+CeTT\ 

#s ]|+ ds nDTe\T> @s]#T 
HeT~> sT>T skjTq #sqT D|jT 
n+<TsT.

MT \Tk

2) u <seTT\T (Physical Properties)
i)  <H #Ts#TseT eT+& sT *Zq jTq 

<eeTT.
ii)  d++~ H\ +f B eTsT>T c> 

(351K) me.
iii)  ~ { n wT\q |P]> 

*jTTqT.
3)  skjTq <seTT\T  

(Chemical Properties)
i)  ssDeTT (Dehydration) 
(a)  nDTe |\ ]> ssDeTT (Intra 

Molecular Dehydration):- 443 K 
e< <HqT, n~ yTTeTT >& 
d\]eTeTT *| y&#dq|&T n~ 
ssD #s bZqTqT. BH @s&TqT.
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  <H BH
443K

>& H2SO4CH3CH2OH                       CH2=CH2+H2O

(b)   nDTe\ eT< ]> ssDeTT (Inter 
Molecular Dehydration) :- 413 K 
e< n~ yTTeTT \VqT >&  
H2SO4  *| y&#dq|&T s+&T 
nDTe\T d+j>eTT #+~  { nDTeqT 
sTT <sYqT @ss#TqT.(nq> s+&T 
nDTe\ <H qT+& { =\+#T).

413K

        H2SO4C2H5- OH + HO- C2H5                       C2H5-O-C2H5+H2O
>&

  & < <sY
ii) k&jT+ #s (Reaction with Sodium)  
<H, k&jT+ VeTT #sH=+~ k&jT+ 
<& eT]jTT V&H yjTTeqT #TqT.
2C2H5OH + 2Na   2C2H5ONa + H2 ↑

k&jT+ <&
iii) sDeTT (Oxidation)
MT K2Cr2O7  s KMnO4,<HqT 
<HsTT eTeTT> sDeTT #+~+#TqT.

K2Cr2O7 / H
+

2[O]
CH3CH2OH                      CH3COOH +H2O

<HsTT eTeTT
 skjTq #s, s+ s+>T +& 
K2Cr2O7 |#> esTqT. qT, \V\qT 
>T]+#T  skjTq #sqT y&TsT.

iv) md]|wH (Esterification)   
<H, >& d\] eTeTT (seTT) 
deTeTT <HsTT eTeTT #sH=+~ 
< <HjT{qT eT]jTT { @ss#TqT. 
\V, s* eTeTT #s ]|  
@ssq dyTqeTTqT mdsY (Ester) (|+& ydq 
>\ dyTqeTT) n+<TsT.  #sqT md]|wH 
n+<TsT.
C2H5OH + CH3COOH  CH3COOC2H5 + H2O

         H2SO4

<H  <HsTT 
eTeTT

  < 
<HjT{

>&

v) & V&sDeTT (Dehydrogenation)
573K e< jTsDeTT #+~q s 

seTT MT< <H uweTT\qT |+|q|&T  

&V&sDeTT ] md{*V&T @s&TqT.

CH3CH2OH  CH3CHO+H2

Cu

573 K 
<H     md{*V&

4. |j>eTT\T (Uses)
1.  {yTTu s&jTs sT 

|Tu$+#+& (anti-freeze) 
+&T,

2. Je CT\ s\qT \ +#&,
3.  dT\ j+{d|>, >jTeTT\+<Tq 

deTT\qT q+|CjTT,
4.  eT+<T\T (drugs), qH\T (oils), =e\T 

(fats), dT>+< <y\T (perfumes), 
n<\T (dyes) yTT<\>T y{ j 
<eD>q,

5.  $T~f& d]{ (95% <H  
eT]jTT 5% $T<H\ $TXeTeTT), 
s|& d]{ (95.5% <H eT]jTT 
4.5% sT\ $TXeTeTT), |esY \V 
(|{ eT]jTT <H\ $TXeTeTT)  
eT]jTT ndV|sq \V 
(Denatured Spirit) (|]&H *|q 
<H) \qT jsT#jTT,

6.  <>TZ eT]jTT Jsd++< bqeTT\T 
jsT #jTT  |jksT.

\V e\q *> <Tw*\T (Evil Effects 
of Consuming Alcohol)
• <HqT d$+qsTT, n~ eTq 

XseTT JejT\ y> Z+#TqT 
eT]jTT +<H& eed MT< & 
*+#TqT.

• eqd & eT]jTT uy< sT>\ 
sDeT>TqT.

• n\sY, n~ sbT, qsY, yT<&T  
eT]jTT jTeTT <qT e\q eTq 
s>eTT u~+#&TqT.

•  yVqeTT\qT q&T| e\q <<| 
40% |e<eTT\T sT>TTq$.
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• <H <T\T>, n e  
|]eDeTT $T<HqT rdT=q|{ 
eTsDeTT d+u$+#TqT.

• jTeTT $T<H sDeTT #+~ 
$T<H (bs*V&) > esTqT eT]jTT 
D+>eTT\ y>e+eTT> $T<H #s 
sT|qT.

• e+#d|&T &>T&T >&f $<eTT>H, 
D <eeTTqT >& {+#T $T<H 
sDeT>TqT. $T<H <XH&T\qT L& 
u~+, >T&qeTTq <]rjTTqT.

13.12 <HsTT eTeTT   (CH3COOH)

eT deTV #+~q s* eTeTT> 
|\Te& <HsTT eTeTTqT, k<sDeTT> 
md{ eTeTT n |\TksT. md{ eTeTT 
nH |\eTT\ +&TqT eT]jTT  eTeTT 
e\q |\eTT\ |\{ sT \T>TqT.
1. <HsTT eTeTTqT jsT #jTT 
(Preparation of Ethanoic Acid)  

MT b{wjT+ &yT{  s 
b{wjT+ |s+>H{ deTeTT <H 
sDeTT #+~ <HsTT eTeTTqT  
@ss#TqT.
CH3CH2OH                      CH3COOH +H2O

KMnO4/ OH-

2[O]

<H  <HsTT eTeTT

2. u <seTT\T (Physical Properties) 
i)  <HsTT eTeTT |\ sT *q s+>T 

<eeTT.
ii) ~, { n wT\qT |P]> *jTTqT.
iii)   d++~ \V\T, *V&\T eT]jTT 

{q +f < eTsT>T c> me 
(391K)

iv)   #\sT#T e\q, d#yTq <HsTT 
eTeTT eT+#T # |u$yT, eT+#T  
|\T> @s&TqT. n$ ##T eT+#T 
>&\T> +&TqT. qT, B >djT md{ 
eTeTT n+<TsT.

3. skjTq <seTT\T (Chemical Properties)

 i)  <HsTT eTeTT  \VqyTq eTeTT. 
~ * *dtqT msT| s+>T 
esTqT.

ii) VeTT\ #s:
Na, K, Zn yTT<\>T VeTT\ <HsTT 

eTeTT #s ]| V <HjT{ eT]jTT 
V&H yjTTeqT @ss#TqT.
2CH3COOH + Zn  (CH3COO)2 Zn + H2 ↑ 

2CH3COOH + 2Na  2CH3COONa + H2 ↑

iii) s=H{ eT]jTT us=H{\ #s:
<HsTT eTeTT, s=H{ eT]jTT  

u s=H #s ]| TdTdeT b+>T 
sH&j&qT y\Te]+#TqT.
2CH3COOH + Na2CO3  2CH3COONa + CO2 ↑ + H2O

CH3COOH + NaHCO3  CH3COONa + CO2 ↑ + H2O

iv) seTT\ #s: <HsTT eTeTT, 
k&jT+ V&& #s ]| k&jT+ 
<HjT{ eT]jTT { @ss#TqT.

CH3COOH + NaOH  CH3COONa + H2O

v) &ssD+ (CO2 qT =\+#T):
<HsTT eT| k&jT+ \eD, k&yT 

( 3 u>eTT\ NaOH G 1 u>eTT CaO >\ 
|Tq $TXeTeTT)  *| y& #d MT<H yjTTe  
y\Te&TqT.
CH3COONa      CH4 ↑   +   Na2CO3

NaOH / CaO

4. |j>eTT\T (Uses)
<HsTT eTeTTqT,

1.  Vs |<seTT\qT eT]jTT |+&  
sdeTT\qT (Fruit Juices) \jTT+#T 
e\dq $>sY j,

2. |j>X\ seTT (reagent) >qT,
3.  ssT b\qT >& {+ ssTqT jsT 

#jTT,
4.  n<\T (dyes), dT>+< <y\T (perfumes) 

eT]jTT eT+<T\T (medicines) jsT 
#jTT |jksT.
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e~] eT+qeTT
u>eTT ` n

1. ssD (Assertion) sDeTT (Reason)
sq dyTqeTT\ skjTq +<eTT\T 
deTjjT dueeTTqT * +&TqT.

+< |seDTe\ m\qT\T 
|+#Te&+ e\q deTjjT 
+<eTT @s&TqT.

e&q ssDqT sDeTT | |s#T#Tq<? 
2. ssD (Assertion) sDeTT (Reason)

sH d{ s|eTT\ eeTT # >{<q~. eeTT sH |seDTe\T 
due #TsTFjTeTT\>TqT.

|q \&q ssD >Tyq sDeTTqT |]o*+#+&.
3. ssD (Assertion) sDeTT (Reason)

>=\TdT T (Catination) e\q nHyTq sq 
dyTqeTT\T @s&TqT. 

sq dyTqeTT\T sb+s 
<seTTqT |<]+#TqT.

e&q ssD  sDeTT d]|&TH?
 4.  ________jTT sb+s  $TdsY |\]H. (H{H / sH / >+<eTT)
 5.  >|{ nVyTq|{, $<TTqT |eV+|#jTTqT. B sDeTT n+<T _______. 
    (d# m\qT/+< m\qT)
 6.  MT<H bsT CH4 eT]jTT < sTy |<seTT <HqT C2H6 > \T|sT.
 s+&+{ k<sD edeTT _____________ (CH2 / C2H2)
 7.   qT XD yTT<{ |<seTT jTT IUPAC HeTeTT ___________ (BH/<H)
 8.   {H eT]jTT *V&T deTVeTT\  sq >=\TdT jTT n+eTT >\ |yTjT 

deTVeTT @~?
 9.    | H[ X nH |Tq |<seTTqT rdT= < md{eTeTT *| y& #dq|&T 

s+>T eT]jTT ydq  yjTTe (Y) y\Te&q~. yjTTeqT dTq|  |+|q|&T 
n~ b\e \> e]q~. X eT]jTT Y \qT qT+&.

10.   ssD (Assertion) :    < \VqT ndV|sT#T e\q n~ d$+#T 
sT|j>eTT> esTqT.

    sDeTT :   $T< \V #sT e\q < \V < dV >TDeTTqT eqT.
   | ssD  sDeTT d]|&TH? |+#+&.

u>eTT ` 
 1.    C4H10 bsTqT |j+ M\sTTq nDTk<XeTT\qT eT]jTT y{ jTT IUPAC 

HeTeTT\qT yjT+&.
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 2.    sH jTT >{ sb+seTT eeTT. <jTT >{<qeTTq sDeTTqT \+&.
 3.    C2H4O2 nDTbsTqT *q  sq dyTqeTT (A)  }s>jT\qT \jTT+#T 

$]$> |j>|&TqT.  dyTqeTT <H #s ]| jT{ ydq (dTydq) >\ 
dyTqeTT (B) qT @ss#TqT.

 i) dyTqeTT A eT]jTT B \qT >T]+#+&.
 ii) |jT |sTqT eT]jTT d++~ skjTq #sqT yjT+&.
 4.      C2H6O nDTbsT *q sq dyTqeTT (A) s KMnO4  <eDeTT  sDeTT 

#+~ < deq sq |seDTe\ d+K >\ eTeTT (B) qT #TqT. >jTeTT\+<Tq 
deTT\qT q+|CjTT dT|T\ j+{d|> dyTqeTT A qT |jksT. 
A eT]jTT B \qT qT+&. A qT+& B @s&T $T&jTTq skjTq dMTsDeTT\qT 
yjT+&. 

 5.    A eT]jTT B nH s+&T dyTH\T  nDT d+ C2H6O qT *jTTq$. y{ nDT 
sD\T yssT> q$. 

 i)  <wj @eT+{sT?
 ii)A eT]jTT B jTT nDT sD\qT yjTTeTT.
 iii) y{ k<sD eT]jTT IUPAC HeTeTT\qT yjTTeTT.
 iv)A eT]jTT B \ |yTjT deTVeTT\qT yjTTeTT.

 6.  | U |q s+&T de<H\T e&jTTq$. y{ d]|&T de<qeTTqT mqT= 
U\qT |P]+|eTT.

 deTT  sq ` sq  ______ (~ / ) +<eTT *q V&sH\qT 
______ (qT\T / qT\T) n n+<TsT. M{ k<sD deTT CnH2n. M{ |{ 
es ______ (z*|H\T / bs|H\T) n |*#&ysT.  dyTqeTTqT ______ 
(u$TH / dTq|) { #sH=+~+q|&T |<s| s+>T =\beqT. B sDeTT, ~ 
 ______ (d+|, nd+|) dyTqeTT n>TjT.

 7.  +~ <s\qT |j+ dyTH\qT qT>=q+&.
 i) 30% dTdtqT *q { s+>T <eD+
 ii) <H j dt Vs+> #s&TqT.
 iii) ~  m+CeTT.  m+CeTT dTdtqT, >dt eT]jTT |dt> $&>=TqT.
 iv) 95.5% <H eT]jTT 4.5% { *q dyTqeTT
 v) ~ 100% d#yTq \V. 
 8.  +~ $es\ @y$ <H d++~+q$ eT]jTT @y$ <HsTT eTeTTq 

d++~+q$? qT>=qTeTT.
 i) |Lfq sT L&q dwyTq <eDeTT
 ii) |j>X\ JeXd qeTH\qT u<|s#T |j>|&TqT.
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 iii) VseTT eT]jTT |+& sdeTT\qT u<|s#T |j>|&TqT.
 iv)  #\sT#Tq|&T eT+#T |\T> |Tu$+ ##T eT+#T |seTT e q&TqT.
9.   +~ |<\qT y{ d]|&T |e#H\ |s#+&. 

(yT<H, D |jT, {HwH, dCrjT XD, V&H yjTTe)
 i) djT+ +~ <seTT <s sH n~ d+K dyTqeTT\qT @ss#T keTseTT
 ii) \V k&jT+ #sH=+~q|&T y\Te&T eT\eTT
 iii) d+~jT dyTH\ ne>Vq eT]jTT eT<yTq n<jTeTTq &&T XD
 iv)  m+CeTT\ dVjT+ d+w d+~jT dyTH\ qT+& ds nDTe\qT jsT#jTT
 v)  <H e +&  dyTqeTTqT # e y<T  d$+q|{ eTsDeTT 

d+u$+#TqT
u>eTT ` 

 1.   d]jTq k+eTT\qT |j+ +~ |{ U\qT |P]+#TeTT.

eT d+K H H H
1. C2H6     <H ______   BH C2H2   <H
2. ______   b|H C3H6   b|H ______  b|H
3. C4H10    TfH C4H10   T{H ______  TfH

 2. deTC XD nH~ V&sH\ <s\qT *jTCdT+~.  |e#qeTTqT y{  
\DeTT\qT|j+  HjT|s#TeTT.

 3. +~ y{ k<sDHeTeTT eT]jTT IUPAC HeTeTT\qT yjT+&.
i)   CH3 CH2CHO        ii)  CH3 COCH3         

iii)  CH3 CH CH3    iv) CH3 COOH      v)  HCHO
׀                
            OH

 4.

 | |eTTqT >eT+ +~ |X\ de<qeTT*eTT.
 i) eeTT eT]jTT >|{\ sDeTT\qT \T|eTT.
 ii) |qT m+<T >|{ #ksT?
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 iii)  k<qeTT\ eeTTqT m+<T |jksT?
 iv) $<TY e\jT+ >|{qT m+<T |jksT?
 v) >|{ jTT yT<H *jTCjTT \eTT @~?
 5.    V&sH\T nH deTC XD jTT k<sD bsT CnH2n+2 

 i) ~ d+|e  nd+|e?
 ii)  |q e&q XD |s$T? s+&T sq |seDTe\qT *q dyTqeTT |sT eT]jTT 

bsTqT yjTTeTT.
 iii)  XD yTT<{ dyTqeTT jTT sD ^jTTeTT.
 iv)  deTC XD s+#+&.s+&T  esTd dyTH\ nDT bsT\ eT< >\ &$?
 v) n- fH eT]jTT n- |+fH\ nDT bsTqT yjTTeTT. 
 6. me y<T >& H2SO4  qT 443K e< <H *| y& #d].
 i) #s |sTqT *| < $e]+#TeTT.
 ii) | #sqT *jTCjTT skjTq dMTsDeTTqT yjTTeTT.
 iii)  +<T @s&T qeTT |s$T? u$TH \+ >T+&  yjTTeqT |eV+|Cdq|&T 

@$T sT>TqT?
 iv)  <H uweTT\qT u$TH \+ >T+& |eV+|Cdq|&T m+{ esT s><T. 

m+<T?
 7.  +~ |{qT |P]+#TeTT.   

nDT deTT k<sD HeTeTT IUPAC HeTeTT
CH3CH2CH2CH2OH

& $T< {H
b|H

HCOOH

THH

8.  deTC XD jTT k<sD deTT CnH2n+1 COOH eT]jTT  XD <HsTT 
eTeTT  dyTqeTT.

 i) XD |sT eT]jTT |yTjT deTVeTTqT yjTTeTT.
 ii) <HsTT eTeTT jTT nDT deTT eT]jTT k<sD HeTeTTqT yjTTeTT.
 iii)  >& H2SO4 deT+  dyTH <H *|q|&T  r| dTydq >\ dyTqeTT 

js>TqT. skjT #sqT yd @s&q dyTqeTT |sTqT \T|eTT.
 iv)  <HsTT eTeTTqT @< s=H{ #sH=+~+q|&T ]> skjTq #sqT d+# 

deTT\ skjT dMTsDeTTqT yjTTeTT.
 v) <HsTT eTeTT @< s=H{ #sH=+~q|&T @ yjTTe y\Te&TT+~?
 vi)  MT ne>sT }s>jTqT jsT#XsT.  }s>jTqT me \+ \jTT+#T yT 

}s>jT @$T #seqT? 
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C D

 9.  i) A & B \qT qT>=qTeTT.

<H  
+

4.5%  sT 
5%  $T<

H


|esY \V & H#Tsf& d]{

B A

 ii) |esY \V @ $<+> js>TqT? < |j>eTTqT \T|eTT.
 iii) & H#Tsf& d]{qT b+<T <H uT < #seqT?
 iv) & H#Tsf& d]{ jTT @<H  |j>eTTqT \T|eTT. 
10.  +~ skjTq #s\ d]|&T deTT\ skjTq dMTsDeTT\qT yjTTeTT.
 i)  s deT+ <H| V&H jTT #s.
 ii) MT<HqT <V+q|&T sH & & eT]jTT sT y\Te&T
 iii) <H jTT & V&sD+
 iv) <HsTT eTeTT jTT k&jT+ \eD| & ssDeTT
11. +~ |eTTqT >eT+ @$T sT>TH qT>=qTeTT. MT de<qeTTq d]|&T skjT 

dMTsDeTT\qT yjTTeTT.  i) A qT+& B m @s&TqT?

<HsTT  
eTeTT<H

A B

 ii)  nd{ eTeTTqT s=H{ \eDeTT #sH=+~+q|&T @eT>TqT? #s y\Te&T yjTTe 
|sTqT yjTTeTT.  yjTTeqT dTq| { #sH=+~+q|&T @eT>TqT?

              

      nd{ eTeTT
         +

   s=H{ \eDeTT dTq| sT
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 iii)  >& H2SO4 deT+ <HqT nd{ eTeTT #sH=+~+q|&T @eT>TqT? >T 
dMTsDeTTqT yjTTeTT. 

 <H 

nd{  
eTeTT

>& H2SO4

12. C2H6O nH nDT deTTqT *q ‘A’  eT]jTT ‘B’  nH d+~jT dyTH\T nDT k<X\T. 
‘A’  nqT dyTq+ k&jT+ V+ #sH=+~ V&H yjTTeqT y\Te]+#TqT.  ‘B’ 
eeTT #sH=+<<T. ‘A’ nqT dyTqeTT >& H2SO4 deT+ nd{ eT+ #sH=+~ 
|+& ydq *q ‘C’ nqT dyTqeTTqT @ssT#TqT. ‘A’ , ‘B’  nH nDT k<XeTT\T eT]jTT 
dyTqeTT ‘C’  qT qT>=qTeTT.

13. C2H6O nH nDT deTTqT *q ‘A’  nqT d+~jT dyTq+ k&jT+ V+ #sH=+~ 
V&H yjTTeqT y\TesT#TqT. ‘A’  nqT dyTqeTT 413K e< >& H2SO4  #sH=+~ 
C4H10O nH nDT deTTqT *q ‘B’  qT #TqT. ‘A’  nqT dyTqeTT 443K e< >& 
H2SO4   #sH=+~ C2H4 nH nDT deTTqT *q ‘C’  #TqT. ‘C’  nH dyTq+ u$TH 
\eTT jTT s+>TqT b>=TqT. ‘A’ , ‘B’  eT]jTT ‘C’  \qT qT>=qTeTT.

14. C2H4O2 nH nDT deTTqT *q ‘A’  nDT d+~jT dyTqeTT k&jT+ u s=H{ 
#sH=+~ Hq b+>TqT #TqT. ‘A’ jTT k&jT+ \eDeTTqT k&yT #sH=+~+q|&T 
16  nDT <es eT]jTT H XD yTT<{ dyTqeTT nsTTq ‘B’  nH V&sHqT 
#TqT. ‘A’ eT]jTT ‘B’ \qT qT>= ‘A’ qT <H qT+& m jsT #jTT<Ts \T|eTT.

  Books:  1.Organic chemistry - B.S. Bahl & Arun Bahl S.Chand Publishers, New Delhi.
    2. Organic chemistry - R.T. Morrision & R.N. Boyd - Prentice Hall Publishers, 

New Delhi.
         3. Complete Chemistry(IGCSE) - Oxford University press, New York
  Webliography:  www.tutorvista.com,                www.topperlearning.com
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|+ 14.1 d>

   S2            S1 uq dbs >=+
>sTq |& >*q

 \ u>+ (H) s#{ 
(sD |]s+)

\d\T
dNsK

U`s| 
#+

|#Yd\T

uXd+ n+ |<qyTq $CqXd+. 
~ | eT]jTT dV <wj\qT 
n<jTq+ #dT+~. uXd+  
|]eDyTq~. nq> uXd+ #d | 
edTe\qT =\T#T. uXd+ | eT 
|]o*+#&q eT]jTT =\e&q d+|Tq\ 
@u$+#*. uXd+# nH =\ k<H\T 
eT]jTT =\eq |<T\T qT>=q&q$. M{ 
s $CqXd $u>\, deC uXd+ 
n+~+q eTTKyTq de\T>  #|e#T. y{ 
d> {.
14.1 d>

n+ q edTe\ |]eD\qT  
0.001d+.MT =\ es K+>  
=\T#T |j>|& |]s+ d>.

d>q+<T ‘U’ s| V| #+ 
+T+~ (|+ 14.1).

 #{  y|  uq d|+ 
_+#&jTT+T+~.

 d|+ |* u>+ d]s+> 
>&T\T #&jTT+{sTT. B >T+&   
eTsd\qT | n~  |ydT+~.

d|+ |\+ q+<T, < n+ y+&  
dNsK (Index Line) ̂ jT& <| $T MTs 
=\\T >T]+#&jTT+{sTT. BH |#Y d\T (Pitch 
Scale) n+<TsT.

eTsd\ \ u>+  uq d|+ 
\|&jTT+T+~. B @y\T>qT+& n+#T 
>\<T. ~ 100 $u>\T> $u+|&jTT+T+~. 
B \d\T  (Head Scale) n+<TsT. eTsd\ 
eTs es ~yT S1 +T+~.

S1  m<TsT> #+ eTs es e< += 
V| ~yT S2 +T+~. S1, S2\ eTTU\T 
deT\+>qT, de+s+>qT +{sTT.

eTsd\ \ u>  s#{ _+#& 
+T+~. ~ eTsd\qT neds $T+ 
|qT y]dT+~. (sD |]s+> |#dT+~.)

d> + (Screw Gauge Principle)
d> eTs (Screw) qqTd]+ 

|#dT+~. eTsd\qT  qT (Nut) >T+& 
|q|&T eTsd\ yTTq (S1) ~ <s+, eTsd\ 
#d ueTD\ d+K nqTeqTb+ 
+T+~.

=\ k<qeTT\T

n<jTeTT ` 14
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|+ 14.2

XSH+X <w+ <T

|+ 14.3

<H XSH+X <w+

|+ 14.4

TTD XSH+X <w+

eTsd\ jTT eTsueTD+s+ (Pitch of the 
Screw)

eTsd\  ueTD+ |P] #dq|&T < 
yTTq ~ <s+, s+&T ||q >\ eTs\ 
eT< <s deq+> +T+~.  <s 
eTsueTD+s+ (Pitch) n+<TsT.

eTsd\ ~*q <s+
ueTD\ d+K

eTsueTD+s+= _________________

d> jTT d| =\ (Least Count)
\d\T|  $u>+ ]>T |q|&T 

eTsd\ yTTq ~ <s d> jTT d| 
=\ n+<TsT.

eTsueTD+s+
\d\T $u>\ d+K

d| =\ =  _________________

d> jTT XSH+X <weTT 
(Zero Error)

S1, S2 V| ~yT\ eTTU\qT  < 
{ *|q|&T \d\T jTT 0` $u>eTT 
dNsK @u$+qf,  d> XSH+X 
<w+ < ns+ (|+14.2). 

<H XSH+X <w+ (Positive ZE)
\d\T 0`$u>+, dNsK +f ~>Te 

+f,  d> jT+<T <H XSH+X 
<w+ >\< ns+. \d\T jTT 5-e 
$u>+ dNsK @u$d, <w+ <HyT  
(|+ 14.3),

XSH+X <w+   ZE = +(5 x LC),
eq,
XSH+X desD  ZC = -(5 x LC)

TTD XSH+X <weTT (Negative ZE)
\d\T 0`$u>+, dNsK +f m>Te 

+f,  d>jT+<T TTD XSH+X 
<w+ >\< ns+. \d\T jTT 5-e $u>+ 
dNsK @u$d, <w+ TTDyT (|+ 
14.4),

XSH+X <w+   ZE = - (100 – 5) x LC
eq,
XSH+X desD  ZC = +(100 – 5) x LC
d>qT|j+  dq r> jTT yk 
qT>=qT
•	 yTT<, d> jTT eTsueTD+s+, 

d| =\ (LC) \qT qT>=q+&. 
XSH+X <weTTqT, XSH+X desD 
(ZC) \qT qT>=q+&.

•	 s+&T ~yT\ (S1, S2 \) eT< r>qT 
+#+&.
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n<
j

Te
TT 

` 1
4

|#Yd\T 
&+>T
PSR
(mm)

\d\T 
@ueq 
kq+
HSC

HSC 
x LC 
(mm)

yTT+ =\  
PSR +  

(HSC x LC) ±   ZC    
(mm)

1

2

3

e. 
d+.

 sE, & d> dVjT+  
=\\qT dT\u+>, s> rjT>\T>TTH+.

•	 s#{ dVjT+ eTsd\qT | 
s+&T ~yT\T r>qT ds+> |T=HT 
#jT+&.  _>TT> |T=q>&<T.

•	 \d\T jTT n+#T, |#Y d\T 
@ $u> <{ +<  $\TeqT 
>T]+#+&. ~ |#Yd\T &+>T(PSR) 
n>TqT. dNsK m<TsT> >\ \d\T 
$u> >T]+#+&. B \d\T 
@ueq kq+(HSC)> >T]+#*.

•	 e&q r> ydeTT = PSR + (HSC x 
LC) ± ZC

•	 r> jTT yssT kH\ e< + | 
|j> #jT+&. 

•	 b+~q &+>T\qT |{ b+<T|s#+&. 
•	 |{ e] \Te esTd $\Te\ 

dsd], e&q r> jTT yd+ n>TqT.

14.2 n~ <s\qT =\T#T
u$T qT+& #+<T <  >V 

>\ <seTT+{ n~ <s\qT  
=\T#T | |<T\qT ne\+_dTHsT. 
s&j |sesq |<, dsY d+<q |<  
eT]jTT bs |<T\ <s =\Tee#TqT. 
n~ <s\qT =\T#T K> |eD+            
(Astronomical Unit) eT]jTT + d+es+ 
(Light Year) nH |eD\qT y&TTHsT.
K> |eD+ : u +<+ qT+& dsT 
+< >\ d>T <s K> |eD+ 
n+<TsT.

1 K> |eD+ (AU ) = 1.496 I 1011m
+ d+es+ :  d+es \+ + 
XSq+ |jD+# <s  + 
d+es+ n+<TsT.

XSq+ +  d+es \+ 
|jD+# <s+ R + y>+ I 1 d+es+ 

          (dq)
~ + d+es+= 3I108ms-1I24I60I60

           = 9.467I1015 MT
eq, 1 + d+es+ R 9.467I1015 MT.

e~] eT+qeTT
u>eTT ` A 

1.  d> nH~ n q edTe\ jTT |]eD ______ =\ es K+> =\Te>\ 
k<q+ n>TqT. 
i) 0.1 cm   ii) 0.01 cm    iii) 0.1 mm    iv) 0.01 mm 

2.  d> \d\T 0`$u>+ dNsK +f +< +f, < XSH+X <w+ ______.
i) <H+   ii ) TTD+  iii)  <T

3. d> ____ yk =\T#T |j>|&TT+~.
i) >&bs   ii) dq r>   iii) { +

4. 1 + d+es+ _______  deq+.
i) 365.25 x 24 x 60 x 60 x 3 x 10 8 m     ii) 1 x 24 x 60 x 60 x 3 x 10 8 m  
iii) 360 x 24 x 60 x 60 x 3 x 10 8 m 
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5. K> <seTT nqTq~ u+< _______ +< eT<>\ d>T <s+ n>TqT. 
i) #+<T&    ii) dsT&   iii) n+>s&

u>eTT ` B 
1. +~ |e#H\ q |\qT d]~<+&.

i)  K> <s+ nqTq~ u|], dsT |] eT<>\ d>T <seTT.
ii)  + XSq+  $Tc 3 x 108 MT #=|q 1 d+es \+ |jD+# <s  

1 + d+es+ n+<TsT.  
2. A esZ+ y{ B esZ+ y{ |s#+&.

e.d+.          A esZ+          B esZ+

1. q |]eD\T MTsT
2. |< |]eD\T d>

3. n~ <s\T =\< (d\T)

4. n\ <s\T + d+es+

*MTsT
3.  U\qT |P]+#+&.

n~ <s\qT =\T#T ne\+_+#&q |<T\T ______ eT]jTT ______ n>TqT.
i) dsY d+<q |< ii) + d+es |< iii) s&j |sesq |<

4. d> d| =\ nq>H$T?
5. e&q d> |+  +~ u>\qT >T]+#+&.

i)  \d\T  ii)  |#Y d\T  iii)  dNsK   iv)  s#{

 

 Books:  1. Complete physics(IGCSE) - Oxford University press, New York

    2. Practical physics – Jerry. D. Wilson – Saunders college publishing, USA

 Webliography:  www.tutorvista.com              science.howstuffworks.com
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|+ 15.1

X\ dqTq  edTeqT #*+| 
CjTT, #\qdqTq  edTeqT X\ 
d #T eTq |jT+ nedseT>TqT 
eTq J$+ #dT+{+.  edTe d 
esT k<sD+>  edTeqT eTq+   HT, 
>T < =T #dT+{+. 

\eTT nqTq~ edTe\qT HT, >T 
< =T e+{ |qT\| <s|& +T+~. 
 ##T, sT+#T  d+#T 
M\T<T. \+ jTT |* eyT eTq+ 
##T, nqTu$+#T M\>TqT.  edTe| 
\+ e\ @s& |*e<s+>H  
$e]+#T M\>TqT. HT, >T eT]jTT 
=T e+{ #s\ <s  edTe|  
|j+q|&T  edTe #*dT+~. qT edTe 
jTT X\d < #\qd es>\ < 
esT |jT+#>\ < \eTT n+<TsT.  
\eTT  d~Xs. B SI |eD+ qH 
(newton).
15.1. deTT\ eT]jTT ndeTT\ \T        
        (Balanced and Unbalanced Forces)

|+ 15.1  #|qT>  =jT |\qT 
 de+s+> \| +#+&. =jT |\ 
sTy| X  eT]jTT Y nqT s+&T <s\qT 
+&.  

<s+ X qT q|&T =jT &y|  
<T\TqT. n<$<+> <s+ Y  q|&T 
m&eTy| <T\TqT. =jT sTy|\ deq 
\qT |j+q|&T @y| <\ 
deTd +&TqT.  $<+>  edTe| 

|#d \T  edTe jTT X\d < 
#\qd esqf  \qT deTT\ \T 
n+<TsT. 

s+&T ndeq es \T =jT| 
|#dTHjT nqT=+<+. =jT n~ \ 
|j> ~X <T\TT+~.  edTe| |#d 
yssT |]eD\T >\ s+&T \ |* \+, 
 edTeqT ~T #d  \qT ndeTT\ 
\T n+<TsT.

+< e&q <VsD\T deTT\ eT]jTT 
ndeTT\ \qT >T]+ dw+> $e]ksTT. 
=+<sT |\\T >sTq \+|  |fqT HT 
|jTdTHsT. &T e+ |fqT H{q|&T 
|f <\<T. [|+ 15.2 (a)]. m+<T+f, Hf 
\ ~X es ~X, |TsD \+ |#dT+~. 
H\ eT]jTT |f \ eT< |#d  |TsD 
\+, Hf \+ +f me> +&&+ e\ |f 
<\<T. 

 <sT |fqT H{q|&T >& |f <<T. 
[|+ 15.2 (b)]. @\q> |{ |TsD \+ 
Hf  deTT\+ #dTq~. eTT>TZsT n~ 
|jT+ H{q|&T Hf \+, |TsD \+ 
+f me> +&&+ e\ |f  deTT\+ 
#dTq~. n+<Te\ <T\TT+~.[|+15.2 (c)]. 
 ndeTT\ u\ |*\+ |#d ~X 
|f <T\TT+~.

#\q jTe\T eT]jTT 
>TsTsD

n<jTeTT ` 15
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15.2  yTT<{ #\q jTeT+  
(First Law of Motion)

>*j  CsT&T \+| edTe\ #\H 
>T]+ |]X~+#sT. edTe\| \|j>+ 
q+es n$ dsyTq y>+ |jDkjT 
*bsT.

|sT   :  >*j  
qq+   : 15`02`1564  
q d\+   : >+& & |t k,   
eTsD+   : 8`01`1642 
|   : K> Xd+, u Xd+ eT]jTT  
   >D+.

|+ 15.2

\+ eT]jTT #\H\ d++~+ >*j 
n_bj\qT |]X~+q qH, edTe\ 
#\q+ >T]+ 3 jTe\qT *bsT. y{ 
qH #\q jTe\T n+{sT.  

qH yTT<{ jTeT+ |s+  
ndeTT\ uV\+ |#jTq+ es edTe 
< X\ dH < dssU esZ+ deT 
#\q+qTq dH esT+& ds+> n< 
d +T+~. +<TeT\+> n edTe\T 
eT $seT < #\qd @s& esTqT 
es+#T eeV]kjT #|e#TqT. 
uV\+ |#jTq+es X\dqTq 
edTe X\dqT, #\qdqTq edTe  
#\qdqT +T+~. edTe jTT  <s 
&+(Inertia) n+<TsT. n+<Te\H qH 
yTT<{ jTe & jTeT+ n+<TsT. 

 sT |jT+#|&T eTq *> 
nqTu & jTeT+ <s $e]+#e#TqT. 
&esT sTqT \T| u yjTq+ es 
eTq+ dT b*q|&T X\d +{+. 
u ydq|&T sT y>+ >TZT+~.  eTq 
Xs+ &+ sD+> n< #\qd +&&+ 
e\ eTq+ eTT+<T y| |&+. d+> u 
yd eTq >j\T @s&& >& neX\T 
>\e. 

n +&  dT nkT> ~*q|&T 
n+<T \&jTTq e yqy| |&&T. 
dT nkT> ~|&T n b<\T 
dT bT eTT+<T <T\TsTT.  
Xs+ $T*q u>+ X\d +&T e\ 
nqT yqT |&&T. 

 sT n~y>+  eT\T| 
]>|&T eTq+  y| y\T+. +<T 
>\ sD >& & jTeT+ <s 
b+<e#TqT. sT| +qT ndeTT\  
|j+ < #\q ~XqT e]q|{, eTq+ 
&+ e\ dssU esZ+H |jDdT+&&yT 
B sD+. +~ + <s edTe\ & 
<s $e]+#e#TqT.

(a)

(b)

(c)

eTT 15.1

|+ 15.3 #|qT  $<yTq s+ 
_\qT <|H={ |] |\| +#+&.

eTs= s+ _, |s&jTTq _\ 
+~ u>+  de+s+> =+&. 
q+ \+ ={q|&T n&T>Tq q s+ 
_ s> =\bT+~. $T*q _\T 
&+ sD+> \Te> s+ |\| 
|&TqT >eT+#e#TqT.

|+ 15.3
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n<
j

Te
TT 

` 1
5

15.3  &+ eT]jTT <es  
(Inertia and Mass)

| <VsD\T, \ qT+& edTe\T y{ 
#\qd @s& esTqT m~]kjT 
nseTeT+~. nq> X\d>\ edTe\T 
m\|&T X\djTT+&&, #\qd >\ 
edTe\T n$q+> #\qd jTT+&& 
|jTksTT. edTe\  <sH &+ 
n+<TsT. eq  edTe q+ qT> q 
X\dH < dssK, deT#\q+ qTq 
dH esT=qT      M\T> <s &+ 
n s+#e#TqT.  

 edTe & <s+ eTTK+>  edTe 
<es| <s|&jTT+T+~. eTq+  
*+ q|&T + me y>+  
<T\TqT. n+ \+, n< |]eD+qTq 
 ssTT q|&T ssTT <\<T. n+>+&, 
* >jT+L& @s&e#T.  q |&T 
+& me y> *+#>\ n< \+  
s\T +& ~*+#T M\T<T. m+<T+f, 
|&T +& H s\T +& &+ n~+. 
edTe\ &+ y{ <es |s+> 
+#&TT+~.  

15.4 <ey>+ (Momentum)
eTq J$+ ]> = d+|Tq\qT 

}V<+. fT fdt +, >& MT< |& 
n @ >jTeTT @s&<T.  \+> =&q 
 { + |&| |&    \yTq >jT+ 
@s&TT+~.  sTyq +& s&T |q 
*jTTq|&T mTe+{ +~ \><T.  
n< +& <q+> yS  eTw & =+f 
nqT eTsD+#>\&T. n *q {  
Tb qT+& \&q|&T eTw #+|>\<T. 
M{+{ |]o*d  edTe @s]# |#<q+ 
 edTe <es eT]jTT y>eTT\ MT< 
<s|&jTT+T+< \TdTe#TqT. qT  
edTe <es, ~Xy>+ s+& *d @s]# 

 eTTKyTq u sH <ey>+ n qH 
*|qT.  edTe <es m eT]jTT 
~Xy>+ v \ \u <ey>+ p n+<TsT. 
nq>, 

  p = mv
<ey> |]eD+, ~X s+& >\e. ~ 

 d~Xs. <ey>+, ~Xy>+ jTT ~XH 
jTT+T+~. <ey>eTTq |eD+ kgms-1.

15.5   s+&e #\q jTeT+  
(Second Law of Motion)

#&bsTTq u >\  sT +qTqT ksY 
#jT& 1 MT.d`1 y>+ sTqT H&+ d]
bT+< nqT=+<+. sT < <sT *d 
sTqT dssK nkT> H{q|&T 
(ndeTT\ \T) +qT ksY <T. , 
H& =qk+q|&T, sT eTeT+> 
sD+ #+~ nedsyTq+ y> b+~ +qT 
ksY neT+~. +<TeT\+> sT <ey>+ 
@s& esT \+| eyT <s|&+&, n~ 
|#d \+ MT< L& <s|&jTT+T+< 
\TdTq~. eq,  edTe <ey> 
es& <| |j+|& \+, < 
<ey>+ @s& esT sT| 
<s|&jTT+T+~.

qH s+&e #\q jTeT+ |s+ 
<ey>+ es sT <| |j+#&q 
ndeTT\  nqTeqTb+ +,  
\ ~XH jTT+&TqT. 

m <es >\ edTe, u =* ~Xy>+ 
dssK #*dTq<qT=+<+.  edTe |  
F ds\+ |#jT&+ e\q deT (@) 
sD+ #+~, t dq \+ v T~ ~Xy> 
b+~+< nqT=+<+.
edTe =* <ey>+             = mu
edTe T~ <ey>+           = mv
edTe <ey>+ @s&q esT= mv – mu 

               = m(v – u) ------- (1)
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<ey> esT sT =
<ey>+ esT

\+

 <ey> esT sT =             
m(v – u) 

t
  -- (2)

qH s+&e jTeT+ |s+, ~ 
|j+#&q  deq+

{, |j+#&q \+ F α                
 m(v – u)

t

     , sD+ a =

(a = ~Xy> esT sT R sD+)

v-u

t

         ~ F α ma

  F = Kma ------- (3)
# K nqTb ds++. <es  
eT]jTT sD\ SI |eD\T eT+> kg  
eT]jTT ms-2.   K $\Te 1 njTT \ 
|eD+ ssTT+#&TT+~.
{,    F = ma --------- (4)
\+ jTT |eD+ = 1 kg x 1 ms-2 
         = 1 qH

\+ jTT |eD+ kgms-2 < qH. 
B >TsT ‘N’.

 >eTT <es >\ edTe|  
1 ms-2 sD @ss#>\ \+ 1 qH  
(1 N) n>TqT. 

{, qH s+&e #\q jTeT+ 
 edTe| |#d  =*# |<  
\T|T+~. nq>, \+ nqTq~ edTe <es 
eT]jTT sD\ \eT>TqT.  
<VsD 15.1 

10 >eTT\ <es >\ edTe|  
ds\+ 4 dq bT |#d edTe ~Xy>  
2 MT.d-1 qT+& 8 MT.d-1  |+, 
|j+#&q \ |]eD +#+&.
k<q

 edTe <es m R 10 .> 

 =* ~Xy>+ u R 2 MT.d-1

 T~ ~Xy>+  v R 8 MT.d-1

    \+ F =

            10(8 - 2)    10 × 6     F =     =    = 15 N
      4        4
<VsD 15.2  
2 .> <es >\ edTe 4 MT.d-2 

sD @s]# \+, eT]jTT 3 .> <es 
>\ edTe 2 MT.d-2 sD @s]#  
@~ |<~?
k<q

 \+       F   = ma 

e&q~,       m1 =  2 .>
                a1  =  4 MT.d-2

                  m2 =  3 .>
        a2  =  2 MT.d-2

~    F1 = m1 a1    =  2  x 4 = 8N
eT]jTT F2 = m2 a2   =  3  x 2 = 6N

~    F1 > F2

eq, 2 .> <es >\ edTe|  
4 MT.d-2  sD @s]# \+ |<~.
15.6  eT&e #\q jTeT+  

(Third Law of Motion)
|+ 15.4 #|q $<+> {> 

\|&q s+&T d+> dT\qT rdT=+<+.

|+ 15.4

AB

d+> dT jTT B =qqT >& e+{ 
<&yTq <s _+#eqT. d+>dT 
jTT eTs= =q A |   |j+#|&T 
s+&T dT\T  =\qT dksTT. nq>,  
A dT B dT| |j+# \+ eT]jTT  
B dT A dT| |j+# \+, s+& 
deT|]eD+q eT]jTT <={ esK 
~XqT +{sTT. A dT B dT|  

m(v – u) 
t
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n_| eTTqT|

n_| deTjT+

|+ 15.6
n_|+ sTy

|j+#& #s (Action) n+<TsT.              
B  dT A dT|  |j+#& 
|#s (Reaction) n+<TsT.  

qH eT&e #\q jTeT+ |s+, 
|jTT #s, < deqyTq eT]jTT 
es ~X |#d |#s +T+~.  #s 
eT]jTT |#s\T m\|&T s+&T yssT 
edTe\| |#ksTT.  

Tb |*q|&T, Tb {|  
|j+ { #*+#&+ #s neT+~. 
B deqyTq  {, Tb| es 
~X *+#&+ (H&+) |#s neT+~. 
+<Te\ Tb yqT H&TT+~  
(|+ 15.5).

Tb yqT Hf \+

|+ 15.5
{ sD+ 
*+# \+

Tb <es { <es +f 
me>qT+&&+ e\, Tb jTT sD+ 
{ jTT sD+ +f e> +T+~.
15.7 <ey> +  
(Conservation of Momentum)

ndeTT\ uV \T |#jTq|&T 
= edTe\qT *q  eed jTT yTT+ 
<ey>+ ds+> +T+~. BH <ey>  
jTeT+ n+<TsT. 
s|D

m1, m2 <esX\T >\ A, B nH 
s+&T +T\qT rdT=+<+. n$ eT+> 
u1, u2 ~Xy>\  ~X dssK 
|jDdTHjTqT=+<+ [|+ 15.6 (a)]. 
M{| mTe+{ uV\+ |#jT&+ <T. 
u1>u2 nqT=+<+. |+ 15.6 (b) #|qT 

s+&T +T\T  <H={ n_|+ 
#+<jTqT=+<+. n_| deTjT+ n$  
<H={ sTT. t  \+ bT A + B 
+| F1 , eT]jTT B + A +| 
F2  \>CdT=+{sTT. n_|+ s 
n$ v1, v2 ~Xy>\ n_| eTTqT| 
n$ |jTdT+&q ~X\H |jTdTHjT 
nqT=+<+ (|+ 15.6 c).

qH s+&e jTeT+  |s+, 
B +| |#d \+ (#s) F1  

     = B + <es I B + *> sD+
m2 (v2-u2)

t
F1 = ----- (1)

A +| |#d \+ (|#s) F2 

     = A + <es I A + *> sD+
m1 (v1-u1)

t
F2 = ----- (2)
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eTT 15.2

•  |< ssT u\HqT |P]> >* 
+| < eT <s+ +&. 
n f| dVjT+  kqT < 
|]\+| n+#+&.  

• k >T+&  <s <] <  
=qqT MT # < >& +&. 

• MT $TT& +==qqT |T=eT 
#|+&, < >& +&.  neT] 
|+ 15.7 #|&+~. 

• u\H eT {jTTq <s 
$|jT+&. >* u\qT <s+ >T+& 
y\Te&e+&. 

• u\qT @ ~X <T\TT+<  
|]o*+#+&.

|+ 15.7
u\qT>*

k 

qH eT&e jTeT+ qT+&
          F1 =   - F2

dMTsD\T (1), (2) \ qT+&
m2 (v2-u2)

t

m1 (v1-u1)

t
 = -

  

 m2(v2-u2)    = - m1(v1-u1)
m2v2- m2u2  = m1u1- m1v1

m1v1+m2v2  = m1u1+ m2u2

eq,  m1u1+m2u2  = m1v1+ m2v2

n_| eTT+<T eed jTT yTT+ 
<ey>+, n_|+ s yTT+ <ey> 
deq+. uV\+ |#jTq|&T n_|+ 
e\ s+&T edTe\ yTT+ <ey>+ esT  
@s&<T.  jTeT+ nH edTe\ eT<  @s& 
n_| >& e]dT+~.

<VsD 15.3
15 >eTT\ <es >\ Tb { 

ude+s+> 100 MT.d+-1  y>+ 
|\&+~. Tb <es 2 .> nsTT 
Tb yqT H& y> +#+&.
k<q
{ <es m1  R 15 > R 0.015 .>
Tb <es m2  R 2 .>
{ =* y>+ u1  R 0 
Tb =* y>+ u2 R 0
{ T~ y>+  v1 = +100 MT.d+-1

(k+|<jT+ =s { jTT m&eT 
qT+& &y| #\H <H+> rdT=+{+).
Tb H& y>+   = v2

|\T eTT+<T Tb eT]jTT {\ yTT+ 
<ey>+              = m1u1+ m2u 2

            = (0.015 x 0)  + (2 x 0)  

           = 0 kgms-1

|*q s Tb eT]jTT {\ yTT+ 
<ey>+     = m1  v1 + m2  v2

      = (0.015 x 100) + (2 v2)
     = 1.5 +2v2 kgms-1 

 <ey>  jTeT+ |s+, 
|\T eTT+<T yTT+ <ey>+ R |*q 

s yTT+ <ey>+  
1.5 +2 v2 =     0

      2 v2 =     - 1.5

        v2 =     - 0.75 ms-1

TTD >TsT, { #*+# ~X es 
~X Tb H&TqT ddTq~.
15.8 \ueT+ eT]jTT \jTT>+  
\ueT+ (Moment of Force)

]H |]s+| |j+#&q \+  qT 
(nut) qT |>\<T, < \T ~ \T|| 
\+ |j+q|&T n~ sT#T=qTqT. nq> 
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|+ 15.10

|sT   : d qH  
qq+   : 04`01`1643 
qd\+   : }|t, +>+&  
eTsD+   : 20`03`1727  
|   : edTe\ >TsTsDqT 
              $e]+q yT<$

|+ 15.8

P

<seTT d

F

\eTT

T = Fd

O

\+ |j+#&q ~X edTeqT <\&+ 
bT  edTeqT  n+ y+& u$T+#T 
#dT+~.  ueTD n+ \ |j>~X ̂ jT&q 
sK K+&+#<T eT]jTT < de+s+>qT 
+&<T.  u$T+# <sH ]w n+ y+& 
\eTT jTT | |*+  \ueT+ 
n+<TsT. \+ F  e\  _+<Te e< @s& 
ueT |]eD+, \ |]eD+(F) eT]jTT 
\+ |#d sK qT+&  _+<Te jTT 
\+<s+(d) jTT \+> s+#&q~.     

|+ 15.8 #|qT> edTe|  P nH 
_+<Te e< F \+ | #dTq< nqT=+<+. 

\ueT+  R \+ I  \+<s+  
R Fx d 

edTe| |j+#& \+, ‘O’  |s+> 
edTeqT n|de~X u$T+|Cdq|&T  
ueTeTTqT n|deueT+ (anti-clockwise 
moment) n+<TsT. edTeqT de~X u$T+| 
#dq|&T  ueTeTTqT deueT+ (clockwise 
moment) n+<TsT. \ ueTeTTq |eD+ 
qH-MTsY (Nm).

d+|<jT+ =s n|de ueT 
<H+>qT, de ueT TTD+>qT 
rdT=+{eTT.   
\jTT>+ (Couple)

edTe| s+&T \T *d |#d ueT 
< | |* @s]# nH <VsD\qT 
eTq  J$+ #&e#TqT. |+ 15.9 
#|qT # X  eT]jTT Y _+<Te\ e< 
s+&T <s\qT +&. #+| dssUesZ+ 
s+&T deq eT]jTT es \T F 
|#dT #jT+&. # < +<+ O e< 
_+qsTT O qT <s+> #dT= n|de 
~X n~ u$TdT+~. 

O

O

1

2F

F

|+ 15.9

|j+#& sK\T < { 
@u$+#+& +&T |#d s+&T deq 
eT]jTT es \T \jTT> @ssTksTT.

15.9 >TsTsD (Gravitation)

=+ mT qT+& e<\& edTe u$Ty| 
|&{ eTq+ >eTdT+{+. | #T 
+< qH LsTq|&T n|  | 
|+&T |&+~.  d+|Tq n #qqT 
|s|+|Cd+~. nqT | jTT #\H 
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|]o*+ n~ u$Ty| ]+#&&yT 
B sDeT *b&T. eT] | u$T 
]dT+<? n> u$T | |+&T y| 
<\&+ <. m+<T? 

qH eT&e jTeT+ |s+, | L& 
u$T ]dT+~.  qH s+&e jTeT+ 
|s+, ]w  edTe jTT sD+ 
< <es $eqTb+ +T+~. 
u$T jTT <es b*q|&T | jTT 
<es |+#<q~. { u$T | 
y| <\<T. 

| d<+ dsT #T |]u$T+# 
>V\ e]+|Cd, >V\ eT]jTT dsT 
eT< sD \+ | #dTq< \TdT+~. 
{, $XeTT | edTe <={ 
]dH +{sTT. qH  sD  
>TsTsD \+ n |*#qT.
15.9.1 qH jTT >TsTsD jTeT+  
(Newton's Law of Gravitation)

$X+ >\ | edTe s edTe\qT 
]dT+~.  sD \+,  s+&T edTe\ 
<esX\ \eTTq nqTeqTb+ qT, 
y{ eT<>\ <s+ jTT esZ 
$eqTb+qT +T+~.  \+ s+&T 
edTe\ +<\qT *| sK y+& |#dT+~.

m1
m2

d
|+ 15.11

|+ 15.11 #|qT m1, m2 <esX\T 
>\ s+&T edTe\T ‘d’ <s+ qe 
nqT=+<+. qH >TsTsD jTeT+ 
|s+.  s+&T edTe\ eT< |#d sD 
\+ 

F  α  m1m2 --------------     (1)
F  α 1/ d2  ---------------     (2)

dMTsD\T (1), (2) \ qT+& 

F  α

F  =

m1 m2

d2

Gm1 m2

d2

#, G nqTq~ nqTb ds++. 
B $X>TsTsD ds++ (Universal 
Gravitational Constant) n+<TsT. 
dMTsD+ (4) qT+&

 G  =
Fd2

m1 m2

 | dMTsD+ SI |eD\qT ||d  
G jTT |eD+ N m2 kg-2.

G $\Te 6.673 X 10 -11  N m2 kg-2.
15.9.2 <es (Mass)

 edTe |<s |]eD  edTe 
jTT <es n+<TsT. 
15.9.3 sTe (Weight)

 edTe sTe nH~  d\+ edTe 
b+< >TsTsD \+ n>TqT. <  
 edTeqT (<es) m+ \+> >TsTsD 
\+ ]dTq< d+# =\ n>TqT. 

eTq+ #+<T& e< y[q|&T, n& eTq 
sTe u$T| +f e> +T+~. @\q>, 
u$T jTT >TsTsD \+ +f #+<T& 
jTT >TsTsD \+ e. , s+&T 
dqT <es $\Te deq+> +T+~. 
m+<T+f, eTq Xs+ |<s |]eD+ 
esT #+<T<T. 
<VsD 15.4

 edTe <es 5 kg nsTT u$T|  
edTe sTe m+? 
k<q : 
     <es m  = 5 kg 

 >TsTsD+ g = 9.8 ms-2  
        sTe w  =  m x g = 5 x  9.8 = 49N

--------   (3)

--------    (4)
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u +<+ qT+& edTe q <s+ R 
(uyks+). 

 F =
GMm

R2

# M nqTq~ u$T jTT <es 
qH s+&e jTeT+ |s+, \+  F= mg

~ g =

| s+&T dMTsD\ qT+&  GMm

R2

GM

R2

= mg

| dMTsD+ qT+&, g $\Te edTe 
<es(m) MT< <s|&< nseTeT+~. 
, g $\Te u$T jTT +<+ qT+& +& 
<s { esTT+~. u$T R yks+ 
>\ >+> }V+qf, u |]\+ e< g  
$\Teds+> +T+~.

u$T

edTe| |#jT& 
>TsTsD \+

15.9.4  >TsT sD+  
(Acceleration Due to Gravity)

>*j nH Xdy yTTyTT<{k]> 
u$T >TsTsD q>T edTe\ #\H 
eT<+> n<jTq+ #dqT. |k y\T 
>|s+| qT+& nH edTe\qT +~ |&T 
#d, uesD sD+> @s&q #\q+ 
>T]+ |]X~+#sT. >* q|&T n 
edTe\T deq y>+ +<|&sTT n 
s]+#sT. 

uesD sD+> +< |& | eTT 
< |s#{ y> >* s<+ ZdT+~. >* 
 d\+ sTyq ssTT eT]jTT |s#{qT 
 deTjT+ |&T #d s+& deq y>+ 
+< |&sTT. 

>TsTsD sD+> d#> +< |& 
edTe jTT y>+ @> n~eTeT+< |]
X<q <s *d+~. nq> deTsD+ 
#+<TT+~. >TsT \+ e\ edTe @s& 
sD >TsT sD+ n+<TsT. B g nH 
ns+ dksT.  d\+, n edTe\ 
<es ysT> H g $\Te deqeT>TqT. 

<es sTe

1. b<$T s q s

2.

edTe q 
|<s |]eD+

edTe| |#d 
>TsTsD \  

|]eD+

3.
B |eD+ 

>+
B |eD+ qH

4.
n dqT 

ds+> +T+~
d { 
esTT+~

5.
u dT  
=\e&TT+~

d+> dT  
=\e&TT+~

<es eT]jTT sTe\ eT<>\ u<\T u\+| g $\Te d { esT#+<TT+~ 
eT]jTT ~ mT, T\qT { L& esTT+~.

deTT<| eT+ e< 45º n+X+ e< e+& 
g $\TeqT d#> |& edTe jTT beD 
>TsT sD+ $\Te> ssTT+jTTHsT. 
nq>, g = 9.8 ms-2 .
u |]\+| >TsT sD+  

|+ 15.12 #|qT, m <es >\ 
 edTe u|]\+| q<qT=+<+.

|+ 15.12
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15.9.5 u$T jTT <es

g =
GM

R2

nH dMTsD+ qT+& u$T jTT <es 
+~ $<+> +#e#TqT.

M = =
gR2

G

9.8 x (6.38 x 106)2 

6.67 x 10-11
= 5.98 X 10 24 kg

#+<jH (Chandrayaan)
#+<jH`1 nqTq~ #+<T| |s{+# 

 yVq+. ~ us<X+# |+|&q 
yTTyTT<{ eqesV #+<TD |]X~+# 
H |]s+ (Lunar Probe). 2008 nsY 
+<|<X lV] qT+& usrjT 
n+] |]X<q d+d (ISRO)# ~ 
|j+|&+~. 2009e d+ >w H\ es 
|#d+~. 

#+<TD |]u$T+#&+, <| ~>&+ L& 
B s+|&q $<T\T. ISRO  #+~q <T 
|]s\qT n+]+ ydT[+~. y{ 
uT, Hwq @sH{ eT]jTT ddt n&wwH 
nyT] d+d (NASA),  sb n+] d+d 
(ESA) eT]jTT Z]jTH n+] d+d\ 
(BAA) #+~q sT |]s\qT +> 
ydT[+~. 
#+<jH 312 sE\T n+]+ |#d, 

s+#&q \\qT 95% es k~++~.

H{ $Cq+
#+<jH 

jT+sT  b <>Zs >\ 
<y& nqT >eT+ 1958 p 2e 
Bq eTsTT k$T nH<Ts +#sT.  
*<+&T\T eTsTT k$T eT]jTT u\
dsd.  +& <y& b<$T 
bsX\ b<jTT&> |#dysT. n& 
eTsTT k$T nH<Ts  1 qT+& 5 e s> 
es q $<qT nud+#qT.  s 11e 
s> es q >e <>Zs |uT  
eT]jTT |uT dVjT+ b+<T bsX\ 
$<qT nud+#sT.  $<+> q 
$<|jD+ =qkd, b NGM 
X\ PUC eT]jTT jT+sT 
|uT k+ X\ B.E |{qT 
b+~]. jTq 1982 jT+sT 
PSG X\ m\ M.E. |{ 
d]+#sT. n< d+es+ ISRO 
Xgy> #ssT.  s jT+sT 
nH k+ &s{qT b+<qT. |dT+ 
jTq  u+>TSsT ISRO  |>V  
+<  (ISAC)  d+#\\T> 
eeV]dTHsT. |>V eek s+>+ 
k+y\ jTq n>>DT\T. jTq 
#+<jH`1, #+<jH`2 eT]jTT 
eT+>jH  |<\ d+#\\T> | 
#XsT. e KsT #+<jH sD+ 
m+ w#XsT. d]#  |d+>\T 
us<X $<sT C *ZdTHsTT.

#+<jH

eTsTT k$T nH<Ts
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< k<q\ = +< e&jTTHsTT
• #+<T eT{ { nDTe\T n~ 

$ds+ y|+jTT+&& |{+~. 

• B KC\qT >T]+# |]s+ 
|Ps+ #+<T&T |P]> ]q d 
+&jTTq< ssD #d+~.  

• #+<jH sb n+] d+d 
|]syTq #+<jH`1 X-sD 
#j es|e|+ (CIXS) dsT 
qT+& y\Te& 24 +f n~yTq C 
<Zs\qT qy<T #d+~.

• #+<jH`1 neTs&q |]\ 
#j\qT rd yTs (Terrain  
Mapping Camera), nyT] 
|j+q nb 15, nb 11 H\T 
#+<T| ~q |<X\ |{* rd+~. 

• ~ n+~+q n~ |<:s es|{\ 
dVjT+ #+<T K d+|< 
>T]+ \TdT&+~. 

• B dsY <s e| k<q+ (LLRI), 
#+<T <y\qT, eTTK |<X\qT 
n<jTq+ #d+~.

• CIXS yTs dVjT+ rjT&q 
X-sD |{\ qT+& #+<T| 
n\$TjT+, yT^wjT+ eT]jTT 
d*H\  >T]+#&+~. 

• $sD |sy+ (Radiation Dose 
Monitor - RADOM)  nH Z]jTH 
|]s+, #+<jH |j+#&q sE 
qT+& |#d &|{ sE es q 
$~ sV++~. 

• 75 sE\ #+<jH yTs 40,000 
+f me \qT u$T |+|+~. 
|]\ #j yTs $T |<X\, 
s #j\qT rd+~. #+<T 
|]\eT+ #es s HsTT. 

• u$TjTT |P] s+ <# rd 
|+|&q yTTyTT<{ |+.

• #+<T| >\ |< |< >TV\qT |{+~. 
$ eqe yk\T> |j>|&>\e.

jC k+ $<q+ 
(Cryogenic Technique)  

jC nH |<+ ^ uw qT+&  
@s&+~. B ns+ |Tu$+|CjTTq{ #\<H 
@ss#T. 

uXd+ jC nq> n\ 
c>\qT (123K +f e) @ss#& 
eT]jTT n+{ n\ c> e< |<s\ 
duy n<jTq+ #jTT. n\ c>\ 
e< |<s\ duy n<jTq+ #dy] 
jCdt (Cryogenist) n+{sT. 
jC *H c>eq+ 
|j+#&TTq~. <e H{H, <e 
V*jT+ e+{ <M]+|&q yjTTe\T nH 
jC nqTesH\ |j>|&TTHsTT. 
jC k+ e $<q+ n 
k<sD+> y&&~ <e H{H. B ||+# 
<X\T #<+> =qT>\T #dTe#T. <e 
V*jT+ L& k<sD+> y&&TT+~. 
b+<>*q n\ c>\qT <e V*jT+ 
dVjT+ b+<e#TqT. dTesT 6 n&T>T\ 
mT, 3 n&T>T\ yd+ >\ <ysY bdt\+<T 
M{ \jTT+#TsT.  

jC s+>+ s+&e ||+# jTT< 
\+ n_e~ #+~+~. n\ c>\ 
#\s#&q V\T n~ <& b+<& 
$Cq Xdy\T qT>=HsT. BH jC 
<&sD+ (Cryogenic Hardening) n+<TsT. 
1966e d+ m& Twt nqTq# yD|s+> 
jC |]XeT H\=\& ||+#+ n 
|sq jC d+d> @s&+~. ysT 
yTT<{ V| |eTT jTTsjT+ |+#&+ 
>T]+ |]X<q\T #dysT. 
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s, <e H{H e+{ jCH\qT  
(Cryogen) osD, VMTsD nqTesH\ 
|j+#k>sT.

i ) s{  
jC k+ |]Cq+ jTT eTTKyTq 

|j>+ jC +<q+ (Cryogenic 
Fuel) n>TqT.

ii) yT>{ skHH yT+> (MRI)  
eqe Xs n+s nejTy\qT, Xe+yTq 

njTk+  |d]+|Cd k+> #jT& 
MRI n+<TsT. <e V*jT+ +q n 
yV (Super Conducting) r>#T\# 
Xe+yTq njTk+ + @ss#&TT+~. 
<e V*jT+ r>#T jTT c>qT 4K es 
Z+#>\<T. +{ n\ c> e\ n~ 
|<:s  (High Resolution) |{\T 
rjT>\+.  

iii) eTVq>s\ $<TY |+|D  
eTV q>s\ s+T d+u\| ]+|&q 

$<TY r>\ <s $<TTqT ds|s #jT&+ 
w+. n+<Te\H, u n+ssZ ds|s r>\T 
y&TTHsT. , u n+ssZ r>\T y&&+ 
e\ y{ s<+ n~yT X qweT>TqT. B 
jC |]Cq+ y]+#e#TqT. 
<M]+#&q yjTTe\qT  r>\| #\&+ 
<s y{ c>qT, s< Z+#e#TqT.  

iv) Vs osD+ (Food Freezing) 
jTT< b+\, u+| u~ b+\ 

n~ |]eD+ Vs |<s\ |+|D 
nedseTeT+~. Vs |<s\qT osD+ 
#d \jTT+ ds|s #jT& jC 
yjTTe\T |j+|&sTT.  

v) y~ s< eT+<T\T (Vaccines)
y~ s< eT+<T\ e+{ jf\J 

T\ osD+(\q+) H{H 
osD |< y&&TT+~. 

n+] +<+ (Space Station)
n+]+ eqe\T ]w \+ ed+, 

|]X<q\T #|&>qT ]+|&q eT 
sD n+] +<+ n+<TsT. 

qMq n+] +<\T, n+]+ = 
ys\T, H\\T + = d+es\T yTT<q 
|]$T \ yd+ =s @sT #jT&q$. 
C, k\{ XD, du eT]jTT $TsY 
nH n+] +<\T  | neds+ =s 
]+#&q$. 

dT<s n+]jq+ e\ eqe Xs+ 
@s& |uy\qT n<jTq+ #jT& n+] 
+<\T |j+|&TTHsTT. q n+] 
H\ e +&, me s\T ed+ n~ 
d+K, Bs* |]X<q\T #|& $ 
y~\T> HsTT. $T* eT]jTT bs 
neds\ $ y&&TTHsTT. $T* 
|j+q &|{ n+] +<+ k\{`5. 
~ 1976, 1977 d+\ k$jT{ jTjTH 
jTT C |<+ |s+ |j+|&+~.

n+] +<\T k<sD+> s+&T 
s\T. k\{ eT]jTT du\T  n+dT 
(Monolithic) >\$. $  u>+> ]+#& 
n+]+ |j+|&sTT.  sTy, 
|]X< +<+ < #sT=+{sT. +< 
nedsyTq d\ |<s\T eT]jTT |]X<H 
|]s\ dV+>H n~ |j+|&TT+~. 
y+{ y&dq|&T  n+] +<+ 
e~*yjT&TT+~.  

k\{ 6 eT]jTT k\{ 7\T =~b{ 
esT\, n+f ={ s+&T se sD\ 
(Docking Ports)  ]+#&sTT. M{ 
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e~] eT+qeTT
u>eTT ` n 

1.  edTe sD sD+ _________.
i)  deTT\ \+ ii) ndeTT\ \+  iii) ds $<TY \+  

2. <ey> esTsT deqyTq u s _________. 
i)  kqu+X+  ii) sD+   iii) \+   iv) |#<q+ 

3. X\d q sTyq edTe jTT <ey>+ _________. 
i) # me  ii) # e   iii) XSq+   iv) nq++ 

4. u |]\+| 50kg <es >\ eqe sTe 
i)  50 N      ii) 35 N    iii) 380 N   iv) 490 N

5.  y~ s< {\ e+{ jf\J T\ osD+ _________ osD |< 
|j+|&TT+~. 
i)  V*jT+  ii) H{H   iii) nyj  iv) ]H 

dVjT+ s+&e |]X< +<+ = n+] 
H y{ #sT>*>sT.  

+<Te\ n+] +<+ +<+ 
m&s| +& +&& M+~. du 
L& s+&T se sD\ ]+#&+~. 
, s+&e se |j+|&H <T. C  
|<s\qT rdT[q H, se e< n+] 
+<+ nT= +< ds|s #jT>* 
Bs* |]X<q <V<|&+~. 

s+&e >| n+] +<\T, $TsY eT]jTT 
n+srjT n+] +<+ (International 
Space Station-ISS) yTT$ K+&\T> 
(Modular) ]+#&sTT. |<q K+&+ yTT< 
|j+|&TT+~. = | s 
sV+#T ]+#&q n<q| K+&\T 
sTy |j+|& |<q K+&+ 
nT+{sTT.  |< # nqTL\yT+~.  
eq, Te+{ n+] +< n+]+ 
|j+#& n Xe+yTq |j> 
yVq+ (s{) neds+ +&<T. Vs+, 
|]s\T yTT y{ K+& H\ <s 

b+<& nqTe> $ ]+#&sTT. 
n+<Te\ Bs\+bT M{ |j+#e#TqT. 

n e |q:#jT sT, n~ $sD 
ksTT, e >TsTsD \+ e+{ deTd\ 
e\q y{ Bs* yd+ wseTeT+~. 
nks+, Bs* nHs> deTd\T nH$ B 
eT\+> @s& = deTd\T.  

u$wT  deTd\T y]+|&, 
me \+ n+] +<\ ed+#>*>  
ks\THsTT. = n+] +<\T |< 
n+] q>s+ nH ksTT n~ Hu 
eT >V\qT L& @ss#T=H $<+> 
k|+#&e#T. ~es Te+{ n+] 
+<\T ]+|&<T. |>, |dT+ (2010) 
y{ |j+#&jT KsT |dT  
nk<yTq~. 

{j+>+>`1 nH n+] +< 2011 
d+ |Pss+ #H k|++~. B+ n+] 
+<\qT k|+q ||+# <X\ #H 3e 
kH b+~+~.
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6.  deq <esX\T >*q A  eT]jTT B nH s+&T edTe\T  eTw eT+> 20 MT/>+   
eT]jTT 50 MT/>+ y>\ &= y+H $X+ d b+<sTT.  nsTT,   eTw| @ edTe 
n~  |j+jTT+T+~?  MT de<H deT]+#+&.

7.     edTe 20 MT/d ~Xy>+ |jDdTq~.   ~Xy> \++> 10 N >\  \+ <| 
|#dTq~.  nsTT, 10 dq sTy edTe m+ y>+ +T+~?

8.    <MsD (A) : eTVq>s\ u$T b&q $<TY ds|s r>\| <M]+q jC 
yjTTe\qT #\T<TsT.
 sD+  (R) : <M]+q jC yjTTe\T X qc y]+#TqT.
i)  A |, R d]                   ii)  A d],  R |       
iii) A, R s+&T |   iv)  A d] eT]jTT A qT R deT]dT+~. 

9.   >TsT sD+ $\Te u$T |]\+| ________  e< >]w+  eT]jTT ________  
e< w+.

10.  u$T jTT <es esT+&,  |dT+ q $\Te yks+ d>+> Z,  < 
>TsT sD+ $\Te| @s& |ue+ @$T?

11.  |P]eT |dT sT yTq|&T,  q |sTqT | d{ +#qT.  |dT yd] |sT 
dT eTT+<T +< |&bsTTjTT+&qT.  m+<T ]+~?  $e]+#+&.

12. {  |\sY + |f|&T q # yqT >TqT.  m+<T?
13. +~ y,  edTe <es d++<+  y+ @~?

i) ~  b<$T s.
ii) B u dT =\Tee#TqT.
iii) B d+> dT =\Tee#TqT. 

14.  #+<jH`1  d++<+ >\ = d+d\ |sT +< e&jTTq$. , = |sT < 
d++<+ $. d++<+  d+d\ |s C_qT jsT #jT+&. 
 i) ISRO   ii)BARC   iii) NASA   iv) ESA   v) HO   vi) ONGC

u>eTT ` B  
1. U\qT |P]+#+&.  

i) \eTT R <es I sDeTT, nsTT <ey>eTT R _________ 
ii)  <e V&H s{ |j>|&TT+~. nsTT _________ MRI |{\T rjTT 

|j>|&TT+~. 
2.  +~ |e#H\ q |\qT d]~<+&.  

i)  1 qH \+ nqTq~,  >eTT <es >\ |<s+ 1ms-2 sD @s]# \  
|]eD ddT+~. 

ii) #s, |#s m\|&T  edTe| |#ksTT.  
3.   jC\ eTTKyTq |j>+ jC +<H\T. jC +<H\T nq>H$T?  
4.    d+|<jT+ =s, n|de ueT _________ >qT, de ueT _________ 

>qT rdT=+{eTT. 
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5.   20 g <es >\ { 75 ms-1 y>+ |jDd  dsyTq # ~yTqT &=HqT.    ~yT>T+& 
5 cm  #=#T= bsTT |<| $X+ e#qT.  nsTT { #~yT *+q dsd] 
s<\+ m+?

6.     dsT\T yd +& jTT <es 65 kg. +& 0.3 ms-2 sD+ #+~+#& <| 
|j+#eqdq \+ m+?

7.   kqsY b&yq |& +T+~. m+<T?
8.   eT\jTT< MsT& q |] |&* >T~q|&T,  >T~q esZ+H m+<T <T\T&T?
9.   yjeTX\ +< |]# yT\T,  sD =s &sT\ <TdT\ & b&T yTT y{ 

yT  |<s\ jsT#ksT.  >{ |<s\qT m+<T |j+#sT?
10. sT |j+#&+ |j+#& s+&T \qT yjT+&?
11.  1.2 m b&e >\  < 10 kg <es y&BjT&+~.   <\eTT  >& 

neTs&jTTq~.  nsTT,   B e< @s& |* ueT+ jTT |]eD+ eT]jTT ~X\qT  
(de  n|de) qT>=q+&?

1.2m

B

10Kg

12.   |eD <es >\  edTe nqTu$+# \+ >TsT  (Gravitational field)  
d(Strength) *jTCd, u$T| >TsT  d qT>=q+&?

13.  u$T yks es+&, k+<qT s{+| #d >TsT sD+ @s& esT @$T?
14.   sDT, u$T +<+ qT+& 6.38 x 103 km <s+ >\ |<X+ e<  uq |+ \&jTTq~. 

u$T <es  6 x 1024 kg. nsTT, 
i) >TsT sD qT>=q+&? 
ii) yT uq+ #k >TsT sD+ $\Te @<H esT @s&TT+<?

15.  20 m yks+, 104 kg <es >\   \ (asteroid) |sT B 612. <|  <e 
$#d+~  nqT=+<+. B 612 | >TsT sD+ m+ +T+~?

16.   qTqT|q de+s \+|, ‘M’ <es >*  X\+> >\ =jT ~yT|,‘m’ <es 
>\ eTw \&jTTH&T. n&T (u$T) k|+>  ‘v’ m/s y>+ ~yT| |]>&,   
 k|+> =jT~yT jTT y> qT>=q+&?

17.  s+&T +T\ <esX\ w 2:1 . $  mT qT+& Cs$&Te&sTT. nsTT,  +~ y{ 
wT\qT qT>=q+&.

i) n$ u$T #s& rdT=q \T
ii) |jD deTjT+ y{| |#d \T.
iii) u$T |&T y{ y>\T.
iv) u$T |&T y{ sD\T.
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18.  1 kg <es >\  edTe 20 m mT qT+& Cs$&Te&q~. n~ u$T &= eTs\ n+ 
y>+ |>dqT. nsTT, <ey>+ esTqT qT>=q+&? (g=10 m/s2 > rdT+&).

19.  #+<T yks+ uyks+ 1/4 e e+T, < <es u<es 1/80 e e+T +f,  
#+<T  |]\+| >TsT sD+ m+ +T+~?

1.2m?
20.   >T&T \ +< _+<Te qT+& 

1.2 m <s+ 20 kg sTe >\  u\T&T 
Ls=jTTH&T. nsTT,  60 kg sTe >\  
e m& LsT+f n~ deT>TT+~?

21.   >Ti| +&y&T q >Ti eTT\Ts b& eTT+<T beTH&T.    >Ti+ <\& 
sd]+  $e]++~.

qH III e #\q $jTeT+ |s+, HqT =+ \+ +& >TTHqT.  n+ 
\+ +&>& qqT yq >TTq~.    s+&T \T deq+> +& es ~X\ 
|#d+<Te\, s+&T \T <={ s<T #dT=+THsTT.

>Ti+ q $esDqT MTsT |=+THs? MT de<H q sD\ \|s#+&?
u>eTT ` C  

1. i)  dT<s n+] jq+ e\ eqe Xs+ @s& |uy\qT n<jTq+ #jT& n+] 
+<\T dVjT|&sTT. B deT]+#+&. 

ii) qH >TsTsD jTeT+ jTT >D s|+  F = Gm 1 m2 / d 2. 
&, G >TsTsD ds++, m 1 , m2 \T s+&T edTe\ <esX\T, d-y{ eT< <s+ 
nsTT, qH $X>TsTsD jTe |e+#+&.

2. i) qH yTT<{ jTeT+ \+ jTT duy \T|T+~. B deT]+#+&. 
ii)  10 kg  eT]jTT 15 kg  <esX\T >\ s+&T edTe\T eT+> 10 ms-1  eT]jTT   

5 ms-1  =* ~Xy>\ |jDdT+&&+ |+ #|&+~. n$ <H={ n_|+ 
#+<TTHsTT. n_|+ sTy y{ ~Xy>\T eT+> 4 ms-1    eT]jTT 9 ms-1. n_| 
\+ 2 d nsTT F1 eT]jTT F2 \qT qT+&. 

10 Kg 10 Kg10 Kg20 Kg 20 Kg 20 Kg

10 m/s 5 m/s
F1 F2

12m/s
4m/s

15 kg10 Kg 10 Kg10 Kg20 Kg 20 Kg 20 Kg

10 m/s 5 m/s
F1 F2

12m/s
4m/s

15 kg10 Kg 10 Kg10 Kg20 Kg 20 Kg 20 Kg

10 m/s 5 m/s
F1 F2

12m/s
4m/s

15 kg

4 m/s 9 m/s

3.   5 N  \+  X\ d >\,  2.5 kg <es >\ edTe| |#d < dssU esZ+ 
sD+ #+~dTq~. nsTT,
i) edTe jTT sD+ m+?
ii) edTe 20 m <\& m+d| |TqT?
iii) 3 dq sTy < ~Xy> +#+&?
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4.  <ey>  jTe \|+&. u|]\+|q  |<X+ e< qT+& 2 _*jTH |\T 
4 m/s y>+ <THsT. u$T <es 6x10 24 k  eTw jTT dsd] <es  
60 kg. nsTT, 
i)  |\+<] jTT yTT+ <ey>+ m+?
ii) u$T|  d+ue+ e\q *> |ue+ @$T?

5.  qH $X >TsTsD jTe |e+#+&. u|]\+| >TsT sD dMT yjT+&. 
s+&T n+] edTe\ >TsT sD\ w 1:4 eT]jTT y{ yks\ w  1:3 nsTT, y{ 
<esX\ w qT>=q+&?

6.  X\ d >\,  3 kg <es >*q u+T |* 2 kg eT]jTT 1 kg >\ s+&T Tq\T>  
#<]bTq~. 2 kg Tq 3 m/s ~Xy>+ |jDd, 1 kg Tq |jD+# ~Xy>+ m+?

7.  60 kg eT]jTT 50 kg <esX\T >\ s+&T eT+#T| Cs dsT  <s+ jTT s+&T  
es\qT |T=jTTHsT.  <s+ _>TT> q~.  60 kg <es >\ e  20 N \+ <s 
 eTs= e| <s+ m+  \T>CdT+~? eT+> y] sD\ $\Te\T m+?

Books : 1. Advanced Physics by : M. Nelkon and P. Parker, C.B.S publications, Chennai
     2. College Physics by : R.L.Weber, K.V. Manning, Tata McGraw Hill, New Delhi.

    3.  Principles of Physics(Extended) - Halliday, Resnick & Walker,  
Wiley publication, New Delhi.

Webliography:  www.khanacademy.org   science.howstuffworks.com
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|sT    : yT bs&  
qq+   : 22`09`1791 
qd\+  : $+>H, +>+&T 
eTsD+   : 25`08`1867  
|   : &qyqT qT>=HsT

qede+ $<T# n eTTKyTq 
kq+ \<T. ~ n<T| qT+#>*+~ eyT 
> >V\T, bsX\\T, y<X\\T, |]XeT\T 
yTT y{ |\T$<\T> |j+#T 
nqTyq X s|eTT n>TqT. eT], $<T# <#  
@s&jTT+T+~?  

 $<TY e\jT+ $<T# m 
|eVdT+~? e\jT+ $<TY |yV 
|u$+ #d n+X\T @$?  n<jT+  
|X\ de<H #<+.  

16.1 $<TY |yV+ eT]jTT $<TY e\jT+ 
eTq >* |yV+ (M#T), { |yV\ 

>T]+ u> \TdT. sT q<T |eV+#|&T 
< { |yV+ n+<TsT. n<$<+>  
yV+ (V| r>) >T+& yX\T 
|eV+#|&T < $<TY |yV+ n+<TsT. 
 {] \T >T+& $<TY |T+  
$<T<yX\qT |eV+|CdT+~. n+f \T 
>T+& $<TT |eV+ \T  y\T>TT+~. 
{] d#YqT H #dq|& \T y\T>TqT. nq>, 
d#Y jTT | @$T? d#Y, $<TY |T+ eT]jTT 
\T\ eT< yV|syTq d++< *dT+~. 
$<TT |eV+#  d+eyTq (closed) 
n$q esZ $<TY e\jT+ (Electric  
Circuit) n+<TsT.  e\jT+ m&H  
_+<Te e< q|&T $<TT |eV+#<T. 
{ \T y\><T.  

$<TY |yV (Electric Current) 
eTq+ m s+#e#TqT? |eD \+ 
 yV| ]w eT<#<| yX\+ >T+& 
|eV+# yX| yTT $<TY |yV| 
$\Te> \T|e#T. |+> $<TY yX\ 
|yVsTqT $<TY |yVeTqe#T. V| 
r># @s&q e\jT+ m\H\ s|+ 
yX |yV+ @s&TT+~. $<TT |eV+# 
~X, m\qT |eV+# ~X es ~X> 
|]>D+#&q~. 

Q |]eD+ >\ yX+  yV+ 
@<H eT<#< yX\+ >T+& t \+ bT 
|eV+#|&T yV+ $<TY |yV+ 

           Q                I   = 
            t
$<TY yX+ jTT SI |eD+ L\+u  

(coulomb) n>TqT. 1 L\+u nqTq~  
6 x 1018 m\q yTT+ yX deq+. $<TY 
|yV+ jTT |eD+ +|jTsY (A)   |<+ 
|+ <X| Xdy +&-yT +|jTsY jTT 
C|s+> y&&+~. | dMTsD+ qT+&, 

Q   =  1C ,   t  = 1 s  nsTT  I  =  1 A

    L\+u yX+  dqT \+ 
bT yV| eT<#< yX\+ >T+& 
|eV+q|&T  yV+ $<TY |yV+ 
1 +|jTsY n>TqT.  e\jT+ $<TY 
|yV =\T#T nMTsT nH |]s+ 
|j>|&TT+~.  

<VsD 16.1 
 \T |\yT+T 10 $Tc\ bT 

0.75A $<TY |yV $jd e\jT+ 
|eV+q yTT+ yX +#+&?

$<T# eT]jTT X
n<jTeTT ` 16
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k<q : e&q~,    I = 0.75  A
\+    t   = 10 $Tc\T R 600 dqT
eTq  Q  = I x t
         Q  = 0.75 x 600
yX+  Q  =  450 C
$<TY |T+, \T, nMTsT eT]jTT  

|>  (Plug Key)\ ]yTq  e\jT|+ 
16.1 #|&q~.

$<T# eT]jTT X

16.2 $<TY X+ eT]jTT X u<+ 
(Electric Potential & Potential Difference) 

 yV+ $<T<yX |eV+#T 
#d~ @~? u de+s+> qTq  >=+ 
sT <q+< m> |eV+#<, n>  
sr> yX\T eT+ eTT |eV+#e. 
>=+  esqT {+ *|q|&T, nq> 
>=+ s+&T es\ eT< |&q u<+ @s&q|&T 
sT  es qT+& eTs es |eV+#TqT. 
n<$<+>,  $<TY yV >TD+ >\ V| 
r> s+&T es\ e< >\ $<TY |&q+ 
u<yTs& yV+ <s $<TY |yV+  
@s&TT+~. BH $<TY X u<+ (Potential  
Difference) n+<TsT. { < n++f 
me |T{\T (Cells) \T|&q sD 
u(Battery) n+{sT. u, 
d+<+#&q e\jT+ X u< 
@ssTdT+~.  |T{ < u e\jT+ 
d+<+q|&T, e\jT+ X u<+ @s&, 
yV+ yX\qT #*+|Cd $<TY |yV 
@ssTdT+~. 

 $<TY e\jT+ @<H s+&T _+<Te\ 
eT<>\ X u<eTT, @+ <q yX  
_+<Te e< qT+& eT]jTT _+<Te e< 
s|& #jTe\dq | deq+ n 
sk+.
s+&T _+<Te\ eT<>\ 

X u<+(V)
#jT&q | (W)

yX+ (Q)
R

                      
          V =  

W
Q

 X u<+ jTT SI |eD+ y (V).

             1 y\T R 
1 C\T 

1 L\+u  
$<TT |eV+#  yV+ 1 L\+u 

<HyX  _+<Te e< qT+& eT]jTT 
_+<Te e< rd=be #jT&q |  
1 C nsTT  _+<Te\ eT<>\ X u<+  
1 y n>TqT. X u< yMTsT nH 
|]s+ =\Tee#TqT.  

16.3  $<TY e\jT|+  
(Circuit Diagram)

e\jT+ \T|& $$< $<TY  |]s\qT 
V\ d+ ^jT&  jH  
(Schematic Diagram), $<TY e\jT|+ 
n+<TsT. n+<T dV+> y&& $<TY 
|]s\ k+|<jT V\T, y{ |sT +~ 
|{ 16.1 e&q$.
<VsD 16.2 

 e\jT+ 10 V X u<+ >\ s+&T 
_+<Te\ eT<  _+<Te qT+& eT]jTT 
_+<Te e< 5 C yX rdT=e#T 
#jTe\dq | m+?  
k<q  

   e&q yX+ Q  =     5 C
   $<TY X u<+ V  =    10V

yX <\T  #jT&q | W = V x Q 
                               W  =   10 V  x  5C  
                               W  =   50J

|+ 16.1 $<TYe\jT+

\T

Bt K
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16.4 zyT jTeT+ (Ohm's Law)

|+ 16.2
V
 I

|{ 16.1

|]s+ V+

$<TY |T+

u < nH 
|T{\ \sTT

|>  () d#Y 
(sTe&q~)
|>  () d#Y 
(eTjT&q~)
r>\ d+<q+

<={  
\e+& <{ 
be r>\T

$<TY \T

R s<+ >\ 
s<+

nds s<+ 
(<) ]jk{ 

nMTsT

y MTsT

+ <Zs 
&j& (LED)

 yV+ X u< (V) eT]jTT 
$<TY |yV (I) eT< @<H d++<+ 
>\<?    + <s $Xw<+.

| +      $\Te ds+> qT+&TqT 
MTsT >eT+#>\sT.

1827e d+ CsY deTH zyT (George 
Simon Ohm) nH sH u Xdy,  
yV+ $<TT |yV (I) eT]jTT X 
u< (V) eT<>\ d++< qT>=HsT.

eTT 16.1

•	  |+ 16.2  #|&qT dTesT 
0.5 MT b&e >\ yT r> XY‚ 
 nMTsT,  yMTsT eT]jTT  
H\T>T 1.5V |T{\+{ *| 
$<TY e\j @sT #jT+&.                     
(yT nqTq~ , $TjT+, e+>dt  
eT]jTT qT| V\T *dq $TXeTV+). 

•	 yTT< e\jT+   |T{ eyT 
y&+&.

•	 nMTsT =\ I qT >T]+#+&. ~  
e\jT+ $<TY |yV+ n>TqT. n> 
y MTsT =\ V qT >T]+#+&. ~ 
e\jT+ yT r> XY y+& q X 
u<+ n>TqT. 

•	 y{ |{ b+<T|s#+&. 
•	 | + > e\jT+ s+&T, eT&T  

eT]jTT H\T>T |T{\qT |j+ 
eTs =\\qT >T]+#+&.

•	 |k] V eT]jTT I \ eT<>\ w 
+#+&.

|sT   : CsY deTH zyT  
qq+   : 16`03`1789  
qd\+  : msY+H, Cs  
eTsD+   : 06`07`1854 
|   : zyT jTeT+



$<T# eT]jTT X 

256 257

n<
j

Te
TT 

` 1
6

zyT jTeT+ |s+ ds c> e< 
 yV+ @ $<TY |yV+ (I),  
 yV| s+&T es\ eT<>\ X u<+ (V) 
q nqTeqTb+ +T+~. 

I  α  V    ()       I
V   =   ds d+K  

16.5 yV| $<TY s<+
 zyT jTeT+ |s+,

V = IR
]w c> e< @<H  V| yV, 

R $\Te  ds d+K> +T+~. BH  
V| yV+ jTT s<+ (Resistance) 
n+{sT. yV+ >T+& yX\ |yV 
s~+# <sH s<+ n+{sT. s<+ jTT 
SI |eD+ zyT (ohm). B Ω nqT ^ 
ns+ dksT.                              

R =
V

I

1 zyT =
1 y

1 +|jTsY
 yV| s+&T es\ eT< X u<+  

1 y> qTq|&T, yV+ $<TY |yV+ 
1 +|jTsY nsTT  yV| s<+ 1 zyT> 
+T+~.
<VsD 16.3 

 $<TY VsT $<TY q+ qT+& 5A 
$<TY |yV $jdTq|&T < s+&T 
es\ eT< >\ X u<+ 60V nsTT, <  

e\jT+ 
y&&q 

|T{\ d+K

yT r> >T+& 
|eV+# $<TT

I ( ampere ) 

yT r> es\ eT< 
X u<+

 V  ( volt ) 
(volt / ampere)
Ω	(ohm)

1
2
3
4
5
6 

V
 IR=e.d+

X u<  120V > |+q|&T VsT 
$<TY |yV+ m+ +T+~?

k<q
X u<+               V  =  60 V
$<TY |yV+        I   =  5 A
zyT d+ |s+  
     R  =  I

V  =  5
 60   =  12  zyT 

X u< 120V > |+q|&T $<TY 

|yV+  I  =  R
V  =  12

 120  =  10 A

~ VsT $<TY |yV+  = 10 A

eTT 16.2

•	 |+ 16.3 #|qT H\T>T 1.5V 
$<TY |T{\qT nMTsT XD 
d+<q+ #d  e\j ]+#+&. 
e\jT+ XY nH m&s| +&T 
#jT+&.

•	 yT r>qT XY m&s|  *|  
e\j |P] #jT+&.  eTjT+&. 
nMTsT =\qT >T]+#+&. eTs  
se+&.

•	   XY m&s|jT+<T yT r>  
<T\T> {]\TqT + nMTsT 
=\qT >T]+#+&. ~ {]\T 
>T+& $<TY |yV \T|T+~.
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|+ 16.4

|+ 16.3
# |]s e]q|&T $<TY 

|yV+ esTT+~. m+<T esTT+~? = 
|]s\T eT >T+& $<TY |yV dT\u+> 
nqTeTksTT. = |]s\T $<TY |yV 
me s< \>CksTT.

16.6  s<\ eed  
(System of Resistors)

nH $<TY e\j\ eTq+ s<\qT  
|\Ts\T> d+<q+ #d |jdTH+. 
s<\qT s+&T s\T> d+<+#e#T. n$ 
(a) XD d+<q+ (b) de+s d+<q+. 
s<\ XD d+<q+ 
(Series Connection of Resistors)   

R1, R2, R3 s<\T >\ eT&T s<\qT 
XD *|  u eT]jTT |>  |+ 
16.4 #|qT d+<+#+&.

•	 |&T, XY m&s|jT+<T LED  
d+<q+ #d nMTsT =\qT >T]+#+&. 

•	 | n d+<sq nMTsT =\  
$<+> qTq<? 

•	 | |]o\q\ qT+& MT$T \TdT+~? 

| s<+ >T+& deq $<TY  
(|yV+) I |eVdTq~. s<\ d+j>+ 
e\ s+&T es\ eT< @s&q X u<+, $&$& 
s<\ X u<\ yTT deq+. nq>, 

        V  =   V1 + V2 + V3   (1)
XD \T|&q R1, R2, R3 s<\ 

<T\T>, y{ |* s< deqyTq RS 
s< e\jT+ |j+#e#TqT. 
n|{, e\jT+ |yV+ (I) eT]jTT  
X u<+ (V) \ mTe+{ esT +&<T.

eT&T s<\L zyT jTe $&$&> 
nqTe]+|CjT> 

V1  =  IR1, V2  =  IR2   eT]jTT V3  =  IR3

 $\Te\qT dMTsD+ (1) ||+#>   
            V  =  IR1 + IR2 + IR3

|* s< RS nqT=+f,  
                    V  =  IRS

              IRS  =  IR1 + IR2 + IR3

       ~        RS  =  R1 + R2 + R3 
eq, XD \T|&q nH s<\ 

|* < eT& s<+ (RS)  $&$& s<\ 
(R1, R2, R3) s<\ yTT deq+. 

n+> |* s<+ (RS) $\Te @  $& 
s<| s<+ +f me> +T+~. 
<VsD 16.4 

18 zyT eT]jTT 6 zyT s<\T 6V u 
XD \T|&jTTq$. (1) e\jT+ yTT+ 
s< (2) e\jT+ $<TY |yV 
qT+&.
k<q :   1) e&q s<\T
  R1  =  18  zyT  
  R2  =    6  zyT

~ e\jT+ yTT+ s<+
   RS = 18 + 6 = 24  zyT
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2) u s+&T es\ eT<>\ X u<+  
    V  =  6V

 
I =            =

I = 0.25 A

V
RS

6
24

~  $<TY eyV+    

s<\  de+s  d+<q+
(Resistors In Parallel)

R1, R2, R3 s<\T >\ eT&T s<\T 
de+s+> \T|&jTTq$.  d+j> 
u eT]jT |> \ |+ 16.5 
#|&qT d+<+#+&.

de+s d+<q+ n s<\ >T+& 
 X u<+ +T+~. < $\Te V. 

yTT+ |yV+ I, s<\ >T+& |eV+# 
$&$& $<TY |yV\ yTT deq+> 
+T+~.

             I  =   I1 + I2 + I3      (1)

= s< zyT jTe 
nqTe]+|Cd,

 
 I1 =

V

R1

I2 =
V

R2
I3 =

V

R3

 $\Te\qT dMTsD+ (1)  ||+#> 

= + +
V

R1

V

R2

V

R3

 I 

s<\ d+j>+# @s&q |* s<+ 
RP nqT=+<+.

I =
V

RP

V
Rp

= + +
V

R1

V

R2

V

R3

1
Rp

= + +
1

R1

1

R2

1

R3

e\jT+ de+s+> \T|&q s<\ 

|* s<+ jTT $eT $\Te 
1
Rp

, $&$& 

s<\ s<\ $eT $\Te\ yTT 
deq+> +T+~. 

|* s<+ $\Te (Rp) e\jT+  
\T|&jTTq w s<+ +f e> 
+T+~. 

<VsD 16.5
5 zyT, 10 zyT, 30 zyT s<\T >\ eT&T 

s<\T <={ de+s+> 
d+<+#&jTTq$. e\jT+ |*  
s< +#+&?
k<q  : e&q s<\T   
 R1 = 5 Ω , R2 = 10 Ω, R3 = 30 Ω 
 s<\ de+s+> d+<+#& 
jTTq$. n+<Te\q,
  1  1     1      1   — = — + — + —   
  Rp  R1      R2       R3 

  1  1     1      1 10  — = — + — + — = —  
  Rp  5        10       30 30

          30 
 Rp 

= —  = 3 Ω 
         10

16.7 $<TY eyV+ e\ @s& w |*+ 
(Heating Effect of Electric Current)

$<TY |T+, $<T# qeT eTq  
\TdT. < s+&T =q\ eT< X u<+, s<+ 

 |+ 16.5

I I



u


 X
d

eT
T

260 261

•	  $<TY |T+, \T, |>  eT]jTT 
d+<q| r>\ |+ 16.6 
#|qT $<TY e\j ]+#+&. 
|> qT H= \T >T+& $<TTqT 
|eV+|CjT+&.

•	\T>T+& # \+bT $<TT 
|eV+#|&T  \T y&T+~.

|+ 16.6

|> 

\T

>T+& m\qqT ~*+|Cd $<TY |yV  
@ssTdT+~. $<TT |eV+#T $<TY |T+ 
X ydH +&*. eT]  X @eTT+~? 
 $<TY |+UqT #d| ]seT+> 
|jd @$T sT>TT+~? 

X =+u>+ |j>syTq |> 
esTT+~ ($<TY |+U s\qT u$T+| 
CdT |> esTT+~). $T*q X |+UqT 
w|s qweTeT+~. $<TY e\jT+ |P]> 
s< |<s+ @s&jTT+f q+ X 
n$q+> ws|+ qweT>TqT. B $<TY 
|yV+ e\q @s& w|*+ n+<TsT.  $<TY 
|yV+ e\ @s& w|*+ nH |]s\T 
|#ksTT. $<TY d|f, s=f\T  bsTT, 
$<TY bsTT, $<TY VsT yTT<\>Tq$ $<TY 
|yV+ e\q @s&T w|*+ <s+> 
|#d k<H\ eTq ~es \TdT.  

16.8 C w jTeT+ 
       (Joule's Law of Heating)

R s<+ >\  s<+ <s |eV+# 
$<TT I nqT=+<+. s< =q\ eT< X 
u<+ V nqT=+<+. t dq \+, s<+ 
<s Q $<TY yX+ |eVdT+< nqT=+<+. 
Q  yX V X u<+ #*+|#jT{ 
s>e\dq | VQ. {, q+ t  dq 
VQ X eeqT.  

q+# $<TY e\j e&q X  
@yTq~? 

 X s<+ w+> esT#+~  
y\Te&TT+~. eq, dsyTq $<TY I  
s<+ <s |eV+q|&T t dq @s&q 
w+                         H = W = VQ  

          Q = It     eq,
        H  = VIt 
zyT jTeTeTTqT|jd H  =  I ² Rt 
BH C w jTeT+ n+<TsT. C w 

jTeT+ |s+,  s<+ e\  e\jT+ 
jT>T w+ 

(1)   s<+ e<, < >T+& |eV+# 
$<TY |yV esZ (I²) nqTeqT 
b+qT, 

(2)   $<TY |yV+, s<+ jTT 
s< (R) nqTeqTb+qT 
eT]jTT 

(3)  $<TY |yV  (t) nqTeqT 
b+qT +T+~.

<VsD 16.6 
 4 zyT s< =q\ eT< X u<+ 20V 

nsTT n+<T w+  n>T sT m+?
k<q :

X u<+         V  =  20 V
s<+            R  =  4 Ω
\+               t   =  1  s

eTT 16.3
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zyT jTeT+ |s+ 

     I  =  
V
R  =  

20
4    =  5A

w+  n>T sT  H  =  I² Rt
                          H  =  5² x 4 x 1
                          H  =  100 J

16.9 |PE (Fuse) sV+# $~
$<TY e\j\ y&& |PE C 

w |* nqTd]+ |#dT+~. +<T 
37% dd+, 63% >s+ *dq $TXV+ 
#jT&q r> +T+~. ~ me s< 
eT]jTT e sT>TkH *jTT+T+~. 
|PC $<TY e\jT+ |]s\ XD 
d+<+#&TT+~. d+> e\jT+ n~ 
$<TY |yV+ @s& |PE r> ]bsTT  
e\jT+ K+&+#&TT+~.  $<+> |]s\ 
uT $<TY e\j |PE sdT+~. 

16.10  >V $<TY e\j\T   
(Domestic Electric Circuits)

eTq >V\ eTq+ $j+# $<TT, 
|<q ds|s r>\ (mains) <s ds|s 
neT+~. $ s+T d+u\ dVjT+ 
M<T =+ mT ]+#&jTT+{sTT < 
u$T b& (Underground Cables) 
+{sTT. y  r> msT| +< e# 
*jTT+T+~. BH y (Live) r>  <H 
r> (positive) n+{+. q\ +< e#+ 
>\ += r>qT q  (Neutral) r>  
TTD r> (negative) n+{+. eTq <X+, 
 s+&T r>\ eT< 220V X u<+ (bfjT 
u<+) +T+~. 

>V q MTsYusY q+<T,  r>\T 
|<q |PE >T+& $<T# MTsY  
\T|&sTT.  s |<q d#Y (Main 
Switch) >T+& |y+#T d+<+#&sTT. 
n& n$ H r>\ \|&sTT. H 
r>\T >V+ ]+#&jTTq $&$& 

$<TY e\j\ $<TTqT ds|s #ksTT.  
eeT\T>, >V s+&T $&$& $<TY  
e\j\T neTs&jTT+{sTT. n~ $j> 
keTs+ *q ^dsT, msTTsY L\sT yTT<\>T 
k<H\ =s 15A |yV keTs+ >\   
e\jT+ y&&TT+~. \T\T, |+U\T yTT<\>T 
k<sD k<H\ =s 5A |yV keTs+ >\ 
+= e\jT+ y&&TT+~.  

y
 r

>

MT
s

T u
s

T 
|P

E
|

<
q 

d
#Y\

T

|+ 16.7

q
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msY (Earth) r> eeT\T> |# +< 
e# *jTT+T+~.  r>qT eeT\T> 
+{ dMTbq u$T T> b&q & < 
|\ d+<ksT.  msY r>qT,  eTTK+> 
V| |]\+ >*q $<TY eTT<DjT++, 
$<TY {dsT, fT bqT, s|ssT 
yTT<\>T y{ V| |] d+<ksT. 
BH ud+<q+ #jT&+ (Earthing) n+{+. 
n+f, |]s+ sD+ V| u>\  
eT]jTT u$T eT<  n\ s<, yV 
esZ msY r>  @ssTdT+~. nkT> |]s+ 
V| u>\ $<TY ke+ (Leakage)  
@s& n~ n\ s< esZyTq msY r> >T+& 
|eV+ u$T #]bT+~. n+<Te\q, 
|]s y&TTq (q) eTw reyTq $<TY 
| >T]+& s+|&&T. 

 k<sDyTq >V $<TY e\jT+ |+ 
16.7 #|&jTTq~. $$< $<TY |]s\T 
y eT]jTT q r>\ $&$& $<TY e\
j\ eT\+> \|&sTT.= k<H 
|#sTT+#&  d#Y +T+~. n |]s\T 
de+s+> d+<+#& jTT+&&+ e\ | 
|]s deqyTq X u<+ n+<TT+~. 

$<TY |PE >V $<TY e\jT+ eTTK 
b eVdT+~. y r>, q r> nkT> 
<H={ |+> |&T, u X+ 
(overload) @s&TT+~. +<Te\ e\jT+ 
$<TY |yV+ ny+#jT+> n~eTeT+~. 
BH \|TTe\jT+ e&+  (short circuiting)

n+<TsT. Te+{ d+<s\ $<TY |PE 
]bsTT, e\jT+ ny+#jTyTq n~ 
$<TT |yV |ydT+~.  $<+> 
|PE $<TY e\j, $<TY |]s\qT 
u~+|&+& b&TT+~.

16.11 $<TY keTs+ (Electric Power) 
|#jT& sTqT keTseT+{s eTq 

\TdT. B eTs$<+>  X $j+|& sT 
nqe#T. eq, $<T# $j+#& sT 
$<TY keTs+ n+{sT. 

keTs+   P   = 
W
t  =   VI

()          P  =  I² R      =  
V2

R
$<TY keTs =*# SI |eD+ y{ (W). 

1 y Xu< *+q|&T,1 +|jTsY 
$<TY |yV+ |#d |]s+ $j+# 
$<TY keTs+ 1 y{ n>TqT.

        1 W = 1 y I 1 +|jTsY
                      = 1 VA
y{ nH~ # q |eD+. n+<Te\, 

y&T eTq+ y{ nH |< |eD 
|jk+. 1 y{ 1000 y deq+. 
$<T#, keTs+ eT]jTT \ \+ eq 
$<T# jTT |eD+ y{>+ (Wh) n>TqT.  
1 y{ keTs+ >\ |]s+  1 >+ \+ 
$j+# $<TTqT 1 y{>+ n+<TsT. 
b]X$T+> $<T# y{>+ (kWh) 
nH |eD+ =\TksT. 1 y{>+qT 
eeT\T> 1 jT{> |]>DksT.

1 kWh  = 1000 y{ I 3600 dqT
      =  3.6 x 106  y{dqT
      =  3.6 x 106  C ( J )

<VsD 16.7 
 $<TY \T 220V  $<Tq d+<q+ 

#jT&q~. e\jT+ $<TY |yV+ 0.50 A 
nsTT \T jTT keTsyT+?
k<q :
 $<Tq y      V  =  220V
 $<TY |yV+       I   =  0.50 A
\T jTT keTs+ P  =  VI

                  P  =  220 X 0.50
                        P  =  110 W
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16.12  $<TY |yV+ e\ *> skjT 
|*+ (Chemical Effect of       
Electric Current)

|]o\q\ <s eTsd+ $<TTqT 
|d]+|CdT+< *d+~.

eTT 16.4

•	  s+&T sT|j> $<TY |T{ sq 
&\qT C>> rdjT+&.

•	  | + y{ V| =q\qT 
Xu+ #jT+&.

•	 V| =q\ s r>\qT #T+&. 
•	 s r>\qT u, LED \ uT 

XD \|+&. 
•	  bd < ssT b =+ 

eTsk rdT+&. sq &\qT 
n+<T eTT+#+&.

•	  LED (\T) y\T>TTq<?  
•	 eTsd+ >T+& $<TT |eVdT+<?

|+ 16.8

16.13 $<TY $XwD+ ` $<TY skjT 
|T{\T  

]q nd+~jT eT, s eT]jTT \eD 
<eD\T < y{ \ <eD\ >T+& $<TT 
|eV+#|&T n$ skjT $j>+ 
#+<TsTT. Te+{ <eD\qT $<TY 
$Xc\T n n+{+. $<TY $Xc\ >T+& 
$<TT |eV+#|&T skjT $j>  
@s]# |jTqT $<T~XwD+ (Electrolysis) 
n+<TsT.

|sT  : y  
qq+  : 18`02`1745  
qd\+  : y,   
eTsD+  : 05`03`1827  
|  : $<TY |T{ yTTyTT< ]+q e

$<TY skjT |T+ 
(Electro Chemical Cell)  

skjT #s\ <s $<T#  #d 
$<TY |T{ $<TY skjT |T+ n+<TsT. 

ysTT |T+ q+<T, d\ d\] eT+ 
>\ >E b s eT]jTT + m\&\T 
|+ (16.9) eTT+#& +{sTT.

$<TY |T+ >\ s+&T m\&\qT 
uV+>  r> d+<+q|&T, $<TY 
|yV+ uV e\jT+ |sY qT+& +, 

|+ 16.9

d\ H2SO4

>E b

+ &
s &

|T+ |\ + qT+& |sY |eVdT+~. 
nq>, |T+ s & <q m\& < 

H&> (Anode) |#dT+~. + & TTD 
m\& < <&> (Cathode) |#dT+~. 
d\ d\] eT+ $<TY $Xw+> 
(Electrolyte) |#dT+~. 

 |T+ ]> |jT,yX|P] njq 
#\H <s+> #dT=  $e]+#&TT+~. 
+ & + |seDTe\T  
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|+ 16.10

sq &
+ &
d< b

nyjT+ s& 
<eD+

e+>dt &j&T  
eT]jTT sqeTT\ 

$TXeT+
>E b

Zn++ njqT> njTjTsD+ #+~+#& 
<eD+ |yksTT. n+<Te\ + & 
s+&T n<q| m\qT +&bsTT, n~ TTDyX 
|P]eTeT+~. n< deTjT+ s+&T V&H 
njqT (2H+) s H& e< qT+&  s+&T 
m\qqT b+~ V&H nDTe> y\Te&TsTT. 
n+<Te\ s& <HyX |P]eTeT+~. 
 $<+> + m\& n<q| m\qT 
\_dT+&+es,  #s =qk>T, uV 
e\jT+ $<TT n$q+> |eVdT+T+~. 
n+<Te\,  dsyTq $<TY |T+ skjT 
X $<T#> es |]s+> |#dT+~.

s+&T &\T es yX *jTT+&&+ 
e\ s eT]jTT + &\ eT< =+ X 
u<+ @s&TT+~. + +f s e< n~ 
bfjT @s&TT+~. s+&T m\& eT< X 
u<+ 1.08V > +T+~.  

16.14 b<$T eT]jTT ~rjT $<TY |T{\T  
b<$T |T+ (Primary Cell) 

n~> skjT #s eT\+> $<T# 
 #d |T{ b<$T |T+ (Primary 
Cell) n+<TsT.  

b<$T |T+ s+&T m\&T eT]jTT 
d]|& $<T~Xw+, M+{ *|q|&T 
=+ emf qT b+<>\+. &jT |T+ eT]jTT 
+ |T+ nH$ |<qyTq b<$T |T{\T. 
 $<yTq |T{\qT |qsyX |s#eTT. # 
+ |T{ >T]+ $e]+#&jTT+~. 
1. + |T+ (Leclanche Cell)  

 b nyjT+ s&T <eD+ 
+|&jTT+T+~. nyjT+ s&T <eD+ 
$<T~Xw+> |#dT+~. <eD+ +&T 
 + &,  d< b \Te> 
neTs&jTT+{sTT.  d< b  
sq & +T+~. < e]+ e+>dt 
&j&T eT]jTT b& #jT&q sH\ 
$TXeT+ +T+~. sq & <q <Te+>qT, 
+ & TTD <Te+>qT |#ksTT.

TTD <Te+ + |seDTe\T 
njTsD+ #+~ Z++ njqT> <eD+ 
|yksTT. B eT\+> TTD<Te+ 
TTDyX|P]eTeT+~. 

n< deTjT+ nyjT+ s&, nyj 
yjTTe>qT, s+&T V&H njqT>qT 
(2H+) eT]jTT s+&T s& njqT>qT  
(2Cl-) $&beqT. Z++ njqT 2Cl- njqT 
*d + s& @s&TT+~. 2H+ njqT 
d< b>T+& |y+ sq & #sTsTT. 
n+<Te\ sq & <HyX|P]eTeT+~. 

sH eT]jTT + &\qT  r> 
d+<d, sq & qT+& + &  r> 
>T+& $<TT |eVdT+~. + |T+ 
1.5V $<T#\ \+ (emf)  \_dT+~. 
~rjT |T{\T (Secondary Cells) 

~rjT |T{\ |jqyTeT+f y{ 
|qsyX|s#e#TqT (rechargeable). ~rjT 

|T{ ]> #s\T ~> #s\>TqT. $<T# 
n+~+#& |T+ y+# jo\ skjT 
|<s\T, |T{ $<T# es~X 
n+~#&+ <s |qsT nesTT.  
~rjT |T+ qT+& $<T# b+<& 
$<T<TsZ+ (discharge) n+{sT. skjT  
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|<s\qT |qsT #jT& yXq+ 
(charging) n+{sT. n k<sD+> y&& 
~rjT |T+ &̀ d& neTTsT (Lead 
Acid Accumulator).
&`d& neTTsT

&̀ d& neTTsYq+<T H&T & 
&qT(PbO2), <&T &qT (Pb) ]+#& 
jTT+{sTT. d\ d\] eT+ $<T~Xw+> 
|#dT+~.

|TeTT qT+& $<TT sZyTq|&T, H&T 
eT]jTT <&T\T s+& skjT #s H 
& d{> esT#+<TsTT. H&T eT]jTT 
<&\qT  r> *|q|&T $<TT <&T 
qT+& H&T |eVdT+~.

|TeTTq uVeTT qT+& $<TTqT 
|+|q|&T s>$T skjT #s sT>TT+~. 
BH |qsyXq+ (recharging) n+<TsT. 
|qsyX|s#&q C neTTsY 2.2V  
$<T#\ \+ \_dT+~.

Pb
PbO2

H2SO4

>E < 
ssT b 

|+ 16.11 & ` d& eTTsT

+-

$<T<+$<T<+

16.15 X eqsT (Sources of Energy)
X nH sb \ueTeT+~. X  

s|+ qT+& eT]jTT sb ese#TqT. 
X dw+#& > < q+|CjT& 
> M\T<T. n M, eTq+ X eqsT\ 
>T]+ +#+& V<T\T, ne<T\T +& 
$| s\qT m+{H #jT>*q keTs+ 
*jTT+&ys+. , X d++~+q nH 
d+u |]dT\qT (=s) eTq+ $H +{+. 
sDyT$T?  qT =+ mT qT+& Cs$&d, 
n~ u$T| |&|&T, < dX >]w u>+ 
<X> esTT+~. =y= eT+&+q|&T 
n+<T skjT X, w eT]jTT + 
X\T> esTT+~. 

 <VsD $j+#<q s|+ 
q X, |j+#T M\T sb 
esT #+~ |]ds\ *dbeqT eTq+ 
>eT+#>\+. eq, |#jTT eTq+ 
|j+# @ X nsTTH, $j+|&q 
sTy |qsT|j> M\T~. Xs 
XeTqT s]+#T +&s , |]s\qT 
q&|+<T $<T#, e+ #jTT  
yVH\qT q&T| skjT X 
|jk+. e  (X) eqsT qT+& 
\ueTeTHsTT. $j+#<q s|+ 
X b+<& X eqsTqT m m+#Ty\ 
eTq u> *djTT+&*. n|&,  X eqsT 
|j>e+eTeT+~.

 eT+ X eqsT +~ \D*         
*jTT+&*.  
•	 < |eD <es (qT+& \_+# X) 

me |#jT>*q~> +&*.

•	 dT\u+> \ueT>Tq~> +&*. 

•	 \jTT+#T, syD dT\usyTq~  
>qT eT]jTT 

•	 n+{ +f eTTK+> #> +&*. 
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16.15.1 k+|<jT X eqsT  
(Conventional Sources of Energy)
1.  +<H\T (Fossil Fuels) 

|sq \+ e+#s n eTTKyTq 
X eqsT>qT+&qT. { |yV+ eT]jTT 
|eqX = \ eyT 
|j+#&sTT. Te+{ |j>\qT 
=+{ \T|>\s? X eqsT> H\u>TZqT 
$j#&+ b]X$T $|e+ @s&+~. 
b]X$TsD+ e\ ||+#y|+> X 
eX Xsy>+ n~]++~.  neds 
 +<H\T, H\u>TZ eT]jTT |{*jT+\T 
#es r]q$.  +<H\T $T*jTq 
d+es\ eTTqT| jsq$. n+> y{ 
b\T e |]eD+ eyT q$. 
 +<H\T |qsT<s X eqsT e. 
n+<Te\ y{ d+s+#e\dq neds+ +~. 
 X <s\qT +{  Xs  y>+ |jd 
+f, X eqsT\T ]bsTT es X  
VqT\e+. B y]+#& |ejT 
X eqsT\qT XsTT+#eqT. 

n+> eT+&  +<H\ e\ >*  
\Tw+, eT es+ eT]jTT ^H Vdt |*+ 
e+{ <Tw*s&TsTT. 

yssT X eqsT\ dVjT+ sH\qT 
q&| (u$T+|Cd) $<T# m  
#dTHy +~ $u>+ #<+.
2. w $<TY +<+ (Thermal Power Plant)

w $<TY +< |sp n~ 
yTT+  +<H\T eT+&+|&, <s 
sT y&#jT& $]> es&TTq~. 
 { $] sH\qT q&| $<T#  
#jT&TT+~. H\u>TZ < |{*jT+\qT 
syD #jTT +f $<T# |dsD #jT&+ 
dT\Tyq~. n+<Te\H u>TZ >qT\T  qH 
ue\ #sTe nH w $<TY +<\T 

H\=\&TTHsTT. +<H\qT eT+&+#&+ 
<s $<T# jsT#jT&TT+~ >eq 
B w $<TY +<+ n+{sT.  
3. \ $<T# +<+ (Hydro Power Plant)

|eV+# { >X  =+ mT 
\jTT+#&q { dX += k+|<jT 
X eqsT n>TqT. \$<TY +<\T  
\b+ +& dX $<T#> 
esTksTT. dX b+<>*> \b\T 
# e d+K q+<Te\, q\ 
e< \$<T# +<\T ]+#&TTHsTT. 
>&q X_ ||+#y|+> me d+K 
q\T ]+#&sTT. us<X+ yTT+ 
X neds\ H\T+  u>+ X 
\$<TY +<\ qT+& b+<TTH+. q<T\ 
MT<T> mq q\qT { { |yV 
n&+#&+ <s |< { {+ @s&TT+~. 
B qT+& \ $<T#  #jT&TT+~. 
{ eT+ n~eTe&+ e\ |eV+# { 
>X, dX> esTT+~. q 
|eT| sT >={\>T+& q n&T>T 
u>+ e< >\ sH\ rdT&TT+~  
(|+ 16.12). 

|+ 16.12

$<TY ds|s r>\T 

|]es+
q 

X+<+

sqT
{

>=
+qssT

{ 
{+

{ sZeTq 
<s+

\T

q

es+ |&q|&T {+ eTs +&TT+~. 
(n+<Te\H, ~ |qsT< X eqsT 
neT+~). eq H= sE s>qTq 
 +<H\e \$<T# ]bT+<q 
+<q  #+<e\dq neds+ <T. 
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4. Je eqsT (Bio-Mass)
e+#s |sq \+ qT+& +<q+> 

y&&TTq< ~es *jT|]#+. q 
#qT H&+ eT\+> n$q+> e+#s 
ds|sqT k~+#e#T. |&\qT +<q+> 
|jkeT L& MT u> *djTT+&*. 

us<X+ u yTT+ |Xd+|< 
n_e~ #jT&, ~ L&  n$qyTq X 
eqsT neT+~. e yTT\ eT]jTT +Te\ 
 |<s\T eq B Je eqsT n+{+. 
nsTTq{, M{ eT+&+q|&T n~ w+  
y\Te&<T. M{ eT+&+q|&T n~ yTT+ 
b>qT y\Te]ksTT. n+<Te\  +<H\ 
deTsqT |+#\+f M{ k+|syTq 
esT\qT *+#*. e+#sqT e 
H deT+ eT+&d sT eT]jTT uwo\ 
|<s\T =\+|& =jTu>TZ $T>T\TT+~. 
=jTu>TZ C\ +& eT+&TT+~. ~ b>qT 
@ss#<T eT]jTT n~ wq keTs+ >\~. 

n<$<+>, e |&, |+ $T 
neXc\T, jT>s\ es\T eT]jTT eTT] 
sT, e H sV |]dT $qyT 
JeyjTTe (Bio-Gas)qT @ssTksTT. & 
|<q+> e|& y&&&+ e\ B |\+> 
|&yjTTe (Gobar Gas) n |\TksT. |& 
yjTTe j|]s sD+ +~ |+ 
16.13 #|&q~.    

|+ 16.13

yjTTVsZeTq 
<s+yjTT 

{+ Je msTe

d

J]+|#jTT 
sD+

<s+

eTqTeTqT

16.15.2 k+|<jTs X eqsT 
(Non-Conventional Sources of Energy)

eTq JeqX* esTedTq~. eTq+ 
#es jT+\qT|j+ eTq |qT\qT 
#dTH+. nq>, eTq X neds+ n~]d 
+~. eq, eTq+ + nH X eqsT\qT 
y<e\dq eX +~. |dTeTTq X 
eqsT\qT k+|s+> n_e~ #+~+ y{ 
eT]+ deTse++> |j+#e#T, = X 
eqsT\qT nHw+#e#TqT. |&T, = qMq 
X eqsqT >T]+ #<+.
1. ksX (Solar Energy)

>&q 5 _*jTH d+es\T>, |dT 
y>+ dsT&T wX y\Te]d +~. 
n~ + dTesT 5 _*jTH d+es\T 
=qk>TT+~. ksX # e u>+ 
eyT u yesD #sTTq~. yesD+ 
>T+& |d]+#|&T +<T <<| d> u>+ 
yesD+# Xw+#T=q& $T*q w+ 
eyT u |] #sTTq~.

eTT 16.5

•	 s+&T X+Us| >E |\qT 
rdT=,  < \T|, eTs=< 
q\T| s+>T\T |PjT+&. 

•	 y{ { +|+&. y{ dss 
ns>+ qT+&  >+ \+es 
+#+&.  

•	 >E |\qT  #&+&. @~ y#> 
+~? 

•	 s+&T |\ { c>\qT 
<sMTsT =\e+&. 

•	 +<TeT\+> MTsT qT>=q $wj 
MT J$+ m |j+#e# 
+#+&?



u


 X
d

eT
T

268 269

 $<yTq |]dT,  q\{ \+ q 
\ +f n~ wX >VdT+~.  <s 
|j+ ksY sT eT]jTT ksY { 
VsT |#ksTT. = ksY s      ds 
sD\T <sD\ # +B]+|& n~ y& 
b+<>\T>TTHsTT. ksY sT >E eT 
eTjT&jTT+{sTT.

 k<H\T |>{y, ]w deTj 
eyT |j>syTq$. ks $<TY |T{\ 
(Solar Cell)qT |j+ $<TTqT  
#jT&+ <s ksX deTse++> 
$j+  V<TqT n~>$T+#e#TqT. nH 
ks |T{\T  |\+ neTs&  
<H={ d+<+#&jTT+& neT]qT 
ks|T |\+ (Solar Cell Panel) n+{+. 
~ eeT\T neds\ e\dq $<T# 
n+~+#>\<T (|+ 16.14). M{ ~  
u>\T+&e. M{ d+s+#&+ dT\u+. M{ 
+= |jqyTeT+f $<TY ds|s qT 
]+#& n~ <H y+#e\dq <s 
|<X M{ y&e#TqT. 

ks|T 
|\+

2. |eqX (Wind Energy)
|eH\ (M#>*) >X, |#jT& 

|j+#<+~. >+, j+ | 
#jT& >*eTs\ dVjT+ |eqX 
|j+#&+~. <VsD, u$ qT+& 
{ | rdT= e# |+| >*eTs\ ueTD  
#\q+ $j+#&  u$ qT+& sT 
#<&+~.  sE, $<T#  
#jT& |eqX L& y&&TTq~. 
<&yTq <s+  |< |+U =+ mT 
]+#&jTT+T+~. < >*eTs |<qyTq 
u>+. 

|sesq+ #+~+#&TTq 
dssD\T

<sD+>Eb

|+ 16.15 

|+ 16.14 

eTT 16.6

•	 ksY sY, ksY { Vs 
jTT sD+, |#d $<H\qT 
\TdT+&. eTTK+> nyT >]w 
wX >V+# >\T>TTHj, y{ 
qT+& w qw+ +& nyT w 
+<q+ #jT&jTTHjTH $wj\qT  
\TdT+&. 

•	 MTsT k++>  ksY sY  
{ VsTqT #> \_+# edTe 
]+#+&. (eTT+<T> sD |<+ 
ydT+&). MTsT ]+q ks Vs 
<s m+ c>qT b+<>\T>T 
THs qT+&.  

•	 ksY s, Vs y&+ 
|\T, V<T\qT >T]+ #]+#+&.
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eTT 16.7

|+ 16.16

•	  MT ne, \ e< < |<\ e< 
qT+& +~ $es\qT \TdT+&. 

•	 (a) ysT m & yysT?  

•	 (b)  y] u\+  \ 
nedsyTq { m 
b+<>*>ysT?

•	 (c)  V<+ =s, @jT edTe\qT 
( $<H\qT) |j+#sT? 

•	n< \qT MTsT m #dTHs 
>V+ y] de<H\ b\+&.

•	M{ eT< @yH ek\Tqy? +f, 
@ d+<s+ (uV eqsT n+~+#) 
n~ X  $j+#&TTq~?

>*eTs\ ueTD #\q+ sqqT q&|, 
< eT\+> $<T#  #jT&TT+~. 
 >*eTs d\ |]eD $<TTqT 
eyT n+~dT+~. { B yD|s+> 
|j+#+. n+<Te\q, nH >*eTs\T 
n~ $ds+ ]+#&TTHsTT. BH |eq 
$<TY +<+ (Wind Energy Farm) n+{sT. 
nH >*eTs\ qT+& \_+# $<TTqT {> 
#] yD ksTT nedsyTq $<TTqT 
b+<TTHsT. 

|eqX, |sesD yT *q{  
deTse+yTq |qsT<s X eqsT. M{ 
qT+& $<T<T #jT& eTs\ eTs\ <H 
y+#qeds+ <T. sq e\dq+ y> 
=qk+#\+f |eq y>+ >+ 15 .MT 
+f me> +&* (|+ 16.16).

16.15.3 +< X (Nuclear Energy)
+<X m  #jT&TT+~? 

jTTsjT+, |P{jT+  <]jT+ e+{ 
eT\\ us |seDT +< e y> 
q{H\ &+q|&T n~ *q  
+<\T> $&bjT |jTqT +< $#<q+ 
(Nuclear Fission) n+<TsT. B eT\+> 
+< X  #jT&TT+~.  #s u 
wX y\Te&TT+~. #s bZq us 
+<+ <es +f, @s&q * +<\ 
yTT+ <es e> +T+~.  
<es & wX> es&TT+~. 
u>TZ  sq |seDTe eT+& y\Te& 
w+ b*d,  jTTsjT+ |seDTe 
$#<q+ #+~ y\Te& X 10 $T*jTH 
sT+T+~. +< $#<q #sqT ]| 
$<T#  #d |]s +< ]jsT 
(Nuclear Reactor) n+{sT. ~ +< 
$#<q X+K\ #sqT jT++, eT+> 
wX y\Te]+|CdT+~. y\Te&q w+ 
sT $]> es& < dVjT+ $<T# 
 #jT&TT+~.    
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16.15.4  s&j<] (Radioactivity) 
s&j<] nH <wj 1896 

V us nH Xdy qT>=HsT. nqT 
q\ + #T&q #j  |\\T, 
jTTsjT+ \eD+ qT+& y\Te& = #=#T= 
bjT $sD\ e\ |u$+ #+<& 
qT>=HsT. 

q{H &q+ #dq|&T <<| deq 
<es >\ s+&T Tq\T> $&be&, 
<uT X y\Te&& qT>=HsT.

|+ 16.17 

+< $ #s

0n
1

36Kr92

56Ba141
0n

1

0n
1

0n
1

92U
235

|sT  : V us 
qq+  : 15`12`1852 
qd\+  : b]dt, bH  
eTsD+  : 25`08`1908 
|  : s&j<]qT qT>=q&+

sTy jTTsjT+ \eD+ qT+& y\Te& 
sD\T yjTTe\qT njTsD+ #d keTs 
*jTT+&& s<sYbsY qT>=HsT. 
njTsD+ sD+> @s&q $<TY |yV+, 
dyTq+ jTT s&j<] #s\ |]eD+> 
rdT&+~. 

= d+es\ s yT&+ yT] L], 
yT us |jT L *d s&jT+, bjT+ 
+{ n~ s&j<] >\ eT\\qT 
qT>=HsT. α, β, g	  nq& eT&T s\ 
$sD\ e\H |<s\ s&j<] <s+  
@s&TTq< *d+~. |seDT d+K 82 
+f me> +& us eT\\T, α, β, 
g nq& n~ #=#T=be keTs+ >\  
$sD\qT d#+<+> <Z]+#& s&j 
<] n+<TsT.  $sD\qT <Z]+# 
|<s\qT s&j<] |<s\T n+<TsT. 
s&j<] |jT d#+<yTq~. ~ 
c>, |&q+, njTk+, $<TY \ e+{ 
uVs\ e\ |u$+ <T.

16.15.5  +< $ eT]jTT +< 
d+j>+

1. +< $ (Nuclear Fission)
{VH eT]jTT kdtyTH nH CsH 

Xdy\T 1939e d+ jTTsjT+ +< 

n~ sTyq +<+, n~ yTT+ X 
y\Te]+ s+&T Tq\T> $qeT>T #sqT 
+< $ n+<TsT. 

+< $ #s q{H\T 
y\Te&TsTT. 92U

235 jTT +< $ #sqT 
+~ $<+> d+#e#TqT.

92U
235 + 0n

1 → 
56Ba141 + 36Kr92 + 30n

1+ 200MeV
| <VsD +< $ #s 3 

q{H\T eT]jTT 200 $T*jTH m\H y\
(MeV)  X y\Te&TsTT.
2. +< d+j>+ (Nuclear Fusion)
  s+&T  n++f me * 
+<\T *d  sTyq +<  
@ss#& +< d+j>+ n+<TsT. @s&q 
+<| <es m\|& * +<\ 
<esX\ yTT++f e> +T+~. 
HdH <es`X d++<+  [E = mc²] 
|s+,  <es sT>T<\ X> 
es&TT+~. +< d+j> #s 107K 
n+{ me c> e< eyT sT>TqT. 
m+<T+f, n+{ V#T c> e< eyT 
+<\T y{ eT<>\ |sds $sD  
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n~>$T+#>\e. eq, +< d+j> 
#s eTTqT| * +<\ c>qT nH 
_*jTH &^\ |+#*. n+<Te\H, +< 
d+j> #s\qT w+< #s\T (Thermo 
Nuclear Reactions) n+<TsT. +u+TqT 
|*q deT+ &{sH eT]jTT {{jT+\T 
q$<+> {> #s&sTT. nqTL\ 
c> e< s+&T * +<\T njT++> 
*d d+j>+ #+<TsTT. B |*+>, u 
yTT+ wX y\Te&TT+~. < V&H 
u+T. V&H u+T ]> +< dyTq 
#s

1H
2 + 1H

3 → 2 He4 + 0n
1 +X

<VsD 16.8 
 >eTT <es >\ |<s X> 

e]q|&T \_+# X +#+&.
k<q

<es        m = 1 kg
+ y>+       c = 3x108 m s-1

b+<>\ X E = mc2

   E = 1 x (3 x 108) 2

   E = 9 x 1016J

16.15.6 ]jsY #so\ ` |jH\T   
             (Nuclear Reactivity Advantages)

]jsY #so\ nH~ qjTsY  
]jsY jTT d+~>qT (|e< d)  
\T| |j>|& =\ n>TqT. \+ 
bT qjTsY ]jsY q{q d+K  
@s& esTqT,  =\qT|j+ eTT+<T>H  
\TdTe#T. 

qjTsY ]jsY k<sD y>+ 
|#dT+f n~ d+~> d +< #TsT. 
qjTsY ]jsY d+~> d +&\+f 
n+<T y\Te& q{H\ d+K eT]jTT n~ 
$j+#T=H q{H\ d+K deq+> 
+&*. |&T, ]jsT #so\ 
XSqeTq&TqT. #so\ <HyT 
qjTsY ]jsY n d+~>  nbjTs 

d +< ns+. #so\ TTDyT 
qjTsY ]jsY | d+~>  e 
nbjTsyTq d +< ns+. 

16.15.7  +< X e\ *> <Tw*\T
               (Hazards of Nuclear Energy) 

α, β, g $sD\T njTsD $sD\>TqT. 
 $sD\T Je D\ nDTe\ sD 
es keTs+ >\$. eq Je eed ]> 
k<sD #s\T u~+|&sTT. eqe&T 
@ yTs u~+|&T&T nH~ +~ s+&T 
n+X\| <s|&jTT+T+~. 
1.  $sD |]eD+ eT]jTT Xw+|& sT.  
2. $sD qjT Xs u>+, yTT<\>T 

s\ MT< <s|&jTT+T+~. +<Te\ 
y<T\T < qT|syTq V \>e#TqT. 

$sD |]eD sHH (R) nH 
|eD+ =\TksT.  >eTT >*  
1.6 x 1012 \ njqqT @s]# $sD  
|]eD 1 sHH n+<TsT.  ys eTq 
Xs+ b+<<>T $sD u< |]$T  
250 $T sHH n>TqT. 
rdTe\dq eTT+<T C>\T 

$sD |j>X\ |#dysT  +~ 
eTT+<T C>\T rdTeqT. 

1. s&j<] |<s\qT eT+<yTq >&\T 
>\ dd| b\ +#*.  

2. |< b+ |#d|&T dd+ 
#jT&q bH\qT eT]jTT dd| # 
=&T>T\qT |j+#*.  

3.  q yT | u&qT m\|& 
<]+jTT+&*. < ]w \ 
ee<T\ |]o*+, $sD+ u< 
|]$T | +< n |+#*. 

4. +< |]s\qT ]y{ +{ 
dVjT+ q&|+#*.  

5. | |<X+ s&j<] es |<s\qT 
eT+> Xu+ #j*. 
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|+ 16.18 

Ks+ 
eTTKu>+

dq <s+

sH

]sjTsY

>~

16.15.8  H{ $Cq+ ` deTT<\ qT+& 
X b+<T  

1. f& X (Tidal Energy)
u$T+# u$T|, |<q+> #+<T 

sD \+ sD+>, deTT<| {eT+ 
|sT>T<\, sT>T<\ @s&TqT. MTsT deTT<+ 
|q eddT+f < m|&H deTT<+ e< 
y[q|&T deTT<| eT+ |>{ |P @$<+> 
esTT+< #&e#TqT.  n<TyTq 
<wj |< sd n\ (High tide) eT]jTT 
q sd n\ (Low tide) n+<TsT. deTT<| 
eT+ *> Te+{ esT e\ eTq f& X 
\ueTeT+~. deTT<rs+ e<  dq <s+ 
+&T>  qqT ]+#&+ <s f& 
X jT++#&, |j+#T=q&TT+~. 
q <s+ e< _+#&q sqT f& X 
$<T#> esTT+~. Te+{ q\qT 
T q d\T |]$T+>H +{jTq& 
MTsT }V+#>\sT (|+ 16.18).

2. n\\ X (Wave Energy)
deTT<rs+ e< @s& |< n\\T b+~eq 

>XqT|j+ eTTqT|{ $<+>H $<T# 
 #jTe#TqT. deTT<+ MT<T> M# \yTq 
>\T\ e\ n\\T @s&TsTT. me \yTq 
n\\T @s& d eyT n\\ X |syTq 
w \_dT+~. sH\ ueTD, $<T# 
 e\dq n\\X d]+#& $$< 
s\ |]s\T n_e~ #jT&TTHsTT 
(|+ 16.19).

|+ 16.20

y# deTT<|

 sT

$<Tq

#\ sT

|+|

<e nyj
sT

sH
w |]e] 
(uwsD)

nyj $]

w |]e] 

(<MsD)

3.  deTT< wX  
(Ocean Thermal Energy)
deTT<\T < eTVdeTT<\ n&T>T u>+ 

q sT #\> +T+~. , |]\+ >\ 
sT dsT& e\ y&jT>TqT. c> q  
& jT++>\ dVjT+ $<T#> 
es&TT+~.  X deTT< wX n+<TsT. 
2km T >\ {, |]\+ >\ { 
eT< c> & 293 K (20°C) < n+ 
$T+ q|&  jT++>\T |#jT>\e. 
|]\+ >\ y&sT nyj e+{ uwo\ 
<y\qT eT]+#& |j>|&TT+~. <e+ 
eTs>&+ e\ @s& $], $<Tq q&| 
sHqT q&|& |j+|&TT+~. 
deTT<| n&T>Tu>+ >\ #\ { y*rd, 
$] eTs\ <e+> #\s#&TT+~ (|+ 
16.20).

deTT<+ qT+& \_+#>\ X # me, 
 yD ksTT nedsyTq X B qT+& 
b+<>*>T @sT #jT&+ wsyTq~.

>* |yX 
<s+

$<Tq
sH

n\jTT 
~X 

|+ 16.19

>* y\Te& 
<s+
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e~] eT+qeTT
u>eTT ` n

1.     20 zyT s<+ >\ r> >T+& 0.2 A $<TY |yV @ss#T e\dq X u<+ 
_____________ .
i) 100 V   ii) 4 V    iii) 0.01 V    iv) 40 V

2.    s+&T $<TY Bb\ s<\ w 1:2. n$ XD d+<+#&qf, n$ $j+# X\ 
w ____________ .
i) 1 : 2  ii) 2 : 1  iiii) 4 : 1   iv) 1 : 1

3.  y{>+ (kWh) nH~ __________ jTT |eD+ 
i) X u<+  ii) $<TY keTs+  iii) $<TY X   iv) $<TY |yV+  

4.   syTq |]dT\ __________ \+ $T*q \+f me c Xw+#T=+T+~. 
i) \   ii) >sTq   iii) q\   iv) |dT|  

5.  dV s&j<]qT |<]+# eT\\ |seDT d+K ___________ .
i) 82 +f me  ii) 82 +f e  iii) s+#&<T  iv) d+ 92 

6.  +~ |e#H\ zyT jTeT+ d++<+ < sjT+&. 
i) $<TY |yV+ / X u<+ R ds d+K    ii) X u<+ / $<TY |yV+ R ds d+K  
iii) $<TY |yV+ R s<+ I X u<+

7.  w $<TY +\ $]$> |j+#&  +<q+ @~?
8.  |<qyTq X eqsT @~?
9.  @ X sb ,  $j>+ #d|&T n\ ksTT yesD \Tw+ @s&TT+~?
10. Je yjTTe |<q nqT|T+ @~?

 u>eTT `  
1. U\qT |P]+#+&. 

i) $<TY X u<+ : y MTsT,  nsTT, $<TY |yV+ : __________ 
ii) \ $<TY X  : k+|<jT X eqsT     nsTT, ksX  : __________ 

2. +< e&q X eqs C_ $u<yTq~ @~?  
i) |eqX   ii) ksX   iii) \ $<T#    

   iv) +< X       v) f& X 
3. +~ |e#H\ @yH bsbT +f y{ d]~<+&. 

i)  eT X eqsT nH~, |eD <es e | #jT>*q~. 
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ii) $j+#<q s|+ q @ XHq eTq+ eTs\ eTs\ |j+#>\eTT.
4.  e\jT+ \|&q $$< $<TY |]s\qT VeTT\ d+ ̂ jT& jH  $<TY 

e\jT|+ n+{sT. |]s\T n+f @$T? 
5.  +< e&q >|t, V eT]jTT I \ eT< d++< ddT+~. X u<+ 0.8V eT]jTT 1.2V 

q|&T V
I

 wT\qT +#+&.

0.2

0.5

1

V
O

LT
 (V

)

I (A)

1.5

0.4 0.6

6.dV s&j<] |<s\T <Z]+# y{ g $sD\T VsyTqe eTq \TdT.
i)  |<s\T <Z]+# q $sD\T @$? 
ii) | = $sD, +< e&q @jT <s\T e]kj qT>= |{qT jsT#jT+&.
 a)  $ $<T<jTk+ $sD\T        b)  M{ #=#T= be keTs+ me
c) $ m\H\T                    d)  $ q{H\qT *jTT+{sTT

7.  s+&T 1.5 V |T{\T >\ u, 5 zyT, 10 zyT, 15 zyT\ s<\T eT]jTT |> \qT XD 
\|&q  e\jT|{ ^jT+&.  

8.  |PC r> ____________ \ $TX V+ jsq~. ~ n~ s<+ eT]jTT 
____________ \qT *jTT+T+~. 

9.  +< e&q e\jT|{ |]o*+#+&. AB eT<>\ |* s< qT>=q+&.

A B

6 V

1 ohm

1 ohm 1 ohm

1 ohm

10. +< e&q |< d]jTq y{ mqT= |{qT |P]+#+&.    
i) +      ii) s      iii) sq+      iv) dd+      v) dd| & &T      vi) n\$TjT+
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<q<e+ (+ve) &`nd& neTTsY 
TD<e+ (-ve) + |T+

11.   \T >T+& 1.6 A $<TT |eVdTq~.   nsTT,    | dqT \T>T+& m m\qT 
|eVksTT?

12.. yD VsTTsY &jTsYqT H #dq|&T n~ 50 Ω s<+ *jTT+&qT.
i) 230 V ds|s qT+& n~ m+ $<TTqT $j+#TqT?
ii) &jTsY #d| |#dT+f < s<+ @eT>TqT?
(d#q : c> n~yT V| yV+ jTT s<+ >& n~eTT+~)

13. e&q $<TY e\jT+ A eT]jTT B \ eT<>\ |* s< +#+&?
5 Ω

5 Ω

5 Ω

5 Ω
10

 Ω

5 
Ω

10
 Ω

10 Ω

10 Ω

A B

14.  d]jT d{qT 240V  >V $<TY ds|s XD d+<q+ #jT&+~?
i) n+<T 12 \T\T HjTqT+f | \T e< @s& bfjT u<+ m+?
ii) \T\qT de+s d+<q+ #d,   | \T e< @s& bfjT u<+ m+ +T+~?

15.  +~ |+  d+e e\jT+  u>eTT. nsTT,  i1 , i2  eT]jTT  i3 \qT qT>=q+&?

i3
i1

2 A i2 1.5 A

3 A
1 A

16.  +< e&q $<TY e\jT+ >\ <s yMTsY(V), 6V &+> #|Tq~. nsTT,   
nMTsY (A)  &+>qT qT>=q+&?

10 Ω 15 Ω

V
6V

A

Bt

10 Ω
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17.  8 Ω s<+ >\ r>qT es+> e+#&+~.  nsTT, < yd+ e< s< +#+&?

18.   r>qT es+ e+#&q~. < yd+ e< |* s<+ 8 Ω.  r> jTT s< 
qT>=q+&?

19.  40 W eT]jTT 60 W >\ s+&T \T\T XD d+<+#&sTT. @ \T |Xe++>  
y\T>TqT? m+<T?

20.  70 W eT]jTT 50 W >\ s+&T \T\T  uV bfjT de+s+> \T|&q$? @ 
\T |Xe++> y\T>TqT? m+<T?

21. deTT< wX >T]+ $e]+#+&.

22.    \ $<TY +<+ me mTqT+& \b+ @s& n~ X jT>TqT.   sD*e+&?

23.   +<H\qT eT+&+#&+ e\q @s&  yesD \Tc Z+#T MTsT @jT 
d#HbjTeTT\T d+#T<TsT?

24. |eqX |j>+ >\ ne<T$?

25.  Je`eqsT nq>H$T?  Je`eqsT qT+& X(JeX)  b+<& @ #s\T #|e#TqT?

26.  @ X sb  eT]jTT $j>+ #d|&T n\ |]eD+ yesD \Tw+  
@s&TT+~?  MT de<H deT]+#+&.

u>eTT ` 

1.    MD jTT sT s&j, sT >\ 12 V u |#dT+~.  u sT +H 
|t q d >& 0.20 A $<TY |yV dT+~. n~ 1.2 x 106  X  |q 
|P]> |#jT<T.  sE MD sTqT |yd, s&jqT |&+ eTsbsTT y[bjTqT. 
 u |P]> U ne& (n+f, |P]> X e&) m+d| |TqT?   
( 1 sE R 86400 dqT).

2.  +~ e\jT+ |eV+# $<TTqT +#+&. = s<+qT m+ w+ jT>TqT?
12 Ω

6 Ω

4 Ω

16 V
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3. +~ e\jT+ |eV+# $<TTqT +#+&?

2 Ω

1Ω1.5V

6 Ω

12 Ω

4 Ω

4.  seTT jTT @d (Air-conditioner) 9.0 A $<TT |eV+#Tq|&T, < $<TY $j> 
keTs+  2160 W nsTT,
i)  @d (Air-conditioner) |#dTq|&T @s&   bfjT u<+ m+ (bfjT m+ >TZqT?) 
ii)  B eeT\T >V $<TY y m b\e#TqT?
iii)  seTT q @d 120V  ds|s d+<d @$T sT>TqT?

5.  de+s d+<q+ #jT&q 3 s<\ |* s<+ 60/47 Ω.  r> b n|&T |* 
s<+ 15/8 Ω. nsTT, bsTTq r>jTT s< qT>=q+&?

6. +~ e\jT+ +~ kH\ eT<>\ s< +#+&?
i)  A eT]jTT  D        ii)  B eT]jTT  D

2 Ω

2 Ω

B C

DA

2 Ω

2 Ω

4 Ω

7. deTT<+ qT+& X  #d @yH s+&T |<T\qT *| $e]+#+&.
8.  ‘R’ s<+ >\ 5 s<\T A ns+ s+ d+<+#&q$? n+<T d#> qTq s+&T 

=q\ eT<>\ |* s< +#+&?

Books : 1. Electricity and Magnetism, by D.C Tayal Himalayam publishing house.

   2. Sources of energy, by C. Walker, Modern curriculam press.

   3. Complete physics(IGCSE)- Oxford University press, New York

  4.  Principles of Physics(Extended) by Halliday, Resnick & Walker,  
Wiley publication, New Delhi.

Webliography:   www.khanacademy.org  science.howstuffworks.com   
                http://arvindguptatoys.com/films.html
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|sT  : zjTsYd&
qq+  : 14`08`1777
qd\+ : +>+& , &HsY
eTsD+  : 09`03`1851
| :  $<T<jTk+eTTqT  
    n<jTq+ #jT&+

17.1   njTk+ + eT]jTT njTk+   
\sK\T

 ~L (Compass) <+&jTk++ 
e< q|&T < d n|esq+ 
#+<TT+< eTq+<] \TdT. ~L 
d m+<T n|esq+ #+<TT+~?

|+ 17.1

|+ 17.2

|+ 17.3

$<TY  |yV| njTk+ 
|*+  eT]jTT  +

eTT 17.1

&sTT+> usT|   + 
dVjT+ n+#+&.
•	  + eT< u>+  

<+&jTk+ +#+&.
•	 <+&jTk++ #T =+ qT| 

sqTqT #\+&(|+ 17.1). (B 
|qT # &uqT |j+#e#TqT.)

•	  usTqT dT+> +&.
•	 MTsT @$T |]o*+#>\sT ?

n<jTeTT ` 17

qT|sqT <q+< |+ 17.1 
#|qT>  ]w neT]qT b+<TT+~. 
qT|sqT m+<T Te+{ neT]qT 
b+<TTq~?  neT] < \T|T+~? 

njTk++  q #T q b++ 
njTk+ |uy *dT+~. eq, 
qT|sqT \ |uy >T]jT>TTq<    
\TdT+~.  \+ qT|sqTqT ]w  
neTsTT+~. njTk++ #T < \+ 
|#d  b+ njTk+ + (Magnetic 
Field)  n+<TsT. qT|sqT eT neT] 
@s& sK\qT njTk+ \sK\T (Magnetic 
Lines of Force) n+<TsT.
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|+ 17.4

eTT 17.2

 q ~L, <+&jTk+ 
rdT+&. &sTT+> usT| \ n+ 
<|, eT<u>+ <+&jTk+ +#+&. 
njTk+| s +| ^jT+&.

<+&jTk+| s <Ty dMT|+ 
~L +#+&. n~ m |e]dT+~? 
d jTT <D <Te+ njTk+| s 
<Te+ y| n|esq+ #+<TT+~. d 
jTT s <Te+ njTk+| s 
<Ty ne* y| n|esq+ #+<TT+~. 
d s+&T es\ (<Ty\) kH\qT 
+| >T]+#+&. |&T, ~L ]| 
d <D <Te+ + eTTqT| < s 
<Ty >T]+q _+<Te m<TsT> 
*#T +#+&. $<+> | kbH\qT 
eTs\ eTs\ #d <+&jTk+|  <D 
<Te+ e< #s+es |+ 17.2 
#|q $<+> _+<Te\qT >TsTu+&. 
>T]+q       _+<Te\qT  dT e+ 
\|+&.  esK njTk+ \sKqT 
ddT+~. | |< |qse+ #d Mq 
\sK\qT ^jT+&. n|&T, |+ 17.3  
#|&q neT]qT b+<TsT.  sK\T 
njTk++ #T @s&jTTq njTk+ 
 dksTT.  sK\qT njTk+ 
\sK\T n+<TsT. \sK b&eH ~L 
]||&T < n|esH >eT+#+&. 
<Ty\ dMTb sqTsqT n|esq+ 
n~eTeT+~.

eTT 17.3

 eT+<yTq sr>qT rdT= |+  
17.4  #|q $<+> X  eT]jTT Y nH 
_+<Te\qT *|T d+<+#+&. XY 
r>qT +  \++> +#+&. q 
~L  de+s+> sr> (XY) 
dMT|+ +#+&. d kH 
>eT+#+&.

|>qT eTd e\jT+ $<TTqT 
|eV+|CjT+&. ~L d jTT 
kq+ es&, ~XqT >eT+#+&.        
|T+ jTT <Ty\ d+<+#&q  
r>\qT |sds+ es+&. |&T $<TT 
esK ~X |eVdT+~. |&T, d 
n|esq+ #+< ~X es& >eT+#+&.njTk+ + nH s |]eD+, ~X 

s+& \e. d+|<jT+ =s njTk+ 
+ ~X, n+<T +#&q ~L s 
<Te+ ~ ~X> rdT&+~. n+f, njTk+ 
\sK\T s <Te+ qT+&  jT\T<] <D 
<Te+ qeTejT |]>D+#sT. ~ |+ 
17.3  #|&+~. njTk++ |\ 

\sK\T <D <Te+ qT+& s <Ty 
|jTksTT. eq, njTk+ \sK\T 
d+eyTq esK\>TqT. $ m|& 
<H={ K+&+#T=qe.
17.2 $<TT |eVdTq yV+ e\q                
      @s& njTk+ +

+ 17.3 qT+& $<TY |eVdTq r> 
#T njTk+ + @s&TT+< ns+ 
#dT>\+. $<TT  ~X (X qT+& Y) 
|eV+#|&T d s <Te+ sT 
y|q n|esq+ #+<TTq~. $<TT es 
~X |jD+#|&T (Y qT+& X ) d 
es ~X, n+f |&eT{ ~X n|esq+ 
#+<& >eT+#>\+. n+f $<TY |yV+ 
e\q @s&q njTk+ + jTT ~X $<TY 
|yV ~X| <s|&jTT+T+< nseTe+~.
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|+ 17.5(a)

|+ 17.5(b)

eTT 17.4

 u(12V), es& s<+            
(]jk{), nMTsT (0-5A), |>         
eT]jTT  b&yq, eT+<yTq, {sq 
sr>qT rdT+&.  #Tsks n 
eT<u>+ <  \++> +&T 
eT+<yTq r>qT <s+&. n | +~ 
Cs+& ds+> +&T C> 
eV+#+&.

|+ 17.5(a)  #|q $<+> u, 
|>, nMTsT eT]jTT ]jk{\ 

17.2.1 $<TT |eVdTq {sq 
yV+ @s& njTk+ +.

yV+ >T+& $<TT |eV+#|&T        
@s& njTk+  neT]qT ssTT+#~ @~? 
 neT] yV+ jTT s+| 
<s|&TT+<? M{  +~ +     |]
o*+ #<+.

| + sr> >T+& |eV+# $<TY 
|yV |]eD e], ~L n|esq+ 
esTH? d n|esq |]eD+ esTT+< 
>eT+#>\+. $<TY |yV+ n~yTq|&T 
d n|esq+ L& me>TqT. B qT+& r> 
>T+& $<TY |yV n~]+q|&T, @<H 
 _+<Te e< @s& njTk+  |]eD+ 
L& n~]dT+< \TdT+~. r> >T+& $<TY 
|yV es+& r>qT+& ~L <s+> 
]| n+<T n|esq+ @eTeT+~? n> 
+T+<? B \TdTy\+f ~L r> 
qT+& # <s+ +#+&. @ esTqT         
#&>\T>TTHsT? d n|esq+ >Z& 
#&>\sT. yV+ $<TY |yV+ e\q         
@s& njTk+ +, yV+ qT+& <s+> 
y=~ >TZT+~. njTk+  ddTq 
|+ 17.5 (b) qT+& @+< e\T yV+ 
qT+& <s+> y=~ |<$ e& 
>eT+#e#TqT.

sr>qT XD d+<+#+&. =+ 
qT|sqTqT n| @> #\+&. (B 
|qT # &uqT |j+#e#T.)

]jk{qT  ]w kq+ e< +, 
nMTsY dVjT+ $<TY |yV 
>T]+#T+&.

|>qT H= e\jT+ $<TTqT 
|eV+| CjT+&. X eT]jTT Y \ eT< 
d+<+#&q sr> \Te> +&T 
C>|&+&. nqT =ksT dT+> 
+&. qT|sqT @s&q neT]qT 
#&+&. qT|sqT sDTe\T y+y 
@+< e\T> neTs& >eT+#>\sT. 
B |+ 17.5(b) #&>\sT.

 @+< e\T < ddTHsTT? 
n$ njTk+ \sK\qT ddTHsTT. 
njTk+  ~XqT m qT>=q>\+?  
e+| @<H  _+<Te(P) e< ~L 
+#+&. d d+# ~XqT >eT+#+&. 
d s <Te+ d+# ~X, yV+ 
>T+& $<TT |eV+#&+ e\q P _+<Te 
e< @s& njTk+  ~XqT \T|T+~. 
n< ~X  uD| >TsTqT >T]+#+&.

{sq sr> >T+& $<TY |yV 
~XqT e]q|&T, njTk+  ~X 
esTT+<?  #d #&+&.

]jk{
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s+&T s+<\T >\  #Tsks nqT 
rdT+&. me #TT >\  es 
r>#TqT n  \++> +&T, 
s+&T s+<\ >T+& <s+&.

r>#T s+&T es\qT  u, |> 
eT]jTT ]jk{\ |+ 17.6  
#|qT> XD \|+&.

n| =+ qT|sqTqT @> #\+&. 
qT |> H=+&.

nqT dT+> =ksT +&. 
qT|sqT dsTuT #+~ @s& neT]qT 
>eT+#+&.

|+ 17.6

eTT 17.5

17.2.2 $<TT |yVdTq  es   
           yV+ @s& njTk+ +

eTq+ ~es $<TY |eVdTq {sq 
r> #T @s& njTk+ \sK\ neT]qT 
>T]+ HsT=H+.  r>qT e+  es 
e\jT+> e], n+<T $<TTqT |yV+| 
#d njTk+ \sK\ neT] m +T+~? 
$<TT |eVdTq  {sq r> #T  
_+<Te e< @s& njTk+ +, yV+ 
qT+& _+<Te >\ <s+| <s|&jTT+T+~.

n<$<+>, $<TT |eVdTq  es 
yV+ #T @s& njTk+  d+# 
@ +< e\T yV+ qT+& <s+> y=B 
|<eesTT. B |+ 17.7  #&e#T. 

es| +<+ e< yd] e 
#b\T dssK> @s&sTT. yV+| >\ 
| _+<Te #qT njTk+ + @ss#&, 
 \sK\T es| +<+ e< dssK\T> 
@s&jTT+{sTT. e\jT+ |jTT u>+qT 
 ~X >\ njTk+   @ssTksTT. 

$<TT |eVdTq yV+ @<H  
_+<Te e< @s& njTk+ +,  yV+ 
|eV+# $<TT| <s|& jTT+T+< eTq 
\TdT.

|+ 17.7

nq> 'n' #TT >\ es r> #T   
@s& njTk+ +,  #TT r> @s]# 
njTk+  'n' sT +T+~. 

m+<T+f, | es #TTqT $<TY 
|yV+  ~XH +T+~. 

{ | #T @s]# \T {> eT 
nesTT. <  \+ |sT>TT+~.

17.3  njTk+ + +#&q, $<TY 
|eVdTq yV+| |#d \+.

$<TT |eVdTq yV+ #T njTk+ 
+ @s&TT+< eTq \TdT.   
njT +, yV+ dMT|+ +#&q 
njTk++|  |jdT+~. |+#Y $Cq 
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eTT 17.6

|+ 17.8

Xgy +& yT +|jTsY, $<TT |eVdTq 
yV+| njTk++ L& < deqyTq 
es  |jdT+< *bsT. yV+| 
|#d   +~ + <s 
|<]+#e#T.

•	 5 d+.MT b&e >\ n\$TjT+ & AB  
rdT+&. |+ 17.8 #|qT s+&T 
d+<q r>\ dVjT+ <  <s+ 
qT+& ude+s+> y&BjT+&.

•	  >Ts|H& njTk+ < s+&T 
<Ty\ eT< n\$TjT+ & +&T, 
njTk+ +  }s~X |#dT 
+#+&. n+f njTk+| s <Te+ 
& +< eT]jTT <D <Te+ & |q 
\Te> +&T +#+&.

•	 n\$TjT+ & u, |> eT]jTT 
]jk{\ XD \|+&.

•	 & B qT+& A  $<TTqT 
|eV+|CjT+&.

•	 MTsT @$T >eT+#sT ? & m&eT y| 
=\>& >eT+#>\sT.

•	 & $<TY |yV ~XqT es+&. 
(n+f A qT+& B) & =\bjT ~XqT 
|]o*+#+&.  k] n~ & y| 
=\>TT+~.

•	 n\$TjT+ & m+<Te\ =\>TTq~?

| |jT  & =\be&+, njTk+ 
+ +#&q $<TT |eVdTq yV+| 
\+ |j+|&TT+< \T|Tq~. 
n+>+& $<TY |yV ~XqT e] \~X 
L& eseTeT+<        \T|T+~. |&T 
njTk+ + eT ~X +&T njTk+ 
<Ty\qT |sds+ es+&. n|&, yV+| 
|#d \~X eseTe& >eT+#e#T. 
yTT, $<TT |eVdTq yV+| |#d 
\~X $<TY |yV ~X|q eT]jTT njTk+ 
 ~X|q <s|&jTT+T+< nseTeT+~. 
$<TY |yV ~X njTk+~X \++> 
+f, |#d \+ (& =\> <s+) >]w+> 
+T+< |j>|Ps+> \TdTq~.
17.3.1 |$T+> m&eT # +<q 
 (Fleming Left Hand Rule)

yV+>T+& $<TY |yV ~X njTk+ 
 ~X \++> +f, yV+ | |#d \+ 
 s+&+{ \++> +&T |#dT+~.  
eT&T ~X\qT  dT\uyTq +<q eT\+> 
\TdTe#T.

Field

Field

Thumb - Motion Current

Current

Force

njTk+ +

$<TY 
|yV+uq y\T  

#\q+ (\+)

njTk+ +

\+

|+ 17.9

$<TY |yV+
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m&eT # uq y\T, #|&T y\T eT]jTT 
eT< y\T,  eT&+{ <={ \++> 
+&T ##+&(|+ 17.9). |&T, #|&T 
y\T njTk+  ~XqT eT]jTT eT< y\T 
$<TY |yV ~XqT dd, uq y\T yV+ 
#\q ~X < yV+| |#d \~XqT 
ddT+~. B |$T+> m&eT# +<q 
n+<TsT.
17.4 $<TY y{sT (Electric Motor)

$<TY y{sT  u$T+# |]s+. ~ 
$<T# j+ X> esTT+~. $<TY 
y{sT m |#dT+< MT \Tk?

$<TY y{sT sD+ |+17.10 
#|&+~. +<T ABCD nH Bs #Tsks 
$<TY +< |P (Insulation) |PjT&q 
r>#T +T+~. < AB eT]jTT CD uTC\T 
njTk+  \++> +&T, r>#T 
s+&T njTk+ <Ty\ eT< +#&TT+~. 
r>#T jTT s+&T es\T |sds+ qTe+{ 
S1, S2 nH s+&T ns n+>TjT |{\  (Split 
Rings) d+<+#&TsTT.

M{ |* \T $<T<+<q |P |PjT&, 
y{sT sTdT (Axle) _+# &sTT. S1,S2\ 
$<T<V uV\ eT+> B1, B2 nH 
s+&T dsyTq wt\T T +#&sTT.

|+ 17.10

u <q<Te+ qT+& B1 wt eT\+> 
$<TT ABCD esZ+ r>#T |eV+ 
wt B2 qT #sTT+~. uT+ AB  $<TY 
|yV+ A qT+& B , uT+ CD C qT+&  
D  |eVdT+~. n+f AB eT]jTT  CD \ 
y+& $<TY |yV~X es+> +T+~. 
njTk+ + +q, $<TY |eVdTq 
yV+| (r>#T) |#d j+ \~XqT 
|$T+> m&eT# +<q \T|T+~. r>#T  
uT+ AB | |#d \+ AB +~ H&TT+~. 
n<$<+> CD |  |#d \+ CD | y| 
H&TT+~. eq r>#T, < uT sTdT, 
 n+ y+& dT\u+> ]>T> 
neTs&jTT+&T e\q, n$ n|de ~X 
u$TksTT. d]>Z ns ueTD+ #dq sTy S2 
|{  wtt B1 qT T+~. n<$<+> S1 |{ 
wt B2 qT T+~. n+<Te\q r> #T 
$<TT |eV+# ~X eseTeT+~. n+f 
DCBA  esZ+ |eVdT+~.

 e\jT+ $<TT |eV+# ~XqT es 
|]s eTTfsY (Commutator) n+<TsT. 
$<TY y{s ns n+>TjT |{\T 
eTTfsT> |#ksTT. r>#T $<TY 
|yV~X esyTq+<Te\q AB‚ CD\| 
|#d \~X L& eseTeT+~. ~es 
+~ H&q uT+ AB, |&T | 
H&TT+~. nf, ~es | H&q uT+ 
CD, |&T +~ H&TT+~. n+<Te\q 
r>#T, sTdT n< ~X += ns ueTD+ 
#ksTT. | ns ueTD+qT $<TY |yV~X 
es&TqT. eq, r>#T eT]jTT sTdT\T 
n$q+> u$TksTT. yD|syTq y{s
1) XX njTk+ <T\T> 

$<T<jTk++ |j+#&TT+~.
2) r>#T n~d+U #TqT * +T+~. 

eT]jTT,
3) r>#T  eT<T qT| ~yT| #TT& 

+T+~.
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•	  me #TqT *q  r>#T AB  
rdT+&.

•	  |+ 17.11  #|qT < es\qT 
 >\HMTsY d+<+#+&.

|+ 17.11

eTT 17.7

 eT<T qT|~yT| r> nH #TT 
#T&jTT+T+~. eT<T qT|~yTqT, <| 
#T&q r>#TqT *| s#sT (Armature) 
n+<TsT. ~ y{sT keTs |+#TT+~.

17.5 $<T<jTk+ |sD 
(Electromagnetic Induction)

bs& 1831e d+,  r>#T 
d++<yTjTTq njTk+ n_yV+ 
es|&T,  r>#T $<T#\ \+ 
 neT+< qT>=HsT. yV+ eT]jTT 
njTk+ \ eT< k| #\q+ 
q+es  yV+ $<T#\ \+ 
 neT+< s|+#sT. 

  njT $<T#\  |] 
$<T#\ \+ (Induced emf) n,  
<wj $<T<jTk+ |sD njTT 
n+<TsT.  $<T#\ \+ yV+ $<TY 
|yV @ssTdT+~. n{ $<TY |yV 
|] $<TY |yV+ n+<TsT. njTk+ 
|j+ $<T# #jTTqT bs& 
|&+ #]  =  n<j 
$s$+|Cd+~.

17.5.1 bs& #dq |j>\T
$<TT |eVdTq  yV njTk+ 

+  +,  <|  \+  |j+| 
&TT+< eTq \TdT.  \+  yV  
<\TT+~.  yV+ $<TY +  
<T\TTq< < ds+> q yV+ #T 
 $<TY + esTTq< nqT=+<+.  
s+&T d+<s\qT @$T sT>TT+~? B  
\TdTy\+f  +~  sV<+.

•	   Xe+yTq <+&jTk+| s 
<Ty r>#T B es >T+& 
<\+&. >\HMTsT =\ @<H 
esT \T>TTq<?

•	  >\HMTsY d D \+ &y| 
n|esq+ #+<& #&>\+. ~ 
AB r>#T $<TY |yV+ +<            
\T|Tq~. njTk+| <* q 
DyT n|esq+ dTq neT+~. n+f 
n|esqeTT+&<T.

•	 |&T njTk+| s <Ty       
y\T|* <\+&. >\HMTsT d 
m&eTy| n|esq+ #+<TT+~. 
~ $<TT, eTTqT|{ ~X +& 
es~X |eVdTq< #|T+~.

•	 njTk+ < s <Te+ B 
es dMT|+  _+<Te e< ds+> 
+&T +#+&. r>#TqT njTk+ 
s <Te+ y| <\+&. |&T 
>\HMTsT d &y| n|esq+ 
#+<TT+~. n< $<+>, r>#TqT 
njTk++ qT+& <s+> ~* 
>\HMTsT n|esq+ m&eTy| 
+T+~.

•	 njTk++ eT]jTT r>#T\ eT< 
<s+ es+& y{ ds+> +, 
>\HMTsT n|esq+ dTq> 
+T+~.   + <s MTsT @$T 
ssTTksT?
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njTk+| <D <Ty r>#T B es 
e< + | |j> #d >\HMTsT 
n|esH\T eTTqT|{ n|esH\ es 
~X\ +{sTT (n+f r>#T $<TY 
|yV~X esTTq~). r>#T eT]jTT 
njTk+ \T \&> q|&T 
>\HMTsT n|esq+ +&<T (n+f, $<TY 
|yV+ @s&<T). r>#T k|+> 
njTk++ #*+#|&T r>#T |] 
$<T#\ \+, < eT\+> |] $<TY 
|yV+ @s&jT dweTeT+~.

~ njTk+ <T\T> $<TT 
|eVdTq r>#TqT |j+            
_qyTq |j> #<+.  r>#T >T+& 
$<TY |yV ese#H~ >TsT+#T+&.

 +, r>#T`1 $<TY |yV+ 
XSq+> < ds+> q|&T, r>#T̀ 2  
\T|&q >\HMTsT n|esq+   
@s&&+<T. n+f r>#T`1  $<TY 
|yV+  esT q|& r>#T`2 X 
u<+ (bfjT u<+), n+<TeT\+> $<TY 
|yV+ |s|+#&TTHsTT. r>#T`1  
b<$T r>#T n, r>#T`2  >D r>#T 
n |\TksT. b<$T r>#T $<TY 
|yV+ es|&T, < d++~+q 
njTk+ + L& esTT+~. n+f >D 
r>#TqT e]d @s& njTk+ + 
esTT+~. { r>#T`2 $<TY |yV+ 
|s|+#&TT+~.  |] $<TY |yV~XqT 
|$T+> &# +<q qT+& qTe#T.
|$T+> &# +<q: 
(Fleming's Right Hand Rule)

&# uqy\T, #|&Ty\T eT]jTT 
eT<y\T,  eT&+{ <={ \++> 
+&T ##+&. |&T, #|&Ty\T 
njTk+ ~XqT, uqy\T yV+ ~ 
~qT (\~X) dd, eT<y\T |] $<TY 
|yV~XqT ddT+~.

17.6 qssT (Electric Generator)
$<T<jTk+ |sD  |j+ 

>V\T eT]jTT |]XeT\ y&+ =s qss 
dVjT+ $<T#  #jT&T#Tq~. 

•	 n~ #T d+KqT *q s+&T 
yssT s r>#TqT (eT+> 50 
eT]jTT 100 #TT) rdT+&. y{ 
 dbs $<T<+< &| |+ 
17.12  qT neTs+&.

•	 n~ #T d+K (100) >\ r>#T`1 
u, |>\ XD \|+&. 
r>#T`2 qT  >\HMTsT 
\|+&.

•	 qT |> H= >\HMTsTqT 
>eT+#+&. n|esq+ q<? 
>\HMTsT d qT+&  
y| <T$T DyT eTs\ dTq kH 
yqT~sT>TT+~. ~ r>#T`2 D 
\+ $<TT |eV+#& ddTq~.

•	 u, r>#T`1 \ eT< d+<H 
rdyd, >\HMTsT n|esq+ 
D \+ es ~X @s&TT+~. 
~ r>#T`2 |yV+ m<TsT ~X      
@s&&  ddTq~.

|+ 17.12

r>#T`1 r>#T`2

eTT 17.8
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|+ 17.13 (a) |+ 17.13 (b)

AC qssT

qssT j+ X $<T#> 
es&TT+~.

qssT sD+ |+ 17.13(a) 
#|&+~. +<T XX njTk+| s+&T 
<Ty\ eT< u$T+#T>  Bs #Tsks 
r>#T ABCD +T+~. r>#T s+&T es\T 
s+&T n+>Tj\T S1 eT]jTT S2 \  
\T|&jTT+{sTT. n+>Tj\ y| \+ 
$<T<+< |P |PjT&jTT+T+~. s+&T 
dsyTq $<T<V wt\T B1 eT]jTT B2 
eT+> S1 eT]jTT S2 n+>Tj\| T= 
+&T neTs&sTT. S1, S2\T n+s+> 
sTdT _+|&jTT+{sTT.

qssT uVu>q sTdTqT j++> 
u$T+|Cd n+sq >\ r>#TqT u$T+| 
#jTe#TqT. wt\ y\T|* es\T uV 
e\jT+ \T|&TsTT.

sTdTqT u$T+|Cdq|&T njTk+ 
+ AB uT+ |, DC uT+ +~   
<T\TTHjTqT=+<+. n|&T r>#T ABCD 
de~X u$TdT+~. |$T+> &# jTeT+ 
|s+, |s|+#&q $<TT AB uT+ e< A 
qT+& B, CD uT+ e< C qT+& D  

|eVdT+~. n+f, |] $<TT ABCD 
esZ+ |eVdT+~.  r>#T #T d+K 
me> +f n~ $<TY |yV+ @s&TT+~. 
uVe\jT+ B2 qT+& B1  $<TT 
|eVdT+~. ns ueTD+ s CD uT+ |, 
AB uT+ +~ <T\TsTT. B |*+> 
|s|+#&q $<TY |yV+ uTC\ es 
~X |eVdT+~. n+f, r>#T DCBA 
esZ+ $<TT |eVdT+~.

uV e\jT+ B1 qT+& B2  $<TT 
|eVdT+~. n+<Te\q | ns ueTD 
uTC\ |eV+# $<TT jTT ~X esT 
+T+~.  $<+> 

]w \ee<T\ @> q ~XqT 
esT=HTe+{ $<TY |yV  @+s 
$<TY |yV+ (AC) (Alternating Current)
n+{sT. n+<Te\q  qssYqT AC qssT 
n+{sT.

AC qssY n+>TjT eTTfs 
<T\T> ns+>TjT eTTfsqT |jd 
@eTTK $<TY |yV+ (DC) (Direct Cur-
rent)  neT+~. ~ |+ 17.13(b) 
#|&+~. +<T  wt m\|&T r>#T 

DC qssT
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|y| ~  uTC d+<+#&TT+~. 
+<Te\q, uV             e\jT+ @eTTK 
$<TY |yV+ @s&TT+~. Te+{ qssYqT 
DC qssY n+{sT.

X qw+ +& $<T#  |<X+ 
qT+& += |<X |ks+ #jTT DC 
$<TT +f AC $<TT |jTTyTq~.

17.7 + (LIGHT) 
eTq\qT e]+jTTq  ||+#+ nH 

sq edTe\qT eTq+ #k+. ,  N{ 
>~ @ edTeqT #&eTT.  >~ +eTjT+  
#dq|& n+<T n edTe\qT #&>\+. 
eT], <eT\+> eTq edTe\T |ksTT? 
|>{ deTjT+ eTq+ ds+ dVjT+ 
edTe\qT #&>\T>TTH+.  edTe <| 
|&q + |sesq+ #dT+~. |sesq+ 
#+~q + eTq +{ #s|&T eTq+  
edTeqT #&>\T>T+.

+ d++~+q $H<syTq dV 
<wj\T # >\e. + jTT TTesZ 
(dssU esZ) |dsD<s <s+> 
CdT= + |sesq+, + eueq+ nH 
<wj\qT HsT=+<+. 

+ |sesq+ (Reflection of Light)
<sD+ +{ u> yTsT>T|&q \+ 

<| |& + # u> |sesq+  
#+~dT+~. + |sesq jTe\ >T]+ MT 
eTT+< u> \TdT. y{ | #T=+<+. 
1)  |q D+ |sesq D+ s+& deq+> 

+{sTT(i = r).
2)  |q sD+, |sesq  |q _+<Te 

e< ^jT&q \++, |sesq sD+, 
e  \+ +{sTT.

>s+qTq \uT n 
\qT @s& |sesH\  jTe\T 
e]ksTT. 

yTsTdTq{ >]f jTT e  e\ 
<sD+ (e+|>qTq <sD+)> u$+#e#T. 
eTq+ n dV+> y& e\+ >*q <sD\T 
>s <sD.  >s <sD+ 
|sesq+ #+~+# \+ |\+> < uT> 
e #+~jTT+T+~. |\yTq |ses  
>*q >s <sD |{s <sDeT 
(Concave Mirror) n+{sT. uq |ses 
 >*q >s <sD +us 
<sDeT (Convex Mirror) n+{sT. M{ 
sD+ |+ 17.14 #|&+~.

>s <sD\T (Spherical Mirrors)

eTT 17.9

•	  KyTq > q   >]fqT 
rdT+&. 

•	  <, T>qTq e\+ MT 
eTTU #& |jT+#+&.

•	  |_++ @s&TTq<? |<<  
q<?

•	  eTTK+ e< qT+& >]fqT yT\> 
<s+> s|+&. |_++ m esT 
#+<TTq< D+> |]o*+#+&.

•	  >]fqT yqT | < uT \+| 
  #jT+&. |&T |_++ 
m |dTq~?

•	  s+&T \|q @s&q |_+u\ 
\D\qT b\+&.  

|+ 17.14

|{s 
<sD+

+us 
<sD+
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eTT 17.10

>]f |\yTq \+ |{s <sD+>qT, 
uq \+ +us <sD+>qT |e]dTHjT 
|&T ns+ #dT>\sT. eTq+ >s <sD\ 
>T]+ eT]=+ HsTe& eTT+<T> y{ 
d++~+q = |<\ ns\T \TdT 
e\djTTq~. m+<T+f, >s <sD\ >T]+ 
#]+#|&T #es M{H |jdT+{sT.

>s <sD+ |ses \+ jTT 
eT< _+<TeqT <sD<Te+ (Pole)  n+<TsT. 
B P nH ns+ dksT.

>s <sD+ |ses \+,  
>+ u>+> +T+~. >s <sD+ @ 
>+ u>+> +<  >+ jTT +< 
>s <sD+ jTT e +<+ (Centre 
of Curvature) n+{sT. B C nH ns+ 
dksT.

>s <sD+ @ >+ u>+> +<, 
 >+ yks >s <sD+ jTT e 
yks+ (Radius of Curvature) n+<TsT. 
B R nH ns+ dksT. >s <sD| 
<Te+ eT]jTT e +<\ >T+& y }V 
sKqT |<q n+ (Principal Axis) n+<TsT.

| + eT\+> >s <sD\ 
d++~+q = eTTKyTq |<\qT eTq$T|&T 
ns+ #dT=+<+.

yTT<{ + * b> edT+~. s n~ 
eT+\T  eT+&be#T. m+<Te\q 
eT+&TT+~? <sD+# dsT + d{>, 
|Xe++>  _+<Te e< 
+B]+|&TTq~. C,  _+<Te 
dsT jTT |_++.  _+<TeH <sD+ 
jTT H_ (Focus) n+<TsT. <sD+|&q 
ds+  # b>e&+ e\q @s& w+ 
e\qH + \TT+~. <sD+ qT+& 
|_+u (_+<Te) >\ <s+ < Hu+s+ 
$\Te n>TqT. 17.15(m) |{ u> 
|]o*+#+&.

nH + sD\T |<q n de+s+> 
 |{s <sD+| |qeTeTq$. |sesq 
sD\ |<q n+|  _+<Te e<  
\TdTHsTT.  _+<TeqT |{s <sD+ 
jTT |<q H_  (Principal Focus) n+{sT. 

n<$<+> 17.15(_) |{ u>  
|]o*+#+&. |<q n de+s+> 
<sD+| |qyTq + sD\T <# m 
|sesq+ #+~+#&TTHsTT? |sesq 
sD\T |<q n+|  _+<Te e< qT+&      
jT\T<]qT n|dT+~.  _+<TeqT 
+us <sD+ jTT |<q H_ n+{+. 
B F nH ns+ dk+. >s <sD 
<Ty, |<q H_ eT<>\ <s 
Hu+s+  (Focal Length) n+<TsT. B  
f nH ns+ dksT. >s <sD+ 
|ses \+ jTT yk n|ssY  
(Aperture)  n+<TsT.

|+ 17.15  MN <s+  <sD+ 
n|ssY ddT+~. >s <sD+ e 
yks, Hu+s eT< @<H 
d++<eTTq<? e n|ssY >\ >s 
<sD\ e yks+ (R), < Hu+s 
(f) s+&T sT +T+~. nq>, R = 2f.

•	   |{s <sD+ |ses \+ 
dsTD #dT # |T+&.

•	  < qT+& |sesq+ #+~q + 
< dMT|+ +#&q  +| 
|&T #jT+&.

•	   eTT+<T yq <q+> 
sT|   dwyTq, d{jTq + 
_+<Te (#T) @s&T #jT+&.

•	  <sD,  n< kH\ 
ds+> = $Tc\T nf +#+&. 
@$T s>TT+< |]o*+#+&? m  
]+~?  
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17.7.1  >s <sD\ +  
|sesq+

>s <sD\ + |sesq+ #+<&+ 
= jTe\ |syT sT>TT+~. n$,

1)  |{s <sD+ |<q n 
de+s+> |qyTq + sD+ |sesq+ 
s |<q H_>T+& |jDdT+~. +us 
<sD+ |<q H_ e< qT+& jT\T<]  
$eTTFsD+  #+~q<  n|+#T  
|jDdT+~. $ |+ 17.16 (a) eT]jTT  
(b) \ #|&jTTHsTT.

2. |{s <sD+ |<q H_ >T+& y 
+ sD+,  +us <sD+ |<q 
H_ y|> y + sD+, |sesq+ sTy 
|<q n de+s+> |jDdT+~. ~ 
|+ 17.17(a) eT]jTT (b) \ #|&jTTq~.

(a)

(b)

 A

nq+ 
<s+ e<

nq
+

 <
s

+ 
e<



|+ 17.15

|+ 17.16 (a)  

|+ 17.17 (a)  

|+ 17.16 (b)  

|+ 17.17 (b)  
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3) |{s <sD+ e+<+ >T+& |jD+# + sD+,  +us <sD+ e 
+<+ y|> |jD+# + sD+, |sesq+ sTy n< esZ+ yqT~] |jDdT+~. ~ 
|+ 17.18 (a) eT]jTT (b) \ #|&jTTq~.

|+ 17.18 (b)  |+ 17.18 (a)  

|{s <sD+ |_++ @s&T
>s <sD\ @s& |_+u\T m +{sTT? edTe |{s <sD+ qT+& yssT 

kH\ q|&T |_++ @s& kH m qT>\+? @s& |_++  |_+e  
$T<|_+e? |_+ |]eD+ e~#+~q<, q<q<  edTe deTyTq |]eD+ +<?

|{s <sD+ @s& |_++ jTT due+, kq+ eT]jTT |]eD+, e <sD <Te+(P) 
qT+& edTe q kq+| <s|&jTT+{sTT. n+f P, F eT]jTT C \ d++~+ edTe q kq+| 
<s|&sTT. edTe = ]w kH\ q|&T |_++ @s&TT+~. q = kH\ e< 
q|&T $T<|_++ @s&TT+~. edTe kH { |_+ |]eD+ eB]+>, D+> 
< n< |]eD+> +T+~.   >s <sD\ |_++ @s& $<H eTq+ sD|+ 
(Ray Diagram) ^jT&+ <s  \TdTe#T. sD|+ ^jT& <sD+| |qeTjT @yH s+&T 
+ sD\qT e+ |]>D rdT=+f nqTL\+> +T+~. +<T |sesq+ sTy + 
sD+ |jD+# esZ dT\u+> \TdTe& M\T> +&T s+&T sD\qT mqT=+{sT. 
n+<Te\q, eTTqT| #|q 3 jTe\ >\ @yH s+&T sD\qT  rdTe#T.  s+&T |sesq sD\T 
K+&+#T=H _+<Te, |_++ @s& kH \T|T+~. |+ 17.19 #&+&.
|{s <sD\ |j>\T (Uses of Concave Mirrors)

|{s <sD\T {sY\T, yT Bb\T (Search Lights), yVH\ V& <yTq 
sD|+C\qT @ss#T |j+#&sTT. s <sD\T> eTTU |<~ #d #|& 
|j+|&sTT. <+ y<T\T y~>dT <+\ jTT eB]+#&q |_+u #&& 
|jksT. ks bsTT\+<T ksX +B]+|Cd wX b+<& |< |{s <sD\T 
|j>|&TTHsTT.  

(a) (b)

nq++ 
e<



$<TY |yV| njTk+ |*+ eT]jTT +

290 291

n<
j

Te
TT 

` 1
7

|+ 17.19

   | sD|{\ d+>VD+, |{ 17.1 e&+~.

edTe kq+ |_+ kq+
|_+ |]eD+ 

(edTe b*q|&T)
|_+ due+

nq+ <s+ |<q H_ F e< n q~,              
_+<T |]eD+

, \+<T\T

C  (2F ) ne\ F , C \ eT< q~ , \+<T\T

C  e< C  e< deT |]eD+ , \+<T\T

C , F \ eT<  C   ne\ |<~ , \+<T\T

F  e< nq+ <s+ nq+ |]eD+ , \+<T\T

F , P \ eT<           <sD+ yqT |<~ $T<, {sT

|{ 17.1

T+us <sD+ |_++ @s&T 
+us <sD+ @s& |_+u\qT >T]+ HsTe&, edTeqT +# s+&T   

d+<s\qT(kH\qT) |]>Dk+. n$, <sD+ qT+& edTe,
1) nq+ <s+ q|&T, eT]jTT
2) ]w <s+ q|&T
 s+&T kH\ e< edTeqT +q|&T |_++ @s&& |+ 17.20 (a) eT]jTT  (b) \ 

#&e#T.

(c) (d)

(e) (f)
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A

B

M

P F C

N

A

B

M

A1

B1 F C

N

P

| sD|{\ d+>VD+ |{ 17.2 e&q~.

edTe kq+ |_+ kq+
|_+ |]eD+ 

(edTe b*q|&T)
|_+ due+

nq+ <s+ F e<, <sD+ 
yqT

n q~,              
_+<T |]eD+

$T< |_++, 
{sq~

nq+, <sD 
<Ty (P) eT< 

F , P \ eT<, 
<sD+ yqT

q~ $T< |_++, 
{sq~

|{ 17.2

|+ 17.20

nq+ 
<s+ 

(a) (b)

|{s, +us <sDeTT\ @s& 
|_+u\ >T]+ MTsT HsT=HsT. M{  
@ <sD+  |< edTe jTT |P] |_+u 
@ss#>\<T?  B  + <s qT=+<+.

+us <sD\ |j>\T (Uses of 
Convex Mirror)

yqT e# yVH\qT #d n<+> (rear 
view mirror) yVH\ |jksT. $ 
yVq+ | y|\ _+|&jTT+{sTT. M{ 
eT\+>, yVH q&| &esT yqT q 
yVH\qT #&>* dTs+> q&|>\&T. 
~ m\|&T edTe jTT {sq |_+u 
@ss#&+ e\q M{ y& me 
b<qksT. n+>, $ uT> +&T 
e\q M{qT|j+ me yTs |<X 
(Wider Field of View) #&>\+.
>s <sD\ + |sesH\ 
d+C d+|<j\T (Sign Conventions)

>s <sD\ + |sesH 
n<jTq+ #d|&T, qMq wjTH d+C 
d+|<j nqTd]+#*.  d+|<jT+ 
|s+, <sD <Ty (P) C$TrjT s| 

•	  |{s <sD+ <s+> q  
e+ jTT |_+u >eT+#+&.

•	 n+<T |P] s+ |dTq< ?
•	 <   +us  <sD+ 

#jT+&. +<T e+ jTT |P] 
|_++ |dT+<?

•	 MTsT |]o*+q < sD\ 
$e]+#+&.

•	 e+ jTT |P] s +us  
<sD+ #&>\+.

N
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|< (Coordinate System) ~ 
_+<Te>qT, <sD+ |<q n  X-n+(X'X) 
>qT rdTy*.
d+C d+|<j\T +< e&q$
1. edTeqT m\|&T <sD m&eTy|H 

+#*.
2.  |<q n de+s ~X =\e&  

n <s\qT <sD<Te+ (P) e< qT+&       
=\y*.

3. ~ _+<Te qT+& &y|> (n+f GX n+ 
y+&) =\e& n <s\qT <H+> 
(+) rdTy*, m&eTy|> (n+f -X n+ 
y+&) =\e& n <s\qT TTD+> 
(`) rdTy*.

4. |<q n+ qT+& |~X \++>          
(GY n+ y+&) =\e& n  <s\qT 
<H+> (G) rdTy*.

5. |<q n+ qT+& +~ ~X \++> 
(`Y n+ y+&) =\e& n <s\qT 
TTD+> (`) rdTy*.
|q $e]+q qMq wjTH 

d+C d+|<jT+, |+ 17.21 <s 
$e]+|&jTTq~.

edTe m&eTy| |q + 
~X

m&eTy|  &y| 
<s+ {+ve} <s+ {-ve}

| ~X 
mT  {+ve}

 +~ ~X 
mT {-ve}

|+ 17.21<sD+

<sD d ~+#T d+C 
d+|<j\T |j+#&sTT.
<sD d+ (Mirror Formula)

>s <sD\, <sD <Te+ (P) qT+& 
edTe >\ <s edT <s+ (Object 

Distance) u n+{sT. <Te+ qT+& |_+u 
>\ <s |_+ <s+ (Image Distance) 
v n+{sT. <Te+ qT+& |<q H_ >\ 
<s Hu+s+ f n+{s eTq \TdT.  
  eT&+{ eT<>\ d++< <sD d+ 
\T|T+~. n~ 

         u v f
1 1 1+ =

 d+ n d+<s\q n >s 
<sD\, edTe jTT n kH\ e]dT+~. 
deTd\qT k~+#& u,v,f eT]jTT R  
$\Te\qT d+ y&|&T qMq wjTH 
d+C d+|<j\qT b{+#&+ neds+.
<VsD 17.1

 y{sT yVq+ yqT #d n<+> 
y&&jTTq +us <sD+ jTT e 
yks+ 3 MT. yVq+ yqT  <sD+ qT+& 
5 MT <s+  dT |jDdTq~. nsTT, 
<sD+ @s& |_+ kq+, duy\qT 
qT+&?
k<q
e yks+   R = +3 MT
     R = 2f

Hu+s+  1.5f R
2 2

3= = + =  MT
edTe <s+      u  = -5 MT
|_+ <s+   v  = ?

  1     1     1  
 — + — = —  (or) 
  v          u         f 
        

          v f u
1 1 1= -

      
                  . . . .1 5

1
5 00
1

1 5
1

5 00
1= -

-
= +

     
             .

. .
.
.

7 50
5 00 1 50

7 50
6 50= + =

 
           .

. .v
6 50
7 50 1 15= =

 
MT

|_++ <sD yqT 1.15 MT <s+ 
q~. n~ $T<|_++.

X'
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•	{ +&q T n&T>T u>+ 
 HD+qT +#+&.

•	{ |]\+ >T+&  |qT+& 
#d HD  |jT+ 
rjT& |jT+#+&. MT |jT+ 
d|\yT+<?

•	  eTs #jT+&. m+<Te\q 
 |jT+ >\Tb+<& M\T 
<T?

•	MT $TT\# B #sTT+#+&. MT 
nqTuy* y] nqTuy\ b\+&.

17.7.2 + eueq+ (Refraction of 
Light)

@<H  bs<s jq+ + 
|jD+#|&T TTEesZ+ (dssU 
esZ+) |jDdT+~. +  jq+ 
qT+& eTs= jq+ |jD+#|&T 
@$T s>TT+~? n< ~X |jDdT+<  
< ~X esTT+<?  J$+ ]> = 
nqTuy\qT | #T=+<+.

{ =f  >T+ jTT n&T>T \+ n~ 
q<+f =+ mT qT n|dT+~. 
n<$<+> @<H +| eTT<yjT&q 
ns\| +#&q >E~yT >T+& #dq|&T, 
ns\T =+ mT  + dMT|+ 
+&T eTq n|dT+~.  >E +sY 
>\ { =+ u>+ es eTTjTTq  
|\TqT >eT+#s? >* eT]jTT sT d +# 
\+ e< ({ |]\+ e<) |\T | 
=\qT q&TT+~.  >E +sY q 
{ yjT&q eT|+&T, < nd\T |]eD+ 
+f |<~> |+#& #djTT+{sT. M{ 
sD\qT #|>\s?

| y{, b+> eTTjTTq | 
=\> d+<s rdT=+<+. { y\T|\ q 
u>+qT+& eTq +{ #s + sD\ esZ+ 
eT]jTT { |\ q | u>+qT+& eTq 
+{ #s + sD\ esZ+ yssT>  
+{sTT. n+<Te\H { |]\+ e< | 
| =\qT ddT+~.  sD+ e\qH, 
>E~yT>T+& #dq|&T ns\T =+ mT 
qT |ksTT. { <T\T> sdH  
sHfH e+{ <y\qT y&q|&T L& | 
n+ |]eD+ =\qT |dT+~.

>E~yT <T\T>  bs<syTq bd 
~yTqT +q|&T L& ns\T n+ mT 
qT |kj? <T. @s& |*+ jTT 
|]eD+, rdT=q jq\ qT { es&+ 
>eT+#>\+. +  jq+ qT+& eTs= 
jq+ |d]+#|&T < ~X esT*> 

<wjH + eueq+ n+<TsT.  
<wj +~ + <s u> ns+ 
#dT>\+.

{>T+& #dq|&T HD+ < nd\T 
kq+e<  ys= kq+e< qT> |dT+~.
17.7.3   eueq jTe\T  

(Laws of  Refraction)
+  jq+ qT+& eTs= jq+ 

|d]+#|&T, < y>+ esT @s&&yT 
+ eueq+ #+<& sD+. + 
eueq+ #+<&+ nqTq~ = jTe\ 
|syT sT>TT+< |j>\ |Ps+> 
TTEy+~. + eueq jTe\T +< 
e&jTTHsTT.
1) |q sD+, |sesq sD+, |q _+<Te 

e< s+&T jq\T d+#  
^jT&q \++, e  \+ 
+{sTT.

2)  ]w es| + eT]jTT ]w jq\ 
qT rdT=q|&T, |q D| dH  
$\Te eT]jTT eueq D|  dH  
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$\Te eT<>\ w ds+> +T+~. 
 jTe d eueq jTeT+ 
(Snell's Law of Refraction) n+<TsT.

 |q D i n, eueq D r   
n nqT=+f,

           
sin
sin
r
i    =  ds d+U

 ds $\TeqT yTT<{ jq d++~+ 
s+&e jq| eueq >TD+ n+{sT.
17.7.4 eueq >TD+ (Refractive Index)

 bs<s jq+ qT+& += bs<s 
jq+ =+ D+ |d]+# + sD+ 
(s+&e jq+) < ~XqT esT=+T+< 
(eu$dT+<) eTq \TdT. ]w jq\ 
jT+<T ]>  eueq |]eD 
yTT<{ jq d++~+ s+&e jq| 
eueq >TD+ n+{sT. eueq >TD+, 
yssT jq\ + jTT k| y> 
d++~+q $\Te n>TqT. + XSq+ 
n~ y>+ |jDdT+~. XSq+ + 
y>+ 3 x 108 ms-1. >E < y>+ d+> 
>TZT+~.        

|+ 17.22  #|qT jq+`1 qT+&  
jq+`2   |jDdTq  + sD 
rdT=+<+. |q D+ i eT]jTT eueq 
D+ r nqT=+f,

|+ 17.22

yTT<{ jq d+u+~+, 
s+&e jq| eueq >TD+
  
       sin

sin
r
in =   

       
n =

>* + y>+

jq+ + y>+
17.7.5 >s \ + eueq+
>s \T (Spherical Lenses)

#<e& <\qT |j+#y] MTsT 
#d +{sT. >&js\qT d]#d ysT y{ 
nq u>\qT #&& q eBsD 
n< |jksT. MTsT m|&H eBsD 
n< (u<) # jTTHs? 
n~ deT\+> +<  e+|> +<? 
< eT< eT+<+> +<  n+#T\ e< 
eT+<+> +<? <\ |j+# n<\T, 
>&js| |ysT |j+#  n<\T yTT$ 
\ <VsD\T. 

+ n+f @$T{?  n~ m + 
eueq+ #+~dT+~? s+&T \T  
d]V<T\T> *q  bs<syTq jq 
|<s + (Lens)n+{sT. s+&T \ 
d+ fH >s \+> +T+~.  
>s \+ eyT +f eTs={ deT\+> 
+T+~. sTy| uq >s  
*q  ~+us +  +us 
+ (Convex Lens) n+{sT. +us 
+ eT< uT>, n+#T\e< |\T#> 
+T+~. +us + + sD\qT 
n_d]dT+~ < +B]+|CdT+~.  
n+<Te\qH B +BsD + (Converg-
ing Lens) n+{sT.

n<$<+>, ~|{s + s+&T |\yTq 
>s \qT d]V<T\T> *jTT+T+~. 
B |{s + (Concave Lens) n 
L& |\TksT. ~ eT< |\T#>qT, n+#T\ 
e< eT+<+>qT +T+~. |{s + + 

N'

jq+`1 
(>*) 

jq+`2
 (>E)
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•	   V#]: dsTD + >T+&H, 
|+>H #&L&<T. m+<T+f 
n #d MT  u~+|&sTT. 
n+<Te\q  + #d|&T C> 
eV+#+&.

•	  +us  dsT y| 
+&T  # |T+&. 

•	 ds+  +| 
+B]+|CjT+&. dsT& jTT 
dwyTq, |Xe+yTq |_+u 
+| @ss#+&. 

•	 =+d| +       eT]jTT \ 
kH\qT es+& nf +#+&. 
 >eTd +&+&. @$T 
sT>TT+~? m+<Te\q ?

n|d]dT+~   $eTTFsD+ #dT+~.  
n+<Te\qH B $eTTFsD + (Diverging 
Lens) n+{sT.

>s \ d++~+q =  |<\qT 
HsT=+<+. | s+&T >s \T ={ 
 >+ u>+> +{sTT.  >\ +<\qT 
+ jTT e +<\T n+{s. B 
eeT\T> C nH ns+ dk+. + 
s+&T e +<\T+{sTT. >qT y{ C1  
eT]jTT  C2 n >T]k+.

| s+&T e+<\ >T+& y 
}VsKqT |<q n+ n+<TsT.

+ +< _+<TeqT < |X +<+ 
n+<TsT. B 'O' nH ns+ dksT. |X 
+<+ >T+& |jD+# + sD+ eueq+ 
#+<+& HsT> |jDdT+~.  es | 
yk n|ssT n+<TsT. e yks++f 
e n|ssTqT *q  |\T# + 
n+<TsT.  +| + sD\T |qyTq|&T 
@$T sT>TqT?

ds + sD\T de+s sD\T.  

 sD\T  dwyTq |Xe+yTq #T> 
+# +B]+|&sTT.  #T dsT 
jTT  |_++. + sD\T  _+<Te 
e< k+BsD+ #+<&+ e\q wyTs&TT+~. 
n~  eT+&dT+~.

  |+ 17.23(a) qT +> |]o*+#+&.

|+ 17.23(a)

|<q n de+s+> nH + 
sD\T +us +| |qeTeTHsTT. 
+# eueq+ #+~q s e |<q 
n+|  _+<Te e< +B]+|&sTT.  
_+<TeH  +jTT |<q H_ n+{sT. 

|+ 17.23(b)  +> |]o*+#+&.

|+ 17.23(b)

|<q n de+s+> nH sD\T 
|{s <sD+| |qeTTHsTT. + 
eu$+q sTy, e |<q n+|  
_+<Te e< qT+& jT\T<] $eTTFsD+ 
#+<TTqT> |jDksTT.  _+<TeH 
|<q H_ (Principal Focus) n+{sT.
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+ eTsy| qT+& de+s +  
sD\qT |d]+|Cd, < ne* y|q 
+= |<q H_ b+<e#T.

eeT\T> |<q H_ 'F' nH ns+ 
dksT.   s+&T |<q HuT\T 
(Foci) +{sTT >{ y{ F1 eT]jTT F2 
n dksT.

+ jTT |X +<+ (O) qT+& |<q 
H_ (F)  >\ <s Hu+s+  (Focal 
Length) n+<TsT. Hu+s f nH ns+ 
dksT.
17.7.6 \ |_+u\T @s&T 
(Image Formation by Lenses)

\ |_+u\T @s&& sD |{\ 
<s $e]+#e#TqT. sD|{\ dVjT+ 
|_+ due+, kq+ eT]jTT k| |]
eD\qT >& \TdTe#T.

\ sD|{\T ̂ jT& +~ y{ 
@yH s+&T + sD\qT rdTe#T 

1) edTe qT+& jT\T<]q  + sD+ 
|<q n de+s+> +us +| 
|qyT, eueq+ s ne*y| |<q 
H_>T+& yT+~. ~ [|+ 17.24(a)] 
#|&+~. , |{s + n<y| 
>\ |<q H_ qT+& $eTTFsD #+<T 
yT+~. [|+ 17.24(b)] qT #&+&.

|+ 17.24 (a)

|+ 17.24 (b)

|+ 17.25 (a) 

|+ 17.25 (b)

2) +us | |<q H_ >T+& 
y + sD+ + eueq+ #+~q 
sTy, |<q n de+s+> yT+~. 
~ [|+ 17.25(a)]  #|&+~. |{s 
+ |<q H_ >T+& yT |d]+# 
+ sD+ eueq+ sTy, |<q n 
de+s+> yT+~. ~ [|+ 17.25(b)]  
#|&q~.
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(a)  (b)

(c)  (d)

(e)  (f)

C1

|+ 17.26 (b)

|+ 17.27

+us + qT+& ]w kH\ edTeqT +q|&T |_++ @s&& #| sD 
|{\T [|+ 17.27] e&q$.

|+ 17.26 (a)

3) + |X +<+ >T+& y + sD+ eueq+ #+<+& n< esZ+ yT+~.   
   ~ [|+ 17.26(a)] eT]jTT [|+ 17.26(b)] \ #|&q~.
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| sD|{\ d+>VD+, |{ 17.3 e&jTTq~.

edTe kq+ |_+ kq+ |_+ |]eD+ 
(edTe b*q|&T) |_+ due+

nq+ <s+ F2 e< n q~,             
_+<T |]eD+ , \+<T\T

C  (2F1 )  
ne\ F2 , C \ eT< q~ , \+<T\T

C e< C e< deT |]eD+ , \+<T\T
C , F1 \ eT<  C   ne\ |<~ , \+<T\T

F1 e< nq+ <s+ nq+ |]eD+ 
(# |<~) , \+<T\T

H_ F1 , |X 
+<+   O \  eT< edTe q y| |<~ $T< |_++, 

{sq~
|{ 17.3

|{s + qT+& ]w kH\ edTeqT +q|&T |_++ @s&& d+# sD|{\T 
|+ 17.28  #|&q$.

|+ 17.28

| sD|{\ d+>VD+, |{ 17.4  e&jTTq~.

edTe kq+ |_+ kq+ |_+ |]eD+ 
(edTe b*q|&T) |_+ due+

nq+ <s+ F1 e< n q~,              
_+<T |]eD+

$T< |_++, 
{sq~

nq+, |X 
+< (O) eT< 

H_ F1 , |X 
+<+ O \  eT<

q~ $T< |_++, 
{sq~

|{ 17.4

(a)  (b)
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>s \ d+C d+|<j\T
n =\\qT | |X+<+ qT+& 

=\y*. d+|<jT+ |s+, +us + 
jTT Hu+s <H+>qT, |{s + 
jTT Hu+s TTD+>qT rdTy*. 
u, v, f, edTe mT h eT]jTT |_+ mT  
h1, yTT<\>T y{ d+\qT d+|<jT |s+ 
C>> |j+#*.
17.7.7  d+ (Lens Formula)

edT <s+ (u), |_+ <s+ (v)   eT]jTT 
Hu+s+ ( f ) \ eT< d++<  d+ 
\T|T+~.

                     v u f
1 1 1- =

nqTq~  d+. edTe jTT n 
kH\, n s\ >s \  
d+ e]dT+~.
<VsD 17.2

 |{s | Hu+s+ 15 d+.MT. 
+ qT+& 10 d+.MT <s+ |_++  
@s&& edTeqT + qT+& m+ <s+ 
+#* ? 
k<q 

v u f
1 1 1- =       

u v f
1 1 1= -

        u
1

10
1

15
1=

-
-
-

        u
1 3

30
2

30
1=- + = -

         u 30=-  d+.MT 
 eq +qT+& edTe <s+ 30 d+.MT.
eBsD+ (Magnification)

|_+ mT (|]eD+), edTe mT 
>\ w | eBsD+ n+<TsT.

eBsD  ‘m’ nH ns+ dksT. 
edTe mT h, |_+ mT h1 nsTT + 
jTT eBsD+, 

 h1

h

v

u
|_+ mT
edTe mT

m = = =

<VsD 17.3
15 d+.MT Hu+s+ >\  |{s 

+ qT+& 30 d+.MT <s+  edTeqT 
+q|&T + qT+& 10 d+.MT <s+ 
{sq $T< |_++ @s&+~. nsTT | 
eBsD +#+&.
k<q  

edTe <s+   u  = - 30 d+.MT  
|_+ <s+ v  = -10 d+.MT   
                      m  = ?

 eBsD+ m
u
v

30
10

3
1= =

-
- =

       .m 0 33=+

17.7.8  keTs+ (Power Of Lens)
+ + sD\qT +BsD+ < 

$eTTFsD+ #jT>*> =\qT < keTs+> 
dksT.  Hu+s+ jTT $e 
 keTs+ n sksT. B ‘P’ nH 
ns+ dksT. ‘f’ Hu+s+ >\  + 
jTT keTs+ 

     P
f
1=

 keTs+ jTT SI |eD+ &j|sY  
(dioptre). B D nH ns+ dksT.DqT 
MTs *| keTs+ &j|s \_dT+~. 
n+f 1 MTsT Hu+s+ >\  keTs+ 
1 &j|sT. +us  keTs+ 
<H+>qT, |{s  keTs+ 
TTD+>qT +T+~.
<VsD 17.4
 |s + Hu+s+ 2 MT. < 
keTs +#+&.
k<q
   |{s + Hu+s+  f = -2  MT

 keTs+   P
f
1

2
1= =
-

      = -0.5  &j|sT
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17.7.9  |+ >T+& + eueq+ 
(Refraction of Light through a Prism)

 uTCs >E | |]>D<+. < 
s+&T uTCs |s\T, eT&T Bs#Tsks 
|\T +{sTT. | \T <={ 
@y\T> +{sTT. |\ eT<>\ D 
| D+  (Prism Angle) n+{sT. |+ 
>T+& + eueq+ #+<& >T]+ +~ 
 #d HsT=+<+.

|+ 17.29
PE - |q sD+  i - |q D+
EF - eueq sD+  r - eueq D+
FS - VsZ sD+  e - VsZ D+
  d - $#\q D+

& PE nqTq~ |q sD+ (Incident 
Ray), EF nqTq~ eueq sD+                     
(Refracted Ray), FS nqTq~ VsZ sD+ 
(Emergent Ray). AB \+ >T+&   
+sD+ >* qT+& >E |y+#& 
>eT+#>\sT. n|&T,  +sD+ eueq+ 
#+<&+ <s >E \++y| e+>TTq~. 
s+&e \+ AC e< +  sD+ >E qT+& 
>* VsZeTeTq~. eq, + sD+ 
\++ qT+& <s+> e+>TTq~. || 
= eueq \+ e< @s& |qD+    
eT]jTT eueq D\qT b\+&. |+ 
jTT |yTq sD+ e\q VsZ D+, 
|q D| ~X qT+& ]w D+ 
e+jTT+T+~.  D $#\q D+ (An-
gle of Deviation), d n+{sT. & r 
nq> eueq D+. | + $#\q D 
>T]+ =\e+&.

eTT 17.14

•	\  &sTT+> |qT\ 
dVjT+ &sTT+> usT| neTs+&.

•	 >E |+ < uTCs|s+| 
\&T +| +#+&. || 
d]V<T\qT | >T]+#+&.

•	eueq \+ AB  @y\T>  
dssK PE  ^jT+&.

•	|+ 17.29  #|qT, PE sK|  
@<H s+&T _+<Te\T P eT]jTT Q\ 
e< s+&T >T+&Td<T\qT >T#+&. 
|| += \+ AC >T+& P       
eT]jTT Q >T+&Td<T\ |_+u\qT 
#&+&

•	  P, Q |_+u\Tq dssK| neTsT 
R eT]jTT S nH _+<Te\ e< eTs= 
s+&T >T+&Td<T\qT >T#+&.

•	 >T+&Td<T\qT, | rdjT+&.
•	  PQ sK || d]V<T sK| (AB|) 

E e< \TdTq~ (|+ 17.29). n< 
$<+> R, S \qT *| dssK F e< 
\TdT+~. E, F \qT \|+&.

•	eueq \T AB eT]jTT AC 
\ eT+> E,F \ e< \+u\qT 
^jT+&.

•	|+ 17.29 #|qT> |q D+ 
( i), eueq D+ ( r), eT]jTT 
VsZ D+ ( e) \qT >T]+#+&.

17.7.10 >E  |+ \ + $XwD+
(Dispersion of White Light by a Prism)

qT$+<T #d +<<qTdT es\qT #d 
MTsT q+~+jTT+{sT. dsT jTT \ 
+ m nH es\qT e>\T>TTq~?
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\ + 
|+C+ V

R
O
Y
G
B
I >E |+

|+ 17.30

eTT 17.15

|+| |qyTq \ +, n+<T 
$T&jTTq nH s+>T\ |{> $udTq~. 
|{ s+&T es\ >\ s+>T\qT |]o*+#+&. 
s| @s&q |{ s+>T\T @ eT+ 
q$? }< (Violet), |\+ (Indigo), 
\+ (Blue), |#(Green), |dT|(Yellow), 
H]+ (Orange), msT| (Red) nH eT+ 
s+>T\qT #&>\+.

s+>T\ e VIBGYOR nH d 
|<+ >TsT+#Te#T. @s&q |{ ese\ 
 es|+ (Spectrum) n+{sT. ~ |+ 
17.30  #|&q~.

•	  eT+<yTq neTTqT rdT= < 
eT< q s+<+ #jT+&.

•	 ds+ s+<+| |&T  #jT+&. 
s+<+ ne*y| qT+& y\Te& de+s 
+ |+C  || \+| |&T 
#jT+&.

•	 |+ qT+& y\Te& +, dMT|+ 
q  s| |&+es | yT\> 
|+&.

•	 @$T >eTksT?  nH es\ eT+ 
@s&q  n+<yTq |{ #&>\+. 
m+<T  @s&TTq~?

 n es\qT $&$&> #& bsTTq|{ 
s+>T\ eT< ek >eT+#>\+. \ 
+ n+<T n+X s+>T\T> $&be& 
+ $XwD+ (Light Dispersion) n+<TsT.

 |+ \ + < @&T $u> 
s+>T\T> $XwD+ #+<& #XsT. eTq+  
es\qT m b+<TTH+?

|+ >T+& |d]+# $$< s+>T\ + 
sD\T yssT D\ eueq+ #+<TsTT. 
msT|s+>T + w+> e+>TT+~. }<s+>T 
+ >]w+> e+>TT+~. eq, yssT 
s+>T\T >\ + sD\T yssT esZ\ 
VsZeTesTT. n+<Te\q s+>T\T $&$&>qT 
dw+>qT s| |ksTT.  $&$& s+>T\ 
|{H eTq+ es|+ #dTH+.

17.7.11 yesD+ + eueq+ 
(Atmospheric Refraction)

eT+ qT+& |>d y&>* >T+&  edTe\qT 
#d n$ nT T #+#*dTq|dT+~. 
eT+ dMT|+ q >*, <| >\ >* 
+f y&> +T+~.  y&>* <| >\ #\{ 
>* +f e k+< >*, *> +T+~. 
< eueq >TD+ #\{ >* jTT eueq 
>TD+ +f =+ e> +T+~. eueq 
jq+ (>*) jTT u d>T\T ds+> 
+& esT +&&+ e\q y&>* >T+& 
#dq edTe jTT kq+ esT ddT+~. 
edTe #+#*dTqT |+#&, |]ds 
yesD+ n\ y<T ]> eueqyT 
sDeT>TqT. q\T yT]jTT nqTq~ 
yesD+ n~ y<T ]> eueq+ 
e\q @s&TT+~.
17.7.12 eqe qT (Human Eye)

eqe  qT n+ $\Tyq eT]jTT 
dTyTq CH+~jT+. B eT\+>H eTq 
#T q n<TyTq ||+#, $$< s+>T\qT 
#&>\T>TTH+. eTq CH+~j n 
eTTKyTq~ qT.
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eqe qT  yTs+{~. +<T 
 sD+, edTe jTT |_+u s{H 
nH + >V s| |&T #dT+~. ]j, 
H>+ eTT+<Ty|  bs<syTq uT 
u> @ssTdT+~. ~ |+ 17.31 
#|&q~.

|+ 17.31

→

→

→

→

→

→

→

→ →

→

s{H

d{ +

H<eTT

+{b|

]dt

]j

X* +&s+

< H&

#e seTT

(Crystalline Lens)

(Cornea)

(Retina)

H >+ <<| >s+ +& 
2.3 d+.MT yd+ >*jTT+T+~. +{ 
|y+# + sD\ eueq+ # es 
]j jTT uV\+ e<H ]bT+~. 
d{ + yssT <s q edTe\ 
nqT>TD+> Hu+s eT]+ dsTuT#d 
s{H| +B]+|CdT+~. ]j yqT  
]dt (Iris) nH nbs<s, +&sjTT 
&j|yT +T+~. ~ +{b|qT (Pupil) 
jT+dT+~. +{b|, +{ |y+# 
+ |]eD jT+dT+~ eT]jTT 
eT|sTdT+~. + edTe jTT \+<Tq, 
 |_+u s{H| @ssTdT+~. s{H 
nH +>V D\qT *qTe+{  
eT<Tyq #+. +>V D\T +# 
|+|&q|&T n$ yT $<TY 
|#<H\qT  #ksTT.

 |#<H\T <H& >T+& yT<&T 
#syjT&TsTT. yT<&T  |#<H\qT 
ne>Vq #dT= eTq+ #d edTe\qT q~ 
qT> >VdT+~.

<w b\T, y{ desD: 
eueH d++~+ eTTK+> eT&T 

<wb\THsTT. n$
1. dMT|<w  eTj|j
2. <s<w  V|sYyT{|j
3. |dj|j
 b\qT q >s \ dVjT+ 

d]#jTe#TqT.
eTj|j (dMT|<w) (Myopia)

 eTj|jqT dMT|<w n L& 
n+{sT.  |+ >\ e\T dMT|+ q 
edTe\qT dw+> #&>\sT. , <s+> 
q edTe\qT dw+> #&sT. M] <s| 
_+<Te (Far Point) nq++ +f dMT|+ 
+T+~. Te+{ e\T = MTs <s+ 
es dw+> #&>\sT. dMT|<w|+ >\ 
y] <s edTe jTT |_++ s{H|  
@s&<T. s{H eTT+<T y|H @s&TT+~ 
[|+ 17.32 (a)].
eTj|j @s&T >\ sD\T

1. +{+ jTT e n~+> +&&+.
2. H>+ Bs+> k>&+.
q keTs+ >\ |{s  

|j+  b d]#jTe#TqT. ~ 
|+ 17.32(c) #|&jTTq~.

q keTs+ >\ |{s + |_+u 
eTs\ s| @s&T #dT+~. eq,  |+ 
d]#jT&TT+~.
V|sYyT{|j (<s<w)(Hypermetropia)

V|sYyT{|jqT <s<w n L& 
n+<TsT.  |+>\ e\T <s+ q 
edTe\qT dw+> #&>\sT.  dMT|+ 
q edTe\qT dw+> #&sT. M] <>Z] 
_+<Te (Near Point), eeT\T <>Z] _+<Te 
(25 d+.MT) +f <s+> +T+~. nTe+{ 
e dT\u+>, kse++> #<y\+f q 
+{qT+& |d 25 d+.MT +f <s+> 
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O

O O

(a) V|sYyT{|j qT ` <>Z] _+<Te

(b) V|sYyT{|j qT

(c) V|sYyT{|j b d]#jTT

(a)  eTj|j qT ` <s| _+<Te

(b) eTj|j qT

(c) eTj|j b d]#jTT
|+ 17.32 |+ 17.33

+#*. m+<T+f, dMT| edTe qT+& e# 
+ sD\T s{H yqT +B]+|&sTT 
[|+ 17.33 (b)].
V|sYyT{|j @s&T >\ sD\T
 1. +{ | Hu+s+ me> +&T.
 2. H>+ q<>T.

q keTs+ >\ +us +  
b d]#jTe#TqT. ~ |+ 17.33(c)  
#|&jTTq~.

q +BsD \ #jT&q 
<\qT|j+ |_+u s{H| 
+B]+|CjTe#TqT.
|dj|j (Presbyopia)

k<sD+> ejTdT |]> =B +{ dsTuT 
keTs+ sT>TT+~. # eT+~ <>Z] 
_+<Te (Near Point) jTT kq+ yT| 
<seTe +T+~. d]|& <\T T+& 
ysT dMT|+ q edTe\qT dw+>, 
ks+> #&sT.  b |dj|j 
n+<TsT. +{ + jTT qeT (Flexibility) 
yT| >Z&+ eT]jTT X* +&s\T (Ciliary 
muscles) \VqeT>T e\q,  |+  

\T>TT+~. =+<sT eTj|j,  V|sY 
yT{|j b\T s+&+{ * jTT+{sT. 
nTe+{y] ~H;\T (Bi-focal Lens) 
nedseTesTT.  k<sD s+ ~H; \ 
+us eT]jTT |{s \T s+& 
+{sTT. |{s + ]yTq | u>+ 
<s|  edTe\qT, +us  + ]yTq 
+~ u>+ dMT| edTe\qT #&& 
M\eT+~.  sE eueq d++< <w 
b\qT ds \qT (Contact Lens) 
|j+ d]#jT&+ k<eTeT+~.
17.7.13. H{ $Cq+ -VT n+] 
<s<] (Hubble Space Telescope-
HST)

VT <s<s  n+] <s<]. 
1990e d+ @|  n+] yVq+ 
dVjT+ VT  <s<]   
|yX|{sT. m&H VT nH nyT] n+] 
Xgy jTT >sys+> B  |sT 
|&q~. ~ n |U #+~q n+]  
|]X<H |]s+. ~ nyT] d+d NASA 
eT]jTT sb n+] d+d (ESA) \ d+jTT 
|jT+ e\q |j+|&q~. |> NASA 
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jTT n+] |]o\ +<\ ~ n |<~.
n+]+ |#dT> ]+|&q 

@ <s<] VT <s<]. ~ s+&T 
n|se\js <sD\ ]+#&+~. 
~ n~ $ds\ jTT dwyTq |_+u  
@ss#>\<T.  <s<] n+]+ 
|j+#&q deTjT+ n+<T |<q 
<sD+ nedsyTq |]eD ns>BjT& 
be& Xgy\T >T]+#sT. B e\q 
<s<] keTs+ re+> u~+|&+~.  
1993    Xgy\ +<+# eTseTT 
#jT& < |rsT  |P]> d]#jT&q~.

1993 e d+ qT+& 2002 e d+ es 
H\T>T eTseTT +<\# eTseTT |qT\T 

|+ 17.34

#jT&q$.  <s<] 2014e d+  es 
|#jT>\< n+#H yjT&q~.

u yesD y\T|\ |]u$T+#&+ 
e\q y+&+#T + + (background 
light) +& dw+> |{\qT ~ 
rjT>\<T. q M<T\T nH _*jTq + 
d+es\ <s+ HjT, B# rjT&q 
n >& n+s |{\T \T|THsTT.

nH VT |]o\q\T $X+ $dsD 
#+<TTq sTqT K+> +# 
>\T>TTHsTT. B qT+& VT ds++   
(Hubble's Constant) $\Te ssTT+# 
&TT+~, $X+ ejTdT n+#H yjT&TT+~. 
= Xu\=k] >TsT >V  #T 
&=q& j+ Xg|s+> n<jTq+ 
#jT& VT# rjT&q >V\ |{\T 
\ b eV+#sTT.

VT n+] <s<s# #jT&q  
|]o\q\ <s n q M<T\ +<\qT 
u (Black Holes) +{jT 
qT>=q&q~. VQ <s\ q d|sYHy 
(Super Nova) \qT |]o*+#& n+] 
Xgy\T VT <s<]  |jdTHsT.

e~] eT+qeTT
u>eTT ` n

1.  <sD+ jTT eBsD+ + 
1
3 , nsTT  <sD+ s+.

i) |{s    ii) +us   iii) deT\ 
2.     $<TY e\jT+ njTk+ n_yVeTT esTq|&T, $<T#\ \+ jT>T |jT?

i) $<T<jTk+ |sD    ii) $<TTqT |s|+#T 
iii) y |s|+#T    iv) $<TT esT

3.     V| yV+ >T+& $<TT |yV+#&+ e\q < #T  ___________  
@s&TT+~. 
i) njTk+ +  ii) j+ \+ iii) |] $<TT

4.  M{ < <wyTs >]w+> +T+~. 
i) deT\ <sD+   ii) |{s <sD+  iii) +us <sD+
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5.   10 d+.MT  Hu+s+ >\  +us + qT+& 25 d+.MT <s+ edTe +#&q~. 
nsTT, |_+ <s+  ___________.
i) 50 d+.MT  ii) 16.66 d+MT  iii) 6.66 d+.MT   iv) 10 d+.MT

6.  +~ |e#H\ eTTfsY @~ e]dT+~.
i) >\HMTsT, n|esq+  d b+<& eTTfsYqT |j+#T=+T+~.
ii) |]es+, eTTfsY dVjT+ $<TY X |+#TT+~.
iii) $<TY y{sY $<TY |yV esT eTTfsY |j>|&TT+~.

7.     $<TY ds|s r> sTqT+& |&eTs ~q $<TTqT =be#Tq~. r> 5 d+.MT 
~>Te njTk+ ~XqT qT>=qTeTT?

8.   eTT #|q neT],  +< dbs & MT< s+&T r>\T #T&q$. yTT<  
|> H=<T. s  |> H=&, y\T|* rjT&q~. |&T, +~ y d]jTq 
yyT~?
i) >\H MTsT n|esqeTT XSq+>H +T+~.
ii) >\HMTsT D\+ n|esqyTs& y+H XSqeTeT+~.

G

9.  eqe +{ @ u>eTT, Hu+seTTqT esT e|j>|&TqT?
10.   >dT {  |\T b+> eTTjTTq~.  >* eT]jTT sT d+# \eTT e< 

|\T e+qT |dT+~. B sDyTe + |jTqT \TeeTT?
11.   s,  yT bssY Ls= , { eq |* jTT |sesH #de+~. { jTT 

|_+eTT n_\+eTTq 40 0 D+ eqsTT,  |* |_++ m+ D+  
|sesq+ #+~qT q&TqT?

12. njTk+ n_yV sK\T m+<T <H={ K+&+#T=qe.
13.  deq $<TTqT =be s+&T de+s yV\T,   ~X eT]jTT yssT ~X $<TTqT 

=beq|&T  s+&T yV\ eT< e njTk+ yT+?
14. AC CqssTqT DC CqssT> m es>\+?
15.  Hu+seTT ‘ f ’ *q  |{s <sD+ eTT+<T  edTeqT +,  < @s&T  

|_+| dE edTe dEq deTeTT> e+&T edTeqT m+ <s+ e+#eqT?
u>eTT ` 

1.  U\qT |P]+#+&.
i) y{sT : XX njTk++, nsTT yD|syTq y{sY : ___________.
ii)  Hu+s+ : MTsT, nsTT  keTs+ : ___________.
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2. +~ |e#H\ >\ |\qT d]~<+&.
i) njTk+ + |]eD+ eyT >\ s.
ii) njTk+ \sK\T <D <Te+ e< qT+& y\Te&, s <Te+ qeTesTT.

3.  +~ sD|+ |{s <sD+ |_++ @s&& ddTq~.

i) n+<T |qT >T]+, d]jTq sD|{ ^jT+&.
ii) MTsT d]#dq < q sD\T \|+&.

4.   yVq sB jT+D d>\ ________ es + yVH\qT |& |j>|&TT+~, 
m+<T+f < s+><s + ________.
( d#q: + $|D+ < s+> <s| H\Ze |eTTq $eqTb+ +T+~.)

5. +< e&q |<eTT\ d]jTq |<eTT\ +~ |{qT |P]+|eTT.                                                         

|qT jTT e~ #+~q |_+eTT

yVqeTT yqTy| {sq |_+eTT
i)  +us <sDeTT ii) deT\ +us iii) |{s <sDeTT iv) deT\ <sDeTT 
v) +us eTT vi) |{s eTT

6.  +~ y{ d+# +{ u>\qT sjT+&
i) +{b| |]eD jT++# nbs<s +&sjTT &j|yT ________.
ii) +{ edTe jTT |_++ @ss#& s _________.

7.   eTj|j nqTq~ +{ k<sD+> @s&  |sesq d++< <w|+.  |+>\ e 
dMT|+ q edTe\qT eyT dw+> #&>\&T. q |{s  |j+ B 
d]#jTe#TqT.
i) < $<yTq s+&T s s\ <w b\qT \|+&
ii) y{ d]#d $<H\qT \|+&.

8.   +~ |+ @ ~L,  kq+ e< njTk+  ~XqT d]> #|Tq~?



u


 X
d

eT
T

308 309

 9.  njTk+ @<eeTT  \<? sDeTT*e+&.
10.  10.5 cm Hu+s+ *q  |{s +qT+&  20 cm <s+ 3 cm {sq       

\T e+#&q~. |_+ <s+qT qT>=q+&?
11.   + qT+& 30 cm <s+  d~ e+q|&T,   ne* y| 60 cm <s+ 

s|q |_+uyTs&q~. n~ @ syTq y >T]+, < Hu+s+qT qT>=q+&?
12.   sD+ yTT<{ jq+ qT+& s+&e jqeTTq |jT+#Tq|&T, +~ eueqeTT 

#+~q~.  yTT<{ jqeTT b* s+&e jqeTT jTT eueq >TDyT+?

30
O

45O

jqeTT 1

jqeTT 2

13.   <sDeTT qT+& 18 cm <seTT edTe |]eDeTT +f 1/5 e e+T |]eDeTT >\  
|_+yTs&q~. n~ @ syTq <sDeTT? < Hu+seTTqT qT>=q+&.

14.   eTw, +{qT+& 12 cm <s+ eq edTeqT dw+> #&&T.    jTq qTe+{ 
<w|eTTqT |s=q+&. eT]jTT,  <w|eTTq @ syTq eTTqT e|j+#eH  
\T|+&?

15.  |{s <sDeTT ks +BsD> (solar concentrator) m e|jks  sD|eTT 
dVjT+ $e]+#+&?

16.  + >*qT+& 1.47 eueq >TDeTT *q sdH |ydT+~.   >* + y>eTT 
3x10 8 m/s nsTT sdH + y>yT+?

17.  eTTsT>H, 18 cm Hu+seTT >\ |{s <sDeTT eTT+<T \T#T= q >&eTTqT seTT 
#dT+&qT. n&T 12 cm <seTT qT+& < #dT+&qT.

i) <sDeTT qT+& eTTsT>H |_+eTTjTT <syT+?
ii)  eTTsT>H eTTKeTT Hu+seTT +f e <seTT < me <s+ e< e+&+ e\ @<y 

ek *dT+<? <?
18.    d{+ + 1.90 x 10 8 m/s y>+ |jTdT+~. d{eTT jTT eueq >TDyT+?
19.  s+ @sT #dq =y=T\# n\+]+|&q $+<T es, |+> * u |+& 

+|&q {H e+eTTqT e&+#qT. * u >*, n_\+eTTq 45 0  DeTT eqT 
n|dT+~. , C {H n_\+u 30 0 DeTT eqsTT {H eueq 
>TDyT+?

20.   eTj|j | e jTT dMT| _+<Te 75 cm d+.MT.  b d]~<T |j>|&T 
+ jTT Hu+s+ m+ e+&eqT?
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21.  H eT]jTT yD deTT< rs+  bsydq bd  #XsT.  u Xg+ ysT 
HsT=q < {,   n~ +uss eT, <T |{s eTT n y~+#T=+THsT.  
ysT  eTT >T+& #dq|&T edTe\T \+<T\T>  q&TqT.

i)   edTe + qT+& 25 d+.MT <s+ e+& + ne* y| 20 d+.MT <s+ 
|_+yTs&T#Tq~. + jTT Hu+s+ m+?

ii) n~  +BsD e < $eTTFsD e?
22.  deT\+| 15 0 D+ + |qeT>T#Tq~.

i) |q D+ m+?
ii) |sesq DyT+?
iii) $#\q DyT+?                      150

23.  # +&H eT&T s\ <sD\qT m qT>=q>\sT?  sD*e+&.
24.   AC &qy ueTD bq:|H s{+| #dqsTT @$T sT>TH }V+#>\s?

u>eTT ` 
1. i)  +~ u>\qT |+ >T]+#+&.

a) |q sD+
b) eueq sD+ 
c) VsZ sD+
d) eueq D+ 
e) $#\q D+
f) VsZ D+ 
ii)  e+ jTT eueq >TD+ $\Te 2.42.  + ~Xy> d++~+  |e#q+   jTT 

nsyT$T{?
2.  i) |  eTs ^jT+&

ii)  |+ ___________ qT ddTq~.
iii) |+ u>\qT >T]+#+&.
iv)  |]s+ $<TY |yV ~XqT *| eTT @~ ?

A D

B C

N S

R

B1

B2

S2

S1

3.  i)   10 d+.MT Hu+s+ >\  +us +qT+& edTeqT  +~ <s\ +q|&T 
@s& |_++ jTT  s+, d eT]jTT eBsD\qT qT>=q+&.  
a) 15 d+.MT b) 9. 8 d+.MT

ii)  +~ y{ <jT+<T +us + e|j>|&TqT?
a) | bCsT b) VdsU |DT&T (palm reader) ##T u<+.
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4.  30 d+.MT e yks+ >\  |{s <sD+ qT+& 10 d+.MT <s+ 5 d+.MT mT >\ 
 edTe e+#&q~.
i) |_++ jTT s+, d eT]jTT |]eD+qT \|+&.
ii) | eedqT *jTCjTT  sD|{ ^jT+&.

5.   C&T jTT s+#&q <X Ww< N{jT+<T,   
 & qT R  - 3.5 D             m&eT qT R  - 4.00 D
 i)   +{jTT b |s=q+&?
ii)   \T m& |\T#> +{sTT? eT<H  n+#T\e<H?
iii)  @ + n~ Hu+s+ *jTT+T+~?

 deTV\T> @s& #]+#+&.
1.   n+] |]X< X+ * es+ +& N{> |dT+~. B >\  

sD\qT \|+&.
2.   ~X $<TYqT =be s+&T r>\T <={ ]+#T=qTqT. n< $<+>  ~X 

|jT+#T s+&T m\H |+eTT\T <={ ]+#T=qTH? sDeTT*eTT.
3.   _& n<eTT y| 40 MT/ d y>+ b#Tq~. _& d++~+ n<eTT _& jTT 

|_+eTT m+ y>+ |jTdT+~.

Books: 1.  Fundamentals of optics by D.R. Khanna and H.R. Gulati R.Chand & Co

 2.  Magnetism by Joy Frisch - Schnoll published by Creative Eduction.

 3.  Advanced physics by Keith Gibbs Cambridge University press 

     4.  Principles of Physics(Extended) - Halliday, Resnick & Walker,  
Wiley publication, New Delhi.

Webliography:   www.physics about.com,       www.khanacademy.org

	 	 science.howstuffworks.com	 					http://arvindguptatoys.com/films.html

FURTHER REFERENCE
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yT\T
jT XdeTT

n<jTeTT 9. <eD\T
u>eTT `  n   3. 16  >;     u>eTT `    5. 28.57%

n<jTeTT 10. |seDTe\T eT]jTT nDTe\T
u>eTT `  n  2.  2;    3. 22.4 sT;   5. 18 >;   6. 0.5  y

u>eTT `                3.  i) 2  y\T; ii) 0.5  y; iii) 0.25  y, 4. i) 18 >; ii) 44 >; iii) 40 >; iv) 46 >; v) 98 >; 
          5. 16, 256, 2;    6. 6.023 x 10 21 nDTe\T 

         7. i) 40 >, 16 >, 56 >; ii) 40 >, 12 >, 48 >, 100 > 

           8.  i) 90 >; ii) 34 >; iii) 360 > 

u>eTT `     1. i) 3; ii) 53.5  >; iii) nyj ; iv) NH3 + HCl  NH4Cl 

           2. i) (a) 4  y\T, (b)19  y\T; ii) 4.75  y\T; iii) 227 >

                     3. i) 2  y\T; ii) 168 >; iii) 1  y

           4. i) 16 >; ii) 1  y; iii) 1  y; iv) 714.29 >

                     5. i) 71 >; ii) 512 >; iii) 192 >; iv) 56 >

           6. i) 0.142  y;   ii) 1  y;   iii) 1  y;   iv) 0.2  y;   v) 1  y
n<jTeTT 11. skjTq #s\T
u>eTT `  n  2. Cu, CuO; 10. 3

u>eTT `     4. 6

           7. i) A = CaCO3 ; B = CO2 ; ii) $]dq dTq+ (Ca(OH)2 ); 

  iii) C = CaCl2 ; D = H2O, iv) s+ 

           18. i) 8; ii) 6; iii) q <eD+ jTT pH $\Te 7 H me qT n~ seTT.

u XdeTT
n<jTeTT 15.  #\q jTe\T eT]jTT >TsTsD
u>eTT `     5. F = -1125 N;     6. 19.5 N;      11. 117.6 Nm;  de ueT+
        12. 9.8 N kg -1 ;  13. 9.8 ms-2 

        14. i) 9.83 ms -2 ; ii) >TsT sD+ es<T
        15. 1.7342 x 10 -11 ms -2 ;   18. 40 Kg ms-1 ;   19.  g1

 = 1 
5

g ;      20. 0.4 m
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u>eTT `   2. ii) 30 N, - 30 N;  3. i) 2 ms-2 ; ii) 4.475 s ; iii) 6 ms-1

          4. i) 240 kg ms-1 ; ii) - 8 x 10 -14 ms-1;      5. 1: 36   

          6. - 6 ms-1 ;  7. 0.3 m/s 2  eT]jTT 0.4 m/s 2 \T d++~ sDeTT\T
n<jTeTT 16. $<T# eT]jTT X
u>eTT `    5. i) 2.5 W; ii) 2.5 W;      9. 1 W;    11. 10 19 

        12. i) 4.6A ; ii) yV+ jTT s<+ |sT>TT+~;   13. 5 W

        14. i) 20 V; ii) 240 V;  15. I1 = 1 A,  I2 = 2A,  I3 = 0.5 A;  16. 0.4 A

        17. 2 W;  18. 32 W 

u>eTT `    1. 5.79  sE\T  
         2. i) 4 W \ eT<  nsTTq w+ yTT+  = 16 J 

  ii)  12 W  \ eT<  nsTTq w+ yTT+  = 5.227 J

             iii)  6 W  \ eT<  nsTTq w+ yTT+  = 10.61 J

         3. yTT+ $<TY |yV+ 0.3 A, X u<+ 0.3 V

         4.  i) 240 V,  ii) 220 V, iii) AC  | #jT<T, 
          5. 4 W,   6. i) 1.33 W, ii) 1.33 W,  8. 8

3
 R

n<jTeTT 17. $<TY  |yV| njTk+ |*+  eT]jTT  +
u>eTT `  10. - 6.88 cm,       11. 20 cm,    12. 0.707,  13. |{s <sD+; f = - 15 cm

             16. 2.041 x 10 8ms-1, 17. i) 36 cm, 18. 1.579,      19. 1.414,   20. - 75 cm

        21. i) 11.11 cm,  ii)  +BsD +  22.  i = 750 ; r = 750 ; d = 300 

u>eTT `    3. i) (a)  |_+ due+ :  , |<<q eT]jTT \+<Tq~. 
|_+ kq+ v = 30 cm 

            |_+ eBsD+ = - 2 

                  (b)  |_+ due+ :  $T< |<<q eT]jTT  {sq~. 
|_+ kq+ v = - 40 cm ( edTe q y|)

            |_+ eBsD+ = + 5 

          4. i)   |_+ due+ : $T< |<<q eT]jTT  {sq~. 
|_+ kq+ v = 30 cm 

`          |_+ |]eDeTT = 15 cm 
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bs|D[
1. nqTe+  

eT]jTT |]DeT+
nqTe+ eT]jTT |]DeT+: y$<eTT ` e+Xbs+|s+ `            
|]DeT+ ` eqe |]DeT+ ` qT+]+> ` Jek+ 
|]CqeTT ` +> ` eT\D+ (Stem Cell) ` nejTe esqeTT 
` dJe\  ` @D b{H ` jdHsY ` H{ $Cq+ 
` qT 

2. nd+eT eed nd+eT eed: s>eTT eT]jTT < beTTK ` y<T\T  
eT]jTT d+$T+#T >\ sD\T ̀  dJe\ e\q d+$T+#T 
y<T\T ` ysDbjTeTT\T ` y~ y| #+< |<T\T ` y~ 
ysD eT]jTT jT+D `  eT]jTT ysD |<T\T ` y< 
s+>eTT Je k+ |]Cq+ ` HIV ysD

3. eqe nejTe 
eed\ sDeTT  
eT]jTT $<T\T

eqe nejTe eed\ sDeTT eT]jTT $<T\T: H& eed ` 
$H >+<T\T ` D $uq ` $Tjddt <X\T.

4. yTT\ |T yTT\ |T: |T $<H\T ` + eT]jTT n+ 
|T ` |s> d+|seTT ` |\BsDeTT ` |\eTT, $qeTT\T 
@s&T ` $qeTT\ y|

5.  s<\T s<\T: uV ds|XgeTT ` ydeTT ` nqTL\qeTT\T ` 
<V<s $<T\T ` eqe s |dsD eed ` eqe $dsq eed 
` sDeTT eT]jTT $<T\ >\ d++<eTT ` +Te\ |esq 
` k+|T, + |esq\T ` d+q b\q ` +Te\ |esq 
>T]+q eqe <MsDeTT\T

6.  Je|jT\T Je|jT\T: s#qeTT ` bwD s\T ` Xd+#T ` yTT\ 
sT, K \eD\ syD ` +T s |dsD eed ` yTT\T, 
+Te\ $ds eed ` H& eed ` yTT\ deTqjTeTT ` 
|sT>T<\ eT]jTT <*\T.

7. |]ds\ d+sD |]ds\ d+sD: Je$qeTT #+<T eT]jTT #+< es\T 
(eT>Z, eT>Z) ` { jeq+ ` eq +Te\ XsD\j\T ` 
esD eed deTT\eTT ̀  H\u>TZ eT]jTT |{*jT+ ̀  V] 
skjTq XgeTT ` H{ $CqXg+ ` u>eTT >eTeTT> es+
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8. eTT]{ 
jeq+

eTT] { jeq+: { |jD+ ({ #+) ` eTT] sT ` 
eTT] { XBsD ` >V\ ` eTT] { jeq |<T\T 
` b]X<eTT eT]jTT y<T\T ` eTT] { =\+#T q 
|ejT esZeTT\T ` q d+#s |<X\ b]X<+ ` X 
jeq+ ` X F (\T, bsX\) ` k+|<jT X eqsT\T 
(ksX, V&H, >*) ` k+|<jTs X eqsT\T (u>TZ, 
|{*jT+, dVyjTTe) ` Je +<H\  ` $j>eTT ` 
X jeq+ ` eTqb

9. <eD\T <eD\T: <eD, <$eTT ` <eD\ s\T ` <eDjTqT 
|u$+ #d n+X\T ` >Dq\T

10.  |seDTe\T  
eT]jTT nDTe\T

|seDTe\T eT]jTT nDTe\T: <T |seDT d<+eTT 
` ne>& jTeTeTT ` |seDT ` uwk+< eT]jTT 
nDT<es eT< >\ d++<eTT ` |seDTe eT]jTT nDTe\ 
eT< >\ u<\T ` k| |seDT <es ` k| nDT<es ` 
y ueq ` y d+K ` y s#q+ ` y +#T

11. skjT #s\T skjT #s\T: s\T ` skjT #s\ y>eTT ` skjT 
#s y> |u$eTT #d n+X\T ` eTeTT\T ` eTeTT\ s\T 
` e\ skjT <s\T ` e\ |j>\T ` seTT\T ` 
s\ s\T ` s\ skjT <s\T ` s\ |j>\T ` 
e\T eT]jTT s\qT >T]+#&+ ` pH eqeTT ` pH eTT ` 
 J$eTT pH jTT beTTK ` \eD\T ` \eD\ s\T `          
\eD\ |j>\T

12.  eT\\ 
eZsD+

eT\\ eZsD+: n<T esq jTeTeTT ` <T esq |{ 
` <T esq |{ jTT | \DeTT\T ` V d+>VD 
Xg+ ` |]#jTeTT ` V d+>VD Xg+ |j+# |<X+ 
(|<\T) ̀  KC\T, <Te\ eT< >\ u<\T ̀  V\T \ueT>T 
` n\$TjT+, s eT]jTT qTeTT\ jTT V d+>VDXg+ ` 
qTeTTqT  >T]+q V d+>VD Xg+ ` V $TXe\T ` V 
$TXe* jsT #d |<T\T ̀  n\$TjT+, s, qTeTT\ V 
$TXe\T ` V jTeTT ` Vj y]+# |<T\T

13.  sqeTT eT]jTT 
< dyTH\T

sqeTT eT]jTT < dyTH\T: |]#jTeTT ` sq dyTH\T ` 
d+~jT skjTq Xk >T]+q H{ $esD ` sH eT]jTT 
< dyTH\ >\ +<\T ` sH jTT sb+s\T ` sH 
eT]jTT < dyTH\ u <s\T ̀  sH eT]jTT < dyTH\ 
skjTq <s\T ` deTC XDT\T ` V&sH\T, y{ s\T ` 
|yTjT deTV\T ` eZsD ` <H ` <HsTT eTeTT
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14.  =\ k<qeTT\T =\k<qeTT\T:  d> ̀  b&yq <s\qT =\e&+ ̀  K><s+ 
` + d+es+

15.  #\q jTe\T 
eT]jTT 
>TsTsD

#\q jTe\T eT]jTT >TsTsD: ` deTT\ eT]jTT 
ndeTT\ \T ` yTT<{ #\q jTeTeTT ` &eTT eT]jTT 
<es ` <ey>eTT ` s+&e #\q jTeTeTT ` \eTTq 
deTT ` eT&e #\q jTeTeTT ` <ey>  jTe 
s|+#T ` \ueTeTT eT]jTT \jTT>eTT ` >TsTsD` 
qH $X >TsTsD jTeTeTT  ` <es ` sTe ` 
>TsT sDeTT ` u$T <es ` H{ $CqeTT ` #+<jH ` 
jC k+ $<qeTT ` n+] +<eTT

16.  $<T# eT]jTT 
X

$<T# eT]jTT X:  $<TY |yVeTT eT]jTT $<TY e\jTeTT 
` $<TY XeTT eT]jTT $<TY X u<eTT ̀  $<TY e\jT |eTT 
` zyT jTeTeTT ` $<Ts<eTT ` s<\ eed ` $<TY 
|yVeTT e\q @s& w |*eTT ` C w|* jTeTeTT ` 
|PE jTT b ` >V $<TY e\j\T ` $<TY keTseTT ` 
$<TY |yVeTT e\q *> skjTq |*eTT ` $<T~XwD ` 
$<TY |T{\T ` b<$T $<TY |T{\T eT]jTT ~rjT $<TY 
|T{\T ̀  X eqsT\T ̀  k+|<jT X eqsT\T ̀  k+|<jTs 
X eqsT\T ` +<X ` s&j<] ` +< $ eT]jTT 
+< d+j>eTT ` +< #so\ ` |jH\T ` +< 
#s\ <Tw*\T ` H{ $Cq+ ` deTT<| n\\ X

17.  $<TY |yV| 
njTk+ |*+ 
eT]jTT +

$<TY |yV| njTk+ |*eTT:  njTk+ + eT]jTT 
njTk+ \sK\T ` $<TY |eVdTq yV+ e\q   @s& 
njTk+ + ` {sq yV+ @s& njTk+ + ` 
$<TT |eVdTq  es r>#T @s& njTk+ + 
` njTk+ + +#&q $<TY |eVdTq yV+| 
|#d \+ ` |$T+> &# jTeTeTT ` $<TY y{sT ` 
$<T<jTk+ |sD ` bs& #dq |j>\T ` $<T<q ` 
+: + |sesqeTT ` >s <sD\ + |sesqeTT 
` |_+eTT @s&T ` <sD deTT ` eueqeTT ` 
jTeTeTT\T ` eueq >TDeTT ` >s \ + 
eueq+ ` \ |_+u\T @s&T `  deTT ` 
eBsDeTT ̀   keTseTT ̀  |eTT >T+& + eueqeTT 
` |eTT + $XwDeTT ` yesDeTT + eueqeTT 
` eqe qT ̀  <w b\T ̀  ysDbj\T ̀  H{ $CqeTT 
` VT n+] <s<].
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|X| s|+ ` |<e s> $Cq XgeTT (Theory)
deTjT+: 2½  >+\T  yTT+ esT\T: 75

|X| sb+~+#T esT\ {sTT+|

m) keTs y*T#T
e.d+K s+ esT\T %

1 Cq+ 17 15
2 ne>Vq 56 45
3 nqTesq+ 35 30
4 H|D+ 11 10

yTT+ 119 100

>eT 

(1)  mqT=q&q n s\ keTs\ yTT+ esT\T : 119
(2) |X|+ jsT#d|&T, {sTT+#&q esT\ 5% esT +&e#T.

(_) |X\ esT\qT {sTT+#T.

e.
d+

K

|
X

 s
e

TT

|
 

|
X


 

e
sT

\
T

|
X

\ 
d+

K

de
<

H
\

T 
y

j
Te

\d
q 

|
X

\ 
d+

K

yT
T

+ 
e

sT
\

T

1
$u>+ ` m

d]jTq de<q+ 
mqTe&+(OT)

1 15 15
15x 1=15

2
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2CH3COOH + Na2CO3   2CH3COONa+ CO2  +  H2O
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1. 




a) 
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n
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L
PSR (HSC)
 PSR + (HSC × LC) + ZC 




 =  LC =    ZE =    ZC =




PSR 
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PSR + (HSC X LC) ± ZC (mm)
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:

u < 2f


u > 2f
        

f 
u v

u + v
_______=
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