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Cu at\mlcamb temI¯nÂ P\n¨n«pÅ FÃm 
PohPme§fpw X§fptSXmb PohnXssienIÄ 
A\phÀ¯n¡p¶p. Hcp ckX{´Úsâ ImgvN 
¸mSneqsS \n§fpsS ssZ\wZn\ PohnXs¯ 
ho£n¡pIbpw A]{KY\w sN¿pIbpw sNbvXn 
«pt≠m? \ap¡v Npäpw, \½psS icoc¯nÂ t]m 
epw FÃm kab§fnepw cmk {]hÀ¯\§Ä \S 
¶psIm≠ncn¡p¶p.

GsXmcp amäs¯bpw `uXnIamäw, cmkamäw 
F¶n§s\ c≠mbn Xcw Xncn¡mhp¶XmWv. 
`uXnI amä§Ä Ffp¸¯nÂ ]qÀhmhØ         
{]m]n¡¯¡XmWv. F¶mÂ Hcp cmkamäs¯ 
]qÀÆØnXnbntes¡¯n¡p¶Xv A{X Ffp̧ aÃ. 
ImcWw F´mbncn¡pw? cmk{]hÀ¯\§Ä 
\S¡pt¼mÄ ]pXnb ]ZmÀ°§Ä D≠mIp¶p. 
ChbnÂ \n¶v aqe]ZmÀ°§sf ]p\x krãn¡pI 
F¶Xv {]bmktadnb H¶mWv. `uXnI amä§sf 
At]£n¨v cmkamä§Ä ØmbnbmbhbmWv. 
FÃm cmkamä§fpw cmk{]hÀ¯\§tfmsSm¸w 
kw`hn¡p¶p. 

Hcp cmk{]hÀ¯\w \S¶psh¶v \ap¡v 
F§s\ Adnbm³ Ignbpw? Cu tNmZy¯n\p 
Å D¯cw e`n¡p¶Xn\mbn \ap¡v Nne {]hÀ 
¯\§Ä sNbvXp t\m¡mw.

shÅns¡mepknsâ Xnf§p¶ shÅ\ndw 
kmh[m\w Idp¯ \ndambn amdp¶p. AXmbXv 
shÅns¡mepknsâ \ndw a§p¶p F¶v \mw     
]dbp¶p.  CXnsâ ]n¶nepÅ ImcWsa´mbncn 
¡psa¶v  \n§Ä¡v Duln¡mtam?

shÅn hmbphnepÅ ssl{UP³ kÄss^ 
Upambn {]Xn{]hÀ¯n¨Xnsâ ^eambp≠mb 
knÂhÀkÄss^UmWnXn\p (Ag2S) ImcWw

ISpw aª\nd¯nepÅ Hcp Ah£n]vXw 
D≠mIp¶Xv \n§Ä¡v \nco£n¡m\mIp¶p. 
A§s\btÃ? 

CXv seUv AsbmssUUv (PbI2)BWv.•  \n§fpsS A½bpsStbm ktlmZcnbp sStbm ]p 
Xnb shÅns¡mepknÂ t\m¡pI.

 • sImepknsâ \ndw {i²n¡pI.

 • Hcp ]gb sImepknsâ \ndw \nco £n¡pI.

 • F v́ amäamWv \n§Ä¡v \nco£n¡m\m Ip¶Xv?

Nn{Xw 11.1.  shÅns¡mepkv

 • Hcp _o¡dnÂ seUvss\t{Säv emb\n FSp 
¡pI.

 • Hcp ]co£W¡pgenÂ s]m«mkyw Asbm 
ssUUv emb\n FSp¡pI (c≠v emb\nIfpw  \
ndanÃm̄ hbmWv)

 • s]m«mkyw AsbmssUUv emb\nsb kmh[m\w 
seUvss\t{Säv emb\n bnÂ tNÀ¡pI.

 • F ḿWv \n§Ä¡v \nco£n¡m³ Ignbp¶Xv?

Nn{Xw 11.2 seUvAsbmssUUnsâ aª 
\nd¯nepÅ Ah£n]vXw

seUv AsbmssUUv

cmk{]hÀ¯\§Ä

10A²ymbw 11

{]hr¯n 11.1

{]hr¯n 11.2
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\n§Ä¡v NqSv A\p`hs¸Sp¶pt≠m? 
F´mWv kw`hn¨sX¶v \ap¡v a\Ênem¡mw.

ImÂkywHmIvsskUv (Izn¡vssew) Pe hpambn 
{]hÀ n̄̈ v \oävNp®m¼v AYhm  ImÂkyw ssl 
t{UmIvsskUv (tÉ¡Uv ssew) DXv]mZņ n ¡p¶p. 
CXv Hcp Xm]tamNI (exothermic) {]hÀ¯\amWv. 
Cu {]hÀ¯\ n̄Â koÂ¡mciÐhpw IpanfIfpw 
D≠mIp¶Xnt\msSm¸w A[nIbfhnÂ Xm]hpw 
DXvkÀÖn¡s¸Sp¶p.

 IpanfIÄ \pcªv s]m§n hcp¶Xv \n 
§Ä¡v \nco£n¡m\mtbm? CXv ImÀ_¬ ssU 
HmIvsskUv hmXIw DXvkÀÖn¡p¶ Xn\memWv. 

ChsbÃmw Hcp cmk{]hÀ¯\¯nÂ ImW 
s¸Sp¶ Nne s]mXphmb \nco£W§fmWv \mw 
apIfnÂ sNbvXpt\m¡nb {]hr¯nIfnÂ \n¶pw, 
cmk{]hÀ¯\§Ä Hcp Øncamb amäw D≠m 
¡p¶Xnsâ ^eambn ]pXnb DXv]¶(§sf)s¯ 
\ÂIp¶ H¶msW¶v hyàambn a\Ênem¡m 
hp¶XmWv. 

cmk{]hÀ¯\¯nÂ ]s¦Sp¡p¶ ]ZmÀ° 
§sf A`nImcI§sf¶pw cmk{]hÀ¯\ ^eam 
bp≠mIp¶hsb DXv]¶§Ä F¶pw  ]dbp¶p.

11.1.  cmk{]hÀ¯\§fpsS Xc§Ä

hnhn[Xcw cmk{]hÀ¯\§Ä DÅXn\m 
Â Ahsb XcwXncn¡p¶Xp hgn cmk{]hÀ 
¯\§sf¡pdn¨pÅ ]0\w Ffp¸am¡m\m 
Ip¶p. DXv]¶w D≠m¡p¶ coXnsb B{ibn¨v 
cmk{]hÀ¯\§sf Bdv henb hn`mK§fnembn 
Xcw Xncn¨n¡p¶p.

cmk{]hÀ¯\§fpsS hnhn[ Xc§sf ¸än 
\ap¡v t\m¡mw.

1. kwtbmP\ A`n{Inb (Combination          
Reaction)

 • Hcp _o¡dnÂ 5 {Kmw ImÂkyw HmIv 
sskUv (\oäpI¡) FSp¡pI.

 • CXnÂ kmh[m\w Pew tNÀ¡pI.

 • _o¡À sXm«pt\m¡pI.

 • F´mWv \n§Ä¡v A\p`hthZyam 
Ip¶Xv? 

 • Hcp ]co£W IpgenÂ Hcev]w  ImÂkyw 
ImÀ_tWäv s]mSn FSp¡pI.

 • t\À¸n¨ sslt{Umt¢mdnIv A¾w 
tNÀ¡pI.

 • ]co£W IpgenÂ \S¡p¶ amä§Ä 
{i²m]qÀÆw a\Ênem¡pI.

Nn{Xw 11.3 ImÂkywImÀ_tWäpw t\À¸n¨ 

HCl Dw X½nepÅ {]hÀ¯\w

IpanfIÄ       

\pcªp      

s]m§n 

hcp¶p

{]hr¯n 11.3 Â Dev]mZn¸n¨ \oäp 
Np®m¼v (Slaked lime) NphcpIfnÂ shÅ ]
qip¶Xn\mbn D]tbmKn¡p¶p. ImÂkyw 
sslt{UmIvsskUv kmh[m\w hmbphnepÅ 
ImÀ_¬ssUHmIvsskUpambn {]hÀ¯n v̈ Npa 
cpIfpsS ]pd v̄ ImÂkywImÀ_tWänsâ Hcp  
t\cnb ]Sew D≠m¡p¶p. shÅ ]qin ct≠m 
aqt¶m Znhk§Ä¡pÅnÂ ImÂkywImÀ_tWäv 
D≠mIp¶Xn\mÂ CXv NphcpIÄ¡v  Xnf¡w    
\ÂIp¶p. amÀ_nfnsâ cmkkq{Xhpw CaCO3 
BsW¶dnbp¶Xv hfsc ckIcamb Hcp hkvXp 
XbmWv.

{]hr¯n 11.3

{]hr¯n 11.4

IqSpXembn Adnbm³

A B A B
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A,  B  bpambn kwtbmPn¨v AB F¶ Hcp 
]pXnb DXv]¶w D≠mIp¶p. Cu {]hÀ¯\w 
kwtbmP\A`n{Inbsb efnXambn {]Xn\n 
[oIcn¡p¶p.

taev]dª {]hÀ¯\¯nÂ saKv\ojyw 
HmIvknP\pambn kwtbmPn¨v saKv\ojyw HmIvs-
skUv F¶ Hcp DXv]¶w D≠m¡n. C{]Imcw 
ct≠m AXne[nItam A`nImcI§Ä kwtbmPn¨v 
Hcp DXv]¶w D≠m¡p¶ cmk{]hÀ¯\s¯ kw 
tbmP\ A`n{Inb F¶dnbs¸Sp¶p.

       2Mg + O2 → 2MgO

"{]hr¯n 11.3" BhÀ¯n¨v sN¿pI. Cu 
cmk{]hÀ¯\hpw kwtbmPI A`n{Inbbv¡v 
Hcp DZmlcWamWv. Cu cmk{]hÀ¯\¯nsâ 
cmkkaoIcWw FgpXpI.

kwtbmP\ A`n{InbIÄ¡pÅ IqSpXÂ 
DZmlcW§Ä \ap¡v t\m¡mw.

 • IÂ¡cn I¯p¶Xv 
   C + O 2 → CO2 

↑

 • ssl{UP³ I¯p¶Xv

   2H2 + O2 → 2H2O

2.  hnLS\ A`n{Inb (Decomposition Reaction)

AB, F¶ kwbpIvXw A bpw B bpambn hnLSn 
¡p¶p. CXv hnLS\ A`n{Inbsb {]Xn\n[oIcn 
¡p¶p. 

 ]¨\ndw, Idp¯\ndambn amdp¶Xv \n 
§Ä¡v \nco£n¡m\mbn. CXv tIm¸ÀImÀ_
tWän\v tIm¸À (II) HmIvsskUmbn hnLS\w 
kw`hn¨Xn\memWv.

      CuCO3 → CuO + CO2
↑

 • ip²amb Hcp IjWw saKv\ojyw \mS 
FSp¡pI.

 • \mSsbHcp NhWbp]tbmKn¨v ]nSn 
¡pI.

 • Hcp _ÀWÀ D]tbmKn¨v hmbp hnÂ 
h¨v AXns\ I¯n¡pI. (Mg \m 
Ssb \n§fpsS I®pIfnÂ\n¶pw ]äp 
¶{Xbpw Zqcw amän ]nSn¡pI). 

 • Nmcw tiJcn¡pI. 

BABA

{]hr¯n 11.6

 • CuÀ¸anÃm¯ Hcp ]co£WIpgenÂ 
Dt±iw 2g tIm¸ÀImÀ_tWäv s]mSn FSp 
¡pI.

 • tIm¸ÀImÀ_tWänsâ \ndw {i²n¡pI.

 • Hcp PzmebnÂh¨v ]co£WIpgens\ 
NqSm¡pI.

 • NqSm¡nbXn\p tijapÅ amäw \nco£n 
¡pI.

Nn{Xw11.5tIm¸À ImÀ_tWäv AS§nbn«pÅ     

]co£W¡pgens\ NqSm¡p¶p.

Nn{Xw 11.4  Mg \mS I¯n¡p¶Xv

saKv\ojyw \mS

tIm¸À 

ImÀ_tWäv

tIm¸À (II) HmIv 

sskUv

{]hr¯n 11.5

{]hr¯n 11.6

∆
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Nph¶ Xhn«p\nd¯nepÅ hmXIw (NO2)   
]pdt¯bv¡v hcp¶Xv \n§Ä¡v \nco£n 
¡m\mIpw. CXn\pImcWw seUv ss\t{Säv, 
seUvHmIvsskUpw, ss\{SP³ssU HmIvssk 
Upw HmIvknP\pambn hnLSn¨XmWv.

2Pb(NO3)2 → 2PbO + 4NO2↑ + O2↑

taev]dª c ≠v {]hr¯nIfnÂ \n¶pw 
(11.6 Dw 11.7 Dw) Hcp kwbpà¯n\v hnLS\w 
kw`hn¨v ct≠m AXnÂ IqSpXtem kwbpà §Ä 
D≠mIp¶Xmbn \ap¡v a\Ênem¡phm³ Ignbpw. 
C¯c¯nepÅ cmk{]hÀ¯\s¯ hnLS\ 
A`n{Inb F¶p ]dbp¶p.

hnLS\ A`n{Inbbv¡v aäpNne DZmlcW 
§fmWv : 

1. Np®m¼v IÃnsâ hnLS\w

    CaCO3 → CaO + CO2↑
2. AtamWnbwssUs{Imtaänsâ hnLS\w

     (NH4)2Cr2O7 → Cr2O3↑ + N2↑ + 4H2O↑

3.  hnØm]\ (BtZi) A`n{Inb (Displacement 
Reaction)

A-bv¡pw, BC-bv¡pw CSbnÂ \S¡p¶ 
cmk{]hÀ¯\¯nÂ A, B-sb BC- bnÂ \n ¶pw 
BtZiw sNbvXv AC D≠mIp¶p. CXv A, bv¡v B- 
sb¡mfpw IqSpXÂ {Inbmioew Ds≠¶pÅXns\ 
ImWn¡p¶p. 

Nn{Xw 11.6 Ccp¼v tIm¸dns\ tIm¸ÀkÄt^äv 
emb\nbnÂ\n¶v hnØm]\w sN¿p¶p. 

 
 tIm¸ÀkÄt^äv emb\nbpsS \oe\ndw 
amdn ]¨\n damIp¶p. Ccp¼mWn Xhn«p \ndhpw t\
Sp¶p. CXv {i²n¡¯¡ Hcp amäamWv. A§s\
btÃ? Cu amäw Ccp¼n\v tIm¸dns\¡mÄ {Inbm 
ioeX IqSpXemsW¶v ØncoIcn¡p¶p. Cu 
{]hÀ¯\¯nÂ Xmsg ]dbp¶ cmkA`n{Inb 
\S¡p¶p.

 Fe + CuSO4 → FeSO4 + Cu
Cu cmk{]hÀ¯\¯nÂ Ccp¼v, CuSO4 

emb\nbnÂ\n¶pw tIm¸dns\ hnØm]\w 
sN¿p¶p. 

{]hr¯n 11.8 se Ccp¼v BWn¡v ]Icw kn¦v 
ZÞv D]tbmKn¨v {]hÀ¯\w BhÀ ¯n¡pI. 
ZÞnepw emb\nbnepw F´v \ndhyXymk§fmWv  
\n§Ä¡v \nco£n¡m\mIp¶Xv? Cu cmk{]
hÀ¯\¯nsâ kaoI cWw FgpXpI.

 • Hcp ]co£WIpgenÂ seUv ss\t{Säv FSp 
¡pI.

 • AXns\ Hcp PzmebnÂ h¨v NqSm¡pI.

 • amä§Ä \nco£n¡pI.

A BA CB C

 • Hcp _o¡dnÂ 20 ml tIm¸ÀkÄt^äv 
emb\n FSp¡pI.

 • _o¡dn\pÅnÂ Hcp Ccp¼mWn CSpI.

 • CXns\ Ipd¨v Znhk§Ä A§s\ Xs¶ 
kq£n¡pI.

 • tIm¸ÀkÄt^äv emb\nbpsSbpw Ccp 
¼mWnbpsSbpw \ndw \nco£n¡pI.

hfsc DbÀ¶ DujvamhnÂ AtamWnbw 
ssUs{Imtaäv AXnthK¯nÂ hnLSn¨v                
\ocmhntbmsSm¸w ]¨\nd¯nepÅ _mjv]
hpw kzX{´am¡p¶p. CXv ImgvNbv¡v 
AKv\n ]ÀÆXw s]m«p¶ Xpt]mse tXm¶p 
¶Xn\mÂ  CXns\ cmkAKv\n  ]ÀÆXw 
F¶v ]dbs¸Sp¶p. 

tIm¸ÀtIm¸À 
kÄt^äv 
emb\n

s^dkv
kÄt^äv

∆

∆

∆

{]hr¯n 11.7

IqSpXembn Adnbm³

{]hr¯n 11.8
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CXm asämcpZmlcWw:
 Pb + CuCl2 → PbCl2 + Cu

seUn\v, tIm¸dns\ AXnsâ emb\nbnÂ \n¶v 
hnØm]\w sN¿m³ Ignbpw. sN¼n\v kn¦ns\
tbm, seUns\tbm AhbpsS ehW emb\nIfnÂ  
\n¶v hnØm]\w sN¿m³ km[n¡ptam? CÃ, 
ImcWw kn¦v, seUv F¶nhsb¡mÄ tIm¸dnsâ 
{InbmioeX IpdhmWv.

{InbmioeX IqSnb Hcp aqeIw {InbmioeX 
Ipdª Hcp aqeI¯ns\ AXnsâ kwbpà ̄ nÂ 
\n¶v hnØm]\w sN¿p¶ cmk{]hÀ¯\¯ns\ 
hnØm]\ A`n{Inb F¶p      ]dbp¶p.

4.  Zzn hnLS\ cmk A`n{Inb (ZznhnØm]\ 
A`n{Inb)  

AB,CD ChX½nepÅ cmk{]hÀ¯\¯nÂ 
c≠v A`nImcI kwbpà§fpw hnLSn¨v ]
ckv]cw AtbmWpIfpsS ]p\Àhn\ymkw \S¯n 
AD,CB F¶o c≠v kwbpà§Ä D≠m¡p¶p.

Pe¯nÂ Atebamb Hcp shfp¯ ]
ZmÀ°w D≠mIp¶Xv \n§Ä¡v ImWm\mIpw. 
D≠mb Atebamb ]ZmÀ°¯ns\ Ah£n]vXw 
F¶dnbs¸Sp¶p. Ah£n]vXw krãn¡p¶ G 
sXmcp cmk{]hÀ¯\¯ns\bpw {]nkn¸ntäj³ 
(Ah£n]vXs¸SÂ) cmk{]{Inb F¶p ]dbp¶p. 
shfp¯ \nd¯nepÅ Ah£n]vXw t_dnbw 
kÄt^ämWv. SO4

2-, Ba2+ F¶o AtbmWpIÄ 
X½nÂ {]Xn{]hÀ¯n¨XpImcWamWv CXv 
D≠mbXv. D≠mIp¶ asämcpXv]¶w tkmUnbw 
t¢mssdUmWv.

     Na2SO4 + BaCl2 → BaSO4↓ + 2NaCl 

ZznhnLS\ cmk{]{Inbbv¡v asämcpZmlc 
Wambn {]hr¯n 11.2 BhÀ¯n¨v sN¿pI. cmk{]
hÀ¯\w \nco£n¡pI. kaoIcWhpw FgpXpI.

c≠v A`nImcI ]ZmÀ°§fpsSbpw Atbm 
WpIsf ]ckv]cw amäns¡m≠v c≠v hyXykvX 
DXv]¶§Ä D≠m¡p¶ cmk{]{InbbmWv, 
ZznhnLS\ A`n{Inb.

asämcpZmlcWw

        CuSO4 + H2S → CuS↓ + H2SO4

5. HmIvkoIcWhpw 
    \ntcmIvkoIcWhpw 

Pohsâ \ne\nev]n\v hfsc AXy´m 
t]£nXamb Hcp aqeIamWv HmIvknPs\¶Xv. 
\aps¡Ãmt]À¡pw Adnbmhp¶ Hcp hkvXpX 
bmWv. HcmÄ¡v `£WanÃmsXtbm, PeanÃmsX  
t]meptam GXm\pw Znhk§Ä Pohn¡m³ 
Ignbpw. F¶mÂ HmIvknP\nÃm sX Pohn¡m³ 
km[yaÃ. \½psS \nXyPohnX¯nÂ hkv{X§fpsS 
\ndw a§p¶Xv, ]mNIhmXIw, XSn, IÂ¡cn             
t]mepÅ Pze\ImcnIsf I¯n¡p¶Xv, Ccp¼v 
km[\§Ä Xpcp¼v ]nSn¡p¶Xv F¶n§s\
bpÅ {]Xn`mk§Ä \mw ImWmdp≠v. C¯c¯n 
epÅ FÃm {]{InbIfpw HmIvkoIcW \ntcm 
IvkoIcW cmk{]{Inb (dntUmIvkv cmk{]
{Inb) F¶ cmk{]hÀ¯\¯nsâ Hcp {]
tXyI hn`mK¯nÂ DÄs¸Sp¶hbmWv. sshZypX 
te]\w, Aepan\nbw t]mepÅ teml§fpsS 
\njvIÀjWw XpS§nb [mcmfw hymhkmbnI 
{]{InbIfpw dntUmIvkv cmk{]hÀ¯\s¯ 
ASnØm\am¡nbpÅhbmWv.

A B DC A D C B

 • Hcp ]co£WIpgenÂ 5 ml tkmUnbw 
kÄt^äv FSp¡pI.asämcp ]co£WIp 
genÂ 5 ml t_cnbw t¢mssdUv FSp¡pI.

 • c≠v emb\nIsfbpw X½nÂ IeÀ¯pI.

 • F´mWv \n§Ä¡v \nco£n¡m\mIp¶Xv?

t_cnbw kÄt^äv 

Nn{Xw  11.7 t_cnbw kÄt^äv D≠mIp¶p  

{]hr¯n 11.9
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HmIvkoIcWw  (Oxidation):
HmIvknP³ tNÀ¡s¸SpItbm AsÃ¦nÂ 

ssl{UPs\ \o¡w sN¿pItbm AXpasÃ¦nÂ 
CeIvt{SmWpIsf \ãs¸SpItbm sN¿p¶ Hcp 
cmk{]hÀ¯\s¯bmWv HmIvkoIcWw F¶p ]d 
bp¶Xv.

2Mg + O2 → 2MgO (HmIvknP³ tNÀ¡s¸Sp¶p)
H2S + Br2 → 2HBr + S  (ssl{UPs\ 
\o¡wsN¿p¶p)
Fe2+ → Fe3+ + e- (CeIvt{Sm¬ \ãs¸Sp¶p)

\ntcmIvkoIcWw (Reduction):
ssl{UP³ tNÀ¡s¸SpItbm AsÃ¦nÂ 

HmIvknPs\ \o¡w sN¿pItbm AXpasÃ¦nÂ 
CeIvt{SmWpIsf t\SpItbm sN¿p¶ Hcp cmk{]
hÀ¯\s¯bmWv \ntcmIvkoIcWw F¶p ]
dbp¶Xv.

2Na + H2 → 2NaH (ssl{UP³ tNÀ¡s¸Sp¶p) 
CuO + H2 → Cu + H2O  (HmIvknPs\ \o¡w 
sN¿p¶p)
Fe3+ + e- → Fe2+ (CeIvt{SmWpIsf t\Sp¶p)

dntUmIvkv (HmIvkoIcW \ntcmIvko IcW) {]
hÀ¯\w

HmIvkoIcWhpw \ntcmIvkoIcWhpw Hcpan¨v 
\S¡p¶ Hcp cmk{]hÀ¯\s¯bmWv dntUm 
Ivkv {]hÀ¯\w F¶p ]dbp¶Xv.

 Zn + CuSO4 → Cu + ZnSO4

atäsX¦nepsamcp dntUmIvkv {]hÀ¯\w 
FgpXp¶Xn\v {ian¨pt\m¡q.

Nn{Xw  11.8 dntUmIvkv {]hÀ¯\w

\ntcmIvkoIcWw

HmIvkoIcWw

tIm¸ÀtIm¸À (II) HmIvsskUv

HmIvkoIcWsa¶Xv 
HmIvknP³ t\SÂ 
ssl{UP³ \ã 
s¸SÂ 
CeIvt{SmWpIÄ \ã 
s¸SÂ         

\ntcmIvkoIcWsa¶Xv 
HmIvknP³ \ãs¸SÂ 
ssl{UP³ t\SÂ

 CeIvtSmWpIÄ t\SÂ

FÃmbvt¸mgpw HmIvkoIcWhpw, \ntcmIv 
koIcWhpw Hcpan¨v Xs¶ kw`hn¡p¶p. 

AXn\mÂ Cu cmk{]hÀ¯\s¯ dntUmIvkv 
{]hÀ¯\w F¶p ]dbp¶p.

tIm¸À (II) HmIvsskUv tIm¸dmbn amdpt¼mÄ 
AXv HmIvknP³ \ãs¸Sp¯pIbpw \ntcmIvko 
Icn¡s¸SpIbpw sN¿p¶p. HmIvknP³ t\Sp¶ 
ssl{UP\v HmIvkoIcWhpw kw`hn¡p¶p. asämcp 
hn[ ¯nÂ ]dªmÂ cmk{]hÀ¯\w \S¡pt¼mÄ 
A`n ImcI§fnsem¶n\v HmIvko IcWhpw asäm¶n\v 
\ntcmIvkoIcWhpw kw`hn¡p¶p. C¯c¯nepÅ 
cmk{]hÀ¯\§sf HmIvkoIcW - \ntcmIvko 
IcW {]hÀ¯\§Ä AYhm dntUmIvkv {]hÀ¯\ 
§Ä F¶p ]dbp¶p. 

ad¡cptX
CeIvt{Sm¬ \ãs¸Sp¶XmWv HmIvkoIcWw

CeIvt{Sm¬ t\Sp¶XmWv \ntcmIvkoIcWw

LEO, GER F¶o]Z§Ä CXv HmÀ½n¨p     

hbv¡m³ \n§sf klmbn¡pw.
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HmIvkoIcW{]{Inb Blmct¯bpw 
aäv `£y]ZmÀ°§tfbpw tISm¡p¶p. 
sImgp¸v, F® F¶nhbS§nbn«pÅ 
`£W ]ZmÀ°s¯ Iptd kabw h¨ncp 
¶mÂ AXv No¯bmIp¶p. ]gInb `£ 
W]ZmÀ°¯nÂ \n¶v ZpÀKÔhpw D≠m 
Ip¶p. ssXcv, Nokv t]mepÅhbnÂ  {]
tXyIn¨pw th\Â Ime§fnÂ CXv hfsc 
km[mcWamWv. F®Ifpw, sImgp¸pIfpw 
ZpÀKÔw han¡p¶ Nne kwbpà§fmbn 
kmh[m\¯nÂ HmIvkoIcn¡s¸Sp¶p.

11.2. cmk{]hÀ¯\¯nsâ \nc¡v
Hcpam{Xkab¯n\pÅnÂ GsX¦nepsamcp 

A`nImcI¯nsâtbm, DÂ]¶¯nsâtbm KmV 
XbnÂ hcp¶ amäs¯ cmk{]hÀ¯\ n̄sâ \nc 
¡mbn \nÀhNn¡mhp¶XmWv. 

XmsgbpÅ cmk{]hÀ¯\s¯ ]cnKWn 
¡pI.

  A → B

cmk{]hÀ¯\ \nc¡v

             d[A]            d[B] 
\nc¡v    =  -  -------  =  +  -------
     dt             dt 
[A] - A F¶ A`nImcI¯nsâ KmVX

[B] - B F¶ Dev]¶¯nsâ KmVX 
(-) NnÓw kabw IqSp¶Xn\\pkcn¨v A bpsS 
KmVX Ipdbp¶p F¶Xns\ kqNn¸n¡p¶p. 

(+) NnÓw kabw IqSp¶Xn\\pkcn¨v B bpsS 
KmVX hÀ²nbv¡p¶psh¶Xns\ kqNn¸n¡p¶p. 

11.2.1.  cmk{]hÀ¯\¯nsâ \nc¡n s\ 
kzm[o\n ¡p¶ LSI§Ä

 •  A, B F¶o c≠v ]co£WIpgepIfnÂ saKv 
\ojyw \mS FSp¡pI.

 • ]co£WIpgÂ A bnÂ sslt{Um t¢mdnIv 
A¾w tNÀ¡pI.

 • ]co£WIpgÂ B bnÂ AskänIv A¾w 
tNÀ¡pI.

 • c≠v]co£WIpgepIfnepw \S¡p¶ 
amä§Ä \nco£n¡pI.

IqSpXembn Adnbm³

6.  Xm]tamNI, Xm]timjI cmk{]hÀ¯\§Ä 
(Exothermic and Endothermic Reaction) 

 cmk{]hÀ¯\§Ä \S¡pt¼mgpÅ {]
[m\s¸« s]mXphmb Hcpamäw DujvamhnÂ hcp¶ 
amäamWv. hkv{X§Ä Ae¡p¶Xn\mbn Ae¡p 
tkm¸ns\ Pe¯nÂ ebn¸n¡pt¼mÄ Xm]w 
DXvkÀÖn¡p¶p. \½psS \mhnÂ ¥qt¡mkv 
hbv¡pt¼mÄ \Ã XWp¸v A\p`hthZyamIp¶p. 
Cu {]{InbIfnÂ Npäp]mSpIfnÂ \n¶v Xm]w 
DXvkÀÖn¡pItbm, BKncWw sN¿pItbm sN 
¿p¶p. C{]Imcw an¡hmdpapÅ cmk{]hÀ¯ 
\§fnÂ DuÀÖw BKncWw sN¿pItbm, ]pd 
t¯bv¡v hnSpItbm sN¿p¶p.

a. Xm]tamNI (Exothermic) {]hÀ¯\§Ä

Xmt]mÀÖw DXvkÀÖn¨vsIm≠v \S¡p¶ 
cmk{]hÀ¯\§sf Xm]tamNI cmk{]hÀ¯ 
\§Ä F¶p]dbp¶p.

   N2 + 3H2 → 2NH3 + Xm]w

FÃm Pze\ {]hÀ¯\§fpw Xm]
tamNI {]hÀ¯\§fmWv. cmk{]hÀ¯\w                                               
]ptcmKan¡pt¼mÄ Xmt]mÀÖw kzX{´am 
¡p¶p.

b. Xm]timjI (Endothermic) 
    {]hÀ¯\§Ä

Xmt]mÀÖw BKncWw sNbvXpsIm≠v 
\S¡p¶ cmk{]hÀ¯\§sf Xm]timjI   {]
hÀ¯\§Ä F¶p ]dbp¶p.

   2NH3 + Xm]w → N2 + 3H2

{]hr¯n 11.10

sslt{Umt¢mdnIv A¾hpambpw AskänIv 
A¾hpambpw saKv\ojyw \mS {]Xn{]hÀ¯n¡p¶p. 
F¶mÂ sslt{Umt¢mdnIv A¾hpambpÅ cmk{]
hÀ¯\w AskänIv A¾hpambpÅXnt\¡mÄ 
thK¯nÂ \S¡p¶p. F´psIm≠msW¶v \n 
§Ä¡dnbmtam? AskänIv A¾¯ns\¡mfpw 
{Inbmioe X IqSpXÂ sslt{Umt¢mdnIv A¾¯n                 
\mWv. CXv A`nImcI¯nsâ {]IrXw cmk{]
hÀ¯\¯nsâ \nc¡ns\ kzm[o\n¡p¶psh¶v 
shfns¸Sp¯p¶p.
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amÀ_nÄ IjW n̄Â AS§nbncn¡p¶ ImÂkyw 
ImÀ_tWäv sasÃ sslt{Umt¢mdnIv A¾hpambn 
{]hÀ n̄̈ v ImÀ_¬ssU HmIvsskUns\ 
kmh[m\ n̄Â ]pdt¯bv¡v hnSp¶p. F¶mÂ 
NqSm¡pt¼mÄ, ImÀ_¬ ssUHmIvsskUv _
lnÀKan¡p¶ \nc¡v hÀ²n¡p¶p. CXv Dujvamhv 
hÀ²n¡pt¼mÄ cmk{]hÀ¯\ n̄sâ \nc¡pw 
hÀ²n¡p¶p sh¶Xns\ shfns¸Sp¯p¶p.

5. DXvt{]cIw

s]m«mkywt¢mtdäns\ NqSm¡pt¼mÄ AXnÂ 

\n¶v kmh[m\w HmIvknP³ hmXIw _lnÀKan 

¡p¶p. F¶mÂ A`nImcI¯nt\mSpIqSn amwK 

\okvssUHmIvsskUv tNÀ¯p Ignbpt¼mÄ 

HmIvknP³ hfsc thK¯nÂ kzX{´amIp¶p. 

CXnÂ\n¶pw amwK\okvssUHmIvsskUv Hcp 

DXvt{]cIambn {]hÀ¯n¡p¶psh¶pw cmk{]

hÀ¯\¯nsâ  \nc¡ns\ kzm[o\n¡p¶psh¶pw 

a\Ênem¡mw.

 amÀ_nÄ IjvW§sf¡mfpw hfsc 
thK¯nÂ s]mSn¨ ImÂkyw ImÀ_tWäv sslt{U 
t¢mdn¡v A¾hpambn {]Xn{]hÀ¯n¡p¶p. 
ImcWsa´m bncn¡pw?
 s]mSn¨ImÂkyw ImÀ_tWän\v cmk{]
hÀ¯\ ¯n\mbn IqSpXÂ {]XehnkvXoÀ®w 
\ÂIphm³ Ignbp¶Xn\mÂ cmk{]hÀ¯\w 
hfsc thK¯nÂ \S¡p¶p. {]Xehnkv XoÀ®w 
hÀ²n¡p¶Xn\\pkcn¨v cmk{]hÀ¯\¯nsâ    
\nc¡pw hÀ²n¡p¶psh¶v CXv shfns¸Sp¯p¶p.

 • A, B F¶o c≠v ]co£WIpgepIfnÂ 3 g 
hoXw kn¦v XcnIÄ FSp¡pI.

 • ]co£WIpgÂ A bnÂ 5 ml 1 M 
ssl{Umt¢mdnIv A¾w tNÀ¡pI.

 • ]co£WIpgÂ B bnÂ 5 ml 2 M ssl 
t{Umt¢mdnIv A¾w tNÀ¡pI.

 • amä§Ä \nco£n¡pI

 •  A F¶ _o¡dnÂ s]mSn¨ ImÂkyw 
ImÀ_tWäv FSp¡pI. 

 •  B F¶ _o¡dnÂ amÀ_nÄ IjWw 
(ImÂkywImÀ_tWäv) FSp¡pI.

 • A, B F¶o c≠v _o¡dpIfnepw 
sslt{Umt¢mdnIv A¾w tNÀ¡pI.

 • amä§Ä \nco£n¡pI.

 • Hcp _o¡dnÂ 3 g amÀ_nÄ IjWw 
FSp¡pI.

 • AXnÂ 5 ml, 1 M sslt{Umt¢mdnIv 
A¾w tNÀ¡pI.

 • amä§Ä \nco£n¡pI.
 • _o¡dns\ NqSm¡pI.
 • amä§Ä \nco£n¡pI.

2 . A`nImcI§fpsS KmVX

{]hr¯n 11.11

kn¦v XcnIÄ 1 M sslt{Umt¢mdnIv 
A¾hpambpw 2 M sslt{Umt¢mdnIv A¾hp 
ambpw {]Xn{]hÀ¯n¡p¶p. F¶mÂ ]co 
£WIpgÂ B bnÂ \n¶pw ssl{UP³ ]p d 
t¯bv¡v hcp¶ \nc¡v ]co£WIpgÂ B bnÂ 
\n¶pw hcp¶Xns\¡mÄ IqSpXemWv.CsX´p 
sIms≠¶mÂ 1 M sslt{Umt¢mdnIv A¾¯ns\ 
¡mÄ KmVX IqSnbXmWv 2 M sslt{Umt¢mdnIv 
A¾w. AXmbXv A`nImcI¯nsâ KmVX hÀ²n 
¡pt´mdpw cmk{]hÀ¯\¯nsâ  \nc¡pw hÀ²n 
¡p¶p.

3. A`nImcI§fpsS {]XehnkvXoÀ®w

{]hr¯n 11.12

4. Dujvamhv

{]hr¯n 11.13

 • Hcp ]co£WIpgenÂ s]m«mkyw t¢mtdäv 
FSp¡pI.

 • ]co£WIpgens\ NqSm¡pI.

 • F´p kw`hn¡p¶psh¶v \nco£n ¡pI.

 • Hcp DXvt{]cIambn amwK\okv ssU  
HmIvsskUv tNÀ¡pI.

 • amä§Ä \nco£n¡pI.

{]hr¯n 11.14
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A¾§fpw, £mc§fpw, ehW§fpw

A¾w. A¾§fnÂ Ht¶m AXne[nItam BtZiw 
sN¿mhp¶ ssl{UP³ AWp¡Ä D≠mbncn 
¡pw. A¾w (BknUv) F¶ ]Zw emän³ \maamb 
'AknUknÂ' \n¶pw Dcp¯ncnªXmWv ']pfn¸v 
cpNn' F¶mWnXn\À °w. ]pfn¸v cpNnbpÅ       
]ZmÀ°§sfÃmw A¾§fmWv. \mc§m\ocv, 
hn\mKncn, ap´ncn¨mÀ F¶nhbvs¡Ãmw ]pfn¸v 
cpNnbpÅXn\mÂ Ah A¾§fmWv. Ah \oe 
enävakns\ Nph¸v \ndam¡namäp¶p. Ch ^nt\m 
^vXen\nÂ \ndanÃmsXbpw saYnÂ Hmd©nÂ ]n¦v 
\nd¯nepw ImWs¸Sp¶p. `£y]ZmÀ°§fnÂ 
[mcmfw ImÀ_WnI A¾§Ä ss\kÀ¤nIambn 
Xs¶ AS§nbncn¡p¶p.

11.3.1. A¾§fpsS XcwXncn¡Â
1. AhbpsS t{kmXÊpIfpsS ASnØm\¯nÂ 
A¾§sf ImÀ_WnI A¾§Ä, AImÀ_
WnI A¾§Ä F¶n§s\ c≠v hn[¯nÂ Xcw 
Xncn¨ncn¡p¶p.

ImÀ_WnI A¾§Ä : kky§fnepw P´p¡fnepw 
(Poh\pÅhbnÂ) ImWs¸Sp¶ A¾§fmWv 
ImÀ_WnI A¾§Ä. DZm.  HCOOH, CH3COOH 
(hocyw Ipdª A¾§Ä)

AImÀ_WnI A¾§Ä : ]mdIfnÂ\n¶pw 
[mXp¡fnÂ\n¶pw e`n¡p¶ A¾§fmWv 
AImÀ_WnI A¾§Ä AYhm J\nP A¾§Ä. 
DZm. HCl, HNO3, H2SO4 (hocyw IqSnb A¾§Ä)

\nhn :   lmbv hn\n! \o hfsc £oWnXbm 
bncn¡p¶p. Cu \mc§shÅw IpSn¡q.

hn\n :  th≠, AXn\v ]pfn v̧ cpNnbmWv.

\nhn :  CXns\´psIm≠mWv ]pfn v̧ cpNnsb¶v 
\n\¡dnbmtam?

hn\n :   AXns\¸än F\ns¡m¶pw AdnbnÃ.

\nhn : \mc§bnÂ A¾apÅXmWnXn\p ImcWw. 
icn \ap¡v CXns\ Ipdn¨v IqSpXÂ a\
Ênem¡m³ {ian¡mw.

{Zhyam\¯ntem, kwcN\bntem GsXm 
cp  Xc¯nepÅ amä¯n\pw hnt[bamImsX 
Hcp cmk{]hÀ¯\¯nsâ \nc¡v hyXymk 
s¸Sp¯m³ IgnhpÅ Hcp ]ZmÀ°s¯ 
DXvt{]cIsa¶dnbs¸Sp¶p.

kwLwtNÀ¶v sNt¿≠ {]hÀ¯\w
 • DZbw apXÂ AkvXa\whsc \n§fpsS 

Npäpw \S¡p¶ GsX¦nepw 10 cmkamä§sf  
\nco£n¨v Ahsb Xcw Xncn¡pI.

 • AtamWnbwssUs{Imtaäv D]tbmKn¨v AKv 
\n]ÀÆXw D≠m¡pI (NpdpNpdp¡pÅ 
AKv\n]ÀÆXw). (Vigorous)

 • t_¡nMvtkmU D]tbmKn¨v AKv\n ]ÀÆXw 
D≠m¡pI (\niÐamb AKv\n]ÀÆXw). 
(silent)

Nn{Xw 11.9 A¾ emb\n \oe enävakv ISemkns\ 
Nph¸p \ndam¡n amäp¶p.

\oe enävakv ISemkv 

IqSpXembn Adnbm³

 \nXyPohnX¯nÂ \mw A¾§fpw, £mc 
§fpw, ehW§fpw D]tbmKn¡p¶p. AXv ]g 
¨mdmImw, Ae¡ptkm¸mImw, Huj[§fmImw. 
\½psS ssZ\wZn\ {]hÀ¯\§fnÂ AXv 
hfsc {][m\s¸« Hcp ]¦v hln¡p¶p. \½psS 
Bamib¯nÂ \n¶pw {khn¡p¶ sslt{Um 
t¢mdnIv A¾amWv \½psS icoc ¯nse D]m]Nb 
{]hÀ¯\§Ä \S¯p¶Xv.

11.3. A¾§Ä
Pe¯nÂ ebn¡pt¼mÄ H+ AtbmWp 

Isftbm AsÃ¦nÂ H3O
+AtbmWpIsftbm 

{]Zm\w sN¿m³ IgnhpÅ Hcp ]ZmÀ°amWv 
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2. t_knIX (£mcX)bpsS ASnØm\¯nÂ 
tamtWmt_knIv A¾w: emb\nbmbncn¡p 
t¼mÄ A¾¯nsâ Hcp X\vvam{XbnÂ \n¶v 
Hcp ssl{UP³ AWphns\ {]Zm\w sN¿m³ 
IgnhpÅ A¾§fmWnh. DZm.  HCl, HNO3

ssU t_knIv A¾w : emb\nbmbncn¡pt¼mÄ 
A¾¯nsâ Hcp X\vam{XbnÂ\n¶v c≠v ssl{U 
P³ AWp¡sf {]Zm\w sN¿m³ IgnhpÅ 
A¾§fmWnh. DZm.  H2SO4, H2CO3

ss{St_knIv A¾w : emb\nbmbncn¡pt¼mÄ 
Hcp A¾¯nsâ Hcp  X\vam{XbnÂ\n¶v aq¶v 
ssl{UP³ AWp¡sf {]Zm\w sN¿m³ 
IgnhpÅ A¾§fmWnh. DZm.  H3PO4

3.AtbmWoIcW¯nsâ ASnØm\ ¯nÂ

 AtbmWoIcn¡p¶Xnsâ ASnØm\ ¯nÂ 

A¾§sf c≠v hn[¯nÂ Xcw Xncn¨ncn¡p¶p.

 hocywIqSnb A¾§Ä : Pe¯nÂ ]cn]qÀ 
®ambpw AtbmWoIcn¡s¸Sp¶hbmWv Cu 
A¾§Ä. DZm. HCl

hocywIpdª  A¾§Ä : Pe¯nÂ `mKnIambn 
am{Xw AtbmWoIcn¡s¸Sp¶ A¾§fmWnh. 
DZm. CH3COOH

4. KmVXbpsS ASnØm\¯nÂ : Pe¯nÂ 
ebn¨ptNÀ¶n«pÅ A¾¯nsâ iXam\
s¯tbm AsÃ¦nÂ Afhns\tbm Bkv]
Zam¡n A¾§sf KmVXbpÅ A¾§Ä 
KmVX Ipdª (t\À¯) A¾§Ä F¶n§s\ 
Xcw Xncn¨ncn¡p¶p. 
KmVXbpÅ A¾§Ä : A¾¯nsâ Peob 
emb\nbnÂ Bt]£nIambn DbÀ¶bfhnÂ 
A¾w AS§nbn«pÅ Hcp A¾amWnXv.

KmVX Ipdª A¾w : A¾¯nsâ Peob 
emb\nbnÂ Bt]£nIambn Ipdª bfhnÂ 
A¾w AS§nbn«pÅ H¶mWnXv.

t{kmXÊv AS§nbncn¡p¶ 
A¾w

B¸nÄ  amenIv A¾w
\mc§  kn{SnIv A¾w

ap´ncn§  SmÀ«mdnIv A¾w
X¡mfn  HmIvkmenIv A¾w

hn\mKncn(`£Ww 
tISpIqSmsX 
kq£n¡m³) 

               
AskänIv A¾w

ssXcv  emIvSnIv A¾w

A¾§Ä¡mWv t_knIX (£mcX) F¶ ]Zw 
D]tbmKn¡p¶Xv Hc¾¯nsâ Hcp X\v am{XbnÂ 
\n¶pw BtZiw sN¿s¸Smhp¶ ssl{UP³ 
AWp¡fpsS F®s¯bmWv CXÀ°am¡p¶Xv. 
DZmlcWambn AskänIv A¾¯nÂ \mev 
ssl{UP³ AWp¡fp≠v. F¶mÂ Ht¶sbm¶ns\ 
am{Xta BtZiw sN¿m³ km[n¡pIbpÅq. B 
ØnXn¡v AXv tamtWmt_knIv A¾amWv.

IqSpXembn Adnbm³

GsXmcp KmV J\nP A¾s¯bpw 
Pehpambn IeÀ¯pt¼mÄ hfsc {i²n 
t¡ ≠XmWv. Ft¸mgpw Pe¯nÂ hfsc 
kmh[m\¯nÂ A¾w tNÀ¯v Cf¡n 
sIm≠p thWw emb\n X¿mdm¡m³. KmV 
A¾¯nÂ Pew tNÀ¡pIbmsW¦nÂ DXv 
]mZn¸n¡s¸Sp¶ A[nI Xm]w s]mÅep 
IÄ D≠m¡mw. emb\n ]m{X¯nÂ\n¶pw 
XpÅnIfmbn ]pdt¯bv¡v sXdn¡pIbpw 
sN¿pw.

IqSpXembn Adnbm³

11.3.2. A¾§fpsS cmkKpW§Ä

1. teml§fpambn A¾¯nsâ {]hÀ¯\w
kn¦v t\À¸n¨ sslt{Umt¢mdnIv A¾hpam bn 

{]hÀ¯n¨v kn¦v t¢mssdUpw ssl{UP³ hmX-
Ihpw D ≠mIp¶Xv \n§Ä¡v ImWmhp ¶XmWv.
 Zn  +  2HCl  → ZnCl2  +  H2↑

ssl{UP³ hmXIw IpanfIfmbn ]pdt¯bv¡v 

hcp¶ `mK v̄ Hcp I¯p¶ sagpIpXncn sIm≠v 
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 • c≠v ]co£WIpgepIsfSp¯v Ahsb 
I, II F¶n§s\ te_Â sN¿pI.

 • I-mas¯ ]co£WIpgenÂ Ipd¨v Ae 
¡pImchpw (Na2CO3) II -mas¯ ]co 
£WIpgenÂ Ipd¨v t_¡n§v tkmU 
bpw (NaHCO3) FSp¡pI.

 • c≠v ]co£WIpgenepw t\À¸n¨ ssl 
t{Umt¢mdnIv A¾w tNÀ¡pI.

 • \n§Ä¡v F´mWv \nco£n¡m\mIp 
¶Xv?

 • c≠v ]co£W Ipgenepw D≠mIp¶ 
hmXIs¯ Np®m¼v shÅ¯neqsS 
(Ca(OH)2) IS¯nhn«v \n§fpsS \nco£ 
W§sf tcJs¸Sp¯pI.

2. temlImÀ_tWäpIfpsSbpw teml ss_

ImÀ_tWäpIfpsSbpw A¾§ fpambpÅ {]Xn{]

hÀ¯\w.

hcnIbmsW¦nÂ Hcp 't]m]v ' iÐt¯mSpIqSn 

Pzme AWªpt]mIp¶p. CXv kn¦v temlw 

t\À¸n¨ sslt{Umt¢mdnIv A¾ ¯nÂ\n¶pw 

ssl{UPs\ hnØm]\w sN¿p ¶psh¶Xns\ 

ØncoIcn¡p¶p. (ssl{UP³ hmXIw 't]m]v ' 
iÐt¯mSpIqSn I¯p¶p)

temlw + A¾w   → ehWw + ssl{UP³

 asämcpZmlcWw 

       Mg + H2SO4 → MgSO4 + H2↑ 

 • Hcp ]co£WIpgenÂ 5 g kn¦v XcnIÄ 
FSp¡pI.

 • Hcp XnknÂ^WÂ hgn 10 ml t\À¸n¨ ssl 
t{Umt¢mdnIv A¾w tNÀ¡pI.

 • ]co£WIpgenÂ A¾w tNÀ¯p sIm≠ncn 
¡pt¼mÄ \n§Äs¡´mWv \nco£n¡m\m 
Ip¶Xv.?

IqSpXembn Adnbm³
• Ipd¨v teml§fpw A¾§fpambn {]Xn{]

hÀ¯n¨v ssl{UP³ hmXIs¯ kzX{´ 
am¡p¶nÃ. DZm. Cu, Ag.

•   ImÂkywImÀ_tWänsâ hyXykvX `uXnI 
cq]§fmWv Np®m¼pIÃpw, tNm¡pw, amÀ_n 
fpw. Ch A¾§fpambn {]Xn{]hÀ¯n v̈ _Ô 
s¸« ehWhpw, ImÀ_¬ ssU HmIvssk 
Upw, Pehpw \ÂIp¶p.

Nn{Xw 11.11  ImÀ_¬ ssU HmIvsskUnsâ 
km¶n²yw ]cntim[n¡p¶p.

t\À¸n¨ 
HCl

ssl{UP³ hmXIw

tkm¸p emb\nkn¦v XcnIÄ

 Np®m¼v shÅw

Ae¡pImcw

t\À¸n¨  
HCl

Nn{Xw   11.10  kn¦v XcnIfpw t\À¸n¨ HCl Dw 
X½nepÅ {]hÀ¯\w

{]hr¯n 11.15

IqSpXembn Adnbm³

{]hr¯n 11.16

]co£WIpgÂ I Â
Na2CO3 + 2 HCl → 2 NaCl + H2O + CO2↑

]co£WIpgÂ II Â 

NaHCO3 + HCl → NaCl + H2O + CO2↑
Np®m¼pshÅ¯nÂ IqSn ImÀ_¬ ssU 

HmIvsskUv hmXIw IS¯n hn«t¸mÄ AXv ]mÂ 
\ndambn amdn.

 Ca(OH)2 + CO2 → CaCO3 + H2O
        (]mÂ \ndw)
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taev]dª {]hr¯nIfnse cmk{]hÀ¯\ §sf 
Npcp¡¯nÂ C{]Imcw FgpXmw.

teml-ImÀ_-tWäv AsÃ-¦nÂ teml ss_ImÀ_-
tWäv A¾w ? ehWw Pew ImÀ_¬ssU-Hm-
IvsskUv. aäp Nne DZm-l-c-W-§Ä

taev]dª {]hÀ¯\¯nÂ \n¶pw \ap¡v 
teml HmIvsskUv + A¾w → ehWw + Pew

F¶ \nKa\¯nse¯mw.

asämcpZmlcWw

 CaO + 2HCl → CaCl2 + H2O
4.Pehpambn A¾§fpsS {]hÀ¯\w

Hcp A¾w Pe¯nÂ ebn¡pt¼mÄ ssl{UP³    
AtbmWpIÄ DXv]mZn¸n¡p¶p.

 HCl + H2O → H3O+ + Cl- 
ssl{UP³ AtbmWpIÄ¡v Pe¯nÂ \ne      \
nev¡m³ km[yaÃ. AXn\meh sslt{Um Wnbw 
AtbmWpIfmbn (H3O

+) ImWs¸Sp¶p. Pe¯nsâ 
Akm¶n²y¯nÂ A¾§fnepÅ ssl{UP\tbm-
WpIfpsS thÀXncnbÂ kw`hn¡p¶nÃ.

11.3.3. A¾§fpsS D]tbmK§Ä
1. ImÀ_mädnIfpsSbpw aäv ]ekwbpà§ 

fpsSbpw \nÀ½mW¯n\v kÄ^yqcnIv 
A¾w (cmk ]ZmÀ°§fpsS cmPmhv) D]
tbmKn¡p¶p.

2. Irjn¡p]tbmKn¡p¶ cmkhfamb Atam 
Wnbw ss\t{Säv \nÀ½n¡p¶Xn\v ss\{SnIv 
A¾w D]tbmKn¡p¶p.

3. sslt{Umt¢mdnIv A¾w iuNmeb§Ä 
ip²nbm¡p¶Xn\pÅ ]ZmÀ°ambn D]
tbmKn¡p¶p.

4. t_¡nMv ]uUdnÂ AS§nbn«pÅ Hcp 
LSIamWv SmÀ«mdnIv A¾w.

5. s_³tkmbnIv A¾¯nsâ ehWw 
(tkmUnbw s_³tkmtbäv) `£y]ZmÀ 
°§Ä tISpIqSmsX kq£n¡p¶Xn\p]
tbmKn¡p¶p.

6. ImÀt_mWnIv A¾w hmXIw \nd¨n«pÅ          
]m\ob§fnÂ D]tbmKn¡p¶p.

teml§fpsS ImÀ_tWäpIÄ¡pw ss_
ImÀ_tWäpIÄ¡pw £mcKpWapÅXn\mÂ 
Ah A¾§fpambn {]hÀ¯n¨v ehWhpw 
Pehpw \ÂIp¶p. IqsS ImÀ_¬ssU 
HmIvsskUpw kzX{´amIp¶p.

 • Hcp hm¨v ¥mknÂ Dt±iw 2 g tIm¸À (II) 
HmIvsskUv FSp¯v AXnÂ kmh[m\w 
t\À¸n¨ sslt{Umt¢mdnIv A¾w tNÀ 
¡pI.

 • ehW¯nsâ \ndw t\m¡pI.
 • tIm¸À(II)HmIvsskUn\v F´p kw`hn¨p?

t\À¸n¨ HCl

CuCl2CuO

Nn{Xw11.12  tIm¸À (II)  HmIvsskUnsâ    t\À¸n¨ 
sslt{Umt¢mdnIv A¾hpambpÅ  {]hÀ¯\w

IqSpXembn Adnbm³

MgCO3 + 2 HCl → MgCl2 + H2O + CO2↑

{]hr¯n 11.17

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

3.  teml HmIvsskUpIfpsS A¾§fpam bpÅ 
{]Xn{]hÀ¯\w

 tIm¸À (II) HmIvsskUnsâ Idp¯           
\ndw amdn ]¨\ndamIp¶p. cmk{]hÀ¯\^eambn 
tIm¸À (II)HmIvsskUv D≠mbXmWnXn\p 
ImcWw. teml HmIvsskUpIÄ¡v t_knIv 
KpWapÅXn\mÂ Ah A¾§fpambn {]hÀ ¯n¨v 

ehWhpw Pe hpw D≠m¡p¶p.

 CuO + 2HCl → CuCl2 + H2O

ISpw shÅbpw aªbpw \nd§fnepÅ 
kÄ^yqcnIv A¾¯nsâ taL§ÄsIm≠mWv 
ip{I{Kl¯nsâ A´co£w \nÀ½n¨ncn 
¡p¶Xv. Cu {Kl¯nÂ PohPme§Ä¡v 
ØnXnsN¿m³ Ignbpsa¶v \n§Ä hnNmcn 
¡p¶pt≠m?

IqSpXembn Adnbm³
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3. KmVXbpsS ASnØm\¯nÂ 

 Pe¯nÂ ebn¨ptNÀ¶n«pÅ £mc¯nsâ 
iXam\s¯tbm AsÃ¦nÂ Afhns\tbm 
B{ibn¨v £mc§sf KmVXIqSnb £mcw, 
KmVX Ipdª (t\À¯) £mcw F¶n§s\ 
c≠v hn[¯nÂ Xcw Xncn¨ncn¡p¶p.

KmVX IqSnb £mcw : £mc n̄sâ Peob emb\n 
bnÂ Bt]£nIambn DbÀ¶ iXam\ n̄Â 
£mcaS§nbn«pÅ H¶mWnXv.

t\À¯ £mcw
Peob emb\nbnÂ Bt]£nIambn 
IpdªbfhnÂ £mcw AS§nbn«pÅ Hcp 
£mcamWnXv.

11.4.2. t_kpIfpsS cmkKpW§Ä

1. teml§fpsS t_kpIfpambpÅ       

{]Xn{]hÀ¯\w

kn¦v,  tkmUnbwsslt{UmIvsskUpambn 

{]Xn{]hÀ¯n¡pt¼mÄ ssl{UP³ hmXIs¯ 

kzX{´am¡nsIm≠v tkmUnbw knt¦äv D≠m 

Ip¶p.

   Zn + 2 NaOH → Na2 ZnO2 + H2↑

    temlw + t_kv → ehWw + ssl{UP³  

11.4. t_kpIÄ
t_kpIÄ Pe¯nÂ ebn¡pt¼mÄ ssl 

t{UmIvsskUv AtbmWpIsf (OH-) kzX{´am¡p¶ 
Hcp ]ZmÀ°amWv. CXv NhÀ¸pcpNnbpÅXpw. 
kv]Àin¡pt¼mÄ hgphgp¸pÅXpamb Hcp ]
ZmÀ°amWv. DZm: (ImÌnIv tkmUbpw ImÌnIv               
s]m«mjpw) Ch Nph¶enävakns\ \oe\ndam¡n 
amäp¶p. Ch ^nt\m v̂Xeo\nÂ ]n¦v \ndhpw 
saYnÂ Hmd©nÂ aª \ndhpw ImWn¡p¶p.

Nn{Xw 11.13 t_kpIÄ Nph¶enävakns\ \oe\nd 
am¡n amäp¶p.

11.4.1. t_kpIfpsS XcwXncn¡Â
1. AtbmWoIcW¯nsâ ASnØm\¯nÂ  
 hocyw IqSnb t_kpIÄ:- Peob emb\n IfnÂ 

]cn]qÀ®ambpw AtbmWoIcn ¡s¸Sp¶ 
t_kpIfmWnh. DZm.  NaOH, KOH.

 ZpÀ_e (hocyw Ipdª) t_kpIÄ:- 
Peob emb\nIfnÂ `mKnIambn am{Xw 
AtbmWoIcn¡s¸Sp¶ t_kpIfmWnh. 
DZm.  NH4OH, Ca(OH)2 

2. Ahbnse A¾XbpsS ASnØm\¯nÂ

 tamtWmAknUnIvt_kv: Pe¯nÂ 
ebn¡pt¼mÄ Hcp X\vam{X t_knÂ \n¶v 
Hcp sslt{UmIvsskUv AtbmWns\ {]Zm\w 
sN¿m³ IgnhpsÅmcp t_kmWnXv. 

 DZm. NaOH, KOH
 ssUAknUnIvt_kv: Pe¯nÂ ebn ¡pt¼mÄ 

Hcp X\vam{XbnÂ \n¶v c≠v sslt{UmIvsskUv 
AtbmWpIsf {]Zm\w sN¿m³ IgnhpÅ Hcp 
t_kmWnXv.  DZm. Ca(OH)2, Mg(OH)2

 ss{SAknUnIvt_kv : Pe¯nÂ ebn¡p t¼mÄ 
Hcp X\vam{XbnÂ\n¶v aq¶v sslt{UmIvsskUv 
AtbmWpIsf {]Zm\w sN¿m³ IgnhpÅ Hcp 
t_kmWnXv. DZm. Al(OH)3, Fe(OH)3.

Nph¶enävakv
ISemkv

t_kpIÄ¡mWv A¾X (Acidity) F¶ ]Zw 
D]tbmKn¡p¶Xv. Hcp t_knsâ Hcp X\v 
am{XbnÂ \n¶pw BtZiw sN¿s¸Smhp¶ 
sslt{UmIvknÂ {Kq¸pIfpsS F®s¯ 
bmWv. CXv AÀ°am¡p¶Xv.

Pe¯nÂ ebn¡p¶ t_kpIsf £mc 
§Ä F¶p ]dbp¶p. FÃm £mc§fpw 
t_kpIfmWv. F¶mÂ FÃm t_kp Ifpw 
£mc§Ä AÃ. NaOH, KOH F¶nh 
£mc§fmWv. F¶mÂ Al(OH)3, Zn(OH)2  
F¶nh t_kpIfmWv.

IqSpXembn Adnbm³

IqSpXembn Adnbm³
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asämcpZmlcWw

2 Al + 2 NaOH + 2 H2O → 2 NaAlO2 + 3 H2↑
2. Ateml HmIvsskUpIfpsS t_kpI         
fpambpÅ {]Xn{]hÀ¯\w

tkmUnbw sslt{UmIvsskUv, ImÀ_¬ 
ssU HmIvsskUpambn {]hÀ¯n¨v tkmUnbw 
ImÀ_tWäpw Pehpw \ÂIp¶p.

       2NaOH + CO2 → Na2CO3 + H2O 

taev]dª cmk{]hÀ¯\w

Ateml HmIvsskUv + t_kv  → ehWw + Pew  
F¶Xns\ kqNn¸n¡p¶p.

asämcpZmlcWw

      Ca(OH)2 + CO2 → CaCO3 + H2O
3. t_kpIfpsS PehpambpÅ {]hÀ¯\w

Pe¯nÂ ebn¡pt¼mÄ t_kpIÄ sslt{Um 
IvsskUv AtbmWpIsf (OH-)DXv ]mZn¸n¡p¶p.

      NaOH → Na+ + OH-

4.  t_kpIfpsS A¾§fpambpÅ {]hÀ¯\w

IqSpXembn Adnbm³

Ipd v̈ teml§fpw tkmUnbw ssl 
t{UmIvsskUpambn cmk{]hÀ¯\ ¯nteÀ 
s¸Sp¶nÃ.DZm.  Cu, Ag, Cr.

taev]dª {]hÀ¯\¯nÂ\n¶pw t_knsâ 

KpWs¯ A¾w CÃmXm¡nbXmbn ImWm³ 

Ignªp.

 NaOH + HCl → NaCl + H2O

taev]dª A¾hpw t_kpambpÅ {]

hÀ¯\s¯ \nÀhocyam¡Â {]hÀ¯\w 

F¶dnbs¸Sp¶p.

 A¾w + t_kv  → ehWw + Pew  

11.4.3. t_kpIfpsS D]tbmK§Ä 

1. tkm¸v \nÀ½mW¯n\v tkmUnbw sslt{Um 

IvsskUv D]tbmKn¡p¶p.

2. sI«nS§fnÂ shÅ]qip¶Xn\mbn ImÂkyw 

sslt{UmIvsskUv D]tbmKn ¡p¶p.

3. Bamib¯nse AkzØXIÄ¡pÅ Huj 

[ambn saKv\ojywsslt{UmIv sskUv 

D]tbmKn¡p¶p.

4. hkv{X§fnse F®bpsS IdIÄ \o¡w 

sN¿p¶Xn\v AtamWnbwsslt{UmIv sskUv 

D]tbmKn¡p¶p.

IqSpXembn Adnbm³

 • Hcp tImWn¡Â ^vfmkv¡nÂ 20 ml 0.1 
N tkmUnbw sslt{UmIv sskUv emb\n 
FSp¯n«v AXnÂ Ipd¨v XpÅn ^nt\m]
vXeo³ tNÀ¯p.

 • F´p \ndamWv \n§Ä¡v ImWm\mIp 
¶Xv?

 • AtXtImWn¡Â ^vfmkvInÂ Xs¶  
20 ml, 0.1 N sslt{Umt¢mdnIv A¾w 
XpÅn¯pÅnbmbn tNÀ¡I.

 • ^vfmkvIn\pÅnse an{inX¯nÂ Fs´ 
¦nepw \ndamäw \n§Ä¡v \nco£n¡m\m 
Ip¶pt≠m?

{]hr¯n 11.18

Nn{Xw11.14 tkmUnbwslt{UmIvsskUnsâ 
sslt{Umt¢mdnIvA¾hpambpÅ {]hÀ¯\w

NaOH 
emb\n

NaOH emb\n +
^nt\m]vXeo³

NaOH emb\n +
^nt\m]vXeo³ +

HCl emb\n
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\yq{SÂ emb\nIÄ¡v   [H+] = 10–7M; pH = 7 
A¾ emb\nIÄ¡v      [H+] > 10–7M;   pH < 7
t_knIv emb\nIÄ¡v  [H+] < 10–7M;    pH > 7

OH-AtbmWpIsf IW¡nseSp¡pIbm 
sW¦nÂ  pH F¶ ]Z{]tbmKw pOH F¶mbn 
amdp¶p.

pOH = -log10 [OH-]

11.6 pH tXmXv
 pH F¶Xv Hcp emb\nbnse ssl{UP³ 
AtbmWnsâ KmVXsb kqNn¸n¡p¶p. Hcp 
emb\n A¾amtWm £mcamtWm,\nÀhocyw (\yq{SÂ) 
BtWm F¶v Xocpam\n¡p¶Xv pH aqey amWv. 
S.P.L. tkmsd³k¬ BWv pH tXmXv Bhnjv 
Icn¨Xv. KWnX imkv{X {]Imcw CXns\ {]Xn\n 
[m\w sN¿p¶Xv C{]ImcamWv. 
 pH = -log10 [H

+] 

\n§fpsS A²ym]IcpsS klmbt¯m 
SpIqSn t\À¸n¨ sslt{Umt¢mdnIv A¾w, t\À¸n¨ 
kÄ^yqcnIv A¾w, tkmUnbwssltUmIv sskUv 
emb\n, s]m«mkywsslt{UmIvsskUv emb\n 
Chbp]tbmKn¨pw CtX {]hÀ¯\w BhÀ¯n¨v 
sN¿pI.

kqNIw
A¾¯nepÅ 

\ndw
t_knepÅ 

\ndw

enävakv Nph¸v \oe

^nt\m]vXen³ \ndanÃ ]n¦v

saYnÂ Hmd©v ]n¦v aª

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

t_knIv KpWw hÀ²n¡p¶pA¾ KpWw hÀ²n¡p¶p
\q{SÂ

pH

pOH

kakyIÄ

1. Hcp emb\nbnse ssl{UP\tbmWnsâ 
KmVX 0.001 M BWv. emb\nbpsS pH I ≠p     
]nSn¡pI?

 • \mc§m\ocv, Ae¡pImcemb\n, tkm¸vemb\n eLp]m\ob§Ä F¶nh tiJcn¡pI.

 • Hmtcm emb\nbpsSbpw 2 ml hoXw Hcp ]co£WIpgenÂ FSp¯v enävakv ISemkp]
tbmKnt¨m kqNIap]tbmKnt¨m ]cntim[n¡pI.

 • Nph¶enävakv, \oeenävakv, ^nt\m]vXeo³ saYnÂ Hmd©v F¶nhbnÂ F´v \ndamäamWv \n 
§Ä¡v ImWm\mIp¶Xv?

 • \n§fpsS \nco£W§sf ]«nIbnÂ tcJs¸Sp¯pI.

11.5. A¾§tfbpw t_kpItfbpw Xncn¨dnbp¶ hn[w

{]hr¯n 11.19

]cntim[n¡p¶Xn\v X¶n«pÅ emb\n
Nph¶ 
enävakv 

\oe 
enävakv

^nt\m]vXeo³
saYnÂ 
Hmd©v

\mc§m\ocv

Ae¡pImcemb\n

tkm¸v emb\n

eLp]m\ob§Ä
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     = – (–3) log10 10 [ log 10 = 1]

pH = 3 
2. Hcp emb\nbnse ssl{UP³ AtbmWnsâ 
KmVX 1.0 x 10-9M BWv. emb\nbpsS pH 
I≠p]nSn¡pI. emb\n, A¾amtWm, t_kmtWm, 
\yq{SÂ BtWm F¶v {]hNn¡pI.

\nÀ²mcWw
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  AXmbXv pH >7

BbXpsIm≠v \nÀ±njvS emb\n t_knIv 
KpWapÅXmWv.

3. Hcp emb\nse sslt{UmIvknÂ AtbmWn sâ 
KmVX 0.001M.BWv.emb\nbpsS pH I≠p]
nSn¡pI.  
\nÀ²mcWw

pOH = –log10[OH–] 

pOH = –log10 (10–3)

pOH = 3

pH = 14 – pOH

 pH = 14 – 3 = 11 
4.  Hcp emb\nbnse sslt{UmIvknÂ  Atbm 

Wnsâ KmVX 1.0 x 10-9M BWv. emb\nbp 
sS pH I≠p]nSn¡pI.

\nÀ²mcWw

pOH = -log10[OH–] 

pOH = –log10 (1.0 x 10-9) 

 

pOH = 9
pH = 14 – pOH

pH = 14 – 9 = 5

pH + pOH = 14 
pH = 14 – pOH 

\nÀ²mcWw

pH = – log10 [H
+]

pH = – log10 (0.001)

pH = – log10 (10-3) 11.6.1. pH ISemkv 
hnZymeb§fnse ]co£WimeIfnÂ pH 

I≠p]nSn¡p¶Xn\mbn hfsc km[mcWambn 
D]tbmKn¡p¶ Hcp coXnbmWv pH ISemkpI 
fpsS D]bpàam¡Â. pH ISemknÂ kqNI 
§fpsS Hcp an{inXw AS§nbncn¡p¶p. Ch 
pHsâ aqey§Ä¡\pkrXambn hyXykvX\n 
d§Ä \ÂIp¶p. hnhn[ emb\nIfpsS pH aqeyw 
XmsgbpÅ ]«nIbnÂ sImSp¯ncn¡p¶p.

emb\n pH sâ 
GItZiaqeyw

\mc§m\ocv 2.2 – 2.4

X¡mfn\ocv 4.1

Im¸n 4.4 - 5.5

a\pjycpsS Dan\oÀ 6.5 - 7.5

ho«nep]
tbmKn¡p¶ 
AtamWnb

12.0

Nn{Xw 11.15  pH ISemkv

pH = – log10 [H
+]

pH =   log10  

[H+] = 10- pH

1
H+

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

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

[H+] = 1 x 10-14 ; pH = 14
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 • \mc§m\ocv, Hmd©v \ocv, 1 M NaOH,1 M HCl,ip²Pew, hn\mKncn F¶nh FSp¡pI.
 • Cu emb\nIfnseÃmw pHISemkv Bgv¯pI.

 • amä§Ä \nco£n¡pI

{Ia 
\¼À

]cntim[nt¡≠ 
emb\n

 pH 
ISemknsâ      

\ndw

pH sâ 
GItZiaqeyw

]ZmÀ°¯nsâ    
{]IrXw

1. \mc§m\ocv

2. Hmd©v\ocv

3. 1M NaOH

4. 1M HCl

5. ip²Pew 

6. hn\mKncn

{]hr¯n 11.20

11.6.2.  \nXyPohnX¯nÂ pH sâ {]m[m\yw
 1. a\pjyicoc¯nse  pH

(i). pH-LSIap]tbmKn¨v \½psS icoc¯n sâ 
BtcmKyw {]hNn¡mhp¶XmWv. pH sâ aqeyw 
6.9 BsW¦nÂ icoc¯nÂ PetZmjw, Npa, 
^vfqt]mepÅ sshdkp aqeap≠mIp¶ ]
IÀ¨hym[nIÄ¡v km[y XIqSp¶p. pH sâ 
aqeyw 5.5 BsW¦nÂ \½psS icoc¯n\
pÅnÂ AÀ_pZ tImi§Ä Xg¨phfcp¶p.

(ii). km[mcW \nebnÂ BtcmKyapÅ a\pjy 
NÀ½¯nsâ pH 4.5 apXÂ 6 hscbmWv. 
BtcmKyIcamb NÀ½kuµcy¯n\v NÀ½¯n 
\\ptbmPyamb pH hfsc AXymhiyamWv.

(iii). Bamib{ZmhI¯nsâ pH GItZiw 2.0 
BWv. Blmc¯nsâ Zl\¯n\v Cu 
{ZmhIw hfsc AXymhiyamWv.

(iv). a\pjy cà¯nsâ pH sâ ]cn[n 7.35 
apXÂ 7.45 hscbmWv. Cu aqey¯nÂ\n 
¶v IqSpItbm IpdbpItbm sNbvXmÂ 
AXv a\pjys\ tcmK¯ntebv¡v \bn ¡pw. 
cà¯nsâ AXyp¯aamb pH aqeyw 7.4 
BWv.

(v). km[mcW Dan\ocnsâ pH aqeyw 6.5 \pw 7.5. 
\pw CSbnemWv.

{]hr¯n 11.20

(vi). \½psS icoc¯nse Gähpw I«nIqSnb 
]ZmÀ°w ]Ãnse C\mase¶ shfp¯ 
BhcWamb ImÂkywt^mkvt^ämWv. 
CXv Pe¯nÂ Aenbp¶nÃ. hmbnse 
pH sâ aqeyw 5.5 Â XmsgbmsW¦nÂ 
AXv C\maens\ {Zhn¸n¡p¶p. ]ÃpIÄ 
ipNnbm¡p¶Xn\p]tbmKn¡p¶ Sq v̄ t]
ÌpIÄ s]mXphmbpw t_knIv KpWapÅ 
hbmWv. Ch A[nIbfhnepÅ A¾s¯ 
\nÀhocyam¡pIbpw Z´£bs¯ XSbp 
Ibpw sN¿p¶p.

2. a®nsâ  pH

IrjnbnÂ a®nsâ pH hfsc {]m[m\y 
apÅXmWv. kn{Skv ]g§Ä¡v sNdnb £mcmw 
iapÅ a®v BhiyamWv. F¶mÂ s\Ãn\m hiyw 
A¾abamb a®mWv. Icn¼n\v \yq{SÂ  (\nÀ 
hocyamb) a®mWv Bhiyw.

3. agshÅ¯nsâ pH

agshÅ¯nsâ pH GItZiw 7 BWv. CXv 
AXnsâ ]cnip²nsbbpw \nÀhocyXsbbpw 
shfnhm¡p¶p. agshÅs¯ SO2bpw NO2 hpw 
aen\s¸Sp¯pt¼mÄ A¾ag D≠mIp¶p. CXv 
AXnsâ pH sâ aqeyw 7 s\¡mÄ Ipdhm¡p¶p.
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]ceoIcWw \S¯pt¼mÄ ZznehW§Ä D≠m 
Ip¶p. DZm: s]m«mjv Bew

11.7.2. ehW§fpsS D]tbmK§Ä
km[mcW ehWw (NaCl)

CXv \½psS \ntXys\bpÅ Blmc¯nepw, 
AhtISpIqSmsX kq£n¡p¶Xn\pw D]tbm 
Kn¡p¶p.

Ae¡pImcw (Na2CO3)
1. L\Pes¯ arZphm¡p¶Xn\v CXv D]tbm 

Kn¡p¶p.
2. CXv hoSpIfnÂ ipNnbm¡p¶Xn\pÅ hkvXp 

hmbn D]tbmKn¡p¶p.

A¸¡mcw (t_¡nMv tkmU) (NaHCO3)
1. CXv t_¡nMv tkmUbpsSbpw SmÀ«mdnIv 

A¾¯nsâbpw an{inXamb t_¡nMv           ]
uUÀ D≠m¡p¶Xn\v D]tbmKn¡p¶p. tI¡v, 
sdm«n F¶nh arZphmbpw kvt]m ©pt]m 
sebpw D≠m¡p¶Xn\v t_¡nMv  ]uUÀ D]
tbmKn¡p¶p.

2. CXv BâmknUpIfneS§nbncn¡p¶ Hcp 
LSIamWv. £mcKpWapÅXmbXn\mÂ CXv 
Bamib¯nÂ A[nIapÅ A¾Xsb \nÀ 
hocyam¡p¶p.

»o¨nwKv ]uUÀ (CaOCl2)
1. IpSnshÅs¯ kqIvjvamWphnapàam¡p 

¶Xn\pÅ AWp\min\nbmbn CXv D]tbm 
Kn¡p¶p.

2. hkv{X \nÀ½mWimeIfnÂ ]cp¯n, 
en\³ F¶nhbpsS »o¨nwKn\mbn CXv  
D]tbmKn¡p¶p.

¹mÌÀ Hm^v ]mcokv (CaSO4.½H2O)

FÃpIÄ s]m«pt¼mÄ ¹mÌÀ CSp¶Xn\pw, 
{]XnaIÄ A¨nÂ hmÀs¯Sp¡p¶Xn\pw CXv 
D]tbmKn¡p¶p.

11.7. ehWw
ehWw (D¸v) F¶p]dbpt¼mÄ, häep 

IfnÂ (Nn]vknÂ) tNÀ¡p¶ Hcp shfp¯ ]
ZmÀ°ambn \n§Ä hnNmcn¡mw. CXv Idn 
bp¸v F¶p ]dbp¶ Hcp ehWamWv. aäv 
taJeIfnÂ D]tbmKn¡p¶ [mcmfw ehW 
§Ä D≠v. A¾§Ä, £mc§fpambn {]Xn 
{]hÀ¯n¡pt¼mgp≠mIp¶ (A¾§fpsSbpw, 
t_kpIfpsSbpw cmk{]hÀ¯\§Ä  
t\m¡pI) DXv]¶§fmWv ehW§Ä. 
Ch Pe¯nÂ ebn¡pt¼mÄ [\Atbm 
WpIfpw EW AtbmWpIfpw DXv]m 
Zn¸n¡p¶p.

11.7.1 ehW§fpsS Xcw Xncn¡Â
1. km[mcW ehW§Ä

A¾§sf, £mc§Ä ]cn]qÀ®ambpw                        
\nÀhocyam¡pt¼mÄ km[mcW ehW§Ä 
e`n¡p¶p.

 NaOH + HCl → NaCl + H2O

2. A¾ ehW§Ä

A¾¯nse ssl{UP\tbmWpIsf 
teml§fp]tbmKn v̈ `mKnIambn BtZiw 
sN¿n¡pt¼mÄ D≠mIp¶ ehW§fmWv A¾ 
ehW§Ä. Hcp t]mfnt_knIv A¾¯nÂ Hcp 
IrXyamb AfhnÂ t_kv tNÀ¡pt¼mÄ Xmsg 
ImWp¶ {]Imcw A¾ehW§Ä D≠mIp¶p.

     NaOH + H2SO4 → NaHSO4 + H2O

3. t_knIv ehW§Ä

Hcp ssUAknUnIv AsÃ¦nÂ ss{S 
AknUnIv t_knse sslt{UmIvknÂ Atbm 
WpIsf A¾dmUn¡epIÄ D]tbmKn¨v `mKn 
Iambn BtZiw sN¿n¡pt¼mÄ t_knIv 
ehW§Ä D≠mIp¶p.

 Pb(OH)2 + HCl → Pb(OH)Cl + H2O
     (ssU AknUnIv t_kv)     t_knIv ehWw

Hcp t_knIv ehWw ho≠pw Hcp A¾hpambn 
{]hÀ¯n¨v Hcp km[mcW ehWw \ÂImw.     
   

4. Zzn ehW§Ä (U_nÄ kmÄ«pIÄ)
kam\ tamfpIfneS§nbn«pÅ c≠v eLp 

ehW§fpsS ]qcnXemb\nIsf X½nÂ IeÀ¯n 

kwLw tNÀ¶p sNt¿≠ {]hÀ¯\w

]co£W imebnÂ h¨v XmsgX¶n«pÅ 
ehW§Ä X¿mdm¡pI.

1. tkmUnbwt¢mssdUv

2. s]m«mjv Bew
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 amXrIm aqey\nÀ®bw

1.   Zn + 2HCl → ZnCl2 + H2 ↑ 

apIfnepÅ cmk{]hÀ¯\w _________cmk{]hÀ¯\¯n\pÅ Hcp DZmlcWamWv..
i) kwtbmP\ A`n{Inb   ii) ZznhnØm]\ A`n{Inb

iii) hnØm]\ A`n{Inb   iv) hnLS\ A`n{Inb

2.  Nph¶ Xhn«p\ndapÅ Hcp aqeIw ‘X’ hmbphnÂh¨v NqSm¡pt¼mÄ Idp¯ \nd apÅ Hcp kwbpàw 
‘Y’ Bbn amdp¶p. ‘X’, ‘Y’F¶nh __________ Dw, _________ Dw BWv. (Cu, CuO / Pb, PbO).

3.  pH ISemkp]tbmKn¨v Hcp hnZymÀ°n ip²Pe¯nsâ pH ]cntim[n¨t¸mÄ ISemkv ]¨\ndw 
ImWn¨p. Pe¯nÂ \mc§m\ocv tNÀ¯Xn\p tijamWv ISemkv D]tbmKn¨sX¦nÂ, AbmÄ¡v 
F´p \ndw ImWm³ Ignbpambncp¶p? (]¨ / Nph¸v / aª).

4. cmkAán]ÀÆXw __________ bv¡pÅ  Hcp DZmlcWamWv.

(kwtbmP\ A`n{Inb / hnLS\ A`n{Inb)

5.  seUvss\t{Sänsâ ]cepIsf iànbmbn NqSm¡pt¼mÄ ________________ hmXIw D≠mIp¶p. 
CXnsâ \ndw ________ BWv.

6.  knÂhÀss\t{Sänsâbpw tkmUnbw t¢mssdUntâbpw Peob emb\nIsf X½nÂ IeÀ¯pt¼mÄ 
hfsc thK¯nÂ Hcp ___________  Ah£n]vXw D≠mIp¶p. (shfp¯ / aª / Nph¶)

7.   kn¦v kÄt^änsâ Peob emb\nbnÂ\n¶v kn¦ns\ hnØm]\w sN¿m³ Aepan\nb¯n\v 
Ignbpw. CXn\v ImcWw ___________  (kn¦n\v Aepan\nbs¯¡mÄ {InbmioeX IqSpXemWv/
Aepan\nb¯n\v kn¦ns\¡mÄ {InbmioeX IqSpXemWv)

8.   Z´£b¯nÂ\n¶pw kwc£Ww t\Sm³ ]Xnhmbn \½psS ]ÃpIÄ {_jv sN¿Wsa¶v D]
tZin¡mdp≠v. km[mcWambn D]tbmKn¡p¶ Sq¯v t]ÌpIÄ ___________ {]IrXapÅhbmWv.

9.   AskänIv A¾¯nÂ hn\mKncn AS§nbn cn¡p¶p. ssXcnÂ AS§nbn«pÅ A¾amWv _________ 
(emIvSnIv A¾w / SmÀ«mdnIv A¾w)

10.  pH = - log10 [H
+] Hcp emb\nbnse  ssl{UP\tbmWnsâ KmVX 0.001M BWv. B emb \nbpsS 

pH ___________ BIp¶p. (3 / 11 / 14).

hn`mKw - B
1. (i)  Np®m¼v IÃns\ NqSm¡pt¼mgpw, (ii) hmbphnÂ saKv\ojyw \mSI¯n¡p t¼mgpw GXv Xcw 

cmk{]hÀ¯\amWv kw`hn¡p¶Xv?

2.  ]cnNnXamb Nne ]ZmÀ°§fpsS pH aqeyw Xmsg X¶ncn¡p¶p. 

]ZmÀ°w pH aqeyw

càw 7.4

t_¡nMv tkmU 8.2

hn\mKncn 2.5

ho«nÂ D]tbmKn ¡p¶ AtamWnb 12

hn`mKw - A
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 ]«nIbnÂ X¶ncn¡p¶ hnhc§fnÂ\n¶pw Xmsg X¶n«pÅ tNmZy§Ä¡v D¯cw \ÂIpI. 
 i) A¾ {]IrXapÅ ]ZmÀ°§tfh?

    ii) t_knIv {]IrXapÅ ]ZmÀ°§tfh?

3.  tIm¸ÀkÄt^änÂ Hcp Ccp¼mWn hbv¡pt¼mÄ AXnsâ \ndw amdp¶sX´p sIm≠mWv? \n§fpsS 

D¯cs¯ \ymboIcn¡pI.

4.  Hcp emb\nbnse sslt{UmIvsskUv AtbmWnsâ KmVX 1.0 x 10-8 M BWv. emb\nbpsS pH 
F´mbncn¡pw?

5.   A, B F¶o ]co£WIpgepIfnÂ Htc \of ¯nepÅ saKv\ojyw \mSIÄ FSp¡pI. ]co£W 

IpgÂ A bnÂ sslt{Umt¢mdnIv A¾hpw ]co£WIpgÂ B bnÂ AskänIv A¾hpw tNÀ¡pI. 

FSp¯ A¾§fpsS Afhpw, KmVXbpw H¶pt]msebmWv. GXv ]co£W IpgenemWv cmk{]

hÀ¯\w hfsc XzcnXKXnbnÂ \S¡p¶Xv ? F´psIm≠v?

6.  A, B F¶o c≠ v _o¡dpIfnÂ c≠ v Xcw A¾§Ä kq£n¨ncn¡p¶p. A bnepÅ A¾w Pe¯nÂ  

tNÀ¡pt¼mÄ ̀ mKnIambn am{Xta hnLSn¡p¶pÅp. F¶mÂ A bnse A¾w Pe¯nÂ ]qÀ®ambpw 

hnLSn¡p¶p.

 i) A, B F¶o A¾§fnÂ h¨v hocyapÅ A¾taXmWv? hocyw Ipdª A¾taXmWv?

 ii) F´mWv hocyw Ipdª A¾w?

 iii) F´mWv hocyw IqSnb A¾w?

 iv) hocyw Ipdª A¾¯n\pw hocyw IqSnb A¾¯n\pw Hcp DZmlcWw hoXw \ÂIpI.

7. XmsgbpÅ cmkamäw \nco£n¨v D¯c§Ä \ÂIpI.

   ImÂkyw HmIvsskUv

CO2         

HCl             
CaCO3

Ca(OH)2

E

    A
B

C+D

 i) A, B F¶nhsb Xncn¨dnbpI
 ii) ImÂkyw sslt{UmIvsskUnsâ hymhkmbnI \maw FgpXpI.
 iii) ImÂkyw HmIvsskUv HCl ambn {]hÀ¯n¡pt¼mgp≠ mIp¶ DXv]¶§Ä 'C' bpw 'D' bpw        

    GXmsW¶v Xncn¨dnbpI.
 iv) ImÂkyw HmIvsskUn\v A¾ KpWamtWm £mcKpWamtWm F¶p ]dbpI.
8.  Hcp ]co£W¡pgenÂ tIm¸À ss\t{SsäSp¯v Hcp PzmebnÂ h¨v NqSm¡pI.
 i) Ip{]nIv ss\t{Sänsâ \ndsa´mWv?
 ii) \n§Äs¡´mWv \nco£n¡m\mbXv?
 iii) CXv GXv Xc¯nepÅ cmk{]hÀ¯\amWv?

 iv) cmk{]hÀ¯\¯nsâ k´pe\w sNbvX cmkkaoIcWsagpXpI?



A
²

ymb
w 

11

188 189

cmk{]hÀ¯\§Ä

9.  sXämb {]kvXmh\ I ≠p]nSn¨v sXäpXncp¯pI.

 i) ̀ £W]ZmÀ°§Ä tISpIqSmsX kq£n¡p¶Xn\v tkmUnbw s_³skmtbäv D]tbmKn¡p¶p.

 ii) ss\{SnIv A¾w IrjnbnS¯v cmkhfambn D]tbmKn¡p¶nÃ.

 iii) kÄ^yqcn¡¾¯ns\ cmk]ZmÀ°§fpsS cmPmhv F¶phnfn¡p¶p.

 iv) A¾¯nsâ PH aqeyw 7 s\¡mÄ IqSpXemWv

 v) hmXI§Ä \nd¨ ]m\ob§fnÂ AskänIv A¾w D]tbmKn¡p¶p.

10. CeIvt{SmWpIfpsS ]cnamäw kw`hn¡p¶ cmk{]hÀ¯\§fmWv dntUmIvkv {]hÀ¯\§Ä Chn-
sS saKv\ojyw AWphnÂ\n¶v c≠ v CeIvt{SmWpIÄ Hmtcm t¢mdn³ AWphntebv¡pw ]cnamäw 
sN¿s¸Sp¶p.

 i) Cu cmk{]hÀ¯\^eambp mIp¶ DÂ]¶taXv?

 ii) ]qÀ®amb cmk{]hÀ¯\¯nsâ k´pe\w sNbvX kaoIcWw FgpXpI.

 iii) GXv aqeIamWv HmIvkoIcn¡s¸Sp¶Xv?

 iv) GXv aqeIamWv \ntcmIvkoIcn¡s¸Sp¶Xv?

 v) Cu cmk{]hÀ¯\¯nse \ntcmIvkoIcW {]{Inb FgpXpI.

11.  Xmsg sImSp¯n«pÅ \nco£W§Ä¡pÅ ImcWw \nÀt±in¡pI.

 i) ]S¡ \nÀ½mW¯nÂ saKv\ojyw\mSsb¡mÄ s]mSn¨ saKv\ojyamWv D]tbmKn¡p¶Xv.  
   F´psIm≠ v?

 ii) tIm¸À kÄt^äv emb\nbpsS GXm\pw XpÅnIÄ tNÀ¡pt¼mÄ kn¦v t\À¸n¨       
   kÄ^yqcn¡v   A¾hpambn hfsc thK¯nÂ cmk{]hÀ¯\¯nteÀs¸Sp¶p.

 iii) KmV HCl tNÀ¡pt¼mÄ saKv\ojyw ImÀ_tWäpw t\À¸n¨ sslt{Umt¢mdnIv A¾hpambpÅ 
cmk{]hÀ¯\¯nsâ thKX hÀ²n¡p¶p.

12. sImSp¯n«pÅ cmk{]hÀ¯\§fnÂ ImWn¨ncn¡p¶Xpt]mse tkmUnbw sslt{UmIvsskUv 
sslt{Umt¢mdnIv A¾hpambn cmk{]hÀ¯\¯nteÀs¸Sp¶p.

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

 i) CXv GXpXcw cmk{]hÀ¯\amWv?

 ii) Cu cmk{]hÀ¯\w Hcp Xm]tamNI cmk{]hÀ¯\amWv. F¶p]dªmÂ F´mWÀ°w?

 iii) Xm]tamNI {]hÀ¯\hpw, Xm]timjI {]hÀ¯\hpw X½nepÅ hyXymk§Ä Gh?

 iv) cmk]ZmÀ°§Ä X½nÂ {]hÀ¯n¡pt¼mÄ emb\nbpsS Dujvamhn\v F´p kw`hn¡p¶p?

13. c≠ v tImWn¡Â ^vfmkvIpIÄ FSp¯v l, II F¶n§s\ te_Â sN¿pI. H¶mas¯ tImWn¡Â 
^vfmkvInÂ Ipd¨v tIm¸À kÄt^äv emb\nsbSp¡pI. c ≠mas¯ tImWn¡Â ̂ vfmkvInÂ Ipd¨v 
kn¦v XcnIfpw FSp¡pI. tIm¸À kÄt^äv emb\nsb kn¦pambn {]hÀ¯n¸n¡pI.

 i) CXv GXp Xcw cmk{]hÀ¯\amWv. t]cp]dbpI.

 ii) kn¦v CeIvt{Smt]mknänhIX IqSnbXmtWm IpdªXmtWm F¶v ]dbpI.

 iii) kw]qÀ® kwXpe\w sN¿s¸« kaoIcWw FgpXpI.

 iv) Cu amäw GIZnim {]hÀ¯\amtWm D`bZnim {]hÀ¯\amtWm F¶p ]dbpI.
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14.  XmsgbpÅ ]«nIbnse \mev tImf§Ä X½nÂ _Ôs¸Sp¯pI.

kwbpàw cmkkq{Xw cmk\maw D]tbmKw

1. Ae¡pImcw CaOCl2
ImÂkyw kÄt^äv 

slansslt{Uäv

{]XnaIÄ \nÀ 

½n¡p¶Xn\v

2. A¸¡mcw Na2CO3
tkmUnbw              

ss_ImÀ_t\äv

ITn\Pew 

arZphm¡p¶Xn\v

3. »o¨nwMv ]uUÀ CaSO4 . ½ H2O tkmUnbw ImÀ_tWäv 
tI¡v 

D ≠m¡p¶Xn\v

4. ¹mÌÀ Hm^v ]mcokv NaHCO3
ImÂkyw 

HmIvknt¢mssdUv
»o¨nwMv

15.  tIm¸À t¢mssdUv emb\nbnÂ seUv ]uUÀ tNÀ¡pt¼mÄ hnØm]\ A`n{Inb \S¶v Jcm 

hØbnepÅ sN¼v e`n¡p¶p.

 i) Cu cmk {]hÀ¯\¯nsâ kaoIcWw FgpXpI.

 ii) F´psIm≠ mWv hnØm]\ A`n{Inb kw`hn¡p¶Xv?

16. kn¦ns\ tIm¸À (II) kÄt^äpambn tNÀ¯p NqSm¡pt¼mÄ Xmsg¡mWp¶ dntUmIvkv {]hÀ¯\w 

kw`hn¡p¶p.

Zn    + CuSO4     ZnSO4 + Cu 

(s)         (aq)                (aq)       (s)

 i)  dntUmIvkv F¶ ]Zw F´ns\¡pdn¡p¶p.

 ii)  Cu cmk{]hÀ¯\¯nÂ F{]ImcamWv CeIvt{SmWpIÄ ssIamäw sN¿s¸Sp¶Xv F¶v    

     FgpXn ImWn¡pI. 

 iii)  Cu dntUmIvkv {]hÀ¯\¯n\pÅ AtbmWnI kaoIcWw FgpXpI

17. Hcp cmk{]hÀ¯\w \S¡pt¼mÄ Hcp ]ZmÀ°w CeIvt{SmWpIÄ t\SpIbmsW¦nÂ AXn\v 

HmIvkoIcWw kw`hn¨p. HmIvknPs\ \jvSs¸Sp¯pIbmsW¦nÂ AXn\v \ntcmIvkoIcWw 

kw`hn¨p. HmIvkoIcWhpw \ntcmIvkoIcWhpw Ft¸mgpw Hcpan¨v kw`hn¡p¶p. AXn\mÂ Hcp 

hkvXphn\v HmIvkoIcWw kw`hn¨mÂ atäXn\v \ntcmIvkoIcWw \S¡p¶p. Cu Imcy§Ä DÄs¡m-

≠psIm≠ v Xmsg¸dbp¶ Hmtcm cmk{]hÀ¯\§fnepw GXv ]ZmÀ°w HmIvkoIcn¡s¸Sp¶p, 

GXv \ntcmIvkoIcn¡s¸Sp¶psh¶v ]dbpI. 

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. Hcp emb\nbpsS ssl{UP³ AtbmWnsâ KmVX 1 X 108 M BWv. 

 i) Cu emb\nbpsS PH F{XbmWv?

 ii) Cu emb\nbpsS POH F{XbmWv? 

 iii) Cu emb\n A¾KpWapÅXmtWm £mcKpWapÅXmtWm F¶v ]dbpI?

kwLw tNÀ¶v NÀ¨ sN¿pI.

1.  knÂhÀ ss\t{Säv, s]m«mkyw t{_mssaUv F¶nhbpsS emb\nIsf X½nÂ IeÀ¯pt¼mÄ Cfw 

aª \nd¯nepÅ Hcp Ah£n]vXw D ≠mIp¶p. 

 Cu cmk{]hÀ¯\¯nsâ AtbmWnI kaoIcWw C{]ImcamWv. Ag+  +  Br -  AgBr
 i)  a) Cfw aª \nd¯nepÅ Ah£n]vX¯nsâ t]sc´mWv?

  b) CXv ebn¡p¶XmtWm ebn¡m¯XmtWm?

 ii)  knÂhÀ t{_mssaUnsâ  Ah£n]vXs¸SÂ Hcp dntUmIvkv cmk{]hÀ¯\amtWm? AÃtbm?

      \n§fpsS D¯c¯n\v hniZoIcWw \ÂIpI.

 iii)  C¯cw cmk{]hÀ¯\s¯ F´p hnfn¡p¶p?

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

IqSp-XÂ hni-Zmw-i-§Ä¡mbn
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\n§Ä Ft¸m-sg-¦nepw Hcp {KÙ-ime kµÀin-
¨n-«pt ≠m? Hcp {KÙ-im-e-bnÂ Bbn-c-¡W-¡n\v    
]pkvX-I-§Ä D≠ m-bn-cn-¡pw. \n§Ä s]mXp-hmb 
Hcp ]pkvXIw Bh-iy-s -̧Sp-I-bm-sW-¦nÂ AXv 
Is -≠Sp¡p-¶-Xn\v hfsc _p²n-ap-«m-bn-cn¡pw. 
F¶mÂ \n§Ä Hcp {]tXy-I-hn-̀ m-K-̄ nepÅ        
]pkvXIw Bh-iy-s -̧Sp-I-bm-sW-¦nÂ {KÙ-ime 
Poh-\-¡m-c\v AXv hfsc Ffp-̧ -̄ nÂ I ≠p-             
]n-Sn-¡m-\mIpw. F§-s\-bm-WnXv km[y-am-Ip-¶Xv? 
{KÙ-im-e-I-fnÂ ]pkvX-I-§sf hyXykvXhn`m-K-§-
fnepw D]-hn-̀ m-K-§-fn-ep-ambn Xcw-Xn-cn-̈ n-cn-¡p-¶p. 
Ahsb AXn-\-\p-k-cn v̈ Ae-am-c-I-fnÂ {Iao-I-cn-
¨n-cn-¡p-¶p. AXp-sIm≠ v Hcp ]pkvX-I-w I ≠p]n 
Sn¡p¶Xv A\m-bmkw km[y-am-Ip-¶p. 

\mfn-Xp-hsc \qän]Xns\«v aqe-I-§sf -Xn-cn-
¨dnªn-«p≠ v. Hmtcm aqe-I-§-sfbpw shtÆ-sd-bmbn 
Xncn¨dnªv Ah-bpsS KpWhpw D]-tbm-K-§fpw 
a\-Ên-em¡p¶Xv hfsc _p ²n-ap-«m-Wv. AXp-
sIm≠ v Ah-bpsS KpW-§-fn-epÅ kmZr-iy-§-fpsS 
ASn-Øm-\-̄ nÂ Ahsb hÀ¤o-I-cn-̈ p. ASp¡pw 
Nn«bpw a\p-jy-cm-in-bpsS {][m-\-s¸« P·-hm-k-
\-I-fn-sem-¶m-Wv. imkv{X-ÚÀ¡v kam-\-k-hn-
ti-j-X-I-fpÅ aqe-I-§sf {Kq v̧ sNt¿ ≠Xnsâ 
Bh-iy-IXtXm¶n. A§s\ sN¿p-¶-Xnsâ ^e-
ambn {Kq¸n-epÅ Hcp aqe-I-̄ nsâ KpW-§Ä 
Adn-bm-sa-¦nÂ, aäp-Å-hbptSXv Duln-¡m-hp-¶Xpw 
AXp-ambn _Ôs¸Sp¯n hni-Zo-I-cn-¡m-hp-¶-Xp-
am-Wv. 

sl³{Snhn³sP-{^n-kv 
tam-knen, Hcp Cw¥ojv 
`uXnI imkv{X-Ú³ 
(1887 þ 1915) X Inc-W 
-§Ä D]tbmKn¨v aqe-
I-§-fpsS AWp-kw-Jy-
IÄ \nÀ®bn-¨p. 

(B-hÀ¯-\-]-«nI X¿m-dm-¡n-b-Xnsâ icn-
¡pÅ _lp-aXn sa³U-eo-^n-\mWv )

12.1.B[p-\nI {Iam-hÀ¯\ \nbaw. 
sa³U-eo-̂ nsâ BhÀ -̄\-]-«n-I-bnse         \

yq-\X-IÄ CÃm-Xm-¡p-¶-Xn-\mbn [mcmfw imkv{X-
Ú-·mÀ {ia-§Ä \S-̄ n. 1912-þÂ Hcp Cw¥ojv 
`uXnI-im-kv{X-Ú-\mb tamknen AXn-th-K-X-bpÅ 
Ce-Ivt{Sm-Wp-Isf teml-§-fnÂ CSn¸n-¡p-t¼mÄ 
teml-§-fnÂ \n¶pw DÕÀÖn-¡p¶ XþInc-W-
§-fpsS Bhr-̄ n-IÄ IW-¡m¡n. At±lw Bhr-
¯n-bpsS hÀ¤aqe-§sf AWp-kw-Jy-bvs¡-Xn-cmbn 
BteJ\w sNbvXp. D≠ mb BteJw Hcp EPp-
tc-J-bm-bn-cp-¶p. teml-§Ä DÕÀÖn-¡p¶ {]
[m-\-s¸« XþIncW-§-fpsS Bhr-̄ n-bpsS hÀ¤-
aqew AhbpsS AWp-kw-Jybv¡v {Iam-\p-]m-X¯n-

em-Wv. AÃmsX teml AWp-hnsâ AWp`mc¯n\v 
{Iam-\p-]m-X-̄ n-eÃ F¶v At±lw a\-Ên-em-¡n.  

aqe-I-§-fpsS hÀ¤o-I-c-W-¯nsâ ASn-Øm\w 
AWp-kwJy (Z) Bbn-cn-¡-W-sa¶v tamknen \nÀ 
t±in-¨p. AXp-sIm≠ v At±lw Xmsg-¸-d-bp¶ {]
Imcw B[p-\nI{Iam-hÀ¯-\-\n-baw {]kvXmhn¨p.

B[p-\n-I-{I-a-mhÀ¯\ \nbaw {]kvXm-
hn-¡p¶X\pkcn¨v “aqe-I-§-fpsS `uXn-
I-Kp-W-§fpw cmk-Kp-W-§fpw Ah-bpsS 
AWp-kw-Jy-IfpsS {IamhÀ¯\^e\-§-fm-bn-cn-
¡pw”. 

A§s\ B[p\nI {Iam-hÀ¯-\-\n-ba{]
Imcw, aqe-I-§sf Ah-bpsS AWp-kw-Jy-bpsS 
Btcm-l-W-{I-a-¯nÂ hn\y-kn-¡p-t¼mÄ kam-\-Kp-

aqeI§fpsS BhÀ¯\ 
hÀ¤oIcWw

A²ymbw 12

hf-sc-b-[nIw aqe-I-§Ä I≠ p-]n-Sn-̈ -t¸mÄ Ah-
bpsS KpW-§Ä, {]Ir-Xw, kz`m-hw, kwtbm-P-IX 
XpS-§n-b-h-bpsS ASn-Øm-\-̄ nÂ Ahsb {Iao-I-
cn-¡p-¶-Xn-\m-bpÅ [mcmfw {ia-§Ä \S-¶p. 

IqSpXembn Adnbm³

 AWp-kw-Jy- F-¶Xv AWp-tI-{µ-¯n-epÅ     t{]m 
t«m-Wp-I-fpsS F®w AsÃ-¦nÂ Hc-Wp-hnsâ AWp-
tI-{µ¯n\v Npäpw h-ew-h-bv¡p¶ Ce-Ivt{Sm-Wp-I-
fpsS F®-am-Wv.
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W-§-fpÅ aqe-I-§Ä {Ia-amb CS-th-f-IÄ¡p 
tijw BhÀ¯n-¨p-h-cp-¶p.

12.2. B[p-\nI BhÀ -̄\ -]-«n-I. 
B[p-\n-I -{I-am-hÀ¯-\-\n-b-a-¯ns\ ASn-Øm-

\-am¡n [mcmfw BhÀ¯\ ]«n-I-IÄ Imem-Im-e-
§-fnÂ \nÀt±-in-¡-s¸-s«-¦nepw ]«n-I-bpsS s]m 
Xp-hm-b-cq]w sa³U-eo^v \nÀt±-in-¨-{]-Imcw Xs¶ 
\ne-\n-¶p. km[m-c-W-bmbn D]-tbm-Kn-¡p¶, aqe-
I-§-fpsS Ce-Ivt{Sm¬ hn\ym-ks¯ Bkv]-Z-am-
¡n-bpÅ BhÀ¯\]«n-Isb ZoÀL-cq-]-¯n-epÅ 
BhÀ¯-\-]-«nI F¶p ]d-bp-¶p. CXns\bmWv 
B[p-\nI BhÀ¯-\-]-«nI F¶p ]-d-bp-¶Xv.

12.2.1.  B[p-\nI (A-Y-hm) ZoÀL-cq-]¯n-  
 epÅ BhÀ¯\ ]«n-I-   
 bpsS hnh-c-Ww.

aqe-I-§sf AWp-kw-Jy-I-fpsS Btcm-l-
W-{I-a-¯nÂ hn\y-kn-¨n-cn-¡p¶ Hcp NmÀ«mWv 
ZoÀLcq]-¯n-epÅ BhÀ¯-\-]-«n-I. ]«n-I-bnÂ 
AS-§n-bn-cn-¡p¶ Xnc-Ýo\ambn ImW-s¸-Sp¶ \nc-
Isf BhÀ¯-\-Im-e-§Ä (Periods) F¶pw ew_-
ambn ImW-s¸-Sp¶ tImf-§sf hÀ¤-§Ä (groups) 

F¶pw ]d-bp-¶p. 

12.2.2. ZoÀL-cq]-̄ n-epÅ BhÀ -̄\-]-«n-I-bpsS hnhn[ `mK-§Ä 

12.2.3. BhÀ¯-\-Ime§sf¸än-bpÅ   
 ]T\w

BhÀ¯-\-]-«n-I-bnÂ Xnc-Ýo-\-ambn ImW-s¸-
Sp¶ \nc-IsfbmWv BhÀ¯-\-Im-e-§Ä F¶p-]-d-
bp-¶-Xv. BhÀ¯\ ]«n-I-bnÂ Ggv Xnc-Ýo\ \n 
c-I-fp≠ v. 
•• BZys¯ BhÀ -̄\-Imew (A-Wp-kwJy 1Dw 

2Dw): CXv Gähpw {lkz-amb BhÀ -̄\-Im-e-am-
Wv. CXnÂ c≠ v aqe-I-§Ä am{Xw AS-§n-bn-cn-
¡p¶p (ssl-{U-P-\pw, loen-b-hpw).

•• c ≠m-as¯ BhÀ -̄\-Imew (A-Wp-kwJy 3 
apXÂ 10 hsc): CXv {lkz-amb Hcp BhÀ¯\
Ime-am-Wv. CXnÂ F«v aqe-I-§Ä AS-§n-bn-cn-
¡p-¶p. (en-Ynbw apXÂ \ntbm¬ hsc) .

•• aq¶m-as¯ BhÀ -̄\-Imew (A-Wp-kwJy 11 
apXÂ 18 hsc): CXpw {lkz-amb Hcp BhÀ -̄
\-Im-e-am-Wv. CXnÂ F«v aqe-I-§Ä AS-§n-bn-
cn-¡p-¶p. (tkm-Unbw apXÂ BÀtKm¬ hsc).

•• \mem-as¯ BhÀ -̄\-Imew (A-Wp-kwJy 
19 apXÂ 36 hsc) : CXpw ssZÀLy-ta-dnb 
Hcp BhÀ¯\ Ime-am-Wv. CXnÂ 18 aqe-I-
§Ä AS-§n-bn-cn-¡p-¶p. (s]m«mkyw apXÂ  
{In]vtäm¬ hsc) CXnÂ 8 km[m-cW aqe-I-§fpw 
10 kw{I-aW aqe-I-§fpw DÄs -̧Sp-¶p.

•• A©m-as¯ BhÀ -̄\-Imew (A-Wp-kwJy 37 
apXÂ 54 hsc): CXv Gähpw ssZÀLy-ta-dnb 
BhÀ -̄\-Im-e-amWv CXnÂ 18 aqe-I-§Ä AS-
§n-bn-cn-¡p¶p. (dp_oUnbw apXÂ skt\m¬ 
hsc) CXnÂ 8 km[m-c-W-aq-e-I-§fpw 10kw{I-
aW aqe-I-§fpw DÄs -̧Sp-¶p.

B[p-\nI BhÀ¯-\-]-«n-I-sbbpw s, p, 
d, f F¶-dn-b-s¸-Sp¶ \mev t»m¡p-I-fmbn 
hn`-Pn-¨n-cn-¡p-¶p.

IqSpXembn Adnbm³

BÎnss\UpIÄemÙss\UpIÄ

kw{IaW aqeI§Ä  
d-t»m¡v 

ZoÀLcq]¯nepÅ BhÀ¯\ ]«nI

CSXp`mKw hÀ¤w 1 Dw 
hÀ¤w 2 Dw ( {]mXn\n[y 
aqeI§Ä) s-t»m¡v 

a²y`mKw 3 apXÂ 
12 hscbpÅ 

hÀ¤§Ä 

heXp`mKw hÀ¤w 13 apXÂ 18 
hsc ({]mXn\n[y aqeI§Ä) 

p-t»m¡v  

B´ckw{IaW 
aqeI§Ä  f-t»m¡v 
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•• Bdm-as¯ BhÀ -̄\-Imew (A-Wp-kwJy 55 
apXÂ 86 hsc): CXv Gähpw ssZÀLy-ta-dnb 
BhÀ -̄\-Im-e-amWv CXnÂ 32 aqe-I-§Ä AS-
§n-bn-cn-¡p¶p. (ko-knbw apXÂ dtUm¬ hsc) 
CXnÂ 8 km[m-c-W-aq-e-I-§fpw 10kw{I-aW 
aqe-I-§fpw 14 B´ckw{IaW aqeI§fpw 
(em³Y-ss\-Up-Ifpw) DÄs -̧Sp-¶p..

•• Ggm-as¯ BhÀ -̄\-Imew (A-Wp-kwJy 87 
apXÂ 118 hsc): Bdm-as¯ BhÀ -̄\-Imew 
t]mse Cu BhÀ¯\ Ime-̄ n\pw 32 aqe-I-
§sf DÄs¡m-Ån-¡p-hm³ Ignbpw CXp-hsc 
26 aqe-I-§Ä¡pam{Xta IUPAC B[n-Im-cn-IX     
\ÂIn-bn-«pÅq. 

12.2.4. hÀK-§sf ]än-bpÅ ]T\w 
•• BhÀ¯-\-]-«n-I-bnÂ apI-fnÂ\n¶v Xmtgm«v 

ImW-s¸-Sp¶ ew_-amb tImf-§sfbmWv 
hÀK-§Ä F¶p-]-d-bp-¶-Xv. BhÀ¯\ ]«n-I-
bnÂ 18 hÀK-§Ä D≠ v.

•• H¶m-as¯ hÀK-̄ n-epÅ aqe-I-§sf £mc-
tem-l-§Ä (Alkalimetals) F¶p-]-d-bp-¶p.

•• c ≠m-as¯ hÀK-¯n-epÅ aqe-I-§sf £mc-
a¬ teml-§Ä (Alkaline earth metals)F¶p- 
]-d-bp-¶p. 

•• aq¶p-ap-XÂ ]{´≠- p-hscbpÅ hÀK-§-fn-e-S-
§n-bn-cn-¡p¶ aqe-I-§sf kw{I-a-W-       aq-e-
I-§Ä (Transition elements) F¶p ]d -bp-¶p.

•• 1,2 F¶o hÀ¤-§-fnepw 13 apXÂ 18 hscbpÅ 
hÀ¤-§-fnepw DÄs -̧Sp-̄ n-bn-cn-¡p¶ aqe-I-
§sf km[m-c-W-aq-e-I-§Ä AYhm {][m\ 
hÀK-§-fnse aqe-I-§Ä AYhm {]mXn-\n[y 
aqe-I-§Ä(Representative elements) F¶p ]
d-bp-¶p.

•• 13þ-m-as¯ hÀ¤¯ns\ t_mtdm¬ IpSpw_
sa¶pw

•• 14þ-m-as¯ hÀ¤¯ns\ ImÀ_¬ IpSpw_
sa¶pw 

•• 15þ-m-as¯ hÀ¤¯ns\ ss\{SP³ IpSpw_
sa¶pw ]dbp¶p.

•• 16-þ-mas¯ hÀ¤-¯n-epÅ aqe-I-§sf (s]m 
tfmWnbw Hgn-sI-bp-Å-h-sb) ImÂ t¡m-P³ 
IpSpw_w F¶p-]-d-bp-¶p. 

•• 17þmas¯ hÀ¤¯nepÅ aqeI§sf lmsem 
P³ IpSpw_w F¶p ]dbp¶p.

•• 18-þ-mas¯ hÀ¤-¯n-epÅ aqe-I-§sf DXv 
IrjvS hmX-I-§Ä AYhm \njv{Inb hmX-I-
§Ä F¶p-]-d-bp-¶p.

•• 3þ-m-as¯ hÀ¤-¯nsâ `mK-amb em³Yss\-
Up-Isfbpw BIvSn-ss\-Up-I-sfbpw B´ 
ckw{I-aW aqe-I-§Ä (Inner Transition 
Elements) F¶p- ]-d-bp-¶p.

12.3. B[p-\nI BhÀ¯\]«n-I-  
        bpsS khn-ti-j-X-IÄ  
12.3.1.BhÀ¯\Ime§fpsS             
 khn-ti-j-X-IÄ
•• Hcp BhÀ¯-\-Im-e-¯n-epÅ FÃm aqe-I-

§Ä¡pw Htc kwtbm-PI sjÃn-emWv Ce-
Ivt{Sm-Wp-IÄ \nd-bv¡-s¸-Sp-¶-Xv.

•• Hcp BhÀ¯-\-Ime¯n-ep-S-\ofw Ce-Iv 
t{Sm¬ hn\ymkw amdp-¶-Xn-\mÂ aqe-I-§-fpsS 
cmk-Kp-W-§fpw hyXym-k-s¸-Sp-¶p. 

•• Hcp BhÀ¯\ Ime-¯nÂ CS-¯p-\n¶pw 
he-t¯m«v AWp-¡-fpsS hen¸w Ipd-ªp-h-
cp-¶p. 

•• Hcp BhÀ¯\ Ime-¯nÂ CS-¯p-\n ¶pw 
he-t¯m«v teml-KpWw Ipd-bp-Ibpw Atem-

l-KpWw hÀ²n-¡p-Ibpw sN¿p-¶p.

12.3.2. hÀK-§-fpsS khn-ti-j-X-IÄ
•• 2þ-mat¯bpw 18þ-mat¯bpw hÀ¤-§-fnÂ 

ImW-s¸-Sp¶ aqe-I-§-fpsS AWp-kw-Jy-IÄ 
8, 8, 18, 18, 32 F¶n-§s\ hyXym-k-s¸-«n-cn-¡p-
¶p. 

•• 13 þ 17 hsc-bpÅ hÀ¤-§-fnÂ ImW-s¸-Sp¶ 
aqe-I-§-fpsS AWp-kw-Jy-IÄ 8, 18, 18, 32 
F¶n-§s\ hyXym-k-s¸-«n-cn-¡p-¶p. 

•• 4 þ 12 hscbpÅ hÀ¤§fnÂ ImWs¸Sp¶ 
aqeI§fpsS AWpkwJyIÄ 18, 32, 32 
F¶n§s\ hyXymks¸«ncn¡p¶p.

•• Hcp hÀ¤-¯nÂ ImW-s¸-Sp¶ FÃm-aq-e-I-§-
fpsSbWp-¡-fpsSbpw kwtbm-P-I-sjÃnÂ 
kam\ F®w Ce-Ivt{Sm-Wp-IÄ AS-§n-bn-cn-
¡p-¶p.

•• Hcp hÀ¤-¯nÂ ImW-s¸-Sp¶ aqe-I-§-fpsS 
sbÃmw kwtbm-P-IXbpw Htc-t]m-se-bm-bn-cn-
¡pw. 

•• Hcp hÀ¤-¯nÂ ImW-s¸-Sp¶ aqe-I-§Ä 
s¡Ãmw Htc-t]m-epÅ cmk-Kp-W-§Ä D ≠m-bn-
cn-¡pw.

•• Hcp hÀ¤-¯nÂ ImW-s¸-Sp¶ aqe-I-§-fpsS 
{Zh-Wm¦w, IzY-\m¦w km{µ-X- t]m-epÅ 
`uXnI KpW-§Ä {Iaambn hyXym-k-s¸-Sp-¶p. 

•• Hcp hÀ¤-¯nÂ ImW-s¸-Sp¶ aqe-I-§-fpsS 
AWp¡fpsS  hymkmÀ²§Ä apI-fnÂ        
\n¶v Xmtgm«v hÀ²n-¨p-h-cp-¶p.
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12.3.3. B[p-\nI BhÀ¯-\-]-«n-I-bpsS   
          ta·-IÄ.
•• Cu ]«nI aqe-I-§-fpsS ASn-Øm-\-Kp-W-

amb AWp-kw-Jysb ASn-Øm-\-s -̧Sp-̄ n-
bpÅXmWv. 

•• CXv aqe-I-̄ nsâ Øm\-s¯bpw Ah-bpsS 
Ce-Ivt{Sm¬ hn\ym-k-s¯bpw hfsc hyàambn 
]ckv]cw _Ôs¸Sp¯nbncn-¡p-¶p. 

•• Hcp BhÀ -̄\-Im-e-̄ nÂ AWp-kwJy hÀ²n-
¡p-¶-Xn-\-\p-k-cn v̈ \njv{In-b-hm-X-I-§-fpsS 
Ce-Ivt{Sm¬ hn\ymkw BÀPn-¡p-¶-Xp-h-scbpw 
DuÀÖ-\n-e-I-fnÂ {Iam-\p-K-X-ambn Ce-Ivt{Sm-
Wp-IÄ \nd-bv¡-s -̧Sp-¶p. Hmtcm BhÀ¯\ 
Ime-̄ nsâbpw ]qÀ¯o-I-cWw hfsc bpàn-
bp-à-am-Wv. 

•• CXv HmÀ½n¨p hbv¡p-¶-Xn\pw ho ≠pw ]d-bp-¶-
Xn\pw kuI-cy-{]-Z-am-Wv.

•• Hmtcm BhÀ -̄\-Im-e-§-fpw \nc-t]-£-amb 
BhÀ -̄\-Im-e-§-fmWv D]BhÀ -̄\-Im-e-
§Ä -F¶ Bibw Dt]-£n-t¡≠- n-h-¶p.

•• ka-Øm-\o-b-§Ä¡v Htc AWp-kw-Jy-bm-
bXn-\mÂ Hcp aqe-I-̄ nsâ FÃm ka-Øm-\o 
b§Ä¡pw BhÀ -̄\-]-«n-I-bnÂ Htc-Øm\w 
F¶p-ÅXv \ymbo-I-cn-¡-s -̧«p. 

•• F«m-as¯ hÀ¤¯nsâ Øm\hpw (sa³U-eo-
^nsâ BhÀ -̄\-]-«n-I-bn-se) Cu ]«n-I-bnÂ 
\ymbo-I-cn-¡-s -̧«n-«p≠- v. BhÀ -̄\-]-«n-I-bnse 
CSXp `mK-̄ p-ÅXpw he-Xp-̀ m-K-̄ p-Å-Xp-amb 
aqe-I-§-fpsS KpW-§-fpsS CS-bv¡pÅ KpWw 
{]ZÀin-̧ n-¡p¶ kw{I-a-W-aq-e-I-§Ä¡v ]«n-I-
bpsS a[y-̀ m-K-̄ mbn Øm\w \ÂIn-bn-cn-¡p-
¶p. 

•• Cu BhÀ¯\]«n-I-bnÂ teml-§Ä ]qÀ®-
ambpw Atem-l-§-fnÂ \n¶v thÀs]«v ImW-
s -̧Sp-¶p. 

•• sa³U-eo-̂ nsâ BhÀ -̄\-]-«n-I-bnÂ ap³]v 
AØm-\-̄ m-bn-cp¶ Nne aqe-I-§fpsS Øm\-
§Ä (]-c-kv]cw amdn-bn-cp¶) Ct¸mÄ Cu ]«n-I-
bnÂ km[q-I-cn-̈ n-«p≠ v ImcWw Cu ]«n-I- aq-e-
I-§fpsS AWpkwJysb ASn-Øm-\-s -̧Sp-̄ n-
bp-Å-Xm-Wv. 

•• em³Yss\UpIÄ¡pw BIvSn-ss\-Up-IÄ 
¡pw BhÀ¯\ ]«n-I-bpsS Xmsg-bmbn Øm 
\w \ÂIn-b-Xn-\pÅ \ymbo-I-cWw \ÂIn-bn-
«p≠- v.

12.3.4.  B[p-\nI BhÀ¯-\-]-«n-I-bpsS 
t]mcm-bva-IÄ 

•• CXp-h-scbpw ssl{U-Psâ Øm\w Dd-¸n-

¨n-«n-Ã. 

•• em³Y-ss\-Up-IÄ¡pw BIvSn-ss\-Up-IÄ 

¡pw BhÀ¯-\-]-«n-I-bv¡p-ÅnÂ Øm\w 

\ÂIm³ km[n-¨n-Ã.

•• Nne kw{I-a-W-aq-e-I-§-fp-sSbpw B´c 

kw{I-aW aqe-I-§-fp-sSbpw (inner transition 
elements) IrXyamb Ce-Ivt{Sm¬ hn\ym-ks¯ 

Ipdn¨v H¶pwXs¶ hyà-am-¡n-bn-Ã.

IqSpXembn Adnbm³

IUPAC B[nIm-cn-IX \ÂInb Ah-km\ 
aqeIw Cn112 (tIm-]À\nkn-bw) BWv. 
F¶n-cp-¶mepw CXp-hsc I≠ p-]n-Sn-¡-
s¸« aqe-I-§-fpsS F®w 118 BWv.

12.4. teml-\n-jvIÀj-Ww

Rm³ (Al) shÅn-t]mse shfp¯ 

I\w-Ip-dª temlw. hnam-\-§Ä 

\nÀ½n-¡p-¶-Xn-\p-]-tbm-Kn-¡p-¶p. 

AXp-sIm ≠v, Rm\mWv tIa³.

Rm³ (Cu) \mW-b-§Ä 
D ≠m-¡p-¶-Xn-\p-]-tbm-
Kn-¡p¶ Hcp Nph¶ 

Xhn«p \nd-¯n-epÅ teml-
am-Wv. AXp-sIm≠ v, Rm    

\mWv tIa³
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BapJw
teml§fpsS \njvIÀjW¯n\v \½psS \m 

KcnIXbvs¡m¸w ]g¡ap≠ v. ]m{X§Ä Bbp[ 
§Ä, aäv ]e D]IcW§Ä F¶nh bp≠ m¡m³ 
D]tbmKn¨ BZytemlw sN¼v (Cu)BWv .\½psS 
\nXyPohnX¯nÂ teml§Ä hfsc {][m\
s¸« Hcp ]¦v hln¡p¶p. Ch Hcp cmPy¯nsâ 
[mXpk¼¯mWv .CXmWv AhnSs¯ kar²nsb 
\nÀ®bn¡p¶Xv.

sääm\nbw, t{Imanbw amwK\okv, knÀt¡m Wnbw 
XpS§nb teml§Ä {]Xntcm[ D]IcW§Ä   
\nÀ½n¡p¶Xn\p]Icn¡p¶p.Chsb bpt²m]
IcW§Ä \nÀ½n¡p¶ teml§Ä (Strategic 
elements)  F¶p hnfn ¡p¶p.bptd\nbw temlw 
AWptI{µob {]hÀ¯\§fnÂ apJyamsbmcp 
]¦vhln ¡p¶p. AWptI{µob {]hÀ¯\ ^e 
ambn [mcmfw DuÀÖw kzX{´amIp¶p.CXns\ 
BWthmÀÖw F¶p ]dbp¶p.sN¼v, shffn, 
kzÀ®w F¶nh \mWb§Ä, B`cW§Ä F¶nh 
\nÀ½n¡p¶Xn\p]tbmKn¡p¶Xp ImcWw Chsb 
\mWbap≠ m¡p¶ (coinage) teml§Ä F¶p hnfn 
¡p¶p.

hnbäv\mw \nhmknIfpsS shffnbnse           
IcIuie ]WnIÄ

Aepan\nbw XInSv

kzÀ® hfIÄ

 

 
\n§-fpsS ImgvN-¸m-
SnÂ \n§-tfm-tcm-cp-
¯cpw tIa·m-cm-Wv. 
\n§sf tNÀ¯v 
k¦cWw sN¿p-
I-bm-sW-¦nÂ       

\n§Ä al-¯-c-am-
Ip-¶p. sFI-aXyw 

alm-_-ew.

Rm³ (Fe) b{´-§fpw 
]me-§fpw D ≠m-¡m-

\p-]-tbm-Kn-¡p¶ Dcp-¡nse 
Xnf-¡-apÅ teml-amWv AXp-

sIm≠v, Rm\mWv tIa³.

IqSpXembn Adnbm³

kzÀ®¯nsâ ]cnip²n ImcÁv F¶ ]Zap]tbm 
Kn¨v {]Xn\n[oIcn¡p¶p.

      24 ImcÁv kzÀ®w = ]cnip² kzÀ®w

B`cW§Ä \nÀ½n¡p¶Xn\v 22 Imcäv kzÀ®am 
Wp]tbmKn¡p¶Xv CXnÂ `mc¯nsâ 22 `mKw 
kzÀ®hpw 2 `mKw sN¼pw AS§nbncn¡p¶p. CXn 
se ]cnip²nbpsS iXam\w 

22─24   x  100=91.6%  (916 kzÀ®w) BIp¶p.
Hcp {Kmw kzÀ®¯ns\ GItZiw 2 km\of 

apff I¼nbmbn hen¨v \o«mhp¶XmWv.icn¡pw 
CsXmcp AXnibn¸n¡p¶ hkvXpXbtÃ!
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IqSpXembn Adnbm³

Poh³ ]cn]qÀ®am¡p¶XnÂ teml§fpsS {]m[m\yw
Pohimkv{X]camb ]e Imcy§Ä¡pw hfsc sNdnb AfhnÂ teml§Ä AXymhiyamWv. 
Fe-- cIvX¯nse hÀ®I¯nse (lotamt¥m_n\nse ) Hcp LSIw.
Ca-- FÃnsebpw ]Ãnsebpw Hcp LSIw. 
Co--  hnäman³ B--12 -se Hcp LSIw.

Mg-- lcnXI¯nse Hcp LSIw. 

\ap¡p Npäpapff teml§Ä

12.4.1. teml\njvIÀjW¯nepÄs¸«n     
 cn¡p¶ ]Z§Ä
[mXp¡Ä: [mXp¡Ä F¶Xv `qanbnÂ 
ImWs¸Sp¶ teml§Ä AS§nbncn¡p¶ Hcp 
kwbpàtam, AsÃ¦nÂ teml§fpsS hnhn[ 
kwbpà§fpsS Hcp k¦oÀ® an{inXtam Bbn 
cn¡mw.

AbncpIÄ: h³tXmXnÂ A\mbmkambpw Ipd 
ª sNehnepw teml§Ä    \njvIÀjWw 
sN¿p¶ [mXphns\bmWv Abncv F¶p  
]dbp¶Xv.

DZmlcWambn,  Ifna®pw (Al2O3. 2SiO2. 
2H2O) t_mIvsskäpw  (Al2O3.2H2O) Aepan\n 

b¯nsâ c≠ v [mXp¡fmWv.F¶mÂ Aepan\n bw 
Nnehv Ipdª coXnbnÂ \njvIÀjWw sN¿p¶Xv 
t_mIvsskÁnÂ \n¶p am{XamWv. BbXn\mÂ 
Aepan\nb¯nsâ Abncv t_mIv sskämWv.Ifn 
a®v AXnsâ [mXphmWv.

12.4.2. [mXp¡fpw AbncpIfpw X½nepff 
hyXymkw

 • [mXp¡fnÂ hfscIpd¨v iXam\w am{Xta 
temlw AS§nbn«pffq F¶mÂ Abncp 
IfnÂ DbÀ¶ iXam\¯nÂ temlw AS§n 
bncn¡p¶p

 • [mXp¡fnÂ \n¶pw teml§sf \njvIÀ 
jWw sN¿m³ km[n¡pIbnÃ. F¶mÂ Abn 

kzÀ®w shffn Aepan\nbw
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cpIÄ teml§fpsS \njvIÀjW¯n\mbn 
D]tbmKn¡mhp¶XmWv.

 • FÃm [mXp¡sfbpw AbncpIsf¶p ]d bm³ 
km[yaÃ F¶mÂ FÃm AbncpIfpw [mXp¡ 
fmWv.

J\\w: `qhÂ¡¯nÂ \n¶pw AbncpIÄ \njv 
IÀjWw sN¿p¶ {]{Inbsb J\\w F¶p ]d 
bp¶p.
teml\njvIÀjWw: teml§sf AhbpsS 
AbncpIfnÂ \n¶pw \njvIÀjWw sN¿p¶XnÂ 
DÄs¸«ncn¡p¶ hnhn[ L«§sfbpw, \njv IÀjWw 
sNbvsXSp¯ teml n̄sâ ip²oIcWs¯bpw 
Ipdn̈ v {]Xn]mZn¡p¶Xns\bmWv teml\njvIÀ 
jWw (metallurgy)F¶dnb s¸Sp¶Xv.
KmwMv AYhm am{SnIvkv: AbncpItfmsSm¸w 
ImWs¸Sp¶ `ua A]{Zhy§sfbmWv (amen\y 
§sfbmWv) KmwMv AYhm am{SnIvkv F¶p ]d 
bp¶Xv.

^vfIvkv: teml \njvIÀjW¯nÂ Abncv 
Dcp¡p¶Xn\v FSp¡p¶ Dujvamhns\ Ip-
dbv ¡p¶Xn\pw A]{Zhy§sf Dcp¡n \o¡w 
sN¿p¶Xn\pambn Abncnt\mSp IqSn tNÀ¡p¶ 
Hcp ]ZmÀ°amWnXv. DZm. ImÂkyw HmIvsskUv, 
knen¡.

In«w: teml§fpsS \njvIÀjW kab¯v 
tNÀ¡p¶ ^vfIvkv KmwMpambn {]Xn{]hÀ¯n¨v 
D ≠mIp¶ DcpInb Hcp ]ZmÀ°amWnXv.

^vfIvkv + KmwMv →  In«w (Slag)
kvsaÂänwKv: hdp¯ temI HmIvsskUv Abncns\ 
DcpInb AhØbnepff temlambn \ntcmIv 
koIcn¡p¶ {]{InbsbbmWv kvsaÂänwKv F¶p 
]dbp¶Xv. Cu {]{InbbnÂ ^vfIvkv tNÀ¯v 
A]{Zhy§sf In«ambn \o¡w sN¿p¶p. 

12.5.teml§fpsS km¶n²yw
GItZiw 80þHmfw temlKpWapff 

aqeI§fpsS [mXp\nt£]§Ä `qanbpsS D]
cnXe¯ntem AsÃ¦nÂ `qhÂ¡¯n\Snbntem 
ImWs¸Sp¶p .teml§Ä¡v cmk]cambn 
{InbmioeX IpdhmbXp ImcWw Ah kzX{´ 
AhkvYbnÂ (aqeI§fmbn) AsÃ¦nÂ ss\
kÀ¤nI AhØbnÂ Xs¶ ImWs¸Sp¶p.

kzÀ®w, shffn, ¹mÁn\w F¶nh `mKnIambn 
kzX{´mhkvYbnÂ ImWs¸Sp¶ teml§Ä¡p 
ZmlcW§fmWv. an¡hmdpapff aäv teml§Ä 
AhbpsS HmIvsskUv AbncpIfmtbm, ImÀ_
tWÁv AbncpIfmtbm, lmsseUv AbncpIfmtbm, 
kÄss^Uv AbncpIfmtbm, kÄt^äv Abncp 
Ifmtbm kwtbmPn¨ AhØIfnemWv ImW 
s¸Sp¶Xv.

HmIvsskUv AbncpIÄ ImÀ_tWäv AbncpIÄ lmsseUv AbncpIÄ kÄss^Uv AbncpIÄ

t_mIvsskäv (Al2O3.2H2O) amÀ_nÄ (CaCO3) {Itbmsseäv (Na3AlF6) Keo\ (PbS)

Ipss{]äv (Cu2O) amKv\sskäv (MgCO3) ^vfqÀkv]mÀ (CaF2) Ccp¼v ss]ssdäv (FeS2)

tlassääv  (Fe2O3)

kn¦vsskäv (ZnO)

knUssdäv (FeCO3)

Ieman³ (ZnCO3)

tdm¡v kmÄ«v (NaCl)

tlm¬ knÂhÀ (AgCl)

kn¦vs»³Uv (ZnS)

Nn¶_mÀ (Fe2O3)

hdp¡Â \ntcmIvkoIcWw, 
ip²oIcWw

Abncv

km{µX Iq«nb Abncv

sshZypX hntÇjW \ntcmIvkoIcWw 
ip²oIcWw

ImÂknt\j³, hdp¡Â,
\ntcmIvkoIcWw, ip²oIcWw

{Kmhnän thÀXncn¡Â, \pc¹h\coXn, Im´w    
D]tbmKn¨pÅ thÀXncn¡Â, \n£mf\w (Leaching)

DbÀ¶ {InbmioeXbpÅ
teml§Ä

teml§fpsS AbncnÂ \n¶pw AhbpsS \njvIÀjWw

ip²amb temlw ip²amb temlw ip²amb temlw

anXamb {InbmioeXbpÅ
teml§Ä

{InbmioeX Ipdª
teml§Ä
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12.6. Aepan\nbw, sN¼v, Ccp¼v       
        F¶nhbpsS \njvIÀjWw
12.6.1 Aepan\nb¯nsâ \njvIÀjWw

{]XoIw  : Al
\ndw    : shffnt]mepff   
     shfp¸v
AWp kwJy  : 13
CeIvt{Sm¬ hn\ymkw:  2,8,3
kwtbmPIX    :  3
AWp{Zhyam\w :  27

BhÀ¯\]«nIbnse Øm\w : BhÀ¯\
Imew = 3, hÀ¤w=13 (III A)

`qhÂ¡¯nÂ Gähpw kar²ambn (IqSpX 
embn) ImWs¸Sp¶ temlw Aepan\nbamWv  
CXv{InbmioeX IqSnb Hcp temlambXn\mÂ 
kwtbmPn¨ AhØbnemWv ImWs¸Sp¶Xv.
Aepan\nb¯nsâ {][m\s¸« AbncpIÄ Xmsg 
X¶ncn¡p¶p:

Abncnsâ \maw cmk kq{Xw

t_mIvsskäv Al2O3.2H2O

{Itbmsseäv Na3AlF6

tImd ≠w Al2O3

Aepan\nb¯nsâ {][m\s¸« Abncv t_mIv 
sskäv (Al2O3.2H2O) BWv.

t_mIvsskänÂ \n¶pw Aepan\nbw \njvIÀ 
jWw sN¿p¶XnÂ c≠ v L«§Ä DÄs¸Sp¶p.

1.  t_bÀ {]{Inb hgn t_mIvsskäns\     
    Aepan\bm¡n amäÂ

t_mIvsskäns\ Aepan\bm¡n amäp¶XnÂ 
Xmsg ]dbp¶ L«§Ä DÄs¸Sp¶p:

i. t_mIvsskäv Abncns\ \Ãh®w s]mSn¨v 
KmV ImÌnIv tkmUmemb\n tNÀ¯v 1500C- Â 
aÀ±w sNep¯n NqSm¡pt¼mÄ tkmUnbwsaäm 
Aepant\äv e`n¡p¶p.  

                                                                   150°C

     Al2O3.2H2O + 2NaOH   →   2NaAlO2 + 3H2O
    t_mIvsskäv                                tkmUnbw saäm           

             Aepant\äv

ii. tkmUnbwsaämAepant\äns\ Pew tNÀ v̄ t\
À¸n¡pt¼mÄ Aepan\nbw sslt{UmIvssk 
Unsâ Ah£n]vXw e`n¡p¶p.

 NaAlO2 + 2H2O → NaOH + Al(OH)3

iii. Cu Ah£n]vXs¯ Acns¨Sp¯v IgpIn, 
DW¡n, 10000C- bnÂ I¯n¡pt¼mÄ Aepan\ 
e`n¡p¶p.

                       1000°C

 2Al(OH)3   →   Al2O3 + 3H2O   

2. lmÄ {]{Inbbp]tbmKn¨v Aepan\nb   
    ¯nsâ sshZypX \ntcmIvkoIcWw

shZypXhntÇjIskÃnÂ FSp¯n«pff Dcp 
Inb AhØbnepff Aepan\bv¡v (Al2O3) ssh 
ZypX \ntcmIvkoIcWw kw`hn¡pt¼mÄ Aepan 
\nbw D ≠mIp¶p.

ImtYmUv : {Kmss^äv sIm≠ v BhcWw sNbvX 
Ccp¼v Sm¦v

Bt\mUv : DcpInb hnZypXv A]LSy¯nÂ Xq¡n 
bn«ncn¡p¶ Hcp Iq«w {Kmss^äv ZWvUpIÄ.

hnZypXv A]LSyw: ip²amb Aepan\+ DcpInb 
{Itbmsseäv + v̂fqÀkv]mÀ ( v̂fqÀkv]mÀ) hnZyp 
XvA]LSyw DcpIms\Sp¡p¶ Dujvamhns\ Ipdbv 
¡p¶p)

Dujvamhv   : 900-950°C

D]tbmKn¡p¶ thmÄ«X :  5-6V

Aepan\nb¯nsâ \njvIÀjW¯nepÄ 

s¸Sp¶ cmkkahmIyw

2Al2O3 → 4Al + 3O2  

Aepan\nbw ImtYmUnÂ \nt£]n¡s¸Sp¶p. 
Bt\mUnÂ HmIvknP³ hmXIw kzX{´amIp¶p.
HmIvknP³ {Kmss^äpambn kwtbmPn v̈ CO2 

D ≠mIp¶p. 
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Aepan\nb¯nsâ KpW§Ä.
`uXnI KpW§Ä:
i.  CXv shffnt]mse shfp¯ Hcp temlamWv

ii. CXn\v km{µX hfsc IpdhmWv, CXv `mcw 
IpdªXmWv

iii. CXns\ ASn¨p ]c¯n XInSm¡m\pw, hen¨p 
\o«n I¼nbm¡m\pw km[n¡pw

iv. CXv Xm]¯nsâbpw sshZypXnbpsSbpw 
hfsc \Ã NmeI§fmWv.

v.  {ZhWm¦w: 6600C 

vi. ImgvNbv¡v BIÀjIambn tXm¶¯¡ 
hn[w CXns\ hfsc \¶mbn an\pks¸Sp 
¯mhp¶XmWv.

cmkKpW§Ä:
1. hmbphpambpff A`n{Inb: CuÀ¸mwianÃm¯ 
hmbphn\mÂ CXv _m[n¡s¸Sp¶nÃ.8000C bnÂ 

NqSm¡pt¼mÄ Aepan\nbw hmbphnÂ DÖzeamb 
{]Imit¯mSpIqSn I¯n AXnsâ HmIvsskUpw 
s\ss{SUpw D ≠mIp¶p

4Al + 3O2 → 2Al2O3 (Aepan\nbwHmIvsskUv)
2Al + N2 → 2AlN (Aepan\nbw ss\ss{SUv)

2. Pehpambpff A`n{Inb: Aepan\nb¯nsâ ]p 
d¯v AXnsâ HmIvsskUnsâ Hcp t\cnb ]Sew 
DffXn\mÂ CXv Pehpambn {]hÀ¯n¡p¶nÃ. 
AcpWX]vXam¡nb Aepan \nb¯neqsS \o 
cmhn IS¯n hnSpt¼mÄ ssl{UP³ hmXIw 
D ≠mIp¶p.

 2Al + 3H2O → Al2O3 + 3H2↑

3.£mc§fpambpff A`n{Inb: hocyapff ImÌnIv 
£mc§fpambn {]Xn{]hÀ¯n¨v Aepan t\äpIÄ 
D ≠m¡p¶p

   2Al + 2NaOH + 2H2O → 2NaAlO2 + 3H2↑

4. A¾§fpambpff A`n{Inb: t\À¸n¨ HCl 
KmV HCl Chbpambn CXv {]hÀ¯n¨v H2hmX Iw 
kzX{´am¡p¶p.

 2Al + 6HCl → 2AlCl3 + 3H2↑

Aepan\nbw t\À¸n¨ kÄ^yqcnIv A¾hpambn {]
Xn{]hÀ¯n v̈ ssl{UP³ hmXIw kzX{´amIp¶p.
NqSpÅ KmV kÄ^yqcnIv A¾hpambn {]Xn{]hÀ 
¯n v̈ kÄ^ÀssU HmIvsskUv kzX{´amIp¶p.

\ocmhn Aepan\nbw      
HmIvsskUv

tkmUnbw saäm 

Aepant\äv

Aepan\nbw 
t¢mssdUv

Nn{Xw 12.1 Aepan\bpsS sshZypX \ntcmIvkoIcWw

Nn{Xw 12.2 teml¯nsâ sshZypX NmeIX

{Kmss^Áv ]qinb 
Ccp¼v Sm¦v

hnZypXv A]LSyw

Aepan\nbw

{Kmss^Áv ZÞpIÄ {Kmss^Áv ZÞpIÄ
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12.6.2 tIm¸dnsâ \njvIÀjWw

 2Al + 3H2SO4 → Al2(SO4)3 + 3H2↑

   2Al + 6H2SO4 → Al2(SO4)3 + 6H2O +3SO2↑
NqSpff

KmVkÄ^yqcnIv A¾w
Aepan\nbw 
kÄt^äv

5. \ntcmIvkoIcW {]hÀ¯\w : Aepan\nbw hfsc 
iàntbdnb Hcp \ntcmIvkoImcnbmWv.Aepan\n 
bw s]mSnbpw Ccp¼v HmIvsskUpw IeÀ¶ Hcp 
an{inXs¯ I¯n¡pt¼mÄ Ccp¼v HmIvsskUv 
Ccp¼mbn (temlambn) \ntcmIvko Icn¡s¸Sp¶p.
Cu {]{Inbsb Aepant\msXÀanIv {]{Inb F¶ 
dnbs¸Sp¶p.

Fe2O3 + 2Al → 2Fe + Al2O3 +  Xm]w

Aepan\nb¯nsâ D]tbmK§Ä

      D]tbmKw -cq]w ImcWw

1.ho«p]IcW   
§Ä

2. sshZypX 
tI_nÄ \nÀ½m
WimeIÄ

3.hnam\§fpw aäv 
b{´`mK§fpw

4. sXÀssaäv 
shÂUnwKv

Aepan\nbw 
temlw

Aepan\n 
bwI¼nIÄ

Uyqdmepan³ 
(Al,Cu,Mg,Mn) 

amKv\menbw 
(Al,Mg)

Aepan\nbw s]m 
Snbpw Fe2O3bpw

CXv I\w IpdªXpw 
hneIpdªXpw teml\m 
i\s¯ sNdp¡m³ 
IgnhpffXpw Xm]¯nsâ 
hfsc \Ã NmeIhpamWv.
CXv sshZypXnbpsS hfsc  
\ÃNmeI§fmWv

CXnsâ temlk¦c§Ä 
I\w IpdªXpw 
DbÀ¶ henhv _eapff 
Xpw teml\mi\s¯ 
sNdp¯p\nÂ¡m³ Ign 
hpffhbpamWv.

CXnsâ s]mSn iàntb 
dnb Hcp \ntcmIvkoIm 
cnbmWv .CXv Fe2O3 sb 
Ccp¼mbn \ntcmIvko 
Icn¡p¶p

hyhkmbime kµÀi\w
t\À¸n¨ sXÀssaäv shÂUnwKv bYmÀ 

°¯nÂ sN¿p¶ Hcp 
hyhkmbime kµÀin¨v 
s]m«nt¸mb sdbnÂ ]mf 
§Ä¡nSbnepff hnShv 
tbmPn¸n¡p¶Xv \nco 
£n¨v \nco£W§sf 
tcJs¸Sp¯pI.

{]XoIw   : Cu
AWp{Zhyam\w  : 63.55

AWp kwJy  : 29
CeIvt{Sm¬ hn\ymkw :  2,8,18,1
kwtbmPIX  :  1,2

{]IrXnbnse km¶n²yw: tdma¡mÀ CXns\ Ip 
{]w F¶p  \maIcWw sNbvXncp¶p F´p 
sIms ≠¶mÂ ssk{]kv F¶ Zzo]nÂ\n¶mWv 
AhÀ¡v CXv e`n¨ncp¶Xv.tIm¸À {]IrXymÂ 
kzX{´ AhØbnepw kwtbmPn¨ AhØbnepw 
ImWs¸Sp¶p.

tIm¸dnsâ {][m\s¸« Abncv tIm¸À ss]
ssdämWv. temI¯v DXv¸mZn¸n¡p¶ tIm¸dnsâ 
76%hpw CXnÂ \n¶mWv e`n¡p¶Xv.
tIm¸À ss]ssdänÂ \n¶papÅ \njv IÀjWw:

tIm¸dns\ tIm¸Àss]ssdänÂ \n¶pw     
\njvIÀjWw sN¿p¶XnÂ Xmsg ImWp¶ L« 
§Ä DÄs¸Sp¶p.

1.s]mSn¡epw km{µX Iq«epw: Abncns\ \¶mbn 
s]mSn¨Xn\p tijw \pc¹h\coXnbp]tbmKn¨v 
Abncnsâ km{µX (KmVX)  hÀ²n¸n¡p¶p. hnam\w : þ Aepan\nb¯nsâ Hcp temlk¦cw

Nn{Xw 12.3

tIm¸dnsâ AbncpIÄ cmkkq{Xw

i. tIm¸À ss]ssdäv

ii. Ipss{]äv AYhm dq_n tIm¸À

iii.tIm¸À ¥m³kv

CuFeS2

Cu2O

Cu2S

IqSpXembn Adnbm³

Aepan\nbw t\À¯Xpw KmVXbpff 
Xpamb ss\{SnIv A¾hpambn cmk{]hÀ¯\ 
¯nteÀs¸Sp¶nÃ.Aepan\nb ¯nsâ {]X 
e¯nÂ HmIvsskUnsâ t\cnb ]Sew D≠ m 
Ip¶Xp ImcWw ss\{Sn¡v A¾w Aepan\n 
bs¯ \njv{Inbam¡p¶p.



A
²

ymb
w 

12

202 203

aqeI§fpsS BhÀ¯\hÀ¤oIcWw

amen\y§Ä Bt\mUn\Snbnembn sNfnbpsS cq] n̄Â 
ASnbp¶p CXns\ Bt\mUv a«v (Anodemud) F¶p]
dbp¶p.

KpW§Ä

`uXnI KpW§Ä: tIm¸À Nph¶ Xhn«p\nd¯n 
epÅ \Ã Xnf¡apÅ DbÀ¶ km{µXbpw DbÀ¶ 
{ZhWm¦hpw (13560C) DÅ Hcp temlamWv.

cmkKpW§Ä:
i.hmbphnsâbpw CuÀ¸¯nsâbpw {]hÀ¯\w: 
CO

2
hnsâbpw CuÀ¸¯nsâbpw km¶n²y¯nÂ 

tIm¸dnsâ ]pd¯v t_knIv tIm¸À ImÀ_
tWänsâ ]¨ \nd¯nepÅ Hcp BhcWw D≠ m 
Ip¶p.

2Cu + O2 + CO2 + H2O → CuCO3.Cu(OH)2

ii. Xm]¯nsâ {]hÀ¯\w:  hyXykvX Dujvamhp 
IfnÂ HmIvknPsâ km¶n[y¯nÂ NqSm¡pt¼mÄ 
CXv CuO,Cu2O F¶n§s\ c≠ v hn[¯nepÅ 
HmIvsskUpIÄ D ≠m¡p¶p

2Cu + O2 → 2CuO (tIm̧ À II HmIvsskUv –Idp̧ v)

                          
4Cu + O2→2Cu2O(tIm̧ À I HmIvsskUv -Nph v̧)

iii. A¾§fpsS {]hÀ¯\w: a) t\À¸n¨, HCl, 
H2SO4 F¶nhbpambpÅ {]hÀ¯\w 

hmbphnsâ Akm¶n²y¯nÂ t\À¸n¨  HCl, 
H2SO4 XpS§nb A¾§fpambn Cu teml§Ä¡v 
bmsXmcp {]hÀ¯\hpanÃ. hmbphnsâ km¶n²y 
¯nÂ tIm¸À Cu A¾§fnÂ ebn¡p¶p.

2Cu + 4HCl + O2 (hmbp)  → 2CuCl2 + 2H2O

2Cu + 2H2SO4 + O2 (hmbp) → 2CuSO4 + 2H2O

b) t\À¸n¨  HNO3 bpambpÅ {]hÀ¯\w tIm¸À 
t\À¸n¨ HNO3 bpambn {]hÀ¯n¨v ss\{SnIv 
HmIvsskUv hmXIw kzX{´am¡p¶p.

3Cu + 8HNO3(t\À )̄ → 3Cu(NO3)2 + 2NO↑ +  4H2O
c) KmV HNO3, H2SO4 F¶nhbpambpÅ 
{]hÀ¯\w tIm¸À, KmV HNO3, H2SO4 
F¶nhbpambn {]Xn{]hÀ¯n v̈ bYm{Iaw ss\
{SP³ssUHmIvsskUv, kÄ^ÀssU HmIvsskUv 
F¶nhsb kzX{´am¡p¶p. 

Cu + 4HNO3 → Cu(NO3)2 + 2NO2↑ + 2H2O
       (KmV)

2.hdp¡Â: km{µX Iq«nb Abncns\ A[nIbfhv 
hmbphnsâ km¶n²y¯nÂ hdp¡p¶p. hdp¡p 
t¼mÄ,

i. CuÀ¸mwiwhpw, _mjv]ioehpapÅ amen\y 
§fpw \o¡s¸Sp¶p.

ii.  kÄ^À, t^mkv^dÊv, BÀk\n¡v, BânaWn 
F¶nh AhbpsS HmIvsskUpIfmbn amdn 
\o¡w sN¿s¸Sp¶p. tIm¸Àss]ssdäv `mKnI 
Kambn tIm¸dnsâbpw Ccp¼nsâbpw kÄss^ 
UpIfmbn amäs¸ Sp¶p.

       2CuFeS2 + O2 → Cu2S + 2FeS + SO2 →

3.kvsaÂänwKv: taäpw In«hpw e`n¡p¶Xn\mbn 
hdp¯ Abncns\ s]mSn¨ tIm¡pw aWepw 
tNÀ¯v Hcp Du¯pebnÂh¨v (blastfarance) 
NqSm¡p¶p (taäv = Cu2S+FeS) In«s¯ amen\y 
ambn \o¡wsN¿p¶p.

4.s_knassdtkj³: »nkväÀtIm¸À e`n¡p 
¶Xn\mbn DcpInb AhØbnepÅ taäns\ 
s_knaÀ I¬hÀ«dnte¡v amäp¶p. taänepÅ 
s^dkvkÄss^Uv HmIvkoIcn v̈ s^dkv 
HmIvsskUmbn amdp¶p. knen¡ (aWÂ) D]
tbmKn v̈ AXns\ In«ambn \o¡w sN¿p¶p.

2FeS + 3O2 → 2FeO + 2SO2 →

FeO+SiO2 → FeSiO3
 (In«w)

               Ccp¼v knent¡äv

2Cu2S + 3O2 → 2Cu2O + 2SO2 →

2Cu2O + Cu2S → 6Cu + SO2 →

      »nÌÀ tIm¸À 

5.ip²oIcWw: »nkväÀ tIm¸dnÂ 98% ip²amb 
tIm¸dpw 2% A]{Zhy§fpw (amen\y§fpw) 
AS§nbncn¡p¶p. CXns\ sshZypX hntÇj 
WcoXnbp]tbmKn¨v ip²oIcn¡p¶p 

sshZypX hntÇjW ip²oIcWw

hfscb[nIw ]cnip²nbpÅ temlw e`n¡p 
¶Xn\v Cu coXnbp]tbmKn v̈ ip²oIcn¡p¶p. 
tIm¸dnsâ sshZypX hntÇjW ip²oIcW¯n   
\mbn \mw D]tbmKn¡p¶

 ImtYmUv:  ip²amb tIm¸À teml¯nsâ t\cnb 
XInSv 

Bt\mUv:  tIm¸dnsâ Aip²amb Hcp teml 
¡«n. 

hnZypXv A]LSyw: kÄ^yqcnIv A¾w tNÀ v̄  
A¾oIcn¨ tIm¸ÀkÄt^äv emb\n. 

 Cu emb\nbneqsS sshZypXn IS n̄hnSp t¼mÄ 
ImtYmUnÂ ip²amb tIm̧ À \nt£]n¡s¸Sp¶p. 

1370K \p Xmsg

1370K \p apIfnÂ
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Cu + 2H2SO4 → CuSO4 + SO2↑ + 2H2O
       (KmV)

iv. t¢mdnsâ {]hÀ¯\w: t¢mdn³, tIm¸dpambn 
{]Xn{]hÀ¯n¡p¶Xnsâ ^eambn tIm¸À (II) 
t¢mssdUv D ≠mIp¶p

Cu + Cl2 → CuCl2
v. £mc§fpsS {]hÀ¯\w: tIm¸À, £mc§fp 
ambn cmk{]hÀ¯\¯nteÀs¸Sp¶nÃ

tIm¸dnsâ D]tbmK§Ä

 • sshZypXtI_nfpIÄ aäv sshZyptXm]IcW 
§Ä F¶nh \nÀ½n¡p¶Xn\v CXv hym]Iambn 
D]tbmKn¡p¶p.

 • CXv, Krtlm]IcW§Ä, ]m{X§Ä, Itemdnaoä 
dpIÄ, \mWb§Ä F¶nh D ≠m¡p¶Xn\p]
tbmKn¡p¶p.

 • CXv hnZypXvte]\w sN¿p¶Xn\v D]tbmKn 
¡p¶p.

 • \mWb§fpw B`cW§fpw \nÀ½n ¡p¶Xn 
\mbn CXns\ kzÀ®w, shÅn F¶nhbpambn 
k¦cw sN¿p¶p. 

12.6.3 Ccp¼nsâ \njvIÀjWw

{]XoIw  :  Fe
\ndw  :  Nmc\ndw IeÀ¶ shÅ

AWp{Zhyam\w :  55.9
AWpkwJy :  26
kwtbmPIX :  2 & 3
CeIvt{Sm¬ hn\ymkw:  2, 8, 14, 2

HmIvsskUpIfmbpw, kÄss^UpIfmbpw ImÀ 
_tWäpIfmbpw {]IrXnbnÂ ImWs¸Sp¶p. 
Ccp¼nsâ AbncpIÄ XmsgbpÅ ]«nIbnÂ 
X¶ncn¡p¶p.

Ccp¼nsâ AbncpIÄ    cmkkq{Xw

I.tlassääv Fe2O3

ii.amKv\sääv Fe3O4

iii.Ccp¼v ss]ssdäpIÄ FeS2

tlasääv AbncnÂ (Fe2O3) \n¶v Ccp¼nsâ 
\njvIÀjWw
1.{Kmhnän thÀXncn¡Â coXnbp]tbmKn¨v Abn cns\ 
km{µXs¸Sp¯Â

s]mSn¨ Abncns\ iànbmb Hcp Pe[mc 
bp]tbmKn¨v IgpIp¶p. CXnsâ ^eambn I\w 
Ipdª aWÂXcnIfpw aäv amen\y§fpw HgpIn 
t¸mIp¶p. F¶mÂ I\wIqSnb Abncnsâ IW 
§Ä ASnbnÂ ]Snbp¶p.

2.hdp¡epw, ImÂknt\j\pw

km{µXIq«nb Abncns\ Hcp ]cnhÀ¯n 
NqfbnÂ h¨v Ipdª AfhnÂ hmbp IS¯nhn«v 
iànbmbn NqSm¡p¶p. CXnsâ ^eambn CuÀ 
¸mwiw \o¡w sN¿s¸Sp¶p. kÄ^À, BÀsk     
\nIv, t^mkv^dÊv XpS§nb A]{Zhy§Ä HmIv 
koIcn¡s¸«v ]pdt¯¡v t]mIp¶p.

3.kvsaÂänwKv  (Du¯pebnÂ h¨v)

hdp¯ Abncpw, tIm¡pw Np®m¼vIÃpw 8:4:1 
F¶ Awi_Ô¯nÂ AS§nbn«pÅ NmÀÖn 
(an{inX¯n)s\  DebpsS apIÄ `mK ¯pÅ 
I¸pw tImWpw D]tbmKn¨pÅ Hcp {IaoIcWw 
hgn Du¯pebv¡pÅntebv¡v  \n t£]n¡p¶p. 
Debv¡pÅnÂ aq¶v {][m\s¸« taJeIfp≠ v. 
i.DebpsS ASn`mKw (I¯p¶ taJe) ChnSs¯ 
Dujvamhv 15000C- BWv

Cu taJebnÂ h¨v Debv¡pÅnÂ \nt£      
]n¡p¶ NmÀÖv, IS¯nhnSp¶ NqSpÅ hmbp 
hpambn k¼À¡¯nÂ hcpt¼mÄ tIm¡v, 
HmIvknP\nÂ I¯n CO2 D≠mIp¶p.

          1500°C
C  + O2 →   CO2   +   Xm]w

Xm]w DÕÀPn-¡p-¶-Xn-\mÂ CsXmcp Xm]-tam-
NI {]hÀ¯-\-am-Wv. 

t{]mPIvSv
ssZ\wZn\ PohnX¯nÂ sN¼nsâ {][m\s¸« D]
tbmK§sf¡pdn¨v   Hcp t{]mPIvSv hnhcw X¿mdm¡n 
AhbpsS amXrIItfmsSm¸w kaÀ¸n¡m³ 
hnZymÀ°nItfmSv Bhiys¸Smhp¶XmWv.

{]IrXnbnse km¶n²yw:
Aepan\nb¯n\ptijw c ≠maXmbn Gähpw 

IqSpXÂ ImWs¸Sp¶ temlw Ccp¼mWv. CXv 
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ii. a[y-taJe (DcpIÂtaJe) 
 Dujvamhv 10000C bnÂ \ne-\nÀ n̄-bn-cn-
¡p-¶p. CO2 Chn-sS-h v̈ CO bmbn \ntcm-Ivko-I-cn-¡-
s¸Sp¶p. 
            1000°C
CO2 + C → 2CO - Xm]w

Np®m-¼p-IÃv ImÂkyw HmIvsskUpw CO2  
hpambn hnL-Sn-¡p-¶p. 
            ▲
CaCO3 → CaO + CO2 -  Xm]w

Xm]w BKn-cWw sN¿p-¶-Xn-\mÂ Cu c≠ v 
cmk-{]-hÀ¯\-§-fpw Xm]-tim-jI {]hÀ¯-\-
§-fm-Wv. ImÂkywHmIvsskUv knen¡bpambn 
kwtbm-Pn¨v ImÂkywknen-t¡äv F¶ In«w D≠ m-
Ip-¶p. 

CaO + SiO2   → CaSiO3

iii. apIÄ `mKw (\n-tcm-Ivko-I-c-W-ta-J-e) 
 Dujvamhv 400°C Â \ne-\n-À¯n-bn-cn-
¡p-¶p. Chn-sS-h¨v s^dnIvHmIvssk-Uns\, ImÀ 
_¬tam-tWm-IvsskUv \ntcm-Ivko-I-cn¨v Hcp 
hn[w ip²-amb kvt]m©pcq-]-¯n-epÅ Ccp¼v 
D ≠m-¡p-¶p.
                   400°C
Fe2O3 + 3CO → 2Fe + 3CO2

In«w \o¡w-sNbvXtijw Dcp-Inb Ah-Ø-bn-
epÅ Ccp-¼ns\ De-bpsS ASn-̀ m-K-̄ neqsS  \o¡w 
sN¿p-¶p. 

`uXnI KpW-§Ä 

 • km{µX 7.9 g/cc DÅ `mcw-Iq-Snb Hcp teml-am-
WnXv.

 • CXv Xnf¡apÅXpw Nmc\ndw IeÀ¶ shÅ \nd 
t¯mSpIqSnbXpamb Hcp temlamWv. 

 • CXn\v DbÀ¶ henhp _ew (tensile strength) 
BLm-X-hÀ[-\o-bX, hen-¨p-\o«n I¼n-bm-¡m- 
\p-Å Ignhv F¶n-h-bp≠- v. 

 • CXv Xm]-¯n-sâbpw sshZyp-Xn-bp-sSbpw hfsc 
\Ã Nme-I-am-Wv.

 • CXns\ Im´nI KpW-apÅXm¡n-am-äm-hp-¶-
Xm-Wv.

cmk-Kp-W-§Ä
1.hmbp (A-Y-hm) HmIvkn-P-\p-am-bpÅ {]hÀ¯\w: 
NqSm-¡n-bmÂ am{Xw Ccp¼v hmbp-hp-ambn {]hÀ 
¯n¨v AXnsâ Im´nI HmIvsskUv D≠ m-Ip-¶p.

 3Fe + 2O2 → Fe3O4 (I-dp-¸v)
Nn{Xw 12.4 Du¯pe

tlm¸À kv{Iq{I-ao-I-cWw 

Ccp-¼nsâ 
Abn-cv 
tIm¡v 

Np®m¼v 

NqSpÅ hmX-I-§Ä
NqSpÅ 
hmbp- I-S-̄ n-
hn-Sp¶Xn\pÅ 
IpgÂ 

In«w ]pdt¯¡v 
t]mIp¶ hgn

Ccp¼v  ]pdt¯¡v 
t]mIp¶ hgn

ImÂkn-t\-j³: Abn-cns\ hmbp-hnsâ 
Akm-¶n-[y-̄ nÂ NqSm-¡p¶ Hcp {]{In-b-bm-
Wn-Xv. ImÂkn-t\-jsâ ^e-ambn ImÀ_-tWäv 
Abncv HmIvsskUv Abn-cmbn amdp-¶p.

hdp-¡Â: Cu {]{In-b-bnÂ Abn-cns\ A[n-I-
b-fhv hmbp-hnsâ km¶n-[y-̄ nÂ NqSm-¡p-¶p. 
hdp-¡p-¶-Xnsâ ^e-ambn kÄss^Uv Abncv 
HmIvsskUv Abn-cmbn amdp-¶p.

Ccp-¼nÂ AS-§n-bn-cn-¡p¶ ImÀ_-Wnsâ 
Af-hns\ B{i-bn¨v CXns\ 3þ Bbn Xcw-
Xn-cn-¨n-cn-¡p-¶p. 

2þ4.5% ImÀ_¬ AS-§n-bn-«pÅ ]¨n-cp¼v 

< 0.25%  ImÀ_¬ AS-§n-bn-«pÅ hmÀ¸n-cp¼v.

0.25-þ2% ImÀ_¬ AS-§n-bn-«pÅ Dcp-¡v. 
(ÌoÂ)

C{]-Im-c-ap- ≠m-Ip¶ Ccp-¼ns\ ]¨n-cp¼v (Pig 
iron) F¶p-]-d-bp-¶p. CXns\ ho ≠pw Dcp¡n 
hnhn[ A¨p-I-fnÂ hmÀs¯-Sp-¡m-hp-¶-Xm-Wv. Cu 
Ccp-¼ns\ hmÀ¸n-cp¼v (Cast iron) F¶p-]-d-bp-¶p.

IqSpXembn Adnbm³

IqSpXembn Adnbm³
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2.CuÀ¸-apÅ hmbp-hp-am-bpÅ {]hÀ¯-\w: 
Ccp-¼ns\ CuÀ¸-apÅ hmbp-hnÂ Xpd-¶p-h-bv¡p-
t¼mÄ AXnsâ {]X-e-¯nÂ Xhn-«p-\n-d-¯n-epÅ 
sslt{U-äUvs^dnIv HmIvssk-Unsâ Hcp ]Sew 
D≠m-Ip-¶p. Cu kwbp-às¯ Xpcp¼v F¶pw 
Xpcp¼v D ≠m-Ip¶ Cu {]Xn-`m-ks¯ Xpcp¼n-¡Â 
(£m-c-Ww) F¶pw ]d-bp-¶p.

4Fe + 3O2 + XH2O → 2Fe2O3.XH2O(Xp-cp-¼v)
                                     (CuÀ¸w)
3.\ocm-hn-bp-am-bpÅ {]hÀ¯-\w: Acp-W-X-]vX-am-
¡nb Ccp-¼n-eqsS \ocmhn IS-¯n-hn-Sp-t¼mÄ Ccp-
¼nsâ Im´nI HmIvsskUv D≠ m-Ip-¶p.

3Fe + 4H2O(\ocm-hn) → Fe3O4 + 4H2↑

4.t¢mdn-\p-am-bpÅ {]hÀ¯\w: Ccp¼v t¢mdn-\p-
ambn kwtbm-Pn¨v s^dnIvt¢mssdUv D ≠m-Ip-¶p.

2Fe + 3Cl2  → 2FeCl3(s^dnIv t¢mssdUv)

5.A¾-§-fp-am-bpÅ {]hÀ¯-\w: t\À¯ 
HCl, H2SO4 F¶n-h-bp-ambn {]hÀ¯n¨v CXv  
ssl{U-P³ hmXIs¯ kzX-{´-am-¡p-¶p.

Fe + 2HCl → FeCl2 + H2↑

Fe + H2SO4 → FeSO4 + H2↑

XWp¯ AhØbnÂ t\À¸n¨ HNO3 bpambn {]
hÀ¯n¨v s^dkvss\t{Säv \ÂIp¶p. 
4Fe + 10HNO3 → 4Fe(NO3)2 + NH4NO3 + 3H2O
KmV -H2SO4ambn {]hÀ¯n¨v s^dnIvkÄt^äv 
D ≠m-Ip-¶p. 

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

Ccp¼ns\  KmV HNO3 bnÂ ap¡pt¼mÄ 
AXnsâ D]cnXe¯nÂ Ccp¼v HmIvsskUnsâ  
(Fe3O4)  Hcp ]Sew D ≠mIp¶XpImcWw cmk]
cambn CXv \njv{InbamIp¶p.

Ccp¼nsâ D]tbmK§Ä
i. kväuÆpIÄ, tdUntbädpIÄ, s]¸pIÄ, sdbnÂ 

]mf§Ä aen\PeIpgepIfnseAS¸pIÄ, 
aen\PeIpgepIÄ F¶nh \nÀ½n¡p¶Xn\v 
]¨ncp¼v D]tbmKn¡p¶p.

ii. sI«nS§Ä, b{´`mK§Ä  kwt{]j W¯n\pÅ 
SuÆdpIÄ, TV SuÆdpIÄ F¶nh \nÀ½n¡p 
¶Xn\pw temlk¦c§Ä D ≠m¡p¶Xn\pw 
Dcp¡v D]tbmKn¡p¶p.

iii. tdm«v Ab¬ kv{]n§p-IÄ Dd-¸n-¡p¶ hkvXp-

¡Ä sshZypX Im´-§Ä F¶n-h-bp- ≠m-¡p-¶-Xn-

\p-]-tbm-Kn-¡p-¶p.

12.7 teml-k-¦-c-§Ä (Alloys)
temlk¦csa¶Xv Hcp teml¯nsâ aäp 

teml§fpamtbm AsÃ¦nÂ Ateml§fp 

amtbm Dcp-¡n-tNÀ¯n-«pÅ Hcp GIm-ß-I-  

an-{inXamWv. 

teml-k-¦-c-§Ä Jc emb-\n-I-fm-Wv. teml-k-¦-

c-§sf Jc-§-fpsS emb-\n-bmbn Icp-Xm-hp-¶-XmWv. 

IqSp-X-Â Af-hnÂ AS-§n-bn-cn¡p¶ teml-̄ ns\ 

embIw F¶pw Ipdª Af-hnÂ AS-§n-bn-cn-¡p¶ 

teml-̄ ns\ eo\w F¶pw ]d-bp-¶p. DZm-l-c-W-ambn  

]n¨f kn¦nsâ (eo-\w) tIm -̧dnepÅ (em-b-Iw) Hcp 

teml k¦-c-am-Wv. 

12.7.1. teml-k-¦-c-§Ä D ≠m-¡p-¶-Xn-\p  
           Å coXn-IÄ
1.  teml-§sf X½nÂ Dcp-¡n-t¨À¯v 

2. Hcp teml-¯nsâ ]pd¯v atä-tem-l-¯nsâ 

\¶mbn s]mSn¨ s]mSn AaÀ¯n tNÀ¡p-¶-Xp-

h-gn. 

AamÂKw:tkmUnbw kzÀ®w, shÅn XpS-§nb 

teml-§-fpsS saÀ¡p-dn-bp-am-bpÅ teml-k-¦-c-

amWv AamÂKw. 

Z´AamÂKw

Z´ AamÂK§Ä

shÅn, än³ (shfp¯obw) apXemb teml 
§fpsS saÀ¡pdnbpambpÅ temlk¦ 
camWnXv. CXv ]ÃpIÄ ASbv¡p¶Xn\v D]
tbmKn¡p¶p.

IqSpXembn Adnbm³
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temlk¦c¯nsâ t]cv k¦cw sN¿p¶Xn\pÅ ImcWw D]tbmK§Ä

i.]n¨f (Cu,Zn) {_mÊv

ii.sh¦ew  (Cu,SnZn) 
t{_m¬Êv

Xnf¡apÅXv, A\mbmkambn A¨pIfnÂ 
hmÀ¡m³ Ignbpw BLmXhÀ²\obX 
bp≠v. I¼nbm¡mw,  Cu hns\¡mfpw ImTn\y 
apÅXv.
ImTn\yapÅXv, Ffp¸¯nÂ s]m«p¶Xv an\pk 
s¸Sp¯m³ km[n¡p¶Xv.

CeIv{Sn¡Â ^nän§pIÄ 
saUepIÄ, lmÀUvshbdpIÄ 
Ae¦mchkvXp¡Ä
{]XnaIÄ, \mWb§Ä, aWnIÄ, 
sshZypX aWnbpsS In®§Ä

12.7.3. Aepan\nb¯nsâ temlk¦c§Ä

temlk¦c¯nsâ t]cv k¦cw sN¿p¶Xn\pÅ ImcWw D]tbmK§Ä

i.Uyqdmepan³ (Al,Mg,Mn,Cu)

ii.amKv\menbw (Al,Mg)

I\wIpdªXv, Dd¸pÅXv teml\mi\ {]Xn 
tcm[apffXv Aepan\nbs¯¡mfpw Dd¸p 
IqSnbXv.
I\wIpdªXv, I«nIqSnbXv ImTn\yapÅXv, 
teml\mi\ {]Xntcm[apÅXv

hnam\ D]IcW§Ä, {]jÀ 
Ip¡dpIÄ
hnam\w, imkv{XD]IcW§Ä

12.7.4. Ccp¼nsâ temlk¦c§Ä

12.7.2. tIm¸dnsâ temlk¦c§Ä

temlk¦c¯nsâ t]cv k¦cw sN¿p¶Xn\pÅ ImcWw D]tbmK§Ä

i.Xpcp¼n¡m¯ Dcp¡v 
(stainless steel) 
(Fe,C,Ni,Cr)

ii.\n¡Â kväoÂ 
(Fe,C,Ni)

Xnf¡apÅXv, £mcW {]Xntcm[apÅXv 
DbÀ¶ henhp _ew

I«nIqSnbXv, £mcW {]Xntcm[apÅXv 
CemkvXnIXbpÅXv

]m{X§Ä, I¯n, apÅv, kv]q¬    
t]mepÅh, b{´`mK§Ä

tI_nfpIÄ, hnam\`mK§Ä        
t\mZImcn (Propeller)

12.8.teml\mi\w (£mcWw)
]cnØnXnbmÂ Hcp temlw kmh[m\¯nepw,           

\nc´cambpw \in¡p¶Xns\ teml\mi\w F¶p 
\nÀhNn¡mw. ]cnØnXnbpambn«pÅ cmk{]
hÀ¯\§fmÂ temlw, teml kwbpà§fmbn 
amdp¶Xnsâ ^eambn teml£bw kw`hn¡p¶p.

 Ccp¼v Xpcp¼v ]nSn¡p¶Xv

£mcWw Hcp Ffnb sshZypX cmk{]hÀ¯\amWv Ccp¼nsâ {]Xew CuÀ¸hpambpw A´co£¯nepÅ 
aäv hmXI§fpambpw k¼À ¡¯nÂ hcpt¼mÄ cmk{]hÀ¯\w kw`hn¡p¶p. 
Fe → Fe2+ + 2e

_

O2 + 2H2O + 4e
_
 → 4OH

_

Fe2+ AtbmWpIÄ  Fe3+ AtbmWpIfmbn HmIvko Icn¡s¸Sp¶p. Fe3+ AtbmWpIÄ  OH 
_
 Atbm WpIfp 

ambn kwtbmPn v̈  Fe(OH)3 D ≠mIp¶p. CXv Xpcp¼mbn amdp¶p. (Fe2O3.xH2O)  CXmWv sslt{UäUv s^dnIv 
HmIvsskUv.

O2 Xpcp¼v

PeIWnIIÄ

Fe2+ →→

IqSpXembn Adnbm³

Ccp¼v
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Xpcp¼v ]nSn¡p¶Xn\pÅ kmlNcy§Ä

teml\mi\w (£mcWw) XSbp¶Xn\pÅ hgnIÄ: 
teml§sf CuÀ¸w CO2, O2 F¶nhbpambn 

k¼À¡¯nteÀs¸Sm³ A\phZn¡mXncp ¶mÂ 
teml\mi\w XSbmhp¶XmWv. CXv Xmsg]dbp¶ 
coXnIfp]tbmKn v̈ km[yam¡m hp¶XmWv :

 • s]bnâ v ]qip¶Xphgn: s]bnâv ]qinb 
teml{]Xew, hmbp, CuÀ¸w F¶nhsb 
AIÁn \nÀ¯p¶p.

 • F®tbm, {Kotkm ]pc«p¶Xphgn: Ccp¼p 
sIm ≠pÅ D]IcW§fpsS D]cnXe ¯nÂ 
F®tbm, {Kotkm ]pc«nbmÂ AXv temls¯ 
CuÀ¸w hmbp F¶nhbpambn {]hÀ¯n¡msX 
XSp¡p¶p.

 • aäv teml§fpambn tNÀ¯v temlk¦c§ 

fm¡p¶Xphgn: temlk¦cw sNbvX teml 

¯n\v teml\mi\s¯ {]Xntcm[n¡m\pÅ 

Ignhv IqSpXembncn¡pw.DZmlcWw: Xpcp¼n 

¡m¯ Dcp¡v (kvsäbn³sekv ÌoÂ) 

 • KmÂhss\tkj³ {]{Inbhgn: sshZypX {]
hmlap]tbmKn¨v Ccp¼v XInSpIfpsS ]pd¯v 
kn¦v ]qip¶ Hcp {]{InbbmWnXv. ChnsS 
kn¦v Ccp¼nsâ {]Xe¯nÂ kn¦v ImÀ_
tWänsâ Hcp kpc£m]Sew cq]oIcn¡p¶p. 
CXv teml\mi\s¯ sNdp¡p¶p.

 • sshZypX te]\w hgn: sshZypXn IS¯nhn«v 
Hcp teml¯nsâ ]pd¯v asämcp temlw 
]qip¶ coXnbmWnXv. DZmlcWw: shÅn 
]qip¶Xv, \n¡Â ]qip¶Xv Cu coXn 
kwc£Ww \ÂIpI am{XaÃ. teml¯nsâ 
ImgvNbv¡pÅ `wKnbpw hÀ²n¸n¡p¶p. 

 • kzbw  teml\mi\¯n\v hnt[bambns¡m 
≠psÅmcp kwc£Ww: Ccp¼ns\¡mfpw 
{InbmioeX IqSnb temlamWv saKv\ojyw 
kväoepsIm≠ v D ≠m¡nb km[\§fpsS      
]pd¯v saKv\ojyw ]qipt¼mÄ AXv kzbw 
teml\mi\¯n\v hnt[bambn  kväoens\ 
kwc£n¡p¶p.

dºÀ tImÀ¡p]tbmKn¨v ASbv¡m³ km[n¡p¶ aq¶v ]co£W¡pgepIsfSp¯v Ahsb A,B,C 
F¶n§s\ te_Â sN¿pI. Cu ]co£W IpgepIfnÂ Ipd¨v Ccp¼mWnIÄ CSpI. ]co£W IpgÂ 
A bnÂ Ipd¨v Pew Hgn¡pI. ]co£W IpgÂ B bnÂ Xnf¸n¨ Pet¯msSm¸w SÀs]âbn³ F®bpw 
Hgn¡pI. ]co£W¡pgÂ C bnÂ \nÀÖe CaCl2 tNÀ¡pI. Ipd¨v Znhk§Ä Chsb \nco£n¡pI. 
amä§Ä {i²n¡pI.

A bnse BWnbnÂ Xpcp¼v ]nSn¨ncn¡p¶p F¶mÂ B bnsebpw C bnsebpw BWnIÄ¡v H¶pw 
kw`hn¨n«nÃ.

Pehpw hmbphpw DÅXn\memWv A bnse BWnIÄ Xpcp¼n¨Xv. B bnÂ Pe¯nsâ D]cnX 
e¯nepÅ F®bpsS ]Sew BWnIsf hmbphpambn k¼À¡¯nteÀs¸Sm³ A\phZn¡p¶nÃ. C 
bnÂ \nÀÖe CaCl2 F¶ ]ZmÀ°w CuÀ¸¯ns\ ]cn]qÀ®ambpw BKncWw sN¿p¶p. Cu {]hÀ 
¯\w Ccp¼v Xpcp¼v ]nSn¡m³ hmbphpw Pehpw BhiyamsW¶v a\Ênem¡n¯cp¶p. 

{]hr¯n 12.1

A B C
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aqeI§fpsS BhÀ¯\hÀ¤oIcWw

hn`mKw - A
1. B[p\nI BhÀ¯\¸«nIbnÂ BhÀ¯\Ime§fpw hÀK§fpw D≠ v. BhÀ¯\Ime§fpw 

hÀ¤§fpw kqNn¸n¡p¶Xv ___________ 
      i)  \ncIsfbpw tImf§tfbpw   ii) tImf§tfbpw \ncIsfbpw

2. aq¶mas¯ BhÀ¯\Ime¯nÂ 8 aqeI §Ä D≠ v. Chbnse{X Ateml§Ä D≠ v? (8, 5)
3. FÃm ImÀ_WnI kwbpà§fnsebpw {][m\LSIamb Hcp aqeIw ___________hÀ¤¯nÂ 

DÄs¸«n¡p¶p. (14þmw, 15þmw)

4. NnehvIpdª coXnbnÂ teml§Ä \n jvIÀjWw sN¿p¶Xn\v AbncpIÄ D]tbmKn¡p¶p. Aepan 
\nbw \njvIÀjWw sN¿p¶Xn\v t_mIvsskäv D]tbmKn¡p¶p. AXpsIm ≠Xns\ ___________
F¶p]dbmw. (Abncv, [mXp)

5. kzÀ®w kwtbmPn¨ AhØbnÂ ImWs¸ Sp¶nÃ. CXv hmbphpamtbm, Pehpamtbm {]Xn{]
hÀ¯n¡p¶nÃ. CXv ______ AhØ bnemWv.(kzX{´amb / kwtbmPn¨)

hn`mKw - B
1. {]kvXmh\: hr¯nbm¡msX Dt]£n¨ncn ¡p¶ sN¼p]m{X§fnÂ Hcp ]¨ \nd¯n epÅ ]Sew {] 
   Xy£amIp¶p.

 ImcWw : t_knIv tIm¸À ImÀ_tWänsâ Hcp ]Seap ≠mIp¶XmWnXn\p ImcWw. 

 CXnÂ\n¶pw \n§Ä¡v icnbmsW¶v tXm¶p¶Xv XncsªSp¡pI 

 i) {]kvXmh\bpw ImcWhpw icnbmWv Ah ]ckv]cw X¡hn[¯nÂ tbmPn¡p¶hbmWv.

 ii) {]kvXmh\: icnbmWv F¶mÂ ImcWw {]kvXmh\bv¡v tbmPn¨XÃ.   

2. kÄss^Uv AbncpIfpsS km{µX hÀ²ņ n ¡p¶Xn\p]tbmKn¡p¶ {]{InbbmWv _____
    (\pc¹h\coXn, {Kmhnän thÀXncn¡Â)

3. Ccp¼nsâ {]Xe¯nÂ aäv teml§Ä ]qip¶Xv AXns\ Xpcp¼p]nSn¡p¶XnÂ \n¶pw XSbp¶p. 
Ccp¼ns³d ]pd v̄ kn¦ns³d t\cnb BhcWw ]qip¶Xn\v þþþþþþþþþ  F¶p]dbp¶p. (KmÂhss\
tkj³ / s]bnâv ]qiÂ / ImtYmUnI kwc£Ww)

4. GsX¦nepsamcp teml¯nsâ saÀ¡pdn bpambpÅ an{inXs¯ AamÂKw F¶p ]d bp¶p. ]Ãnse 
Zzmc§Ä ASbv¡p¶Xn\p]tbmKn¡p¶ AamÂKamWv þþþþþþþþþþþ (Ag-Sn AamÂKw / Cu-Sn AamÂKw)

5. {]kvXmh\ : sXÀssaäv shÂUnwKnÂ Aepan\nbw s]mSnbpw Fe2O3 bpw D]tbmKn¡p¶p.                     
ImcWw : Aepan\nbw s]m Sn iàntbdnb Hcp \ntcmIvkoImcnbmWv X¶ncn¡p¶ {]kvXmh\bv¡v 
Cu ImcWw Xr]vXnIcamtWm?

6. tkzZ\w sNbvsXSp¯ Pe¯nÂ Ccp¼mWnbpsS Xpcp¼n¡Â km[yamtWm? \n§fpsS D¯cw \ym 
boIcn¡pI.

7.  Ccp¼v KmV HCl, KmV H2SO4  F¶nhbpambn cmk{]hÀ¯\¯nteÀs¸Sp¶p. F¶mÂ KmV HNO3  
bpambn {]hÀ¯n¡p¶nÃ. icnbmb ImcWklnXw \n§fpsS D¯cw {]kvXmhn¡pI. 

8.  hnam\§fpsS icoc`mK§Ä cq]s¸Sp¯p¶Xn\v Aepan\nb¯nsâ temlk¦c§Ä D]tbmKn 
¡p¶p. ImcW§Ä \ÂIpI.

9. X shÅnt]mse shfp¯ Hcp temlamWv X HmIvknP\pambn {]Xn{]hÀ¯n v̈ Y D ≠mIp¶p. 
Cu teml¯ns\ \ocmhntbmsSm¸w {]Xn{]hÀ¯n¸n¡pt¼mgpw ssl{UP³ hmXIs¯ 
kzX{´am¡ns¡m≠ v CtX kwbpàw Y e`n¡p¶p. X, Y F¶nhsb Xncn¨dnbpI. 

 amXrIm aqey\nÀ®bw
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10.- H-fn-ªn-cn-¡p-¶-hsc I≠ p-]n-Sn-¡pI.

kqN-\-IÄ

apI-fnÂ \n¶v Xmtgm«v C-S¯p \n¶pw he-t¯m«v

a) ew-_-ambn ImW-s -̧Sp¶ tImf-§-fm-Wv _____

b) c- ≠m-as  ̄hÀ¤-̄ n-epÅ teml-§-sf _____
F¶p ]d-bp¶p

c) ]c-ky-§Ä¡p]-tbm-Kn-¡p¶ _Ä_p-I-fnÂ D]-

tbm-Kn-¡p¶ \njv{Inb hmXIw

d) Im-c-änÂ Xq¡w tcJ-s -̧Sp-̄ p¶ aª-\n-d-apÅ 

Xnf-§p¶ temlw

a) Xn-c-Ýo-\-ambn ImW-s¸-Sp¶ \nc-I-fm-Wv_____
b) -H-¶m-as¯ hÀ¤-¯n-epÅ aqe-I-§sf _____F¶p ]

d-bp¶p

c) 17-þ-mas¯ hÀ¤-¯n-epÅ aqe-I-§-sf_____F¶p ]
d-bp-¶p.

d) 18-þ-mas¯ hÀ¤-¯n-epÅ aqe-I-§-sf_____F¶p ]
d-bp¶p

e) lm-sem-P³ IpSpw-_-¯n-epÅ Cu AwKw ssXtdm-bn-
Unsâ NnIn-Õbv¡v D]-tbm-Kn-¡p-¶p.

f) 7-þ-mas¯ BhÀ¯\ Ime-¯nÂ ImW-s¸-Sp¶ B´-c-
kw-{I-aW aqe-I-§Ä

11. Xmsg-sIm-Sp-¯n-«pÅ {]kvXm-h-\-IÄ¡v A\p-tbm-Py-amb Hä-]Zw \ÂIpI

 i) `q-hÂ¡-¯nÂ \n¶pw Abn-cpIÄ \njvIÀjWw sN¿p¶ {]{Inb

 ii) A-bn-cp-I-tfm-sSm¸w ImW-s¸-Sp¶ `ua A]-{Z-hy-§Ä

 iii) Dcp-Ip-¶-Xn-s\-Sp-¡p¶ Xm]-\ne Ipd-bv¡p-¶-Xn-\mbn Abn-cn-t\m-sSm¸w tNÀ¡p¶ ]ZmÀ°w

 iv) h-dp¯ HmIvsskUv Abn-cns\ Dcp-Inb Ah-Ø-bn-ep-Å-tem-l-ambn \ntcm-Ivko-I-cn-¡p¶ {]{Inb

 v) \njv{Inb teml-§Ä Cu Ah-Ø-bnÂ ImW-s¸-Sp-¶p.

12.- tem-l-§sf Ah-bpsS Abn-cnÂ \n¶v \njvIÀjWw sN¿p-t¼mÄ  ]n³Xp-S--cp¶ hnhn[ L«-§Ä 
Xm-sg- sIm-Sp-¯n-cn-¡p-¶p.-C-hsb icn-bmb {Ia-¯nÂ _Ôn-¸n-s¨-gp-XpI.

 (hdp-¡Â, s_kn-sa-ssd-tk-j³ lmÄkv coXn,- kvsaÂ-änw-Kv(-\n-tcm-Ivko-I-c-Ww) t_bÀ {]{In-b,-ssh-
ZypX hntÇ-jW ip²o-I-c-Ww,- Du-¯pe, ImÂkn-t\-j³,-{Km-hnän thÀXn-cn-¡Â,\pc ¹h\ coXn)

temlw L«w 1 L«w 2 L«w 3 L«w 4 L«w 5

Al _ _ _

Cu
Fe _
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aqeI§fpsS BhÀ¯\hÀ¤oIcWw

13. KpW-§-fp-]-tbm-Kn¨v \mev tImf-§-sfbpw ]c-kv]cw _Ô-s¸-Sp-¯pI

temlw Abncv cmkkq{Xw \ntcmIvkoIcW {]{Inb

Al tla-ssääv PbS Du¯pe

Cu t_mIvsskäv Fe2O3 s_knaÀ coXn

Fe tIm¸Àss]-ssdäv Al2O3 . 2H2O \pc¹h\coXn

Pb Keo\ CuFeS2 lmÄkv{]{Inb

14. temlk¦c§fpambn _Ôs¸« Nne {]kvXmh\IÄ ChnsS X¶ncn¡p¶p. icnbÃm¯Xns\ 
I≠ p]nSn¨v sXäp Xncp¯pI.

 i)  teml§fpsS Hcp GImXvaI an{inXamWnXv.

 ii)  kn¦v AamÂKw ]ÃpIfnse kpjnc§Ä ASbv¡p¶Xn\p]tbmKn¡p¶p.

 iii)  {]XnaIÄ, \mWb§Ä, aWnIÄ, sshZypX aWnbpsS In®§Ä F¶nh \nÀ½n¡p¶Xn\v  
    Uyqdmepan³ D]tbmKn¡n¶p.

 iv)  temlk¦c§Ä D ≠m¡p¶Xv Hcp teml n̄sâ ]pd̄ v atä teml n̄sâ \¶mbn s]mSn̈  s]mSn   
 AaÀ n̄ẗ À m̄Wv.

 v)  ]n¯f ({_mkv) bnse embIw kn¦v BWv. 

15. Xmsg sImSp¯n«pÅ ]«nI ]qÀ¯nbm¡pI.
taJe Dujvamhv cmk{]{Inb

I¯p¶ taJe

CaCO3          CaO+CO2

CaO+SiO2    CaSiO3

400°C

16. Rm\mcmsW¶v Duln¡mtam?

 i)  Rm³ hneIpdsªmcp temlamWv. F¶mÂ {InbmioeX hfsc IqSpXemWv. AXn\mÂ Rm³  
   kzbw teml\mi\¯n\v hnt[bambn Ccp¼vsIm≠ v D≠ m¡nb hkvXp¡sf kwc£n¡p¶p.

 ii) Rms\mcp Jcemb\nbmWv. Z´tUmÎÀamÀ ]Ãnse kpjnc§Ä ASbv¡p¶Xn\v Fs¶ D] 
    tbmKn¡p¶p.

 iii) cà¯n\v \ndw sImSp¡p¶ hkvXphneS§nbn«pÅ Hcp LSIamWv Rm³. Fsâ Afhv       
    Ipdbpt¼mÄ B a\pjy\v hnfÀ¨ (A\oanb) A\p`hs¸Sp¶p.

 iv) am{SnIvkv, ^vfIvkpambn {]Xn{]hÀ¯n¡pt¼mÄ Rm³ D≠ mIp¶p.

17. Xmsg X¶n«pÅ tNmZy§Ä¡v Ht¶m ct ≠m hmNI§fnÂ D¯cw \ÂIpI.

 i)  'lmÄamÀ¡v ' kzÀ®¯nÂ F{X iXam\w kzÀ®w AS§nbncn¡p¶p?

 ii) 'ImÂt¡mP\pIÄ' F¶mÂ F´mWÀ°amIp¶Xv? 

 iii) imkv{X D]IcW§Ä \nÀ½n¡p¶Xn\p]tbmKn¡p¶ teml§Ä GsXms¡bmWv?

 iv) {]Imi kwtÇjW¯n\p]tbmKn¡p¶ lcnXI¯nÂ AS§nbn«pÅ teml¯nsâ t]sc´v?

 v) Ccp¼ns\ CuÀ¸apÅ hmbphnÂ Xpd¶phbv¡pt¼mÄ AXnsâ {]Xe¯nÂ Nph¶ Xhn«p\nd  
   apÅ Hcp ]ZmÀ°w ]Snbp¶p. CsX´mWv? CXnsâ kwcN\ (composition) F´v?
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18. tNcpw]Sn tNÀ¡pI.

Ccp¼nsâ C\w ImÀ_Wnsâ iXam\w D]tbmK§Ä

ÌoÂ 2 – 4.5 % aen\Pe¡pgepIÄ, aen\Pe¡pgepIfpsS 

AS¸pIÄ

hmÀ¸ncp¼v 0.25 – 2 % sI«nS§Ä, b{´`mK§Ä apXembh \nÀ 

½n¡p¶Xn\v

]¨ncp¼v < 0.25% sshZypX Im´§Ä D ≠m¡p¶Xn\v

hn`mKw - C
1.  Nn{X¯ns\ ]IÀ¯n `mK§Ä ASbmfs¸Sp¯pI. AXn\ptijw XmsgsImSp¯n«pÅ tNmZy 

§Ä¡v D¯cw \ÂIpI.

 i) Cu Nn{Xw GXp {]{Inbsb {]Xn\n[oIcn¡p¶p?
 ii) {Kmss^äv ZÞpIÄ CSbv¡nsS amän ]pXnbXv Øm]nt¡≠ nhcp¶ sX´psIm≠ v? 
 iii) hnZypXv A]LSy¯nÂ {Itbmsseäv tNÀ¡p¶Xn\pÅ ImcWw \ÂIpI.
 iiv) Cu {]{InbbpsS cmkkaoIcWw FgpXpI.
2. Nph¶ Xhn«p\nd¯nepÅ Hcp temlw A CuÀ¸apÅ hmbphpambn k¼À¡¯nencn¡pt¼mÄ 

]¨ \nd¯nepÅ Hcp BhcWw B D≠ mIp¶p.  A- sb hyXykvX DujvamhpIfnÂ HmIvknPsâ 
km¶n²y¯nÂ NqSm¡pt¼mÄ AXv c≠ v Xc¯nepÅ HmIvsskUpIÄ C (Idp¯\ndw) bpw D 
(Nph¸p\ndw) bpw D ≠m¡p¶p. A, B, C, D F¶nhsb I ≠p]nSn¡pI. Cu cmk{]hÀ¯\§Ä¡pÅ 
kwXpe\w sNbvX cmkkaoIcWw FgpXpI.

3. shÅnt]mse shfp¯ Hcp temlamb A sb NaOH, HCl F¶nhbpambn {]hÀ¯n¸n¡pt¼mÄ 
ssl{UP³ hmXIw kzX{´am¡n bYm{Iaw B, C F¶o kwbpà§Ä \ÂIp¶p. A F¶ 
teml¯nsâ {]Xe¯nÂ \njv{Inbamb Hcp t\cnb ]Sew D≠ m¡p¶Xn\mÂ AXv D F¶ 
A¾hpambn cmk{]hÀ¯\¯nteÀs¸Sp¶nÃ. AXn\mÂ Cu A¾w ]eØe§fntebv¡v sIm≠ v 
sNÃp¶Xn\v Cu temlw D]tbmKn¡p¶p. A, B, C, D F¶nh GXmsW¶v I ≠p]nSn¡pI. \n 
§fpsS D¯c§Ä¡v kwXpe\w sNbvX cmkkaoIcW§Ä \ÂIpI.

kwLwtNÀ¶v NÀ¨ sN¿pI.
1. Aepan\nbw HmIvsskUns\ tIm¡v D]tbmKn v̈ \ntcmIvkoIcn v̈ Aepan\nbw temlw D ≠m¡m³ 

km[yaÃ F´psIm≠ v?

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

IqSp-XÂ hni-Zmw-i-§Ä¡mbn
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BapJw
ImÀ_¬ CÃmsX Hcp Pohn¡pw \ne  \nev¡m³ 

km[yaÃ. ImÀ_¬ kwbpà§Ä sIm ≠mWv, 
a\pjy icocw \nÀ½n¨ncn¡p¶Xv. ImÀ_¬ Hcp 
AtemlamWv. CXv Uba ≠v, {Kmss^äv F¶n§s\
bpÅ ip²amb cq]§fnÂ ImWs¸Sp¶p. 
CÔ\ §Ä I¯pt¼mÄ AhbnepÅ ImÀ_¬, 
HmIvknP \pambn kwtbmPn v̈ ImÀ_¬ ssU 
HmIvsskUv D ≠mIp¶p. 

Nn{Xw 13.2. ImÀ_Wnsâbpw AXnsâ 
kwbpà§fpsSbpw hyXykvX {IaoIcW§Ä   

{]XoIw  :  C
AWpkwJy :  6
AWp{Zhyam\w : 12

kwtbmPIX :  4
hÀ¤w  : 14

 `qanbnse kky§fpsSbpw P´p 
¡fpsSbpw ImXemb`mKw ImÀ_¬ kwbpà 
§fmWv. hmbp, kky§Ä, P´p¡Ä, a®v 
F¶nhbneqsSÃmw k¦oÀ® cmk{]hÀ¯\§Ä 
hgn ImÀ_¬ Nw{IaWw sN¿p¶p. CXns\ 
ImÀ_¬ N{Iw F¶p]dbp¶p.

13.1. ImÀ_Wnsâ kwbpà§Ä 

19-mw \qäm ≠ nsâ Bcw`¯nÂ imkv{XÚÀ 
ImÀ_Wnsâkwbpà§sf Ah e`yamIp¶ 
t{kmXÊpIfpsS ASnØm\¯nÂ c ≠mbn 
XcwXncn¨p:
i)   AImÀ_WnI kwbpà§Ä (Poh\nÃm¯           

]ZmÀ°§fnÂ\n¶pw e`n¡p¶h)

ii) ImÀ_WnI kwbpà§Ä (kky§fpw 
P´p¡fpw t]mepÅ Poh\pÅ hkvXp¡fnÂ 
\n¶pw e`n¡p¶h).  

 F¶ncp¶mepw thmfdnsâ bqdnb 
kwtÇjW¯n\ptijw Cu hÀKoIcW¯nsâ 
ASnØm\w amä§Ä¡v hnt[bambn«p≠ v.

ImÀ_Wpw AXnsâ 
kwbpà§fpw

10A²ymbw 13

K L

N{Xw 13.1. ImÀ_Wnsâ 
CeIvt{Sm¬ hn\ymkw
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Poh\ckX{´w
FÃm PohPme§fpw ImÀ_¬ AWp¡fmÂ \nÀ½nXamWv. FÃm PohPme§fptSbpw ASn 

Øm\ LSI§Ä ImÀ_WWp¡fmsW¶mWv CXv AÀ°am¡p¶Xv. Cu ImÀ_¬ AWp¡Ä aäv 
AWp¡fpambn tNÀ¶v `qanbnse PohPme§fpsS Pohs\ \nÀ®bn¡p¶p. BbXn\mÂ ImÀ_WnI 
ckX{´¯ns\ Poh\ ckX{´w F¶pw ]dbmdp≠ v.

{^UdnIv thmfÀ 
ImÀ_WnI ckX{´¯nÂ hn¹hIcamb ]cnhÀ¯\w krãn¨ hyàn

Nn{Xw. 13.3 Nn{Xw. 13.4

HmÀKm\nIv  (ImÀ_WnI) ckX{´w:
HmÀKm\nIv F¶ ]Zw AÀ°am¡p¶Xv Pohs\bmWv. kzoU\nse 
ckX{´Ú\mb s_Àkoenbkv BWv HmÀKm\nIv ckX{´w F¶ ]Zw D]
tbmKn¨Xv. PohnIfpsS ckX{´s¯bmWv CXv kqNn¸n¡p¶Xv. F¶mÂ 
PÀa³ ckX{´Ú\mb thmfÀ At±l¯nsâ ]co£WimebnÂ h v̈ 
Hcp AImÀ_WnI kwbpà¯nÂ (AtamWnbw kbt\äv) \n¶v Hcp 
ImÀ_WnI kwbpàw (bqdnb) \nÀ½n¡p¶XnÂ hnPbn¨p. CXv Pohiàn 
kn²m´¯n\v (Poh³ kw_Ônbmb {]{InbIfpsS Hcp kn²m´w). Hcp 
I\¯ {]lcambn.

                 {^UdnIv thmfÀ
Hcp PÀ½³ ckX{´Ú³  

IqSpXembn Adnbm³
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ImÀ_Wpw AXnsâ kwbpà§fpw

13.3.  ImÀ_Wnsebpw AXnsâ    
 kwbpà§fntebpw _Ô\§Ä

ImÀ_Wnsâ AWpkwJy 6 Dw AXnsâ 
Øncamb CeIvt{Sm¬ hn\ymkw 1S2, 2S2, 2p2 , 
hpamWv. CXnsâ _mlyXasjÃnÂ \mev CeIv 
t{SmWpIÄ DÅXn\mÂ CXnsâ kwtbmPIX 
\mev BWv. DXvIrãhmXI¯nsâ CeIv{Sm¬ 
hn\ymkw t\Sp¶Xn\mbn ImÀ_¬ AWp \mev 
CeIvt{SmWpIsf hn«psImSp¡pItbm AsÃ 
¦nÂ t\SpItbm sNbvXv. C4+ Atbm tWm C4 -- At-
bmtWm D≠ mtI≠ XmWv.

1. ImÀ_Wn\v \mev CeIvt{SmWpIsf t\Sn C4-

F¶ EWAtbm¬ D ≠mImambncp¶p. F¶mÂ 
6 t{]mt«mWpIfpÅ Hcp AWptI{µ¯n\v 
] v̄ CeIvt{SmWpIsf tNÀ¯p\nÀ¯pI 
F¶Xv hfsc {]bmktadnb H¶mWv.  AXm-
bXv, A[nIambn \mev CeIvt{SmWpIÄ.

2.  ImÀ_Wn\v \mev CeIvt{SmWpIsf \ã 
s¸Sp¯n C4+ F¶ [\Atbm¬ D ≠mIm 
hp¶XmWv. F¶mÂ \mev CeIvt{SmWpIsf 
\o¡w sNbvX AWphnsâ AWptI{µ¯nepÅ 
6 t{]mt«mWpIÄ shdpw c≠ v CeIvt{SmWpIsf 
BIÀjn v̈ h¨n«pÅ Hcp [\Atbm¬ cq]
s¸Sp¶Xn\v DbÀ¶bfhnÂ DuÀÖw Bhiy 
ap≠ v.

Cu {]iv\w AXnPohn¡p¶Xn\mbn ImÀ_¬ 
AXnsâ kwtbmPICeIvt{SmWpIsf ImÀ 
_¬ AWp¡fpamtbm aäv aqeI§fpsS AWp 
¡fpamtbm ]¦phbv¡p¶p. \mev klkw tbmPI 
_Ô\§Ä cq]oIcn¡phm\pÅ ImÀ_¬ AWp 
hnsâ Cu khntijXsb s]mXphmbn ImÀ_
Wnsâ NXpÀkwtbmPIX F¶v ]cmaÀin¡p¶p.

ImÀ_Wnsâ \mev CeIvt{SmWpIsf \mev 
ssl{UP³ AWp¡fpambn ]¦nSpt¼mÄ Hcp 
aotY³ (CH4) X\vam{X D≠ mIp¶p.Gähpw Aaqeyamb h{Pw (Uba≠ v) 

ImÀ_Wnsâ Hcp {InÌeob cq]m´camWv. 
(A]ccq]w) tImln¶qÀ Uba≠ v Hcp 105 
Imcäv (21. 689) Uba≠ mWv. CXv CuÌv 
C ým I¼\n ]nSns¨Sp¡pIbpw {_n«ojv 
IncoSm`cW§fpsS `mKam¡namäpIbpw 
sNbvXp. km[mcW IÂ¡cnbmsW¦nepw 
Gähpw hne]nSn¸pÅ tImln¶qÀ Uba
≠msW¦nepw Ah bYmÀ°¯nÂ 
ImÀ_Wnsâ cq]m´c§Ä am{XamWv!.

13.2. HmÀKm\nIv (ImÀ_WnI)   
 ckX{´¯nsâ B[p\nI      
 \nÀhN\w

sslt{UmImÀ_WpIfpw AhbnÂ \n¶p 
≠ mb DÂ¸¶§fpw sIm≠ v \nÀ½n¨ncn¡p¶ 
ImÀ_WnI kwbpà§sf¡pdn v̈ {]Xn]m 
Zn¡p¶ ckX{´¯nsâ Hcp imJbmWv ImÀ_
WnI ckX{´w. CXv _Ô\¯nsâ {]IrXw, 
kwtÇjW coXnIÄ hnhn[ taJeIfnepÅ Ah-
bpsS D]tbmK§Ä F¶nhsb¡pdn v̈  icnbmb 
Hcp DÄ¡mgvN \ÂIp¶p.

Nn{Xw 13.5 aotY\nsâ LS\  
     ]¦vhbv¡s¸« tPmUn CeIvt{SmWpIsf {]Xn\n 

[oIcn¡p¶p

an\pks¸Sp¯nb Uba≠ v (h{Pw)

IqSpXembn Adnbm³

H

H

H H

C
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13.4 cq]m´cXzw (Allotropy)
Hcp aqeIw H¶nÂ IqSpXÂ cq]§fnÂ 

ImWs¸SpIbpw AhbpsS `uXnI KpW§Ä 
hyXymks¸«pw. F¶mÂ cmkKpW§Ä kam\
ambpw ImWs¸Sp¶ KpWs¯ cq]m´cXzw F¶v 
\nÀhNn¡mw.

ImÀ_Wnsâ cq]m´c§Ä 
 • ImÀ_Wn\v aq¶v cq]m´c§Ä ImWs¸ 

Sp¶p. AhbmWv {InÌeob cq]m´c§Ä 
(Uba ≠pw (h{Phpw), {Kmss^äpw) A{InÌeob 
cq]m´c§Ä (tIm¡v ac¡cn) ^pÅdo\pIÄ 
F¶nh.

 • Ub-a pw {Kmss^äpw ImÀ_-Wnsâ ]cÂ cq]-
¯n-epÅ A]-c-cq-]-§-fmWv. Ah-bn-epÅ 
_Ô-̄ nsâ Xc-̄ nÂ Ah hyXym-k-s -̧Sp-¶p.

 • {Kmss^änÂ Hmtcm ImÀ_¬ AWphpw 
AtX Xe¯nepÅ aäv aq¶v ImÀ_¬ 
AWp¡fpambn _Ô\¯nteÀs¸«v AXn\v 
Hcp jUv̀ pPmIrXn \ÂInbncn¡p¶p. Cu 
ASp¡pIsf X½nÂ iàn Ipdª hm ≠Àhm 
fnsâ _ew D]tbmKn¨mWv _Ôn¸n v̈ \nÀ 
¯nbncn¡p¶Xv. CXv AXnsâ arZpXz¯n\v 
ImcWamIp¶p.

 • aäv Ateml§fnÂ\n¶pw hyXykvXambn 
{Kmss^äv sshZypXnbpsS Hcp hfsc \Ã 
NmeIamWv. F´psIms≠ ¶mÂ CXnÂ 
kzX{´ CeIvt{SmWpIfp≠ v.

 • ImÀ_Wnsâ asämcp Xcw cq]m´camWv 
^pÅdo\pIÄ. Hcp ^pSv_mfnsâ BIrXn 
bnÂ 60 ImÀ_¬ AWp¡Ä AS§nbn«pÅ 
(C--60) Hcp cq]ambmWv BZyambn CXns\ 
Xncn¨dnªXv. Atacn¡³ hmkvXp                 
inev]n _¡van³ÌÀ^pÅÀ cq]Iev]\ 
sNbvX XmgnI¡pS¯nsâ cq]hpambn 
ImgvNbv¡v kmZriyapÅXpsIm ≠mWv. CXns\ 
_¡vvan³ÌÀ ^pÅdo\pIÄ F¶v \maIcWw 
sNbvXXv.

Nn{Xw 13.6 
h{P¯nsâ LS\

Nn{Xw 13.9 ^pSv_mÄ

Nn{Xw 13.8 ^pÅdo³

hm ≠Àhmfnsâ _ew

Nn{Xw 13.7 {Kmss^änsâ LS\

13.5  ImÀ_Wnsâbpw AXnsâ     
 kwbpà§fpsSbpw `uXnI   
 KpW§Ä:
 • ImÀ_¬ AWp¡Ä¡v aäp ImÀ_¬ AWp 

¡fpambn tNÀ¶v [mcmfw, \o≠  irwJem cq] 
¯nepÅ kwbpà§Ä D ≠m¡p¶Xn\pÅ 
tijnbp≠ v. Cu KpWs¯ Imsät\j³ F¶p 
]dbp¶p. ImÀ_Wnsâ kwtbmPIX\m 
embXn\mÂ AXn\v aäv \mev ImÀ_¬ AWp 
¡fpambn _Ô\¯nteÀs¸Sm³ Ignbpw.

 • HmIvknP³, ssl{UP³ ss\{SP³, kÄ^À, 
t¢mdn³ IqSmsX [mcmfw aäv aqeI§fpambpw 
ImÀ_¬ kwtbmPn v̈ [mcmfw ØncXbpÅ 
kwbpà§Ä D ≠mIp¶p.

 • ImÀ_Wnsâ hen¸w sNdpXmbXn\mÂ AXnsâ 
AWptI{µ¯n\v ]¦vhbv¡ s¸«ncn¡p¶ 
tPmUn CeIvt{SmWpIsf iàambn ]nSn¨p \n 
À¯p¶Xn\pÅ Ignhp≠ v. CXmWv ImÀ_¬ 
kwbpà§fpsS ØncXbv¡v ImcWw.
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ImÀ_Wpw AXnsâ kwbpà§fpw

DZm:
       ssl{UP³ tNÀ¡pt¼mÄ
CH2 = CH 2 ————————→CH3 - CH3

CuYo³            Ni-DÂt{]cIw             CutY³

 • kqcy{]Imi n̄sâtbm atäsX¦nepw A ǹIÀ 
½IcpsStbm ({]Xn{]hÀ¯IcpsStbm) km¶n 
²ȳ nÂ ]qcnX ImÀ_¬ kwbpà§Ä {]
XnØm]I A ǹ{InbIfnÂ ]s¦Sp¡p¶p. 
DZm: aotY³ {]XnØm]I A ǹ{InbbnteÀs¸«v 
hyXykvX Xc n̄epÅ DXv]¶§Ä D≠ m¡p¶p. 

 • BÄ¡tlmÄ t]mepÅ ImÀ_¬ kwbp 
à§Ä tkmUnbhpambn {]hÀ n̄̈ v ssl{U 
P³ hmXIs¯ kzX{́ am¡p¶p.

       DZm :  2CH3CH2OH + 2Na→2CH3CH2ONa + H2 ↑

13.7. kPmXob t{iWn

Htc LS\bpw Htc cmkKpW§fpapÅ Hcp 
Iq«w AsÃ¦nÂ Hcp hn`mKw ImÀ_WnI kw 
bpà§fpsS Hcp t{iWnbmWv kPmXob t{iWn 
ChnsS A\p{Iaambnhcp¶ Hmtcm kwbpà¯n 
sâbpw LS\bnÂ Hcp CH2 {Kq¸nsâ hyXymkw 

D ≠mbncn¡pw. 

13.7.1. kPmXob t{iWnbpsS    
          khntijXIÄ

 • t{iWnbnse Hmtcm AwK¯nsâbpw A\p{Ia 
ambn hcp¶tXm, sXm«p]n¶nÂ hcp¶tXm Bb 
AwK§Ä X½nÂ Hcp CH2 hnsâ s]mXphmb 
hyXymkw D ≠mbncn¡pw. AXmbXv X\vam{Xm 
{Zhyam\§Ä X½nÂ 14 amu hnsâ hyXymkw  
D≠ mbncn¡pw (amu = AWp {Zhyam\ GIIw). 

 • kPmXob t{iWnbnse FÃm AwK§fnepw 
Htc aqeI§fpw Htc ^MvjWÂ {Kq¸pIfpw 
AS§nbncn¡p¶p.

 • kPmXob {iWnbnse FÃm AwK§Ä¡pw       
s]mXphmb Hcp X\vam{Xmkq{Xw 

D ≠mbncn¡pw. 

     DZm: BÂt¡³ = CnH2n+2

 BÂ¡o³ = CnH2n

 BÂss¡³ = CnH2n-2

 • ImÀ_¬ kwbpà§Ä kahmbX              
(isomerism) {]ZÀin¸n¡p¶p. ct≠m  
AXne[nItam kwbpà§Ä¡v Htc X\v 
am{Xmkq{Xhpw F¶mÂ hyXykvX KpW§ 
tfmSpIqSnb hyXykvX LS\m kq{Xhpw \ne\n 
Â¡p¶ {]Xn`mkamWnXv. AXmbXv C2H6O 
F¶ cmkkq{Xw FYnÂ BÄ¡tlmÄ 
(C2H5OH) ssU saYnÂ CuYÀ (CH3O CH3) 
F¶n§s\bpÅ hyXykvX kwbpà§sf 
{]Xn \n[oIcn¡p¶p.

 • klkwtbmPI {]IrXapÅXn\mÂ ImÀ_
WnI  kwbpà§Ä¡v {ZhWm¦hpw IzY\m 
¦hpw hfsc Ipdhmbncn¡pw.

 • ImÀ_WnIkwbpà§fnÂ \S¡p¶ cmk{]
hÀ¯\§fnÂ A`nImcIX\vam{X Ifnse ]
gb _Ô\§Ä¡v hnLS\w kw`hn¡pIbpw 
DXv]¶ X\vam{XIfnÂ ]pXnb _Ô\§Ä 
cq]oIrXamIpIbpw sN¿p¶p.

 • ImÀ_WnI kwbpà§Ä thK¯nÂ Xo ]nSn 
¡p¶hbmWv.

13.6. cmkKpW§Ä
 • ImÀ_Wpw AXnsâ kwbpà§fpw HmIvknP\n 

Â I¯pt¼mÄ Xm]w, {]Imiw F¶nhtbmsSm¸w 
ImÀ_¬ssU HmIvsskUpw \ÂIp¶p. 

DZm:
C + O2   →  CO2 + Xm]w + {]Imiw

CH4 + 2O2 → CO2 + 2H2O + Xm]w + {]Imiw

C2H5OH + 3O2 → 2CO2 + 3H2O + Xm]w + {]Imiw

 • £mcw tNÀ¯ s]m«mkyw s]ÀamwKt\äv         
t]mepÅ A\ptbmPyamb HmIvkoImcnIÄ 
D]tbmKn¨v ImÀ_WnI kwbpà§sf 
Ffp¸¯nÂ ImÀt_mIvknenIv A¾§fmbn 
HmIvkoIcn¡mhp¶XmWv.

                                        
KMnO4/ OH-

2[O]
CH3CH2OH                         CH3COOH+ H2O
FYt\mÄ FYt\mbnIv A¾w
     

 • A]qcnX ImÀ_WnI kwbpà§Ä ]te 
Unbw AsÃ¦nÂ \n¡Â t]mepÅ DXvt{]
cI§fpsS km¶n²y¯nÂ ssl{UP\pambn 
kwtbmP\ A`n{InbIfnÂ ]s¦Sp¡p¶p.
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 • Hmtcm kPmXob t{iWnbnsebpw AwK§fpsS 
`uXnI KpW§Ä X\vam{Xm{Zhyam\w hÀ 
²n¡p¶Xn\\pkcn¨v {Iaambn hyXymks¸ 
Sp¶p.

 • Hmtcm kPmXob t{iWnbnsebpw AwK§fpsS 
cmkKpW§Ä Htct]msebmbncn¡pw.

 • Hmtcm kPmXob t{iWnbnsebpw FÃm AwK 
§sfbpw s]mXphmb Hcp coXn D]tbmKn¨v 
X¿mdm¡m³ km[n¡pw.

13.8. kPmXob t{iWnbpsS {]m[m\yw

1. t{iWnbnepÅ CXphscbp ≠m¡m¯ AwK 
§fpsS KpW§Ä {]hNn¡p¶Xn\v CXv klm 
bn¡p¶p.

2.kPmXobt{iWnsb¡pdn¨pÅ Adnhv  AwK§ 
fpsS hyhØm]nX ]T\w km[yam¡p¶p.

3. Hcp t{iWnbnse BZys¯ AwK¯nsâ 
KpW§Ä Adnbmambncp¶mÂ B IpSpw_ 
¯nse GXwK¯nsâbpw KpW§Ä IrXyambn 
]dbphm³ Ignbpw.

13.9. sslt{Um ImÀ_WpIÄ

ImÀ_Wpw ssl{UP\pw am{Xw AS§nbn 
«pÅ ImÀ_WnIkwbpà§fmWv. sslt{Um 
ImÀ_WpIÄ. Chsb apJy ImÀ_WnI kwbp 
à§fmbn ]cnKWn¡p¶p Fs´¶mÂ aäv 
kwbpà§sfÃmw Xs¶ CXnÂ\n¶v Ht¶m 
AXnÂ IqSpXtem ssl{UP\Wp¡sf aäv 
AWp¡tfm {Kq¸pItfm sIm≠ v BtZiw sN¿n¨v 
D ≠m¡p¶hbmWv. 

 sslt{UmImÀ_WpIsf c≠ v hn[¯nÂ 
Xcw Xncn¨ncn¡p¶p. ]qcnX sslt{UmImÀ_Wp 

Ifpw A]qcnX sslt{Um ImÀ_WpIfpw.

13.9.1.  ]qcnX sslt{Um ImÀ_WpIÄ –  
 BÂt¡\pIÄ
s]mXp X³am{X kq{Xw = CnH2n+2  {]Xybw : G³

ImÀ_¬  - ImÀ_¬. GI_Ô\aS§n 
bn«pÅ ImÀ_WnI kwbpà§fmWnh. cmk]
cambn {InbmioeX hfsc IpdhmbXp ImcWw 
Chsb ]≠ v ]mc^n\pIÄ F¶p hnfn¨ncp¶p. 
(emän\nÂ ]mc^n\pIÄ¡À°w hfsc \njv{In 

Nn{Xw .13.10 t{_man³ ]cntim[\

(heXv) \ndw A{]Xy£amIp¶p –A]qcnXw
(CSXv) \ndhyXymkanÃ –]qcnXw,

CutY³ CuYo³

bamb F¶mWv). IUPAC coXn {]Imcw Chsb 
BÂt¡\pIÄ ({][m\ ]Z¯nt\msSm¸w G³ 
F¶ {]Xybw tNÀ¯v) F¶v \maIcWw sNbvXncn 
¡p¶p.

cmkkq{Xw km[mcW    
\maw

IUPAC    
\maw

CH4

CH3CH3

CH3CH2CH3

CH3CH2CH2CH3

aotY³

CutY³ 
s{]mt]³ 
n-_yqt«³

aotY³

CutY³ 
s{]mt]³ 
_yqt«³

13.9.2. A]qcnX sslt{Um ImÀ_WpIÄ
C¯cw sslt{UmImÀ_WpIfpsS X\v 

am{XIfnÂ ImÀ_Wn\pw ImÀ_Wn\panSbnÂ 
Zzn_Ô\§tfm                {Xn_Ô\§tfm   

(-cΞc--) AS§nbncn¡p¶p.Chsb ho≠pw 
c ≠mbn Xcw Xncn¨ncn¡p¶p. BÂ¡o\pIfpw 
BÂss¡\pIfpw.

i) BÂ¡o\pIÄ: s]mXp X\vam{Xmkq{Xw : CnH2n                                                  {]Xybw: Cu³

 ImÀ_Wn\pw ImÀ_Wn\panSbnÂ Ipd 
ªXv Hcp Zzn_Ô\sa¦nepw AS§nbn«pÅ 
sslt{Um ImÀ_WpIsf BÂ¡o\pIÄ F¶p 
hnfn¡p¶p. ChbpsS s]mXpX\vam{Xmkq{Xw 
CnH2n BWv.  BÂ¡o³ IpSpw_¯nse hmX-
ImhØbnÂ ImWs¸Sp¶ sNdnb AwK§sf 
t¢mdn\pambn {]hÀ¯n¸n¡pt¼mÄ F®bpsS 
cq]¯nepÅ DÂ ]¶§Ä D ≠mIp¶Xn\mÂ 
ap³]v Chsb Hen^o \pIÄ ({Ko¡v: Hen^nbâv  - 
F®bp ≠m¡p¶) F¶v hnfn¨ncp¶p.

_Ôs¸« BÂt¡\pIfnse G³ F¶ {]
Xybs¯ amän ]Icw Cu³ tNÀ¯mWv IUPAC coXn-
bnÂ BÂ¡o\pIfpsS \maw D≠m¡nbncn¡p¶Xv. 
DZmlcWambn,

CH3  – CH3   H2C = CH2
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ImÀ_Wpw AXnsâ kwbpà§fpw
ImÀ_WWp¡fpsS F®w IqSnb BÂ¡o\p 
IfnÂ X\vam{Xbnse GXpImÀ_¬ AWphn 
emWv Zzn_Ô \w ImWs¸Sp¶Xv F¶Xns\ 
kqNn¸n¡p¶Xn\mbn 1, 2, 3, 4, ...F¶n§s\   
bpÅ A¡§Ä D]tbmKn¡p¶p.

BÂ¡o³ km[mcW \maw IUPAC \maw

CH2 = CH2

CH3CH = CH2

CH3CH2–CH=CH2

CH3CH = CHCH3

FYneo³

s{]m]neo³

α-_yq«neo³

β-_yq«neo³

CuYo³

s{]m]o³

_yq«v –1 –Cu³

_yq«v –2 –Cu³

ii)BÂss¡\pIÄ: s]mXpX\vam{Xmkq{Xw: CnH2n-2          
                           {]Xybw : sF³

ImÀ_Wn\pw ImÀ_Wn\panSbnÂ {Xn_Ô\
aS§nbn«pÅ sslt{UmImÀ_WpIsf BÂss¡ 
\pIÄ F¶p ]dbp¶p. BÂ¡o\pIsf \maIcWw 
sN¿p¶ AtX coXnbnÂ Xs¶bmWv BÂss¡\pIs-
fbpw \maIcWw sN¿p¶Xv, AXmbXv BÂt¡\
nse G³ {]Xyb¯n\p ]Icw sF³ {]Xybw D]
tbmKn¡p¶p. X\vam{Xm{Zhyam\w IqSnb AwK§fnÂ 
{Xn_Ô\¯nsâ Øm\w kqNn¸n¡p¶Xn\mbn 
X\vam{Xbnse ImÀ_¬ AWphn\v 1, 2, 3, 4, ....... 
F¶n§s\bpÅ A¡§Ä \ÂInbncn¡p¶p. 

BÂss¡³ km[mcW \maw IUPAC \maw

HC Ξ CH

H3C – C ΞCH

H3C – C  ΞC – CH3

H3C - CH2 –C Ξ CH

Aknäneo³

saYn³ Aknäneo³

ssUsaYnÂ Aknäneo³

FYnÂ Aknäneo³

CussY³

s{]mss]³

_yq«v –2– sF³

_yq«v –1 –sF³

13.10 ^MvjWÂ {Kq¸v
ImÀ_WnI kwbpà§fpsS khntij KpW§sf 

\nÀ®bn¡p¶ AWphns\tbm, AWp¡fpsS Iq« 
¯ns\tbm AsÃ¦nÂ cmk{]hÀ¯\¯nÂ ]s¦Sp 
¡p¶ `mK¯ns\tbm ^MvjWÂ {Kq v̧ F¶v \nÀh 
Nn¡mhp¶XmWv. ImÀ_WnI kwbpà§fpsS cmk 
KpW§Ä \nÀ®bn¡p¶Xv ^MvjWÂ {Kq¸pIfmWv. 
F¶mÂ AhbpsS `uXnI KpW§Ä \nÀ®bn¡p¶Xv 

X\vam{XbpsS Ahtijn¡p¶ `mKhpw tNÀ¶mWv.

DZm:  -OH  => BÄ¡tlmÄ   
          -CHO => BÄUnsslUv 

 C=O => Iotäm¬   
      - COOH  => ImÀt_mIvknenIv A¾w

13.10.1.  ̂ MvjWÂ {Kq¸nsâ 
ASnØm\¯nÂ ImÀ_WnI 
kwbpà§fpsS Xcw Xncn¡Â

1. BÄ¡tlmfpIÄ

BÂss¡Â {Kq¸nÂ -OH {Kq¸v _Ôn¡ 
s¸«n«pÅ ImÀ_WnI kwbpà§fmWv BÄ¡ 
tlmfpIÄ BÄ¡tlmfnsâ s]mXphmb kq{Xw 
R-OH F¶mWv ChnsS " R 'F¶Xv Hcp BÂ ss¡Â 
{Kq¸pw -OH ^MvjWÂ {Kq¸pamWv. BÂt¡³ 
F¶ ]Z¯nse -G³ F¶  {]Xyb ¯n\p ]Icw 
-HmÄ F¶ {]Xybw tNÀ¯mWv IUPAC coXnbnÂ 
BÄ¡tlmfpIfpsS \maw D ≠m¡nbncn¡p¶Xv. 
A§s\ \ap¡v BÂ¡ t\mÄ F¶ \maw e`n¡p¶p.

X\vam{Xm kq{Xw km[mcW \maw IUPAC \maw

CH3OH 

CH3-CH2-OH

CH3- CH2-CH2-OH 

CH3-CH-CH3

        OH

CH3-CH2-CH2-CH2-OH

CH3-CH-CH2-OH

        CH3

saYnÂ 
BÄ¡tlmÄ 
FYnÂ 
BÄ¡tlmÄ
n- s{]mss]Â 
BÄ¡tlmÄ
sFtkm s{]mss]Â 
BÄ¡tlmÄ
(AYhm) 
sk¡³Udn (ZznXob) 
BÄ¡tlmÄ
n- _yqss«Â 
BÄ¡tlmÄ

sFtkm _yqss«Â 
BÄ¡tlmÄ

saYt\mÄ

FYt\mÄ

1--s{]m]t\mÄ

2-s{]m]t\mÄ

1-_yq«t\mÄ

2 - s a Y n Â -
1-s{]m]t\mÄ

2. BÄUnsslUpIÄ 
BÂss¡Â {Kq¸pamtbm AsÃ¦nÂ 

ssl{UP\pamtbm –CHO {Kq¸v _Ôn¡s¸«n 
«pÅ ImÀ_WnI kwbpà§fmWv BÄUnssl 
UpIÄ. BÄUnsslUpIfpsS s]mXphmb 
kq{Xw R-CHO F¶mWv. CXnÂ "R' F¶Xv 
ssl{UP³ AWpthm, BÂss¡Â {Kqt¸m 
BImw. –CHO F¶Xv ^MvjWÂ {Kq¸mWv. 
BÂt¡³ F¶ ]Z¯nse –G³ F¶ {]Xyb 
¯n\p]Icw –\mÄ F¶ {]Xybw tNÀ¯mWv  
IUPAC coXnbnÂ BÄUnsslUpIfpsS \maw 
D ≠m¡nbncn¡p¶Xv. A§s\ \ap¡v "BÂ 
¡\mÄ" F¶ \maw e`n¡p¶p.

X\vam{Xm kq{Xw km[mcW \maw
IUPAC 

\maw
HCHO 

CH3- CHO 

CH3- CH2- CHO 

CH3- CH2-CH2- CHO

t^mÀamÄUnsslUv

AskämÄUnsslUv

s{]m]nsbmWmÄUn sslUv

_yq«ndmÄUnsslUv

saY\mÄ

FY\mÄ

s{]m]\mÄ

_yq«\mÄ
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3. IotämWpIÄ

ImÀs_mssWÂ {Kq v̧ CO c≠ v BÂss¡Â 
{Kq¸pIfpambn _Ôn¡s¸«n«pÅ ImÀ_
WnI kwbpà§fmWv IotämWpIÄ. 
IotämWnsâ s]mXphmb kq{Xw R-CO -R' 

F¶mWv ChnsS R, R' F¶nh BÂss¡Â 
{Kq¸pIfmWv. -CO- ^MvjWÂ {Kq¸pamWv.  
BÂt¡³ F¶ ]Z¯nse -G³ F¶ {]
Xyb¯n\p]Icw -t\m¬ F¶ {]Xybw tNÀ 
¯mWv IUPAC coXnbnÂ IotämWpIfpsS \m 
aw D ≠m¡nsbSp¯ncn¡p¶Xv. A§s\ \
ap¡v ""BÂ¡t\m¬'' F¶ \maw e`n¡p¶p.

X\vam{Xmkq{Xw km[mcW \maw IUPAC \maw
CH3COCH3

CH3COCH2CH3

CH3CH2COCH2CH3

ssU saYnÂ Iotäm¬ 

(Akntäm¬)

FYnÂ saYnÂ 
Iotäm¬
ssU FYnÂ 
Iotäm¬

s{]m]t\m¬

2þ_yq«t\m¬

3 -s]ât\m¬

 

Nne {][m\s¸« ImÀ_WnI kwbpà§Ä

an¡hmdpapÅ FÃm kwbpà§fpw ]e{]
Imc¯nÂ \ap¡v D]tbmKapÅhbmWv. an¡hmdp 
apÅ CÔ\§Ä, Huj[§Ä, s]bnâpIÄ, kvt^mS 
IhkvXp¡Ä, Ir{Xna_lpeI§Ä,  kpKÔ 
ssXe§Ä, Ae¡ptkm¸pIÄ F¶nhsbÃmw 
ASnØm\]cambn ImÀ_WnI kwbpà§fmWv. 
hmkvXh¯nÂ ImÀ_WnI ckX{´w \½psS 
PohnXs¯ tamSnbpÅXpw kuIcy{]ZambXpam¡n. 
hymhkmbnI]cambn {]m[m\yapÅ FYt\mÄ, 
FYt\mbnIv A¾w F¶o c≠ v kwbpà§sf Ipdn¨v 
ChnsS Npcp¡¯nÂ {]Xn]mZn¨ncn¡p¶p.

13.11 FYt\mÄ  (C2H5OH)
BÄ¡tlmfpIfpsS IpSpw_mwK§fnÂ 

hfsc {]m[m\yapÅhbnÂ Hcp AwKamWv FYt\mÄ 
AYhm FYnÂBÂ¡tlmÄ efnXambn ]dªmÂ 
BÄ¡tlmÄ.

(1) samfmkknÂ\n¶pw FYt\mfnsâ DXv]mZ\w

KmVXbpÅ Icn¼n³NmdnÂ\n¶pw ]©kmc 
bpsS ]cepIÄ thÀXncn¨tijw Ahtijn¡p¶ 
Ccp ≠ \nd¯nepÅ sImgp¯ Hcp {ZmhIamWv 
samfmkkv. ]©kmc thÀXncn¨tijhpw ]cem¡n 
amän thÀXncn¡m³ Ignbm¯ 30% kpt{Imkv 
samfmkknÂ AS§nbncn¡p¶p. Xmsg ]dªncn 
¡p¶ ]e L«§fneqsS CXns\ FYt\mÄ B¡n 
amäp¶p.

 (i)    t\À¸n¡Â(Dilution)  
 samfmkknse ]©kmcbpsS KmVX GItZiw 
8 apXÂ 10 iXam\w hscbm¡n Ipdbv¡p¶Xn 
\mbn samfmkkns\ BZyw Pew tNÀ¯v t\À¸n 
¡p¶p.

 (ii)    AtamWnbw ehW§Ä tNÀ¡Â 
InWz\thfbnÂ bokvän\pÅ `£Wamb ss\
{SP\S§nb ]ZmÀ°§Ä km[mcWbmbn 
Bhiy¯n\v samfmkknÂ AS§nbncn¡pw. 
samfmkknepÅ ss\{SPsâ Afhv Xosc 
IpdhmsW¦nÂ  AtamWnbwkÄt^täm Atam 
Wnbwt^mkvt^täm tNÀ¯v ss\{SPsâ Afhv 

Iq«mhp¶XmWv.

4. ImÀt_mIvknenIv A¾§Ä

BÂss¡Â {Kq¸pamtbm AsÃ¦nÂ 
ssl{UP\pamtbm -COOH {Kq¸v _Ôn¡s¸ 
«n«pÅ ImÀ_WnI kwbpà§fmWv ImÀt_m 
IvknenIv A¾§Ä. ImÀt_mIvknenIv A¾¯n 
sâ      s]mXpkq{Xw R-COOH F¶mWv CXnÂ 
R- F¶Xv ssl{UP³ AWpthm BÂss¡Â 
{Kqt¸m BImw -COOH ^MvjWÂ {Kq¸mWv. 
BÂt¡³ F¶ ]Z¯nse -G³ F¶ {]Xyb 
¯n\p ]Icw -t\mbnIv A¾w F¶ {]Xybw tNÀ 
¯mWv  IUPAC coXnbnÂ ImÀt_mIvknenIv 
A¾§fpsS \maw D≠ m¡nbncn¡p¶Xv. A§s\ 
\ap¡v ""BÂ¡t\mbnIv A¾w'' F¶ \maw 
e`n¡p¶p.

X\vam{Xmkq{Xw km[mcW \maw IUPAC \maw

HCOOH

CH3-COOH 

CH3- CH2-COOH 

CH3- CH2-CH2-COOH

t^mÀanIv A¾w

AskänIv A¾w

s{]m]ntbmWnIv 

A¾w

n-_yq«ndnIv A¾w

saYt\mbnIv 

A¾w

FYt\mbnIv 

A¾w

s{]m]t\m 

bnIv A¾w

_yq«t\mbnIv 

A¾w



A
²

ymb
w 

13

220 221

ImÀ_Wpw AXnsâ kwbpà§fpw

(iii)   boÌv tNÀ¡Â

  c ≠mas¯ L«¯n\ptijw B emb\nsb 
henb InWz\ Sm¦pIfnÂ tiJcn v̈ AXn 
t\mSpIqSn boÌv tNÀ¡p¶p. Cu an{in 
Xs¯ GItZiw 303 K Â Ipd¨pZnhkw 
kq£n¡pI. Cu ImebfhnÂ boÌnÂ 
AS§nbn«pÅ cmkmKv\nIfmb C³shÀ 
t«kpw ssktakpw kpt{Imkns\ FYt\mÄ 

B¡namäp¶p.

     kpt{Imkv                           ¥qt¡mkv  {^IvtSmkv

    C6H12O6                     2C2H5OH + 2CO2 ↑
   ¥qt¡mkv                     FYt\mÄ

AYhm {^IvtSmkv 
   InWz\¯n\v hnt[bamb {ZmhI¯ns\ 
kmt¦XnIambn hmjv (wash) F¶v hnfn¡p¶p.

(iv)  hmjnsâ tkzZ\w 

15---18 iXam\w BÂ¡tlmfpw _m¡n`mKw 
PehpaS§nbn«pÅ InWz\w sNbvsXSp¯ 
{ZmhI¯ns\ BwinItkzZ\¯n\v hnt[bam 
¡p¶p. 95.5% FYt\mfpw 4.5% Pehpw 
AS§nbn«pÅ FYt\mfnsâ Peob emb\n Hcp 
apJy Awiambn e`n¡p¶p. CXns\ ip²oIrXkv 
]ncn«v (rectified spirit) F¶p ]dbp¶p. Cu 
an{inX¯ns\ \oäpI¡ tNÀ v̄ Ipep¡nbXn\p 
tijw 5-6 aWn¡qÀ NqSm¡pI. AXn\ptijw 
CXns\ 12 aWn¡qÀ A{]Imcw Xs¶ kq£n¡pI. 
Cu an{inXs¯ tkzZ\w sN¿pt¼mÄ ip²amb 
(100%) BÄ¡tlmÄ e`n¡p¶p. CXns\ ]cnip² 

BÄ¡tlmÄ (absolute alcohol) F¶p ]dbp¶p.

2. `uXnIKpW§Ä

(i) FYt\mÄ \mhnÂ s]mÅp¶ cpNntXm¶n¡p¶ 
kpXmcyamb Hcp {ZmhIamWv.

C12H22O11  +  H2O    C6H12O6  +  C6H12O6 

C³shÀt«kv

ssktakv

InWz\w (Fermentation) : 

boÌnsâ {]hÀ¯\ ^eambn ImÀ_WnI ]ZmÀ 
°§fnÂ kmh[m\¯nÂ cmkamäw kw`hn v̈ 
eLpX³am{XIÄ D≠ mIp¶Xns\ InWz\w  
F¶p ]dbp¶p. 

 (ii)  CXnsâ IzY\m¦w 351.5K BWv. CXv _Ô  
      s¸« BÂt¡\nsâXns\¡mÄ IqSpXemWv.

   (iii)  FÃm A\p]mX¯nepw CXv ]qÀ®ambpw  
      Pe¯nÂ Iecp¶p.

3. cmkKpW§Ä

(i) \nÀÖeoIcWw

(a) Hcp X\vam{XbnÂ \n¶pÅ \nÀÖ eoIcWw : 
FYt\mfns\ A[nIbfhnÂ KmV H2SO4 
tNÀ¯v 443 K Â NqSm¡pt¼mÄ X\v 
am{Xbv¡pÅnÂ \n¶v \nÀÖeoIcWw 
kw`hn¡p¶p  (Hcp X\vam{X FYt\mfnÂ    

\n¶v Pew \o¡s¸Sp¶p.)

               FYt\mÄ                    CuYo³
(b) c≠ v X\vam{XIfnÂ \n¶pÅ \nÀÖeoIcWw: 

FYt\mfns\ A[nIbfhnseSp¯v KmV 
H2SO4 tNÀ¯v 413 K Â NqSm¡pt¼mÄ 
AXnsâ c≠ v X\vam{XIfnÂ \n¶pambn Hcp 
X\v am{X Pew \o¡w sN¿s¸«v CuXdpIÄ 
D ≠mIp¶p. (FYt\mfnsâ 2 X\vam{XIfnÂ 

\n¶v Hcp PeX\vam{X \o¡w sN¿p¶p).

                    
                                            ssUFYnÂ CuXÀ

(ii)  tkmUnbhpambpÅ {]hÀ¯\w : FY          
t\mÄ tkmUnbw temlhpambn {]Xn{]hÀ 
¯n¨v tkmUnbw CutXmIvsskUpw ssl 

{UP³ hmXIhpw D≠ mIp¶p.

                                      tkmUnbw CutXmIvsskUv

(iii) HmIvkoIcWw : FYt\mfns\ £mcw tNÀ¯ 

KMnO4 D]tbmKnt¨m A¾w tNÀ¯ K2Cr2O7 D]
tbmKnt¨m HmIvkoIcn¡pt¼mÄ FYt\mbnIv 
A¾w D ≠mIp¶p.

                                                                                   

Cu cmk{]hÀ¯\ ^eambn K2Cr2O7 sâ Hmd©v 
\ndw amdn ]¨\ndamIp¶p. AXpsIm≠ v Cu cmk{]
hÀ¯\w BÄ¡tlmfpIsf Xncn¨dnbp¶Xn     
\pÅ ]co£Wambn D]tbmKn¡p¶p.

443K

KmV.H2SO4CH3CH2OH                       CH2=CH2+H2O

413K

KmV.H2SO4C2H5- OH + HO- C2H5                       C2H5-O-C2H5+H2O

2C2H5OH + 2Na   2C2H5ONa + H2 ↑

FYt\mbnIv A¾wK2Cr2O7 / H
+

2[O]
CH3CH2OH                      CH3COOH +H2O

IqSpXembn Adnbm³
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(iv) FÌdm¡n amäÂ {]{Inb : FYt\mÄ KmV 
H2SO4 

sâ
 
km¶n²y¯nÂ FYt\mbnIv A¾hpambn 

{]Xn{]hÀ¯n v̈ FYnÂ FYt\mtbäpw Pehpw 
D ≠mIp¶p. Hcp BÄ¡tlmÄ Hcp ImÀt_mIv 
knenIv A¾hpambn {]Xn{]hÀ¯n¡pt¼mgp ≠m 
Ip¶ kwbpà¯ns\ FÌÀ (]g§fpsS KÔ 
apÅ kwbpàw) F¶p ]dbp¶p. Cu A`n{In 
bsb FÌdm¡n amäÂ {]{Inb (esterification) F¶p 
]dbp¶p.

IqSpXembn Adnbm³

C2H5OH  +  CH3COOH  CH3COOC2H5 + H2O
FYt\mÄ FYt\mbnIv A¾w FYnÂ FYt\mtbäv

KmV.H2SO4

4. D]tbmK§Ä 
FYt\mÄ,

1. hml\§fnse tdUntbädpIfnÂ Pew 
Ddbp¶Xv XSbp¶Xn\v (antifreeze) Bbpw

2. Pohimkv{X]camb amXrIIÄ (Specimen) 
tISpIqSmsX kq£n¡p¶Xn\pw.

3. Bip]{XnIfnÂ apdnhpIÄ AWp hnapà 
am¡p¶Xn\pff AWp\min\nbmbpw

4. Huj[§Ä, F®IÄ, sImgp¸pIÄ, kpKÔ 
ssXe§Ä, Nmb§Ä  XpS§nbhbpsSsbÃmw 
Hcp embIambpw.

5. saYt\mÄ tNÀ¯ BÄ¡tlmÄ (Methylated 
Spirit) (95% FYt\mfpw 5% saYt\mfpw tNÀ¶ 
an{inXw) ip²oIrX BÄ¡tlmÄ (rectified 
spirit) (95.5% FYt\mfpw 4.5% Pehpw tNÀ¶ 
an{inXw) iàn BÄ¡tlmÄ (power alchohol) 
(s]{Smfnsâbpw FYt\mfnsâbpw an{inXw) 
`£ytbmKyaÃm¯ BÄ¡tlmÄ (denatured 
spirit) (FYt\mfnt\mSpIqSn ]ncnUn³ tNÀ¯ 
an{inXw) F¶nh X¿mdm¡p¶Xn\pw.

6. Npabv¡pw, Zl\hpambn _Ôs¸« tcmK§Ä 
¡pÅ knd¸pIfnepw D]tbmKn¡p¶p. 

BÄ¡tlmÄ IpSn¡p¶XpsIm ≠pÅ 
Zqjy^e§Ä

•	 BÄ¡tlmÄ IpSn¡pIbmsW¦nÂ 
AXv \½psS icoc¯nse D]m]
Nb{]hÀ¯\§Ä¡v ImeXmakw 
D ≠m¡pIbpw tI{µ\mUohyqls¯ 
_m[n¡pIbpw sN¿p¶p.

CH3CH2OH  CH3CHO+H2

Cu

573 K 
FYt\mÄ AknämÄUnsslUv

•	 sshImcnI k½À±hpw, am\knI {]iv\ 
§fpw D ≠m¡p¶p.

•	 IpSÂ]p®v, DbÀ¶ càk½À±w AÀ 
_pZw, XpS§nb tcmK§fpw, Xet¨mdn  
\pw, Icfn\pw tISp]mSpIfpw D≠ m 
¡p¶ Xphgn CXv \½psS BtcmKys¯ 
_m[n¡p¶p.

•	 GItZiw 40% hml\m]IS§fpw 
BÄ¡tlmÄ D]tbmKn¨psIm ≠v hml 
\w HmSn¡p¶XpsIm ≠mWv kw`hn¡p 
¶Xv.

•	 FYt\mfnÂ\n¶pw hyXykvXamWv saY 
t\mÄ. CXv hfsc sNdnb AfhnÂ 
DÅnÂ sN¶mÂ t]mepw acWw D ≠m 
¡pw.

•	 saYt\mfn\v IcfnÂ h v̈ HmIvkoIcWw 
\S¶v saY\mÄ (t^mÀamÄUnsslUv) 
D ≠mIp¶p. Cu saY\mÄ hfsc 
thK¯nÂ tImi§fnse LSI§ 
fpambn {]Xn{]hÀ¯\¯nteÀs¸Sp¶p.

•	 ap« thhn¡pt¼mÄ Ddbv¡p¶Xpt]m 
se saY\mÄ Poh{Zhy¯nsâ Ddbv¡Â 
kw`hn¸n¡p¶p. saYt\mÄ t\{X\m 

Unsb _m[n¨v AÔXbp ap≠m¡p¶p. 

13.12. FYt\mbnIv A¾w (CH3COOH)
 FYt\mbnIv A¾w hfsc km[mcWambn 
Adnbs¸Sp¶Xv AskänIv A¾w F¶mWv. CXv 
ImÀt_mIvknenIv A¾w F¶p hnfn¡p¶ A¾§ 
fpsS hn`mK¯nÂs¸Sp¶p. [mcmfw ]g§fnÂ 
AskänIv A¾w ImWs¸Sp¶p. ]g§fpsS ]pfn 
¸pcpNn¡v ImcWw Cu A¾§fmWv.

1.  FYt\mbnIv A¾¯nsâ X¿mdm¡Â
FYt\mfns\ £mcw tNÀ¯ s]m«mkyw s]Àamw 
Kt\äv D]tbmKnt¨m A¾w tNÀ¯ s]m«mkyw 
ssUs{Imtaäv D]tbmKnt¨m HmIvkoIcn¡pt¼mÄ 

FYt\mbnIv A¾w e`n¡p¶p.

(v) Unsslt{UmPnt\j³ (ssl{UPs\ \o¡w 
sN¿Â): FYt\mfnsâ _mjv]s¯ 573 K Â 
NqSm¡nb sN¼neqsS IS¯nhnSpt¼mÄ AXnÂ 
\n¶pw ssl{UP³ \o¡w sN¿s¸«v AknämÄ 
UnsslUv D ≠mIp¶p.

CH3CH2OH                      CH3COOH +H2O
FYt\mbnIv A¾wFYt\mÄ

KMnO4/ OH-

2[O]

2. `uXnIKpW§Ä

(i) FYt\mbnIv A¾w \ndanÃm¯, ]pfn¸pcpNn 

bpÅ Hcp {ZmhIamWv

(ii) CXv FÃm A\p]mX¯nepw Pehpambn Ie 

cp¶p.
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(iii) CXnsâ IzY\m¦w (391 K) _Ôs¸« 
BÄ¡tlmfpIÄ BÄUnsslUpIÄ, 
IotämWpIÄ F¶nhsb¡mfpsams¡ 
DbÀ¶XmWv.

(iv)  XWp¸n¡pt¼mÄ ip²amb FYt\mbnIv 
A¾w Ddªv lna]Se§Ät]mse cq]w 
{]m]n¡p¶p. Ch ImWp¶Xn\v lnaae-
Isf (Glaciers) t]msetXm¶p¶Xn\mÂ 
CXns\ t¥jyÂ AskänIv A¾w F¶p 
hnfn¡p¶p.

3. cmkKpW§Ä
(i)  FYt\mbnIv A¾w hocyw Ipdª Hcp 
A¾amWv. F¶mepw CXv \oe enävakns\ Nph 
¸p\ndam¡n amäp¶p.
(ii) teml§fpambpÅ A`n{Inb : Na, K, Zn 
XpS§nbht]mepÅ  teml§ fpambn FY  
t\mbnIv A¾w {]Xn{]hÀ¯n¨v teml§fpsS 
FYt\mtbäpw ssl{UP³ hmXIhpw D≠ m 
Ip¶p.

2CH3COOH + Zn  (CH3COO)2 Zn + H2 ↑ 

2CH3COOH + 2Na  2CH3COONa + H2 ↑
  (iii) ImÀ_tWäpIfpw, ss_ImÀ_tWäpIfpam 

bpÅ {]hÀ¯\w 
2CH3COOH + Na2CO3  2CH3COONa + CO2 ↑ + H2O

CH3COOH + NaHCO3  CH3COONa + CO2 ↑ + H2O

FYt\mbnIv A¾w ImÀ_tWäpIfpw, ss_ImÀ_
tWäpIfpambn {]Xn{]hÀ¯n¡pt¼mÄ ImÀ_¬ 

ssUHmIvsskUv DXvkÀÖn¡p¶Xv ImcWw Ip-
anfIÄ \pcªp s]m§n hcp¶p.

(iv) t_kpIfpambpÅ {]hÀ¯\w 
 FYt\mbnIv A¾w tkmUnbw 
sslt{UmIvsskUpambn {]hÀ¯n v̈ tkmUnbw 
FYt\m tbäpw Pehpw D ≠mIp¶p.

CH3COOH + NaOH  CH3COONa + H2O

(v) UnImÀt_mIvkntej³  (CO2 
\o¡w sN¿Â)

 FYt\mbnIv A¾¯nsâ tkmUnbw ehW 
s¯ tkmUmssew (3 `mKw NaOH Dw 1 `mKw CaO 
bpw tNÀ¶ JcmhØbnepÅ an{inXw) tNÀ¯v 
NqSm¡pt¼mÄ aotY³ hmXIw D≠ mIp¶p.

CH3COONa  CH4 ↑ + Na2CO3
NaOH / CaO

4. D]tbmK§Ä

FYt\mbnIv A¾w,

1. `£W]ZmÀ°§fpw ]g¨mdpIfpw tISpIq 
SmsX kq£n¡p¶Xn\p]tbmKn¡p¶ hn\m 
Kncn \nÀ½n¡p¶Xn\pw

2. ]co£WimebnÂ A`nIÀ½Icmbpw ({]Xn{]
hÀ¯Icmbpw) 

3.  dºÀ ]menÂ\n¶pw dºdns\ Ddbn¡p¶Xn\pw 
4. Nmb§Ä, kpKÔssXe§Ä, Huj[§Ä 

F¶nh \nÀ½n¡p¶Xn\pw D]tbmKn¡p¶p.

 amXrIm aqey\nÀ®bw

hn`mKw - A
1.     {]kvXmh\: ImÀ_WnI kwbpà§fnse cmk_Ô\§Ä klkwtbmPI _Ô\§fmWv.       

 ImcWw: _Ô\¯nÂ GÀs¸«ncn¡p¶ AWp¡Ä CeIvt{SmWpIsf ]¦ph¨mWv klkwtbmPI 
_Ô\w D≠ mIp¶Xv. X¶ncn¡p¶ {]kvXmh\bv¡v Cu ImcWw Xr]vXnIcamtWm?

2.     {]kvXmh\: ImÀ_Wnsâ ImTn\yapÅ ]cÂ cq]¯nepÅ cq]m´camWv Uba≠ v (h{Pw) 
ImcWw: Uba≠ nepÅ ImÀ_¬ AWp¡Ä NXpjv^eI (Tetrahedral) LS\bnepÅhbmWv. 

 (apIfnÂ ]dªn«pÅ {]kvXmh\bv¡p \ÂInbncn¡p¶ ImcW n̄sâ HuNnXyw ]cntim[n¡pI)

3.    {]kvXmh\ : Imsät\j³ F¶ KpWw ImcWw [mcmfw ImÀ_WnI kwbpà§Ä D ≠mIp¶p. 
 ImcWw : ImÀ_WnI kwbpà§Ä cq]m´cXzw F¶ KpWw {]ZÀin¸n¡p¶p. 

     X¶ncn¡p¶ {]kvXm h\bv¡v  Cu ImcWw icnbmbXmtWm?



224 225

ck
X

{´
w

4.  _______ Hcp cq]m´camWv _¡van³ÌÀ ^pÅdo³. (ss\{SPsâ / ImÀ_Wnsâ/ kÄ^dnsâ)

5.  Hcp Atemlambncp¶n«pw {Kmss^äv sshZypXnsb IS¯n hnSp¶p. CXnÂ ImWp¶ _______ 

BWnXn\p ImcWw. (kzX{´ CeIvtSmWpIÄ/_Ô\¯nteÀs¸«ncn¡p¶ CeIvt{SmWpIÄ)

6.  aotY\nsâ cmkkq{Xw CH4 BWv. AXnsâ sXm«Sp¯ AwKamb CutY\ns\ C2H6 F¶v {]Xn 

\n[oIcn¡p¶p. ASp¯Sp¯ AwK§Ä¡nSbnepÅ s]mXphmb hyXymkw _______ BWv      
(CH2 / C2 H2)

7.  BÂss¡\pIfnse BZys¯ AwK¯nsâ IUPAC \maw _______BWv. (CuYo³/ CussY³)

8.  Iotäm¬, BÄUnsslUv F¶o {Kq¸pIfnÂ A{K¯nÂ hcp¶ ^MvjWÂ {Kq¸v GXmWv?

9.  Hcp ]co£W¡pgenÂ AskänIv A¾s¯ Na2CO3 t\mSp tNÀ¯v NqSm¡pI. \ndanÃm¯ 

aWanÃm¯ Hcp hmXIw (X) D ≠mIp¶p. Cu hmXIw Np®m¼pshÅs¯ ]mÂ\ndam¡n amäp¶p.   

X- s\ Xncn¨dnbpI.

10.  {]kvXmh\: FYnÂ BÄ¡tlmfns\ `£ytbmKyaÃmXm¡pt¼mÄ (denatured) AXv IpSn¡p¶Xn\v 

A\ptbmPyaÃmXmIp¶p.

 ImcWw: ]ncnUn³ tNÀ¯mWv FYnÂ BÄ¡tlmfns\ `£ytbmKyaÃmXm¡p¶Xv.

 X¶ncn¡p¶ ImcWw {]kvXmh\bv¡v A\ptbmPyambXmtWm F¶v ]cntim[n¡pI. 

hn`mKw - B

1.  C4H10 F¶ X\vam{Xm kq{X¯n\v km²yamb{Xbpw kahmbhnIfpw AhbpsS IUPAC \ma§fpw 
FgpXpI.  

2.  ImÀ_Wnsâ ImTn\yapÅ cq]m´camWv Uba≠ v (h{Pw) AXnsâ ImTn\y¯n\pÅ ImcWw 
FgpXpI.

3.  A¨mdpIÄ tISpIqSmsX kq£n¡p¶Xn\mbn hym]Iambn D]tbmKn¡p¶ Hcp ImÀ_WnI 
kwbpàamb (A) bpsS X\vam{Xmkq{Xw C2H4O2 F¶mWv. Cu kwbpàw FYt\m fpambn {]Xn{]
hÀ¯n¡pt¼mÄ \Ã kpKÔapÅ Hcp kwbpàw (B) D≠ mIp¶p.

 (i)  A, B F¶nhsb Xncn¨dnbpI.
 (ii) Cu {]{InbbpsS t]cv ]dbpI. _Ôs¸« cmkkaoIcWw FgpXpI.
4.  C2H6O X\vam{Xmkq{XapÅ Hcp ImÀ_WnI kwbpàw (A) sb £mcw tNÀ¯ KMnO4  emb\n 

bp]tbmKn¨v HmIvkoIcn¡pt¼mÄ kam\ F®w ImÀ_¬ AWp¡Ä AS§nb Hcp A¾w (B) 
e`n¡p¶p. kwbpàw A Bip]{XnIfnÂ apdnhpIÄ AWphnapàam¡p¶Xn\mbpÅ AWp \m 
in\nbmbn D]tbmKn¡p¶p. A,B  F¶nhsb Xncn¨dnbpI. A bnÂ\n¶v B cq]w sImÅp¶XnÂ 
DÄs¸Sp¶ cmkkaoIcWw FgpXpI.

5.  C2H6O F¶Xv A,B F¶o c≠ v kwbpà§fpsS X\vam{Xm kq{XamWv. AhbpsS LS\mkq{Xw 
hyXykvXamWv.

 i) Cu {]Xn`mk¯nsâ t]sc´mWv?
 ii) A, B F¶nhbpsS LS\mkq{Xw FgpXpI.
 iii) AhbpsS km[mcW \mahpw IUPAC \mahpw FgpXpI.
 iv) A, B F¶nhbnse ^MvjWÂ {Kq¸pIÄ GXmWv?
6.  {_m¡änÂ sImSp¯n«pÅ Hmtcm tPmUnIfnÂ\n¶v icnbmb ]Zw sXcsªSp¯v ]qcn¸ns¨gpXpI.

 ImÀ_Wn\pw ImÀ_Wn\panSbnÂ IpdªXv Hcp _______(Zzn_Ô\w/{Xn_Ô\w) AS§nb 

sslt{UmImÀ_WpIsf_______(BÂ¡o\pIÄ/BÂss¡\pIÄ) F¶p]dbp¶p. ChbpsS 
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s]mXphmb X\vam{Xm kq{Xw CnH2n BWv. Chsb ap³Ime§fnÂ_______(Hen^o\pIÄ/]m 
c^n\pIÄ) F¶mWv hnfn¨ncp¶Xv. Cu kwbpà¯ns\ _______(t{_man³/Np®m¼v) Pehpambn 
IeÀ¯pt¼mÄ \ndamäw kw`hn¡p¶Xn\v ImcWw Ch_______ (]qcnX/A]qcnX) ambXn\memWv.

7.  Xmsg sImSp¯n«pÅ kqN\IÄ D]tbmKn¨v {]kvXpX kwbpàs¯ I≠ p]nSn¡pI.
 i) 30% kpt{Imkv AS§nbn«pÅ Ccp ≠ \ndapÅ Hcp sImgp¯ {ZmhIamWnXv.
 ii) FYt\mfnsâ DXv]mZ\ kabw boÌn\pÅ `£Wambn Cu ]ZmÀ°w tNÀ¡p¶p.
 iii) Cu cmkmán kpt{Imkns\ ¥pt¡mkpw {^IvtSmkpam¡n amäp¶p.
 iv) Cu kwbpà¯nÂ 95.5% FYt\mfpw 4.5% Pehpw AS§nbncn¡p¶p.
 v) Cu kwbpà¯nÂ 100% ip²amb BÄ¡tlmÄ AS§nbncn¡p¶p.
8.  XmsgsImSp¯n«pÅ hnhcW§Ä ]cntim[n¨v Ah FYt\mfnt\m, FYt\mbnIv A¾¯nt\m s]m 

cp¯ambXmtWm F¶v ]dbpI.
 i) \mhnÂ s]mÅp¶ cpNn tXm¶n¡p¶ kpXmcyamb Hcp {ZmhIamWv.
 ii)  ]co£WimeIfnÂ Pohimkv{X]camb amXrIIsf (PohnIsf) tISpIqSmsX kq£n¡p¶  

    Xn\p]tbmKn¡p¶p.
 iii) `£W]ZmÀ°§fpw ]g¨mdpIfpw tISpIqSmsX kq£n¡p¶Xn\nXp ]tbmKn¡p¶p.
 iv) XWp¸n¡pt¼mÄ CXv Ddªv lna]Se§Ä t]mse cq]w {]m]n¡p¶p. CXv ImWp¶Xn\v  

    lnaaeIsft]mse tXm¶p¶p.
9.  sImSp¯n«pÅ ]Z§Ä/hmIy§Ä NphsS tNÀ¯n«pÅ GXv {]kvXmh\bv¡v A\ptbmPyamsW¶v 

]cntim[n¨v tNcpw]Sn tNÀ¡pI.
 (saYt\mÄ, InWz\w, Imänt\j³, kPmXobt{iWn, ssl{UP³ hmXIw)
 i)  aäv ImÀ_¬ AWp¡fpambn kzbw tNÀ¶v [mcmfw kwbpà§Ä D≠ m¡phm\pÅ       

   ImÀ_¬ AWp¡fpsS tijn.
 ii) BÄ¡tlmfpIÄ tkmUnbhpambn {]hÀ¯n¡pt¼mÄ Cu aqeIw \ÂIp¶p.
 iii) Hmtcm AwK§sfbpw Ipdn¨v Nn«tbmSpIqSn ]Tn¡p¶Xn\pÅ Adnhv \ÂIp¶Xn\v Cu       

    t{iWn klmbn¡p¶p.
 iv) henb ImÀ_WnI ]ZmÀ°§fnÂ\n¶pw eLpX\vam{XIsf boÌnsâ {]hÀ¯\^eambn  

    D ≠m¡p¶XmWv.
 v) FYt\mfnÂ\n¶pw XnI¨pw hyXykvXamb CXv hfsc sNdnb AfhnÂ DÅnÂ sN¶mÂt]mepw  

   acWtlXphmIp¶p.

hn`mKw  - C
1.  A\ptbmPyamb cmkkq{X§Ä D]tbmKn¨v Xmsg X¶ncn¡p¶ ]«nIbnse hn«pt]mb `mK§Ä   

]qcn¸n¡pI 

 \¼À BÂt¡³ BÂ¡o³ BÂss¡³

1. C2 H6  CutY³ ______CuYo³ C2 H2  CussY³

2. ______s{]mt]³ C3 H6 s{]m]o³ ______s{]mss]³

3. C4 H10 _yqt«³ _______yq«o³ _______yqss«³

2.  kPmXobt{iWn sslt{UmImÀ_WpIfnse AwK§fpsS KpW§Ä {]hNn¡p¶p.  t{iWnbpsS  
 khntijXIfp]tbmKn¨v Cu {]kvXmh\sb \ymboIcn¡pI.
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 i)  CH3CH2CHO                                           ii)  CH3COCH3

     iii) CH3 – CH –  CH3                                    iv)    CH3COOH                    v) HCHO
                      I

               OH
4.

Nn{Xs¯ Bkv]Zam¡n Xmsg X¶n«pÅ tNmZy§Ä¡v D¯cw \ÂIpI.

 i) Uba≠ n\pw {Kmss^än\pw GXp Xc¯nepÅ LS\bmWpÅXv ?

 ii)  ]Wnbmbp[§Ä apdnbv¡p¶Xn\v F´psIm ≠mWv Uba≠ v D]tbmKn¡p¶Xv?

 iii) hnZypXv ]cn]Y§fnÂ F´psIm ≠mWv {Kmss^äv D]tbmKn¡p¶Xv?

 iv) {Kmss^änsâ arZpXz¯n\v ImcWamb _e¯nsâ t]scgpXpI?

 v)  \n§Ä¡dnbmhp¶ Gähpw hne]nSn¸pÅ Uba≠ v GXmWv ? AXnsâ `mcw {KmanÂ \ÂIpI.

5. sslt{UmImÀ_WpIfpsS kPmXobt{iWnbpsS s]mXphmb X\vam{Xm kq{Xw CnH2n+2 BWv.

 i) CsXmcp ]qcnXsslt{UmImÀ_WpIfpsS t{iWnbmtWm AtXm A]qcnX sslt{UmImÀ_ 

   WpIfpsS t{iWnbmtWm?

 ii)  taÂ]dª kPmXob t{iWnbpsS t]sc´v? c≠ v ImÀ_¬ AWp¡fpÅ AwK¯nsâ  

t]cpw cmkkq{Xhpw \ÂIpI.

 iii) Cu t{iWnbnse H¶mas¯ AwK¯nsâ LS\mkq{Xw hcbv¡pI.

 iv) kPmXobt{iWn \nÀÆNn¡pI. Cu t{iWnbnse A\p{Iaambn hcp¶ AwK§Ä X½nepÅ  

    s]mXphmb hyXymkw I≠ p]nSn¡pI.

 v)  n- _yqt«³, n- s]tâ³ F¶nhbpsS cmkkq{Xw FgpXpI.

6. FYt\mfns\ A[nIbfhnÂ KmV H2SO4 tNÀ¯v 443K- Â NqSm¡p¶p.

 i) \S¡p¶ cmk{]hÀ¯\¯nsâ t]sc´v? hniZoIcn¡pI.

 ii) taÂ]dª cmk{]hÀ¯\¯n\pÅ cmk kaoIcWw FgpXpI.

 iii) D≠ mIp¶ DXv]¶taXmWv ? Cu hmXIs¯ t{_man³ Pe¯neqsS IS¯n hnSpt¼mÄ F´p  

    kw`hn¡p¶p?

 iv)  FYt\mÄ _mjv]s¯ t{_man³ Pe¯neqsS IS¯nhnSpt¼mÄ, F´psIm ≠mWv Hcp  

amähpw kw`hn¡m¯Xv ?

3. Xmsg X¶n«pÅhbpsS km[mcW \mahpw IUPAC \mahpw FgpXpI.
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ImÀ_Wpw AXnsâ kwbpà§fpw

X\vam{Xm kq{Xw km[mcW \maw IUPAC \maw
CH3CH2CH2CH2OH

ssUsaYnÂ Iotäm¬

s{]m]\mÄ

HCOOH
_yq«t\m¬

8.  s]mXphmb X\vam{Xm kq{Xw CnH2n+1COOH DÅ Hcp kPmXobt{iWnbnse HcwKamWv FYt\m 
bnIv A¾w.

 i) kPmXob t{iWnbpsS t]sc´v? AXnse ^MvjWÂ {Kq¸v GXmWv?

 ii) FYt\mbnIv A¾¯nsâ X\vam{Xm kq{Xhpw km[mcW \mahpw \ÂIpI.

 iii)  Cu kwbpàs¯ FYt\mfpambn KmV H2SO4 -sâ km¶n²y¯nÂ IeÀ¯pt¼mÄ \Ã  
]g§fpsS KÔapÅ Hcp kwbpàw e`n¡p¶p. cmkkaoIcWhpw kwbpà¯nsâ  
t]cpw Fgp XpI.

 iv) FYt\mbnIv A¾w ImÀ_tWäpIfpambn cmk{]hÀ¯\¯nteÀs¸Sp¶p. Cu cmk{]
hÀ¯\ ^eambn DXvkÀÖn¡p¶ hmXItaXmWv?

 v) FYt\mbnIv A¾¯nsâ ImÀ_tWäpIfpambpÅ cmk {]hÀ¯\¯nsâ kwXpe\w sNbvX 
cmkkaoIcWw FgpXpI.

 vi) \n§fpsS A½q½ am§ A¨mÀ X¿mdm¡p¶p. hfsc Imew tISpIqSmsX kq£n¡p¶Xn\v 
AhÀ AXnÂ F´mWv tNÀ¡p¶Xv?

9.  i) A, B F¶nhsb Xncn¨dnbpI.

FYt\mÄ
+

4.5% Pew
5% sa

Yt\
mÄ

]uÆÀ BÄ¡tlmÄ `£ytbmKyaÃm¯ 
BÄ¡tlmÄ

B A

 ii) FYt\mfns\ ]uÆÀ BÄ¡tlmfm¡n amäpI. AXnsâ Hcp D]tbmKhpw \ÂIpI.

 iii) `£ytbmKyaÃm¯ BÄ¡tlmÄ X¿mdm¡p¶Xn\v F´mWv BÄ¡tlmfnÂ tNÀt¡ ≠Xv?

 iv) `£ytbmKyaÃm¯ BÄ¡tlmfnsâ Hcp D]tbmKw ]dbpI.

10.  Xmsg X¶n«pÅ cmk{]hÀ¯\§Ä¡pÅ kwXpe\w sNbvX cmkkaoIcW§Ä icnbmb  

{]XoI§Ä D]tbmKn¨v FgpXpI.

 i) \n¡Â DÂt{]cI¯nsâ km¶n²y¯nÂ CuYo\nsâ ssl{UP\pambpÅ {]hÀ¯\w.

 ii) aotY³ hmbphnÂ I¯n Pehpw ImÀ_¬ssUHmIvsskUv hmXIhpw kzX{´amIp¶p.

 iii) FYt\mfnsâ Unsslt{UmPnt\j³

 iv) FYt\mbnIv A¾¯nse tkmUnbw ehW¯nsâ UnImÀt_mIvkntej³ cmk{]hÀ¯\w.
11. Nn{Xw \nco£n¡pI. F´p kw`hn¡p¶psh¶v Xncn¨dnbpI. \n§fpsS D¯c§Ä¡pÅ icn-

bmb cmk kaoIcWw FgpXpI.

7.  Xmsg X¶n«pÅ ]«nI ]qÀ¯nbm¡pI.

C D
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 i) A bnÂ\n¶pw B F{]ImcamWv D≠ mIp¶Xv.

FYt\mbn¡v 
A¾wFYt\mÄ

A B

 ii)  AkänIv A¾s¯ ImÀ_tWäv ehW§fpambn tNÀ¡pt¼mÄ F´p kw`hn¡p¶p. 
D≠ m Ip¶ hmXI¯nsâ t]sc´mWv. Cu hmXIs¯ Np®m¼p Pe¯neqsS 
IS¯nhnSpt¼mÄ F´p kw`hn¡p¶p?

Askän¡v   A¾w 
+ 

ImÀ_tWäv ehWw Np®m¼p shÅw

 iii) FYt\mÄ KmV H2SO4 sâ km¶n²y¯nÂ AkänIv A¾hpambn {]hÀ¯n¡pt¼mÄ 
F´p kw`hn¡p¶p. cmk kaoIcWw FgpXpI.

FYt\mÄ

Askän¡v   
A¾w

KmV H2SO4

12.  ImÀ_WnI kwbpà§Ä A bpw B bpw kahmbhnIfmWv (isomers). ChbpsS X³am{Xm 
kq{Xw C2H6O. kwbpàw A tkmUnbw temlhpambn {]hÀ¯n¡pt¼mÄ ssl{UP³ 
hmXIw Dev]mZn¸n¡p¶p. F¶mÂ kwbpàw B {]hÀ¯n¡p¶nÃ. kwbpàw A KmV 
H2SO4 sâ km¶n²y¯nÂ AkänIv A¾hpambn {]hÀ¯n¨v ]g§fpsS KÔapÅ C 
F¶ kwbpàw D ≠m¡p¶p. A, B F¶o kahmbhnIÄ GsXms¡bmWv? kwbpàw C  
GXmWv?

13.  ImÀ_WnI kwbpàw A bpsS X\vam{Xmkq{Xw C2H6O bmWv. CXv tkmUnbw temlhp 
ambn {]hÀ¯n¨v ssl{UP³ hmXIw kzX{´am¡p¶p. A sb KmV H2SO4 tNÀ¯v 413 K 
Â NqSm¡pt¼mÄ cmk{]hÀ¯\¯nteÀs¸«p C4H10O F¶ X³am{Xmkq{XapÅ B F¶  
kwbpàw \ÂIp¶p. A sb KmV H2SO4 tNÀ¯v 443 K Â NqSm¡pt¼mÄ C2H4 F¶ 
X\vam{Xm kq{XapÅ C F¶ kwbpàw D ≠mIp¶p. kwbpàw C t{_man³ Pe¯ns\  
\ndaäXm¡n amäp¶p. 

 A, B, C ChsbÃmw GsXms¡ kwbpà§fmWv?
14.  C2H4O2 F¶ X\vam{Xm kq{XapÅ Hcp ImÀ_WnI kwbpàw A tkmUnbw ss_ImÀ_

tWäv tNÀ¡pt¼mÄ \pcªv s]m§n IpanfIÄ D ≠mIp¶p. A F¶ kwbpà¯nsâ 
tkmUnbw ehWs¯ tkmUmssew tNÀ¯v NqSm¡pt¼mÄ BÂt¡³ IpSpw_¯nse 
BZys¯ AwKamb X\vam{Xm{Zhyam\w 16 DÅ B F¶ sslt{UmImÀ_¬ \ÂIp¶p. A,B 
Ch GXv kwbpàamWv? FYt\mfnÂ\n¶pw \n§Ä A F{]Imcw X¿mdm¡pw?

  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

IqSp-XÂ hni-Zmw-i-§Ä¡mbn
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ASnØm\ imkv{Xamb ̀ uXnI imkv{Xw, {]
IrXnsbbpw {]IrXnbnse {]Xn`mk§sfbpw 
]än ]Tn¡p¶ imkv{XamWv. AfhpIfpsS (]
cnamWmXvaIamb) imkv{XamWnXv. AXpsIm≠ v 
`uXnI imkv{XÖÀ hkvXp¡sf IrXyambn 
Af¡p¶p. GsXmcp `uXnI Afhntâbpw 
Ahkm\ ]cntim[\sb¶Xv AXnsâ            
\nco£W§fpw `uXnI{]Xn`mk¯nsâ 
AfhpIfpambn A\ptbmPyambncn¡Ww. 
`uXnIimkv{X¯mÂ hnIkn¸ns¨Sp¯ [m 
cmfw Afhv D]IcW§fpw, {]hÀ¯\ 
coXnIfpw aäp imkv{X§Ä¡pw, kaql¯n 
\pw `uXnIimkv{Xw \ÂInb apJy kw`mh\
bmWv. A¯cw Hcp D]IcWamWv kv{IqtKPv.

14.1. kv{IqtKPvv
hfsc sNdnb hkvXp¡fpsS ]cnam 

W§sf 0.001 sk.ao hsc Af¡p¶ Hcp D]
IcWamWv kv{IqtKPv.

‘U’ BIrXnbnepÅ teml N«amWv kv{Iq 
tKPnÂ DÅXv  Nn{Xw 14.1

N«¯nsâ Hcp Aä¯v s]mÅbmb Hcp 
knen ≠À LSn¸n¨ncn¡p¶p.

knen ≠dnsâ DÄ`mK¯v ]ncnIÄ sh«nbn 
cn¡pw. AXneqsS Hcp kv{Iq IS¶v sNÃp¶p.

knen ≠dn\p apIfnÂ, kv{Iqhnsâ 
A£¯n\v kam´cambn anÃnaoäÀ AfhnÂ 
A¦\w sNbvXn«pÅ kvsIbnens\ ]n¨v 
kvsIbnÂ F¶v hnfn¡p¶p.

kv{Iqhnsâ Hcäs¯ Éohpambn 
LSn¸n¨n«p≠ v. Éohnsâ Xe`mKs¯ 100 
hn`mK§fmbn hn`Pn¨n«p≠ v. AXns\ slUv 
kvsIbnÂ F¶v hnfn¡p¶p. 

kv{Iqhnsâ atä A{Kw kaXe {]Xe 
ambncn¡pw (S1). kv{Iqhnsâ ap\bpsS Ipd¨v 
AcnInembn N«¯nsâ atä A{K¯nÂ Hcp 
ÌUv (S2) tbmPn¸n¨ncn¡p¶p.

kv{Iqhnsâ Xe`mK¯pÅ ]ÂN{I `mKw, 
kv{Iq A[nI AfhnÂ XncpIp¶Xns\ 
XSbp¶p.

kv{IqtKPnsâ XXzw 
kv{IqtKPv kv{Iqhnsâ XXz¯nsâ 

ASnØm\¯nÂ {]hÀ¯n¡p¶p. Hcp \«n\

Nn{Xw 14.1

S2  S1 s]mÅbmb teml knen ≠À knen ≠À BIrXn slUv (H)
kwc£W ]ÂN{Iw (D)

slUv kvsIbnÂ

kqN\m tcJ

U-BIrXn N«w ]n̈ v kvsIbnÂ

Afhv D]IcW§Ä

A²ymbw 14
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I¯v kv{Iqhns\ Npäpt¼mÄ, AXnsâ ap\ 
apt¶m«v Nen¡p¶ Zqcw Npänb NpäpIfpsS 
F®¯n\v {Iam\p]mX¯nembncn¡pw.

kv{Iqhnsâ ]n¨v

ASp¯Sp¯ c≠ v NmepIÄ¡nSbnepÅ 
Zqcw kv{Iqhnsâ  ]n¨mIp¶p. slUvUns\ 
]qÀWambn Npäpt¼mÄ kv{Iqhnsâ ap\ 
Nen¡p¶ Zqc¯n\v kaambncn¡pw.

Hcp kv{IqtKPnsâ Aev]Xam¦w.

kv{Iqhnsâ Xe`mKw slUv kvsIbnÂ 
Hcp ]ncnhv Afhn\v Npäpt¼mÄ, kv{Iqhnsâ 
ap\ Nen¡p¶ ZqcamWv kv{IqtKPnsâ 
Aev]Xam¦w.

Hcp kv{IqtKPnsâ iq\y]niIv 
kv{Iqhnsâ kaXe{]Xehpw FXnscbpÅ 

N«¯nse kaXe ÌUnt\bpw tNÀ¡pI. 
slUv kvsIbnense ]qPyw ]n¨v kvsIbn 
ense A£¯n\v t\sc hcpt¼mÄ iq\y       
]niIv H¶pw CÃ. (Nn{Xw 14.2)

[\mßI iq\y]niIv
 kv{Iqhnsâ kaXe{]Xehpw 

FXnscbpÅ N«¯nse kaXe ÌUnt\
bpw tNÀ¡pI. slUv kvsIbnense ]qPyw 

]n¨v kvsIbnÂ k©cn¨ Zqcw

NpäpIfpsS F®w
]n¨v =

Aev]Xam¦w 
(L.C.)  =

]n¨v 

slUv kvsIbnÂ 

hn`mK§fpsS F®w 

Nn{Xw 14.2

iq\y ]niIv CÃ.

]n¨v kvsIbnense A£¯n\v Xmsg Ccn 
¡pt¼mÄ, iq\y ]niIv [\mßIamWv. 

slUv kvsIbnensâ 5 mw `mKw ]n¨v kvsI 
bnensâ A£t¯mSv tNÀ¶mÂ iq\y ]niIv 
[\m ßIamWv. (Nn{Xw 14.3. Â)

Z.E = + (5 x L.C) , 
AXn\mÂ iq\ym¦ kwtim[\w

Z.C = – (5 x L.C)

EWmßI ]niIv

kv{Iqhnsâ kaXe{]Xehpw FXnscbpÅ 
N«¯nse kaXe ÌUnt\bpw tNÀ¡pI. 
slUv kvsIbnense ]qPyw ]n¨v kvsIbn 
ensâ A£¯n\v apIfnÂ Ccn¡pIbm 
sW¦nÂ, iq\y ]niIv EWmßIamWv. 

5 mw `mKw ]n¨v kvsIbnensâ A£¯n\v 
kam´cambn tbmPn¡pt¼mÄ, iq\y]niIv 
EWmßIamIp¶p. (Nn{Xw 14.4 Â)

Nn{Xw 14.4

Nn{Xw 14.3

Z.E = – (100 – 5) x L.C, 
AXn\mÂ iq\ym¦ kwtim[\w

Z.C = + (100 – 5) x L.C
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Afhv D]IcW§Ä

kv{IqtKPv D]tbmKn¨v  t\cnb (I\w 
Ipdª) I¼nbpsS hymkw ImWp¶Xv 
 • kv{IqtKPnsâ ]n¨v, Aev]Xam¦hpw  

iq\y]niIpw I≠ p]nSn¡pI.

 • I¼nsb c≠ v ÌUvIÄ¡nSbnÂ 
hbv¡pI.

 • ]ÂN{I¯nsâ klmb¯mÂ \¶mbn 
I¼nsb ]nSn¨ncn¡¯¡ h®w F¶mÂ 
apdsIbÃmsX slUns\ NpäpI.

 • ]n¨v kvsIbnenÂ slUv kvsIbnÂ 
IS¡p¶ Afhns\bpw (PSR), slUv 
kvsIbnÂ ]n¨vv kvsIbnÂ A£¯n\v 
kam´cambn tbmPn¡p¶ Afhns\bpw 
(HSC) Ipdn¡pI.

 • I¼nbpsS hymkw P.S.R. + (H.S.C. x L.C) + Z.C.  Â 
\n¶pw e`n¡p¶p.

 • I¼nbpsS hnhn[ `mK§fnÂ h¨v ]co 
£Ws¯ BhÀ¯n¡pI.

 • AfhpIsf ]«nIs¸Sp¯pI.

 • Ahkm\ tImf¯nse icmicn Afhv 
I¼nbpsS hymkw \evIp¶p.

{Ia 

\¼À

P.S.R
(mm)

H.S.C
hn`mKw

H.S.C 
x L.C 
(mm)

BsI Afhv

P.S.R +  
(H.S.C x L.C) 
±Z.C (mm)

1

2

3

 Ct¸mÄ UnPnäÂ kv{IqtKPv sIm ≠v Afhp 
Isf hfsc thK¯nÂ \ap¡v FSp¡m 
hp¶XmWv. 
14.2. ZoÀL Zqc§sf Af¡p¶Xv

`qanbnencp¶v N{µ³ AYhm Hcp 
{Kl¯ntebv¡pÅ Zqcw t]mepÅ ZoÀL 
Zqc§Ä IW¡m¡p¶Xn\v {]tXyI coXnIÄ 
Ahew_n¡p¶p. tdUntbm {]Xn[z\n coXn, 
tekÀ ]Äkv coXn, kam´c coXn XpS§nbh 
IqSpXÂ ZoÀL Zqc§sf I ≠p]nSn¡m³ 
D]tbmKn¡p¶p. A¯cw ZoÀL Zqc§sf 
Af¡p¶Xn\v JtKmfob am{XIfpw {]Imi 
hÀjw t]mepÅ am{XIfpw D]tbmKn¡p¶p.

JtKmfobam{X

`qanbpsS a²y`mK¯p\n¶p kqcysâ 
a²y`mKw hscbpÅ icmicn Zqcs¯ 
JtKmfob Zqcw F¶p ]dbp¶p.

1 JtKmfob am{X (AU)  = 1.496 x 1011 m
{]Imi hÀjw

iq\yXbnÂ {]Imiw HcphÀjw 
k©cn¡p¶ ZqcamWv {]Imi hÀjw F¶p 
]dbp¶Xv. 

{]Imiw iq\yXbnÂ Hcp hÀjw k©cn¨ 
Zqcw = {]Imi¯nsâ {]thKw x 1 hÀjw 
(sk¡ânÂ)

 = 3 x 108  x  365.25  x  24  x  60  x  60

 = 9.467 x 1015  m

AXmbXv, 1 {]Imi hÀjw= 9.467 x 1015  m

 amXrIm aqey\nÀ®bw
hn`mKw  - A

1. _________ hsc ]cnamWapÅ hkvXp¡sf Af¡m³ D]tbmKn¡p¶ Hcp D]IcWamWv 
kv{IqtKPv.

 (0.1 cm., 0.01 cm., 0.1 mm., 0.01 mm)
2.  kv{IqtKPnÂ slUv kvsIbnense ]qPyw ]n¨v kvsIbnensâ A£¯n\v  

Xmsg Ccn¡p¶psh¦nÂ, iq\y]niIv ._________ 
 ([\mßIw, EWmßIw, CÃ)

3. kv{IqtKPv _________ hymkw I≠ p]nSn¡m³ D]tbmKn¡p¶p.
 (IS]mcbpsS, saenª I¼nbpsS, {In¡äv ]´nsâ)
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4. Hcp {]Imi hÀjw F¶Xv ._________ 
i) 365.25 x 24 x 60 x 60 x 3 x 108 m    ii) 1 x 24 x 60 x 60 x 3 x 08 m ,  
iii) 360 x 24 x 60 x 60 x 3 x 108 m       

5. JtKmfob am{X F¶Xv `qanbpsS a²y`mK¯n\pw _________ a²y`mK¯n\pw CSbn epÅ 
icmicn ZqcamWv. i) N{µsâ  ii) kqcysâ iii) sNmÆbpsS) 

hn`mKw - B
1. Xmsg ImWp¶ hmIy§fnse sXäpIsf Xncp¯pI.

 i) `qanbpsS {]Xe¯nÂ\n¶v kqcysâ {]Xew hscbpÅ icmicn ZqcamWv JtKmfob Zqcw.

 ii) {]Imi hÀjw F¶Xv sk¡ânÂ 3x108m {]thK¯nÂ {]Imiw Hcp hÀjw      
   k©cn¡p¶ ZqcamIp¶p.

2. hn`mKw A bnse C\§sf hn`mKw B bnse C\§fpambn tNcpw]Sn tNÀ¡pI.

{Ia \¼À                hn`mKw – A             hn`mKw – B
1.              sNdnb ]cnamW§Ä

2.             henb ]cnamW§Ä

3.             A[nI Zqc§Ä

4.             sNdnb Zqc§Ä

     IntemaoäÀ

     kv{IqtKPv

     kvsIbnÂ

     {]Imi hÀjw     
BÄ«n aoäÀ

3.  ]qcn¸n¡pI: 
 hfsc ZoÀL Zqc§Ä Af¡m³ {]tbmP\s¸Sp¶ {]tXyI coXnIfmWv _________Dw 

_________ Dw .
 (tekÀ ]Äkv coXn, {]Imi hÀj coXn, tdUntbm {]Xn[z\n coXn)
4. kv{IqtKPnsâ Aev]Xam¦w F¶Xv kv{IqtKPnt\mSv _ÔapÅ {][m\ BibamWv. 

kv{IqtKPnsâ Aev]Xam¦w F¶ ]Z¯nsâ AÀ°sa´mWv ? 
5.   kv{IqtKPnsâ Nn{X¯nÂ Xmsg ImWp¶ `mK§Ä Ipdn¡pI.

  i) slUv kvsIbnÂ   ii) ]n¨v kvsIbnÂ

  iii) A£w  iv) ]ÂN{Iw

 

 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

IqSp-XÂ hni-Zmw-i-§Ä¡mbn



PB 233

\nÝ-em-h-Ø-bn-en-cn-¡p¶ Hcp hkvXp-hns\ 
Nen-¸n-¡mt\m Ne-\m-h-Ø-bn-ep-Å-Xns\ \nÝ-
e-am-¡mt\m {]hr¯n Bh-iy-am-sW¶v \mw \nXy 
Pohn-X-¯nÂ \nco-£n-¡p-¶-Xm-Wv. km[m-cW KXn-
bnÂ Hcp hkvXphnsâ Ne-\m-h-Øbv¡v amäw 
hcp-¯m³ \mw AXns\ XÅp-Itbm, hen-¡p-
Itbm, X«p-Itbm sN¿-Ww. 

_e-s -̄¡p-dn-̈ pÅ [mcW Cu XÅÂ, 
hen-hv, X«Â F¶n-hsb ASn-Øm-\-
am¡nbn«p-Å -h-bm-Wv. Hcmfpw _es¯ A\p-
-̀hn¡p-Itbm ImWp-I-tbm, cpNn-¡p-Itbm 

sNbvXn-«n-Ã. F¶n-cp-¶mepw _e-̄ nsâ {]`m-
hs¯ \mw Ft¸mgpw ImWp-Itbm, A\p-̀ -hn-̈ -dn-
bp-Itbm sN¿p-¶p≠ v. Hcp hkvXp-hnÂ Hcp _ew  
{]tbm-Kn-¡p-t¼mÄ F v́ kw -̀hn-¡p-sa¶v hnh-cn-
¡p-¶-Xn-eqsS am{Xta CXns\ hni-Zo-I-cn-¡m³ 
Ign-bq. Hcp hkvXp-hns\ XÅp-Itbm hen-¡p-
Itbm, X«p-Itbm sN¿p-¶-Xn-eqsS Nen-̧ n¡mw 
F´p-sIm-s -≠¶mÂ AXns\ N-en-̧ n-¡m-\mbn  \mw 
Hcp _ew sImSp-¡p-¶p. AXn-\mÂ \nÝ-em-h-Ø-
bntem GI kam\ Ne-\-̄ ntem DÅ Hcp hkvXp-
hns\ Nen-̧ n-¡p-Itbm Nen-̧ n-¡m³ {ian-¡p-Itbm 
sN¿p¶ H¶mWv _ew. _ew Hcp kZni Af-hm-
Ip-¶p. CXnsâ SI am{X  \yq«³ BIp-¶p. 

15.1  kwXpenX _e-§fpw    
 AkwXp-enX _e-§fpw    
 (Balanced and imbalanced   
 forces)

Nn{Xw 15.1þÂ Hcp ac-¡« Xnc-Ýo-\-amb tai-bnÂ 
h n̈-cn-¡p-¶p. Nn{X-̄ nÂ ImWp-¶-t]mse X,YF¶o 
c≠ p Nc-Sp-IÄ ac-¡-«-bpsS FXnÀh-i-§-fnÂ sI«n-bn-
cn-¡p-¶p. 

X F¶ NcSns\ \mw Hcp _ew sImSp v̄ 
hen¡pIbmsW¦nÂ ac¡« het¯m«p Nen¡p¶p. 

AXpt]mse, Y F¶ Nc-Sns\ hen-¡p-I-bm-sW-

¦nÂ ac-¡« CS-t¯m«v Nen-¡p-¶p. F¶mÂ Ccp 

hi-̄ p-\n-¶pw Xpey-_-e-̄ mÂ ac¡«sb hen-

¡p-I-bm-sW-¦nÂ ac-¡« Nen-¡msX \nÝ-e-ambn                 

\ne-\nÂ¡pw. Hcp hkvXp-hnÂ {]hÀ¯n-¡p¶ 

_ew AXnsâ \nÝ-em-h-Øbvt¡m, GI-k-am\ 

Ne-\-̄ ntem amäw-h-cp-̄ p-¶n-sÃ-¦nÂ B _es¯ 

kwXp-e-nX_ew F¶p ]d-bp-¶p. 

 hyXykvX Af-hp-I-fn-epÅ c ≠p FXnÀ 

_e-§Ä Hcp ac-¡-«-bnÂ {]hÀ¯n-¡p-¶Xv  

\ap¡v ]cn-tim-[n¡mw IqSp-XÂ _ew {]tbm-

Kn-¡p¶ Zni-bn-te¡v ac-¡« Nen-¡p-¶p. Hcp 

hkvXp-hnÂ {]hÀ¯n-¡p¶ c ≠p _e-§-fpsS                        

]cn-WnX _ew hkvXp-hns\ Nen-̧ n-¡p-¶p. Cu 

FXnÀ_-e-§sf AkwXp-enX _e-§Ä F¶p hnfn-

¡p-¶p. 

Xmsg-Im-Wp¶ hnh-cWw kwXp-enX _e-§-

fp-sS-bpw, Ak-wXp-e-nX- _-e-§-fpsSbpw [mc-W-

Isf¡pdn-̈ pÅ hyà-amb hni-Zo-I-cWw \Â 

Ip-¶p. Nne Ip«nIÄ Hcp s]«nsb ]cp]cp¯    

{]Xe¯neqsS XÅm³ {ian¡p¶p.

XXYY

Nn{Xw 15.1

A²ymbw 15

Ne\ \nb-a§fpw 
`qKp-cp-Xzhpw
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Hcp Ip«n Hcp Ipdª _e-̄ nÂ s]«nsb XÅp-
I-bm-sW-¦nÂ s]«n Nen-¡p-¶n-Ã. ImcWw XÅp¶ 
Znibv¡v FXn-cmbn LÀjWw {]hÀ ¯n-¡p-¶p. 
Nn{Xw 15.2 (a) Cu LÀjW _ew k¼À¡-̄ n-
epÅ c≠ p {]X-e-§Ä¡n-S-bnÂ D ≠m-Ip-¶p. Chn-
sSs¯ kml-N-cy-̄ nÂ LÀjW_ew s]«n-bpsS 
ASn-̀ m-K-̄ n\pw Xd-bv¡p-an-S-bn-emWv. CXv XÅp¶ 
_e-̄ n\v kwXp-e\w sN¿p-¶-Xn-\mÂ s]«n Nen-¡p-
¶n-Ã. Nn{Xw 15.2 (b) bnÂ c≠ v Ip«n-IÄ _²-s¸«v 
s]«nsb XÅp-¶p-sh-¦nepw s]«n Nen-¡p-¶n-Ã. 
CXn\p ImcWw Ct¸mgpw LÀj-W-_ew XÅp¶ _
es¯ kwXp-e\w sN¿p-¶p. Ip«n-IÄ ho ≠pw _²-
s¸«v s]«nsb XÅp-t¼mÄ XÅp-¶-_ew LÀjW 
_e-s -̄¡mÄ IqSp-X-em-Ip-¶p. (Nn{Xw 15.2.(c)) Hcp 

AkwXpenX _ew {]tbmKn¡pt¼mÄ _e¯nsâ 
Znibntebv¡v s]«n Nen¡m³ Bcw`n¡p¶p.  

15.2 H¶mw Ne\ \nbaw 

 Keo-entbm Hcp Ncnª {]X-e-̄ nÂ 
hkvXp-¡-fpsS Ne-\s¯ \nco-£n-̈ p. hkvXp-¡-
fnÂ _ew {]tbm-Kn-¡p-¶nsÃ¦nÂ AXv Hcp Ønc 
thK-X-bnÂ Nen-¡p-¶p-sh¶v At±lw kaÀ°n-̈ p.

t]cv   :  Keo-entbm 
P\\w  : 1564 s^{_p-hcn 15
P\-\-Øew   :  {Kmâv U n̈bnepÅ SkvIm\n Cäen
acWw    :  1642 P\p-hcn 8
Adn-b-s -̧Sp-¶Xv : hm\-imkv{Xw, `uXnI   
    imkv{Xw, KWn-Xw.

 

\yq«³ Keo-entbmbpsS _e-̄ nsâbpw, 
Ne-\-̄ n-sâbpw Bi-b-§sf¡p-dn v̈ ]Tn-¡p-
Ibpw, hkvXp-¡-fpsS Ne-\s¯ \nb-{´n-¡p¶ 
aq¶v ASn-Øm\ \nb-a-§Ä-A-h-X-cn-̧ n-¡pIbpw 
sNbvXp. Cu aq¶v \nb-a-§Ä \yq«sâ Ne-\-\n-b-
a-§Ä F¶v Adn-b-s -̧Sp-¶p. 

\yq«sâ H¶mw  Ne\ \nbaw C§s\ {]Xn      
]m-Zn-¡p-¶p: \nÝemhØbntem GI-k-am-\-amb 
t\À tcJm Ne-\-̄ ntemDÅ Hcp hkvXp AXnsemcp 
_mly-_ew {]hÀ¯n-¡p-¶-Xp-hsc AtX \ne-bnÂ 
XpSÀ¶p-sIm- ≠n-cn¡pw. asämcp coXn-bnÂ ]d-ªmÂ 
Ne-\m-h-Ø-bn-epÅ FÃm-h-kvXp-¡fpw AhbpsS 
amäs¯ FXnÀ¡p-¶p. \nÝ-em-h-Ø-bntem, kam\ 
{]th-K-̄ nÂ Ne-\m-h-Ø-bntem DÅ Hcp hkvXp 
AtX \nebnÂ XpS-cm-\pÅ {]h-W-Xsb PUXzw 
F¶p ]d -bp-¶p. CXn-\mÂ, Ne-\-̄ nsâ H¶mw \n 
baw PU-Xz-\n-baw F¶pw Adn-b-s -̧Sp-¶p. 

Hcp ImdnÂ bm{X sN¿p-t¼mÄ \ap¡p- ≠mIp¶ 
A\p-̀ -h-§sf PUXz \nb-a¯nsâ ASn-Øm-\-
¯nÂ hni-Zo-I-cn-¡m³ Ignbpw. Imdns\ \nÀ¯m-\m 
bn ss{UhÀ t{_¡nÂ _ew {]tbm-Kn-¡p-¶-Xp- hsc 
koänsâ \nÝ-em-h-Ø-bv¡-\p-krX-ambn XpS-cm³   
\mw {]h-WX ImWn-¡p-¶p. t{_¡nÂ _ew {]tbm-
Kn-¡p-t¼mÄ Imdnsâ thKX Ipd-bp-¶p, F¶mÂ 
PUXzw ImcWw AtX Ne-\m-h-Ø-bnÂ XpS-cm³ 
\½psS icocw {]hWX ImWn-¡p-¶p. t{_¡nÂ 
s]s«¶v _ew {]tbm-Kn-¡p-t¼mÄ, \½psS icocw 
ap³`mK-̄ v CSn¨p apdn-hp- ≠m-Im³ Imc-W-am-Ip-¶p. 

Nn{Xw 15.2 

(a)

(b)

(c)
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Ne\ \nb-a§fpw `qKp-cp-Xzhpw

CXn-s\-Xn-cmb A\p-̀ hw \½Ä \nÂ¡p¶ Hcp 
_kv s]s«¶v Nen-¡m³ XpS-§p-t¼mÄ A\p-̀ -
h-s -̧Spw. Ct¸mÄ \-½Ä ]pd-In-tem«v hogm³ {]
h-WX ImWn-¡p-¶p. CXn\v ImcWw _kv s]s«¶v 
]pd-s -̧Sp-t¼mÄ _kpw _knsâ {]X-e-hp-ambn 
k¼À¡-̄ n-en-cn-¡p¶ \½psS    ]mZhpw Ne-\-̄ n-
teÀs -̧Sp-¶p. F¶mÂ \½psS ico-c-̄ nsâ _m¡n-
`mKw PUXzw ImcWw Cu Ne-\s¯ XS-bp-¶p. 

Hcp ImÀ hfsc thK-̄ nÂ hfhv Xncn-bp-t¼mÄ 
\½Ä Hcp hi-t¯¡v adn-bp-¶p. CXn-s\bpw PUXz 
\nb-a-̄ nsâ ASn-Øm-\-̄ nÂ hni-Zo-I-cn-¡m³ Ign-
bpw. \½psS t\Àtc-Jm-N-e\w XpS-cm-\mbn {]h-WX 
ImWn-¡p-¶p. Imdnsâ Ne\ Znisb amäp-¶-Xn-\mbn 
b{´w Hcp AkwXpenX_ew {]tbm-Kn-¡p-t¼mÄ 
\½psS ico-c-̄ nsâ PUXzw ImcWw \mw koänsâ 
Hcp hi-t¯¡v Ncn-bp-¶p. 

ico-c-̄ nsâ PUXzw Xmsg-bpÅ {]hr-̄ n-bmÂ 
hni-Zo-I-cn-¡m³ Ignbpw. 

15.3 PU-Xzhpw {Zhy-am-\hpw
apI-fnÂ {]kvXm-hn¨ DZm-l-c-W-§fpw, {]hr-̄ n-

I-fpw, Hcp hkvXp-hn-sâ Ne-\m-h-Øsb amäp-¶-Xn- 
\mbn hkvXp Hcp {]Xn-tcm[w krjvSn-¡p-¶p-sh¶v 

sXfn-bn-¡p-¶p. \nÝ-em-h-Ø-bn-em-sW-¦nÂ \n 
Ý-e-am-bn-Xs¶ \ne-sIm-Åp-¶p. Ne-\m-h-Ø-bn-em-
sW-¦nÂ Nen-̈ p-sIm- ≠n-cn-¡pw. Hcp hkvXp-hnsâ 
Cu KpWs¯ PUXzw F¶p ]d-bp-¶p. \nÝ-em-h-
Øtbtbm, GI kam-\-N-e-\-s¯tbm kzbw amäm-    
\pÅ Ign-hn-Ãm-bvasb PUXzw F¶p ]d-bp-¶p. 

 Hcp hkvXp-hnsâ PU-Xzw AXnsâ 
{Zhy-am-\s¯ B{i-bn-̈ n-cn-¡p-¶p. \½Ä Hcp 
ImÂ ]´ns\ X-«p-t¼mÄ AXv Zqtc¡v t]mIp-¶p. 
F¶mÂ AtX hen-̧ -apÅ Hcp IÃns\ Xpey-_-e-
¯nÂ \½Ä X«p-t¼mÄ AXv Nen-¡p-¶n-Ã. \½psS 
Imen\v apdn-hp- ≠m-bn- F-¶p-h-cmw. Hcp sNdnb D´p-
h≠- n¡v A[n-I-thKw \ÂIm³ Ign-bp¶ _e-̄ n\v 
Hcp Xoh≠- nsb Nen-̧ n-¡m³ km[y-a-Ã. D´p-h≠- n 
sb-¡mÄ Xoh- ≠n¡v PUXzw IqSp-X-se¶v \ap¡v                      
]d-bmw. {Zhy-am\w IqSp-X-epÅ hkvXp-¡Ä¡v 
PUXzw IqSp-X-em-Wv. Hcp hkvXp-hnsâ PUXzw 
AXnsâ {Zhy-am-\-̄ mÂ Af-¡-s -̧Sp-¶p.

15.4 kwthKw (momentum)

\½psS ssZ\w-Zn\ Pohn-X-¯nse Nne \n 
co-£-W-§sf \ap¡v Nn´n¡mw. tS_nÄ sS 
¶okv Ifn-¡p-t¼mÄ, Hcp ]´v Ifn-¡m-cs\ 
X«p-I-bm-sW-¦nÂ B hyàn¡v apdn-h- p≠m-Ip-
¶n-Ã. t\sc-a-dn¨v thK-¯nÂ k©-cn-¡p¶ Hcp 
{In¡äv ]´v Hcp ImgvN-¡m-cs\ X«n-bmÂ AXv 
AbmÄ¡v apdn-hp≠ - m¡p-¶p. tdmUnsâ Acn-
InÂ \nÀ¯n-bn-«n-cn-¡p¶ Hcp temdnFsXmcp{]
iv\hpw D  ≠m¡p¶nÃ  F¶mÂ hfsc kmh-[m- 
\-¯nÂ Nen-¡p¶ B temdn HcmfpsS ]p 
d¯v CSn¡pIbmsW¦nÂ AbmÄ¡v acWw 
kw`hn¡mw. {Zhy-am\w Ipdª Hcp shSn-bp ≠ 
tXm¡nÂ \n¶v ]pdwXÅpI-bm-sW-¦nÂ Hcp 
hyànsb sImÃm³ Ign-bpw. Cu \nco-£-W-§Ä 
\nÀt±-in-¡p-¶-Xv- Hcp hkvXp D ≠m-¡p¶ 
BLmXw AXnsâ {Zhy-am-\-s¯bpw {]th-K-
t¯bpw B{i-bn-¨n-cn-¡p-¶p. asäm-cp-co-Xn-bnÂ 
{]m[m-\y-apÅ Nne Af-hp-IÄ hkvXp-¡-fpsS 
{Zhy-am-\-ambpw {]th-K-ambpw kwtbm-Pn-¨n-cn-
¡p-¶p. kwth-K-¯nsâ A¯-c-¯n-epÅ Hcp 
KpWs¯ \yq«³ ]cn-N-b-s¸-Sp-¯n. Hcp hkvXp-
hnsâ kwthKw ‘P’ AXnsâ {Zhy-am-\-¯n-sâbpw 
‘m’ {]th-l-¯n-sâbpw ‘v’ KpW-\-^eamsW¶v 
\nÀh-Nn¡mw. AXm-bXv,        

P = mv. 

Nn{Xw15.3þÂ ImWn-¨n-cn-¡p-¶-Xp-t]mse Htc-   
t]m-epÅ tIcw tImbn-\p-Isf ASp-¡p-I. 

Nn{Xw. 15.3. 
asämcp tIcw tImbn³ AsÃ-¦nÂ 
kvss{S¡À D]-tbm-Kn¨v Xnc-Ýo-\-ambn . ASp-
¡nsâ Gähpw ASn-bnÂ X«m³ {ian-¡p-I. 
X«p-¶ _ew IqSp-X-em-sW-¦nÂ ASn-bn-epÅ 
tImbn³ thK-¯nÂ ]pd-t¯¡v Nen-¡pw. 
ASn-bn-epÅ tImbn³ \o¡-s¸-Sp-t¼mÄ 
aäpÅ tImbn-\p-I-fpsS PUXzw ImcWw tai-
bnÂ Ip¯s\ hogm³ Imc-W-am-Ip-¶p.

{]hr¯n 15.1
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kwth-K-¯n\v Znibpw ]cn-amWhpw D≠ v. 
CXv Hcp kZni Af-hm-Ip-¶p. CXnsâ Zni {]
th-K-¯n\v ka-am-Wv. kwth-K-¯nsâ SI am{X 
Kg ms-1 BIp-¶p.

15.5 c≠ mw Ne-\- \nbaw
{]hÀ¯\cln-X-amb Hcp _mä-dn-bpÅ Hcp 

Imdnsâ b{´w-{]-hÀ¯n-¸n-¡m-\mbn 1ms-1 thK-X-
bnÂ tdmUn-eqsS XÅp-¶-Xmbn Icp-Xp-I. Ht¶m 
ct≠ m-t]À Imdns\ s]s«¶v XÅp-I-bm-sW-¦nÂ 
(A-kwXp-enX _ew) b{´w {]hÀ ¯n-¡p-I-
bn-Ã. F¶mÂ XpSÀ¨-bmbn XÅp-I-bm-sW-¦nÂ 
XzcW^eambn Bh-iy-amb thK-X- ImÀ t\
Sp-¶p. Imdnsâ kwth-K-am-äs¯ \nÀ®-bn-¡p-
¶Xv _e-¯nsâ ]cn-amWw -am-{X-aÃ _ew {]tbm-
Kn-¡p¶ ka-b-t¯bpw \nÀ®-bn-¡p-¶p F¶mWv 
CXv AÀ°-am-¡p-¶-Xv Hcp hkvXp-hnsâ kwth-K 
s¯ amäm³ Bh-iy-amb _ew kwth-K-am-ä-
¯nsâ ka-b-\n-c-¡ns\ B{i-bn-¨n-cn-¡p-¶p F¶v 
kaÀ°n¡mw. 

c ≠mw Ne-\-\n-baw {]kvXm-hn-¡p-¶-Xv, Hcp 
hkvXp-hnsâ kwth-K-am-ä-¯nsâ \nc¡v AXnÂ 
{]tbm-Kn-¡p¶ AkwXp-enX _e-¯n\v,  A\p-
{Ia A\p-]m-X-¯n-epw AtX Znibnepam-bn-cn-¡pw. 
‘m’{Zhy-am-\-apÅ Hcp hkvXp ‘u’F¶ BZy {]
th-K-t¯mSpIqSn Hcp t\À tcJ-bnÂ Nen-¡p-
¶psb¶v Icp-Xp-I. ‘t’ka-bw-sIm ≠ v CXv {]
thKw ‘v’ bnte¡v GI-k-am-\-Xz-c-W-t¯m-Sp-IqSn 
Nen-¡p-¶p. ‘t’ kabw apgp-h\pw 'F'F¶ Ønc 
_ew {]tbm-Kn-¡p-¶p.

hkvXp-hnsâ BZy- kw-thKw = mu

hkvXp-hnsâ A´y- kw-thKw = mv

kwth-K-amäw  = mv - mu = m(v - u) (1)  
            kwth-K-amäw
kwth-K-̄ nsâ \nc¡v =   ———————
  kabw

 m (v-u)
 = ———————— (2)
 t

\yq«sâ c ≠m-w Ne\ \nbaw A\p-k-cn v̈, CXv _e-a-
ÃmsX asäm-¶p-a-Ã. 

                                              m(v-u)
AXp-sIm≠ v {]tbm-Kn¨ _ew, F α ————
                                                          t

                                v-u  
F¶mÂ Xzc-Ww,   a = ———— 
                                        t
(CXv {]th-K-am-ä-̄ nsâ \nc-¡m-Wv) 

{]tbm-Kn¨ _ew, F α ma 

           F = Kma   (3)

‘K’ F¶Xv A\p-]m-X¯nsâ Ønc-kw-Jy-bm-Wv. 
{Zhy-am-\-̄ ntâbpw, Xzc-W-̄ n-tâbpw SI am{X-IÄ 
Kg Dw ms-2 Dw BIp-¶p. _e-̄ nsâ am{X C§s\ 
sXc-sª-Sp-̄ n-cn-¡p-¶-Xn-\mÂ CXnsâ aqeyw 
H¶mIp-¶p.  
AXp-sIm ≠v, F = ma    (4)  
_e-̄ nsâ 1 am{X   = (1 kg) x (1 m s-2)

_e-̄ nsâ am{X Kg ms-2 AsÃ-¦nÂ \yq«³ F¶m-
Ip-¶p. CXns\ ‘N’ F¶v kqNn-̧ n-¡p-¶p. 

_e-̄ nsâ Hcp am{X (1 \yq«³) F¶Xv, 1 Intem {Kmw 
{Zhyam\apÅ hkvXp-hns\ 1 ms-2 XzcWw D≠ m-¡p¶ 
_e-̄ nsâ AfhmIp¶p.

Hcp hkvXp-hnsâ {Zhy-am-\-̄ n-sâbpw, Xzc-W-
¯nsâbpw KpW-\-̂ -e-sa-¶-co-Xn-bnÂ AXnÂ {]
hÀ¯n-¡p¶ _es¯ Af-¡m-\pÅ amÀ¤s¯ 

c≠ m-as¯ Ne-\-\n-baw Xcp-¶p.

DZm-l-cWw 15.1 

10 kg {Zhy-am-\-apÅ Hcp hkvXp-hnÂ 4 s t\cw 
Hcp Ønc_ew {]tbm-Kn-¡p-¶p. CXv hkvXp-hnsâ 
{]th-Ks¯ 2 ms-1 Â \n¶v 8 ms-1 B¡n hÀ²n-̧ n-
¡p-¶p. {]tbm-Kn¨ _e-̄ nsâ ]cn-amWw ImWp-I.

\nÀ²m-c-Ww:
X¶n-cn-¡p-¶ hkvXp-hnsâ {Zhy-am\w m = 10 kg

BZy- {]-thKw   u = 2 m s-1  
A´y {]thKw   v  = 8 m s-1 
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           m(v - u)
\ap¡dnbmw, _ew  F = 
                t
        10 (8-2)             10 × 6
F =     =        = 15 N
     4     4
DZm-l-c-Ww. 15.2

2 kg {Zhy-am-\-apÅ Hcp hkvXp-hn\v 4 ms-1 

XzcWw D≠ m-¡p-hm\mtWm, 3 kg {Zhy-am-\-apÅ 
hkvXp-hn\v 2 ms-2 XzcWw D≠ m-¡p-hm-\mtWm, 
IqSp-XÂ _ew Bh-iy-ambn hcp-¶Xv ?  

\nÀ²m-cWw 
\ap-¡-dnbmw, _ew   F   = ma

X¶n-cn-¡p-¶Xv,     m1 = 2 kg    a1  = 4 m s-2 

                  m2 = 3 kg    a2  = 2 m s-2

A§-s\, F1 = m1 a1 = 2 × 4 = 8 N
   F2 = m2 a2 = 3 × 2  = 6 N

   ~ F1 > F2

A§-s\, 4 ms-2 XzcWw D≠ m-Ip-¶-Xn\v 2 kg 
{Zhy-am-\-¯n-\mWv IqSp-XÂ _ew Bh-iy-am-bn-«p-
ÅXv.

15.6 aq¶mw Ne\ \nb-aw
Nn{Xw 15.4 þÂ ImWn-̈ n-cn-¡p-¶-Xp-t]mse c≠ v 
kv{]nMv Xpem-kp-Isf X½nÂ _Ôn-̧ n-̈ n-cn-¡p-¶-
Xns\ \ap¡v ]cn-tim-[n-¡mw.

Xpem-knsâ Dd-̧ n¨ A{Kw B sb `n¯n-               
t]m-epÅ Hcp _e-apÅ Xm§nÂ Dd-̧ n-¡p-I.           
kv{]nwMv Xpem-knsâ kzX{´ A{Kw A bnÂ Hcp 
_ew {]tbm-Kn-¡p-t¼mÄ, c ≠p Xpem-kp-I-fn-epapÅ 
A¦-\-̄ nÂ Htc Af-hp-IÄ ImWn-¡p¶Xmbn 
\nco-£n-¡mw. CXn-\À°w kv{]nwMv Xpemkv A 
Xpemkv B bnÂ {]tbm-Kn-¡p¶ _ew Xpemkv B 
Xpemkv A bnÂ {]tbm-Kn-¡p-¶-_e¯n\p Xpeyhpw 
FXnÀZnibnepamWv. kv{]n wMv Xpemkv A Xpemkv 
B bnÂ {]tbm-Kn-¡p¶ _ew {]hÀ -̄\-sa¶pw 
Xpemkv B Xpemkv A bnÂ {]tbm-Kn-¡p-¶-_ew {]
Xn-{]-hÀ -̄\-sa¶pw hnfn-¡-s -̧Sp-¶p. 

\yq«sâ aq¶m-w Ne\ \nbaw {]kvXm-hn-¡p-¶Xv, 
FÃm-{]-hÀ -̄\-§Ä¡pw AXn\v Xpeyhpw hn]-co-X-
hp-amb {]Xn{]hÀ¯\w D≠ v F¶m-Wv. {]hÀ -̄\
hpw {]Xn{]hÀ -̄\-hpw c≠ v hyXykvX hkvXp-¡-fn-
emWv {]hÀ¯n-¡p-¶sX¶v HmÀ½n-¡-Ww. 

Hcp tXm¡v D]-tbm-Kn v̈ shSn hbv¡p-t¼mÄ CXv 
_pÅ-änÂ Hcp apt¼m-«pÅ _ew {]tbm-Kn-¡p-¶p.-
_p-Å-äv Xpeyhpw hn]coXhp-amb {]Xn-{]-hÀ¯\ 
_ew tXm¡nÂ {]tbm-Kn-¡p-¶p.   CXv tXm¡nsâ 
]n¶ntem«pÅ _e¯n\v ImcWamIp¶p.Nn{Xw 15.5

_pÅ-än-epÅ Xzc-W- 

_ew 

tXm¡n-epÅ ]n¶n 

tem«pÅ-_ew 

tXm¡n\v _p-Åän-s\-¡mÄ {Zhy-am-\-ap-Å-Xn-\mÂ, 
tXm¡nsâ XzcWw _pÅ-änsâ Xzc-W-̄ ns\ At]-
£n v̈ hfsc Ipd-hm-bn-cn-¡pw. 

15.7  kwthK kwc-£-Whpw    
sXfn-bn-¡-epw

kwthK kwc-£W \nbaw {]kvXm-hn-¡p-
¶Xv _mly-amb Ak-wXp-enX _e-an-sÃ-¦nÂ Hcp 
hyh-Ø-bn-epÅ hkvXp-¡-fpsS BsI kwthKw 
Ønc-am-bn-cn¡pw. AYhm Iq«n-ap-«p-¶-Xn-\mepw 
amä-an-Ãm-sX-bn-cn-¡pw. 

sXfnhv:
'm1', 'm2' {Zhy-am-\-apÅ c≠ p hkvXp-¡Ä (c ≠p 

]´p-IÄ) A bpw B bpw Htc Zni-bnÂ Hcp t\ÀtcJ-
bnÂ k©-cn-¡p-¶p-sh¶v Icp-Xp-I. Ah-bpsS 
{]th-K-§Ä 'u1', 'u2' F¶n-§s\bmWv. Nn{Xw 15.6 
(a) aäp_m-ly-_-e-§Ä H¶pw- Xs¶ Ah-bnÂ {]
hÀ¯n-¡p-¶n-Ã. u1 > u2 BsW¶pw, Nn{Xw 15.6 (b) 
bnÂ ImWp-¶Xpt]mse c≠ p-]-´p-Ifpw ]c-kv]
cw Iq«n-ap-«p-I-bm-sW¶v Icp-Xp-I. Iq«n-ap-«Â 
‘t’ kabw \o ≠p- \nÂ¡p-t¼mÄ A F¶ ]´v B 
F¶ ]´nÂ F1_ew {]tbm-Kn-¡p-Ibpw B F¶- 
]´v A F¶- ]-´nÂ F2 _ew {]tbm-Kn-¡p-Ibpw 
sN¿p¶p. A, B F¶o c≠ p ]´p-I-fpsS Iq«n-ap-
«-en-\vtijapÅ {]th-K-§Ä V1, V2 Dw Iq«n-ap-«-
en-\v ap¼p- ≠m-bn-cp¶ Zni-bn-em-sW¶pw Icp-Xp-I.
Nn{Xw [15.6 (c)].

 Nn{Xw 15.4B A

 Nn{Xw 15.5
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\yq«sâ c ≠mw Ne\ \nb-a-̄ nsâ ASn-Øm-\-̄ nÂ 
B bnÂ {]hÀ¯n-¡p¶ _ew ({]-hÀ¯\w) 

 F1 = B  bpsS {Zhy-am\w X B bnepÅ XzcWw

           m2 (v2-u2)
  F1 =  ————— (1)
       t 
A bnÂ {]hÀ¯n-¡p¶ _ew ({]-Xn{]hÀ¯\w)

 F2 = A  bpsS {Zhy-am\w X A bnepÅ Xzc-Ww

              m1 (v1-u1)
    F2 =  —————  (2) 
          t
\yq«sâ aq¶mw Ne\ \nbaw A\p-k-cn v̈  
  F1 = – F2

ka-hmIyw (1) (2) F¶n-h-bnÂ \n¶v   
 m2 (v2-u2)   – m1 (v1-u1)        —————     =   —————
        t   t

 m2 (v2 – u2) = –m1 (v1-u1)
 m2v2 – m2u2   = –m1v1 + m1u1

 m1v1 + m2v2   = m1u1 + m2u2

AXp-sIm≠- v,

 m1u1 + m2u2  =  m1v1 + m2v2

Iq«n-ap-«-en\v ap¼p- ≠m-bn-cp¶ BsI kwthKw 
Iq«n-ap-«-en\p tij-apÅ BsI kwth-K-¯n\p 
Xpey-am-bn-cn-¡pw. _mly-_-e-§-fpsS A`m-h-¯n-
epÅ Iq«n-ap-«-ep-IÄ ImcWw c≠ p-h-kvXp-¡-fn-ep-
apÅ BsI kwthKw amä-anÃmsX \ne-\nÂ¡pw. 
F{X hkvXp-¡Ä¡m-sW-¦nepw Cu \nbaw A\p-
tbm-Py-am-Wv.

 Nn{Xw 15.6

 • Hcp henb d¼À _eq¬ FSp¯v AXv 
apgp-h-\mbn hoÀ¸n-¡p-I. AXnsâ 
A{K`m-K¯v Hcp  \qev sIm≠ p sI«p-I. 
Hcp H«n-¡p¶ tS¸v D]-tbm-Kn¨v Hcp 
kv{Smsb _eq-Wnsâ {]X-e-¯nÂ H«n-
¡p-I.

 • Hcp \qens\ kv{Smbn-eqsS IS-¯n-A-
Xnsâ Hc{Ks¯ ssIbnÂ  ]nSn-¡p-I-
tbm, `n¯n-bnÂ H«n-¡p-Itbm sN¿p-I. 

 • \qensâ atä A{Kw \n§-fpsS Iq«p-
Im-c t\mSv ]nSn-¡m³ Bh-iy-s¸-Sp-Itbm 
Aev]w AI-se-bp-Å- Hcp `n¯n-bnÂ 
H«n-¡p-Itbm sN¿p-I. 

 • Cu kÖoIcWw Nn{Xw 15.7 Â ImWn 
¨ncn¡p¶p.

 • _eq-Wnsâ Igp-¯nÂ sI«n-bn-cn-¡p¶ 
\qens\ \o¡w-sN-¿p-I. _eq-Wnsâ 
hmbnÂ \n¶v hmbp-hns\ ]pd-¯p- t]m 
-Im³ A\p-h-Zn-¡p-I. 

 • kv{Sm Nen-¡p¶ Znisb \nco-£n-¡p-I.

 kv{Sm

_-eq¬hmbp-

 Nn{Xw 15.7

{]hr¯n 15.2

Iq«n-ap-«-en\v ap³]v.

Iq«n-ap-«Â \S-¡p¶ kabw

(C)

Iq«n-ap-«-en\v tijw 
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¦nÂ hnPm-Kn-cn-bnÂ Xq¡n-bn-cn-¡p¶ IX-Ins\ 
Xpd-¡m³ Ign-bpw. _e-̄ nsâ Zni-bnÂ Hcp hkvXp-
hn\v Nen-¡m-\pÅ {]h-W-X-bv¡v ]pdta _e-̄ n\v 
B hkvXp-hns\ GsX-¦nepsamcp A£-̄ nÂ 
Xncn-¡m-\p-Å {]h-W-X-bp ≠- v. Cu _ew kam-́ -ctam 
]c-kv]cw JWvUn-¡p-¶tXm AÃ. Xncn-bm-\pÅ 
_e-̄ nsâ Cu {]h-W-Xsb _e-̄ nsâ Xncn-bÂ 
{]`mhw AsÃ-¦nÂ BLqÀ®w F¶p ]d-bp-¶p. 
Hcp _nµp-hn-epÅ _e-̄ nsâ BLqÀ®-̄ nsâ    
]cn-amW--sa-¶Xv (F) _e-̄ nsâ ]cn-am-W-̄ n-sâ-bpw- 
_ew {]hÀ¯n¡p¶ tcJbnÂ \n¶pw h-kvXp-hnsâ 
ew_Zqc¯nsâbpw KpW\^eamIp¶p.

Nn{Xw 15.8 Â ImWn-̈ n-cn-¡p-¶-Xp-t]mse P F¶- 
_n-µp-hnÂ {]hÀ n̄-¡p¶ Hcp _ew F BsW¶v 
IcpXpI.

  

Nn{Xw 15.8

T = Fd

_ewP

Zqcw d

F

F¶mÂ O F¶_nµp-hnÂ {]hÀ¯n-¡p¶ BLqÀ 

®-_ew _e-̄ nsâ ]cn-amWw X _e-̄ nsâ Znibv 

¡pw BLqÀ®w IW-¡m-¡p¶ _nµp-hn\pw CS-bn-

epÅ,  ew_ Zqcw 

_e¯nsâ BLqÀWw = F x d
Hcp hkvXp-hnÂ {]hÀ¯n-¡p¶ _ew O sb 

tI{µ-am¡n hkvXp-hns\ LSn-Im-c-Zn-ibv¡v FXn-

cmbn Xncn-¡p-I-bm-sW-¦nÂ Cu BLqÀ®s¯ 

A{]-Z-£nW BLqÀ®w F¶p hnfn¡p¶p. 

F¶mÂ _ew hkvXphns\ LSnImc ZnibnÂ 

Xncn¡pIbmsW¦nÂ, Cu BLpÀ®s¯ {]Z 

£nW BLpÀ®w F¶p hnfn¡p¶p. _e-̄ nsâ 

BLqÀ®-̄ nsâ am{Xw Nm BIp-¶p.

DZm-l-cWw: 15.3-

2 kg {Zhy-am-\-apÅ Hcp tXm¡nÂ \n¶v 15 g {Zhy-
am-\-apÅ _pÅäv Xnc-Ýo-\-ambn 100 ms-1 {]th-K-
t¯msS ]pd-́ -Åp-¶p. tXm¡nsâ ]n¶ntem«pÅ 
-{]thKw F´m-Ip-¶p ? 

\nÀ²m-cWw: 
_pÅ-änsâ {Zhy-am\w, m1 = 15 g = 0.015 kg
tXm¡nsâ {Zhy-am\w,  m2  = 2 kg 
_pÅ-änsâ BZy-{]-thKw, u1 = 0
tXm¡nsâ BZy-{]-thKw, u2  = 0
_pÅ-änsâ A´y-{]-thKw, v1 = + 100 m s-1

(kmt¦XnIambn _p-Å-änsâ Zni CS-̄ p-\n-¶v.
het¯m«v FSp¡p¶Xv t]mknäohv)
tXm¡nsâ ]n¶ntem«pÅ {]thKw, = v2

shSn-h-bv¡p-¶-Xn\p ap¼pÅ tXm¡n-sâbpw _pÅ-
än-sâbpw BsI kwth-Kw = m1u1 + m2u2

  = (0.015 × 0) + (2 × 0) = 0  
shSn h -̈Xn-\p-ti-j-apÅ tXm¡n-sâbpw _pÅ-än-
sâbpw BsI kwth-Kw = m1v1 + m2v2 
  = (0.015 × 100) + (2 × v2)

  = 1.5 + 2v2  
kwthK kwc-£W \nb-a-̄ nsâ ASn-Øm-\-̄ nÂ, 

shSnh¨Xn\v tij-apÅ BsI kwthKw = 
shSnhbv¡p¶Xn\v ap³]pÅ BsI kwthKw 

  1.5 + 2v2 = 0

           2v2 = -1.5

             v2 = -0.75 m s-1

s\K-äohv NnÓw kqNn-̧ n-¡p-¶Xv tXm¡nsâ    
]n¶ntem«pÅ _pÅ-änsâ Znibv¡v FXnÀ Zni-bn-
em-Wv. AXm-bXv he-̄ v\n¶v CS-t¯m-«v.

15.8  BLqÀ®hpw bpÜ _ehpw   
(moment of force and couple)

_e¯nsâ BLqÀ®w

Hcp apdn-¡n-]n-Sn-¡p-¶ D]-I-c-W-̄ n-eqsS _ew 
{]tbm-Kn v̈ Hcp \«ns\ Xncn-¡m³ Ignbpw AsÃ-

O
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F

Nn{Xw 15.9

NnÓ-̄ nsâ ASn-Øm-\-̄ nÂ A{]-Z-£nW _e 
s¯ [\m-ß-I-ambpw {]Z-£nW _es¯ EWm-ß-I-
ambpw IW-¡m-¡p-¶p.

bpÜ _ew (couple)
c≠ p _e-§Ä Hcp-an v̈ {]hÀ¯n v̈ Nne 

hkvXp-¡-fnÂ BLqÀ®w AsÃ-¦nÂ Xncn-bÂ 
{]`mhw D ≠m-¡p-¶p sb¶p-Å-Xn\v At\Iw  
DZm-l-c-W-§-fp≠- v. kÀÆ-km-[m-c-W-am-bXv Hcp N{I-
¯nsâ X,Y F¶o _nµp-¡-fnÂ c≠ v Nc-Sp-IÄ 
sI«n AXnÂ Xpeyhpw hn]-co-X-hp-amb c ≠p-_-
e-§Ä ‘F’ {]tbm-Kn-¡p-¶-Xmbn Icp-Xp-I. (Nn{Xw 
15.10) N{Iw O F¶ tI{µ-̄ nÂ Xncn-bp-I-bm-sW-
¦nÂ CXv O - bnÂ A{]Z£nWZni-bnÂ Xncn-bm³ 
Bcw-̀ n-¡p-¶p. 

X

90

90
O

F

F

Y

Nn{Xw 15.10

Xpeyhpw hn]-co-X-hp-amb c≠ p _e-§Ä {]
hÀ¯n-¡p¶ tcJ-IÄ ]c-kv]cw JWvUn-¡m-Xn-cp-
¶mÂ Ah b{ -́hn-Úm-\-̄ nÂ bpÜ_ew Øm]n 
¡pw F¶p-]-d-bmw. 

15.9 `qKp-cp-Xzw
 Db-c-¯n-en-cp¶v Hcp hkvXp-hns\ C«mÂ 
Xd-bnÂ ]-Xn-¡p-¶Xv \½Ä Ft¸mgpw \nco-£n-
¡p-¶-Xm-Wv. Hcn-¡Â \yq«³ ac-¯nsâ Nph-«nÂ 
Ccp-¶-t¸mÄ, At±-l-¯nsâ ]pd¯v Hcp B¸nÄ 
hoWp. B¸n-fnsâ hogvNsb]än \yq«³ Nn´n-¡m³ 
Bcw-`n-¨p. B¸n-fnsâ hogvN `qan-bn-tebv¡v 

BIÀjn-¡p-¶-Xmbn ImW-s¸-«p. F´psIm ≠mWv 

CXv apIfntemt«m hi§fntemt¡m Nen¡m¯Xv?  

F´psIm ≠mWv C§s\ kw`hn¡p¶Xv?  

\yq«sâ aq¶mw Ne\ \nbaw A\p-k-cn¨,v 

B¸nÄ `qansb BIÀjn-¡p-¶p. F¶mÂ c≠ mw 

Ne-\-\n-baw A\p-k-cn¨v X¶n-cn-¡p¶ _e-¯n\v 

XzcWw hkvXp-hnsâ {Zhy-am-\-¯n\v hyqÂ{I-

am-\p-]m-X-¯n-em-bn-cn-¡pw. B¸n-fnsâ {Zhy-am\w 

`qan-bp-tS-Xp-ambn Xmc-Xayw sN¿p-t¼mÄ hfsc 

sNdp-Xm-Wv. AXn-\mÂ `qan B¸n-fn-\-Sp-t¯¡v 

Nen-¡p-¶Xv \½Ä ImWp-¶n-Ã. FÃm {Kl-§fpw 

kqcys\ hew-h-bv¡p-¶p-sh¶v \ap-¡-dn-bmw. kuc-

bp-Y¯n-epÅ FÃm {Kl-§Ä¡pw taÂ¸-dª 

hmZ§Ä tNcpw. kqcy\pw {Kl-§Ä¡p-an-S-bnÂ 

Hcp _ew  \ne-\nÂ¡p-¶p. {]]-©-¯nse FÃm-

h-kvXp-¡fpw ]c-kv]cw BIÀjn-¡p-¶p-sb¶v             

\yq«³ {]kvXm-hn-¨p. hkvXp-¡Ä¡nS-bn-epÅ Cu 

BIÀjW _es¯ `qKp-cpXz_ew F¶p-]-d-

bp-¶p.

15.9.1. \yq«sâ  `qKp-cp-Xz \nbaw

{]]-©-̄ nse FÃm-h-kvXp-¡fpw aäp-h-kvXp-

¡-fp-ambn Hcp _e-̄ mÂ BIÀjn-¡p-¶p. Cu 

BIÀjW _ew Ah-bpsS {Zhy-am-\-§-fpsS 

KpW-\-̂ -e-̄ n\p{Iam-\p-]m-X-̄ nepw Ah-bv¡n-S-

bn-epÅ Zqc-̄ nsâ hÀ¤-̄ n\v hyqÂ{I-am-\p- ]m-Z 

-̄ n-em-bn-cn-¡pw. _ew {]hÀ¯n-¡p¶ tcJ c≠ p-

h-kvXp-¡-fp-sSbpw tI{µ-§sf X½nÂ tbmPn-̧ n-¡p-

¶-tcJbneqsS {]hÀ¯n-¡p-¶p.

m1                                        m2

 
d

Nn{Xw 15.11

t]cv   :  sFkIv \yq«¬
P\\w  : 4 P\phcn 1643
P\\Øew : DuÄkvt{X]v, Cw¥≠v 
acWw   : 20 amÀ¨v 1727
Adnbş Sp¶Xv : `qKpcpXzs¯ hni            
               ZoIcn¨ {]Xn`mimen
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Nn{Xw 15.11 Â ImWn-̈ n-cn-¡p-¶-Xp-t]mse m1, m2 

{Zhy-am-\-§-fpÅ c ≠p hkvXp-¡-Ä A, B F¶nh 
‘d’ Zqc-̄ nÂ ØnXn-sN-¿p-¶-Xmbn Icp-Xp-I. 
c ≠p-h-kvXp-¡Ä¡n-S-bn-epÅ _ew 'F' Dw BWv. 
taÂ]-dª \nb-a-̄ nsâ ASn-Øm-\-̄ nÂ,
  F ∝ m1m2   (1) 

         1  
   F∝  —    (2) 
         d2 
(1), (2) Ch -tbm-Pn-̧ n¡p-t¼mÄ
         m1m2    F∝  ———   (3) 
            d2 
        Gm1m2  AsÃ-¦nÂ F = ———   (4) 
            d2 

CXnÂ ‘G’ Hcp Ønc-kw-Jy-bm-Wv, CXns\ 
kmÀh-{XnI `qKp-cpXz Øncm¦w F¶p- 
hn-fn-¡p-¶p. 

ka-hmIyw (4) Â \n¶v    
F.d2 

   G =  ———           
m1m2 

Cu ka-hm-Iy-¯nÂ SI am{X {]Xn-Øm-]\w sN¿p-
t¼mÄ ‘G’bpsS am{X Nm2 kg-2Bbn ImW-s¸-
Sp-¶p. 
‘G’ bpsS aqeyw 6.673x10-11 Nm2kg-2 BIp-¶p.  
15.9.2. {Zhy-am\w
{Zhy-am-\-sa-¶Xv Hcp hkvXp-hnÂ AS-§n-bn-cn-¡p¶ 
{Zhy-̄ nsâ AfhmIp¶p.

15.9.3. `mcw

Hcp Øe-̄ pÅ `qKp-cp-Xz-̄ mÂ Hcp  
\nÝnX {Zhy-am-\-̄ nÂ A\p-̀ -h-s -̧Sp¶ _ew 
(AYhm) BhkvXphnÂ F{X iIvXambn `qKpcp 
Xz_ew A\p`hs¸Sp¶p F¶Xnsâ AfhmIp¶p 

\n§Ä N{µ-\n-tebv¡v k©-cn-¡p-I-bm-sW-
¦nÂ, \n§-fpsS `mc-̄ n\v amä-ap≠- mIpw Fs -́
¶mÂ Ahn-sS-bpÅ `qKp-cpXz _ew `qan-tb-¡mÄ 
Ipd-hm-Wv. F¶mÂ \n§-fpsS {Zhy-am\w Htc-        
t]m-se-bm-bn-cn-¡pw. ImcWw \n§Ä \nÀ½n-¡-s -̧«n-
cn-¡p-¶Xv Xpey-A-f-hn-epÅ {Zhyw sIm ≠m-Wv. 

DZm-l-cWw 15.4 

Hcp hkvXp-hnsâ {Zhy-am\w 5 kg `qan-bnÂ AXnsâ 
`mcw F{X-bm-bn-cn-¡pw?

\nÀ²m-cWw: 
{Zhy-am\w, m = 5 kg 

`qKp-cpXz Xzc-Ww, g = 9.8 m s-2

`mcw, w = m × g

       w = 5 × 9.8  = 49 N

A§s\ hkvXp-hnsâ `mcw 49 N BIp-¶p

{Zhy-am-\hpw `mchpw X½n-ep-Å hyXymkw

15.9.4 `qKp-cpXz Xzc-Ww
`qKp-cp-Xzm-IÀj-W-¯n-ep-Å Hcp hkvXp-hnsâ 

Ne-\-s¯-¡p-dn-¨pÅ hyh-Øm-]nX ]T\w BZy-
ambn \S-¯n-bXv Keo-entbm Bbn-cp-¶p. At±lw 
hnhn[ ]ZmÀ°-§sf ]nk-bpsS Ncnª tKm]p 
-c-¯nÂ \n¶v Xmtg¡v C«n«v Ah-bpsS `qKp-cpXz 
Ne-\s¯ Ipdn¨v kq£va-]-T\w \S-¯n. “hmbp-hn 
sâ Akm-¶y²y-¯nÂ FÃm-h-kvXp-¡fpw Htc \nc-
¡nÂ Xmtg¡v hogp-¶p”. 

Hcp t]¸À IjvWtam Hcp ]mc-Nyqt«m `qKp-
cp-Xz-¯mÂ Xmtg¡v ]Xn-¡p-¶-Xnsâ thK-Xsb 
hmbp-{]-Xn-tcm[w Ipd-bv¡p-¶p. hmbp CÃm¯ 
Øe-¯n-eqsS Hcp henb IÃn-t\bpw Hcp ]mc-Nyq-
«n-t\bpw C«mÂ, c ≠pw Htc ka-b¯v Xs¶ Xd-
bnÂ F¯p-¶p.

{Zhy-am\w  `mcw 

1.  CsXmcp ASn-Øm\ 
Af-hm-Ip-¶p

hypÂ¸¶ Af-hm-
Ip-¶p.

2.  CXv Hcp hkvXp-
hnÂ AS-§n-bn-
cn-¡p¶ {Zhy-¯nsâ 
Af-hm-Ip-¶p.

CXv hkvXp-hnÂ   {]
tbm-Kn¡p¶ `qKp-
cpXz _eam-Ip-¶p.

3.  CXnsâ am{X 
Intem{Kmw 
BIp-¶p.

CXns\ \yq«-\nÂ 
Af-¡p-¶p.

4. AXpt]mse \ne     
\nÂ¡p¶p

Øe¯n\\pkcn¨v 
amdp¶p

5. CXns\ `uXnI 
Xpemkv D]tbmKn¨v 
Af¡p¶p

CXns\ kv{]nwMv 
Xpemkv D]tbmKn¨v 
Af¡p¶p
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]co-£-W-§Ä sXfn-bn-¡p-¶Xv `qKp-cp-Xz-
¯mÂ kzX-{´-ambn Xmtg¡v hogp¶ hkvXp-hnsâ 
{]thKw Hcp \nÝnX \nc-¡nÂ hÀ²n-¨p-sIm- ≠n-
cn-¡pw. (AXmbXv Øncamb Hcp XzcW¯mÂ) 
“`qKp-cpXz _e-¯mÂ Hcp hkvXp-hnÂ D ≠m-Ip¶ 
Xzc-Ws¯ `qKp-cpXz XzcWw F¶p ]dbp-¶p”. 
CXns\ g F¶v kqNn-¸n-¡p-¶p. Hcp {]tXyI 
Øe¯v hkvXp-¡-fpsS {Zhy-am-\s¯ At]-£n¨v, 
FÃm-h-kvXp-¡-fp-tSbpw g bpsS aqeyw Xpey-am-bn-cn-
¡pw. `qan-bpsS D]-cn-X-e-¯nÂ Øew amdp-¶-Xn-
\-\p-k-cn¨v `qKp-cpXz XzcWw amdn-s¡m- ≠n-cn¡pw. 
Db-c-¯n\pw Bg-¯n\pw A\p-k-cn¨pw CXv amdn-
s¡m≠- n-cn-¡pw.  

kap-{Z-\n-c-¸nepw, 450 A£mw-i-¯n-ep-apÅ g 
bpsS aqeys¯ Xzc-W-¯nsâ am\-Z-WvU-ambn FSp-
¡p-¶p. (AXm-bXv) g = 9.8 ms-2 

`qan-bpsS D]-cn-X-e-̄ n-ep-Å `qKp-cpXz Xzc-Ww 
Nn{Xw 15.13 Â ImWn-̈ n-cn-¡p-¶-Xp-t]mse `qan-
bpsS D]-cn-X-e-̄ nÂ Ccn-¡p-¶Xv 'm' {Zhy-am-\-apÅ 
hkvXp-hm-sW¶v Icp-Xp-I

Nn{Xw 15.12

`qan-bpsS tI{µ-̄ nÂ \n¶pÅ CXnsâ Zqcw R 
BIp-¶p. (`q-an-bpsS hykmÀ²w).
 hkvXp -hnÂ A\p-` -h-s¸-Sp¶   
       GMm  
`qKq-cpXz _ew F = ——— BIp-¶p. CXnÂ M           R2     

F¶Xv `qan-bpsS {Zhy-am-\w. 

\yq«sâ c ≠mw-N-e\ \nb-a-̄ nÂ\n-¶v, 

 _ew,  F = mg

apI-fn-epÅ c ≠p-_-e-§-tfbpw kwtbm-Pn-¸n-¡p-
t¼mÄ,
         GMm  
  F = ——— = mg
            R2

AXp-sIm ≠v,          GM
  g = ——— 
           R2

Cu ka-hmIyw kqNn-̧ n-¡p-¶Xv ‘g’ hkvXp-hnsâ 
{Zhy-am\w 'm' Â \n¶v kzX-{ -́am-Wv. F¶mÂ `qan-
bpsS tI{µ-̄ nÂ \n¶pÅ Zqc-̄ n-\-\p-k-cn v̈ CXv 
hyXym-k-s -̧Sp-¶p. R hymkmÀ²apÅ Hcp tKmf-amWv 
`qan-sb¶v hnNm-cn-̈ mÂ, `qan-bpsS D]-cn-X-e-̄ nÂ 
‘g’ bpsS aqeyw Hcp Ønc kwJybmbncn¡pw.   

15.9.5. `qan-bpsS {Zhy-am\w
ka-hm-Iy-̄ nÂ \n¶v  g = GM/R2, Xmsg-sIm-Sp-̄ n-
cn-¡pw hn[w `qan-bpsS {Zhy-am\w IW-¡m-¡m³ 
Ign-bpw.                        
          gR2
  M = ——— 
            G
  M = 9.8 × (6.38 × 106)2

              6.67 × 10-11 

  M = 5.98 × 1024 kg.

N{µ-bm³þ1 Hcp N{µ-k-©mcn AsÃ-¦nÂ N{µ-
hm-l-\-am-Wv. CXv C´y-bpsS BZys¯ a\p-jy-
cn-Ãm¯ N{µ-\n-co-£W D]-{K-l-am-Wv. CXns\ 
2008þÂ HIvtSm-_À amk-¯nÂ B{Ôm-{]-tZ-
inse {iol-cn-tIm-«-bnÂ \n¶v ISRO hnt£ 
]n-¨p. CXv 2009 BKÌv hsc {]hÀ¯n¨p 
sIm≠ n-cn-¶p. Cu b{´-¯n\v Hcp eqWmÀ HmÀ_n-
ädpw Cw^m-IvSdp-ap≠- v. CXv ISRO bpsS A©p 
t]tem-Up-I-tf-bpw, IqSmsX NASA, bqtdm-]y³ 
hm\\nco-£W GP³kn (ESA) _ÄtKcnb³ 
hm\ \nco£W GP³kn (BAA) F¶n-h-bpsS 
Bdv t]temUpIsfbpw kuP-\y-ambn hln-¨p-sIm- 
≠p-t]m-bn. 

imkv{Xw C¶v 
N{µ-bm³
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N{µ-bm³ 312 Znh-k-§Ä {]hÀ¯n-¨v 95%  
e£y-§Ä t\Sp-I-bpap- ≠m-bn. CXnsâ {][m\ 
t\«-§Ä Xmsg ]d-bp-¶-h-bm-Wv. 

 • N{µ-sâ a®nÂ Pe-km¶n-[y-s¯-¡p-dn-¨p-Å     
I≠ p-]n-Sp-¯w.

 • N{µ-\n-epÅ [mXp-¡sf¡pdn-¨pÅ N{µ-bm\nÂ 
\n¶v FSp¯ `q]Sw Ønco-I-cn-¡p-¶Xv N{µ³ 
Hcn-¡Â ]qÀ®-ambn Dcp-In-b-\n-e-bnen-cn¶p 
sh¶m-Wv. 

 • bqtdm-]y³ kvt]kv GP³kn-bpsS t]temUv 
þN{µ-bm³-þ1 epÅ Nn{Xo-I-cn-¡p¶ IncW 
(CIXS) kvt]t{Sm-ao-äÀ 24\pw A[n-I-apÅ iàn 
Ipdªv Pzen-¨va-d-bp¶ Zo]-§sf tcJ-s¸-Sp-¯n-
bn-cn-¡p-¶p.

 • N{µ-bm³-þ1 Â h¨n-«pÅ {]X-e-¯nsâ cq]-tcJ 
FSp-¡p¶ Iymad, U.S. _ln-cm-Imi hml-\-§-
fmb At¸m-tfm-þ15, At¸m-tfm-þ11, N{µ-\n-en-d-
§nb Øe-§sf tcJ-s¸-Sp-¯n-bn-«p≠- v. 

 • N{µ-\nse [mXp-¡-sf-¡p-dn-¨pÅ kvs]Iv{SÂ 
hnhcWw CXv \ÂIn-bn-«p≠- v. 

 • N{µ-bm-\nse Zqcw I ≠p-]n-Sn-¡p¶ tekÀ D]-
IcWw (LLRI) N{µ-\nse {[ph-§-sf-¡p-dn¨pw 
aäp-{]-[m-\-`m-K-§-sf-¡p-dn-¨p-apÅ hnh-c-§Ä   
\ÂIn-bn-«p≠ v. 

 • CIXS X- td Iymad N{µ-\n-epÅ Aep-an-\nbw, 
saáojyw, knen-¡¬ XpS-§n-b-h-bpsS X-td 
Nn{X-§Ä FSp-¯n-«p≠ v.

 • _ÄtK-dn-b³ t]temUv D]IcW-amb 
tdUntbj³ tSmkv tamWn«À (RADOM) s\ 
N{µ-bm³ hnt£-]n¨ \mfnÂ {]hÀ¯n-¸n¨v 

abnÂkzman A®mZpssc 1958 Pqembv 2þmw 
XnbXn tImb¼¯qÀ PnÃbnse s]mÅm¨n¡v 
AcnInepÅ tKmZhmSn F¶ sNdnb {Kma¯nÂ 
P\n¨p.  abnÂkzmanbpw _mekckzXnbpamWv 
At±l¯nâ amXm]nXm¡Ä.  At±l¯nsâ 
]nXmhv ss{]adn hnZymeb¯nse A²ym] 
I\mbncp¶p.  tKmZmhmSn ]©mb¯v bqWnb 
\nse ss{]adn hnZymebamWv abnÂkzman 
A®mZpsscbpsS BZy hnZymebw.  AhnsS 
At±lw I apXÂ Vþmw ¢mÊp hsc ]Tn¨p. 
XpSÀ¶v  At±l¯nsâ {Kma¯nepÅ kÀ¡mÀ, 
kÀ¡mÀ klmbw (aided) \ÂIp¶ hnZymeb 
§fnÂ ]Tn¨ At±lw  11 þmw ¢mÊv ]qÀ¯n 
bm¡n.  At±l¯nsâ hnZym`ymkw XpSÀ¶p 
sIm≠ ncp¶p.  s]mÅm¨nbnÂ NGM tImtfPnÂ 
\n¶pw At±lw PUC bpw  tImb¼¯qÀ 
Kh¬saâv tImtfPv Hm^v sSIvt\mfPnbnÂ 
\n¶pw  B.E. _ncpZhpw ]qÀ¯nbm¡n.  1982 þÂ 
PSG tImtfPnÂ \n¶pw At±lw D¶X 
hnZym`ymkamb  M.E. _ncpZw t\SpIbpw AtX 
hÀjw Hcp imkv{XÚ\mbn  ISRO bnÂ 
tNcpIbpw  ]n¶oSv  tImb¼¯qcnse A®m 
bqWnthgvknän Hm^v sSIvt\mfPnbnÂ \n¶pw 
tUmIvStdäv t\SpIbpw sNbvXp. 

D]-{Klw ]T\ taJ-e-bnse Hcp {]
i-kvX-\mb kmt¦-XnI imkv{X-Ú-\m-Wv 
A®m-Zpssc. Ct¸mÄ At±lw N{µ-bm³þ1, 
N{µ-bm³þ2 IqSmsX awKÄbm³ F¶n-
h-bpsS t{]mPIvSv Ub-d-IvS-dmbn tkh-\- 
a-\p-jvSn-¡p-¶p. N{µ-bm-\nsâ cq]-IÂ -̧\-bnÂ 
At±lw henb kw`m-h-\IÄ \ÂIn-bn-«p≠ v. 
Ct¸mÄ At±lw _wK-fq-cp-hn-epÅ ISRO  tI{µ-
¯nsâ (ISAC) Ub-d-IvSÀ BWv. At±-l-̄ nsâ 
{]tNm-Z-\-I-c-amb {]kw-K-̄ n-eqsS At±lw 
C´y³ hnZymÀ°n-I-fpsS CS-bnÂ Hcp t{]cI 
iàn-bmbn amd-n. 
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AXnsâ Ah-km-\-Znhkwhsc {]hÀ¯n-¸n-¡p-
I-bp≠- m-bn. 

 • 75 Znh-k-§Äs¡m≠ v N{µ-bm³ Iymad 40000þ 
¯ne-[nIw t^mt«m-IÄ FSp-¡p-I-bp- ≠m-bn.

 • {]X-e-¯nsâ t^mt«m FSp-¡p¶ Iymad N{µ-\n 
se Ip¶p-I-fp-tSbpw Ipgn-I-fp-tSbpw Nn{X-§Ä 
FSp-¯n-«p≠- v. {]Xew [mcmfw Xmgvhc-IÄ 
sIm≠ v \nd-ª-Xm-Wv. 

 • `qan-bpsS apgp-h-\m-bpÅ Nn{Xs¯ BZy-ambn   
]IÀ¯n-bXv N{µ-bm-\m-Wv. 

 • N{µ-sâ D]-cn-X-e-¯nÂ [mcmfw Kpl-IÄ DÅ-
Xmbn N{µ-bm³þ1 I ≠p-]n-Sn-¨p. Ch a\p-jyÀ¡v  
kt¦-X-ambn hÀ¯n-¡mw.

{Itbm-P-\nIv kmt¦-Xn-IXzw 

{Itbm-P-\nIv F¶]Yw {Ko¡nÂ\n-¶p- ≠m-b-
Xm-Wv. CXn-\À°w “ioX-X-Wp¸v DÂ¸m-Zn-¸n-¡p-I” 
F¶-Xm-Wv.

`uXnI imkv{X-¯nÂ {Itbm-P-\nIv F¶Xv 
Ipdª Dujvamhv DÂ¸m-Zn-¸n-¡p-¶-Xns\ Ipdn-¨pw, 
(123 k \v Xmsg) A{X Dujvam-hn-epÅ hkvXp-¡-
fpsS ,kz`m-h-s¯-¡p-dn¨pw ]Tn-¡p-¶-Xn-s\-bm-Wv. 
hfsc XWp¯ Dujvam-hnÂ DÅ aqe-I-§-sf-¡p-
dn¨v ]Tn-¡p¶ Bfns\ {Itbm-P-\nÌv F¶p hnfn-
¡p-¶p. {Itbm-P-\n-¡nÂ Dujvam-hn\v sIÂhn³ 
kvsIbnÂ D]-tbm-Kn-¡p-¶p. At\Iw {Itbm-P- 
\nIv D]-tbm-K-§-fnÂ {Zmh-I-am-¡nb hmX-I-§-
fm-b, {ZmhI ss\{S-P³, {ZmhI loenbw F¶nh 
D]-tbm-Kn-¡p-¶p. {ZmhI ss\{S-P³ kÀÆ-km-[m-
c-W-ambn {Itbm-P-\n-¡nÂ D]-tbm-Kn-¡p¶ ape-I-
am-Wv. am{X-aÃ \nb-a-]-c-ambn temI-¯n-se-hn-tSbpw 
hnÂ¡m³ km[n-¡p-¶-Xm-Wv. {Zmh-I-lo-en-bhpw 
km[m-c-W-bmbn hfsc Ipdª Dujvamhv F¯p-
¶-Xn\v D]-tbm-Kn-¡p-¶-Xm-Wv. Cu {Zmh-I-§sf 
{]tXyI ]m{X-§-fm-b -Zo-hÀ ^mfm-kv¡p-I-fnÂ 
kq£n-¡p-¶p. Chbv¡v km[m-c-W-bmbn GI-
tZiw Bdv ASn s]m¡hpw aq¶v ASn hymkhpw 
D ≠m--bn-cn-¡pw. 

{Itbm-P-\nIv taJe ]ptcm-KXn {]m]n-¨Xv 
c ≠mw- temI alm-bp-²-¡m-e-¯m-Wv. Ipdª 
Dujvam-hnÂ XWp-¸n¨ teml-§ÄIqSp-XÂ 
ImTn\ywImWn-¡p-¶-Xmbn imkv{X-Ú³amÀ a\-

Ên-em-¡n. CXns\ {Itbm-P-\nIv ITn-\-s¸-Sp-¯Â 
(Cryogenic hardening) F¶p-]-d-bp-¶p. 1966-þÂ 
FUv_pjv Øm]n¨ hmWn-Pym-Sn-Øm-\-¯n-epÅ 
{Itbm-P-\nIv hymh-kmbw temI-¯nse Gähpw   
]g-¡-apÅ hmWnPy  {Itbm-P-\nIv I¼-\nbmWv.  
]n¶oSv CXnÂ\n¶v [mcmfw sNdnb I¼-\n-IÄ 
cq]wsIm- ≠p. teml- D-]-I-c-W§-fpsS Imem-
h-[n- hÀ²n-¸n-¡p-¶-XnÂ {Itbm-P\nIv hymh-kmbw 
GÀs¸-«n-cn-¡p-¶p. 

{ZmhI ss\{S-Ps\ t]mepÅ {Itbm-P-\p-Isf 
ssiXyw, ioXn-I-cWw F¶n-hbnepw D]-tbm-Kn-
¡p-¶p. 
(i) tdm¡-äv 

{Itbm-P-\n-¡nsâ {][m\ D]-tbmKw {Itbm-P- \nIv 
CÔ-\-am-Ip-¶p. {][m-\-ambpw {ZmhI ssl{U-Ps\ 
tdm¡-änÂ CÔ-\-ambn D]-tbm-Kn-¡p-¶p.

(ii) Im ńI A\p-\mZ Nn{X-§Ä (MRI)
hfsc Xo{h-amb Im ńI aWvU-es¯ a\p-jy-i-co-

c-̄ nÂ IS-̄ n-hn«v B´c Ah-b-h-§-fpsS kvIm³ 
FSp-¡m³ D]-tbm-Kn-¡p-¶p. {ZmhI loen-b-̄ nsâ 
klm-b-̄ mÂ DbÀ¶ NmeI Npcp-fp-IÄ Im ń-I-a-
WvU-es¯ DÂ¸m-Zn-̧ n-¡p-¶p. CXn\v Npcp-fp-I-fpsS 
Dujvam-hns\ 4 k hsc Ipd-bv¡m³ Ign-bpw. Cu 
Ipdª Dujvam-hnÂ apgp-h-\m-bpÅ Nn{X-§sf tiJ-
cn-¡m³ Ign-bpw.

(iii) henb \K-c-§-fnse DuÀÖ {]k-c-Ww

\K-c-§-fnÂ Xe-bv¡p-ap-I-fn-epÅ I¼n-I-fn-eq-
sS-bpÅ sshZyp-Xn-bpsS {]k-cWw hfsc {]bm-k-
I-c-am-Wv. AXp-sIm≠ v a®n-\-Sn-bn-epÅ I¼n-IÄ 
D]-tbm-Kn-¡p-¶p. F¶mÂ a®n-\-Sn-bn-ep-Å I¼n-IÄ 
NqSmbn {]Xn-tcm[w hÀ²n-¡p-Ibpw sshZyp-Xn-bpsS 
\jvS-̄ n\v Imc-W-am-hp-Ibpw sN¿p-¶p. CXns\ 
{Itbm-P-\nIv D]-tbm-Kn v̈ ]cn-l-cn-¡m³ Ign-bpw. 
{Zmh-I-am-¡nb hmX-I-§Ä I¼n-I-fnÂ Xfn v̈ 
Ahsb XWp-̧ n-¡p-¶-Xn-eqsS {]Xn-tcm[w Ipd-
bv¡m³ km[n-¡pw. 

(iv) Blmcw XWp-̧ n-¡Â

bp²w \S-¡p¶ Øe-§Ä, `qI¼_m[nX 
Øe-§Ä F¶n-hn-S-§-fnÂ A[n-I-b-f-hnÂ `£W 
]ZmÀ°-§Ä sIm ≠p-t]m-tI≠- n-h-cp-t¼mÄ Ahsb 
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{Itbm-P-\nIv hmX-I-§Ä D]-tbm-Kn v̈ XWp-̧ n-
¡p-¶p.

(v) hmIvkn-\p-IÄ

ssPh-km-t¦-XnI DÂ -̧¶-§-fmb hmIvkn-
\p-Isf ioXoI-cn-¡m³ ss\{S-P³ ioXo-I-cW 
hyhØ Bh-iy-am-Wv. 

_ln-cm-Imi tI{µw:
a\p-jyÀ _mlymImi v̄ \nÝnXImew X§n, 

tPmen-sN-¿p-¶-Xn-\mbn cq]-IÂ -̧\-sN-bvXn-«pÅ 
Ir{Xna LS-\-I-fmWv Hcp _ln-cm-Imi tI{µw.

]pXnb _ln-cm-Im-i-tI-{µ-§Ä cq]- IÂ¸\ 
sNbvXn-cn-¡p-¶Xv _ln-cm-Im-i-̄ nÂ Nne BgvN-
Itfm, amk-§-tfm, hÀj-§tfm Xma-kn v̈ \nco-£-
W-§Â \S-̄ p-¶-Xn\pth- ≠n-bm-Wv. AÂta-kv, 
keyq«v knco-kv, kvssIem-_v, anÀ XpS-§n-bh _ln-

cm-Im-i-tI-{µ-§-fm-Wv. 

_ln-cm-Imi tI{µ-§Ä, ZoÀL \mfp-IÄ _ln-
cm-Im-i v̄ X§p-t¼mÄ a\p-jy-i-co-c-̄ n-ep- ≠m-Ip¶ 
{]iv\§sf¡pdn v̈ ]Tn-¡m³ D]-tbm-Kn-¡p-¶p. 
aäp-_-ln-cm-Imi hml-\-§-fnÂ e`y-ap-Å-Xn-t\-¡mÄ 
imkv{Xo-b-]-T-\-̄ n-\pÅ ZoÀL-am-bXpw A[nI F®-
¯n-epÅ ¹mäv̂ m-ap-IÄ CXv \ÂIp-¶p. _ln-cm-Imi 
tI{µ-§Ä ssk\oI Bh-iy-§Ä¡pw ssk\o-I 
C-X-cm-h-iy-§Ä¡pw D]-tbm-Kn-¡p-¶p. ssk\yw  
{]tbm-P-\-s -̧Sp-̄ nb Ah-km-\s¯ _ln-cm-Im-i-
tI{µw keyq«v 5 Bbn-cp-¶p. CXns\ 1976 epw 1977 
epw tkmhn-bäv bqWn-b³ AÂtakv ]²-Xn-bnÂ {]
tbm-P-\-s -̧Sp-̄ nbncp¶p. 

_ln-cm-Im-i-tI-{µ-§Ä s]mXp-hmbn c ≠p-X-c-
¯n-ep≠- v. keyq-«v, kvssIem_v F¶nh Hc-Sp¡v 
Xc-̄ nÂ s]«-Xm-Wv. Ahsb \nÀ½n-̈ n-cn-¡p-¶Xpw 
hnt£-]Ww sNbvXXpw H¶m-bn-«m-Wv. F¶mÂ      

]n¶oSv {]tXyIw \ntbmKn¡s¸« Bfn-\mÂ \nb-
{´n-¡-s¸Spw. A§s\ hnt£-]-W-k-a-b v̄ Ah-
bv¡m-h-iy-amb ]ZmÀ°-§fpw D]-I-c-W-§fpw 
sNe-h-gn-¡-s -̧Sp-Ibpw D]-tbm-Kn v̈ Ign-bp-t¼mÄ 
ssI hnSp-Ibpw sN¿p-¶p.

keyq«v 6,IqSmsX keyq«v 7 F¶n-h-bnÂ Nne- 
am-ä-§Ä ImWmw. Ch c≠pASp¡pIfmbn«mWv 
h¨ncn¡p¶Xv. CXv c ≠m-a-sXmcp k©mcn  
]pXnb _ln-cm-Imi hml-\w-aqew Ahn-sS 
-t]m-Ip-¶-Xn\pw hkvXp-¡sf sIm ≠p-t]m-Ip-¶-Xn  
\pw km[n-̈ p. 

_ln-cm-Imi k©m-cnsb XpSÀ -̈bmbn           
sIm≠vt]mIp-¶-Xn\mbn kvssIem_n\v c≠ v 
ASp-¡p-IÄ D≠v. c ≠m-as¯ ASp-¡ns\ 
Hcn¡epw D]-tbm-K-s -̧Sp-̄ n-bn-«n-Ã. c ≠m-as¯ 
ASp¡v ZoÀL-Ime {]hÀ -̄\-§Ä¡v  
klm-bn-¡pw. 

c ≠m-as¯ hn`m-K-̄ nÂs¸« anÀ, A´ÀtZ-
iob _ln-cm-Im-i-tI{µw (International Space 
Station ISS) apX-em-b-hsb Häbv¡v  hnt£- ]n-̈ n-«v 
BhiyapÅ t]SI kw_Ônbmb LSI§sf 
(Modular) XpSÀ¶v AXnsâ IqsS tbmPn¸n¡p¶p. 
(andnÂ km[mcWbmbn AhsbÃmw kzX{´ambn 
hnt£]n¡p¶p. F¶mÂ ISS Â GXm≠ v FÃmw 
kvt]kvj«nÂ D]tbmKn v̈ sIm≠ v hcp¶p.) Cu 
coXn {]hÀ¯n¸n¡m³ kuIcy{]ZamWv. C¯cw 
_mlymImi \neb§sf hnt£]n ¡p¶Xn\v 
A[nIw iànbpÅ Hcp hnt£] hml\¯nsâ 
BhiyanÃ. D]IcW§sf kmävsseäpIÄ aqew 
BhiyapÅt¸mÄ {Iaambn Ab¡p¶Xn\v _ln 
cmImi \nebw cq]s¸Sp¯nbncn¡pw. AXn\mÂ 
\o ≠Ime ]co£W§Ä¡v CXns\ {]tbmP\
s¸Sp¯mw. 

C¯cw \neb§fnÂ A[nIImew Xmakn¡m  
\pÅ kuIcyw, hfsc Ipdª ]p\xkwkvIcWw, 
A[nI hnIncWw, Ipdª ̀ qKpcpXz_ew XpS§nb 
ImcW§Ä sIm≠ v XSÊs¸Sp¶p.ChbnÂ 
NneXv AkzmØy§Ä¡pw \o≠Ime BtcmKy 
{]iv\§Ä¡pw ImcWamIp¶p.
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`mhnbnÂ C¯cw Imcy§sf \o¡n IqSpXÂ Imew kvt]kv j«nenÂ Ignbm\pÅ Ahkcap ≠mIp¶p. 
Nne kvt]kv \neb§fnÂ kvt]kv \Kcw F¶ \nebnÂ A[nIamfpIsf DÄsImÅp¶ hn[¯nepw 
hnt£]n¡mw. C{]ImcapÅ Hcp kvt]kv \nebhpw CXphsc \nÀ½n¡s¸«n«nÃ. 2010Â hnt£]n¡m  
\pÅ sNehv cmjv{Sob]cambpw km¼¯nI]cambpw \ne\nÂ¡m¯XmIp¶p.

dn¸_vfnIv Hm v̂ ssN\ cmPyw änbmMvKmbv F¶ kvt]kv \neb¯ns\ 2011 sâ BZy]IpXnbnÂ hnt£ 

]n¨p. kvt]kv\neb¯ns\ hnt£]n¨ cmPy§fnÂ ssN\sb aq¶mw Øm\¯mbn {]Jym]n¨p.

 amXrIm aqey\nÀ®bw

1.  Hcp hkvXp-hnsâ Xzc-W-̄ n\v ImcWw ______

 i) kwXp-en-X-_-ew  ii) AkwXp-en-X-_-ew  iii) sshZypX Im´n-I-_-ew

2. ALqÀ® amä-̄ nsâ \nc¡v Xpey-am-bn-cn-¡p¶ `uXnI Afhv ______ BIp-¶p. 

 i) hn-Øm-]-\w ii) Xzc-Ww  iii) _ew iv) kv]µ-\w

3. \nÝ-em-h-Ø-bnÂ Ccn-¡p¶ {Zhy-am-\-apÅ Hcp hkvXp-hnsâ BLqÀ®w ______BIp-¶p. 

 i) hf-sc-Iq-Sp-XÂ ii) hfsc sNdp-Xv iii)]qPyw  iv) A\-́ w

4. 50 kg {Zhy-am-\-apÅ Hcm-fnsâ `utam-]-cn-X-e-̄ n-epÅ `mcw ______ BIp-¶p

 i) 50 N  ii) 35 N   iii) 380 N iv) 490 N

5. ssPh kmt¦-XnI DÂ -̧¶-§-fmb hmIvkn-\p-I-fpsS ioXo-I-c-W-̄ n\v Bh-iy-amb ioXo-I-cW hyhØ 

______ BIp-¶p. 

 i) lo-en-bw  ii) ss\{S-P³  iii) Atam-Wn-b iv) t¢mdn³

6. Htc {Zhyam\apÅ c ≠p hkvXp¡Ä A bpw B bpw Hcp Bfns\ 20 km/hr thKXbnepw, 50 km/
hr thKXbnepw ap«nbXn\v tijw \nivNemhØ {]m]n¡p¶p. GXv hkvXphmWv B hyànbnÂ 

IqSpXÂ _ew {]tbmKn¡p¶Xv? \n§fpsS D¯cw \ymboIcn¡pI?

7. Hcp hkvXp 20m/s {]thK¯nÂ Nen¡p¶p. 10 N _ew {]thKZnibv¡v ew_ambn {]hÀ¯n¡p¶p. 

10 sk¡âpIÄ¡v tijw B hkvXphnsâ thKX F{Xbmbncn¡pw?

8. {]kvXmh\ (A) : henb \Kc§fnÂ sshZypX I¼nIfnÂ {ZmhIam¡nb {ItbmP\nIv hmXI§Ä Xfn¡p¶p. 

 ImcWw (R)  : {ZmhIam¡nb {ItbmP\nIv hmXI§Ä sshZypX iànbpsS hnkcW \jvSw XSbp¶p. 

 i) A icnbmWv, R icnbmWv.   ii) A icnbmWv, R sXämWv

 iii) A bpw B bpw sXämWv   iv) A icnbmWv R, A  sb ]n³Xm§p¶p

9. `qanbpsS D]cnXe¯nepÅ `qKpcpXz XzcWw ______ Â Gähpw IqSpXepw, ______ Â Gähpw 

IpdhpamWv.

10. Ct¸mgpÅ `qanbpsS {Zhyam\¯nÂ amäw hcmsX, hymkmÀ²w AXnsâ aqey¯nsâ ]IpXnbmbn 

IpdbpIbpamsW¦nÂ `qKpcpXz XzcWw F§s\ _m[n¡s¸Sp¶p. 

11. skÂhn ImÀ HmSn¨t¸mÄ AhÄ Xsâ t]gvkv koänÂ h¨ncp¶p. AhÄ Hm^oknÂ F¯nbt¸mÄ, 

AhfpsS t]gvkv koänsâ ap³`mK¯v hoWpInS¶p. CXv F§s\bmWv kw`hn¨Xv? hnhcn¡pI?

hn`mKw – A
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1.  ]qcn-̧ n-¡p-I.

 i) _ew = {Zhy-am\w x XzcWw F¦nÂ BLqÀ®w = __________

 ii) {ZmhI ssl{U-P³ tdm¡-änÂ, F¦nÂ MRI \v ______

2. Xmsg X¶n-cn-¡p¶ {]kvXm-h-\-I-fnÂ sXäv Ds≠-¦nÂ Xncp-̄ p-I.

i) 1 {Kmw {Zhy-am-\-apÅ hkvXp-hnsâ XzcWw 1 ms-2 B¡m³ Bh-iy-amb _e-amWv Hcp \yq«³

ii) {]hÀ -̄\hpw {]Xn-{]-hÀ -̄\hpw Htc hkvXp-hnÂ {]hÀ¯n-¡p¶p.

3. {Itbm-P-\n-¡nsâ {][m\ D]-tbmKw {Itbm-P-\nIv CÔ-\-sa-¶XpsIm≠ v \n§Ä AÀ°-am-¡p-¶-sX-
´mWv?

4. kmt¦XnI NnÓ coXnbnÂ, A{]Zn£W BLqÀ®s¯ ______ bmbpw {]Z-£nW BLqÀ®s¯ 
______ bmbpw FSp-¡p-¶-Xm-Wv.

5. 20 g {Zhyam\apÅ Hcp shSnbp ≠ 75 ms-1 thK¯nÂ k©cn v̈ Hcp XSn ]eIbnÂ X«n 5cm Zqc¯nÂ 
Xpf¨p IbdnbXn\v tijw \nivNeamIp¶p. XSn]eI shSnbp ≠bntebv¡v {]tbmKn¨ icmicn {]Xn 
tcm[_ew F{XbmWv. 

6. kq¸À amÀ¡änse Hcp XÅph≠ nbpsS {Zhyam\w 65 kg BWv. 0.3 ms-2 XzcWap ≠m¡m³ \n§Ä¡v 
F{X _ew {]tbmKnt¡≠ n hcpw?

7. Hcp kv]m\dn\v \ofapÅ ]nSnbpÅXv F´psIm ≠mWv?

8. Hcp t_mIvkÀ Ft¸mgpw FXncmfnbpsS apjvSnbpsS ZnibnÂ Nen¡p¶Xv F´psIm ≠mWv?

9. Pnwt\jy¯nÂ D]tbmKn¡p¶ hncn¸pIfpw, Ifn¡mÀ AWnbp¶ kwc£W]mUpIfpw 
arZphmb    ]ZmÀ°§Ä sIm≠ mW v \nÀ½n¨n«pÅXv. F´psIm≠ mWv ImTn\yapÅ ]ZmÀ°§Ä  
D]tbmKn¡m¯Xv?

10. tdm¡äv hnt£]W¯nÂ {]tbmP\s¸Sp¯p¶ c ≠p XXz§sf FgpXpI.

11. 1.2 m \ofapÅ Hcp _oanÂ \n¶v 10 kg  {Zhyam\s¯ Xq¡nbncn¡p¶p. _oans\ Hcp `n¯nbnÂ 
_Ôn¸n¨ncn¡p¶p. B F¶ _nµphnÂ D≠ mIp¶ BLqÀ®¯nsâ ]cnamWhpw Znibpw (LSnImc 
Zni AsÃ¦nÂ FXnÀLSnImcZni) I≠ p]nSn¡pI. 

12. {In¡äv Ifn¡mÀ ]´ns\ ]nSn¡pt¼mÄ, ssIIsf ]nt¶m«v hen¡pn¶Xv F´psIm ≠mWv?

13. Xmsg X¶ncn¡p¶ {]kvXmh\IfnÂ, Hcp hkvXphnsâ {Zhyam\¯n\v tbmPn¡m¯Xv GXmWv?

 i) CXv Hcp ASnØm\ AfhmIp¶p.  ii) CXv `uXnI Xpemkv D]tbmKn¨v Af¡p¶p.

 iii) CXv kv{]nwKv Xpemkv D]tbmKn¨v Af¡p¶p.

14. N{µbm³ - 1 ZuXyhpambn _Ôs¸« Nne kwLS\IfpsS t]cpIÄ Xmsg X¶ncn¡p¶p. F¶mÂ 
aäp Nneh AÃ. sXämbXv FgpXpI. i)  ISRO    ii)  BARC    iii) NASA   iv) ESA    v)  WHO   vi) ONGC

hn`mKw – B

1.2m

B

10Kg
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12. bqWnäv {Zhyam\apÅ Hcp hkvXphnÂ A\p`hs¸Sp¶ _ew `qKpcpXz Xo{hXbmIp¶psh¦nÂ  
`qanbpsS D]cnXe¯nepÅ `qKpcpXz Xo{hX I≠p]nSn¡pI.

13.  ̀ qanbpsS km{µX AXnsâ bYmÀ° aqey¯nsâ c≠ v aS§mIpIbpw, hymkmÀ²w Xpeyambncn¡pIbpw 
sNbvXmÂ, `qKpcpXz¯mÂ D ≠mIp¶ XzcW¯nsâ amäw F{Xbmbncn¡pw?

14. tcWp `qanbpsS a²y`mK¯v \n¶v 6.38x103 km Zqc¯nÂ `£W¯n\v th ≠nbpÅ hcnbnÂ \nÂ 
¡pIbmWv. `qanbpsS {Zhyam\w 6x1024 kg BIp¶p.

 i) `qKpcpXz XzcWw ImWpI.

 ii) AhÄ `£Ww Ign¨Xn\v tijw Cu aqeyw amdptam?

15. 20 m hymkmÀ°hpw, 104 kg (Zhyam\hpapÅ B612 F¶p hnfn¡s¸Sp¶ Hcp \£{Xs¯ amemJ 
kµÀin¡p¶p sh¦nÂ  B612 epÅ `qKpcpXz XzcWw F{Xbmbncn¡pw.

16. ‘m’ {Zhyam\apÅ Hcp a\pjy³ Bcw`¯nÂ \nÝemhØbnepÅ, hgphgp¸pÅ, XncÝo\amb 
{]Xe¯nÂ h¨n«pÅ ‘m’ {Zhyam\apÅ ac¡«bnÂ \nÂ¡pIbmWv. AbmÄ Xdsb At]£n¨v 
ac¡«bneqsS s]s«¶v ‘V’ m/s thK¯nÂ HmSphm\mbn XpS§n. Xdsb At]£n¨v ac¡«bpsS 
{]thKw I≠ p]nSn¡pI.

17. {Zhyam\w 2:1 F¶ A\p]mX¯nepÅ c≠ p ]´pIÄ Htc Dbc¯nÂ \n¶v Xmtg¡v CSpIbmsW¦nÂ, 
Xmsg sImSp¯ncn¡p¶hbpsS A\p]mXw ImWpI.

 i) Ah c ≠pw XdbnÂ F¯p¶Xn\v FSp¡p¶ kabw.

 iI) Nen¡p¶ kab¯v AhbnÂ {]hÀ¯n¡p¶ _ew

 iII) XdbnÂ ap«pt¼mÄ AhbpsS {]thKw

 iV) XdbnÂ ap«pt¼mÄ AhbpsS XzcWw.

18. 1 kg {Zhyam\apÅ Hcp hkvXp 20 m Dbc¯nÂ \n¶v Xmtg¡v CSp¶p. XdbnÂ ap«nbXn\v tijw 
AtX thK¯nÂ Xncn¨pbcp¶p. BLqÀW¯nsâ amäw ImWpI. (g=10 m/s2 Fs¶Sp¡pI.) 

19. N{µsâ hymkmÀ²w `qansb At]£n¨v 1/4 aS§pw, N{µsâ {Zhyam\w 1/80 aS§pw BsW¦nÂ, 
N{µsâ D]cnXe¯nepÅ `qKpcpXzXzcWw F´mbncn¡pw.

20. 20 kg {Zhyam\apÅ Hcp Ip«n Hcp kokmbpsS 
a²y`mK¯v \n¶v 1.2 m Zqc¯nÂ Hc{K¯nÂ Ccn 
¡p¶p. kokm Xpe\mhØbnÂ BIp¶Xn\mbn 
60 kg {Zhyam\apÅ Hcp hyàn FhnsS Ccn¡Ww?

1.2m?

21. IpXnc h≠ n¡mc³ Xsâ IpXncsb apt¶m«v HmSn¡pIbmWv. F¶mÂ IpXnc HmSmsX  
Xmsg¡mWp¶Xns\ hnhcn¡p¶p.

 \yq«sâ aq¶mw \nbaw A\pkcn¨v Rm³ h ≠nsb Hcp \nivNnX _e¯mÂ hen¡pt¼mÄ, h≠ n 
AtX Afhv _e¯mÂ ]ndtIm«v hen¡p¶p. Cu c≠ p _e§fpw AfhnÂ XpeyambXn\mepw, 
FXnÀZniIfnÂ {]hÀ¯n¡p¶Xn\mepw, Ah ]ckv]cw \nÀhocyw B¡s¸Sp¶p. 

 IpXncbpsS hnhcWs¯ \n§Ä AwKoIcn¡pt¶m? \n§fpsS D¯cs¯ icnbmb ImcW¯mÂ 
hyàam¡pI.

hn`mKw – C

1. i) _lncmImi \neb§Ä a\pjy icoc¯nsâ ZoÀLt\c ]d¡ensâ hn]¯pIsf Ipdn¨p ]Tn 
¡m³ D]tbmKn¡p¶p. \ymboIcn¡pI.



A
²

ymb
w 

15

248 249

Ne\ \nb-a§fpw `qKp-cp-Xzhpw

 ii)   F=G m1 m2 / d 2 F¶Xv `qKpcpXzs¯ kw_Ôn¡p¶ \yq«sâ \nba¯nsâ KWnX]camb 
cq]amWv. G  F¶Xv `qKpcpXz ØnckwJybmIp¶p. m1,m2 F¶Xv d Zqc¯nencn¡p¶ c≠ v 
hkvXp¡fpsS {Zhyam\§fmWv. F¦nÂ `qKpcpXzs¯ kw_Ôn¡p¶ \yq«sâ \nba¯nsâ 
{]kvXmh\ XcnI.

2. i)  \yq«sâ H¶mas¯ Ne\ \nbaw _e¯ns\mcp ]cnamW \nÀÆN\w \ÂIp¶p. \ymboIcn¡pI.

 ii)  Nn{X§Ä {]Xn\n[oIcn¡p¶Xv 10 kg, 15 kg hoXw {Zhyam\hpw 10 ms-1 5 ms-1 hoXw   
 Bcw`{]thKhpapÅ c≠ p hkvXp¡fmWv. Ah ]ckv]cw Iq«nap«p¶p. Iq«nap«en\v tijw  
       Ah 4 ms-1, 9 ms-1 {]thKt¯mSv Nen¡p¶p. Iq«nap«ensâ kabw 2 sk¡âmWv. F1 Dw,  
 F2 Dw  I ≠p]nSn¡pI.

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 _ew \nivNemhØbnepÅ 2.5 {Zhyam\¯nÂ {]hÀ¯n¨v AXns\ t\ÀtcJbnÂ XzcWw 
D ≠m¡p¶p. 

 i) {Zhyam\¯nsâ XzcWw F´v?

 ii) Cu {Zhyam\s¯ 20 m Nen¸n¡m³ Bhiyamb kabw F{X?

 iii) aq¶v sk¡âpIÄ¡v tijapÅ {]thKw ImWpI. 

4. BLqÀ® kwc£W \nbaw {]kvXmhn¡pI. Htc Øe¯v \n¶v `qanbpsS D]cnXe¯nÂ 2  
_ney³ P\§Ä 4m/s thK¯nÂ NmSp¶p. `qanbpsS {Zhyam\w 6x1024 BIp¶p. Hcp hyànbpsS 
icmicn {Zhyam\w 60 kg BIp¶p.

 i) FÃm P\§fpsSbpw tNÀ¯pÅ BLqÀ®w F´mIp¶p?

 ii) Cu {]hÀ¯\¯mÂ `qanbnÂ GÀs¸Sp¶ tZmjw F´mbncn¡pw?

5. \yq«sâ `qKpcpXz\nbaw {]kvXmhn¡pI. `qanbpsS D]cnXe¯nepÅ `qKpcpXz XzcW¯nsâ 
kahmIyw FgpXpI. c≠ p _lncmImi hkvXp¡fpsS `qKpcpXz XzcW¯nsâ kahmIyw  
FgpXpI. c≠ p _lncmImi hkvXp¡fpsS `qKpcpXz XzcW¯nsâ A\p]mXw 1:4 Dw AhbpsS 
hymkmÀ²¯nsâ A\p]mXw 1:3 Dw BbmÂ AhbpsS {Zhyam\¯nsâ  A\p]mXw F´mbncn¡pw? 

6. \nivNemhØbnepÅ 3 kg {Zhyam\apÅ Hcp t_mw_v s]m«n 2 kg , 1 kg hoXw {Zhyam\apÅ c ≠p   
]IpXnIfmbn amdp¶p. 2kg {Zhyam\apÅ hkvXp 3 m/s {]thK¯nÂ k©cn¨mÂ 1 kg {Zhyam\apÅ 
hkvXphnsâ {]thKw ImWpI. 

7. 60 kg, 70 kg {Zhyam\apÅ c≠ p sFkv kvt¡ämÀkv Hcp Ibdnsâ c≠ {K§sf ]nSn¨ncn¡p¶p. 
60 kg {Zhyam\apÅ h{àn 20 N _e¯mÂ Ibdns\ hen¡pIbmsW¦nÂ, atä A{K¯nÂ                     
]nSn¨ncn¡p¶ hyànbnÂ IbÀ {]tbmKn¡p¶ _ew F´mWv? c ≠pt]cpsSbpw XzcW¯nsâ 
Afhv F´mbncn¡pw?

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

IqSp-XÂ hni-Zmw-i-§Ä¡mbn
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B[p\nI kaql¯nÂ sshZypXn¡v {][m\
Øm\amWpÅXv. CXv hoSpIÄ, hnZymeb§Ä, 
Bip]{XnIÄ, hyhkmbimeIÄ XpS§nbhbnÂ 
hnhn[ Bhiy§Ä¡mbp]tbmKn¡p¶ A\p 
tbmPyambXpw, \nb{´W hnt[bambXpamb  
DuÀÖamWv. 

sshZypXnbnÂ AS§nbncn¡p¶Xv F´mWv? 
F§s\bmWv CXv Hcp sshZypX ]cn]
Y¯neqsS {]hln¡p¶Xv?. Hcp sshZypX ]
cn]Y¯neqsSbpÅ sshZypXnsb \nb {´n¡p¶ 
LSI§Ä GsXms¡bmWv? Cu A²ymb¯nÂ 
C¯cw tNmZy§Ä¡pÅ D¯cw I≠ p]nSn¡m³ 
\ap¡v {ian¡mw.

16.1. sshZypXnbpw ]cn]Yhpw
hmbp {]hmls¯bpw, Pe{]hmls¯bpw 

Ipdn¨v \ap¡v kp]cnNnXamWv. HgpIp¶ Pew 
\ZnIfnÂ Pe{]hmlw D ≠m¡p¶psh¶v \
ap¡dnbmw. AXpt]mse, Hcp NmeI¯neqsS 
(temlI¼n) sshZypX NmÀÖv {]hln¡p 
IbmsW¦nÂ B NmeI¯nÂ sshZypX {]
hmlw Ds ≠¶v \½Ä ]dbpw. Hcp tSmÀ¨nse 
_Ä_v {]Imin¡p¶Xn\mbpÅ NmÀÖnsâ {]
hmlw AYhm sshZypX {]hmlw Hcp _mädn                  
\ÂIp¶psh¶v \ap¡dnbmw. kzn¨v CSpt¼mÄ 
am{Xta CXv {]Imin¡pIbpÅpsb¶pw \ap¡v 
ImWmhp¶XmWv. F´mWv Hcp kzn¨v sN¿p¶Xv? 

_mädn¡pw _Ä_n\pw CSbnepÅ Nme\¯n\m 
bpÅ Hcp I®nbmbn kzn¨v {]hÀ¯n¡p¶p. Hcp 
sshZypX {]hml¯nsâ XpSÀ¨bmbn«pÅXpw, 
ASªXpamb ]mXsb sshZypX ]cn]Yw F¶p 
]dbp¶p. ]cn]Yw FhnsSsb¦nepw s]m 
«pIbmsW¦nÂ sshZypX {]hmlw \nevIpIbpw, 
_Ä_v {]ImiclnXamhpIbpw sN¿p¶p. 

\ap¡v sshZypX {]hmls¯ F§s\ \nÀ 
hNn¡mw? Hcp am{Xkab¯nÂ Hcp NmeI¯nsâ 
Hcp \nÝnX XncyIvtOZ hnkvXoÀW¯neqsS 
HgpIp¶ NmÀÖpIfpsS Afhns\ sshZypX 
{]hmlsa¶v  \nÀhNn¡mw asämcp Xc¯nÂ 
sshZypX NmÀÖpIfpsS {]hml\nc¡mWnXv. 
teml I¼nIÄ D]tbmKn¡p¶ ]cn]Y§fnÂ, 
CeIvt{SmWpIfmWv NmÀÖpIfpsS {]
hmlw D≠ m¡p¶Xv. sshZypX {]hml¯nsâ 
Zni CeIvt{SmWpIfpsS {]hml Znibv¡v 
FXnÀZnibnemWv. 

‘t’ kabwsIm≠ v Hcp NmeI¯nsâ 
GsX¦nepsamcp XncyIvtOZ¯n\v IpdpsI 
{]hln¡p¶ BsI NmÀÖv  Q hpw XncyIv 
tOZ¯neqsSbpÅ sshZypX {]hmlw  I bpw 
BsW¦nÂ

    t
I =  Q

sshZypX NmÀÖnsâ SI am{X Iqtfmw BWv. 
CXv GItZiw 6 x1018 CeIvt{SmWpIfnepÅ 
NmÀÖpIÄ¡v XpeyamWv. sshZypXnsb  
B¼nbÀ (A), F¶am{X D]tbmKn¨v Af¡p¶p. 
{^m³knse imkv{XPvR\mb B³t{U acnb 
Bw_nbdnsâ _lpam\mÀ°amWv, C§s\ \ma 
IcWw sNbvXncn¡p¶Xv.

t]cv   :  ssat¡Â ^mctU

P\\w  :  1791 sk]vXw_À 22

P\\Øew :  s\hnwMvS¬, Cw¥≠ v

acWw  :  1867 BKkväv 25

Adnbs¸Sp¶Xv  :  BZy ssU\mtambpsS I≠ p]n   
      Sn¯¡mc³

A²ymbw 16
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apIfnepÅ kahmIy¯nÂ \n¶v,

Q = 1 C,    t = 1s,  BIpt¼mÄ  I=1A. 

Hcp Iqtfmw NmÀÖv Hcp sk¡ânÂ 
NmeI¯nsâ XncyIvtOZ¯neqsS {]hln¡p 
t¼mÄ, AXneqsSbpÅ sshZypX {]hmlamWv 
Hcp B¼nbÀ. Hcp ]cn]Y¯nepÅ sshZypX {]
hmls¯ Af¡m³ AaoäÀ F¶ D]IcWw D]
tbmKn¡p¶p.

DZmlcWw 16.1

Hcp sshZypX _Ä_nsâ ^nesaâv  10 an\n 
ävsIm ≠v 0.75 A sshZypXn D]tbmKn¡p¶p.         
]cn]Y¯neqsS {]hln¨ sshZypX NmÀÖnsâ 
Afhv I ≠p]nSn¡pI.

\nÀ²mcWw:
X¶ncn¡p¶h, I  = 0.75 A, 
 t  = 10 an\näv = 600 s
\ap¡dnbmw, Q = I × t
    = 0.75 × 600
                       Q   = 450 C 

Nn{Xw 16.1 {]ZÀin¸n¡p¶Xv, _mädn, _Ä_v, 
AaoäÀ, ¹Kv¡o F¶nhbmÂ \nÀ½nXamb Hcp 
sshZypX ]cn]Y¯nsâ tcJmNn{XamWv.  

temlI¼nbneqsSbpÅ NmÀÖpIfpsS {]hm 
l¯n\v, NmeI¯neqsS s]m«³jyÂ hyXymksa¶v 
hnfn¡p¶ sshZypX aÀ±¯nsâ hyXymkw Ds≠
¦nÂ am{Xta CeIvt{SmWpIÄ {]hln¡pIbpÅq. 

Ht¶m AXne[nItam skÃpIÄ AS§nb  
Hcp  _mädnbneqsS s]m«³jyÂ hyXymkw D ≠m 
¡mw. skÃns\ Nme\w sN¿p¶ Hcp hnZypXv]cn]
Yhpambn _Ôn¸n¡pt¼mÄ, s]m«³jyÂ hyXym 
kw NmeI¯nÂ NmÀÖpIfpsS Ne\ ¯n\v 
XpS¡w Ipdn¡pIbpw, Hcp sshZypX {]hmlw 
DXv̧ mZn¸n¡pIbpw sN¿p¶p.

sshZypXn {]hln¡p¶ Hcp sshZypX ]cn  
]Y¯nse c≠ v _nµp¡Ä¡nSbnepÅ sshZypX 
s]m«³jyÂ hyXymks¯, Hcp bqWnÁv 
NmÀÖns\ Hcp _nµphnÂ \n¶v asämcp  
_nµphnte¡v Nen¸n¡p¶Xn\v Bhiyamb  
{]hr¯nbpsS AfhmWv F¶v \nÀhNn¡mw.

s]m«³jyÂhyXymkw (V) =sN¿s¸« {]hr¯n   
                        NmÀÖv

    QV = W

s]m«³jyÂ hyXymk¯nsâ SI am{X thmÄ«v  (V) 
F¶mWv 

   1 thmÄ«v 
1Iqtfmw

= 1 PqÄ 

sshZypXn {]hln¡p¶ Hcp NmeI¯nÂ 1   Iqtfmw 
NmÀÖns\ Hcp _nµphnÂ \n¶v asämcp _nµp 
hntebv¡v Nen¸n¡p¶Xn\mbn 1 PqÄ {]hr¯n 
sN¿pt¼mÄ, c≠ v _nµp¡Ä¡nSbnep ≠mIp¶   
s]m«³jyÂ hyXymkamWv Hcp thmÄ«v. 

thmÄ«v aoäÀ F¶ D]IcWap]tbmKn¨v s]m«³ 
jyÂhyXymkw Af¡mw.

16.3.  sshZypX]cn]Ycq]tcJ 
 (Circuit diagram) 
kuIcy{]Zamb Nnlv\§Ä D]tbmKn v̈ Hcp 
sshZypX ]cn]Y¯nepÅ `mK§sf {]Xn\n 
[oIcn¡p¶ cq]tcJsb sshZypX ]cn]Ycq]
tcJ F¶p hnfn¡p¶p. km[mcWbmbn D]
tbmKn¡p¶ sshZypX ]cn]Y¯nÂ ImW 
s¸Sp¶ `mK§fpw Nnlv\§fpw ]«nI 16.1 Â 

sImSp¯ncn¡p¶p.

Nn{Xw 16.1 sshZypX ]cn]Yw  

16.2. sshZypX s]m«³jyepw s]m«³jyÂ              
        hyXymkhpw

Hcp NmeI¯neqsS sshZypX NmÀÖns\ 
{]hln¸n¡p¶sX´mWv? XncÝo\amb 
Hcp IpgeneqsS Pew HgpIm¯Xpt]mse 
Hcp sN¼v I¼nbneqsS NmÀÖpIfpw {]
hln¡p¶nÃ. Ipgensâ Hc{Ks¯ PeapÅ 
Sm¦pambn LSn¸n¨ncn¡p¶p. Ct¸mÄ Ipgensâ 
c≠ v A{K§fnepw Hcp aÀ± hyXymkw A\p 
`hs¸Sp¶p. Ipgensâ atä A{K¯neqsS 
Pew ]pdt¯m«v HgpIp¶p. Nme\w sN¿p¶ 



Du
ÀÖ

X
{´

w

252 253

DZmlcWw 16.2
10V s]m«³jyÂ hyXymkapÅ c≠ v _nµp 

¡Ä¡nSbnÂ 5 C NmÀÖns\ Nen¸n¡m³ 
Bhiyamb {]hr¯nsb I ≠p]nSn¡pI?

\nÀ²mcWw:
X¶ncn¡p¶ NmÀÖv, Q = 5 C

s]m«³jyÂ hyXymkw, V = 10 V

NmÀÖns\ Nen¸n¡m³ Bhiyamb {]hr¯n,  
 W = V × Q 

  W = 10 × 5  
   W = 50 J 
16.4. Hmw \nbaw

]«nI 16.1

 Hcp NmeI¯neqsSbpÅ sshZypXn ¡pw, 

s]m«³jyÂ hyXymk¯n\pw X½nÂ Fs´¦nepw 

_Ôapt ≠m? Hcp {]hr¯nbneqsS \ap¡v 

sXfnbn¡mw. 

`mK§Ä  Nnlv\w
sshZypX skÂ

Hcp _mädnAYhm 

skÃpIfpsS 

kwtbmP\w

¹Kv¡n AYhm 

kzn¨v (Xpd¶Xv)

¹Kv¡n AYhm 

kzn¨v (ASªXv)

I¼nIfpsS 

kwtbmP\`mKw

kwtbmP\w 

CÃmsXbpÅ 

I¼nIfpsS 

IS¶vt]m¡v

sshZypX _Ä_v

R. {]Xntcm[apÅ 

{]Xntcm[ t]SIw

amdp¶ {]Xntcm[w 

AsÃ¦nÂ 

dntbmkvämäv

A½oäÀ

thmÄ«v aoäÀ

LED

 • 0.5 m \ofapÅ xyFs¶mcp \nt{Imw 
I¼n, Hcp AaoäÀ, Hcp thmÄ«v aoäÀ, 
1.5 v hoXapÅ \mev skÃpIÄ F¶nh 
tNÀ¯psIm≠ v Nn{Xw 16.2 Â ImWn¨ncn 
¡p¶Xpt]mse Hcp sshZypX]cn]Yw 
\nÀ½n¡pI. (\nt{Imw F¶Xv \n¡Â, 
t{Imanbw, amwK\okv, Ccp¼v F¶o teml 
§fpsS Hcp temlk¦camWv.) 

 • BZyw sshZypX ]cn]Y¯nÂ Htcsbmcp 
skÂ LSn¸n¡pI. 

 • sshZypX ]cn]Y¯nse sshZypXn I 
A½oädnÂ \n¶pw xy F¶ \nt{Imw 
I¼nbneqsSbpÅ     s]ms«³jyÂ 
hyXymkw v thmÄ«v aoädnÂ \n¶pw 
Af¡pI. 

 • Ahsb X¶ncn¡p¶ ]«nIbnÂ 
tcJs¸Sp¯pI. 

 • ]cn]Y¯nÂ c≠ v, aq¶v, \mev skÃpIÄ 
hoXw D]tbmKn¨vsIm≠ v taÂ¸dª ]
co£Ww BhÀ¯n¡pI. 

 • Hmtcm  tPmUn s]ms«³jyÂ hyXymkw 
V bv¡pw sshZypX {]hmlw I bv¡pw 
CSbnepÅ A\p]mXw IW¡m¡pI.

t]cv        :  tPmÀPv sska¬ Hmw
P\\w        :  1789 amÀ¨v 16
P\\Øew  :  PÀa\nbnse FÀem³P³
acWw       :  1854 Pqsebv 6 
Adnbs¸Sp¶Xv :  Hmw \nbaw

{]hr¯n 16.1

LED (Light Emitting Diode)
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Cu {]hr¯nbnÂ \n¶v V/I A\p]mXw Hcp 
ØnckwJybmsW¶v \n§Ä¡v I≠ p]nSn¡mw.

1827 Â, PÀ½³ `uXnI imkv{XÚ\m 
b tPmÀPv sska¬ Hmw Hcp temlI¼nbn 
eqsSbpÅ sshZypX {]hmlhpw I AXnsâ 
A{K§Ä¡nSbnepÅ s]m«³jyÂ hyXymkw V 
bpw X½nepÅ A\p]mXw I≠ p]nSn¨p. 

Hmw \nbaw {]kvXmhn¡p¶Xv, Dujv 
amhv Øncambncn¡pt¼mÄ Hcp NmeI¯n 
eqsSbpÅ sshZypX{]hmlw (I) AhbpsS 
c ≠{K§Ä¡nSbnepÅ s]m«³jyÂ hyXymk¯n\v 
t\ÀA\p]mX¯nembncn¡pw.

    I = Hcp ØnckwJyI ∝ V(AsÃ¦nÂ) V

16.5. Hcp NmeI¯nsâ {]Xntcm[w   
          (Resistance of a Conductor)
Hmw \nba¯nÂ \n¶v, \ap¡dnbmw 
 V = IR

Hcp \nÝnX DujvamhnÂ X¶ncn¡p¶ 
teml I¼nbnÂ R Hcp Ønc kwJybmWv, 

Nn{Xw 16.2 

CXns\ {]Xntcm[w F¶p hnfn¡p¶p.Hcp 
NmeI¯neqsSbpÅ NmÀÖpIfpsS {]hmls¯ 
FXnÀ¡p¶ NmeI¯nsâ kz`mhamWnXv. CXnsâ 
am{X Hmw F¶mWv, CXns\ {Ko¡v A£camb Ω 
sIm≠ v {]Xn\n [oIcn¡p¶p.

 
    IR = V

1 B¼nbÀ
1 Hmw = 1 thmÄ«v 

Hcp NmeI¯nsâ c ≠p A{K§Ä¡nS 
bnepÅ s]m«³jyÂ hyXymkw 1 thmÄ«pw 
AXneqsSbpÅ sshZypXn 1B¼nbdpw BbmÂ 
NmeI¯nse {]Xntcm[w 1Hmw Bbncn¡pw.

DZmlcWw 16.3

Hcp sshZypX loädnsâ A{K§Ä¡nS 
bnepÅ s]m«³jyÂ hyXymkw 60V BWv. CXv 
t{kmXknÂ\n¶v 5A sshZypXn kzoIcn¡p¶p. 
s]m«³jyÂ hyXymkw 120VB¡n DbÀ¯nbmÂ 
loäÀ kzoIcn¡p¶ sshZypXn F´m bncn¡pw?.

\nÀ²mcWw:
X¶ncn¡p¶ s]m«³jyÂ hyXymkw, V = 60 V
sshZypXn,       I = 5 A 
Hmw \nbaw A\pkcn¨v,  

    I     5R = = =12 ΩV 60

s]m«³jyÂ hyXymkw 120V Bbn 
DbÀ¯pIbmsW¦nÂ, sshZypXn

{Ia \¼À ]cn]Y¯nÂ 
D]tbmKn¨ 
skÃpIfpsS 
F®w

\nt{Imw I¼nbneqsSbpÅ 

sshZypXn I (B¼nbÀ)

\nt{Imw 

I¼nIÄ¡nSbnepÅ  

s]m«³jyÂ hyXymkw V 

(thmÄ«v)

R = V/I
thmÄ«v/B¼nbÀ

Ω (Hmw)

1.
2.
3.
4.
5.
6.    
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I = V/R = 120 V / 12 Ω = 10 A
loäÀ kzoIcn¡p¶ sshZypXn = 10 A

16.6. {]Xntcm[I§fpsS hyhØ  
         (System of Resistors)
hnhn[ sshZypX ]Y§fnÂ hnhn[ kwtbm 
P\ ¯nepÅ {]Xntcm[I§Ä \mw D]tbmKn 
¡mdp≠ v. {]Xntcm[I§sf _Ôn¸n¡p¶Xn\v 
c≠ v coXnIfp≠ v. 

  (a) t{iWo coXn (b) kam´c coXn  

{]Xntcm[I§Ä t{iWo coXnbnÂ 
(Resistors in series) 

R1, R2, R3  F¶o aq¶v {]Xntcm[I§sf 
t{iWncoXnbnÂ Nn{Xw 16.4 Â ImWn¨ncn¡p¶Xv 

t]mse Hcp _mädn Hcp ¹Kv¡n F¶nhbpambn _
Ôn¸n¨ncn¡p¶psb¶v IcpXpI. 

Hmtcm {]Xntcm[I n̄eqsSbpÅ sshZypXn Xpey

amWv. AXnsâ aqeyw (I) BWv. 

t{iWokwtbm P\ n̄epÅ {]Xntcm[I§fpsS 

BsI s]m«³jyÂ hyXymkw Hmtcm {]Xntcm[I 

§fpsSbpw s]«³jyÂ hyXymk§fpsS BsI 

XpIbv¡v Xpeyambncn¡pw . AXmbXvv  
 V=V1+V2+V3                   (1)

Hmw \nbaw {]Imcw, 

      V1 = IR1, V2 = IR2 ,  V3 = IR3 

Cu aqey§sf 1þmw kahmIy¯nÂ {]XnØm 
]\w sNbvXmÂ

 V = IR1+IR2+IR3

Rs F¶Xv kwtbmP\ {]Xntcm[amsW¦nÂ, 
 V = IRs

 IRs = IR1+IR2+IR3

 Rs = R1+R2+R3

At\Iw {]Xntcm[I§Ä t{iWncoXnbnÂ 
_Ôn¸n¨mÂ kwtbmP\§fpsS {]Xntcm[w (RS), 
F¶Xv {]Xntcm[§fpsS BsI XpIbv¡v Xpey
amWv. 

kwtbmP\ ]Xntcm[w (RS) GsX¦nepw Hcp   {]
Xntcm[s¯¡mÄ Ft¸mgpw IqSpXepambncn¡pw.

DZmlcWw16.4

18 Ω, 6 Ω, F¶o c≠ v {]Xntcm[I§sf Hcp 6 
V _mädnbpambn t{iWocoXnbnÂ _Ôn¸n¡pI. 
(a) ]cn]Y¯nse BsI {]Xntcm[w I ≠p]n 
Sn¡pI (b).]cn]Y¯neqsSbpÅ sshZypXn 
I ≠p]nSn¡pI.

 • 1.5.V hoXapÅ \mev ss{U skÃpIsf 
t{iWocoXnbnÂ _Ôn¸n v̈ Hcp 
sshZypX ]cn]Yw \nÀ½n¡pI. Nn{Xw 
16.3Â ImWn¨n«pÅXv t]mse ]cn]
Y¯nÂ XY F¶ Hcp hnShv C«v ]
Y¯ns\ A½oädpambn _Ôn¸n¡pI.

 • XYF¶ hnShnÂ Hcp \nt{Imw I¼n 
_Ôn¸n v̈ ]cn]Yw ]qÀ¯oIcn v̈ 
Io AaÀ¯pI. A½oäÀ Afhns\ 
Ipdn¡pI. ¹¤nÂ \n¶v Io \o¡w 
sN¿pI.

 • .\nt{Imw I¼n¡v ]Icw ]cn]Y¯nÂ 
Hcp tSmÀ v̈ _Ä_ns\ Øm]n v̈ 
AXneqsSbpÅ sshZypXnsb AaoäÀ 
D]tbmKn v̈ I ≠p]nSn¡pI. 

 • XY hnShnÂ LED _Ä_v D]tbmKn¨v 
taÂ¸dª L«§Ä BhÀ¯n¡pI. 

 • XY hnShnÂ  hnhn[ LSI§Ä _
Ôn¸n¨t¸mÄ AaoäÀ AfhpIÄ 
amdp¶pt≠ m? taÂ]dª \nco 
£W§Ä kqNn¸n¡p¶sX´mWv?

  {]hr¯n 16.2

Nn{Xw 16.3 

Nn{Xw 16.4 
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 A§s\, kam´cambn _Ôn¸n¨ncn¡p¶ 
Hcp Iq«w {]Xntcm[§fpsS kwXpe\ {]Xn 
tcm[hypÂ{Iaw Hmtcm {]Xntcm[¯nsâbpw hypÂ 
{Ia¯nsâ BsI XpIbv¡v Xpeyambncn¡pw.

kwtbmP\ {]Xntcm[w (Rp) Ft¸mgpw ]cn 
]Y¯nÂ LSn¸n¨ {]Xntcm[§fpsS {]Xntcm[ 

s¯¡mÄ Ipdhbncn¡pw. 

DZmlcWw 16.5 

5 Ω, 10 Ω, 30 Ω, F¶o {]Xntcm[§sf 
X½nÂ kam´cambn _Ôn¸n¨ncn¡p¶p. ]cn]
Y¯nepÅ BsI {]Xntcm[w IW¡m¡pI?

\nÀ²mcWw: 
X¶ncn¡p¶h, R1 = 5 Ω , R2 = 10 Ω,R3 = 30 Ω 

Cu {]Xntcm[§sf X½nÂ kam´cambn _
Ôn¸n¨ncn¡p¶p. 

AXpsIm≠ ,v 1 / Rp = 1 / R1 + 1 / R2 + 1 / R3

 1  1  1  1 10 
 — = —   + —   + —   =  —  
 Rp  5 10 30  30

          30 
 Rp = —    = 3 Ω 
         10

16.7. sshZypXnbpsS Xm] {]`mhw 

Hcp _mädn sshZyptXmÀÖ¯nsâ Hcp t{kmX 
kmsW¶v \ap¡dnbmw. c ≠p A{K§Ä¡nS 
bnepÅ s]m«³jyÂ hyXymkw Ne\¯nepÅ 
CeIvt{SmWpIÄ {]Xntcm[I¯neqsS sshZypXn 
{]hln¡m³ ImcWamIp¶p. 

\nÀ²mcWw:
(a)    R1 = 18 Ω R2 = 6 Ω

                R  S  =    R 1 + R  2
          R S  =  18 Ω + 6 Ω  =  24 Ω  
(b) s]m«³jyÂ hyXymkw V = 6 V

    RS 24I = =V 6

            I  = 0.25 A

{]Xntcm[I§Ä kam´cambn 
(Resistors in parallel)

R1,R2,R3, F¶o {]Xntcm[I§sf kam´ 
cambn _Ôn¸n¡pI. Cu kwtbmP\s¯ Nn{Xw 
16.5 Â ImWn¨ncn¡p¶Xv t]mse Hcp _mädn, 
¹Kv¡o F¶nhbpambn _Ôn¸n¡pI. 

kam´c kwtbmP\¯nÂ Hmtcm {]Xntcm[I 
¯n\nSbnepapÅ s]m«³jyÂ hyXymkw V 
Xpeyambncn¡pw. 

BsI sshZypXn I F¶Xv kwtbmP\¯nse 
Hmtcm imJbnepapÅ {]tXyIw sshZypXnbpsS 
BsIXpIbv¡v XpeyamWv.

 I = I1+I2+I3                        (1)      
Hmw \nba{]Imcw,  

    R1     R2     R3
I1 =  I2= I3= V , , V V

Cu aqey§sf kq{XhmIyw (1) Â  {]XnØm]n 
¡pt¼mÄ

     R1     R2     R3
I1 = + +V V V

Rp F¶Xv kwtbmP\ {]Xntcm[\amsW¦nÂ,

    Rp
I = V

    Rp

V
    R1     R2     R3

= + +V V V

    Rp

1
    R1     R2     R3

= + +1 1 1

Nn{Xw 16.5 



Du
ÀÖ

X
{´

w

256 257

sshZypXnbpsS {]hml¯n\v t{kmXÊv AXnsâ 
DuÀÖw Nnehgn¡p¶p. FhntSbv¡mWv  Cu 
DuÀÖwt]mIp¶Xv? Hcp sshZypX ]¦ XpSÀ 
¨bmbn ZoÀLt\cw {]hÀ¯n¸n¡pt¼mÄ F´v 
kw`hn¡p¶p?

D]tbmK{]Zamb {]hÀ¯\¯n\v Hcp `mKw 
DuÀÖw D]tbmKw sN¿mw.  (]¦bpsS Zf§Ä 
Id§p¶Xp t]mse) DuÀÖ¯nsâ _m¡n`mKw 
KmUvs\Áv NqSm¡p¶Xn\mbn hn\n tbmKn¡p¶p. 
sshZypX ]cn]Yw ]qÀ®ambpw {]Xntcm[n¨n«p 
s ≠¦nÂ t{kmXÊnÂ \n¶pÅ DuÀÖhpw Xm    
t]mÀÖ¯nsâ cq]¯nÂ XpSÀ¨bmbn £bn¨p 
t]mIp¶p. CXns\ sshZypXnbpsS Xm]ob {]`mhw 
F¶p ]dbp¶p, sshZypXnbpsS Xm]ob {]`mhw 
[mcmfw D]IcW§fnÂ {]tbmP\s¸Sp¶p.ssh 
ZypX CkvXncns¸«n, sshZypX tSmkvddÀ, ssh ZypX 
Hmh\pIÄ, sshZypX loäÀ F¶nh Cu {]`mhw 
{]tbmP\s¸Sp¯p¶ Nne D]IcW§fmWv. 

16.8. Xm]¯nsâ PqÄ \nbaw 
R {]Xntcm[apÅ Hcp {]Xntcm[I¯nepsS  I 

sshZypXn {]hln¡p¶Xmbn IcpXmw Chbv ¡nS
bnepÅ s]m«³jyÂ hyXymkw V F¶p IcpXpI. 

t kabw sIm≠ v Q NmÀÖv {]hln¡p¶p. V 
s]m«³jyÂ hyXymk¯neqsS Q NmÀÖv {]
hln¡pt¼mÄ sN¿s¸Sp¶ {]hr¯n (w), VQ 
BIp¶p. AXpsIm≠ v t{kmXÊnÂ \n¶v t kab 
¯nÂ  VQ hn\v Xpeyamb DuÀÖw XoÀ¨bmbpw 
\ÂInbncn¡pw 
 t{kmXÊn\mÂ Nnehgn¡s¸«. Cu 
sshZypXn¡v F´v kw`hn¨p? Cu DuÀÖw 
{]Xntcm[I¯nÂ Xm]ambn \jvSs¸Sp¶p. 
XpSÀ¨bmbn sshZypXn I e`n¡p¶Xn\mbn,  t 
kab¯nÂ DÂ¸mZn¸n¡p¶ Xm]¯nsâ Afhv.

      H = W = VQ

                  AXn\mÂ, Q = I t

              H = V I t

Hmw \nbaw {]tbmKn¡pt¼mÄ H=I² Rt F¶v \
ap¡v e`n¡p¶p. 

CXv Xm]¯nsâ PqÄ \nbaw F¶p 
Adnbs¸Sp¶p. 

Cu \nbaw AÀ°am¡p¶Xv Hcp {]Xntcm[I 
¯nÂ DXv¸mZn¸n¡p¶ Xm]w

(1) Hcp \nÝnX {]Xntcm[¯nepÅ sshZyp 
XnbpsS hÀ¤¯n\v t\ÀA\p]mX¯nembncn¡pw

(2) Hcp \nÝnX sshZypXn¡v {]Xntcm[w t\À 
A\p]mX¯nembncn¡pw 

(3) {]Xntcm[I¯neqsS sshZypXn {]hln 
¡p¶ kab¯n\v t\À A\p]mX¯nembncn¡pw; 

DZmlcWw 16.6 

 Hcp 4Ω {]Xntcm[I¯nepsS 20V s]m«³ 
jyÂ hyXymkw {]tbmKn¡p¶p.Xm]¯nsâ DXv]m 
Z\\nc¡v I≠ p]nSn¡pI.

\nÀ²mcWw: 
X¶ncn¡p¶ s]m«³jyÂ hXymkw,V = 20 V
{]Xntcm[w,     R = 4 Ω
kabw,      t  = 1 s
Hmw \nbaw A\pkcn¨v,      I  =  V 

R

            
       I  =  20

4
 = 5 A

 • Hcp sshZypX skÂ, Hcp _Ä_v, 
Hcp kzn v̈, _Ôn¸n¡p¶ I¼nIÄ 
F¶nh FSp¡pI Nn{Xw 16.6Â 
ImWn¨ncn¡p¶Xpt]mse Hcp 
sshZypX ]cn]Yw \nÀ½n¡pI.

 • ZoÀLt\cw XpSÀ¨bmbn sshZypXn 
{]hln¨Xn\mÂ _Ä_v NqSmIp¶p.
(Io aqSnbncn¡pt¼mÄ)

Nn{Xw 16.6 

  {]hr¯n 16.3
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Nn{Xw 16.7 

Xm] DXv¸mZ\¯nsâ \nc¡v, 
     H = I2RT
     H = 52 × 4 × 1  =  100 J

16.9. ^yqknsâ  ]¦v
Pqfnsâ Xm]ob {]`mh¯nsâ km[mcW 

bmbpÅ {]tbmP\w sshZypX ]cn]Y ¯nÂ D]
tbmKn¡p¶ ̂ yqkmWv.CXnÂ AS§nbncn¡p¶Xv 
temltam, temlk¦ctam (37%seUv, 63% Sn³) 
sIm≠ v \nÀan¨n«pÅ Hcp IjvWw I¼nbmWv. 
Chbv¡v DbÀ¶ {]Xntcm[hpw, Xmgv¶ {ZhmWm 
¦hpw D≠ v. ^yqkns\ D]IcW§fpambn t{iWn 
coXnbnÂ _Ôn¨ncn¡p¶p. DbÀ¶ sshZypXn {]
hln¡p¶ kab¯v, ^yqkv I¼n DcpIpIbpw  
]cn]Y¯ns\bpw D]IcW§sfbpw kwc£n 
¡pIbpw sN¿p¶p. 

16.10. KmÀlnI sshZypX ]cn]Y§Ä
sshZypX XqWpIfneqsStbm, a®n\Snbnep 

ÅtI_nfpIfneqsStbm, DÅ Hcp {][m\ 
hnXcW¯nÂ (sabn³ F¶pw hnfn¡p¶p) \n 
¶mWv \½psS hoSpIfnÂ sshZyptXmÀÖw 
kzoIcn¡p¶Xv hnXcW¯nepÅ Hcp I¼n 
km[mcWbmbn Nph¶ C³kptej³ sIm≠ v 
BhcWw sNbvXncn¡pw AXns\ ssehv 
I¼n   (t]mknäohv) F¶p hnfn¡p¶p. Idp¯ 
C³kptej\pÅ atä I¼nsb \yq{SÂ I¼n 
(s\Käohv) F¶p hnfn¡p¶p. \½psS cmPy¯v 
Chbv¡nSbnepÅ thmÄt«Pv hyXnbm\w 220V 
BWv. ]¨ C³kptej\pÅ  I¼nsb `q_Ô\
I¼n F¶p hnfn¡p¶p.      

hoSpIfnÂ aoäÀ t_mÀUnÂ Cu I¼nIÄ Hcp 
{][m\ ^yqkneqsS sshZypX aoädnÂ {]thin 
¡p¶p. Chsb {][m\ kzn¨neqsS ho«nse sse³ 
I¼nIfpambn _Ôn¸n¨ncn¡p¶p. Cu I¼nIÄ 
hnhn[ ]cn]Y§fneqsS ho«nÂ sshZypXn hnXc 
Ww sN¿p¶p. Nnet¸mÄ c ≠p {]tXyI ]cn]
Y§Ä D]tbmKn¡mdp≠ v, AXnÂ  H¶v DbÀ¶ 
]hÀ D]tbmKn¡p¶ D]IcW§fmb shÅw 
NqSm¡p¶ loäÀ, FbÀIqfÀ XpS§nbhbv¡v 
th≠n bpÅ 5A sshZypXnbmWv . atä ]Yw _Ä_p 
IÄ, ^m\pIÄ, XpS§nbhbv¡v th≠ nbpÅ 5A 
sshZypXnbmWv. 

]¨\nd IpNmeIapÅ I¼nbmb `q_Ô\
I¼n hoSn\v kao] v̄ a®n\SnbnepÅ Hcp 

temlt¹äpambn _Ôn¸n¨ncn¡p¶p. km[mcW 
bmbn teml N«¡qSpÅ D]IcW§fmb 
sshZypX {]kv, tSmkväÀ, tS_nÄ^m³, d{^nPn 
tädÀ, XpS§nbhbnÂ kpc£mamÀ¤ambn CXv D]
tbmKn¡p¶p. CXn\mbn Zq_Ô\ I¼nbpambn 
_Ôn¨ncn¡p¶ teml N«¡qSv sshZypXnbpsS 
Xmgv¶ {]Xntcm[apÅ Nme\ ]mXsb \ÂIp¶p.
A§s\ D]IcW§fpsS temlN«¡qSnte¡pÅ 
sshZypXnbpsS tNmÀ¨ `qanbptSXn\v Xpeyambn 
kq£n¡pIbpw, {]hÀ¯n¸n¡p¶ Bfn\v ssh 
ZypX BLmXw GÂ¡msX kwc£n¡pIbpw 
sN¿p¶p.

Nn{Xw 16.7 kÀÆkm[mcWambn hoSpI 
fnÂ D]tbmKn¡p¶ ]cn]Y¯nsâ Hcp 
tcJmNn{Xw \ÂIp¶p. Hmtcm {]tXyI ]cn 
]Y¯nepw hnhn[ D]IcW§sf ssehv I¼nbm 
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 1 KWh = 1000 hm«v  × 3600 sk¡âvv

 = 3.6×106 hm«v sk¡âv

 = 3.6 × 106   PqÄ (J)    

DZmlcWw 16.7

Hcp sshZypX _Ä_ns\ 220 V P\tdädpambn           
_Ôņ n̈ ncn¡p¶p. AXnse sshZypXn 0.50A 
BIp¶p. _Ä_nse iàn F´mWv?

\nÀ²mcWw:

V = 220 V,       I = 0.50 A
_Ä_ns³d iàn, 
P = VI = 220 x 0.50 = 110 W 
16.12  sshZypX {]hml¯nsâ      
 cmk {]`mhw

bpw, \yq{SÂ I¼nbmbpw _Ôn¸n¡m³ Ignbpw. 
Hmtcm D]IcW¯n\pw AXnepsS sshZypXn {]
hln¸n¡p¶Xn\mbn {]tXyIw Hm¬ / Hm^v kzn¨v 
D≠ mbncn¡pw. Hmtcm D]IcW¯n\pw Xpey s]m 
«³jyÂ hyXymkw e`n¡p¶Xn\mbn Ahsb ]c 
kv]cw kam´c coXnbnÂ _Ôn¸n¨ncn¡p¶p.       

hoSpIfnse FÃm ]cn]Y§fnepapÅ Hcp {]
[m\ LSIamWv sshZypX ^yqkv. ssehv I¼nbpw 
\yq{SÂ I¼nbpw k¼À¡¯nÂ hcpt¼mÄ 
A[nI temUv D ≠mIm\pÅ km[yXbp≠ v. C¯cw 
kmlNcy§fnÂ ]cn]Y¯nepÅ sshZypXn thK 
¯nÂ hÀ²n¡p¶p. CXns\ {lkz]Yw (Short 
Circuiting) F¶v hnfn¡p¶p. DbÀ¶ sshZypX 
{]hmls¯ \nÀ¯n sshZypX ]cn]Y¯nt\
bpw D]IcW§tfbpw \mi¯nÂ \n¶v XSbm³ 
sshZypX ^yqkpIÄ D]tbmKn¡p¶p.

16.11. sshZypX iIvXn
sN¿s¸Sp¶ {]hr¯nbpsS \nc¡mWv  

iànsb¶v \½Ä ]Tn¨p Ignªp. CXv DuÀÖ 
D]t`mK¯nsâ \nc¡v IqSnbmWv. CXns\ 
sshZypX iàn F¶pw ]dbs¸Sp¶p. 
iàn P \ÂIp¶Xv 
 P  =  W  =  VI 
                      t
  (AsÃ¦nÂ)       P=I²R =   V²
         R

sshZypX iànbpsS SI am{X hm«v (W)
BIp¶p. 1 A sshZypXn {]hln¡p¶ Hcp 
D]IcWw 1 V s]m«³jyÂ hyXymk¯nÂ {]
hÀ¯n¸n¡pt¼mÄ D]t`mKw sN¿p¶ iànbm
WnXv. A§s\, 

1 W=1 thmÄ«v × 1 B¼nbÀ =1 V A.

hm«v F¶ am{X hfsc sNdpXmWv. AXpsIm≠ v 
km[mcWbmbn D]tbmKn¡p¶ Hcp henb 
am{XbmWv "'Intemhm«v.' CXv 1000 hm«n\v XpeyamWv. 
sshZyptXmÀÖw iànbpsSbpw kab¯nsâbpw 
DÂ¸¶ ambXn\mÂ, sshZyptXmÀÖ¯nsâ am{X 
hm«v aWn¡qÀ (Wh) BIp¶p. Hcp aWn¡qÀ 
t\cw Hcp hm«v iàn D]tbmKn¡pt¼mÄ D]
t`mKw sN¿p¶ DuÀÖamWv Hcp hm«v aWn¡qÀ. 
sshZyptXmÀÖ¯nsâ hymhkmbnI am{X 
Intemhm«v aWn¡qÀ (KWh) BIp¶p. km[m 
cWbmbn bqWnävv F¶dnbs¸Sp¶p. 

 • Dt]£n¡s¸« c ≠p skÃpIfnepÅ 
ImÀ_¬ ZÞpIsf ]pds¯Sp¡pI.

 • kmâv t]¸À D]tbmKn¨v AhbpsS 
teml AS¸ns\ hr¯nbm¡pI.

 • ImÀ_¬ ZÞpIfpsS teml AS¸n\v 
Npäpw sN¼v I¼n NpäpI.

 • Cu sN¼v I¼nIsf Hcp _mädnbpambpw 
LED bpambpw t{iWn coXnbnÂ _
Ôn¸n¡pI. 

 • Cu ImÀ_¬ ZÞpIsf ¹mkvänIv 
AYhm d_À ]m{X¯nÂ FSp¯n«pÅ 
\mc§ \ocnÂ  ap¡nhbv¡pI?

 • _Ä_v {]Imin¡p¶pt ≠m?

 • \mc§m\ocv sshZypXnsb Nme\w 
sN¿ptam? 

Nn{Xw 16.8 

  {]hr¯n 16.4

\mc§m\ocv

LEDBt
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sshZypXnbpw DuÀÖhpw

c≠ v CeIvt{SmUpItfbpw HcpIjvWw I¼n 
aptJ\ _mlyambn _Ôn¸n¡pIbmsW¦nÂ 
skÃn\v ]pd¯v sN¼nÂ \n¶v kn¦nte¡pw 
skÃnsâbpÅnÂ kn¦nÂ \n¶v sN¼nte¡pw 
sshZypXn {]hln¡p¶p. skÃnse sN¼v ZÞv 
t]mknäohv {[phhpw, kn¦v ZÞv s\Käohv {[ph 
hpamWv. CeIvt{Smsseäv t\À¸n¨ kÄ^yqdoIv 
A¾amWv.

skÃnsâ {]hÀ¯\s¯ hnhcn¡p¶Xv 
NmÀÖpÅ AtbmWpIfpsS Ne\¯nsâ 
ASnØm\¯nemWv. kn¦v ZÞnÂ kn¦nsâ 
AWp¡Ä AtbmWoIcn¡s¸«v. zn++ Atbm 
WpIfmbn emb\nbnÂ {]thin¡p¶p. CXv 
kn¦vZÞn\v c≠ v CeIvt{SmWpIsf IqSpXem¡n 
XoÀ¡pIbpw AXns\ EWNmÀÖpÅXm¡n 
amäpIbpw sN¿p¶p. AtXkabw, sN¼v ZÞv 
Cu c≠ v CeIvt{SmWpIsf kzoIcn¡p¶Xn                      
\mÂ, AXnÂ \n¶v c≠ v ssl{UP³ AtbmWpIÄ  
(2H+) ]pd¯v t]mIp¶p. CXv sN¼v ZÞns\ [\
NmÀÖpÅXm¡n amäp¶p. kn¦v CeIvt{SmUnÂ 
A[nI AfhnÂ CeIvt{SmWpIfpsS e`yX 
DÅXn\mÂ, Cu {]{Inb XpScpIbpw, ]pdtabpÅ 
]cn]Y¯nte¡v sshZypXn {]hln¡pIbpw 
sN¿p¶p. Cu eLphmb skÂ A§s\ cmt
kmÀÖs¯ sshZyptXmÀÖ am¡n amäp¶ D]
IcWambn ImWs¸Sp¶p. c≠ p t¹äpIfnepw 
FXnÀNmÀÖpIfmbXn\mÂ sN¼n\pw, kn¦n\p 
anSbnÂ Hcp s]m«³ jyÂ hyXymkw A\p`h 
s¸Sp¶p. sN¼n\v kn¦ns\¡mÄ DbÀ¶ s]m«³ 
jyÂ BWv, c≠ v CeIvt{SmUpIÄ¡nSbnepÅ   
s]m«³jyÂ hyXymkw 1.08 v BWv.

16.14 {]mYanI, ZznXob skÃpIÄ
{]mYanI skÂ

GIZnimcmk {]hÀ¯\ ^eambn skÃp 
IfnÂ \n¶v sshZyptXmÀÖw DXv]mZn¸n¡p¶ 
hsb {]mYanI skÃpIÄ F¶p hnfn¡p¶p. 
c ≠p CeIvt{SmUpIfpw, Hcp A\ptbmPyamb 
CeIvt{Smsseäpw tbmPn¸n ¡pt¼mÄ {]mYanI 
skÃn\v Hcp emf \ÂIm³ Ignbpw. Um\nbÂ 
skÂ, se¢m³sj skÂ F¶nhbmWv {][m\ 
{]mYanI skÃpIÄ. Cu skÃpIsf doNmÀÖv 
sN¿m³ IgnbnÃ. 

\mc§ \ocv sshZypXnsb Nme\w sN¿p¶p sh¶v 
\nco£n¡mw. 

16.13  sshZypX hntÇjWw -sshZypX   
cmkskÃpIÄ

 AImÀ_WnI A¾§fpsStbm t_
kpIfpsStbm ehW§fpsStbm Peobemb\n 
bnÂ AsÃ¦nÂ DcpInb emb\nbnÂ sshZypXn 
IS¶v t]mIpt¼mÄ, sshZypXnbpsS Nme\
t¯msSm¸w emb\nIfpsS cmkhnLS\hpw 
\S¡p¶p. C¯cw emb\nIsf hnZypXv A]

LSyw (CeIvt{SmsseäpIÄ) F¶pw, hnZypX A]
LSy¯neqsS sshZypXn IS¶v t]mIpt¼mÄ 
Ahbv¡v cmkhnLS\w kw`hn¡p¶ {]Xn`mk 
s¯ sshZypX hntÇjWw F¶pw hnfn¡p¶p.

sshZypXcmk skÂ

cmk{]hÀ¯\^eambn sshZyptXmÀÖw 
DXv]mZn¸n¡p¶ skÃpIsf sshZypX cmk 
skÃpIÄ F¶phnfn¡p¶p. 

thmÄ«skÃnÂ c ≠p CeIvt{SmUpIÄ D≠v. 
H¶v sN¼v sIm ≠pw atäXv kn¦v sIm ≠pw \nÀ 
½n¨n«pÅXpw, I®mSn ]m{X¯nepÅ t\À¸n¨ 
kÄ^yqdnIv A¾emb\nbnÂ Xmgv¯n bn«pÅXp 
amIp¶p. CXv Nn{Xw 16.9 Â ImWn¨ncn¡p¶p.

Nn{Xw 16.9

t]cv          :  thmÄ«

P\\w         :  1745 s^{_phcn 18

P\\Øew    :  tImtam, Cäen

acWw         :  1827 amÀ¨v 5

Adnbs¸Sp¶Xv :   _mädn BZyambn \nÀ½n̈  Cäen¡mc³ 

t\À¸n¨ H2SO4

kv^SnI]m{Xw

                    sN¼v ZÞv

kn¦v ZÞv
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1. se¢m³sjskÂ
se¢m³sj skÃnÂ AtamWnbw t¢mssdUv 

emb\n \nd¨n«pÅ Hcp I®mSn ]m{Xap≠ v. 
AtamWnbw t¢mssdUv emb\n hnZypXvA]LSy
ambn {]hÀ¯n¡p¶p. CXnÂ Hcp kn¦v ZÞpw, 
kpjnc§fpÅ Hcp ]m{X¯nÂ Øm]n¨ncn¡p¶ 
Hcp ImÀ_¬ ZÞns\ BhcWw sNbvXv 
amwK\okvssU HmIvsskUv, s]mSn¨ ImÀ_¬ 
F¶nhbpsS Hcp an{inXhpap≠ v. AXpsIm≠ v 
ImÀ_¬ ZÞv t]mknäohv {[phambpw kn¦v ZÞv  
s\Käohv {[phambpw {]hÀ¯n¡p¶p. 

kn¦v  ZÞnÂ, AWp¡Ä, AtbmWpIfmbn 
amdn Zn++ AtbmWpIfmbn emb\nbnÂ {]
thin¡p¶p.  CXv kn¦v ZÞnÂ c≠ v Ce 
Ivt{SmWpIsf Ahtijn¸n¨v AXns\ IqSpXÂ 
s\Käohv NmÀÖv DÅXm¡p¶p. AtX 
kabw AtamWnbw t¢mssdUv AtamWnb 
hmXIw, c≠ v ssl{UP³ AtbmWpIÄ (2H+) 
IqSmsX c≠ v t¢mssdUv AtbmWpIfmbpw  
]ncnbp¶p. Zn++ AtbmWpIfpw 2Cl- Atbm
WpIfpw kwtbmPn¨v kn¦v t¢mssdUv BIp¶p.  
2H+ AtbmWpIÄ ImÀ_¬ ZÞntebv¡v  
]emb\w sN¿p¶Xn\mÂ AXns\ t]mknäohv 
NmÀÖm¡p¶p. AXns\ t]mknäohv NmÀÖpÅ 
Xm¡n amäpIbpw sN¿p¶p.ImÀ_¬ ZÞnt\
bpw kn¦v ZÞns\bpw Hcp I¼nsIm≠ v _Ôn 
¡pt¼mÄ, sshZypXn ImÀ_WnÂ\n¶v kn¦n 
te¡v I¼nbneqsS {]hln¡p¶p. skÃnsâ emf 
GItZiw 1.5V BIp¶p.

skÂ sshZypXn DXv]mZn¸n¡pt¼mÄ D]tbmK 
s¸Sp¯p¶ {InbmXvaI hkvXp¡sf skÃnÂ 
FXnÀZnibnÂ sshZypXn IS¯nhn«v ]p\cpXv 
]mZn¸n¡m³ Ignbpw. ZznXob skÃnÂ \n¶v 
sshZypXn e`n¡p¶ cmk{]{Inbsb UnkvNmÀÖv 
F¶p hnfn¡p¶p. {InbmXv aI hkvXp¡sf ]p\
cpXv]mZ\w sN¿p¶ {]{Inbsb NmÀÖnwMv F¶v 
hnfn¡p¶p. kÀÆkm[mcWambn D]tbmKn¡p¶ 
Hcp ZznXobskÂ seUv BknUv A¡ypapteäÀ 
BWv.  

seUv BknUv A¡ypapteäÀ
Hcp seUv BknUv A¡ypapteädnÂ B 

t\mUpw, ImtYmUpw \nÀ½n¨ncn¡p¶Xv seUv 
ssUHmIvsskUv; seUv F¶nhbmemWv. t\
À¸n¨ kÄ^yqdnIv A¾amWv hnZypXv A]
LSyw.A¡ypapteädnÂ \n¶v sshZypXiàn 
\o¡w sNbvXmÂ Bt\mUpw, ImtYmUpw 
cmk{]hÀ¯\¯n\v hnt[bamhpIbpw AXv 
Ahsb seUv kÄt^ämbn XpSÀ¶v amäpI
bpw sN¿p¶p. Bt\mUns\bpw ImtYmUns\
bpw Hcp I¼n aptJ\ _Ôn¸n¨mÂ sshZypXn  

Nn{Xw 16.10 

ImÀ_¬ ZÞv 
kn¦v ZÞv

kpjncapÅ ]m{Xw

AtamWnbw 
t¢mssdUv emb\n

ImÀ_Wnsâbpw,    
amwK\okv ssU HmIv 
sskUnsâbpw an{inXw
I®mSn ]m{Xw

Nn{Xw 16.11 

Pb
PbO2

H2SO4

I®mSn/dºÀ   
]m{Xw

ZznXob skÃpIÄ
ZznXobskÃpIfpsS ta³asb¶Xv Ahsb 

doNmÀÖv sN¿msa¶pÅXmWv. ZznXob skÃp 
IfnÂ \S¡p¶Xv D`bZni, {]hÀ¯\amWv. 
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sshZypXnbpw DuÀÖhpw

 • {][m\ambpw km¼¯nI em`w DÅXmbn 
cn¡Ww.

16.15.1. ]c¼cmKX þDuÀÖ    
  t{kmXkpIÄ (Conventional-  
  sources of energy) 
1. inemPmX CÔ\§Ä (Fossil Fuels) 

{]mNo\ Ime§fnse kÀÆ km[mcWamb 
DuÀÖ t{kmXkv hndIv Bbncp¶p. Imänepw, 
HgpIp¶ Pe¯nepapÅ DuÀÖhpw Nne {]
hÀ¯\§Ä¡v th≠ n D]tbmKn¨ncp¶p. C¯cw 
D]tbmK§sf Ipdn v̈ \n§Ä¡v Nn´n¡m³ Ign
bptam? Hcp DuÀÖt{kmXkmbn IÂ¡cnbpsS 
D]tbmKw hymhkmbnI hn¹h¯n\v hgnsXfn¨p. 
hyhkmbhÂ¡cWw BtKmf DuÀÖ¯nsâ 
h³tXmXnepÅ Bhiy¯n\v ImcWambn XoÀ¶p. 
DuÀÖ¯nsâ hÀ²n¨phcp¶ Bhiyw ]cnlcn 
¡s¸Sp¶Xv inemPmX CÔ\§Ä, IÂ¡cn, s]
t{Smfnbw F¶nhbneqsSbmWv. C¯cw CÔ\§Ä 
cq]wsIm ≠Xv At\Iw aney³ hÀj§Ä¡v ap³ 
]mWv. am{XaÃ AhbpsS kw`cWw hfsc Ipd 
hmWv. inem PmX CÔ\§Ä \hoIcn¡m\mIm¯ 
DuÀÖ t{kmXkmWv. AXpsIm≠ v \mw Ahsb 
kwc£nt¡≠ XmWv. C¯cw t{kmXkpIfpsS 
D]tbmKw C{]Imcw XpScpIbmsW¦nÂ, Xmakn
bmsX DuÀÖw apgph\pw XoÀ¶pt]mIpw. CXv 
Hgnhm¡p¶Xn\mbn, aäp DuÀÖt{kmXkpIsf   
\mw I ≠p]nSnt¡≠ nbncn¡p¶p.

inemPmX CÔ\§Ä I¯n¡p¶Xv aqew 
hmbp aen\oIcWw, A¾ag, lcnX KrlhmXI 
§fpsS DXv]mZ\w XpS§nb tZmj§fpw D≠ v.

2. Xm] sshZypX \nebw (Thermal power 
plant)

Pes¯ NqSm¡n \ocmhn DXv]m Zn¸n¡p¶Xn   
\pw AXneqsS SÀss_³ {]hÀ¯n¸n v̈ sshZypXn 
DXv]mZn¸n¡p¶Xn\pw Hmtcm Znhkhpw DbÀ¶ 
bfhnÂ inemPmX CÔ\§Ä I¯n¡p¶p. Htc 
Zqcw IÂ¡cnbpw s]t{Smfnbhpw hln¨psIm≠ v 
t]mIp¶ns\¡mÄ, Imcy£aambn sshZyptXmÀÖw 
sIm ≠pt]mIp¶Xv km[n¡pw. AXpsIm≠ v [mcm 
fw Xm]sshZypX \neb§Ä Øm]n¨ncn¡p¶Xv 
IÂ¡cn AsÃ¦nÂ F® J\nIÄ¡v kao]amWv. 
CÔ\w I¯n v̈ Xmt]mÀÖw DXv]mZn¸n¡pIbpw 
AXns\ sshZyptXmÀÖam¡n amäm³ XpS§nb 
A¶p apXÂ Xm]sshZypX \nebw F¶ t]cv D]
tbmKn v̈ XpS§n.

ImtYmUnÂ \n¶v Bt\mUnte¡v I¼nbneqsS {]
hln¡pw.

Hcp seUv BknUv A¡ypapteädnÂ sshZypXn 
{]hln¸n¡pt¼mÄ, sshZypX cmk{]hÀ¯\w 
FXnÀ ZnibnemIp¶p. CXns\ A¡ypapteädnsâ 
doNmÀÖnwMv F¶p ]dbp¶p. ]pXnbXmbn 
NmÀÖv sNbvX skÃnsâ emf 2.2 V BIp¶p.

16.15. DuÀÖ¯nsâ t{kmXkpIÄ 
DuÀÖw hnhn[ cq]§fnÂ e`n¡p¶p. 

IqSmsX H¶ns\ asämcp cq]¯nÂ amäm\pw 
Ignbpw. DuÀÖs¯ \nÀ½n¡mt\m, \in¸n¡m 
t\m km[yaÃ. DuÀÖ t{kmXkpIsf Ipdn¨v 
Nn´n¡msX Xs¶ At\Iw {]hÀ¯nIÄ 
sN¿m³ \ap¡v Ignbpw. F¶mÂ DuÀÖ {]Xn 
kÔnIsf Ipdn¨v \mw [mcmfw tIÄ¡p¶p≠ v. 
F´mWv ImcWw?

\mw Hcp t¹äns\ apIfnÂ \n¶v Xmtgm«v 
C«mÂ, CXv XdbnÂ ]Xn¡pt¼mÄ t¹änepÅ 
ØnXntImÀÖw i_vtZmÀÖambn amäs¸Sp¶p. 
\½Ä Hcp sagpIpXncn I¯n¡pIbmsW¦nÂ 
sagpInepÅ cmtkmÀÖw Xmt]mÀÖambpw AXv 
I¯pt¼mÄ {]ImtimÀÖambpw amdp¶p.

Cu DZmlcW§fnÂ, D]tbmK{]Zamb 
cq]¯nepÅ DuÀÖw D]tbmK{]ZaÃm¯ DuÀ 
Öambn Npäp]mSnte¡v \jvSs¸ Sp¶psh¶v     
\ap¡v ImWmw. AXn\mÂ {]hr¯n sN¿m³          
\mw D]tbmKn¡p¶ GsXmcp DuÀÖ t{kmXkpw 
hn\ntbmKn¡pIbpw F¶mÂ ho ≠pw D]
tbmKn¡m³ Ignbm¯XpamWv. imcocnI {]
hÀ¯\§Ä sN¿m³ \mw t]ioDuÀÖs¯ 
D]tbmKn¡p¶p. hnhn[ D]IcW§sf {]hÀ 
¯n¸n¡m³ sshZyptXmÀÖhpw Blmcw ]m 
Iw sN¿m³ AsÃ¦nÂ hml\§Ä HmSn¡m³ 
cmtkmÀÖhpw \mw D]tbmKn¡p¶p. Ch FÃmw 
Hcp t{kmXknÂ \n¶mWv hcp¶Xv. D]tbmK{]
Zamb cq]¯nepÅ DuÀÖw e`n¡p¶Xn\v t{km 
Xkns\ F§s\ sXcsªSp¡Wsa¶v \mw 
Adnªncn¡Ww. F¦nÂ am{Xta CXv Hcp {]tbm 
P\Icamb t{kmXkv BIpIbpÅp. 
Hcp \Ã DuÀÖ t{kmXkv F¶Xv,

 • {Zhyam\¯nsâ bqWnäv hym]vX¯nÂ IqSp 
XÂ {]hr¯n sN¿p¶Xmbncn¡Ww.

 • kuIcy{]Zambn ssIImcyw sN¿m³ IgnbWw.

 • kw`cn¡m\pw, sIm≠ p\S¡m\pw kuIcy {]
Zambncn¡Ww.
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enIfpsS DW§nb NmWIw CÔ\ambn D]
tbmKn¡p¶Xns\Ipdn̈ pw \n§Ä Adnªncnt¡
≠XmWv. C ýbnÂ {]Imi\w sNbvXn«pÅ emÀPv 
kvtäm¡nÂ {]kn²oIcn̈ ncn¡p¶X\pkcn̈ v Øn
camb Hcp CÔ\t{kmXkmbn \ap¡v CXns\bpw 
hmKvZm\w sNbvXncn¡p¶p. C¯cw CÔ\§Ä 
kky§fpsSbpw, P´p¡fpsSbpw DÂ¸¶§Ä 
BbXn\mÂ, C¯cw CÔ\§fpsS t{kmXkv ssPh 
DuÀÖw F¶dnbs¸Sp¶p. C¯cw CÔ\§Ä 
Fcnbpt¼mÄ A[nIbfhnÂ Xm]w DXv]mZņ n¡p 
¶nÃ. am{XaÃ A[nI AfhnÂ ]pI shfnbnÂ hcpI
bpw sN¿p¶p. BbXn\mÂ Cu CÔ\§fpsS Ignhv 
sa¨s¸Sp¯p¶Xn\mbn kmt¦XnIXzw BhiyamWv. 
Aev]w am{Xw HmIvknPsâ km¶n[ȳ nÂ hndIv 
Fcnbpt¼mÄ, CXnepÅ Pehpw, _mjv]ioeapÅ ]
ZmÀ°§fpw \o¡w sNbvXv AhinjvSambn ac¡cn 
Ahti jn¡p¶p. PzmebnÃmsX Fcnbp¶ ac¡cn 
]pI bnÃm¯Xpw, DbÀ¶bfhnÂ Xm]w ]pd s¸Sphn 
¡m³ IgnhpÅXpamWv. 

AXpt]mse I¶pImenIfpsS NmWIw, hnf 
IÄ sImbvXXn\v tijw e`n¡p¶ Ahin jvS§Ä 
t]mepÅ kky]ZmÀ°§Ä, D]tbmKiq\yamb 
]¨¡dnIÄ, Krlamen\y§Ä F¶nh HmIvknPsâ 
A`mh¯nÂ hnLSn v̈ ssPhhmXIw D≠ mIp¶p. 
CXnsâ Bcw` ]ZmÀ°w ]iphn³ NmWIambXn 
\mÂ, CXv km[mcWbmbn NmWIhmbp (Gobar 
Gas) F¶dnbs¸Sp¶p. tKm_mÀ hmXI \neb¯n 
sâ LS\ Nn{Xw 16.13 Â ImWn¨ncn¡p¶p.

16.15.2 \hoIcn¡m\mIm¯ DuÀÖ   
 t{kmXkpIÄ (Non Conventional   
 Sources of Energy)

\½psS PohnX coXnIÄ amdnsIm ≠ncn¡p 
IbmWv. \½psS {]hr¯nIÄ sN¿phm\mbn 

3. PesshZypX \nebw
asämcp ]c¼cmKX DuÀÖ t{kmXkv Hgp 

Ip¶ Pe¯nsâ KXntImÀÖw AsÃ¦nÂ 
Dbc¯nepÅ Pe¯nse ØnXntImÀÖamWv. 
PesshZypX \nebw shÅNm«¯nepÅ ØnXn
tImÀÖs¯ sshZypXnbm¡n amäp¶p. ØnXn 
tImÀÖ¯nsâ t{kmXkmbn D]tbmKn¡mhp¶ 
shÅNm«§Ä IpdhmbXn\mÂ, PesshZypX \ne 
b§Ä AWsI«pIfpambn _Ôs¸«ncn¡p¶p. 
Ignª \qäm≠ nÂ temI¯nemIam\w [mcm 
fw AWs¡«pIÄ \nÀ½n¡pIbp ≠mbn. \
ap¡v ImWm³ Ignbp¶Xv t]mse C´ybnÂ \
ap¡mhiyamb DuÀÖ¯nsâ ImÂ`mKhpw 
PesshZypX \neb§fnÂ \n¶pamWv e`n¡p¶Xv. 
sshZyptXmÀÖw DÂ¸mZn¸n¡p¶Xn\v Pe kw`c 
WnIfnÂ Pew kw`cn¡p¶Xn\pw, Pe Hgp¡ns\ 
XSbp¶Xn\pambn hfsc DbcapÅ AWsI«pIÄ 
\nÀan¨ncn¡p¶p. PehnXm\w DbÀ¯p¶Xn\
mÂ HgpIp¶ Pe¯nepÅ KXntImÀÖw ØnXn
tImÀÖambn amäs¸Sp¶p. AWsI«nse DbÀ¶ 
hnXm\¯nepÅ Pes¯ ss]¸pIfneqsS hln v̈ 

AWs¡«nsâ ASn`mK¯pÅ SÀss_\nÂ ]Xn¸n 
¡p¶p (Nn{Xw 16.12). kw`cWnbne Pew agImcWw 
ho ≠pw \ndbv¡s¸Sp¶Xn\mÂ (PesshZypXn 
Hcp \hoIcn¡mhp¶ DuÀÖt{kmXkv) Pe 
sshZypX t{kmXkpIÄ D]tbmKn¡pt¼mÄ, in
emPmX CÔ\§sf t]mse XoÀ¶v t]mIpsa¶v 
Nn´nt¡≠  ImcyanÃ.

4. ssPhDuÀÖw (Bio-mass)
\½Ä ap¼v kqNņ n̈ ncp¶Xpt]mse ZoÀLIme

ambn hndIv Hcp CÔ\ambn D]tbmKn¡p¶p. 
Bhiyamb ac§Ä \«n«pÅXmbn \ap¡v Dd v̧ 
hcp¯msa¦nÂ hndInsâ XpSÀ¨bmbn«pÅ 
e ỳXtbbpw \ap¡v Dd v̧ hcp¯mw. I¶p Im

Nn{Xw 16.12 

sshZypXn kwt{]jW tI_nÄ 
{Sm³kv t^mÀaÀ

{Sm³kv t^mÀaÀ.

AWs¡«v

sshZypX \nebw

SÀss_³
s]

³
tk

äm
¡

v
P\tdäÀ

kw`cn 
¡p¶ 
kw`cWn 

Pe\nÀ¤aw

Xmtg¡v 
HgpIp¶ 
]mX

AWs¡«v

Nn{Xw 16.13 

hmbp Ad

Édn 
hmbp]pd¯pt]mIp¶ hgn

ssPh]ZmÀ°w 

a®va®v

Zl\ Ad

]pdt¯¡pÅ     

hgn
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sshZypXnbpw DuÀÖhpw

\mw b{´§Ä D]tbmKn¡p¶p. AXn\mÂ 
DuÀÖ¯nsâ BhiyIX hÀ²n¡pIbmWv. ]p 
Xnb DuÀÖ t{kmXkpIsf At\zjnt¡≠ Xpw, 
e`yamb DuÀÖt{kmXkpIsf sa¨s¸Sp¯p¶ 
Xn\mhiyamb kmt¦XnI hnZyIÄ \mw hfÀ¯n 
sbSpt¡≠ Xpw Bhiyambncn¡p¶p. Nne ]p 
Xnb DuÀÖt{kmXkpIsf \ap¡v t\m¡mw.

1. kutcmÀÖw
GItZiw 5 _ney³ hÀj§fmbn kqcy³ 

Ct¸mgs¯ \nc¡nÂ hfscb[nIw DuÀÖw {]
kcWw sNbvXpsIm≠ ncn¡p¶p, am{XaÃ CtX\n 
c¡nÂ GItZiw 5 _nÃy³ hÀj§Ä IqsS 
XpSÀ¶psIm ≠ncn¡pw. kutcmÀÖ¯nsâ Hcp 
sNdnb `mKw am{Xta `qanbpsS A´co£¯nsâ 
]pdw]mfnbnÂ F¯p¶pÅp. A´co£¯neqsS 
IS¶v hcpt¼mÄ CXnsâ GItZiw ]IpXn `mKw 
BKncWw sN¿s¸SpIbpw, _m¡nbpÅ `mKw `qan
bpsS D]cnXe¯nÂ F¯nt¨cpIbpw sN¿p¶p.

Htc kmlNcy§fnÂ Hcp Idp¯ {]Xew 
aäpÅ {]Xe§sf¡mÄ A[nIXm]w BKncWw 
sN¿p¶p. kutcmÀÖ Ip¡dpIfpw, kutcmÀÖ 
PeloädpIfpw {]hÀ¯n¡p¶Xv Cu XXzwASn 
Øm\am¡nbmWv. Nne kutcmÀÖIp¡dpIfnÂ 
kqcy{]Imis¯ ]Xn¸n¡m³ I®mSnbpÅXn      
\mÂ, DbÀ¶ Dujvamhns\ kzmb¯am¡p¶p. ku 
tcmÀÖ Ip¡dns\ Hcp I®mSn t¹äv sIm≠ v Bh
cWw sNbvXncn¡p¶p. 

C¯cw D]IcW§Ä ]IenÂ  Nne kab 
§fnÂ am{Xsa D]tbmKn¡m³ Ignbq. kutcmÀ 
Ös¯ D]tbmKn¡p¶XnepÅ Cu t]mcmbva 
kutcmÀÖ skÃpIÄ D]tbmKn̈ v ]cnlcn¡mw. 
Ch kutcmÀÖs¯ sshZypXnbm¡n amäp¶p. At\
Iw kutcmÀÖ skÃpIÄ Iq«nt¨À v̄ kutcm ÀÖ 
skÂ ]m\embn {IaoIcn̈ mÂ {]mtbmKnImhiȳ n 
\mbn IqSpXÂ sshZypXn DXv]mZņ n¡m³ Ahbv¡v 
Ignbpw (Nn{Xw 16.14). Nen¡p¶ `mKw CÃm¯Xpw, 
Aev]w am{Xw ]cn]me\w aXnsb¶pÅXpamWv 
kutcmÀÖ n̄sâ ta·IÄ. sshZypX {]kcW 
I¼nIÄ Øm]n¡m³ sNethdnb DÄ{]tZi§fnÂ 
Ch Øm]n¡msa¶pÅXmWv. asämcp ta·. • c≠ v tImWn¡Â ^vfmkv¡pIÄ FSp¯v 

H¶nÂ shfp¯ s]bnâpw, atäXnÂ Idp¯ 
s]bn³dpw ]qipI. c≠ nepw Pew \ndbv 
¡pI.

 • tImWn¡Â ^vfmkv¡pIsf kqcy{]
ImiapÅ Øe¯v AcaWn¡qÀ apXÂ 
Hcp aWn¡qÀ hsc hbv¡pI.

 • ^vfmkv¡pIsf sXm«pt\m¡pI. GXn\mWv 
IqSpXÂ NqSv? Hcp sXÀtamaoäÀ D]tbmKn¨v 
^vfmkv¡pIfnepÅ Pe¯nsâ Dujvamhv  
\n§Ä¡v Af¡m³ Ignbpw.

 • Cu I≠ p]nSn¯§sf GsXÃmw coXn 
bnÂ \n§fpsS \nXyPohnX¯nÂ {]tbm 
P\s¸Sp¯m³ Ignbpsa¶v  \n§Ä¡v 
Nn´n¡m³ Ignbptam?

kutcmÀÖ
skÂ ]m\Â

Nn{Xw 16.14

kqcy{]Imiw                        

{]Xn^en¡s¸Sp¶p

ZÀ¸Ww

I®mSn  
]m{Xw

Nn{Xw 16.15 

  {]hr¯n 16.5
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5. Imäv DuÀÖw
ImänepÅ KXntImÀÖs¯ {]hr¯n  

sN¿m\mbn hn\ntbmKn¡m³ Ignbpw. Ignª 
Ime§fnÂ b{´§sf {]hÀ¯n¸n¡\mbn Imäm
SnanÃpIÄ D]tbmKs¸Sp¯nbn«p≠ v. DZmlcWambn 
Pew DbÀ ¯p¶ ]¼nÂ ImämSnbpsS hÀ¯pff 
coXnbnepÅ Ne\w Hcp InWänencp¶v Pes¯ 
DbÀ¯m³ D]tbmK s¸Sp¯nbn«p≠ v. C¶v, 
sshZyptXmÀÖw DXv]mZn¸n¡m³ Imäv DuÀÖw 
{]tbmP\s¸Sp¯p¶p. ImämSn anÂ{][m\ambpw  
\nÀ½n¨ncn¡p¶Xv, DbcapÅ Hcp Dd¸pÅ XqWnÂ 

LSn¸n¨n«pÅ Hcp sshZypX ̂ m\n\p Xpeyamb Hcp 
LS\bnemWv.

Nn{Xw 16.16 

 • \n§fpsS A¸q¸t\mtSm, A½q½tbmtSm 
aäp apXnÀ¶htcmtSm tNmZn¨v I≠ p]n 
Sn¡pI.

 • (a) AhÀ F§s\bmWv kvIqfnÂ t]m 
bncp¶Xv?

 • (b) AhÀ sNdp¸ambncp¶t¸mÄ AhcpsS 
Znhtk\bpÅ Bhiy§Ä¡v F§s\
bmWv Pew e`n¨ncp¶Xv?

 • (c) F§s\bpÅ t\cwt]m¡pIfnemWv 
AhÀ GÀs¸«ncp¶Xv?

 • taÂ¸dª D¯c§fpw \n§Ä Ct¸mÄ 
sN¿p¶ tPmenIfpambn XmcXayw sN¿pI.

 • hyXymkapt ≠m? AsX F¦nÂ, GXnemWv 
]pdta \n¶pÅ IqSpXÂ DuÀÖw D]
tbmKn¡p¶Xv? 

sshZypXn DXv]mZn¸n¡m\mbn, ImämSn anÃnsâ 
hÀ¯pÅ Ne\w sshZypX SÀss_\n s\ 
Xncn¡m³ D]tbmKs¸Sp¯p¶p. Hscmä ImämSn 
anÃnÂ \n¶v ]pdt¯bv¡v hcp¶ DuÀÖw hfsc 
IpdhmbXn\mÂ, hymhkmbnI Bhiy§Ä¡v 
D]tbmKn¡m³ km[yaÃ. BbXn\mÂ, At\Iw 
ImämSn anÃpIÄ Hcp hnimeamb Øe v̄ Øm          
]n¡p¶p. CXns\ ImänÂ \n¶v DuÀÖsaSp¡p¶ 
^mw F¶v ]dbp¶p. Hcp ^manepÅ Hmtcm ImämSn 
anÃnsâbpw ]pdt¯bv¡pÅ DuÀÖs¯ Hcpan v̈ 
tNÀ¡pt¼mÄ hymhkmbnImSnØm\¯nepÅ 
sshZypXn e`n¡p¶p.

ImänÂ \n¶pÅ DuÀÖw ]cnØnXn kulrZam
bXpw, \hoIcn¡m³ km[yambXpamb Hcp \Ã DuÀÖ  
t{kmXkmWv. sshZypXnbpsS DXv]mZ\ n̄\mbn 
XpSÀ¨bmbpÅ NnehpIÄ CXn\mhiyanÃ. SÀss_\n 
sâ Bhiyamb thKX \ne\nÀ¯p¶Xn\mbn Imänsâ 
thKX aWn¡qdnÂ 15In.aoädnÂ IqSpXembncn¡Ww 
(Nn{Xw 16.16). 

 • kutcmÀÖIp¡À AsÃ¦nÂ kutcmÀ Ö 
Peloädnsâ LS\bpw {]hÀ¯\hpw a\
Ênem¡pI. {]tXyIn̈ v F§s\bmWv kwc 
£n¡s¸«ncn¡p¶sX¶pw,    ]camh[n Xm]m 
KnIcWw Dd v̧ hcp¯p¶ Xns\¡pdn̈ pw Adn 
tb ≠XmWv. 

 • e`yamb hneIpdª hkvXp¡Ä D]
tbmKn¨v Hcp kutcmÀÖIp¡À AsÃ¦nÂ 
PeloäÀ cq]Iev]\ sNbvXp \nÀ½n¡pI. 
\n§fpsS kutcmÀÖ hyhØ F{Xam{Xw 
Dujvamhv t\Sp¶psb¶v ]cntim[n¡pI.

 • kutcmÀÖIp¡dnsâbpw, loädnsâbpw 
ta·Isf¡pdn¨pw, ]cnanXnIsf Ipdn¨pw 
NÀ¨ sN¿pI.  

  {]hr¯n 16.6

{]hr¯n 16.7
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sshZypXnbpw DuÀÖhpw

Nn{Xw 16.17

hn`P\ {]{Inb 

t]cv    :  sl³{Sn _¡zdÂ

P\\w  :  1852 Unkw_À 15

P\\Øew :  ]mcnkv, {^m³kvv

acWw   :  1908 BKkvÁv 25

Adnbs¸Sp¶Xv  :  tdUntbm BIvSohXbpsS I≠ p]nSn¯w

16.15.3 BWthmÀÖw

F§s\bmWv BWthmÀÖw DXv]mZn 
¸n¡p¶Xv.? AWptI{µ hn`P\w F¶ {]{In
bbnÂ, `mcw IqSnb AWphnsâ tI{µw (bptd\n 
bw, ¹qt«mWnbw, tXmdnbw t]mepÅ) DuÀÖw 
Ipdª \yqt{SmWpIfpambn Iq«nap«n¡pt¼mÄ, 
hnLSn v̈ `mcw Ipdª AWptI{µ§fmbn 
amdp¶p. Cu {]hÀ¯\w \S¡pt¼mÄ, bYmÀ° 
AWptI{µ¯nsâ {Zhyam\w ]pXnbXmbn 
D ≠mb AWptI{µ§fpsS {Zhyam\¯nsâ XpI 
sb¡mÄ Aev]w IqSpXemsW¦nÂ A[nI 
AfhnÂ DuÀÖw kzX{´am¡s¸Sp¶p. Hcp 
AWphnsâ AsÃ¦nÂ bptd\nb¯nsâ hnL 
S\w \ne¡cnbnepÅ Hcp ImÀ_¬ AWp 
Fcnbpt¼mÄ D ≠mIp¶ DuÀÖs¯¡mÄ 10 
aney³ aS§v A[nI DuÀÖ¯ DXv]mZn¸n¡p¶p. 
sshZyptXmÀÖ¯nsâ DXv]mZ\¯n\mbn cq]
IÂ¸\ sNbvXn«pÅ \yq¢nbÀ dnbmIvSdnÂ \nb 
{´Whnt[bamb coXnbnÂ AWptI{µhnLS\ irw 
Je A`nInb \S¯n DuÀÖw kzX{´am¡p¶p. 
kzX{´am¡s¸« Cu DuÀÖw \ocmhn \nÀ½mW 
¯n\p]tbmKn¡pIbpw, XpSÀ¶v sshZypXn DXv]m 
Zn¸n¡pIbpw sN¿p¶p. 

16.15.4. tdUntbm BIvSohX  
tdUntbm BIvSohX F¶ {]Xǹ mkw 1896Â sl³{Sn 

_¡zdÂ I ≠p]nSn̈ p. Idp¯ t]¸ÀsIm≠ v s]m 
Xnªn«pÅ t^mt«m{Km n̂Iv t¹äv, bptd\nb n̄sâ 
ehW n̄Â \n¶v ]p d v̄ hcp¶ Nne Xpf¨p Ibdp¶ 
IncW§fmÂ _m[n¡s¸Sp¶psh¶v I ≠p]nSn̈ p. 
]n¶oSv  dqYÀt^mÀUv B ehW n̄Â \n¶v hcp¶ 
IncW§Ä¡v hmbphns\ AtbmWnIcn¡m\pÅ 
Ignhps ≠¶v I ≠p]nSn̈ p. AtbmWpIfmÂ DXv      
]mZņ n¡p¶ sshZypXnsb ]ZmÀ° n̄sâ {]hr̄ n 
bpsS Afhmbn FSp¡s¸Sp¶p.

Nne hÀj§Ä¡v tijw amUw tacn Iyqdnbpw 
AhcpsS ̀ À¯mhv ]nbdnIyqdnbpw DbÀ¶bfhnÂ 

tdUntbm BIvSohXbpÅ aqeI§fmb tdUnbw, 
s]mtfmWnbw F¶nh I ≠p]nSn¨p. α, β, γ F¶o 
aq¶v hyXykvX Xc¯nepÅ IncW§Ä DXv]m 
Zn¸n¡p¶Xnsâ ^eambmWv ]ZmÀ°§fnÂ Cu 
{]{Inb {]ZÀin¸n¡¶Xv.

AWpkwJy 82 Â IqSpXepÅ aqeI§Ä 
α, β, γ t]mepÅ Xpf¨v Ibdm³ IgnhpÅ 
IncW§sf XpSÀ¨bmbn DXv]mZn¸n¡p¶ {]
Xn`mks¯ tdUntbm BIvSohX F¶p]d 
bp¶p. C¯cw IncW§sf ]pds¸Sphn¡p¶ 
aqeI§sf tdUntbm BIvSohv aqeI§Ä F¶pw 
]dbp¶p.

tdUntbm BIvSohv {]Xn`mkw XpSÀ¨bmbn 
\S¡p¶XmWv, am{XaÃ Dujvamhv, aÀ±w, sshZypX 
Im´nIaÞew XpS§nbhbmÂ CXv _m[n¡ 
s¸Sp¶XpanÃ.  

16.15.5  AWptI{µhn`P\hpw,    
 AWptI{µ kwtbmP\hpw

1. AWptI{µhn`P\w 
Hcp bptd\nbw Bäs¯ Hcp \yqt{Sm¬ 

sIm≠ v CSn¨t¸mÄ AXv GItZiw Xpeyamb c ≠p 
IjvW§fmbn hn`Pn¡s¸«v [mcmfw DuÀÖw 
kzX{´a¡s¸Sp¶psh¶v 1939Â PÀ½³ 
imkv{XPvRcmb Hmt«mlm\pw, kv{Smkvam\pw 
I ≠p]nSn¨p.

36Kr92

0n
1

0n
1

0n
1

56Ba141

0n
1

92U
235
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`mcw IqSnb AWphns³d \yq¢nbkv c ≠p 
IjvW§fmbn hn`Pn¡p¶tXmsSm¸w A[nIb 
fhnÂ DuÀÖhpw kzX{´am¡p¶ {]{Inbsb 
AWptI{µhn`P\w F¶p]dbp¶p. hn`P\s¯ 
XpSÀ¶v \yqt{SmWpIfpw ]pdw XÅs¸Sp¶p. 

92U
235  sâ hn`P\ {]hÀ¯\w Xmsg ImWp¶ 

coXnbnÂ {]Xn\n[oIcn¡p¶p. 

92U
235 + 0n

1 → 
56Ba141 + 36Kr92 +30n

1   + 200 Me V 

taÂ¸dª DZmlcW¯nÂ, hn`P\ {]
hÀ¯\w \S¡pt¼mÄ aq¶v \yqt{SmWpIfpw, 
200 anÃy³ CeIvt{Sm¬ thmÄ«v DuÀÖhpw 
kzX{´am¡p¶p.

2. AWptI{µ kwtbmP\w (Nuclear Fusion)

ct ≠ m AXne[nItam `mcw Ipdª 
AWptI{µ§Ä  kwtbmPn v̈  ̀ mcwIqSnb AWptI{µw 
D≠ mIp¶ {]{InbbmWv AWptI{µ kwtbmP\w. 
AWptI{µ kwtbmP\¯nsâ ^eambp≠mIp¶ 
AWp tI{µ¯nsâ {Zhyam\w `mcw Ipdª 
Hmtcm AWptI{µ¯nsâbpw {Zhyam\s¯¡mÄ 
Ipdhmbncn¡pw. sF³kväosâ {Zhyam\¯ns\bpw, 
DuÀÖ¯ns\bpw kw_Ôn¡p¶ _Ôa\pkcn v̈ 
E=mc2 {Zhyam\¯nep≠mb hyXymkw DuÀÖambn 
]cnhÀ¯\w sN¿s¸«XmWv . 107K F¶  hfsc 
DbÀ¶  DujvamhnÂ am{Xta kwtbmP\{]{Iob  
\S¡pIbpÅp. F´psIms ≠¶mÂ Cu DbÀ¶ 
DujvamhnÂ am{Xta AWptI{µ§Ä¡v Ahbn 
epÅ hnIÀjWs¯ AXnPohn¡m³ Ignbq. 
AXpsIm≠ v kwtbmP\¯n\v ap³]mbn `mcw 
Ipdª \yq¢nbÊpIÄ¡v AhbpsS Dujvamhv 
At\Iw anÃy¬ Un{Knbmbn DbÀt¯ ≠nbncn 
¡p¶p. AWptI{µ kwtbmP\ {]hÀ¯\s¯ 
Xm] AWptI{µ {]hÀ¯\w F¶v Adnbs¸Sp¶p.

ssl{UP³ t_mw_v

AWpt_mw_v s]m«p¶ Øe v̄ \yqt{Sm¬, 
Uyqätdm¬, {Sntäm¬ F¶nhbpsS A\ptbmPy
amb kwtbmP\w \S¡p¶p. A\ptbmPyamb Du
jvamhv , `mcw Ipdª AWptI{µ§fpsS A\n 
b{´nXamb kwtbmP\¯n\v Bcw`w Ipdn¡p¶p. 
CXv hfscb[nIw Xmt]mÀÖw kzX{´am¡p¶p.  

ssl{UP³ t_mw _nse kwtbmPIX {]hÀ¯\w 
C{]ImcamWv.

 1H2 + 1H3 → 2 He4 + 0n1 + DuÀÖw 

DZmlcWw16.8

1 kg ]ZmÀ°w apgph³ DuÀÖambn amä 
s¸Spt¼mÄ DXv]mZn¸n¡p¶ DuÀÖs¯ IW 
¡m¡pI. 
\nÀ±mcWw:  
{Zhyam\w, m = 1 kg
{]Imi¯nsâ {]thKw, c = 3×108 m s-1 

DXv¸mZn¸n¨ DuÀÖw, E = mc2

 E = 1×(3×108 )2 
 E = 9 × 1016  J

16.15.6 \yq¢nbÀ {]hÀ¯\¯nsâ   
 ta³aIÄ 

AWptI{µ {]hÀ¯\sa¶Xv \yq¢nbÀ dnbm 
IvSdns\ B]¯nÂ\n¶v kwc£n¡m³ DXIp¶ 
Hcp {]Xnhn[nbmWv. Ime¯n\\p kcn v̈ \yq¢nbÀ 
dnbmIvSdnse \yqt{SmWpIfpsS F®¯nepÅ 
amäs¯ ap³Iq«n {]hNn¡p¶Xn\v Cu k¦ev]w 
D]tbmK{]ZamWv. 

Hcp \yq¢nbÀ dnbmIvSÀ bYmÀ°¯nÂ 
A]IS¯nemsW¦nÂ CXnÂ D ≠mIp¶                             
\yqt{SmWpIfpsS F®w D]tbmKs¸Sp¯p¶ \yq 
tSmWpIÄ¡v Xpeyambncn¡pw, Ct¸mÄ {Inbmio 
eX ]qPyw Bbncn¡pw . {InbmioeX[\mXvaI 
amsW¦nÂ dnbmIvSÀ henb A]IS¯nembncn¡pw. 
{InbmioeX EWmXvaIamsW¦nÂ, dnbmIvSÀ Kp
cpXcmhØbneÃ.  

16.15.7 \yq¢nbÀ DuÀÖ¯nsâ    
 hn]¯pIÄ

α, β, γ IncW§sfÃmw Xs¶ Atbm
WnIcWtijnbpÅhbmWv. Cu IncW§Ä 
tImi§fnepÅ X\vam{XIfpsS LS\bnÂ 
amä§Ä hcp¯pIbpw ssPhhyhØbpsS 
icnbmb [À½§sf _m[n¡bpw sN¿p¶p. 
a\pjyÀ¡p ≠mIp¶ tISp]mSpIfpsS Afhv 
B{ibn¡p¶Xv. 
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Nn{Xw. 16.18

Nn{Xw 16.19

hmbp AIt¯¡v hmbp ]pdt¯¡v 

P\tdäÀ
SÀss_³

Xncame

Zni

Nm\Â kw`cWn

SÀss_³
lukv

¢n^v 
apJw

1.  ]Xn¡p¶ IncW§fpsS Afhpw ]X\ \n 
c¡pw.

2. IncW§Ä¡v hnt[bamIp¶  icoc¯nsâ 
`mKw. 

tISp]mSpIÄ  tcmK§Ä¡v ImcWamhpItbm 
Po\pIsf _m[n¡pItbm sN¿mw,

IncW§fpsS DXvkÀÖ\s¯ tdm¬UvP³ 
F¶ am{XbnÂ Af¡s¸Sp¶p. 1{Kw hmbphnÂ 
1.6x1012 tPmSn AtbmWpIsf DXv]mZn¸n¡p¶ 
IncW§fpsS Afhns\ Hcp tdm¬UvP³ F¶v  
\nÀhNn¡mw. 

kpc£nXambn kzoIcn¡mhp¶ IncW 
§fpsS ]cn[n BgvNbnÂ 250anÃn tdm¬UvP³ 
BIp¶p.

 hnIcW ]co£WimeIfnÂ tPmen 
sN¿p¶hÀ Xmsg ]dbp¶ ap³IcpXepIÄ 
ssIsImtÅ≠ XmWv.

(i)  tdUntbm BIvSohv ]ZmÀ°§sf  I«n¡qSnb 
Imcnbw ]m{X§fnÂ kq£n¡Ww.

(ii)  B]XvIcamb {]tZi§fnÂ tPmen sN¿p 
t¼mÄ Imcnbw sIm ≠pÅ ]pdw hkv{X§fpw 
ssIbpdIfpw D]tbmKn¡Ww 

(iii) Cu hyIvXnIÄ Hcp sNdnb kq£va ^nenw 
_mUvPpIÄ Ft¸mgpw [cn¡pIbpw 
IncW§fpsS kpc£nXamb ]cn[nsb  
kabmkab§fnÂ ]cntim[n¡pIbpw 
sN¿Ww.

(iv)  \yq¢nbÀ D]IcW§sf dntam«v \nb{´Iw 
D]tbmKn¨v {]hÀ¯n¸n¡m³ IgnbWw. 

(v)  tPmenØe¯pÅ amen\y§sf icnbmb 

coXnbnÂ hr¯nbm¡Ww. 

imkv{Xw C¶v                                   
DuÀÖw ISenÂ \n¶v 

1. Ae DuÀÖw

NpänsIm ≠ncn¡p¶ `qanbnÂ {]tXyIn¨pw 
N{µsâ KpcpXz BIÀjW¯n\mÂ, ISensâ 
PehnXm\¯nÂ DbÀ¨bpw ,XmgvNbpw D≠ mIp¶p. 
\n§Ä ISen\Sp v̄ Pohn¡pItbm, ISen\v kao] 

v̄IqSn bm{X sN¿pItbm sN¿pt¼mÄ, ]IÂ  
kab v̄ ISÂ hnXm\w F§s\ amdp¶psb¶v \n 

co£n¡pI. Cu {]Xn`mk¯ns\ thentbäsa¶pw, 
thenbnd¡ sa¶pw ]dbp¶p. ISÂ hnXm\¯nsâ 
hyXymkw AeDuÀÖw \ÂIp¶p.ISensâ CSp 
§nb hnShnÂ Hcp AWs¡«v \nÀ½n v̈ Ae DuÀÖ 
s¯ \ap¡v D]tbmKn¡mw. AWsI«nsâ hnShnÂ 
Dd¸n¨ncn¡p¶ Hcp SÀss_³ Ae DuÀÖs¯ 
shZypXnbm¡n amäp¶p (Nn{Xw16.18). \n§Ä 
Duln¡p¶Xpt]mse C¯cw AWs¡«pIÄ \n 
À½nt¡≠  Øe§Ä¡v ]cnan[nbp≠ v. 

2. Xncame DuÀÖw 

AXpt]mse ISÂXoc¯pÅ henbXnc ameIfnÂ 
KXntImÀÖw AS§nbn«pÅXn\mÂ Chsb hen 
s¨Sp¯v sshZypXn DXv]mZn¸n¡p¶p. ISensâ 
IpdptI hoip¶ iàntbdnb ImäpIÄ aqew Xnc 
ameIÄ D≠ mIp¶p. XncameIÄ iàambncn¡p¶ 
Øe§fnÂ am{Xta Xncame DuÀÖw amdp¶ A\p  
]mX¯nembncn¡pIbpÅp. 

SÀss_s\ Nen¸n¨v sshZypXn DXv¸Z\¯n\mhiy 
amb Xncame DuÀÖw tiJcn¡m\mbn ]ehn[amb 
D]IcW§Ä cq]m´cs¸Sp¯n sIm≠ ncn¡p¶p 

(Nn{Xw 16.19). 
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hn`mKw - A

1.   20 Hmw {]Xntcm[apff Hcp I¼nbneqsS 0.2 A sshZyqXn IS¶pt]mIm³ Bhiyamb s]m«³jyÂ 
hyXymkw.BIp¶p. i) 100 V   ii) 4 V   iii) 0.01 V  iv) 40 V

2.   c ≠p sshZypX _Ä_pIfpsS {]Xntcm[ A\p]mXw 1:2 BIp¶p. Chsb t{iWncoXnbnÂ  
_Ôn¸n¨mÂ , Ch D]tbmKn¡p¶ sshZypXnbpsS A\p]mXw þþþþþþþþþBIp¶p. 

 (1 : 2, 2 : 1, 4 : 1, 1 : 1)

3.   Intemhm«v-aWn¡qÀ GXnsâ am{XbmWvþþþþþþþþþþ i) s]m«³jyÂ hyXymkw  ii) sshZypX iàn,  
 iii) sshZyptXmÀÖw  iv) NmÀÖv) 

4. Htct]mepff AhØIfnÂ þþþþþþþþþ {]Xew aäp {]Xe§sf¡mÄ IqSpXÂ Xm]w BKocWw 
sN¿p¶p.  i) shfp¸v  ii) ]cp¡³  iii) Idp¸v  iv) aª

5.  {]IrXnZ¯ tdUntbm BIvSohv aqeI¯nsâ AWpkwJy þþþþþþþþ

 i) 82 t\¡mÄ IqSpXÂ ii) 82 s\ ¡mÄ Ipdhv iii) IW¡m¡s¸«n«nÃ iv) IpdªXv 92

6.   X¶ncn¡p¶ {]kvXmh\IfnÂ Hmw \nbas¯ {]Xn\n[oIcn¡m¯Xns\ FSps¯gpXpI.
 i)  sshZypXn / s]m«³jyÂ hyXymkw = ØnckwJy

 ii)   s]m«³jyÂ hyXymkw / sshZypXn = ØnckwJy

 iii)  sshZypXn = {]Xntcm[w x s]m«³jyÂ hyXymkw

7. Xm] sshZypX \neb§fnÂ D]tbmKn¡p¶ {][m\ CÔ\taXv?

8. \hoIcW DuÀÖt{kmXkv GXv ?

Nn{Xw 16.20

NqSpff 
ISÂPew

Xm]]cnhÀ¯Iw 
(_mjv]oIcW 

b{´w)

P\tdäÀ
AtamWnb \ocmhn 

XWp¯ 
ISÂ Pew

]¼v

{ZmhI AtamWnb
]pd¯v hnSp¶p,

SÀss_³

Xm]]
cnhÀ¯Iw      
(k½À±Iw)

 amXrIm aqey\nÀ®bw

3. kap{ZXm] DuÀÖw
ISensâtbm, kap{Z¯nsâtbm, D]cnX 

e¯nepff Pew kqcysâ NqSn\mÂ NqSm 
¡s¸Sp¶p, F¶mÂ Bg§fnepff Pew XWp 
¯Xmbncn¡pw. Dujvamhnepff Cu hyXymkw 
kap{ZþXmt]mÀÖ ]cnhÀ¯\ \neb§fnÂ 
DuÀÖw DXv]mZn¸n¡m³ D]tbmKn¡p¶p. 

C¯cw \neb§Ä {]hÀ¯n¸n¡Wsa¦nÂ, 
Pe¯nsâ D]cnXe¯n\pw, 2 IntemaoäÀ hsc 
Bgapff Øe¯n\pw CSbnepff Dujvamhv 
hyXym kw 293 k(200C) AsÃ¦nÂ AXnÂ 
IqSpXtem Bbncn¡Ww.AtamWnbt]mepff 
_m jv]ioeapff Hcp {ZmhIs¯ Xnf¸n¡m³ 
NqSpff D]cnXePes¯ D]tbmKn¡p¶p. 
{ZmhI¯nsâ \ocmhn D]tbmKn¨v P\
tdädnsâ SÀss_³ HmSn¡p¶p. kap{Z¯nsâ 
Bg¯nepff XWp¯ Pes¯ apIfntebv¡v 
]¼v sNbvXv \ocmhnsb km{µoIcn¨v  ho ≠pw 
{ZmhIam¡p¶p Nn{Xw 16.20.

ISenÂ\n¶v e`n¡p¶ DuÀÖw (AeDuÀ 
Öw, Xncame DuÀÖw, kap{ZXm] DuÀÖw) 
hfsc hepXmWv. F¶mÂ ImcytijnbpÅ hym
hkmbnI D]tbmK§Ä¡v hfsc {]bmkamWv. 
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9.  SÀs_\nsâ {]hÀ¯\¯n\v Bhiyamb thKX \ne\nÀ¯p¶Xn\mbn Imänsâ thKX  
F{Xbmbncn¡Ww?

10. ssPh DuÀÖ¯nsâ apJ{LSI§Ä FsXÃmw?

hn`mKw  - B
1. ]qcn¸n¡pI.

 i) s]m«³jyÂ hyXymkw : thmÄ«v aoÁÀ F¦nÂ: sshZypXn : þþþþþþþþþþþþþþþ.
 ii)  iàn\nebw : DuÀÖ¯nsâ \hoIcW t{kmXÊv F¦nÂ kutcmÀÖw : þþþþþþþþþþþþ.
2. \hoIcWaÃm¯ DuÀÖt{kmXkpIfpsS t]cpIÄ Xmsg sImSp¯ncn¡p¶p. ChbnÂ NneXv 

sXämWv sXämbhsb ]«nIbnem¡pI? (Imäv DuÀÖw, kutcmÀÖw, Pe sshZyptXmÀÖvw)

3.  Xmsg X¶ncn¡¶ {]kvXmh\IfnÂ sXäps≠ ¦nÂ Xncp¯pI. 
i)     Hcp \Ã DuÀÖt{kmXÊv F¶v ]dbp¶Xv {Zhyam\¯nsâ bqWnäv hym]vXw ]ZmÀ°w sNdnb 

Afhv {]hr¯n sN¿p¶XmWv.

 ii)  {]hr¯n sN¿m³ \mw D]tbmKn¡p¶ DuÀÖt{kmXkns\ ho ≠pw D]tbmKn¡m³ IgnbWw.

4.  efnXamb Nnlv\§sf D]tbmKs¸Sp¯n Hcp sshZypX ]cn]Y¯nse hnhn[ LSI§sf tbmPn¸n¨v 
\nÀ½n¡p¶ tcJm Nn{Xs¯ sshZypX ]cn]Yw F¶p ]dbp¶p. LSI§Ä F¶ ]Zw sIm≠ v  
\n §Ä AÀ°am¡p¶sX´mWv?

5.  V, I F¶nhbpsS aqey§sf DÄs¸Sp¯nbmWv Xmsg ImWp¶ BteJw hc¨ncn¡p¶Xv. s]m 
«³jyÂ hyXymkw 0.5 V Dw, 1 V Dw BsW¦nÂ V/1  bpsS A\p]mX¯nsâ aqeyw F´mbncn¡pw?

6.  ss\kÀKoI tdUntbm BIvSohv ]ZmÀ° §fnÂ \n¶v DÂkÀÖn¡p¶ γ IncW§Ä tZmjIcamsW¶v 
\ap¡dnbmw.

 i)  C¯cw ]ZmÀ°§fnÂ \n¶pff aäp hnIncW§Ä GsXms¡bmWv.?
 ii)   apIfnÂ ]dª hnIncW§Ä¡v _m[IamI¯¡ coXnbnÂ sImSp ¯ncn¡p¶ {]kvXmh\

Isf ]«nIbn em¡pI. 

 (Ah sshZypX Im´nI IncW§fmWv, Ahbv¡v DbÀ¶ Xpf¨p Ibdm\pff Ignhp≠ v,   
  Ah CeIvt{SmWpIfmWv, AhbnÂ \yqt{SmWpIÄ AS§nbn«p ≠v)

7.  1.5 V hoXapff c≠ p skÃpIfS§nb Hcp _mädn, 5 Hmw, 10 Hmw, 15 Hmw F¶n§s\bpff aq¶v 
{]Xntcm[§Ä, Hcp ¹¤v Io F¶nhsb t{iWn coXnbnÂ _Ôn¸n¨v Hcp sshZypX ]Y¯nsâ 
tcJmNn{Xw hcbv¡pI.

8.  þþþþþþþþþþþþþ F¶ teml k¦cw sIm ≠mWv ̂ yqkv I¼n \nÀ½n¨ncn¡p¶Xv. CXn\v DbÀ¶ {]Xntcm[hpw 
þþþþþþþþþþþþþþ Dw D≠ v.

.2

.5

1

V
O

LT
 (V

)

I (A)

1.5

.4 .6
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9.  Xmsg X¶ncn¡p¶ ]cn]Yw \ncoIvjn¨v AB bv¡nSbnepff {]Xntcm[w I≠ p]nSn¡pI.

A B

6 V

1 ohm

1 ohm 1 ohm

1 ohm

10.   {_m¡änÂ\n¶v icnbmbh sXcsªSp¯v ]«nI ]qÀ¯nIcn¡pI.
      (kn¦v, sN¼v, ImÀ_¬, seUv, seUv ssUHmIvsskUv, Aepan\nbw)

+  CeIvt{SmUv Um\nbÂ skÂ

- CeIvt{SmUv se¢m³tjskÂ

11. Hcp sshZypX _Ä_neqsSbpÅ sshZypX {]hmlw 1.6 A F¦nÂ Hcp sk¡ânÂ _Ä_neqsS  
{]hln¡p¶ CeIvt{SmWnsâ F®sa{X?

12. hmWnbpsS slbÀss{UbÀ BZyambn {]hÀ¯n¨t¸mÄ AXnsâ {]Xntcm[w 50 Ω Bbncp¶p. 
 i)  hmWnbpsS KmÀlnI thmÄt«Pv hyXnbm\w 230 V BsW¦nÂ slbÀ ss{Ubdn\v Bhiy  
    amb sshZypXn F{X?

 ii)  slbÀ ss{UbÀ ZoÀLt\cw {]hÀ¯n¡pt¼mÄ AXnsâ {]Xntcm[¯n\p≠ mIp¶   
  amäsa´v?

   (kqN\: Xm]w hÀ²n¡pt¼mÄ temINmeI¯nsâ {]Xntcm[w hÀ²n¡pw)
13. Xmsg X¶ncn¡p¶ ]cn]Y¯nÂ\n¶v A,B bv¡nSbnepÅ {]Xntcm[w ImWpI?

5 Ω
5 Ω

5 Ω

5 Ω

10
 Ω5 

Ω

10
 Ω

10 Ω

10 Ω

A B
14. 240 thmÄt«Pv hyXnbm\apÅ KmÀlnI sshZypX ]cn]Y¯nÂ kocnbÂ _Ä_pIÄ t{iWn coXn

bnÂ _Ôn¸n¨ncn¡p¶p.
i)  12 kocnbÂ _Ä_pIÄ t{iWocoXnbnÂ _Ôn¸n¡pt¼mÄ Hmtcm _Ä_pIÄ¡panSbnepÅ  

s]m«³jyÂ hyXymksa´v?
ii) kocnbÂ _Ä_pIÄ kam´c coXnbnÂ _Ôn¸n¡pt¼mÄ Hmtcm _Ä_pIÄ¡panSbnepÅ  

s]m«³jyÂ hyXnbm\sa´v?
15. Xmsg X¶ncn¡p¶ Nn{Xw Hcp ASª ]cn]Y¯nsâ Hcp `mKamsW¦nÂ i1, i2, i3 F¶o sshZypX 

{]hml§Ä ImWpI?

i3
i1

2A i2 1.5A

3A
1A



A
²

ymb
w 

16

270 271

sshZypXnbpw DuÀÖhpw

16. Xmsg X¶ncn¡p¶ ]cn]Y¯nÂ Hcp amXrI thÄ«vaoädnsâ (Ideal Voltmeter) Afhv 6V BsW¦nÂ 
Aaoädnsâ Afsh{X?

10 Ω 15 Ω

V
6V

A

Bt

10 Ω

17. 8 Ω {]Xntcm[apÅ Hcp NmeI (hbÀ) s¯ hy¯mIrXnbnÂ hfbv¡p¶p. AXnsâ hymk¯nsâ 
A{K§Ä¡nSbnepÅ {]Xntcm[w ImWpI?

18. Hcp NmeI (hbÀ) s¯ hy¯mIrXnbnÂ hfbv¡p¶p. AXnsâ hymk¯nsâ A{K§Ä¡nSbnepÅ 
{]Xntcm[w 8 Ω BWv. NmeI¯nsâ {]Xntcm[w ImWpI?

19. 40 W Dw 60 W Dw sshZypX iànbpÅ c≠ v sshZypX _Ä_pIÄ t{iWocoXnbnÂ Hcp _mly_m 
ädnbpambn _Ôn¸n¨ncn¡p¶p. GXv _Ä_mWv IqSpXÂ {]Imin¡p¶Xv? F´psIm≠ v?

20. 70 W Dw 50 W Dw sshZypX iànbpÅ c≠ v sshZypX _Ä_pIÄ kam´c coXnbnÂ Hcp _mly 
_mädnbpambn _Ôn¸n¨ncn¡p¶p. GXv _Ä_mWv IqSpXÂ {]Imin¡p¶Xv? F´psIm≠ v?

21. kap{ZXmt]mÀÖ¯nsâ ImcWsa´v?

22. shÅNm«¯nsâ Dbcw IqSpt¼mÄ Pe sshZypX \neb¯nÂ A[nI sshZypXiàn DÂ]m 
Zn¸n¡s¸Sp¶p. ImcWsa´v?

23. inemPmX CÔ\§Ä I¯n¡pt¼mÄ D≠ mIp¶ ]nckcaen\oIcWs¯ F§s\ Ipdbv¡mw 
F¶Xns\¡pdn¨v \n§fpsS A`n{]mbw F´v?

24. Imäv DuÀÖw D]tbmKn¡p¶Xnsâ ]cnanXnIÄ Fs´Ãmw?

25. ssPh DuÀÖt{kmXkv F¶mÂ F´v? ssPh DuÀÖt{kmXknÂ\n¶v ssPh DuÀÖw DÂ]mZn 
¸n¡p¶sX§s\?

26. ssZ\wZn\ {]hÀ¯\§fnepw D]tbmK§fnepw Gähpw Ipdª AfhnÂ ]cnkc ae\oIcWw 
D≠ m¡p¶ DuÀÖ cq]taXv?

hn`mKw   - C
1.  hoWbpsS ImdnepÅ tdUntbm ImÀ \nÀ¯nbn«ncn¡pt¼mÄ Imdnsâ 12V _mädnbnÂ\n¶pw      

0.20 A sshZypX {]hmlw aqew {]hÀ¯n¡p¶p. Imdnsâ _mädnbnÂ\n¶pw 1.2 x 106 J DuÀÖw 
\ã s¸SpIbmsW¦nÂ AXv {]hÀ¯\clnXamIp¶p. A_²himÂ hoW tdUntbm {]hÀ¯\
clnXam¡m³ ad¶v ImdnÂ\n¶pw ]pdt¯bv¡ph¶mÂ _mädn ]qÀ®ambpw NmÀPv \ãs¸Sm³ 
F{X kabw FSp¡pw.

  (Hcp Znhkw = 86400 sk¡âv)

2. sshZypX ]cn]Y¯neqsS {]hln¡p¶ BsI sshZypX {]hmlw ImWpI. Hmtcm {]Xntcm[I¯nep 
ap ≠mIp¶ Xmt]mÀÖ¯nsâ Afhv ImWpI? 12 Ω

6 Ω

4 Ω

16 V
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3.  Xmsg X¶ncn¡p¶ ]cn]Y¯nÂ {]hln¡p¶ BsI sshZypX {]hmls¯ ImWpI. IqSmsX 1Ω 
{]Xntcm[I¯n\nSbnepÅ s]m«jyÂ hyXymkw ImWpI?

2 Ω

1Ω1.5V

6 Ω

12 Ω

4 Ω

4.  cmasâ FbÀ I ≠nj\dnÂ\n¶v 9 A sshZypXn {]hln¡pt¼mÄ AXv D]tbmKn¡p¶ sshZypX
iàn 2160 W BWv.

 i) FbÀ I≠ nj\À {]hÀ¯n¡pt¼mÄ D≠ mIp¶ thmÄt«Pv t{Um¸v (thmÄt«Pv hogvN) F{X?

 ii) km[mcW, KmÀlnI thmÄt«Pnt\mSv CXns\ F§s\ XmcXays¸Sp¯mw?

 iii) 120 V thmÄt«Pv hyXnbm\¯nÂ FbÀ I≠ nj\À _Ôn¸n¡m³ {ian¨mÂ F´v kw`hn¡pw?

5. aq¶v {]Xntcm[I§Ä kam´ccoXnbnÂ _Ôn¸n¡pt¼mÄ AXnsâ kwtbmP\§fpsS {]Xntcm[w 

60/47 Ω BIp¶p. CXnÂ\n¶pw Hcp hbÀ hntOZn¡s¸SpIbmsW¦nÂ kwtbmP\ {]Xntcm[w 

15/8 Ω BIpw. F¦nÂ hntOZn¡s¸« {]Xntcm[¯nsâ Afhv ImWpI?

6. Xmsg X¶n«pÅ Nn{X¯nÂ (i) A bv¡pw D bv¡pw (ii) B bv¡pw D bv¡pw CSbnepÅ {]Xntcm[w 
ImWpI?

2 Ω

2 Ω

B C

DA

2 Ω

2 Ω

4 Ω

7. kap{Z¯nÂ\n¶pw DuÀÖw DÂ]mZn¸n¡p¶ c≠ v hgnIÄ hniZoIcn¡pI?

8. {]Xntcm[w R DÅ A©v {]Xntcm[I§Ä Cw¥ojv A£camebnse A BIrXnbnÂ _Ôn 
¸n¨ncn¡p¶p. A bpsS Xpd¶ A{K§Ä¡nSbnepÅ kwtbmP\§fpsS {]Xntcm[w ImWpI?

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

IqSp-XÂ hni-Zmw-i-§Ä¡mbn
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sshZypXnbpsS Im´nI 
{]`mhhpw {]Imihpw

17.1. Im´nIaÞehpw Im´nI_e  
        tcJIfpw

Hcp Im´kqNn Hcp ZÞIm´¯n\cnIn 
te¡v sIm≠ phcpt¼mÄ AXn\v hyXnNe\w kw 
`hn¡p¶p F¶ hkvXpX \aps¡Ãmw kp]cnNn 
XamWv. F´psIm≠ mWv Im´kqNn¡v hyXnNe\w 
kw`hn¡p¶Xv? 

t]cv  : HmÀkväUv
P\\w  : 14 BKÌv 1777
P\vaØew  : te©vte³Uv, sU³amÀ¡v
acWw  : amÀ¨v 9, 1851

Gähpa[nIw  : sshZypX Im´nIXzs¯ 
Adnbs¸Sp¶Xv  ¡pdn¨pÅ ]T\w 

 • H«n¡m³ D]tbmKn¡p¶ ]ZmÀ°w D]
tbmKn̈ v Hcp joäv shfp¯ ISemkns\ 
Hcp t{Umbn§v t_mÀUnÂ Dd ņ¡pI.

 • AXnsâ tI{µ n̄Â Hcp ZÞIm´s¯ 
hbv¡pI.

 • ZÞIm´ n̄\p Näpw GIkam\ambn 
Ipd v̈ Ccp¼ps]mSn hnXdpI. (Nn{Xw 17.1)

 • CXn\mbn Hcp D¸phnXdp¶ D]IcWw D]
tbmKn¡mhp¶XmWv.

 • Ct¸mÄ t_mÀUnÂ sasÃ X«pI.

 • F´mWv \n§Ä \nco£n¡p¶Xv?

N
S

Nn{Xw 17.1þÂ ImWn¨n«pÅXp t]mse Ccp¼p 
s]mSnIÄ Hcp {]tXyI coXnbnÂ {IaoIcn¡p¶p. 
A§s\bpÅ Hcp coXnbnÂ Ccp¼ps]mSnIÄ 
{IaoIcn¡s¸«Xv F´p sIm ≠mWv? CXnÂ\n 
¶pw \n§Ä¡v F´mWv t_m[yamIp¶Xv? Im´w 
AXn\p NpäpapÅ {]tZi v̄  AXnsâ kzm[o\w {]
tbmKn¡p¶p. AXn\mÂ Ccp¼p s]mSnIfnÂ Hcp 
_ew A\p`hs¸Sp¶p. C{]Imcw {]tbmKn¡s¸« 
_ew Ccp¼ps]mSnIsf Hcp \nÀ±njvS coXnbnÂ 
{IaoIcn¡p¶p. Im´¯n\p Npäpw, Im´nI _ew 
A\p`hs¸Sp¶ {]tZi v̄, Hcp Im´nIaÞew 
Ds≠ ¶v ]dbmw. Ccp¼v s]mSnIÄ AhXs¶ 
kzbw GXv tcJIfneqsSbmtWm AWn\nc¡p¶Xv 
BtcJIÄ Im´nI _etcJIsf {]Xn\n[oIcn 
¡p¶p.

Nn{Xw 17.1 

A²ymbw  17

{]hr¯n 17.1
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Nn{Xw 17.2

NS

Nn{Xw 17.3

Im´nIaÞew F¶Xv ]cnamWw, Zni Ch c≠ p 
apÅ Hcp AfhmIp¶p. Hcp Im´nIaÞe¯n\p 
ÅnÂ tIm¼Ênse Im´kqNnbpsS D¯c{[phw 
Nen¡p¶ Zni, Im´nIaÞe¯nsâ Zni \Â 
Ip¶p. AXpsIm≠ v Im´nI_etcJIÄ Nn{Xw 
17.3 Â ImWn¨n«pÅXp t]mse D¯c{[ph¯nÂ 
\n¶mcw`n v̈ Z£nW{[ph¯nse¯p¶Xmbn 
k¦ev]n¡s¸Sp¶p. Im´¯n\pÅnse Im´nI 
_etcJIfpsS Zni Z£nW{[ph¯nÂ \n¶pw 
AXnsâ D¯c {[ph¯ntebvv¡mWv. C{]Imcw 
Im´nI_etcJIÄ ASª h{I§fmWv. c≠ v 
Im´nI_etcJIÄ Hcn¡epw ]ckv]cw hntÑZn 
¡p¶nÃ.

17.2.  sshZypXn {]hln¡p¶               
NmeI¯n\mep ≠mIp¶     
Im´nIaÞew 

{]hr¯n 17.3þÂ Hcp temlNmeI¯neqsS 
{]hln¡p¶ sshZypXn AXn\pNpäpw Hcp 
Im´nIaÞew D≠ m¡p¶p F¶v \mw I≠ p.

 • Hcp sNdnb amKv\änIv tIm¼Êpw Hcp ZÞ 
Im´hpw FSp¡pI.

 • Hcp t{Umbn§v t_mÀUnÂ ]i D]
tbmKn̈ v Dd ņ̈ n«pÅ Hcp joävshfp¯ 
ISemknsâ ]pd v̄ Im´s¯ hbv¡pI. 

 • Im´ n̄sâ AXnÀ n̄IÄ tcJs¸Sp 
¯pI.

 • Im´ n̄sâ D¯c{[ph n̄\cnInÂ 
tIm¼Êns\ hbv¡pI. AXv F§s\ 
{]hÀ n̄¡p¶p? tIm¼Ênse Im´ 
kqNnbpsS Z£nW{[phw Im´ n̄s³d 
D¯c{[ph n̄\v t\À¡v Xncnbp¶p. Im´ 
kqNnbpsS D¯c{[phw Im´ n̄sâ 
D¯c{[ph n̄Â \n¶pw AItebv¡v Xncn 
bp¶p.

 • kqNnbpsS c ≠{K§fpsS Øm\hpw 
ASbmfs¸Sp¯pI.

 • Ct¸mÄ Im´kqNnbpsS Z£nW{[phw 
]qÀÆmhØbnse D¯c{[ph n̄sâ 
Øm\ v̄ Ccn¡¯¡h®w AXns\ Hcp 
]pXnb Øm\t¯¡v \o¡pI.

 • C{]Imcw Nn{X n̄Â ImWn̈ n«pÅ 
Xpt]mse Im´ n̄sâ Z£nW {[ph 

n̄se¯p¶Xphsc XpSÀ¨bmbn apt¶m 
«p\o¡pI.

 • t]¸dnÂ ASbmfs¸Sp n̄bn«pÅ _n 
µp¡sf Hcp tcJbmÂ tbmPņ n¡pI. 
e ǹ̈ h{ItcJ Hcp Im ńI_etcJsb 
{]Xn\n[oIcn¡p¶p.

 • taÂ¸dª {]hÀ¯\w BhÀ n̄̈ v \n 
§Ä Ignbp¶{X tcJIÄ hcbv¡pI. 
Nn{Xw 17.3þÂ ImWn̈ n«pÅXp  t]mse \n 
§Ä¡v Hcp amXrI e ǹ¡pw Cu tcJIÄ 
Im´ n̄\p NpäpapÅ Im ńIaÞes¯ 
{]Xn\n[m\w sN¿p¶p. Ch Im ńI_
etcJIÄ F¶dnbs¸Sp¶p.

 • Im´nI_etcJbneqsS Im´kqNnsb 
Nen¸n¡pt¼mÄ AXnsâ hyXnNe\w 
\n§Ä \nco£n¡pI. Im´¯nsâ 
{[ph¯nte¡v ASp¡pt´mdpw Im´ 
kqNnbpsS hyXnNe\hpw A[nIam 
Ip¶p.

S N
N

S

S

N

{]hr¯n 17.2
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sshZypXnbpsS Im´nI{]`mhhpw {]Imihpw   

sshZypXn Hcp ZnibneqsS {]hln¡pI 
bmsW¦nÂ (xþÂ \n¶pw yþte¡v), tIm¼ 
Ênse Im´kqNnbpsS D¯c{[phw Ing¡pZn 
ibnte¡v Nen¡p¶p. sshZypXn FXnÀ 
ZnibnÂ {]hln¡pIbmsW¦nÂ (yþÂ \n 
¶pw xþte¡v), Im´kqNn FXnÀZnibnte¡v 
Nen¡p¶Xv, AXmbXv ]SnªmdpZnibntebv¡v 
Nen¡p¶Xv \n§Ä¡v ImWmw. sshZypXnbmÂ 
DÂ¸mZn¸n¡s¸Sp¶ Im´nIaÞe¯nsâ Zni 
sshZypX{]hml¯nsâ Znisb B{ibn¨ncn 
¡p¶p F¶nXv AÀ°am¡p¶p.

17.2.1. t\scbpÅ NmeI¯nÂ    
      sshZypXn {]hln¡p¶Xn\m            
     ep≠mIp¶ Im´nIaÞew 

Hcp NmeI¯neqsS {]hln¡p¶ sshZypXn 
bmÂ Dev]mZn¸n¡s¸Sp¶ Im´nIaÞe¯nsâ 
amXrIsb Xocpam\n¡p¶Xv F´mWv? Cu amXrI 
NmeI¯nsâ BIrXnsb B{ibn¨p ÅXmtWm? 
CXns\ \ap¡v Hcp {]hr¯nbneqsS kq£vaambn 
]cntim[n¡mw. 

 • Hcp _mädn (12 V) amdp¶ {]Xntcm[w 
(dntbmÌmäv), Hcp AaoäÀ (0þ5 A) Hcp 
¹KvIo, Hcp \o ≠Xpw \nhÀ¶Xpw I«n 
IqSnbXpamb sN¼pI¼n F¶nh  
FSp¡pI. 

 • Hcp ZoÀL NXpcmIrXnbnepÅ ImÀUv 
t_mÀUnsâ tI{µ¯neqsS ,AXns³ 
A£¯n\v ew_ambncn¡¯¡h®w 
Cu I«nbpÅ I¼nsb IS¯pI. ImÀ 
Uvt_mÀUv apIfntet¡m Xmtgbvt¡m 
Nen¡msX Hcp Øm\ v̄ Øncambn 
cn¡¯¡h®w AXns\ LSn¸nt¡ 
≠XmWv.

 • Nn{Xw 17.5 (a)bnÂ ImWn¨n«pÅXp          
t]mse sN¼pI¼nsb x, y F¶o _n 
µp¡Ä¡nSbnÂ ew_ambpw, _mädn, ¹Kv 
Io, AaoäÀ, IqSmsX dntbmÌmäv F¶nh 
tbmSv t{iWnbmbn _Ôn¸n¡pI.

 • Hcp t\cmbXpw I«nbpÅXpamb sN¼p 
I¼n x y FSp¯v AXns\ Nn{Xw 
17.4þÂ ImWn¨n«pÅXpt]m se Hcp 
sshZypX]cn]Y¯nse x y F¶o _
nµp ¡Ä¡nSbnÂ  t]¸dnsâ Xe¯n\v 
ew_ambn hc¯¡h®w hbv¡pI. 

 • Hcp sNdnb tIm¼Êns\  Cu sN¼pI 
¼n¡cnInÂ kam´cambn hbv¡pI. 
AXnsâ kqNnbpsS Øm\w {i²n¡pI.

 • Io ¹Kn\pÅnÂ h¨v ]cn]Y¯neqsS 
sshZypXn IS¯nhnSpI.

 • tIm¼Ênse Im´kqNnbpsS \nebnep ≠m 
Ip¶ amähpw AXv hyXnNen¡p¶ Znibpw 
\nco£n¡pI.

 • _mädnbpsS sSÀan\epIsf amän _Ôņ n̈ v 
sN¼pI¼nbneqsS {]hln¡p¶ sshZyp 
XnbpsS Zni amäpI.

 • Im´kqNnbpsS hyXnNe\Zni amdp 
¶Xv {i²n¡pI.

Nn{Xw 17.4 

{]hr¯n 17.3

{]hr¯n 17.4

 • Ipd v̈ Ccp¼ps]mSnsb ImÀUvt_m ÀUn³taÂ 
GIkam\ambn hnXdpI. (CXnte¡mbn \n§Ä¡v 
Hcp D¸phnXdm\pÅ D]IcWw D]tbmKn¡mhp 
¶XmWv)

 • dntbmÌmäv D]tbmKn v̈ {]Xntcm[s¯ amän Aaoädn 
epsSbpÅ sshZypX{]hmlw tcJs¸Sp¯pI.

Nn{Xw 17.5 (a)

amdp¶ {]Xntcm[w
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hkvXpX Fs´¶mÂ sshZypXnbpsS Afhv 
hÀ²n¡pIbmsW¦nÂ hyXnNe\hpw IqSp¶p. 
Hcp I¼nbneqsSbpÅ sshZypX {]hml¯nsâ 
Afhv hÀ²n¡pt¼mÄ X¶n«p Å Hcp _nµphnÂ 
Dev]mZn¸n¡s¸Sp¶ Im´nIaÞe¯nsâ Af 
hpw IqSp¶p F¶mWnXv kqNn¸n¡p¶Xv. 

I¼nbneqsS {]hln¡p¶ sshZypXnbpsS 
Afhv Øncambncn¡pt¼mÄ tIm¼Êns\ 
I¼nbpsS ASp¯p\n¶pw AIte¡v  sIm ≠p 
t]mIpt¼mÄ Im´kqNnbpsS hyXnNe\¯n\v 
F´p kw`hn¡p¶p? Im´kqNnbnÂ D ≠mIp¶ 
hyXnNe\w Ipdbp¶Xv \ap¡v ImWmhp¶XmWv. 
C§s\ Hcp NmeI¯neqsS {]hln¡p¶ 
sshZypXnbmÂ Dev]mZn¸n¡s¸Sp¶ Im´nI 
aÞew AXnÂ \n¶papÅ Zqcw IqSpt´mdpw 
Ipdbp¶p. Nn{Xw 17.5(b) Â \n¶pw, sshZypXn 
{]hln¡p¶ Hcp t\cmb I¼n¡pNpäpw 
D ≠mIp¶ Im´nIaÞes¯ {]Xn\n[m\w 
sN¿p¶ GItI{µob hfb§Ä I¼nbnÂ \n 
¶pw AItebv¡v t]mIpt´mdpw hepXmbnsIm
≠ncn¡p¶Xv \ap¡v ImWmhp¶XmWv.

17.2.2. Hcp hr¯mImchfb¯nÂ     
  sshZypXn {]hln¡p¶Xn\mÂ   
           D ≠mIp¶ Im´nIaÞew 

\mw CXphsc hnZypXv {]hmlapÅ Hcp t\cmb 
I¼n¡p Npäpw Dev]mZn¸n¡s¸Sp¶ Im´nI_
etcJIfpsS coXnsb¡pdn¨mWv ]Tn¨Xv. Ct¸mÄ 
Cu \nhÀ¶ I¼nsb Hcp hy¯mImc hfb¯nsâ 
cq]¯nÂ hf v̈ AXneqsS sshZypXn {]
hln¸n¡pIbmsW¦nÂ Im´nI _etcJIfpsS 
{IaoIcWw F§s\bmbncn¡pw?

sshZypXn{]hln¡p¶ Hcp t\cmb I¼n 
D ≠m¡p¶ Im´nIaÞew I¼nbnÂ \n¶papÅ 
Zqc¯n\v hypÂ{Iam\p]mX¯nembncn¡pw F¶v 
\ap¡v Adnbmhp¶XmWv. CXpt]mse Hcp 
sshZypXn hln¡p¶ hr¯mImchfb¯ns³d 
Htcm_nµphnepw AXn\pNpäpw D ≠mIp¶ Im´nI 
aÞes¯ {]Xn\n[m\w sN¿p¶ GItI{µob 
hfb§Ä . I¼nbnÂ \n¶pw  AItebv¡v            
t]mIpt´mdpw hepXmbns¡m≠ ncn¡p¶Xv \ap¡v 
ImWmhp¶XmWv (Nn{Xw 17.7). 

hr¯mImchfb¯nsâ tI{µ¯nse¯p t¼mÄ, 
Cu henb hr¯§fpsS Nm]§Ä t\À tcJIfmbn 
amdp¶p. sshZypXn {]hln¡p¶ I¼nbpsS Hmtcm 
_nµphnepw D ≠mIp¶ Im´nIaÞew hr¯mImc 
Npcpfnsâ a²y`mK v̄ t\ÀtcJIfmbn {]Xy£ 
amIp¶p.

sshZypXn {]hln¡p¶ NmeI¯n\mÂ Hcp  
\nivNnX_nµphnÂ D≠ mIp¶ Im´nIaÞew   

 • ImÀUvt_mÀUns\ ]e{]mhiyw sasÃ 
X«pI. Ccp¼ps]mSnIÄ {IaoIcn¡ 
s¸Sp¶ coXn \nco£n¡pI.

 • Nn{Xw 17.5(b)þÂ ImWn¨n«pÅXp t]mse 
Ccp¼ps]mSnIÄ kzbw sN¼pI¼n¡p 
Npäpw GItI{µob hfb§fmbn {Iao 
Icn¡s¸Sp¶Xv \n§Ä¡v ImWmhp 
¶XmWv.

 • Cu GItI{µob hfb§Ä F´ns\
bmWv {]Xn\n[oIcn¡p¶Xv? Ah Im´n 
I_etcJIsf {]Xn\n[oIcn¡p¶p.

 • Im ńIaÞe n̄sâ Zni F§s\
bmWv I ≠p]nSn¡m³ km[n¡p¶Xv? Hcp 
tIm¼Êns\ hr̄ n̄\p ]pd v̄ Hcp _n 
µphnÂ (P F¶ncn¡s«) hbv¡pI. 

 • Im´kqNnbpsS Zni \nco£n¡pI. Im´ 
kqNnbpsS D¯c{[ph n̄sâ Zni, Hcp 
t\cmb I¼nbneqsS P F¶ _nµphn¬ 
{]hln¡p¶ sshZypXnbmÂ Dev]mZņ n 
¡s¸Sp¶ Im ńI_e tcJIfpsS Zni   
\ÂIp¶p. Znisb A¼Sbmf n̄Â ImWn 
¡p¶p. 

 • t\cmb sN¼p I¼nbneqsSbpÅ 
sshZypX{]hml¯nsâ Znisb FXnÀ 
ZnibnÂ amäpIbmsW¦nÂ Im´nI_
etcJIfpsS Znibpw amdp¶pt ≠m? 
CXns\ ]cntim[n¨pt\m¡pI..

Nn{Xw 17.5 (b)

sN¼pI¼nbnse sshZypX {]hml¯nsâ 
Afhv amäpt¼mÄ X¶n«pÅ Hcp _nµphnÂ 
h¨n«pÅ Im´kqNnbpsS hyXnNe\¯n\v 
F´pkw`hn¡p¶p? Im´kqNnbpsS hyXnN 
e\hpw amdp¶p F¶v \ap¡v ImWmhp¶XmWv.
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sshZypXnbpsS Im´nI{]`mhhpw {]Imihpw   

AXneqsS {]hln¡p¶ sshZypXnsb B{ibn¨n 
cn¡p¶p F¶v \ap¡dnbmw. BbXn\mÂ n 
NpäpIfpÅ Hcp hr¯mImc NpcpfmWhnsS 
DÅsX¦nÂ Dev]mZn¸n¡s¸Sp¶ Im´nI 

aÞehpw, Htcsbmcp Npän\mÂ Dev]mZn¸n¡ 
s¸Sp¶Xnsâ n aS§v A[nIambncn¡pw, Hmtcm 
hr¯mImc Npcpfnepw DÅ sshZypXnbpsS Zni 
Htct]msebmbXn\mÂ Hmtcm Npcpfn\mepw D≠ m 
Ip¶ Im´nIaÞe§fpsS BsI XpIbmWv 
CXn\v ImcWw.

17.3. Im´nIaÞe¯nÂ h¨n«pÅ 
sshZypXn {]hln¡p¶ 
NmeI¯nÂ D≠ mIp¶ _ew

Hcp NmeI¯neqsS sshZypXn{]hln¡p 
t¼mÄ AXn\p Npäpw Hcp Im´nIaÞew  
D≠ mIp¶p F¶v \ap¡v Adnbmw. C§s\ 
D ≠mb Im´nIaÞew NmeI¯n\cnInÂ h¨n 
«pÅ Hcp Im´¯n³taÂ  Hcp _ew {]tbmKn 
¡p¶p. CXn\p Xpeyhpw hn]coXhpamb 
Hcp _es¯ Im´hpw sshZypXnhln¡p¶ 

 • c≠ v Zzmc§tfmSpIqSnb Hcp ZoÀLNXpcm 
IrXnbnepÅ ImÀUvt_mÀUv FSp¡pI. 
Cu Zzmc§fneqsS [mcmfw NpäpItfm 
SpIqSnb Hcp hr̄ mIrXnbnepÅ I¼n 
Npcpfns\ ImÀUvt_mÀUnsâ A£ n̄\v 
ew_ambncn¡¯¡hn[w IS¯pI.

 • I¼n¨pcpfnsâ A{K§sf Hcp  _mädn, 
Io, dntbmkvämäv F¶nhbpambn Nn{X 
¯nÂ 17.6þÂ ImWn¨n«pÅXp   t]mse 
t{iWncoXnbnÂ _Ôn¸n¡pI.

 • Ccp¼ps]mSnIsf GIkam\ambn ImÀ 
Uvt_mÀUn\papIfnÂ hnXdpI.

 • Io ¹KnÂ hbv¡pI.
 • GXm\pw XhW ImÀUv t_mÀUns\ 

sasÃ X«pI. ImÀUvt_mÀUn\p apI 
fnÂ D ≠mIp¶ Ccp¼ps]mSnIfpsS {Iao 
IcWw {i²n¡pI. 

Nn{Xw 17.7

{]hr¯n 17.5

Nn{Xw 17.6

 • GItZiw 5 cm \ofapÅ A B F¶ Hcp 
Aepan\nbw ZÞv FSp¡pI. Nn{Xw 17.8þÂ 
ImWn̈ n«pÅXpt]mse c≠ v I¼nIÄ D]
tbmKn̈ v AXns\ Hcp kväm³UnÂ \n¶pw 
kam´cambn Xq¡nbnSpI.

 • Im ńIaÞe n̄sâ Zni apIfnte bv¡pw 
Aepan\nbw ZÞv Im´ n̄sâ c≠ v 
{[ph§Ä¡nSbnepw hc¯¡ hn[w Hcp 
emSIm´s¯ hbv¡pI. CXn\mbn Im´ 

n̄sâ D¯c{[phw Aepan\nbw ZÞn\v 
ew_ambn Xmsgbpw Z£nW{[phw ew_ambn 
apIfnepw hc¯¡hn[w hbv¡pI.

 • Aepan\nbw ZÞns\ Hcp _mädn ,Io, 
dntbmÌmäv F¶nhbpambn t{iWncoXnbnÂ 
_Ôņ n¡pI.

 • Ct¸mÄ Aepan\nbw ZÞneqsS B F¶  
A{K n̄Â \n¶pw Aþbnte¡v sshZypXn {]
hlņ n¡pI

 • \n§Ä F´mWv \nco£n¡p¶Xv? Aepan 
\nbw ZÞn\v CSXphit¯¡v Øm\amäw 
kw`hn¡p¶Xv ImWm hp¶XmWv. ZÞn\v 
Øm\{`wiw kw`hn¡p¶Xv \n§Ä¡v \nco 
£n¡mhp¶XmWv.

 • Aepan\nbw ZÞnÂ¡qSn {]hln¡p¶ 
sshZypXnbpsS ZniamdnbXn\p tijw 
Øm\{`wiw \nco£n¡pI. Ct¸mÄ AXv 
heXphit¯¡mbncn¡pw 

 • Aepan\nbw ZÞn\v Øm\amäw kw`hn 
¡p¶Xv F´psIm ≠mWv.?

{]hr¯n 17.6

_
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Cu aq¶v ZniItfbpw ^vsfan§nsâ CSXp ssI  
\nbaw F¶v Adnbs¸Sp¶ eLphmb \nba 
¯neqsS DZmlcWklnXw Nn{Xcqt]\ hniZo 

Icn¡mhp¶XmWv (Nn{Xw17.9).
CSXpssI¿psS s]cphncÂ Nq≠phncÂ         

\SphncÂ F¶nh ]ckv]cw ew_Znibnembncn 
¡¯¡h®w ]nSn¡pI. Nq ≠phncÂ Im´nIa 
Þe¯nsâ Znibpw \SphncÂ sshZypXnbpsS 
Znibpw  kqNn¸n¡pIbmsW¦nÂ s]cphncÂ NmeI 
¯nsâ Ne\Znisb AsÃ¦nÂ NmeI¯nt·Â     
{]tbmKn¡s¸Sp¶ _es¯ kqNn¸n¡pw.

17.4. sshZypX tamt«mÀ 
sshZypX DuÀÖs¯ bm{´nI DuÀÖam¡n 

amäp¶ Hcp Id§p¶ D]IcWamWv sshZypX 
tamt«mÀ. Hcp sshZypX tamt«mÀ F§s\bmWv {]
hÀ¯n¡p¶sX¶v \n§Ä¡dnbmtam ?

Nn{Xw 17.10þÂ, ImWn¨n«pÅXpt]mse Hcp 
sshZypX tamt«mdnÂ IpNmeI¯mÂ BhcWw 
sN¿s¸« sN¼pI¼nbmÂ \nÀ½nXamb ABCD 
F¶ ZoÀLNXpcmIrXnbnepÅ Hcp I¼n¨pcpÄ 
D≠ v. Cu I¼n¨pcpfns\ AXnsâ `pP§Ä AB 
bpw CD bpw Im´nIaÞe¯nsâ Znibv¡v 
ew_ambncn ¡¯¡h®w Im´¯nsâ Ccp 
{[ph§Ä¡nSbnÂ h¨ncn¡p¶p. I¼n¨pcpfnsâ 
A{K§sf kv¹näv dnwKnsâ S1 S2F¶o c≠ v 
AÀ²hfb§fpambn _Ôn¸n¨ncn¡p¶p, Cu 
AÀ²hfb§fpsS DÄ`mKw hnZypXvtcm[\w sNbvXv 
(IpNmeIw sIm≠ v s]m Xnªv) Hcp A£ZÞpambn 
_Ôn¸n¨ncn¡p¶p. S1 S2 F¶nhbpsS ]pdt¯¡v 
Nme\w sN¿p¶ A{K§Ä bYm{Iaw c≠ v Nme\w 
sN¿p¶ \nivNeamb {_jpIÄ B1, B2 F¶nhsb 
kv]Àin¨p sIm ≠ncn¡p¶p.

sshZypXn _mädn t{kmXÊnÂ \n¶pw NpcpÄ 
ABCD tebv¡vNmeI{_jv B1þeqsS {]thin 
¡pIbpw {_jv B2 

hneqsS _mädnbnte¡v Xncn¨p 
hcnIbpw sN¿p¶p.

Nn{Xw 17.8

Nn{Xw 17.9NmeI¯n³taÂ {]tbmKn¡p¶p F¶v {^©v 
imkv{XÚ\mb B³{Untacn Bw]nbÀ {]kvXm 
hn¨p. Hcp hnZypXvhmlI NmeI¯mÂ D ≠mIp¶ 
_es¯ Xmsg X¶ncn¡p¶ {]hr¯n 17.6 epsS 
hniZoIcn¡mhp¶XmWv.

apIfnÂ I ≠ {]hr¯nbnse ZÞnsâ Øm\
{`wi¯nÂ \n¶pw sshZypXnþhln¡p¶ Hcp 
Aepan\nbw ZÞns\ Im´nIaÞe¯nÂ 
hbv¡pt¼mÄ AXn³taÂ Hcp _ew {]tbmKn 
¡s¸Sp¶p.NmeI¯neqsSbpÅ sshZypX{]
hml¯nsâ Zni amdpt¼mÄ _e¯nsâ Znibpw 
amdp¶p F¶pw CXnÂ\n¶pw a\ÊnemIp¶p. 
Ct¸mÄ Im´¯nsâ c≠ p {[ph§sfbpw ]c kv]
cw amäp¶Xp aptJ\ Im´nIaÞe¯nsâ Znisb 
ew_ambn Xmtg¡v amäpI. sshZypXn hln¡p¶ 
ZÞnt·Â {]tbmKn¡s¸Sp¶ _e¯nsâ Zni 
bpw amdp¶Xv Hcn¡Â¡qSn \nco£n¡m\mIpw. 
NmeI¯nt·epÅ _e¯nsâ Zni sshZypX {]
hml¯nsâ  Znisbbpw Im´nIaÞe¯nsâ 
Znisbbpw B{ibn¨ncn¡p¶p F¶v CXv ImWn 
¡p¶p. sshZypX {]hml¯nsâ Znibpw Im´n 
IaÞe¯nsâ Znibpw ]ckv]cw ew_ambncn¡p 
t¼mÄ ZÞn\p ≠mIp¶ Øm\{`wiw Gähpw 
IqSpXembncn¡psa¶v ]co£W§Ä ImWn 
¡p¶p.

17.3.1 ^vsfan§nsâ CSXp ssI \nbaw

 NmeI¯nepÅ sshZypXnbpsS Znibpw  
Im´nI  aÞe¯nsâ  Znibpw   ]ckv]cw  ew_
ambncn¡p¶p   F¶p \mw IcpXpIbmsW¦nÂ 
NmeI¯nsâtaÂ {]tbmKn¡s¸Sp¶  _ew  
Ch cÊn\pw ew_amb ZnibnÂ{]hÀ¯n¡pw.
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Npcpfnsâ AB F¶ `pP¯nÂ sshZypXn A 
bnÂ\n¶pw B bnte¡v {]hln¡p¶Xv {i²n¡pI. 
CD F¶ `pP¯nÂ  sshZypXn C bnÂ\n¶pw D 
bnte¡v AXmbXv AB F¶ `pP¯neqsSbpÅ 
sshZypXn¡v FXnÀ ZnibnÂ {]hln¡p¶p. 
Hcp Im´nIaÞe¯nÂ h¨n«pÅ sshZypXn 
hln¡p¶ NmeI¯nt·Â {]tbmKn¡s¸Sp¶ 
_e¯nsâ Znibdnbm³ ̂ vsfan§nsâ CSXpssI 
\nbaw {]tbmKn¡mw. AB F¶ `pP¯nt·Â {]
hÀ¯n¡p¶ _ew AXns\ Xmtg¡v XÅp¶p. 
AtXkabw CD F¶ `pP¯n³taÂ {]
hÀ¯n¡p¶ _ew AXns\ apIfntebv¡pw 
XÅp¶p. 

C{]Imcw Hcp A£s¯¸än kzX{´ambn 
Id§¯¡ hn[w Dd¸n¨n«pÅ I¼n¨pcpfpw 
A£ZÞpw LSnImcZnibv¡v FXnÀ ZnibnÂ 
Id§p¶p. BZys¯ AÀ²NpÁnÂ S1 {_jv B1 
t\mSpw S2 {_jv B2 hnt\mSpw _Ôs¸Sp¶p. AXn 
\mÂ I¼n¨pcpfnse sshZypXn FXnÀZnibnÂ 
DCBA hgnbmbn {]hln¡p¶p. Hcp ]cn]Y¯n 
epÅ sshZypX{]hml¯nsâ Znisb amäp¶Xn\p 
Å D]IcWs¯ I½yqt«äÀ F¶p ]dbp¶p. 
sshZypXtamt«mdpIfnÂ kv¹nävdnwKv I½yqt«ädmbn 
{]hÀ¯n¡p¶p. sshZypXnbpsS Zniamdp¶Xn       
\mÂ AB, CD F¶o ̀ pP§fnt·Â {]hÀ¯n¡p¶ 
_e¯nsâ Znibpw amdp¶p. 

C§s\ BZyw Xmtgbv¡v XÅs¸« 
I¼n¨pcpfnsâ AB F¶ `pPw Ct¸mÄ 
apIfntebv¡pw BZyw apIfntebv¡v XÅs¸« 
CD F¶ ̀ pPw Ct¸mÄ Xmtgbv¡pw XÅs¸Sp¶p. 
AXn\mÂ I¼n¨pcpfpw A£ZÞpw Hcp 
AÀ²NpäpIqSn AtX ZnibnÂ Id§p¶p. 
Hmtcm AÀ²Npänepw sshZypXnbpsS Zni amäw 
BhÀ¯n¡s¸Sp¶ Xn\mÂ I¼n¨pcpfpw 
A£ZÞpw XpSÀ¶v Npäns¡m ≠ncn¡p¶p.

hmWnPy]cambn tamt«mdpIfnÂ 

(i) Hcp Ønc Im´¯n\p]Icw Hcp  sshZypX 
Im´w  D]tbmKn¡p¶p. 

(ii) I¼n¨pcpÄ [mcmfw NpäpIfpÅXm bncn¡Ww. 

(iii) Hcp ]¨ncp¼v tImdnt·Â I¼n¨pcpfns\    
  Npänbncn¡Ww. 

I¼n¨pcpÄ Npäs¸«ncn¡p¶ ]¨ncp¼ptImdpw 
I¼n¨pcpfpIfpw tNÀ¶v BÀta¨À F¶dnb 
s¸Sp¶p. CXv tamt«mdnsâ {]hÀ¯\tijn hÀ²n 
¸n¡p¶p. 

17.5. sshZypXIm´nI t{]cWw

Hcp I¼n¨pcpfpambn _Ôn¸n¨ncn¡p¶ 
Im´nI ^vfIvkv amdpt¼msgÃmw B]cn]Y 
¯nÂ Hcp sshZypX t{]cW_ew DXv]mZn¸n¡ 
s¸Sp¶p F¶v 1831þÂ ^mctU I≠ p]nSn¨p. 
NmeIhpw Im´nIaÞehpw X½nÂ Bt]£n 
INe\w D ≠mIpt¼msgÃmw NmeI¯nÂ emf 
Dev]mZn¸n¡s¸Spsa¶v At±lw sXfnbn¨p.
CucoXnbnÂ  D ≠mIp¶ emf s\ t{]cnX emf 
F¶pw Cu {]{Inbsb sshZypXIm´nIt{]cWw 
F¶pw ]dbp¶p. NmeI¯neqsS sshZypXn {]
hln¡m³ t{]cnX emf ImcWamIp¶p. C§s\
bpÅ sshZypXnsb t{]cnXsshZypXn F¶pw]
dbp¶p. Im´w D]tbmKn¨v sshZypXn Dev]m 
Zn¸n¡mw F¶ ^mctUbpsS I≠ p]nSn¯w imkv 
{Xapt¶ä¯n\v Hcp kp{][m\ hgn sXfnbn¨p.

17.5.1. ^mctUbpsS ]co£W§Ä

sshZypXn hln¡p¶ Hcp NmeIs¯ Im´nI 
aÞe¯nÂ hbv¡pIbmsW¦nÂ, NmeI¯nÂ 
Hcp _ew A\p`hs¸Sp¶p F¶v \ap¡v Adnbmw. 
Cu _ew NmeIs¯ Nen¸n¡p¶p. 

Ct¸mÄ Hcp Im´nIaÞe ¯n\pÅnÂ 
Nen¨psIm ≠ncn¡p¶ NmeIw AsÃ¦nÂ \nivNe 
ambn h¨ncn¡p¶ NmeI¯n\p Npäpw amdns¡m
≠ncn¡p¶ Im´nIaÞew F¶ AhØsb     
\ap¡v k¦ev]n¨p t\m¡mw. 

Nn{Xw 17.10
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 • [mcmfw NpäpIfpÅ (bYm{Iaw 50þDw, 
100þDw) c≠ v hyXykvX sN¼p I¼n¨p
cpfpIsf Hcp IpNmeI knen ≠dn³taÂ 
Nn{Xw17.12.Â ImWn¨n«pÅXp t]mse Npän
h¨ncn¡p¶p.

F´v kw`hn¡pw? Cu {]`mhw  \nco£n¡m³, 
\ap¡v Xmsg X¶ncn¡p¶ {]hÀ¯\w 17.7 
sN¿mhp¶XmWv. 

Im ̄́ nsâ Z£nW {[phs¯ I¼n̈ pcpfnsâ 
B F¶ A{K¯n\pt\À¡v Ccn¡̄ ¡hn[w 
hbv¡pIbmsW¦nÂ KmÂ ht\maoädnsâ hn{`wiw 
ap³]v kw ̀hn̈ Xn\v FXnÀ Znibnembncn¡psa
¶Xv \n§Ä¡v ]cntim[n¡mhp¶XmWv. I¼n̈ p
cpÄ, Im´w Ch c ≠pw \nÝeambncn¡pt¼mÄ 
KmÂht\maoädnÂ bmsXmcp hn{`wihpwImWp¶nÃ. 
I¼n̈ pcpfns\ At]£n v̈ Im ̄́ nsâ Ne\w 
Hcp t{]cnX emf Dev]mZņ n¡p¶psh¶pw CXv ]
cn]Ȳ nÂ t{]cnXsshZypXn D ≠mIm³ ImcWam
Ip¶p F¶pw \ap¡v hyàamIp¶p.

Nen¡p¶Iḿ ̄ n\p]Icw, sshZypXn hln 
¡p¶ Hcp I¼n̈ pcpÄ D]tbmKn v̈ \ap¡nt¸mÄ 
hyXykvXamb Hcp {]hr̄ n sN¿mw. I¼n̈ pcpfn 
eqsS {]hln¡p¶ sshZypXnbpsS Afhns\ 
amäm³ Ignbpw. 

N S

G

A B

 • [mcmfw NpäpIfpÅ AB F¶ I¼n 
¨pcpÄ FSp¡pI.

 • I¼n¨pcpfnsâ A{K§sf Nn{Xw 17.11þÂ 
ImWn¨n«pÅXpt]mse Hcp KmÂht\maoä 
dpambn _Ôn¸n¡pI. 

 • Hcp iànbpÅ ZÞIm´w FSp v̄ 
AXnsâ D¯c{[phs¯ I¼n¨pcpfnsâ 
B F¶ A{K¯nte¡v Nen¸n¡pI.

 • KmÂht\maoäÀ ImWn ¡p¶ AfhnÂ 
Fs´¦nepw amäw \n§Ä ImWp¶pt≠ m?

 • KmÂht\maoädns³d kqNnbnÂ heXp 
hit¯bv¡v, ss\anjnIamb Hcp hn{`wiw 
D ≠mIp¶p. CXv AB F¶ I¼n¨pcpfnÂ 
sshZypXnbpsS km¶n²yw kqNn¸n¡p¶p. 
Im´¯nsâ Ne\w \nÂ¡p¶ AtX \nan 
jw hn{`wihpw ]qPyambn¯ocp¶p.

 • Im´¯nsâ D¯c{[phs¯ I¼n¨pcp 
fnÂ \n¶pw ]pdt¯bv¡v FSp¡pI. 
Ct¸mÄ KmÂht\maoädnÂ CSXp hi 
t¯bv¡v hn{`wiw D≠ mIp¶p. Ct¸mgp≠ m 
b sshZypXn, BZyap ≠mb sshZypXnbpsS 
FXnÀ ZnibnemsW¶v CXv ImWn¡p¶p.

 • Im´¯nsâ D¯c{[phw I¼n¨pcpfnsâ 
B F¶  A{K¯n\p t\À¡v Ccn¡ 
¯¡hn[w Im´¯ns\ I¼n¨pcpfn\
cnInepÅ Hcp _nµphnÂ \nivNeambn 
hbv¡pI. 

 • I¼n¨pcpfns\ Im´¯nsâ D¯c {[ph 
¯n\cnIn tebv¡v Nen¸n¡pt¼mÄ KmÂ 
ht\maoädnse kqNn heXphit¯bv¡v 
hn{`win¡p¶Xv \ap¡v ImWmw. CXp      
t]mse I¼n¨pcpfns\ Im´¯nÂ \n¶pw 
AItebv¡v sIm ≠pt]mIpt¼mÄ KmÂ 
ht\maoädnse kqNn CSXphit¯bv¡v 
hn{`win¡p¶p. 

 • Im´s¯ At]£n v̈ I¼n¨pcpfns\ \niv 
Neambn hbv¡pt¼mÄ KmÂht\m aoädnsâ 
hn{`wiw ]qPyamIp¶p. Cu {]hr̄ nbnÂ \n 
¶pw \n§Ä F´mWv a\knem¡p¶Xv ?  

Nn{Xw 17.11

{]hr¯n 17.7

{]hr¯n 17.8

Nn{Xw. 17.12

I¼n̈ pcpÄ -1 I¼n̈ pcpÄ -2



A
²

ymb
w 

17

280 281

sshZypXnbpsS Im´nI{]`mhhpw {]Imihpw   

Cu {]hr¯nbnÂ H¶mas¯ Npcpfnse ssh

ZypXn Hcp Øncaqey¯ntem AsÃ¦nÂ ]qPy¯ntem 

Ccn¡pt¼mÄ c ≠mas¯NpcpfnepÅ KmÂht\mao

äÀbmsXmcp hn{`wihpw ImWn¡p¶nÃ F¶v \ap¡v 

\nco£n¡mhp¶XmWv. Cu \nco£W§fnÂ \n¶v 

H¶mas¯ Npcpfnse sshZypXn amdpt¼msgÃmw c 

≠ mas¯ NpcpfnÂ Hcp s]m«³jyÂ hyXymkw t{]

cnXamIp¶p. H¶mas¯ Npcpfns\ {]mYanI NpcpÄ 

F¶pw c ≠mas¯ Npcpfns\ ZznXob NpcpÄ F¶pw 

hnfn¡p¶p. H¶mas¯ Npcpfnse sshZypXnbv¡v 

amäw kw`hn¡pt¼mÄ AXnt\mS\p_Ôn¨pÅ 

Im´nIaWvUehpw amdp¶p. C§s\ ZznXobNpcp

fn\p NpäpapÅIm´nI _etcJIfpw amdp¶p.

BbXn\mÂ  ZznXob Npcpfnt\mS\p_Ôn¨ Im´nI

_etcJIfnep≠ mIp¶ amäamWv AXnepÅ t{]cnX 

sshZypXn¡v ImcWw. t{]cnX sshZypXnbpsS Znisb 

^vfan-§nsâ he-XpssI\nbaw D]tbmKn¨v I ≠p]nSn

¡mhp¶XmWv.

^vfan-§nsâ he-XpssI\nbaw: heXpssIbpsS 
s]cphncÂ, Nq ≠phncÂ \SphncÂ F¶nh ]
ckv]cw ew_Znibnembncn¡̄ ¡h®w ]nSn
¡pI. Nq ≠qhncÂ Im´nIaWvUē nsâ Znibpw 
s]cphncÂ NmeI¯nsâ Ne\Znibpw kqNņ n
¡pIbmsW¦nÂ \SphncÂ t{]cnX sshZypXnbp
sSZnisb kqNņ n¡pw.

17.6. sshZypX P\-td-äÀ
sshZzpXIm´nI t{]cWw F¶ {]Xn`mkw 

D]tbmKn¨v hoSpIfnsebpw hyhkmb imeI
fnsebpw D]tbmK¯n\mhiyamb sshZypXn 
h³tXmXnÂ Dev]mZn¸n¡s¸Sp¶p. Hcp sshZypX 
P\tdädnÂ, sshZypXn Dev]mZn¸n¡p¶Xn\mbn 
bm{´ntImÀÖw D]tbmKn¨v Hcp NmeIs¯ 
Im´nIaWvUe¯n\pÅnÂ Id¡p¶p. 

Nn{Xw 17.13 aþÂ ImWn¨n«pÅXp t]mse 
Hcp sshZypX P\tdädnÂ, Hcp Ønc Im´
¯nsâ Ccp{[ph§Ä¡nSbnÂ Id§¯¡co
XnbnÂ ZoÀLNXpcmIrXnbnepÅ ABCD F¶ 
I¼n¨pcpÄ h¨ncn¡p¶p. Cu I¼n¨pcpfnsâ 
c ≠{K§fpw S1, S2 F¶o c≠ p hfb§fpambn _
Ôn¸n¨ncn¡p¶p. 

 • [mcmfw NpäpIfpÅ H¶mas¯ I¼n̈ p
cpfns\ Hcp _mädn, ¹KvIo, F¶nhbpambn 
t{iWnbnÂ _Ôņ n¡pI. IqSmsX c ≠m
as¯ I¼n̈ pcpfns\ Hcp KmÂht\mao
ädpambn _Ôņ n¡pI.

 • ¹KnÂ Io AaÀ¯pt¼mÄ KmÂht\maoädns\ 
\nco£n¡pI. AXnsâ kqNnbnÂ hn{`wiw 
ImWp¶pt ≠m? KmÂht\maoädnsâkqNn s]
s«¶v  Hcp hit¯bv¡v  IpXn¡p¶Xpw XÂ 
£Ww Xs¶ ]qPȳ nte¡v Xncn¨p hcp
¶Xpw \n§Ä¡v \nco£n¡mhp¶XmWv. CXv 
c≠ mas¯ NpcpfnÂ \nanjt\cw sshZypXn {]
hln̈ Xns\ kqNņ n¡p¶p. 

 • H¶mas¯ I¼n¨pcpfnÂ \n¶pw _mädnsb 
thÀs]Sp̄ pI. kqNnbpsS ss\anjnI Ne\w 
FXnÀhit¯bv¡v kw`hn¡p¶p. Ct¸mÄ 
c≠ mas¯ NpcpfnÂ FXnÀ ZnibnÂ sshZypXn 
{]hln¡p¶p F¶mWnXv AÀ°am¡p¶Xv.  

Nn{Xw. 17.13(a)

A D

B C

N S

R

B1

B2

S2

S1

A.C sP\tdäÀ D.C   sP\tdäÀ

Nn{Xw. 17.13(b)
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Cu hfb§fpsS DÄ`mKw sshZypXvtcm[\w 
sNbvXncn¡p¶p. (insulated) Nme\w sN¿p¶ c≠ v 
Øncamb {_jpIÄ B1, B2 F¶nh bYm{Iaw S1, S2 
F¶o c ≠p hfb§fnt·Â {]tXyIw {]tXyIambn 
AaÀ¯n h¨ncn¡p¶p. S1, S2 F¶o c≠ p hf
b§fpw B ́cnIambn Hcp A£ZWvUpambn 
_Ôn¸n¨ncn¡p¶p.Im´nIaWvUe¯n\pÅnÂ 
I¼n̈ pcpfns\ Id¡p¶Xn\mbn ]pd̄ p \n¶pw 
A£ZWvUns\ bm{´nIambn Idt¡ ≠XmWv. c≠ v 
{_jpIfpsSbpw _mlym{K§Ä _mly]cn]Yhp
ambn _Ôn¸n̈ ncn¡p¶p. 

c ≠p hfb§fpambn _Ôn¸n¨ncn¡p¶ 
A£ZWvUns\ Id¡pt¼mÄ, ØncIm ´¯mÂ 
Dev]mZn¸n¡s¸Sp¶ Im´nIaWvUe¯nÂ I¼n 
¨pcpfnsâ AB F¶ `pPw apIfntebv¡pw CD 
F¶ `pPw Xmtgbv¡pw Nen¡p¶p. I¼n¨pcpÄ 
ABCD LSnImckqNnXncnbp¶ ZnibnbnÂ Id
§p¶p. ^vfan§nsâ heXpssI \nbaa\pkcn¨v 
I¼n¨pcpfnsâ AB, CD F¶o ̀ pP§fnÂ  AþbnÂ 
\n¶v Bþbntebv¡pw CþbnÂ \n¶v Dþbntebv¡pw 
t{]cnXsshZypXn {]hln¡p¶p. BbXn\mÂ 
t{]cnXsshZypXn {]hmlw  ABCD F¶ Zni
bnembncn¡pw. I¼n¨pcpfnse NpäpIfpsS 
F®w A[nIamsW¦nÂ Dev]mZn¸n¡s¸Sp¶ 
sshZypXnbpsS Afhpw A[nIambncn¡pw._m 
ly]cn]Y¯nepÅ sshZypXn {_jv B1þhnÂ 
\n¶pw {_jv -B2þbnte¡v {]hln¡p¶p.

Hcp AÀ²Npän\ptijw, CD F¶ `pPw 
apIfntebv¡pw AB F¶ `pPw Xmtgbv¡pw 
Nen¡m³XpS§p¶p. XÂ^eambn c≠ v `pP
§fnepapÅ t{]cnXsshZypXnbpsS Zniamdp
¶Xn\mÂ, BsI sshZypXn DCBAþ ZnibnÂ {]
hln¡p¶p. _mly]cn]Y¯nepÅ ssh ZypXn 
Ct¸mÄ {_jv B1þÂ \n¶pw {_jv B2þte¡v {]
hln¡p¶p. C{]Imcw Hmtcm AÀ²Npän\p 
tijhpw {Iaa\pkcn¨v `pP§fnepÅ ssh
ZypXnbpsS {[phXzw amdp¶p. kab¯nsâ Xpey 
CSthfIfnÂ Zniamdp¶ C¯cw sshZypXnsb 
{]XymhÀ¯n[mc (AC) F¶p     ]dbp¶p. Cu 
D]IcWs¯ {]XymhÀ¯n[mc P\tdäÀ (AC 
Generator) F¶p ]dbp¶p. 

t\À[mc (DC) e`n¡p¶Xn\v Nn{Xw 17.13b Â, ImWn
¨n«pÅXpt]mse Cu kÖoIcW¯nÂ c≠ mbn 
hn`Pn¡s¸« Hcp temlhfbw I½yqt«äÀ Bbn 
D]tbmKn¡p¶p. Hcp {_jv FÃmbvt¸mgpw apIfn
tebv¡v Nen¡p¶ `pPt¯mSpw atäXv Xmtgbv¡p 
Nen¡p¶ `pPt¯mSpw k¼À¡¯nemWv. 
C§s\ GIZnim sshZypXn Dev]mZn¸n¡
s¸Sp¶p. AXn \mÂ CXns\ t\À[mcm P\tdäÀ 
(DC Generator) F¶p ]dbp¶p. 

IqSpXÂ DuÀÖ\jvSanÃmsX hnZqcØe
§fntebv¡v sshZyptXmÀÖs¯ {]kcWw 
sN¿m³ Ignbpsa¶XmWv DC P\tdädns\ At]
£n¨v AC P\tdädn\pÅ ta·.

17.7. {]Imiw
temI¯nÂ \ap¡v Npäpw \mw [mcmfw hkvXp¡sf ImWp¶p. F¦nepw Hcp Ccp«p apdn

bnÂ bmsXm¶pwXs¶ ImWm³ \ap¡v km²yaÃ. apdn {]Imiam\amIpt¼mÄ               \ap¡v 
hkvXp¡sf ImWm³ km[n¡p¶p. hkvXp¡sf ImWm³ klmbn¡p¶Xv F´mWv? ]IÂ kab¯v 
kqcy{]Imiw hkvXpIsf¡mWm³ \s½ klmbn¡p¶p. Hcp hkvXp AXnt·Âhogp¶ {]Imis¯  
{]Xn^en¸n¡p¶p. Cu{]Xn^en¡s¸« {]Im is¯ \½psS I®pIÄ kzoIcn¡pt¼mgmWv \ap¡v 
hkvXp¡sf ImWm³ km[n¡p¶Xv. 

{]Imihpambn _Ôs¸« [mcmfw AÛpX {]Xn`mk§fp≠ v. Cu A²ymb¯nÂ, {]Xn^e\w A]
hÀ¯\w F¶o {]Imi {]Xn `mk§sf¡pdn¨v, {]Imi¯nsâ t\ÀtcJm {]kcW¯nsâ klmb
t¯msS \ap¡v ]Tn¡mw. 

{]Imi¯nsâ {]Xn-^-e\w
I®mSn t]mepÅ Xnf¡tadnb {]Xe§Ä, AXnÂ ]Xn¡p¶ {]Imi¯nsâ Gdnb ]¦pw {]Xn^

en¸n¡p¶p.{]Imi¯nsâ {]Xn^e\ \nba§Ä \n§Ä¡v kp]cnNnXamWv.Cu \n ba§sf \ap¡v 
HmÀ½n¨v t\m¡mw. 

(i)  ]X\tIm¬, {]Xn^etImWn\v Xpeyambncn¡pw.

(ii)  ]X\civan, {]Xn^e\civan, ]X\ _nµphnÂ {]Xn^e\Xe¯ntebv¡p hcbv ¡p¶ ew_w Ch 
aq¶pw Htc Xe¯nembncn¡pw.
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Cu {]Xn^e\ \nba§Ä tKmfob {]X 
e§Ä DÄs¸sS FÃm Xc¯nepapÅ {]Xn^e\ 
{]Xe§Ä¡pw _m[IamWv.

 • XnI¨pw AÀ²tKmfmIrXnbpÅ Xnf¡
apÅ Hcp Ic ≠n FSp¡pI. AXnsâ 
h{Iob{]Xē neqsS \n§fpsS apJ 
s ̄ t\m¡m³ {ian¡pI.

 • \n§Ä¡v {]Xn_nw_w e ǹt¨m? AXv hep
XmtWm, sNdpXmtWm ?

 • Ic≠ nsb \n§fpsS apJ̄ nÂ \n¶pw 
AItebv¡v kmh[m\w Neņ n¡pI. {]
Xn_nw_s¯ \nco£n¡pI. AXv F§
s\ amdp¶p ?

 • Ic ≠nsb t\tc Xncn̈ v CtX {]hr̄ n ho
≠pw BhÀ n̄¡pI. Ct¸mÄ {]Xn_nw
_w ImWm³ F§s\bncn¡p¶p ?   

 • c≠ v {]Xe§fnepw D ≠mIp¶ {]Xn _nw
_§fpsS kz̀ mh§Ä XmcXayw sN¿pI.

  

Hcp Xnf§p¶ Ic≠ nbpsS hfª {]Xes¯ 
Hcp h{IZÀ¸Wambn IcpXmhp¶XmWv. kÀÆkm
[mcWambn \mw D]tbmKn¡p¶ hfª  
{]Xe§fpÅ ZÀ¸WamWv tKmfob ZÀ¸Ww. Hcp 
tKmfob ZÀ¸W¯nsâ {]Xn^e\Xew AIt¯
bvt¡m, ]pdt¯bvt¡m hfªncn¡p¶p. Hcp 
tKmfo-b -ZÀ¸W¯nsâ {]-Xn-^-e\Xew AI-t¯-
bv¡v hfªn-cp¶mÂ AXns\ Ah-Xe ZÀ¸Ww 
F¶p ]d-bp-¶p. Hcp tKmfo-b -ZÀ¸W¯nsâ {]-Xn-
^-e\Xew ]pd-t¯-bv¡v hfªn-cp¶mÂ AXns\ 
D¯eZÀ¸Ww F¶p ]d-bp-¶p. Nn{Xw.17.14þÂ 
Cu ZÀ¸W§fpsS Nn{Xcq]¯nepÅ {]Xn\n[m\w 
ImWmhp¶XmWv.

Hcp Ic≠ nbpsS DÅntebv¡v hfª {]Xe
¯n\v Hcp AhXeZÀ¸Wt¯mSpw, ]pdt¯bv¡v 
hfª {]Xe¯n\v Hcp D¯eZÀ¸W t¯mSpw 
GItZi kmZriyaps ≠¶v Ct¸mÄ \n §Ä¡v a\
Ênem¡mhp¶XmWv.

tKmfob ZÀ¸W§sf¡pdn¨pÅ hniZmw 
i§fnte¡v IS¡p¶Xn\v ap³]v, Nne]Z§
fpsS AÀ°§Ä a\Ênemt¡ ≠Xpw thÀXncn
¨dntb≠ Xpw BhiyamWv. Cu ]Z§Ä tKmfob 
ZÀ¸W§sf¡pdn¨pÅ NÀ¨IfnÂ km[mcW
bmbn D]tbmKn¡p¶hbmWv. 

Hcp tKmfob ZÀ¸W¯nsâ {]Xn^e\ {]Xe
¯nsâ a²y_nµphns\ {[phw F¶p ]dbp¶p. 
CXns\ p F¶ A£cap]tbmKn¨v {]Xn\n[oI
cn¡p¶p. 

Hcp tKmfob ZÀ¸W¯nsâ {]Xn^e\ {]Xew 
tKmf¯nsâ Hcp ̀ mKamIp¶p. Cu tKmf¯n\v Hcp 
tI{µw D≠ v. tKmf¯nsâ Cu tI{µ_nµphns\  
tKmfob ZÀ¸W¯nsâ h{IXm tI{µw F¶p ]
dbp¶p. CXns\ C  F¶  A£cw sIm≠ v {]Xn
\n[oIcn¡mw.

tKmfob ZÀ¸Ww GsXmcp tKmf¯nsâ `mK
amtWm BtKmf¯nsâhymkmÀ²s¯ h{IXm 
hymkmÀ²w F¶p ]dbp¶p.  CXns\ R F¶ 
A£cw sIm≠ v {]Xn\n[oIcn¡mw. 

Hcp tKmfob ZÀ¸W¯nsâ {[phw h{IXm 
tI{µw F¶nhbneqsS IS¶pt]mIp¶ Hcp t\À 
tcJsb k¦Â¸n¡pI Cu tcJsb apJy A£w 
F¶p ]dbp¶p. 

Nn{Xw.17.14

(a) AhXe ZÀ¸Ww               (b) D¯e ZÀ¸Ww

tKmfob ZÀ¸-W-§Ä

{]hr¯n 17.9

 • Hcp AhXe ZÀ¸Ws¯ I¿nseSp¯v 
AXnsâ {]Xn^e\{]Xew kqcy\v A`n
apJambncn¡¯¡h®w ]nSn¡pI.

 • ZÀ¸W¯nÂ \n¶pw {]Xn^en¡s¸« 
{]Imis¯ AXn\cnInÂ h¨n«pÅ 
Hcp t]¸dnÂ hogv¯pI.

 • t]¸dnÂ hyàhpw kq£vahpamb Hcp 
{]Imi_nµp e`n¡p¶Xphsc t]¸
dns\ apt¶m«pw ]nt¶m«pw kmh[m\w 
Nen¸n¡pI.

 • ZÀ¸W¯ns\bpw t]¸dns\bpw GXm 
\pw \nanj§ÄAtX ØnXnbnÂ hbv 
¡pI.  \n§Ä F´mWv \nco£n¡p
¶Xv? F´psIm≠ v? 

{]hr¯n 17.10
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apIfnepÅ {]hr¯nbneqsS ZÀ¸W§fpambn 
_Ôs¸«Nne {][m\s¸« ]Z§Ä \ap¡v a\Ên
em¡mw. 

]pIbp ≠m¡ns¡m≠ v t]¸À BZyw I¯m³ XpS
§p¶p. AXn\v Xo]nSn¡m\pw km²yXbp≠ v. AXv 
I¯p¶Xv F´psIm≠ v? ZÀ¸Ww kqcy\nÂ  \n 
¶pÅ {]Imis¯ kq£vaambpw  hyàambpw Hcp 
_nµphnÂ tI{µoIcn¡p¶p. t] ̧dnt·epÅ Cu {]
Imi_nµp bYmÀ°̄ nÂ kqcysâ {]Xn_n w_amWv. 
Cu _nµphns\ AhXe ZÀ ̧W̄ nsâ t^m¡kv 
F¶p]dbp¶p. kqcy{]Imis¯ Hcp Øe v̄ 
tI{µoIcn¡pt¼mÄ D ≠mIp¶ Xm]̄ n\mÂ t]¸ÀI
¯p¶p. ZÀ ̧W̄ nÂ \n ¶pÅ {]Xn_nw_̄ nsâ 
Zqcw ZÀ ̧W n̄sâ GItZi t^m¡Êv Zqcw \Â 
Ip¶p. 

17.15 (a)þsb kq£vaambn \nco£n¡pI. apJy 
A£¯n\v kam´cambn [mcmfw {]ImicivanIÄ 
Hcp AhXeZÀ¸W¯nÂ ]Xn¡p¶p. {]Xn^
e\civanIsf \nco£n¡pI. AhsbÃmw ZÀ¸
W¯nsâ apJy A£¯nepÅ Hcp _nµphnÂ 
H¶n¨p tNcp¶p. Cu _nµphns\ AhXe ZÀ¸W
¯nsâ apJy t^m¡Êv F¶p ]dbp¶p. CXpt]m 
se Nn{Xw . 17.15 (b)þsb \nco£n¡pI. Hcp D¯
eZÀ¸Ww apJy A£¯n\v kam´cambn hcp¶ 
{]ImicivanIsf F§s\ {]Xn^en¸n¡p¶p? {]
Xn^e\civanIÄ apJy A£¯nepÅ Hcp _nµp
hnÂ \n¶pw hcp¶Xmbn tXm¶p¶p.  Cu _nµp
hns\ D¯eZÀ¸W¯nsâ apJy t^m¡Êv F¶p 
]dbp¶p. apJy t^m¡Êns\ ‘F‘F¶ A£cw 
sIm≠ v {]Xn\n[oIcn¡mw.

Hcp tKmfob ZÀ¸W¯nsâ {[ph¯n\pw apJy 
t^m¡Ên\pw CSbnepÅ Zqcs¯ t^m¡Êv Zqc 
sa¶v ]dbp¶p CXns\ f F¶ A£cw sIm≠ v  
{]Xn\n[oIcn¡p¶p.

Hcp tKmfob ZÀ¸W¯nsâ {]Xn^e\ {]Xe
¯nsâ hymks¯ AXnsâ kpjncw (aperture) 
F¶p]dbp¶p. Nn{Xw 17.15þÂ, Zqcw MN 
kpjncs¯ {]Xn\n[oIcn¡p¶p. \ap¡nhnsS 
AhbpsS h{IXmhymkmÀ²§sf¡mÄ hfsc 
sNdnb kpjnc§fpÅ tKmfob ZÀ¸W§sf 
am{Xw ]cnKWn¡mw.

 Hcp tKmfob ZÀ¸W¯nsâ h{IXmhym 
kmÀ²¯n\pw R, t^m¡Êv  Zqc¯n\pw f, X½nepÅ 
_Ôsa´mWv? sNdnb kpjnc§fpÅ tKmfob 
ZÀ¸W§Ä¡v AhbpsS h{IXmhymkmÀ²w 

t^m¡Êv Zqc¯nsâ c≠ v aS§n\v Xpeyambn
cn¡pw CXns\ \ap¡v (R = 2 f) Fs¶gpXmw.  
17.7.1. tKmfo-b- ZÀ¸W-§fnse {]Imi          
          {]Xn^-e\w

tKmfob ZÀ¸W§fnse {]Imi¯nsâ {]Xn 
^e\w Xmsg ]dbp¶ Nne \nÝnX \nba§f\pk
cn¨mWv  \S¡p¶Xv.

(i) apJy A£¯n\v kam´camb Hcp {]Imi 
civan, {]Xn^e\¯n\ptijw, AhXeZÀ¸W
¯nemsW¦nÂ AXnsâ apJyt^m¡ÊneqsS 
IS¶pt]mIp¶p. D¯eZÀ¸W¯nemIs« apJy 
t^m¡ÊnÂ \n¶pw AI¶pt]mIp¶Xmbn tXm 
¶p¶p. CXns\ Nn{Xw 17.16   (a)þbnepw (b) bnepw 
ImWn¨ncn¡p¶p.

Nn{Xw 17.16 (a)

Nn{Xw . 17.15

(a)

(b)
A\´XbnÂ 

A
\

´
X

b
nÂ
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(ii) Hcp AhXeZÀ¸W¯nsâ apJy t^m¡ 
ÊneqsS IS¶pt]mIp¶ Hcp {]Imi civan AsÃ
¦nÂ Hcp D¯eZÀ¸W¯nsâ apJy t^m¡Ên\p 
t\À¡v sNÃp¶ Hcp {]Imicivan, {]Xn^e\¯n 
\ptijw,  apJy A£¯n\v kam´cambnt]m 
Ip¶p, CXns\ Nn{Xw 17.17(a)þbnepw (b) bnepw 
ImWn¨ncn¡p¶p.

(iii) Hcp AhXeZÀ¸W¯nsâ h{IXmtI{µ
¯neqsS IS¶pt]mIp¶ Hcp {]Imicivan AsÃ
¦nÂ Hcp D¯eZÀ¸W¯nsâ h{IXmtI{µ¯n\p 
t\sc t]mIp¶ Hcp {]Imicivan, {]Xn^e\¯n 
\ptijw, AtX]mXbneqsS Xncn¨phcp¶p. 
CXns\ Nn{Xw 17.18 (a)þbnepw (b) bnepw ImWn¨n
cn¡p¶p.

Ah-X-e- ZÀ¸-Ww D≠m-¡p¶ {]Xn-_nw-_-§Ä

tKmfob ZÀ¸W§fnÂ F§s\bmWv {]Xn_nw
_§Ä D ≠mIp¶Xv? hkvXphnsâ hnhn[Øm\
§Ä¡\pkcn v̈ Hcp AhXeZÀ ̧Ww D ≠m¡p¶ 
{]Xn_nw_§fpsS Øm\w F§s\ \ap¡v         
\nÀ®bn¡m\mIpw? {]Xn_nw _§Ä bYmÀ°
amtWm anYybmtWm? {]Xn_nw_§Ä hen¸w Iq
SnbhbmtWm, IpdªhbmtWm, AtX hen¸w 
DÅhbmtWm? 

Hcp AhXeZÀ ̧Ww D ≠m¡p¶ {]Xn_nw_
¯nsâ kz`mhw Øm\w, hen¸w F¶nh ZÀ ̧W
¯nsâ P, F, C F¶o _nµp¡fpambn _Ôs¸« 
hkvXphnsâ Øm\s¯ B{ibn¨ncn¡p¶p. 
hkvXphnsâ Nne Øm\§fnÂ D≠ mIp¶ {]
Xn_nw_w bYmÀ°ambnbncn¡p¶p. thsd Nne    
\nÝnX Øm\§fnÂ D≠ mIp¶Xv anYym_nw_am
bncn¡pw.hkvXphnsâ Øm\§Ä¡\pkcn̈ v,        
{]Xn_nw_w hkvXphns\¡mÄ heptXm, sNdptXm 
AsÃ¦nÂ Xpeyheņ apÅtXm Bbncn¡pw.

tKmfob ZÀ¸W§fnÂ {]Xn_nw_w D ≠mIp¶ 
coXnsb civan Nn{X§Ä hc v̈ \ap¡v ]Tn¡mhp¶
XmWv. civanNn{XcN\bv¡v c≠ v civanIsf am{Xw ]
cnKWn¡p¶XmWv D¯aw. ZÀ ̧W¯nÂ \n¶papÅ 
{]Xn̂ e\̄ n\ptijw AhbpsS ZniIÄ Ffp̧ 
¯nÂ Adnb̄ ¡coXnbnemWv, Cu c ≠p civanIsf 

Nn{Xw  17.17(a)
Nn{Xw  17.18 (b)

Nn{Xw  17.16 (b)

Nn{Xw  17.17(b)

Nn{Xw 17.18 (a)
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Nn{Xw.17.19

A\´XbnÂ

sXcsªSp¡p¶Xv. {]Xn_nw_¯nsâ Øm\    \nÀ®bw sN¿p¶Xn\mbn ap³hǹ mK¯nÂ {]kvXmhn

¨n«pÅ GsX¦nepw c≠ v civanIsf ]cnKWn¡mhp¶XmWv. Cu c≠ v A]hÀ¯\ civanIfpw ]ckv]cw 

hntÑZn¡p¶ _nµp {]Xn_nw_̄ nsâ Øm\w \evIp¶p. CXnsâ Nn{Xcqt]WbpÅ hniZoIcWw Nn{Xw 

17.19þÂ X¶ncn¡p¶p.
Ah-X-e- ZÀ -̧W¯nsâ D]-tbm-K§Ä

AhXeZÀ ̧W§Ä km[mcWbmbn tSmÀ¨pIfnepw, At\zjW Zo]§fnepw hml\§fpsS ap³h

ī pÅ hnf¡pIfnepw iàhpw, kaḿ chpamb {]ImicivanIÄ e`n¡p¶Xn\mbn D]tbmKn¡p

¶p.apJ¯nsâ henb {]Xn_nw_§Ä ImWp¶Xn\mbn CXns\ £ucI®mSnbmbn D]tbmKn¡p¶p. 

tcmKnIfpsS ]ÃpIfpsS _nw_§Ä hepXm¡n ImWn¡p¶Xn\mbn Z ́tUmIvSÀamÀ AhXe ZÀ ̧

W§Ä D]tbmKn¡p¶p.kutcmÀÖ ASp̧ pIfnÂ kqcy{]Imis¯ tI{µoIcn̈ v NqSpev]mZņ n¡m³ 

henb AhXe ZÀ ̧W§Ä D]tbmKn¡p¶p. 

(a) (b)

(c) (d)

(e) (f)
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hkvXphnsâ 
Øm\w

{]Xn-_nw-_¯nsâ 
Øm\w

{]Xn-_nw-_¯nsâ 
Afhv-  

{]Xn-_nw-_¯nsâ 
kz`mhw

A\´XbnÂ apJyt^m¡Êv F Â hfsc sNdpXv 
_nµpþhen¸w

bYmÀ°w,           
XeIogmbXv

C ¡v A¸pdw t^m¡Êv Fþ\pw 
Cþbv¡pw CSbnÂ

sNdpXv bYmÀ°w,           
XeIogmbXv 

CþbnÂ CþbnÂ hkvXphnsâ AtX 
hen¸w

bYmÀ°w,          
XeIogmbXv

Cþ¡pw Fþ\pw       
CSbnÂ

C ¡v A¸pdw hepXv bYmÀ°w,          
XeIogmbXv

FþÂ A\´XbnÂ hfschepXv bYmÀ°w,           
XeIogmbXv

Pþ¡pw Fþ\pw 
CSbnÂ

ZÀ¸W¯n\p ]n¶nÂ hepXv \nhÀ¶,             
anYy_nw_w

]«nI: 17.1þÂ Cu \nco-£-W-§-fpsS Hcp kw{Klw X¶n-cn-¡p-¶p.

]«n-I.17.1 

D¯-e- ZÀ¸-W-¯nse {]Xn-_nw_ cq]oI-c-Ww
Hcp D¯eZÀ¸Ww D ≠m¡p¶ {]Xn_nw_¯nsâ kz`mhw Adnbp¶Xn\mbn \mw hkvXphnsâ c≠ v 

Øm\§sf IW¡nseSpt¡ ≠XmWv. H¶mat¯XnÂ hkvXp A\´Xbnepw c ≠mat¯XnÂ hkvXp 
ZÀ¸W¯nÂ \n¶pw Hcp ]cnanXamb Zqc¯nepw BWv. hkvXphnsâ Cu c≠ v Øm\§fnepapÅ D¯
e ZÀ¸W¯nse {]Xn_nw_ cq]oIcW¯nsâ civanNn{X§Ä Nn{Xw.17.20 (a)þbnepw (b) bnepw X¶n
cn¡p¶p. 

hkvXphnsâ 
Øm\w

{]Xn-_nw-_¯nsâ 
Øm\w

{]Xn-_nw-_¯nsâ 
Afhv-  

{]Xn-_nw-_¯nsâ 
kz`mhw

A\´XbnÂ ZÀ¸W¯n\p ]n¶nÂ apJy 
t^m¡kv FþÂ

hfsc sNdpXv _nµp

þhen¸w 
anYym_nw_w \nhÀ¶Xv

A\´Xbv¡pw {[ph 

¯n\pw CSbnÂ 
ZÀ¸W¯n\p ]n¶nÂ, 

Pþ¡pw Fþ\pw CSbnÂ

sNdpXv  anYym_nw_w \nhÀ¶Xv

]«n-I.17.2. Â  Cu \nco-£-W-§-fpsS Hcp kw{Klw X¶n-cn-¡p-¶p.

]«n-I.17.21

Nn{Xw.17.20

A

B

M

P F C

N

A

B

M

A1

B1 F C

N

P

(b)(a)

A\´XbnÂ
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hkvXp CSXphi¯v 
]X\civan
bpsS Zni 

heXphit¯m
«pÅ Zqcw {+}

CSt¯m«pÅ 
Zqcw {-}

apIfntem
«pÅ Dbcw 

{+}

Xmtgm«pÅ 
Dbcw {-}

ZÀ¸Ww

Nn{Xw 17.21

D¯e ZÀ¸W¯nepw AhXeZÀ¸W¯n 
epapÅ {]Xn_nw_cq]oIcWs¯¸än \n§Ä      
]Tn¨pIgnªp..CXnÂ GXp ZÀ¸WamWv  Hcp 
henb hkvXphnsâ ]qÀ®amb {]Xn_nw_w   \Â 
Ip¶Xv? Hcp {]hr¯nbneqsS CXn\pÅ D¯cw  
\ap¡p Is≠ ¯mw. 

 • AhXe ZÀ ̧W̄ nep≠ mIp¶ ZqscbpÅ 
Hcp ac̄ nsâ {]Xn_nw_s¯   \nco£n
¡pI. 

 • \n§Ä¡v ac̄ nsâ ]qÀ®amb {]Xn_nw 
_w ImWphm³ km[n¡p¶pt ≠m?

 • Hcp D¯e ZÀ¸Ww D]tbmKn v̈ Cu {]
hr¯n BhÀ¯n¡pI. Ct¸mÄ hkvXp
hnsâ ]qÀ®amb {]Xn_nw_w ImWp¶p 
t ≠m? 

 • \n§fpsS \nco£W§sf ImcWklnXw 
hniZoIcn¡pI. 

{]hr¯n 17.11

Hcp sNdnb D ̄eZÀ ̧W̄ nÂ ac̄ nsâ            
]qÀ®amb {]Xn_nw_w \n§Ä¡v ImWm³ Ign
bpw.

D¯-e-ZÀ¸-W-¯nsâ D]-tbm-K-§Ä
D¯e ZÀ¸W§Ä km[mcWbmbn hml\§

fnÂ ]n³`mKw ho£n¡p¶Xn\pÅ I®mSnIfmbn 
D]tbmKn¡p¶p. Cu ZÀ¸W§sf hml\§fpsS 
hi§fnÂ LSn¸n¡p¶Xn\mÂ ss{Uhdn\v Abm
fpsS/AhfpsS ]n¶nepÅ Zriy§Ä ImWm³ 
Ignbp¶p. kpc£nXamb ss{Uhn§v CXv kpK
aam¡p¶p. Ch FÃmbvt¸mgpw \nhÀ¶ {]
Xn_nw_w \ÂIp¶Xn\mÂ Ch {]YaKW\ob 
amWv. IqSmsX Ch ]pdt¯¡v hfªXmbXn               
\mÂ ]n¶nepÅ ImgvNIfpsS hfsc hnimeamb 
ho£WXew \ÂIp¶p. 
tKmfobZÀ¸W§fpsS                      
{]Xn^e\¯nsâ kmt¦XnI Nnlv\w

tKmfobZÀ¸W§fnse {]Imi{]Xn^e\
s¯¡pdn¨v ]Tn¡pt¼mÄ ]pXnb ImÀ«o-ky³ 
kmt¦-XnI NnÓ-§sf \mw AwKoIcnt¡  ≠XmWv. 
Cu k{¼Zmb¯nÂ ZÀ¸W¯nsâ {[phs¯bmWv 
(P) B[mcambn FSp¯n«pÅXv. Cu GtIm]\k
{¼Zmb¯nÂ X A£ambn (X' X) FSp¯n«pÅXv 
ZÀ¸W¯nsâ apJy A£¯ns\bmWv. kmt¦
XnI NnÓ§Ä Xmsg X¶ncn¡p¶p.

(i)  hkvXphns\ FÃmbvt¸mgpw ZÀ¸W¯nsâ 
CSXphi¯v hbvt¡ ≠XmWv. 

(ii) apJy A£¯n\v kam´cambn«pÅ FÃm Zqc
§fpw ZÀ¸W¯nsâ {[ph¯nÂ \n ¶pw Af
¡p¶p.

(iii) B[mc¯nÂ \n¶pw (+X A£¯neq
sS) heXp hit¯bv¡v Af¡p¶ Zqcs¯ 
[\mßIambpw AtXkabw B[mc¯nÂ\n 
¶pw (X A£¯neqsS) CSXp hit¯¡v 
Af¡p¶ Zqcs¯ EWmßIambpw FSp¡p
¶p. 

(iv) apJyA£¯n\v ew_ambn apIfntebv¡v (+Y 
A£¯neqsS) Af¡p¶ Zqc§sf [\mß
Iambn FSp¡p¶p. 

(v) apJy A£¯n\v ew_ambn Xmtgm«v (YA£
¯neqsS) Af¡p¶ Zqc§sf EWmßIambn 
FSp¡p¶p.

apIfnÂ hniZoIcn¨ ]pXnb ImÀ«oky³ 
kmt¦XnI NnÓ§fpsS DZmlcW¯nsâ 
Nn{XklnXapÅ hniZoIcWw Nn{Xw 17.21þÂ 

X¶ncn¡p¶p.

Cu kmt¦XnI NnÓ§fpsS {]tbmK¯n
eqsS ZÀ¸W kq{XhmIyw e`n¡p¶p.  
ZÀ¸W kq{X-hmIyw

Hcp tKmfob ZÀ¸W¯nsâ {[ph¯nÂ \n¶pw 
hkvXphnte¡pÅ Zqcs¯ hkvXphnsâ Zqcw 
(u) F¶p ]dbp¶p. ZÀ¸W¯nsâ {[ph¯nÂ          
\n¶pw {]Xn_nw_¯ntebv¡pÅ Zqcs¯ {]

XX'
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Xn_nw_¯nsâ Zqcw (v) F¶p ]dbp¶p. ZÀ¸
W¯nsâ {[ph¯nÂ \n¶pw apJy t^m¡kv 
hscbpÅ Zqcs¯ t^m¡Êv Zqcw (f) F¶p 
hnfn¡p¶Xv t\ct¯Xs¶ \n §Ä¡v Adnbmw. 
Cu aq¶v AfhpIÄ¡pw X½nepÅ _Ôs¯ 
ZÀ¸W¯nsâ kq{XhmIyw \evIp¶p. 

ZÀ¸W¯nsâ kq{XhmIyw 
1/v + 1/u = 1/f

Cu kq{XhmIyw FÃm tKmfob ZÀ¸W
§Ä¡pw hkvXphnsâ FÃm Øm\§Ä¡pw 
FÃm kmlNcy§fnepw tbmPn¡p¶p. {]iv\
§fpsS \nÀ²mcW¯n\v ZÀ¸W kq{XhmIy
¯nÂ u, v, f, R F¶nhbpsS kwJymaqey§Ä 
{]XnØm]\w sN¿pt¼mÄ ]pXnb ImÀ«oky³ 
kmt¦XnI NnÓ§Ä \mw XoÀ¨bmbpw D]tbmKn
t¡ ≠XmWv.

DZm-l-c-Ww: 17.1 

]n³`mKZriy¯n\mbn Hcp tamt«mÀhml\
¯nÂ D]tbmKn¨ncn¡p¶ D¯eZÀ¸W¯nsâ 
h{IXmhymkmÀ²w 3m BWv. Cu ZÀ¸W¯n\p 
]n¶nembn 5m AIe¯nÂ Hcp _kv hcnIbm
sW¦nÂ, _knsâ {]Xn_nw_¯nsâ kvYm\hpw 
kz`mhhpw I≠ p]nSn¡pI. 

\nÀ²mcWw:
h{IXmhymkmÀ²w, R = +3.00 m
                            R = 2f

f = R = + 3.00 = 1.5 m
    2           2
hkvXphns³d Zqcw u = - 5.00 m
{]Xn_nw_¯ns³d Zqcw v = ?

\ap¡dnbmw,
  1  1 1  

 —  + —  = —   
  v  u  f 
AYhm,

  1  1 1   — = — – —     v  f  u 

  1     1     1     1        = —    –  ——  =  — +    ——   1.5  -5.00     1.5    5.00
     5.00 +1.50  6.50
 =  =  
    7.50   7.50 
    7.50 
 v =   = 1.15 m
   6.50 

{]Xn_nw_w ZÀ¸W¯n\p ]n¶nÂ 1.15m 
AIsebmWv. Cu{]Xn_nw_w anYym{]Xn_nw_
amIp¶p.

17.7.2 . {]Imi¯nsâ A]hÀ¯\w
Hcp kpXmcy am²ya¯nÂ {]Imiw t\À tcJm]

Y¯neqsS k©cn¡p¶Xpt]mse tXm ¶pw .{]
Imiw Hcp kpXmcyam²ya¯nÂ \n ¶pw asäm¶nte¡v 
{]thin¡pt¼mÄ F´p kw`hn¡p¶p? Ct¸mgpw 
AXv t\ÀtcJm ]Y¯neqsS k©cn¡pIbmtWm 
AsÃ¦nÂ AXnsâ Zni amdpIbmtWm? \½psS 
\nXy PohnX¯nse Nne A\p`h§sf \ap¡v 
HmÀ½bnÂ sIm≠p hcmw.

Peapff Hcp sXm«nbpsStbm AsÃ¦nÂ 
Hcp Ipf¯nsâtbm ASn`mKw Aev]w DbÀ 
¶ncn¡p¶Xpt]mse tXm¶pw. CXpt]mse Hcp 
I«nbpff ¥mkvÉm_ns\ A¨Sn¡s¸« Hcp 
t]¸dn\papIfnÂ h¨tijw ¥mkv Ém_neqsS 
t\m¡nbmÂ A£c§Ä Aev]w DbÀ¶ncn¡p 
¶Xpt]mse tXm¶pw F´psIm ≠mWnXv kw` 
hn¡p¶Xv? Hcp I®mSn¡¸nse Pe¯nÂ 
`mKnIambn ap¡nh¨n«pff s]³knens\ \n§Ä 
{i²n¨n«pt ≠m? hmbphpw Pehpw kÔn¡p¶ 
kvYe¯v s]³knÂ hfªncn¡p¶Xp t]mse 
tXm¶pw. Hcp I®mSn  I¸nse Pe¯nen«ncn¡p¶ 
Hcp \mc§ AXnsâ hi§fneqsS t\m¡pt¼mÄ 
AXnsâ bYmÀ°hen¸¯ns\¡mÄ hepXmbn 
tXm¶pw. apIfnÂ {]kvXmhn¨ A\p`h§Ä 
¡pff ImcWw F´v?

Pe¯nÂ `mKnIambn Xmgv̄ nhbv¡p t¼mÄ 
hfªncn¡p¶Xpt]mse tXm¶p¶ s]³knensâ 
kvYnXn \ap¡v ]cnKWn¡mw. Pe¯n\papIfnepff 
s]³knensâ ̀ mK¯p\n¶pw hcp¶ {]Imi¯nsâ 
Znisb XmcXayw sN¿pt¼mÄ Pe¯n\pffnepff 
s]³knensâ ̀ mK¯p\n¶pw hcp¶ {]Imi¯nsâ 
Zni hyXymks¸Sp¶Xp   t]mse tXm¶p¶p. CXmWv 
Pehpw hmbphpw kÔn¡p¶ kvYe v̄ s]³knÂ 
hfªncn ¡p¶Xpt]mse tXm¶m³ ImcWw 
¥mkv Ém_neqsS t\m¡pt¼mÄ A£c§Ä 
DbÀ¶ncn ¡p¶Xpt]mse tXm¶m³ ImcWhpw 
CXpXs¶bmWv. 

Pe¯n\p]Icw as®®tbm SÀ]³ssâ 
t\m D]tbmKn¨mÂ s]³knÂ AtX AfhnÂ 
hfªp ImWptam? ¥mkv Ém_n\v ]Icw Hcp 
kpXmcy ¹mÌnIv Ém_v D]tbmKn¨mÂ A£c 
§Ä AtX Dbc¯nÂ DbÀ¶p ImWptam? Cu 
{]`mh¯ns³d Afhv hyXykvX tPmUn am²y 
a§Ä¡v hyXykvXambncn¡psa¶v \n§Ä¡v 
ImWmw. {]Imiw FÃm am[ya§fnepw Htc ZnibnÂ 
k©cn¡p¶nÃ F¶mWv Cu \nco£W§Ä 
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 • Pew \nd¨ Hcp _¡änsâ ASn`mK¯v Hcp 
\mWbw hbv¡pI.

 • Hcp hi¯neqsS Pe¯n\papIfnÂ 
t\m¡ns¡m≠ v Dffnepff \mWbs¯ 
BZy {ia¯nÂ Xs¶ FSp¡m³ {ian¡pI. 
\mWbs¯ ]pds¯Sp¡p¶XnÂ \n§Ä 
hnPbn¨pthm?

 • Cu {]hr¯n BhÀ¯n¡pI. BZy {ia 
¯nÂ¯s¶ AXv sN¿p¶XnÂ \n§Ä 
hnPbn¡m¯Xv F´psIm≠ mWv ?

 • \n§fpsS N§mXnamtcmSv Cu {]hr¯n 
sN¿m³ Bhiys¸SpI. \n§fpsS A\p` 
h§fpambn XmcXayw sN¿pI.  

i,r F¶nh ]X\tImWpw A]hÀ¯\tImWpw 
BsW¶ncn¡s«.

 ]X\tIm¬ i-Dw A]hÀ¯\tIm¬ r-Dw 
BsW¦nÂ, 
Sin i  = ØnckwJy
sin r 

Cu kvYnckwJysb H¶mas¯ am²ya¯n\v 
A\pkrXambn c≠ mas¯ am²ya¯nsâ A]
hÀ¯\m¦w (µ) F¶p ]dbp¶p. 

17.7.4 A]hÀ¯\m¦w 
Hcp kpXmcyam²ya¯nÂ \n¶pw asäm 

¶nte¡v Ncnªv k©cn¡p¶ Hcp {]Imi 
civan¡v c ≠mas¯ am²ya¯nÂ Zniamäw 
kw`hn¡p¶psh¶v \ap¡dnbmw. X¶n«pff 
HcptPmUn am²ya§fnÂ kw`hn¡p¶ Zniam 
ä¯nsâ Afhns\ A]hÀ¯\m¦w F¶     ]
ZwsIm≠ v Ipdn¡p¶p. CXv H¶mas¯ am²y as¯ 
At]£n¨v c ≠mas¯ am²ya¯nÂ {]Imi¯n\v 
kw`hn¨ Zniamä¯nsâ AfhmIp¶p.

A]hÀ¯\m¦w hnhn[ am²ya§fnse {]
Imi kwNcW¯nsâ Bt]£nI thKhpambn 
_Ôs¸«ncn¡p¶p. {]Imiw hnhn[ am[ya§fnÂ 
hnhn[ thKXIfnÂ k©cn¡p¶p. {]Imiw 
iq\yXbnÂ 3x108 ms-1 F¶ A[nI thKXbnÂ 
k©cn¡p¶p. AXnsâ thKw I®mSnbnÂ 
KWyambn Ipdbp¶p.

Nn{Xw 17.22þÂ ImWn¨n«pffXp t]mse 
H¶mas¯ am²ya¯nÂ \n¶pw c ≠mas¯ 
am²ya¯ntebv¡v k©cn¡p¶ Hcp {]Imi 
civansb \ap¡v ]cnKWn¡mw. 

kqNn¸n¡p¶Xv. {]Imiw Hcp am[ya¯nÂ \n¶v 
asämcp am[ya¯ntebv¡v Ncnªv  k©cn¡pt¼mÄ 
c ≠mas¯ am²ya¯nÂ {]Imi¯nsâ Zni amdp¶p. 
Cu {]Xn`mks¯ {]Imi¯ns³d A]hÀ¯\w 
F¶p ]dbp¶p. Hcp {]hr¯n sN¿p¶XneqsS 
\ap¡v Cu {]Xn`mks¯¡pdn v̈ IqSpXÂ a\
Ênem¡mw.

{]hr¯n 17.12

Pe¯neqsS ImWp¶ \mWb¯nsâ {]Xy 
£kvYm\w AXnsâ bYmÀ°Øm\¯p \n¶pw 
hyXymks¸Sp¶p.

17.7.3 A]hÀ¯\ \nba§Ä

{]Imiw Hcp kpXmcyam²ya¯nÂ \n¶pw 
asämcp am²ya¯nte¡v {]thin¡pt¼mÄ 
AXnsâ thKXbnep ≠mIp¶ amäamWv {]Imi 
¯nsâ A]hÀ¯\¯n\p ImcWw. Nne \niv 
NnX \nba§Ä¡\pkcn¨mWv A]hÀ¯\w 
kw`hn¡p¶sX¶v ]cntim[\IÄ ImWn¡p¶p. 
{]Imi¯nsâ A]hÀ¯\ \nba§Ä Xmsg 
X¶ncn¡p¶p. 
i)  ]X\civan, A]hÀ¯\ civan, c≠ p kpXmcy 

am²ya§fpw tNcp¶ {]Xe¯nse ]X\_n 
µphntebv¡v hcbv¡s¸Sp¶ ew_w Ch 
aq¶pw Htc Xe¯nembncn¡pw.

ii) {]Imi¯nsâ X¶n«pff \nd¯n\pw X¶n«pff 
tPmUn am²ya§Ä¡pw A\p kcn¨v, ]X\
tImWnsâ ssk\n\pw, A]hÀ¯\tImWn 
sâ ssk\n\pw X½nepff A\p]mXw Hcp 
ØnckwJybmbncn¡pw. CXv A]hÀ¯\ 
¯nsâ kvs\Â\nbaw F¶v  Adnbs¸Sp¶p. 

Nn{Xw 17.22
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H¶mas¯ am²yas¯ At]£n¨v c≠ m as¯ 
am²ya¯nsâ A]hÀ¯\m¦w 

 µ = Sin i 
         sin r   

hmbphnÂ {]Imi¯nsâ thKwµ = –––––––––––––––––––––––––            
am²ya¯nÂ {]Imi¯nsâ thKw

17.7.5. tKmfob se³kpIfnse A]  
           hÀ¯\w
tKmfob se³kpIÄ 

hmbn¡p¶Xn\mbn NneÀ I®SIÄ D]
tbmKn¡p¶Xv \n§Ä I≠ n«p ≠mhpw. LSn 
Imc§Ä \nÀ½n¡p¶hÀ hfsc sNdnb `mK 
§Ä ImWp¶Xn\mbn Hcp sNdnb BhÀ[\w 
sN¿p¶ I®mSn D]tbmKn¡p¶p. Hcp BhÀ 
[\ I®mSnbpsS D]cnXes¯ \n§fpsS ssI 
sIm≠ v \n§Ä Ft¸msg¦nepw kv]Àin¨p t\m¡n 
bn«pt ≠m? AXv kaXe {]XeamtWm, hfª 
{]XeamtWm? AXnsâ a²y`mK¯nemtWm 
I«nIqSnbncn¡¶Xv AtXm hi§fnemtWm? 
I®SIfnepw, LSnImcw \nÀ½n¡p¶hcpw D]
tbmKn¡p¶ I®mSnIÄ se³kpIÄ¡pff DZm 
lcWamWv. se³kv F¶mÂ F´mWv? AXv 
F§s\bmWv {]Imi civanIsf hfbv¡p¶Xv? 
Cu hn`mK¯nÂ \ap ¡nXns\¸än NÀ¨ sN¿mw.

c≠ v {]Xe§fmÂ Npäs¸« Hcp kpXmcy]
ZmÀ°¯nsâ, Ht¶m AsÃ¦nÂ c ≠p {]X 
e§fpw tKmfobamsW¦nÂ Hcp se³kv cq]
s¸Sp¶p CXn\À°w se³knÂ IpdªXv 
Hcp tKmfob {]Xesa¦nepw ImWpsa¶XmWv. 
A§s\bpff tKmfobse³kpIfnÂ, atä{]Xew 
kaXeambncn¡pw. Hcp se³kn\v  ]pdt¯m«v 
Xffn\nÂ¡p¶, c≠ v tKmfob {]Xe§Ä D≠ m 
bncn¡mw. C¯cw se³kns\ D`tbm¯e se³kv 
F¶p ]dbp¶p. CXns\ km[mcWbmbn D¯e 
se³kv F¶p]dbp¶p. hi§fpambn XmcXayw 
sN¿pt¼mÄ CXnsâ a²y`mKw I«nIqSnbXmWv. 
D¯e se³kv {]ImiIncW§sf Hcp kvYm\ 
¯p tI{µoIcn¡p¶p.

 AXpsIm≠ v AXns\ kw{hP\se³kv F¶p 
hnfn¡p¶p. CXpt]mse, Hcp D`b AhXe se³kv 
Dffntebv¡v hfªncn¡p¶, c≠ v tKmfob {]Xe 
§fmÂ Npäs¸«ncn¡p¶p. CXnÂ a²y`mKs¯ 
¡mÄ hi§Ä I«nIqSnbXmbncn¡pw. ChbnÂ 
{]ImiIncW§Ä Hcp _nµphnÂ \n¶pw AI¶p 
t]mIp¶Xmbn tXm¶p¶p. AXn\mÂ Chsb 
hn{hP\ se³kpIÄ F¶p ]dbp¶p. Hcp D` 
bmhXe se³kns\ km[mcWbmbn AhXe 
se³kv F¶p hnfn¡p¶p.

tKmfob se³kpIsf¡pdn¨pff NÀ¨ IfnÂ 
km[mcWbmbn D]tbmKn¡p¶ Nne ]Z§fpsS 
AÀ°sa´msW¶v \ap¡v a\Ênem¡mw. Hcp 
se³kn\v c ≠p tKmfob{]Xe§Ä D≠ v. Cu {]
Xe§Ä Hmtcm¶pw Hcp tKmf¯nsâ `mKamWv 
Cu tKmf§fpsS tI{µ§sf se³knsâ 
h{IXmtI{µw F¶p ]dbp¶p. Hcp se³knsâ 
h{IXm tI{µs¯ km[mcWbmbn ‘C’ F¶ 
A£cw sIm≠ v Ipdn¡p¶p. ChnsS c≠ v h{IXm 
tI{µ §fpffXn\mÂ \ap¡hsb C1, C2 F¶v 
Ipdn¡mhp¶XmWv.

Hcp se³knsâ c≠ v h{IXmtI{µ§ fneqsS 
bpw IS¶p t]mIp¶ km¦ev]nI tcJsb 
AXnsâ apJy A£w F¶p ]dbp¶p.

se³knsâ a²y _nµphns\ AXnsâ {]
IminItI{µw F¶p ]dbp¶p. CXns\ O F¶ 
A£cw sIm≠ v Ipdn¡mw. Hcp se³knsâ {]
IminItI{µ¯neqsS t]mIp¶ Hcp {]Imicivan 
bmsXmcp hyXnNe\hpw kw`hn¡msX IS¶p   
t]mIp¶p.

Hcp tKmfob se³knsâ hr¯mImc cq]
tcJbpsS hymks¯ kpjncsa¶v ]dbp¶p. 
Hcp se³knsâ kpjncw AXnsâ h{IXm 
hymkmÀ²s¯¡mÄ hfsc sNdpXmbn cp¶mÂ 
Ahsb sNdnb kpjnct¯mSpIqSnb Iriamb 
se³kpIÄ F¶p ]dbp¶p. kam´camb          
{]ImiIncW§Ä Hcp se³knÂ ]Xn¡pt¼mÄ  
Ahbv¡v F´p kw`hn¡pw ? 

 • Pm{KX: Cu {]hr¯n sN¿pt¼mtgm, 
AÃmsXtbm kqcys\ t\cnt«m, se³kn 
eqsStbm t\m¡cpXv.

 •  Hcp D¯ese³kns\ \n§fpsS I¿nÂ 
h v̈ kqcy\`napJambn ]nSn¡pI.

 •  kqcy{]Imis¯ Hcp ISemknÂ 
tI{µoIcn¡pI. hfsc hyàhpw {]
Imihpapff kqcysâ {]Xn_nw_w e`n 
¡p¶p.

 • t]¸dns\bpw se³kns\bpw Ipd 
¨pkabw AtX \nebnÂ hbv¡pI. t]¸ 
dns\ \nco£n¡pI. F´p kw`hn¨p? 
F´psIm≠ v ?

{]hr¯n 17.13
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asämcp apJy A£w \n§Ä¡v e`n¡pw. apJy 
t^m¡Êns\ km[mcWbmbn F F¶ A£cw D]
tbmKn¨v Ipdn¡p¶p. AXn \mÂ Hcp se³kn\v 
c≠ v apJy t^m¡ÊpIÄ D≠ v. Ahsb F1, F2 
F¶v Ipdn¡p¶p.

Hcp se³knsâ  {]IminI tI{µ¯nÂ \n 
¶pw apJyt^m¡Êv hscbpff Zqcs¯ AXnsâ 
t^m¡Êv Zqcw F¶p ]dbp¶p. t^m¡Êv Zqcs¯ 
f F¶ A£cw sIm≠ v Ipdn¡p¶p. 

17.7.6  se³kpIfnse {]Xn_nw_ cq]o   
           IcWw 

\ap¡v civan Nn{X§Ä D]tbmKn¨v se³kp 
Ifnse {]Xn_nw_cq]oIcWs¯ {]Xn\n 
[oIcn¡mhp¶XmWv. se³kpIÄ cq]oIcn 
¡p¶ {]Xn_nw_§fpsS kz`mhw, Øm\w, 
Bt]£nI hen¸w F¶nhsb¸Án ]Tn¡m        
\pw civanNn{X§Ä \s½ klmbn¡p¶p. se³ 
kpIfnse civanNn{X§Ä hcbv¡p¶Xn\mbn, 
Xmsg X¶ncn¡p¶ civanIfnÂ GsX¦nepw cs ≠ 
®s¯ ]cnKWnt¡≠ XmWv.

(i) Nn{Xw 17.24(a) þÂ ImWn¨n«pffXp t]mse 
hkvXphnÂ\n¶pw apJyA£¯n\v kam´cambn 
hcp¶ Hcp {]ImiIncWw D¯e se³knse A]
hÀ¯\¯n\ptijw se³knsâ adphi¯pff 
apJyt^m¡ÊneqsS IS¶pt]mIp¶p. Hcp 
AhXese³knemIs«, Nn{Xw 17.24  (b) þÂ 
ImWn¨n«pffXpt]mse A]hÀ¯\¯n\ptijw 
{]Imicivan, AtX hi¯pff apJyt^m¡ÊnÂ 
\n¶pw AI¶p t]mIp¶Xmbn ImWmw.

Nn{Xw 17.24 (a)

kqcy\nÂ \n¶pw hcp¶ {]ImiIncW§Ä 
kam´c IncW§fmWv. Cu IncW§sf  se³kv 
Hcp kq£vaamb {]Imi_nµphmbn tI{µoIcn 
¡p¶p. CXv kqcysâ bYmÀ° {]Xn_nw_w 
BIp¶p. kqcy{]Imis¯ Cu _nµphnÂ tI{µo 
Icn¡p¶Xn\mÂ Xm]w D≠ mIp¶p. CXv t]¸À 
I¯p¶Xn\v ImcWamIp¶p.

Nn{Xw.17.23(a) {i²m]qÀÆw \nco£n¡pI,

Nn{Xw 17.23(a)

[mcmfw {]ImicivanIÄ apJy A£¯n\v 
kam´cambn h¶v D¯e se³knÂ ]Xn¡p¶p. 
Cu {]ImicivanIÄ se³knÂ \n¶pw A]
hÀ¯\¯n\p tijw apJy t^m¡Ênse Hcp 
_nµphnÂ tI{µoIcn¡p¶p. Cu _nµphns\ 
se³knsâ apJyt^m¡Êv F¶p ]dbp¶p. 

Nn{Xw. 17.23(b) {i²m]qÀÆw \nco£n¡pI. 

[mcmfw {]ImicivanIÄ apJy A£¯n\v 
kam´cambn h¶v Hcp AhXe se³knÂ ]Xn 
¡p¶p. Cu {]ImicivanIÄ se³knÂ \n¶pff 
A]hÀ¯\¯n\p tijw apJy A£¯nepff 
Hcp _nµphnÂ \n¶pw AI¶p t]mIp¶Xmbn 
tXm¶p¶p. Cu _nµphns\ AhXese³knsâ 
apJy t^m¡Êv F¶p ]dbp¶p.

se³knsâ atä {]Xe¯neqsS kam´c 
civanIsf IS¯nhnSpIbmsW¦nÂ FXnÀ hi¯v 

Nn{Xw. 17.23(b)

Nn{Xw 17.24 (b)
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ii) apJyt^m¡ÊneqsS IS¶pt]mIp¶ Hcp {]Imicivan se³knÂ \n¶pw A]hÀ¯\¯n\p 
tijw apJyA£¯n\v kam´cambn t]mIp¶p. CXv Nn{Xw 17.25  (a)þÂ ImWn¨ncn¡p¶p. Hcp 
AhXe se³knsâ apJyt^m¡ÊnÂ \n¶pw AI¶pt]mIp¶Xmbn tXm¶p¶ Hcp {]Imicivan 
se³knÂ \n¶pw A]hÀ¯\¯n\ptijw apJyA£¯n\v kam´cambn t]mIp¶p. CXv Nn{Xw 17.25 
(b) þÂ ImWn¨ncn¡p¶p.

Nn{Xw  17.26 (a) Nn{Xw  17.26 (b)

Nn{Xw  17.25(a)
Nn{Xw  17.25(b)

iii) Hcp se³knsâ {]IminI tI{µ¯neqsS IS¶pt]mIp¶ Hcp {]Imicivan bmsXmcp hyXnNe\
hpw kw`hn¡msX IS¶pt]mIp¶p. CXns\ Nn{Xw 17.26(a)þbnepw  (b)þbnepw  ImWn¨ncn¡p¶p. 
Nn{Xw 17.27. Â Hcp D ̄ese³knÂ hkvXphnsâ Nne Øm\§fnepÅ {]Xn_nw_ cq]oIcW̄ nsâ 
civanNn{X§Ä ImWn̈ ncn¡p¶p. 

F1 F2

0

F1 F2

0

F1 F2

0

F1 F2

0

F1

0

F2 F1 F2

0
F1

0

F2 F1 F2

0

Nn{Xw 17.27

(a)                                                    (b)

(c)                                                    (d)

(e)                                                   (f)

C1
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hkvXp-hnsâ Øm\w {]Xn-_nw-_-¯nsâ 

Øm\w  

{]Xn-_nw-_-¯nsâ 

Bt]£nI hen¸w- 

{]Xn-_nw-_-¯nsâ 

kz`mhw

A\´XbnÂ t^m¡Êv F2- Â hfsc sNdpXv, 

_nµp hen¸w

bYmÀ°hpw,         

XeIogmbXpw 

 2F1 \v AIse F2- \pw 2 F2- \pw CS

bnÂ

sNdpXv bYmÀ°hpw,         

XeIogmbXpw

2 F1þÂ 2F2þÂ AtXhen¸w bYmÀ°hpw, XeIogmbXpw

F1- \pw 2 F1- \pw CSbnÂ 2F2 \v AIse hepXv  bYmÀ°hpw, XeIogmbXpw

t^m¡Êv F1þÂ A\´XbnÂ A\´amb hen¸w 

AYhm hfschfsc 

hepXv

bYmÀ°hpw,          

XeIogmbXpw

t^m¡Êv F1 \pw {]Im

itI{µ¯n\pw O bv¡pw 

CSbnÂ

hkvXp h¨ncn¡p¶ 

AtX Øe¯v

hepXv  anYym_nw_w \nhÀ¶Xv

]«nI 17.3 

Cu \nco£W§fpsS Hcp kw{Klw ]«nI 17.3þÂ X¶ncn¡p¶p.

Nn{Xw. 17.28
(a) (b)

Nn{Xw 17.28 þ Â AhXese³knÂ hkvXphnsâ hnhn[ Øm\§fnepÅ {]Xn_nw_ cq]oIcW
¯nsâ civanNn{X§Ä ImWn̈ ncn¡p¶p. 

hkvXp-hnsâ Øm\w {]Xn-_nw-_-¯nsâ 

Øm\w  

{]Xn-_nw-_-¯nsâ 

Bt]£nI hen¸w- 

{]Xn_nw_¯nsâ   

kz`mhw

A\´XbnÂ t^m¡Êv F1þÂ hfsc sNdpXv,_nµp 

hen¸w

anYym_nw_w, \nhÀ¶Xv

A\´Xbv¡pw 

se³knsâ {]

IminI tI{µw      

O bv¡pw CSbnÂ

t^m¡kv F1 \pw {]

IminI tI{µ¯n\pw

O bv¡pw CSbnÂ

sNdpXv anYym_nw_w, \nhÀ¶Xv

]«nI 17.4

Cu \nco£W§fpsS Hcp kw{Klw ]«nI 17.4 þ Â X¶ncn¡p¶p
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tKmfob se³kpIfnepff                      
kmt¦XnI Nnlv\w

FÃm AfhpIfpw se³knsâ {]Im inI 
tI{µ¯nÂ \n¶pw Aft¡≠ XmWv. kmt¦XnI 
Nnlv\a\pkcn¨v Hcp D¯e se³knsâ t^m¡Êv 
Zqcw [\mXvaIhpw, Hcp AhXese³knsâ 
t^m¡Êv Zqcw EWmXvaIhpw BWv. u,v,f, 
hkvXphnsâ Dbcw h, {]Xn_nw_¯nsâ Dbcw h, 
F¶nhbpsS aqey§Ä¡v A\ptbmPyamb Nnlv\w 
\Â Ip¶XnÂ \mw hfsc {i²nt¡ ≠XmWv.

17.7.7 se³kv kq{XhmIyw
se³kv kq{XhmIyw, hkvXphntebv¡pÅ  

Zqc¯n\pw (u) {]Xn_nw_¯ntebv¡pÅ Zqc¯n 
\pw (v) t^m¡Êv Zqc¯n\pw (f) X½nepff _Ô 
s¯ \ÂIp¶p. se³kv kq{XhmIyw Xmsg 
X¶ncn¡p¶p. 

  1  1    1   —    = — - —   
  f   v        u 

apIfnÂ sImSp¯ncn¡p¶ se³kv kq{X 
hmIyw s]mXphmbXpw FÃm kmlNcy§fnepw 
GsXmcp tKmfob se³kpIÄ¡pw km[pX 
bpffXpamIp¶p.

DZmlcWw : 17.2
Hcp AhXese³knsâ t^m¡Êv Zqcw 15 

cm BWv. se³knÂ\n¶pw 10 cm AIse {]Xn     
_nw_w D ≠mIWsa¦nÂ hkvXphns\ se³knÂ 
\n¶pw F{X Zqc¯nemWv hbvt¡ ≠Xv? 

\nÀ²mcWw:
v = -10 cm,   f = - 15 cm,   u = ?
 1  1 1  — - — = —   
v  u   f  AsÃ¦nÂ,
  1  1      1   —  = —  - —     u   v           f 

  1    1         1       —  = ——  - ——     u   -10           -15
 1 -3 + 2       -1       —  = ———  = ——   
  u     30                30
 u = - 30 cm

AXpsIm≠ v, se³knÂ\n¶pw hkvXp hnte¡pÅ 
Zqcw 30 cm BIp¶p.

BhÀ[\w

Hcp se³knsâ BhÀ[\s¯ {]Xn _nw 
_¯nsâ Db-c-¯n\pw, hkvXp-hnsâ Db-c-¯n\pw 
X½n-epÅ A\p-]m-X-sa¶v \nÀh-Nn-¡m-hp¶XmWv.

CXns\ m F¶ A£cwsIm≠ v Ipdn¡mw. h 
F¶Xv hkvXphnsâ Dbchpw h′ F¶Xv se³kv 
\ÂIp¶ {]Xn_nw_¯nsâ DbchpamsW¦nÂ, 

se³knsâ BhÀ[\w. 

        {]Xn_nw_¯nsâ Dbcw (h′)         v
m =    —————————————  =   —
        hkvXphnsâ Dbcw       (h)         u

Ipdn¸v : tKmfob ZÀ¸W§fpsS BhÀ¯\ 
kq{Xw amdp¶Xv NnÓ§Ä aqeamWv.  

DZm-l-cWw: 17.3 

15 cm t^m¡Êv ZqcapÅ Hcp AhXe se³ 
knÂ\n¶pw 30 cm AIse hkvXp h¨ncn¡p¶p. 
se³knÂ\n¶pw 10 cm AIe¯nÂ \nhÀ¶Xpw 
anYybpamb {]Xn_nw_w D ≠mIp¶p. se³knsâ 
BhÀ[\w IW¡m¡pI. 
\nÀ²m-cWw:
hkvXphnsâ Zqcw, u = -30 cm

{]Xn_nw_¯nsâ Zqcw, v = -10 cm 
BhÀ[\w, m = v/u

        -10        1 
 m =   =     = + 0.33 
        -30         3
17.7.8. se³knsâ ]hÀ 

{]ImicivanIsf kw{hPn¡mt\m hn{hPn¡m 

t\m DÅ Hcp se³knsâ Ignhnsâ Afhns\ 

]hÀ F¶ ]Zw hyàam¡p¶p. Hcp se³knsâ 

t^m¡Êv Zqc-¯nsâ hypÂ{Ias¯ AXnsâ ]hÀ 

F¶p \nÀh-Nn-¡m-hp¶XmWv. CXns\ ‘P’F¶ 

A£cw {]Xn\n[oIcn¡p¶p. f t^m¡Êv Zqc

apÅ Hcp se³knsâ ]hÀ 

         1
  P = — 
         f
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 • Hcp t{UmbnwKv t_mÀUnÂ t{UmbnwKv    
]n¶pIÄ D]tbmKn v̈ Hcp shÅ¡S
emkv Dḑ n¡pI. 

 • {]nk̄ nsâ {XntImWobm[mcw ISem
knt·Â Ccn¡ ̄¡h®w {]nks¯ 
ISemknt·Â hbv¡pI. Hcp s]³knÂ 
D]tbmKn v̈ AXnsâ AXnÀ¯nIÄ (cq]
tcJ) hcbv¡pI. 

 • {]nk̄ nsâ AB F¶ A]hÀ¯\ 
{]Xē ntebv¡v PE F¶ t\ÀtcJ 
Nmbvhmbn hcbv¡pI.

 • Nn{Xw 17.29þÂ ImWn̈ n«pÅXpt]m se 
tcJ PEþÂ P,Q F¶o _nµp¡fnÂ 
c ≠p sam«pkqNnIÄ Dḑ n¡pI. 

 • P,Q F¶o _nµp¡fnÂ Dḑ n̈ ncn¡p¶ 
sam«pkqNnIsf A]hÀ¯\ {]Xew 
AC bneqsS t\m¡pI.

 • P,Q F¶o sam«pkqNnIfpsS {]Xn   _nw
_§fpambn t\ÀtcJbnÂ hc̄ ¡
hn[w R,S F¶o c ≠p sam«pkqNnIÄ 
Dḑ n¡pI.

 • kv̂ SnI {]nks¯bpw, sam«pkqNnI
sfbpw \o¡wsN¿pI.

 • P,E F¶ tcJ {]nk̄ nsâ ]cn[nsb 
E F¶ _nµphnÂ kÔn¡p¶p. 
(Nn{Xw 17.29 ImWpI) CXpt]mse R,S 
F¶o _nµp¡sf tbmPņ n¡p¶ tcJ               
{]nk̄ nsâ ]cn[nsb FF¶ _nµphnÂ     
kÔn¡p¶p. E,F F¶o _nµp¡sf 
tbmPņ n¡pI.

 • {]nk̄ nsâ A]hÀ¯\ {]Xe§Ä 
AB bv¡pw, AC bv¡pw bYm{Iaw E,F 
F¶o _nµp¡Ä hgnbmbn ew_§Ä 
hcbv¡pI.

 • Nn{Xw 17.29þÂ ImWn̈ ncn¡p¶Xp     
t]mse ]X\tImWpw (i) A]hÀ¯\
tImWpw (r) \nÀKa\ tImWpw (e) Ipdnbv 
¡pI.

se³knsâ ]hdnsâ SI am{X ‘Utbm-]väÀ’ 
BIp¶p. CXns\ D F¶ A£cwsIm≠ v kqNn
¸n¡p¶p. f- s\ aoädnÂ kqNn¸n¡pIbmsW
¦nÂ ]hdns\ Utbm]vä dpIfnÂ kqNn¸n¡p¶p. 
AXn\mÂ Hcp aoäÀ t^m¡Êv ZqcapÅ Hcp 
se³knsâ ]hÀ Hcp Utbm]väÀ BIp¶p. Hcp 
D¯ese³knsâ ]hÀ [\mßIhpw Hcp AhXe 
se³knsâ ]hÀ EWmßIhpw BIp¶p. 
DZm-l-cWw: 17.4

Hcp AhXe se³knsâ t^m¡Êv Zqcw 2m 
BIp¶p. se³knsâ ]hÀ IW¡m¡pI.

\nÀ²m-cWw:
Hcp AhXe se³knsâ t^m¡Êv Zqcw, f = - 2 m 
se³knsâ ]hÀ, 
         1 p =  
         f 

         1
 p =   
        -2 
 p = - 0.5 Utbm-]väÀ

17.7.9. Hcp {]nk-¯n-eqsSbpÅ {]Im-i-  
           ¯nsâ A]-hÀ¯\w  

Hcp {XntImWob kv^SnI {]nk¯ns\ ]
cnKWn¡mw. AXn\v c≠v {XntImWob B[mc 
§fpw aq¶v katImWpapÅ ]mÀizØamb 
aq¶v {]Xe§fpap≠v. Cu {]Xe§Ä ]ckv]
cw Ncnªncn¡p¶p. AXnsâ ]mÀizØ {]
Xe§Ä ¡nSbnepÅ tImWns\ {]nk¯nsâ 
tIm¬ (A) F¶v ]dbp¶p. Ct¸mÄ \aps¡mcp 
{]hr¯n sNbvXp Hcp {XntImWob kv^SnI {]nk 
¯neqsSbpÅ  {]Imi¯nsâ A]hÀ¯\s¯ 
Ipdn¨v ]Tn¡mw.

Nn{Xw 17.29 

PE - ]X\civan  i - ]X\tIm¬
FS - \nÀKa\civan  e - \nÀKa\tIm¬
EF - A]hÀ¯\civan  r - A]hÀ¯\tIm¬
A - {]nk¯nsâtIm¬  d - hyXnNe\tIm¬

{]hr¯n 17.14
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ChnsS PE F¶Xv ]X\civanbmIp¶p. 
EFF¶Xv A]hÀ¯\civanbmIp¶p. FS F¶Xv 
\nÀKa\ civanbmIp¶p. BZy{]Xew AB hgn 
Hcp {]Imicivan hmbphnÂ\n¶pw kv^SnI¯n
te¡v IS¡p¶Xv {i²n¡pI. {]Imi civanbv¡v 
A]hÀ¯\w kw`hn¡pIbpw AXv ew_¯n
\pt\À¡v hfbpIbpw sN¿p¶p. c ≠mas¯ {]
Xew ACþÂ {]Imicivan kv^SnI¯nÂ \n¶pw 
hmbphnte¡v {]thin¡p¶p. AXn\mÂ AXv 
ew_¯nÂ\n ¶pw AIte¡v hfªv t]mIp¶p. 
{]nk¯nsâ Hmtcm A]hÀ¯\ {]Xe¯nepw 
D ≠mIp¶ ]X\tImWns\bpw A]hÀ¯\ 
tImWns\bpw XmcXayw sN¿pI. {]nk¯nsâ 
X\Xmbcq]w, \nÀKa\civansb, ]X\civanbpsS 
Znibv¡v A\pkrXambn Hcp {]tXyItImWnÂ 
hfbv¡p¶p. Cu tImWns\ r A]hÀ¯\tIm¬ 
F¶p  ]dbp¶p. d sb hyXnNe\tIm¬ F¶p 
]dbp¶p. taÂ¸dª {]hr¯nbnse hyXnNe\ 

tImWns\ ASbmfs¸Sp¯n AXv Af¡pI.

17.7.10. {]nk-¯n-eqsSbpÅ [h-f-{]-Im-  
           i-¯nsâ {]IoÀ®-\w 

\n§Ä Hcp aghnÃnse hÀ®i_famb \n 
d§Ä ImWpIbpw BkzZn¡pIbpw sNbvXncn
¡pw. kqcysâ [hf{]Imi¯n\v F§s\bmWv 
aghnÃnsâ hyXykvX hÀ®§Ä \Â Im³ km[n
¡p¶Xv?

 {]nkw, AXnÂ ]Xn¡p¶ [hf {]Imis¯ 
{]mtbW \nd§fpsS Hcp \mSbmbn thÀ]ncn
¡p¶p. Cu hÀ®\mSbpsS c ≠{K§fnepw {]Xy
£amIp¶ \nd§sf {i²n¡pI. XncbnÂ \n§Ä 
ImWp¶ \nd§fpsS {Iasa´mWv? Nn{Xw. 17.30
þÂ ImWn¨n«pÅXp       t]mse XncbnÂImWp¶ 
hyXykvX \nd§Ä hbeäv, C³UntKm, \oe, ]¨, 
aª, Hmd©v, Nph¸v F¶nhbmWv.

hn_vPn-tbmÀ (VIBGYOR) F¶ Npcps¡gp¯v 
\nd§fpsS {Iaw HmÀ½n¡m³ \n§Ä¡v klmb
IamIpw. 

Hcp {]Imi[mcbpsS \ndapÅ LSI¯nsâ 
\mSsb AXnsâ hÀ®cmPn F¶p]dbp¶p. \n 
§Ä¡v CXnse \nd§sf shtÆsdbmbn ImWm³ 
km[yaÃ. F¦nepw Hmtcm \nds¯bpw aäp\nd§
fnÂ\n¶pw hyàambn Xncn¨dnbm³km[n¡pw. {]
Imis¯ AXnsâ LSI hÀ®§fm¡n thÀXn
cn¡p¶ {]{Inbsb {]IoÀ®\w F¶p ]dbp¶p. 

Hcp {]nk¯nÂ [hf {]Imi¯n\v {]IoÀ 
®\w kw`hn¨v AXnsâ Ggp LSIhÀ®§
fmbn ]ncnbp¶p F¶v \n§Ä I ≠p. F´psIm 
≠mWv \ap¡v Cu \nd§Ä e`n¡p¶Xv Hcp                      
{]nk¯neqsS IS¶p t]mIpt¼mÄ {]Imi¯nse 
hnhn[ hÀ®§Ä ]X\civan¡v A\ptbmPyambn 
hyXykvX tImWpIfnÂ hfbp¶p. Nph¸v {]Imiw 
Gähpw Ipdhmbpw AtXkabw hbeäv Gähpw 
A[nIambpw hyXnNen¡p¶p. 

17.7.11.  A´co£¯nse
 A]hÀ¯\w

XobnÂ\n¶pw apIfntebv¡pbcp¶ {]£p 
_v[amb NqSpff hmbp {]hml¯neqsS 
hkvXp¡sf t\m¡pt¼mÄ Ah {IaclnX 

[hf{]Imiw
V

R
O
Y
G
B
I

kv^SnI{]nkw

Nn{Xw 17.30 

 • Hcp I«nbpÅ ImÀUvt_mÀUv joäv 
FSp¯v AXnsâ a[y`mK¯v Hcp 
sNdnb Zzmcw D ≠m¡pI. 

 • kqcy{]Imis¯ B CSp§nb hnShn
t·Â hogm³ A\phZn¡pI. CXv [hf 
{]Imi¯nsâ Hcp CSp§nb [mc \Â 
Ip¶p. 

 • Ct¸mÄ Hcp I®mSn {]nksaSp¯v 
hnShnÂ \n¶pÅ {]Imis¯ {]nk
¯nsâ GsX¦nepw Hcp {]Xe¯nÂ 
hogm³ A\phZn¡pI. 

 • {]nk¯nÂ\n¶pw ]pdt¯¡v hcp¶ 
{]Imiw AcnInepÅ Hcp XncbnÂ {]
Xy£amIp¶Xphsc {]nks¯ kmh
[m\w Xncn¡pI. 

 • F´mWv \n§Ä \nco£n¡p¶Xv? \n 
§Ä¡v \nd§fpsS Hcp `wKnbpÅ \mS 
ImWmhp¶XmWv. 

 • F´psIm ≠mWnXv kw`hn¡p¶Xv ?  

{]hr¯n 17.15
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ZrjvSn]Sew

{InÌeob se³kv

Peob{Zhw

IrjvW    
aWn

angnaWvUew

ImN]Sew

knenbdnt]inIÄ

t\{X\mUn

ImNm`{Zhw 

ambn At§m«pant§m«pw BSp¶Xp ImWmw. 
XobpsS sXm«papIfnepff hmbp AXns\¡mÄ 
apIfnepff hmbphns\¡mÄ NqSmIp¶p. NqSpff 
hmbp AXn\p apIfnepff XWp¯ hmbphn 
s\¡mÄ L\w IpdªXmWv (km{µX Ipdhv), 
IqSmsX AXnsâ A]hÀ¯ \m¦hpw XWp¯ 
hmbphns\¡mÄ Aev]w IpdhmWv. A]hÀ¯\ 
am²ya¯nsâ (hmbp) ̀ uXnI (hyhkvY) ØnXnIÄ 
ØncaÃm¯Xn \mÂ, NqSpff hmbphneqsS 
t\m¡pt¼mÄ hkvXphnsâ {]Xy£amb Øm\w 
At§m «pant§m«pw amdnamdn ImWp¶p. C§s\ 
Cu Nm©eyw \½psS km[mcW ]cnØnXnbnÂ 
sNdnb tXmXnÂ kw`hn¡p¶ hmbpaÞe¯nse 
A]hÀ¯\¯ns³d (`qanbpsS hmbpaÞe 
¯n\mep ≠mIp¶ {]Imi¯nsâ A]hÀ¯\w) 
{]`mhamIp¶p. \£{X§fpsS an¶n¯nf¡hpw 
CtX t]msebpff, F¶mÂ hfsc henb 
tXmXnepff hmbpaÞe A]hÀ¯\¯mÂ kw` 
hn¡p¶ Hcp {]Xn`mkamIp¶p. 
17.7.12. a\pjyt\{Xw

a\pjysâ I®v hfsc hnes¸«Xpw kq£va 
kwthZ\£aXbpapff ]t©{µnb§fnsem¶mWv. 
\ap¡p Npäpapff hnkvabIcamb temIs¯bpw 
hnhn[ hÀ®§sfbpw ImWp¶Xn\v AXv \s½ 
klmbn¡p¶p. \½psS {]hÀ¯\§Ä FÃmw 
I®pIÄ D]tbmKn̈ v sN¿p¶Xn\mÂ \½psS  
]t© {µnb§fnseÃmw h¨v a\pjyt\{Xw hfsc  
{][m\ s¸«XmIp¶p F¶mWv P\m ǹ{]mbw.

a\pjyt\{Xw Hcp Iymadsbt¸msebmIp¶p. 
I®nsâ se³kv {]Xn_nw_s¯ ZrjvSn]Sew 
F¶phnfn¡p¶ {]Imi kwthZ\£aXbpÅ 
XncbnÂ D ≠m¡p¶p. ImN-]-Sew F¶p hnfn 
¡p¶ t\cnb X\pkvXc¯neqsS {]Imiw 
I®nte¡v {]thin¡p¶p. Nn{Xw 17.31 þÂ ImWn
¨ncn¡p¶Xp t]mse CXv t\{XtKmf¯nsâ ap³ 
{]Xe¯nÂ Hcp kpXmcyamb ]pdt¯m«v D´n     
\nÂ¡p¶ `mKw D ≠m¡p¶p.

t\{XtKmf¯n\v GItZiw 2.3 cm hymkt¯mSp 
IqSnb Hcp tKmf¯nsâ BIr XnbmWpffXv. 
I®nte¡v IS¡p¶ FÃm {]ImicivanIÄ¡pw 
ImN]Se¯nsâ _mly{]Xe¯nÂ h¨v A]
hÀ¯\w kw`hn¡p¶p. hyXykvX Zqc§fnepff 
hkvXp¡sf ZrjvSn]Se¯nÂ tI{µoIcn¡p¶Xn\v 
Bhiyamb hn[¯nÂ {Inkväeob se³kv 
AXnsâ t^m¡Êv Zqcs¯ hfsc IrXyamb 
coXnbnÂ amän {IaoIcn¡p¶p. ImN]Se¯n\p 
(cornea) ]n¶nembn angnaÞew (iris) F¶ Hcp 
LS\ \ap¡v ImWmhp¶XmWv. angnaÞesa¶Xv, 
IrjvWaWnsb (pupil) \nb{´n¡p¶ Hcp Ccp ≠ 
t]io ]SeamWv (muscular diaphram) IrjvWaWn 
I®n\pffntebv¡v {]thin¡p¶ {]Imi¯ns³d 
Afhns\ {IaoIcn¡pIbpw \nb{´n¡pIbpw 
sN¿p¶p. I®nse se³kv hkvXphnsâ 
XeIogmbXpw bYmÀ° hpamb {]Xn_nw_s¯ 
ZrjvSn]Se¯nÂ D ≠m¡p¶p. ZrjvSn]Sesa¶Xv 
[mcmfw {]ImikwthZ\ tImi§tfmSp IqSnb 
Hcp t\cnb X\pkvXcamWv. {]Imiw ]Xn¡pt¼mÄ 
{]ImikwthZ\skÃpIÄ {]hÀ¯\\ncX am 
IpIbpw hnZypXv BthK§sf D ≠m¡pIbpw 
sN¿p¶p. Cu hnZypXvBthK§Ä t\{X\m UnIÄ 
hgn akvXnjvI¯nte¡v sIm ≠p sNÃp¶p. 
akvXnjvIw Cu BthK§sf {Kln¡pIbpw 
hnhc§sf hniIe\w sNbvXv Ahkm\w \
ap¡v  hkvXp¡fpsS Aht_m[ap≠ m¡pIbpw 
sN¿p¶p.

ImgvNbnse \yq\XIfpw ]cnlmchpw 
{][m\ambpw aq¶v km[mcWamb ImgvN bpsS 

A]hÀ¯\ \yq\XIÄ D≠ v. ChbmWv

(i)  atbm¸nb AYhm {lkzZrjvSn
(ii) ssl¸À sat{Sm¸nb AYhm ZoÀLZrjvSn

(iii){]kv_tbm¸nb 

F¶nh A\ptbmPyamb tKmfob se³kpIÄ 
D]tbmKn¡p¶XneqsS Cu \yq\XIÄ ]cnlcn 
¡mhp¶XmWv. 
(a) atbm¸nb 

atbm¸nb F¶Xv {lkzZrjvSn F¶pw 
Adnbs¸Sp¶p. atbm¸nb DÅ HcmÄ¡v ASp¯pÅ 
hkvXp¡sf hyàambn ImWm³ km[n¡p¶p. 
F¶mÂ ZqscbpÅ hkvXp¡sf hyàambn ImWm³ 
km[n¡p¶nÃ. Cu  \yq\XbpÅ HcmfpsS hnZqc         
_nµp (far point) A\´Xsb¡mÄ ASp¯m 
bncn¡pw. A§s\bpÅ HcmÄ¡v Nne aoädpIÄ hsc 
hyàambn ImWmhp¶XmWv. Nn{Xw 17.31
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O

O

O O

Cu \yq\XIÄ D ≠mIm³ ImcWw (i) t\
{Xse³knsâ t^m¡kv Zqcw hfsc IqSpXÂ 
(]hÀIpdhv) AsÃ¦nÂ (ii) t\{XtKmfw hfsc 
sNdpXmbXn\mÂ (\ofw IpdhmbXn\mÂ) A\p 
tbmPyamb ]hdpÅ Hcp D¯e se³kv D]tbmKn v̈ 
Cu ZrjvSntZmjw ]cnlcn¡mhp¶XmWv. CXns\ 
Nn{X cqt]WbpÅ  hniZoIcWw Nn{Xw 17.33 (c)
þ Â X¶ncn¡p¶p. D¯ese³kpÅ I®SIÄ, 
{]Xn_nw_s¯ ZrjvSn]Se¯nÂ cq]oIcn¡m³ 
A[nItXmXnÂ Bhiyamb t^m¡knwKv ]hÀ\Â 
Ip¶p.

(c) {]kv_tbm¸nb 
km[mcWbmbn {]mbamIpt´mdpw I®nsâ 

kaRv\P£aXbpw Ipdbp¶p. an¡hmdpw Bfp 
IÄ¡pw kao]_nµp Ime{ItaW ]n¶nte¡v 
AI¶pt]mIp¶p. icnbmbn«pÅ I®SIÄ D]
tbmKn¡mXncp¶mÂ AhÀ¡v ASp¯pff hkvXp 
¡sf kpJ{]Zambpw, hyàambpw ImWpI 
{iaIcamWv. I®nsâ Cu \yq\Xsb {]kv_tbm 
]nb F¶p ]dbp¶p. Ime{ItaW knenbdnt]
inIÄ ZpÀ_eamIp ¶Xn\mepw t\{Xse³knsâ 
hfbm\pÅ Ignhv Ipdbp¶Xn\mepamWv CXp
≠mIp¶Xv. Nne kab§fnÂ, HcmÄ {lkzZrjvSn, 
ZoÀLZr jvSn Ch c ≠n\mepw _m[n¡s¸Smw. 
C§s\bpÅhÀ¡v ss_t^m¡Â se³kpIÄ 
BhiyamWv. km[mcW Xcw ss_t^m¡Â se³ 
kpIfnÂ AhXe se³kv, D¯e se³kv Chc
≠pw AS§nbncn¡p¶p. apIÄ ̀ mK¯pÅ AhXe 
se³kv kao]apÅ hkvXp¡sf  ImWp¶Xn 
\pw ASn`mK¯pÅ D¯ese³kv ZqscbpÅ 

{lkzZrjvSnbpÅ HcmfpsS I®nÂ, hnZqc 
hkvXphnsâ {]Xn_nw_w ZrjvSn]Se¯n\p 
ap¶nembn D ≠mIp¶p. (Nn{Xw 17.32 (a). ZrjvSn]
Se¯nÂ¯s¶ D ≠m Ip¶nÃ

Cu \yq\XIÄ D ≠mIm³ ImcWw, (i) t\
{Xse³knsâ A[nIbfhnepÅ h{IX (]hÀ 
IqSpXÂ) AsÃ¦nÂ, (ii) t\{X tKmf¯ns³d 
ZoÀLoIcWw (\ofw IqSÂ) A\p tbmPyamb ]
hdpÅ Hcp AhXese³kv D]tbmKn¨v Cu       
\yq\X ]cnlcnbv¡mhp¶XmWv. CXns\ Nn{Xw 
17.32 (c) Â Nn{Xcqt]W hniZoIcn¨ncn¡p¶p. 
A\ptbmPyamb iàn bpÅ Hcp AhXese³kv 
{]Xn_nw_s¯ ho ≠pw ]n¶nte¡v Xncn¨psIm
≠ph¶v ZrjvSn]Se¯nÂ hogv¯pIbpw A§s\ 
Cu \yq\X ]cnlcn¡s¸SpIbpw sN¿p¶p.

(b) ssl¸Àsat{Sm¸nb

ssl¸Àsat{Sm¸nb F¶Xv ZoÀLZrjvSn F¶pw 
Adnbs¸Sp¶p. Cu \yq\XbpÅ hÀ¡v ZqscbpÅ 
hkvXp¡sf hyàambn ImWm³ km[n¡p¶p. 
F¶mÂ ASp¯pff hkvXp¡sf hyàambn 
ImWm³ km[n¡p¶nÃ. Cu \yq\XbpÅ HcmfpsS 
\nIS_nµp, km[mcW \nIS_nµphns\¡mÄ    
(25 cm) Zqscbmbncn¡pw. A§sbpÅhÀ¡v 
kpKaamb hmb\bv¡mbn ]{Xs¯ I®nÂ \n 
¶pw 25 cm \pw AIse, AXn\\pkcn v̈ hbvt¡
≠XmWv. CXn\p ImcWw ASp¯pÅ hkvXphnÂ 
\n¶pw hcp¶ {]ImicivanIÄ Nn{Xw 17.33 (b) Â 
ImWn¨n«pÅXp t]mse ZrjvSn]Se¯n\p]n¶n 
embn Hcp _nµphnÂ tI{µoIcn¡p¶p.

(a) {lkzZrjvSn _m[n¨ HcmfpsS I®nse hnZqc_nµp

(b) {lkzZrjvSn _m[n¨ I®v

(c) {lkzZrjvSnbpsS ]cnlmcw

(a)  ZoÀLZrjvSn _m[n̈  HcmfpsS   
     I®nse \nIS_nµp

(b) ZoÀLZrjvSn _m[n¨ I®v

(c) ZoÀLZrjvSnbpsS ]cnlmcw
Nn{Xw 17.32 Nn{Xw 17.33
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hkvXp¡sf ImWp¶Xn\pw klmbn ¡p¶p. 
Ct¸mÄ I®n\pÅnÂ LSn¸n¡mhp¶ se³kpIÄ 
(contact lens) D]tbmKn v̈ A]hÀ¯\ ¯mepÅ 
\q\XIsf ]cnlcn¡m hp¶XmWv.

17.7.13  imkv{Xw C¶vþl_nÄ    
iq\ymImi ZqcZÀin\n 
(H.S.T) 

l_nÄ ZqcZÀin\n  Hcp  iq\ymImi ZqcZÀin\n 
bmWv. 1990þmw B≠ v G{]nÂ amk¯nÂ Hcp  
kvt]kvj«nensâ klmbt¯msS AXns\ {`aW]
Y¯nÂ sNep¯pIbp ≠mbn. Atacn ¡³ 
tPymXnimkv{XPvR\mb FUvhn³ l_n fnsâ t]
cmWv l_nÄ ZqcZÀin\n¡v \Â Inbncn¡p¶Xv.  
AXv tPymXnimkv{X cwK v̄ Gähpa[nIw {]
kn²amb KthjW D]m[nbmbn¯oÀ¶p. HST 
CXv Atacn¡bpsSbpw bqtdm]y³ iq\ymImi {]
hÀ¯\ kwLhpw  X½nÂ klIcn v̈ hnt£       
]n¨XmWv. IqSmsX CXv  NASA bpsS tPmXnÀ\nco 
£WimeIfnÂ hfsc {][m\s¸« H¶mWv. 

iq\ymImi¯p h¨p Xs¶ _lncmImi 
bm{XnIÀ b{´§fpsSbpw aäpw tISp]mSpamän {]
hÀ¯\ kÖam¡¯¡ coXnbnÂ cq]Iev]\ 
sN¿s¸« GI ZqcZÀin\n l_nÄ ZqcZÀin\n 
bmWv. hnimeamb hnkvXrXnbpsS hyàamb {]
Xn_nw_w D ≠m¡¯¡ coXnbnÂ c≠ v ssl 
¸Àt_mfnIv ZÀ¸W§Ä LSn¸n¨mWv CXv cq]
Iev]\ sNbvXn«pÅXv. ZqcZÀin\nbpsS hnt£]
Wkab v̄ AXnsâ {]hÀ¯\tijnsb ITn\
ambn _m[n¡¯¡coXnbnÂ, {][m\ZÀ¸Ww 
sXämb coXnbnÂ Øm]n¨ncn¡p¶Xv imkv{XPvRÀ 
I ≠p]nSn¨p. 1993þmw B≠ v tkh\kwL¯nsâ 
{]hÀ¯\^eambn AXnsâ tISp]mSpIÄ XoÀ v̄ 
Dt±in¨ KpW\nehmcw hos≠ Sp v̄ {]hÀ¯\
kÖam¡n. 1993þmw B ≠p apXÂ 2002þmw B≠ p 

hsc \mev {]mhiyw tkh\ kwL§Ä AXns³d 
kwc£W kwcw`§Ä \S¯n A©mat¯Xv 
2009 Â  ]qÀ¯nbmbn. Cu ZqcZÀin\n IpdªXv 
2014þmw B ≠phscsb¦nepw {]hÀ¯\\ncX 
ambncn ¡psa¶mWv Ct¸mÄ {]Xo£n¡p¶Xv.

`qanbpsS hmbpaÞe¯n\p ]pd¯v {`aWw 
sN¿p¶Xn\mÂ Cu ZqcZÀin\n ]Ým¯e{]Imiw 
H«pw Xs¶bnÃm¯ hfsc hyàamb Nn{X§Ä \
ÂIp¶p. l_nÄ ZqcZÀin\nbpsS AÄ{SmUo¸v  
^oÂUv {]Xn_nw_§Ä, {]]©¯ns³d Gähpw 
hnZqc hkvXphns³d CXphscbpw FSp¯n 
«nÃm¯ hfsc hyàamb t\{XtKmNcamb {]
Imi{]Xn_nw_§fmWv. l_nÄ Uo¸v ^oÂUv 
{]Xn_nw _§fpw, l_nÄ AÄ{SmUo¸v ^oÂUv 
{]Xn_nw _§fpw Xmckaql§Ä, ]e _ney³ 
IW¡v {]ImihÀj§Ä AIsebmsW¶v sXfn 
bn¡p¶p.

[mcmfw l_nÄ \nco£W§Ä {]]©w 
hnIkn¨psIm≠ ncn¡p¶ \nc¡ns\ hfsc 
IrXyambn Af¡p¶p. IqSmsX CXv l_nfnsâ 
Øncm¦aqeyw \ÂIm\pw, {]]©¯nsâ hbkv 
IW¡m¡m\pw \nÀ_ÔnX t{]cW \ÂIn. 

]e \qäm ≠pIfnÂ Hcp {]mhiyw kw`hn¡p 
¶Xmbn IcpXs¸Sp¶ hymg{Kl¯nsâbpw 
hmÂ\£{X§fpsSbpw kwL«\¯nsâ Ne\
imkv{Xs¯¡pdn¨pÅ ]T\¯n\v {Kl§fpsS 
l_nÄ Nn{X§Ä hfsc {][m\s¸«XmWv.  l_n 
fnsâ \nco£W§Ä FÃm Xmckaql§fpsSbpw 
a²y`mK§fnÂ XtamKÀ¯§Ä (Black holes) 
km[mcWamWv F¶p Is≠ ̄ n.hnZqcXbnepÅ 
kq¸Àt\mhIsf \nco£n¡p¶Xn\mbn 
tPymXnimkv{XPvR·mÀ Cu ZqcZÀin\n  
D]tbmKn¨p.  

Nn{Xw 17.34
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1.  Hcp ZÀ¸Ww \ÂIp¶ BhÀ[\w + 1 F¦nÂ ZÀ¸W n̄s³d Xcw ________BIp¶p.
             3 
 (AhXew, D¯ew, kaXew)

2. Hcp I¼n̈ pcpfnt\mSv _ÔapÅ Im ńI aÞewamdpt¼msgÃmw Hcp hnZypXv ]cn]Y n̄Â emf 
Dev]mZņ n¡p¶ {]`mhamWv. (sshZypX Im´nIt{]cWw, t{]cnX sshZyXn, t{]cnX thÄt«Pv, 
sshZypXnbnepÅ amäw)

3.  Hcp teml NmeI n̄ÂIqsSbpÅ sshZypX {]hmlw AXn\v Npäpw  ________ s¯ Dev]m Zņ n¡p¶p.

 (Xm]w, {]Imiw, Im ńIaÞew, bm{ ńI _ew)

4.  ho£W Xew A[nIambpÅXv. (kaXe ZÀ¸Ww, AhXe ZÀ¸Ww, D¯e ZÀ¸Ww)

5.  10 sk.ao t^m¡kv ZqcapÅ Hcp D¯e se³knsâ 25 sk.ao AIse hkvXp h n̈cn¡p¶p. F¦nÂ  
{]Xn_nw_ n̄sâ Zqcw _______ BIp¶p. (50 sk.ao, 16.66 sk.ao, 6.66 sk.ao, 10 sk.ao)

6.  Xmsg X¶ncn¡p¶ {]kvXmh\IfnÂ\n¶pw Hcp I½yqt«ädn\v (Znim]cnh¿ØIw) {]mtbmKnIambXns\ 
FgpXpI.

 a. ANe kv]µ\ (deed beat) KmÂht\maoädnÂ I½yqt«äÀ D]tbmKn¡p¶p.

 b. thmÄt«Pv Iq«p¶Xn\mbn {Sm³kvt^madnÂ I½yqt«äÀ D]tbmKn¡p¶p.

 c. sshZypX {]hml n̄sâ Zni amäp¶Xn\mbn tamt«mdnÂ I½ypt«äÀ D]tbmKn¡p¶p.

7.  sshZypX I¼nbnÂ Ing¡v\n¶v ]Snªmdntebv¡v sshZypXn {]hln¡p¶p. I¼nbnÂ\n¶v Xmsg 5 
sk.ao Zqc n̄epÅ Im ńIaÞe n̄sâ Znisb I≠ p]nSn¡pI.

8.  Xmsg X¶n«pÅ Nn{X n̄Â c≠ v I¼nNpcpfpIsf Hcp IpNmeI knen ≠dmIrXnbnepÅ ZÞnÂ 
Npänbncn¡p¶p. Bcw` n̄Â Io (Key) sbAaÀ n̄bn«nÃ. XpSÀ¶v Iosb AaÀ¯pIbpw ]n¶oSv 
\o¡pIbpw sN¿p¶p. F¦nÂ Xmsg X¶ncn¡p¶hbnÂ GXv {]kvXmh\bmWv icnbmIp¶Xv.

 a. KmÂht\maoädnse hn{`wiw ]qPȳ nÂXs¶ \nevIp¶p.

 b. KmÂht\maoädnÂ AÂ]t\cw hn{`wiw D ≠mIpIbpw DSs\Xs¶ \nebv¡pIbpw sN¿p¶p.

 amXrIm aqey\nÀ®bw

hǹ mKw  - A

G

9.  a\pjy t\{X¯nsâ GXv `mKamWv t\{Xse³knsâ t^m¡kv Zqc¯ns\ amäm³ klmbn¡p¶Xv.

10. ¥mknse Pe¯nÂ `mKnIambn Xmgv¯nsh¨ncn¡p¶ Hcp s]³knÂ hmbphpw Pehpw tNcp¶  
`mK¯v hfªXmbn ImWp¶p. CXn\v ImcWamb {]Imi¯nsâ {]Xn`mkw GXmWv?

11.  Hcp Znhkw cm{XnbnÂ Nn{X kzoIcWapdnbnÂ Ccp¶t¸mÄ AhcpsS ]q¨bpsSbpw ]q¨¡p«n 
bpsSbpw {^Xn^e\w AI¯pÅ apdnbnse P¶Â I®mSnbnÂ I≠ p. ]q¨¡p«nbpsS  
{]Xn_nw_w ew_hpambn 400 bnemsW¦nÂ, GXv tImWnemWv Nn{X ]q¨¡p«nbpsS {]Xn^e\ 
_nw_w I≠ Xv ?

12. Im´nI_etcJIÄ ]ckv]cw tOZn¡p¶nÃ. F´psIm≠ v?
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13. c ≠p kam´c NmeI§fneqsS Htc Afhv sshZypXn Htc Znibnepw FXnÀZnibnepw {]hln¡pI 
bmsW¦nÂ AhbpsS a[y`mK¯v D ≠mIp¶ Im´nIaÞew F´mIp¶p?

14. Hcp AC P\tdädns\ F§s\bmWv DC P\tdädmbn amäp¶Xv?

15. f t^m¡kv ZqcapÅ AhXe ZÀ¸W¯nsâ ap³hi¯v Hcp hkvXphns\ sh¨ncn¡p¶p. {]Xn_nw 
_w hkvXphnsâ AtX hen¸apÅXmsW¦nÂ hkvXphnsâ Øm\w I ≠p]nSn¡pI.

hn`mKw -- B
1.  ]qcn¸n¡pI.

 i) Hcp tam«mdnÂ: ØncIm´sa¦nÂ, hmWnPy hnjbIamb tam«mÀ: _______

 ii) se³knsâ t^m¡kv Zqcw: aoäÀ, F¦nÂ se³knsâ ]hÀ _______

2.  Xmsg X¶n«pÅ {]kvXmh\IfnÂ Fs´¦nepw sXäpIÄ Ds≠ ¦nÂ AXv Xncp¯pI.

 i) Im´nI aÞew F¶Xv ]cnamWw am{XapÅ Hcp AfhmIp¶p.

 ii) Im´nI _etcJIÄ Z£nW {[ph¯nÂ XpS§n D¯c{[ph¯nÂ Ahkm\n¡p¶p.

3.  Xmsg ImWn¨n«pÅ civan Nn{Xw F§s\bmWv Hcp AhXe ZÀ¸Ww {]Xn_nw_ap ≠mIp¶sX¶v 
ImWn¡p¶p.

 i) AXnepÅ sXäv I≠ p]nSn¨v icnbmb civan Nn{Xw hcbv¡pI.

 ii) \n§fpsS Xncp¯epIÄ¡v \ymboIcWw FgpXpI.

C F P

N

M

4.  KXmKXw \nb{´n¡p¶ kqNI Zo]§fnÂ _______ \nd¯nepÅ {]Imiw hml\§sf \ndp 
¯p¶Xn\v D]tbmKn¡p¶Xv Fs´¶mÂ AXn\v _______ XcwKssZÀLyw D≠ v.

5.  {_m¡änÂ X¶ncn¡p¶ A\ptbmPyamb hm¡pIÄ D]tbmKn¨v ]«nI ]qÀ¯nbm¡pI.

_________ ]ÃpIfpsS hepXmb {]Xn_nw_w

_________ hml\ n̄sâ ]n³`mKw \nhÀ¶ {]Xn_nw_w

 (D¯e ZÀ¸Ww, kaXe D¯ew, AhXe ZÀ¸Ww, kaXe ZÀ¸Ww, D¯ese³kv, AhXe se³kv)

6.  Xmsg X¶ncn¡p¶hsb ]cnKWn¨v AXv kqNn¸n¡p¶ a\pjyt\{X `mK¯nsâ t]scgpXpI.

 i) IrjvWaWnsb \nb{´n¡p¶ Ccp≠  t]in]Sew.

 ii) t\{XnIse³kmÂ {]Xn_nw_§sf D ≠m¡p¶ Xnc.

7. km[mcWbp ≠mImdpÅ ImgvNbpsS A]hÀ¯\ \yq\XbmWv {lkzZrãnsb¶v \n§Ä¡dnbmw. 
Cu  \yq\XbpÅhÀ¡v ASp¯pÅ hkvXp¡sf am{Xw hyàambn ImWm³ km[n¡p¶p. A\p 
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tbmPyamb ]hdpÅ AhXese³kpIÄ D]tbmKn¨v Cu \yq\Xsb ]cnlcn¡mhp¶XmWv.

 i) CXpt]mepÅ aäv c≠ v \yq\XIÄ {]kvXmhn¡pI.

 ii) \ap¡v Ahsb F§s\ ]cnlcn¡mw F¶v hniZam¡pI.

8. i) Xmsg X¶n«pÅ Nn{X¯nÂ Im´kqNnbpsS GXv {IaoIcWamWv B _nµphnepÅ Im´nI 
aÞes¯ icnbv¡pw hnhcn¡p¶Xv.

N S

a
b

c

d
9.  GI {[phIm´w (mono pole) Dt≠ m? ImcWw XcpI.

10. 3 sk.ao DbcapÅ Hcp _Ä_ns\ 10.5 sk.ao t^m¡kv ZqcapÅ Hcp hnhÀP\ se³knÂ\n¶v 20 
sk.ao AIse hbv¡p¶p {]Xn_nw_¯nsâ Zqcw IW¡m¡pI.

11. se³knsâ ap³hi¯v 30 sk.ao AIse sh¨ncn¡p¶ kqNnbpsS {]Xn_nw_w se³knsâ 
adp`mK¯v 60 sk.ao. AIe¯nepÅ XncbnÂ e`n¡p¶p. se³knsâ Xcw Xncn¨dnªv se³knsâ 
t^m¡kv Zqcw I≠ p]nSn¡pI.

12. am[yaw 1 Â \n¶pw XmsgbpÅ c≠ mas¯ am[ya¯ntebv¡v {]Imi civan IS¡pt¼mÄ A]hÀ 
¯\w kw`hn¡p¶p. am[yaw H¶nÂ A\p{kpXambn am[yaw c≠ nÂ D≠ mIp¶ A]hÀ¯\m¦w 
I≠ p]nSn¡pI.

30
O

45O

am[yaw 1

am[yaw 2

13. Hcp hkvXphnsâ 1/5 `mKw hen¸apÅ bYmÀ° {]Xn_nw_w Hcp ZÀ¸W¯nÂ\n¶pw 18 sk.ao. 
AIse D ≠mIp¶p. ZÀ¸W¯nsâ Xcw GXmWv ZÀ¸W¯nsâ t^m¡kv Zqcw ImWpI.

14. I®nÂ\n¶pw 12 aoäÀ AIsebpÅ hkvXp¡sf HcmÄ¡v hyàambn ImWm³ Ignbp¶nÃ. 
At±l¯nsâ I®nsâ Zqjyw GXmsW¶pw AXv ]cnlcn¡m\pÅ se³knsâbpw t]cv FgpXpI.

15. civan Nn{X¯nsâ klmbt¯msS kutcmÀÖw ]m\epIfnÂ AhXe ZÀ¸W¯nsâ D]
tbmKs¯¡pdn¨v hnhcn¡pI.

16. {]Imiw hmbphnÂ\n¶pw 1.47 A]hÀ¯\m¦apÅ as®®bntebv¡v IS¡p¶p. hmbphnÂ {]
Imi¯nsâ {]thKw 3x108 ao/sk. F¦nÂ as®®bnÂ {]Imi¯nsâ {]thKw F{XbmIp¶p.

17. t^m¡kv Zqcw 18 sk.aoädpÅ AhXe ZÀ¸W¯nsâ ap¶nÂ 12 sk.ao AIse\n¶psIm≠ v 
apcpI³ Xsâ XmSnsb icnbm¡nsIm≠ ncn¡p¶psh¦nÂ

 i) ZÀ¸W¯nÂ\n¶pw apcpIsâ {]Xn_nw_w F{XbIse ImWm³ Ignbpw?
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 ii) apcpIsâ apJw ZÀ¸W¯nsâ t^m¡kv Zqc¯ns\¡mÄ IpdbpItbm AYhm A[nIamIpItbm 
sN¿pt¼mÄ {]iv\apt ≠m? hnhcn¡pI.

18. ]cepIÄhgn {]Imiw 1.90 x 108 ao/sk F¶ {]thK¯nÂ k©cn¨mÂ, ]censâ A]hÀ¯     
\m¦w F´mIp¶p?

19. cRvP\n GÀ¸mSv sNbvX sagpIvXncnbmÂ Ae¦cn¡s¸« Hcp cm{XnIme hncp¶nsâ Ahkm\w        
\oes_dn ]g§Ä AS§nb ]g¨mdv {]tXyI ̀ £Wambn hnf¼n. \oes_dn hmbphnÂ ew_tcJtbmSv 
450 tIm¬ GÀs¸Sp¶Xpt]mse tXm¶pw. ]g¨mdv ew_t¯mSv 300 tIm¬ GÀs¸Sp¯p¶psh¦nÂ 
]g¨mdnsâ A]hÀ¯\m¦s¯ I ≠p]nSn¡pI.

20.  {lkz ZrjnbpÅ HcmfpsS {lkz_nµp 75 sk.ao. BIp¶psh¦nÂ, Cu \yq\Xsb  
]cnlcn¡m³  D]tbmKn¡p¶ se³knsâ t^m¡kv Zqcw F{XbmIp¶p?

21. do\bpw hmWnbpw ISÂ¯oc¯v Hcp Dt]£n¡s¸« ¹mÌnIv se³kv InS¡p¶Xv I ≠p.  
DuÀÖX{´¯nÂ AhÀ ]Tn¨ Imcy§Ä aqew B se³kv AhXeamtWm D¯eamtWm F¶hÀ 
hmZ{]XnhmZw \S¯n. se³kneqsS AhÀ t\m¡nbt¸mÄ hkvXp¡Ä FÃmw XeIogmbncn¡p¶Xv 
AhÀ I ≠p.

 i) se³knencp¶v 25 sk.ao AIsebpÅ hkvXp se³knsâ ]pdInÂ 20 sk.ao AIse {]Xn_nw 
_s¯ GÀs¸Sp¯p¶psh¦nÂ se³knsâ t^m¡kv Zqcw F{XbmIp¶p?

 ii) CXv AhXe se³kmtWm AYhm D¯e se³kmtWm?
22. kaXe {]Xe¯nÂ {]Imiw 150 tImWnÂ ]Xn¡pt¼mÄ

i) ]X\tIm¬ F{XbmIp¶p?

ii) {]Xn^e\ tIm¬ F{XbmIp¶p?

iii) hyXnNe\ tIm¬ I≠ p]nSn¡pI?
150

23. F§s\bmWv \n§Ä¡v aq¶v Xcw ZÀ¸W§sf kv]Àin¡msX Xncn¨dnbm³ km[n¡p¶Xv?  
 ImcWw XcpI.

24. AC P\tdädnsâ Npäp¶ Bhr¯n c≠ v aS§v BIpt¼mÄ GÀs¸Sp¶ {]Xn`mk¯ns\ hnhcn¡pI.

hn`mKw - C
1. a. Xmsg X¶n«pÅhsb X¶n«pÅ Nn{X¯nÂ tcJs¸Sp¯pI.

 i) ]X\ civan

 ii) A]hÀ¯\ civan

 iii) \nÀKa\ civan

 iv) A]hÀ¯\ tIm¬

 v) hyXnNe\ tIm¬

 vi) \nÀKa\ tIm¬ 

    b.  h{P¯nsâ A]hÀ¯\m¦w 2.42 BIp¶p. {]Imi¯nsâ thKhpambn _Ôs¸Sp¯n 
t\m¡pt¼mÄ Cu {]kvXmh\bpsS AÀ°sa´v?

2. i) Nn{Xs¯ ho ≠pw hcbv¡pI.

 ii) Cu Nn{Xw _______ s\ {]Xn\n[oIcn¡p¶p.

 iii) Nn{X¯nsâ `mK§Ä tcJs¸Sp¯pI.

     iv) Nn{Xw kqqNn¸n¡p¶ D]IcW¯nsâ {]hÀ¯\XXzw FgpXpI.
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3. i)  10 sk.ao t^m¡kv ZqcapÅ Hcp D¯e se³knÂ D≠ mIp¶ {]Xn_nw_¯nsâ {]IrXw, Øm\w 
BhÀ[\w F¶nh I ≠p]nSn¡pI. hkvXphns\

          a.  15 sk.ao AIe¯nÂ, b. 8 sk.ao AIe¯nÂ hbv¡pIbmsW¦nÂ

   ii)   taev]dª a. ^nenw t{]mPÎpIÄ, b. ssItcJ t\m¡p¶bmÄ  
D]tbmKn¡p¶ A]hÀ¯[\ ZÀ¸Ww. Chbn¬ D¯e se³kv 
D]tbmKn¡p¶Xv 

4. 30 sk.ao DÅ AhXe ZÀ¸W¯nsâ ap³]v 5 sk.ao DbcapÅ  
hkvXphns\ 10 sk.ao AIe¯nÂ h¨ncn¡p¶p F¦nÂ

 i)  {]Xn_nw_¯nsâ Øm\w, {]IrXw IqSmsX {]Xn_nw_ Afhpw 
ImWpI.

 ii) taev]dªXnsâ civan Nn{Xs¯ hcbv¡pI.

5. I¬ NnInÕbv¡pÅ Ipdn¸nÂ Hcp tPmUn I®SIfpsS ]hÀ 
{ItaW

   heXpI¬: 3.5 D CSXpI¬: 4.00 D
 i) t\{X ]niInsâ t]scgpXpI.

 ii) C¯cw se³kpIfpsS a²ỳ mKw AYhm A{K`mKw t\ À¯XmtWm?

 iii) GXv se³kn\mWv t^m¡kv Zqcw A[nIapÅXv?

A D

B C

N S

R

B1

B2

S2

S1

kwLw tNÀ¶v NÀ¨ sN¿pI
1. Hcp _lncmImi k©mcn¡v BImiw \oe \ndambn ImWp¶Xn\v ]Icw Ccp≠ v ImWp¶p.       
   ImcWw \evIpI.

2. Htc ZnibnÂ c≠ v sshZypX NmeI§Ä hgn sshZypXn {]hln¡pt¼mÄ Ah BIÀjn¡p¶p.  
CtXt]mse Htc ZnibnÂ k©cn¡p¶ CeIvt{SmWpIfpsS c≠ v Iq«§Ä X½nÂ BIÀjn¡ptam?    
ImcWw XcpI.

3. Hcp sIm¨pIp«n 0.40 aoäÀ/sk¡âv \nc¡nÂ Hcp ZÀ¸W¯ns\ t\m¡n Cgbp¶p. F¦nÂ     
   Ip«nbpsS {]Xn_nw_w F{X thK¯nemWv k©cn¡p¶Xv?

]pkvXI§Ä :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.

sh_vsskäpIÄ :   www.physics about.com,       www.khanacademy.org

	 	 science.howstuffworks.com	 					http://arvindguptatoys.com/films.html

IqSp-XÂ hni-Zmw-i-§Ä¡mbn
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D¯-c-§Ä
ck-X{´w

A²ymbw 9. emb\n-IÄ
hn`mKw - A     3. 16 g;  hn`mKw - B   5. 28.57%
A²ymbw 10. AWp-¡fpw X·m-{X-Ifpw
hn`mKw - A     2.  2;   3. 22.4 enä-dp-IÄ;   5. 18 g;   6. 0.5 tamÄ

hn`mKw - B       3. i) 2 tamfp-IÄ; ii) 0.5 tamÄ; iii) 0.25 tamÄ, 4. i) 18 g; ii) 44 g; iii) 40 g; iv) 46 g; v) 98 g; 
           5. 16, 256, 2;    6. 6.023 x 10 21X·m-{X-IÄ

           7. i) 40 g, 16 g, 56 g; ii) 40 g, 12 g, 48 g, 100 g 

           8.  i) 90 g; ii) 34 g; iii) 360 g 

hn`mKw- C     1. i) 3; ii) 53.5 g; iii) Atam-Wnb; iv) NH3 + HCl  NH4Cl 

           2. i) (a) 4 tamfp-IÄ, (b)19 tamfp-IÄ; ii) 4.75 tamfp-IÄ; iii) 227 g

                     3. i) 2 tamfp-IÄ; ii) 168 g; iii) 1 tamÄ

           4. i) 16 g; ii) 1 tamÄ; iii) 1 tamÄ; iv) 714.29 g

                     5. i) 71 g; ii) 512 g; iii) 192 g; iv) 56 g

           6. i) 0.142 tamÄ;   ii) 1 tamÄ;   iii) 1 tamÄ;   iv) 0.2 tamÄ;   v) 1 tamÄ

A²ymbw 11. cmk-{]-hÀ¯-\-§Ä
hn`mKw - A     2. Cu, CuO; 10. 3

hn`mKw - B     4. 6
           7.  i) A, CaCO3 BIp¶p; B, CO2 BIp¶p ; ii) tÉm¡Uv ssew; iii) C,CaCl2 

BIp¶p; D, H2O BIp¶p, iv) t_kv 

           18.  i) 8; ii) 6; iii) X¶n-«pÅ embn-\n-bpsS PH aqeyw 7s\-¡mÄ IqSp-X-em-b-Xn-\mÂ 
AXv t_mknIv kz`m-h-ap-Å-Xm-Wv.

`uXo-I-imkv{Xw
A²ymbw 15. Ne-\-\n-b-a-§fpw `qKp-cp-Xzhpw
hn`mKw - B    5. F = -1125 N;     6. 19.5 N;      11. 117.6 Nm; {]Z-£nW BLqÀ®w

        12. 9.8 N kg -1 ;  13. 9.8 ms-2 

        14. i) 9.83 ms -2 ; ii) `qK-cp-Xz-Xz-cWw  Ønc-am-bn-cn-¡p¶p 

        15. 1.7342 x 10 -11 ms -2 ;   18. 40 Kg ms-1 ;   19.  g1
 = 1 

5
g ;      20. 0.4 m

hn`mKw - C   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  and 0.4 m/s 2 F¶nh bYm-{Iaw Xzc-W-§-fm-Wv.
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A²ymbw 16. sshZyp-Xnbpw DuÀÖhpw

hn`mKw - B    5. i) 2.5 Ω; ii) 2.5 Ω;     9. 1 Ω;	 11. 10 19 

        12. i) 4.6A ; ii) Nme-I-¯nsâ {]Xn-tcm[w hÀ²n-¡p-¶p;  13. 5 Ω

        14. i) 20 V;	ii) 240 V;  15. I1 = 1 A,  I2 = 2A,  I3 = 0.5 A;  16. 0.4 A

        17. 2 Ω;		18. 32 Ω	

hn`mKw - C    1. 5.79 Znh-k-§Ä  

         2. i) 4 Ω {]Xn-tcm-[-¯n\p IpdpsI Dev]m-Zn-¸n-¡-s¸-Sp¶ Xm]w =16 J 

  ii) 12 Ω {]Xn-tcm-[-¯n\p IpdpsI Dev]m-Zn-¸n-¡-s¸-Sp¶ Xm]w = 5.227 J

             iii)  6 Ω {]Xn-tcm-[-¯n\p IpdpsI Dev]m-Zn-¸n-¡-s¸-Sp¶ Xm]w =10.61 J

         3. BsI sshZypXn 0.3 A, ABIp-¶p, Ipdp-sI-bpÅ s]m«³jyÂ hyXymkw 0.3 V

         4.  i) 240 V,  ii) 220 V, iii) AC {]hÀ¯n-¡p-I-bnÃ 

          5. 4 Ω,			 6. i) 1.33 Ω,	ii) 1.33 Ω,		 8. 8
3

 R

A²ymbw 17. sshZyp-Xn-bpsS Im´nI {]`m-hhpw {]Im-ihpw

hn`mKw - B  10. - 6.88 cm,       11. 20 cm,    12. 0.707,  13. Ah-Xe ZÀ¸Ww; 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) kw{h-P-\-se³kv  22.  i = 750 ; r = 750 ; d = 300 

hn`mKw - C    3. i) (a)   {]Xn-_nw-_-¯nsâ kz`mhw bYmÀ°w, hep-Xv, Xe-Io-gm-b-Xv 

   {]Xn-_nw-_-¯nsâ Øm\w v = 30 cm            

   {]Xn-_nw-_-¯nsâ BhÀ[\w = - 2 

                  (b)  {]Xn-_nw-_-¯nsâ kz`mhw anYym-_nw-_w, hep-Xv, \nhÀ¶Xv. 
{]Xn-_nw-_-¯nsâ Øm\w v = - 40 cm (h-kvXp-hnsâ AtX-h-i-¯v)

           {]Xn-_nw-_-¯nsâ BhÀ[\w = + 5 

          4. i)  {]Xn-_nw-_-¯nsâ kz`mhw anYym-_nw_w, hep-Xv, \nhÀ¶-Xv. 
{]Xn-_nw-_-¯nsâ Øm\w v = 30 cm 

`      {]Xn-_nw-_-¯nsâ Afh = 15 cm 
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1. {]mtbm-KnI                 

Poh-imkv{Xw
]mc-¼-cyhpw ]cn-Wm-ahpw :- ]mc-¼cyw hyXn-bm-\-§Ä þ ]cn-Wmaw þ a\p-jysâ  

]cn-Wmaw þ ]cn-Wma hr£w þ P\n-XI F©n-\o-b-dnwKv þ ssPh kmt¦-Xn-I-Xzhpw 

t¢mWn§pw þ ImWvU-tIm-i-§Ä Ah-bh hfÀ¯Â þ kq£va Pohn-I-fpsS 

DÂ¸m-Z\w þ _tbm-sk³kÀ þ _tbm-Nn]vkv

2. Btcm-Kyhpw Btc-
mKy ]cn-]m-e-\hpw

{]Xn-tcm[ hyhØ:- Btcm-Kyhpw AXnsâ {]m[m-\yhpw þ tcmK-§fpw 

ImcW§fpw þ kq£va Pohn-I-fmÂ D≠ m-Ip¶ tcmK-§fpw Ah-bpsS {]Xn-tcm-

[hpw þ ]I-cp¶ coXn-IÄ þ tcmK-{]-Xn-tcm[w þ NnInÕbpw {]Xn-tcm-[hpw þ 

Huj-[-§fnse _tbm-sS-Ivt\m-fPn þ HIV bpw {]Xn-tcm-[hpw

3. Fsâ icocw a\pjy ico-c-¯nse LS-\bpw [À½hpw – Ah-bh hyhØ þ \mUo-hy-hØ 

þA´x-{kmhn hyhØ þ tImi-hn-`-P\w þ Du\-`w-K-¯nsâ L«-§Ä.

4. kkytemIw kky-§-fnse {]Xyp-Xv]m-Z\w:- {]XypÂ]m-Z\ coXnIÄ þ kky-§-fnse ImbnI, 

Assew-Kn-I, ssewKnI {]XypÂ]m-Z\ coXn-IÄ þ ]cm-KWw þ _oPk¦-e\w       

]g-§-fp-sSbpw hn¯p-I-fp-sSbpw cq]o-I-cWw þ hn¯v hnX-cWw.  

5. P´p-¡-fpsS 
temIw

kkvX-\n-I-sf-¡p-dn¨v Hcp {]m[n-\nXy ]T\w- _mly-L-S\ þ Bhmkw þ A\pIq-

e-\-§Ä þ ASn-Øm\ imco-cnI {]hÀ¯-\-§Ä þ a\p-jy-\nse ]cy-b\hyhØ þ 

a\p-jysâ hnkÀP\ hyh-Øþ LS-\bpw {]hÀ¯-\hpw X½n-epÅ _Ôwþ P´p-

¡-fpsS kz`m-h-§Äþ kz`mhw (km-aq-ln-Iw, ssewKn-Iw, amXr-]nXr kwc-£-Ww) þ 

arK-§-fpsS kz`m-h-§sf Ipdn¨v þ Kth-j-I-cnÂ \n¶pw e`n¨ Nne ]T-\-§Ä..

6. PohÂ {]{In-b-IÄ PohÂ {]{In-b-IÄ:- \nÀh-N\wþ t]mj-W-¯nsâ Xc-§fpw a\p-jyZlt\{µb 
hyh-Ø þ izk-\wþ kky-§-fnÂ Pe-¯n-sâbpw [mXp eh-W-§-fp-sSbpw kwh-
l\w þ P´p-¡-fnÂ Pe-¯n-sâbpw [mXp eh-W-§-fp-sSbpw Nme\w þ cà]
cy-b\w þ kky-§-fp-sSbpw P´p-¡-fp-sSbpw hnkÀP\w þ \mUo-hy-hØþ kky-
§-fnse GtIm-]\w hfÀ¨aqe-ap- ≠m-Ip¶ Ne\w.

7. ]cn-Øn-Xn-imkv{Xw 
þ ]cn-ØnXn 
hnRvPm-\w

]cn-Øn-Xn-kw-c-£Ww:- ssPh-hn-L-S\w kw`-hn-¡p-\Xpw kw`-hn-¡m-¯-Xp-amb 

amen-\y-§Ä þ Pe ]cn-]m-e\w þ h\y-arK kwc-£W tI{µ-§Ä þ Bhmk hyh-

Ø-bnse kwXp-e\w þIÂ¡-cnbpw s]t{Sm-fn-bhpw þ lcnX ck-X{´w þ imkv{Xw 

C-¶vþ BtKm-f-{Km-a-¯n-te-¡v.

8. ]cn-ØnXn imkv{Xw 
hn`-h-§-fpsS 
D]-tbm-Khpw ]cn-      
]m-e-\hpw

aen\ Pe \nÀÆ-l-Ww:- Pe-¯nsâ k©m-cwþ aen-\-Pe kwkv¡-cWwþ KmÀloI 

coXn-IÄþ BtcmKy kwc-£v-Whpw tcmK-§fpwþ aen-\-Pe \nÀh-l-W-¯n-\pÅ 

aäv {Iao-I-c-W-§Ä þ s]mXp Øe-§-fnse BtcmKy kwc-£-Wwþ DuÀÖ ]cn-         

]m-e-\wþ DuÀÖ-I-W-s¡-Sp¸v (ho-«nÂ, hnZym-e-b-¯nÂ) ]pXp-¸n-¡m-hp¶ t{kmX-

Êp-IÄ (IÂ¡-cn, s]t{Sm-fn-bw, {]Ir-Xn-hm-X-Iw) ssPh CÔ-\-§Ä DÂ]m-Z-\w, 

D]-tbmKw DuÀÖ kwc-£-Wwþ \ap-s¡-§s\ klm-bn-¡mw..

9. {Zhyw emb-\n-IÄ:- eo\hpw emb-Ihpwþ emb-\n-bpsS Xc-§Ä þ tebXzw þ teb-

Xzs¯ _m[n-¡p¶ LS-I-§Ä þ ka-ky-IÄ.

10. AWp-L-S\ AWp-¡fpw X·m-{X-Ifpw:- B[p-\nI AWp-kn-²m-´wþ Ah-Kmt{Um ]cn-I-

ev]-\þAWp-IXþHcp hmX-I-¯nsâ _mjv]L\-Xzhpw X·m{Xm{Zhy-am-\hpw X½n-

epÅ _ÔwþAWp-¡fpw X·m-{X-Ifpw X½n-epÅ hyXymkw þ Bt]-£nI AWp-

{Z-hy-am\wþBt]£nI X·m{Xm{Zhyam\wþtamÄ k¦-ev]-\wþ tamÄ \nÀhN\w 

tamÄ k¦Â¸-\s¯ Bkv]-Z-am-¡n-bpÅ ka-ky-IÄ.

308
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11.
cmk-am-ä-§sf 
-¸-än-bpÅ ]cy-th-j-
Whpw AhbpsS    
{Ia-s¸-Sp-¯epw

cmk-{]-hÀ¯-\-§Ä:- hnhn-[-Xcw cmk-{]-hÀ¯-\-§Äþcmk-{]-hÀ¯-\-¯nsâ  
\nc-¡vþ cmk-{]-hÀ¯-\-¯nsâ \nc¡ns\ kzm[o-\n-¡p¶ LS-I-§Ä þ A¾-
§Ä þ A¾-§-fpsS Xcw-Xn-cn-¡Â þ A¾-§-fpsS cmk-Kp-W-§Ä þ A¾-§-fpsS 
D]-tbm-K-§Ä þ t_kp-IÄ þ t_kp-I-fpsS Xcw-Xn-cn-¡Â þ t_kp-I-fpsS cmk-
Kp-W-§Ä þ t_kp-I-fpsS D]-tbm-K-§Ä þ A¾-§-sfbpw t_mkp-I-sfbpw Xncn-
¨-dn-bp¶ hn[wþ pHtXmXv pH IS-emkv \nXy-Po-hn-X-¯nÂ pH sâ {]m[m-\ywþ eh-
W-§Ä eh-W-§-fpsS Xcw-Xn-cn-¡Â þ eh-W-§-fpsS D]-tbm-K-§Ä

12. cmk-{]-hÀ¯-\-
§-sf-¡p-dn-¨pÅ       
]cy-th-jWw

cmk-{]-hÀ¯-\-§-sf-¡p-dn-¨pÅ ]cy-th-jWw:- aqe-I-§-fpsS BhÀ¯\ hÀ¤o-
I-cWw. B[p-\nI {Ia-mhÀ¯\ \nbawþ B[p-\nI BhÀ¯-\-¸-«n-Iþ B[p-\nI 
BhÀ¯-\-¸-«n-I-bpsS khn-ti-j-X-IÄþ teml-\n-jvIÀjWw Bap-Jwþ teml-
\n-jvIÀj-W¯nÂ D]-tbm-Kn-¡p¶ ]Z-§Ä [mXp-¡fpw Abn-cp-Ifpw X½n-epÅ 
hyXym-kwþ teml-§-fpsS {]Ir-Xn-bnse km¶n²yw Al, Cu, Fe F¶o teml-§-fpsS 
\njvIÀjWw -þ Aep-an-\n-b-¯nsâ \njvIÀjWw. sN¼nsâ \njvIÀj-Wwþ Ccp-
¼nsâ \njvIÀjWw. temlk¦-c-§Äþ teml-k-¦-c-§Ä \nÀ½n-¡p¶ coXn-IÄþ 
tIm¸À, Aep-an-\n-bw, Ccp¼v F¶n-h-bpsS teml-k-¦-c-§Äþ teml-\m-i\w teml-
\m-i\w XS-bp-¶-Xn-\pÅ hgn-IÄ.

13. {]]© ]cy-th-
jWw

ImÀ_Wpw AXnsâ kwbp-à-§fpw:- Bap-Jwþ ImÀ_-Wnsâ kwbp-à-§Äþ 
ImÀ_-WnI ck-X-{´-¯nsâ B[p-\nI \nÀh-N\wþ ImÀ_-Wn-sebpw AXnse 
kwbp-à-§-fn-sebpw _Ô-\-§Äþ cq]m-´-c-Xzwþ ImÀ_-Wn-sâbpw AXnsâ 
kwbp-à-§-fpsSbpw `uXnI kz`m-h-§Äþ ImÀ_-WnIkwbp-à-§-fpsS cmk-kz-
`m-h-§Äþ ImÀ_-WnI kwbp-à-§-fpsS cmk-kz-`m-h-§Äþ kPm-Xob t{iWn-þ 
sslt{UmImÀ_-Wp-Ifpw AXnsâ Xc-§fpwþ ^Mvj-WÂ {Kq¸p-IÄþ ^Mvj-
WÂ {Kq¸p-I-sf ASn-Øm-\-am¡n ImÀ_-WnI kwbp-à-§-fpsS hÀ¤o-I-c-Wwþ 
FY-t\mÄþ FY-t\m-bnIv A¾w.

14. {Zhy-am-\hpw        
Af-hp-Ifpw

Af-¡p-¶-Xn-\pÅ D]-I-c-W-§Ä kv{IqtKPv :- ZoÀL-Zq-c-§Ä Af-¡p-¶-Xn\v þ 
JtKm-fob Zqc-§Ä þ {]Imi hÀjw.

15. _e-§fpw       
Ne-\hpw

Ne\ \nb-a-§-fpw `qKp-cp-Xzhpw- kwXp-enX _e-§fpw Ak-wXp-enX _e-§-
fpwþ H¶mw Ne\ \nb-awþ PU-Xzhpw {Zhy-am-\-hpwþ kwth-Kwþ c ≠mw Ne\\nbaw 
F=ma aq¶mw Ne\ \nb-aw. kwth-K-¯nsâ kwc-£-Whpw AXn-\pÅ sXfnhpw 
_e-¯nsâ BLqÀ®hpw bpÜ _ehpw `qKp-cpXzwþ \yq«sâ `qKp-cpXz\nb-aw. 
{Zhy-am-\wþ `mcwþ `qKp-cpXz Xzc-Wwþ `qan-bpsS {Zhy-am-\wþ imkv{Xw C¶v. N{µ-
bm³, {Itbm-P-\nIv kmt¦-Xn-IXzw _ln-cm-Imi Kth-jW tI{µ-§Ä. 

16. DuÀÖ                 
]cy-th-jWw

sshZyp-Xnbpw DuÀÖ-hpw:- sshZypX {]hm-lhpw AXnsâ ]cn-]-Y-hpwþ  
sshZypX s]ms«³jyepw s]ms«³jyÂ hyXym-k-hpwþ ]cn-]-Y-¯nsâ Nn{X§Äþ 
Hmw \nb-awþ Hcp Nme-I-¯nse {]Xn-tcm[w . {]Xn-tcm-[-I-§-fpsS hyh-Ø. ssh 
Zyp-Xn-bpsS Xm]{]`mhw Xm]-¯nsâ PqÄ \nbawþ ^yqkp-I-fpsS ]¦vþ KmÀlnI 
sshZypX ]cn-]-Y-§Äþ sshZypX iànþ sshZyp-Xn-bpsS cmk{]`mhwþ sshZypX 
hntÇj-Wwþ sshZypX cmk-sk-Ãp-IÄþ DuÀÖ-¯nsâ t{kmX-Êp-IÄþ DuÀÖ-
¯nsâ ]c-¼-cm-KX t{kmX-Êp-IÄ DuÀÖ-¯nsâ ]c-¼-cm-KX BW-thmÀÖwþ 
tdUntbm BIvSn-h-Xþ AWp-tI{µ hnL-S-\w, AWp-tI{µ kwtbm-P-\wþ AWp-tI-
{µ-¯nsâ {Inbm-io-eX ta·-IÄþ BW-thmÀÖ-¯nsâ hn]-¯p-IÄ. imkv{Xw 
C¶vþ IS-enÂ \n¶pÅ DuÀÖw.        

17.

18.

{]Xn-`m-k-§-sf-¡p-
dn-¨pÅ kq£va]
cn-tim-[\ 

kmt¦XnIXzw

sshZyp-Xn-bpsS Im´nI {]`m-hhpw {]Im-ihpw :-Im´nI aWvU-ehpw Im´nI 
_etcJ-Ifpwþ sshZypXn {]h-ln-¡p¶ Nme-I-¯n-ep- ≠m-Ip¶ Im´nI aWvU-ewþ 
sshZypXn {]h-ln-¡p-¶- Hcp EPp-hmb Nme-I-¯n-ep- ≠m-Ip¶ Im´nIaWvUew 
sshZypXn {]h-ln-¡p-t¼mÄ Hcp hr¯m-Imc hf-b-¯n-ep≠- m-Ip¶ Im´nI aWvU-
ew. Im´nI aWvU-e-¯nÂ h¨n-«pÅ sshZypXn {]h-ln-¡p-¶ Nme-I-¯n-ep- ≠m-Ip¶ 
_ewþ ̂ vfan-§nsâ CS-XpssI \nb-awþ sshZypX tamt«mÀþ sshZypX Im´nI t{]
c-Wwþ ̂ mc-sU-bpsS ]co-£-W-§ÄþsshZypX P\-td-äÀþ {]Imiw tKmfob ZÀ¸-W-
§-fnse {]Imi {]Xn-^e\wþ {]Xn-_nw_ cq]o-I-c-Whpw ZÀ¸W kq{X-hm-Iy-hpwþ 
A]-hÀ¯\w A]-hÀ¯\ \nb-a-§Äþ A]-hÀ¯-\m¦w tKmfob se³kp-I-fnse 
{]Xn-_nw_ cq]o-I-c-Wwþse³kv kq{X-hm-Iyhpw BhÀ¯-\-hpwþ se³knsâ ]
hÀ Hcp {]nk-¯nÂ¡q-Sn-bpÅ {]Im-i-¯nsâ A]-hÀ¯-\wþ hÀ® {]IoÀ®\wþ 
{]nk-¯n-eq-sS-bpÅ [h-f-{]-Im-i-¯nsâ {]IoÀ®\wþ hmbp-a-WvU-e-¯nse A]-
hÀ¯-\wþa\pjy t\{Xwþ \yqX-\-Ifpw ]cn-lm-c-hpwþ imkv{Xw C¶vþ l_nÄ iq 
\ym-Imi Zqc-ZÀin-\n.

{]mÎn¡epw t{]mPIväpw
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tNmZyt]¸À X¿mdm¡p-¶-Xv ]¯mw - ÌmtâUv imkv{Xw (Xnbdn)
kabw : 2½ aWn-¡qÀ                                                                        BsI amÀ¡v: 75 

tNmZy t]¸À X¿mdm¡p-¶XnÂ amÀ¡p-IÄ¡pÅ hnlnXw:
A. ]mÞnXyw a\Ênem¡p¶XnÂ hnhn[ LSI§fpsS {]mXn\n[yw 

{Ia \¼À hn`mK§Ä amÀ¡v iXam\w

1 Adn-bp-¶Xv (Knowledge) 17 15
2 a\-Ên-em-¡p-¶Xv (Understanding) 56 45
3 {]tbmKw (Application) 35 30
4 Ignhv  (Skill) 11 10

BsI 119 100
Ipdn¸v: (1) tNmZyt]¸dnepÅ FÃm tNmZy§Ä¡pw IqsSbpÅ BsI amÀ¡v 115 (2) tNmZy t]¸À X¿mdm¡p-
t¼mÄ 2 - 5% hsc amÀ¡p-IfpsS aqey§fnÂ hyXymkw hcmw.

B. hnhn[ coXn-bn-epÅ tNmZy-§Ä¡v amÀ¡p-IÄ \ev¡p-¶-Xv. 
{Ia- 
\-¼À

tNmZy-cq-]-§Ä Hmtcm tNmZy-
¯n-\p-apÅ 
amÀ¡p-IÄ

tNmZy-§fpsS 
BsI F®w

D¯cw \evtI≠  
tNmZy-§fpsS 

F®w

BsI    
amÀ¡p-IÄ

1 hn`mKw A.Hähm¡nÂ D¯cw 
FgptX≠ tNmZyw   (OT) 1 15 15 15x 1=15

2 hn`mKw  B
eLp D¯c§Ä (SA) 2 32* 20 20x2 = 40

3 hn`mKw  C ssZÀLytadnb 
D¯c§Ä (LA)* 5 8 4 4 x 5 = 20

           BsI          55          39           75
* Hmtcm tNmZy-§fpw 2 AsÃ-¦nÂ 3 hn`m-K-§-fmbn hn -̀Pn-¡-s¸«v 1,2,3, F¶n§s\ amÀ¡p-IÄ \evIWw.
kky-im-kv{Xw, P´p-im-kv{Xw, ck-X-{´w, DuÀÖ-X{´w F¶o hn`mK-§-fnÂ \n¶pw tNmZy-§Ä D≠ m-bn-cn-¡Ww.

*sNdp tNmZy§fpsS hn`P\w
{Ia- 

\-¼À
hfsc eLphmb D¯c§Ä¡pÅ

tNmZy§fpsS hIIÄ
tNmZn       

t¡≠h

1 tNcpw]Sn tNÀ¡pI 3
2 hmIy§fnse sXäpIÄ / ]niIpIÄ Is≠¯pI 3
3 {]kvXmh\bpw ImcWhpw 3
4 tNmZy§Ä tNmZn¡pI 5
5 X¶n«pÅ Nn{X¯nse `mK§Ä ASbmfs¸Sp¯pI 3
6 X¶n«pÅ Nn{Xw ]IÀ¯n hc¨v `mK§sf Ipdn¡pI 3
7 IW¡v sNbvXv aqeyw I≠p]nSn¡pI (\nÀ²mcWw sN¿pI) 3
8 (sImSp¯n«pÅ tPmUnIfnÂ\n¶v) hn«pt]mb`mKw ]qcn¸n¡pI 3
9 sImSp¯n«pÅ kµÀ`§fnÂ F´v kw`hn¡p¶psh¶v hniZoIcn¡pI. 3
10 hyXykvXamb H¶ns\ XncsªSp¯v FgpXpI 3

                                                                  X¶n«pÅ BsI tNmZy§Ä 32
                                            D¯cw \ÂtI≠ BsI tNmZy§fpsS F®w 20
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C. D¶X \nehmcapÅ tNmZy§fpsS aqeyhn`P\w
{Ia- 
\-¼À

IW¡m¡s¸«ncn¡p¶ D¶X \nehmcapÅ tNmZy§Ä  % iXam\w

1 efnXamb 20
2 icmicn 60
3 ITn\amb 20

D. A²ymb§Ä¡pÅ aqey hn`P\w

A²ymb§Ä

tNmZy§fpsS F®w

BsI 
amÀ¡pIÄ

Hcp 
amÀ¡v 
tNmZyw

eLp 
tNmZyw

sNdp 
tNmZyw

1. ]mc-¼-cyhpw ]cn-Wm-ahpw

k
k

yi
mk

v{X
h

pw
 P

´
pi

mk
v{X

h
pw

1(1) 3(2) -

27

7

2. {]Xn-tcm[ hyhØ 1(1) 1(2) 1(5) 8

3. a\p-jy-i-co-c-¯nsâ LS-\bpw [À½-§fpwþ 
Ah-bh hyh-Ø-IÄ

1(1) 1(2) 1(5)     8

4. kky-§-fnse {]Xyp-ev]m-Z-\w 1(1) 1(2) 1(5) 8

5. kkvX\nIsf¡pdn¨v Hcp  {]mXn\n[y ]T\w 1(1) 3(2) - 7

6. PohÂ {]hÀ¯-\-§Ä 1(1) 3(2) 7

7. ]cn-ØnXn kwc-£-Ww - 1(2) 1(5) 7

8. amen\y \nÀh-lWw 1(1) 3(2) - 7

9. emb-\n-IÄ

ck
X

{´
w

1(1) 2(2) -

14

5

10. AWp-¡fpw X·m-{X-Ifpw 1(2) 1(5) 7

11. cmk{]hÀ¯-\-§Ä 1(1) 2(2) 5

12. aqe-I-§-fpsS BhÀ¯\hÀ¤o-I-c-Ww 1(1) 2(2) 5

13. ImÀ_Wpw AXnsâ kwbp-à-§-fpw 1(1) 1(2) 1(5) 8

14. Af-hv D]-I-c-W-§Ä 1(1) - -

14

1

15. _ehpw Ne\\nb-a-§fpw

Du
ÀÖ

X
{´

w 1(1) 2(2) 1(5) 10

16. sshZyp-Xnbpw DuÀÖhpw 1(1) 3(2) 7

17. sshZyp-Xn-bpsS Im´nI{]`m-hw 1(1) 3(2) 1(5) 12

X¶n«pÅ BsI tNmZy§fpsS F®w 15(15) 32(64) 8(40) 55 119

D¯cw \ÂtI≠ tNmZy§fpsS F®w 15(15) 20(40) 4(20) 39 75

() amÀ¡ns\ kqNn¸n¡p¶p.
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{Ia \¼À                  DÅS¡w

Pohimkv{Xw

            Poh - kkyimkv{Xw

1    ]cnkc¯v e`n¡p¶ ]pjv]§fpsS hnZf]pRvPw, Zf]pRvPw, tIkc  

]pSw, P\n]pSw F¶nhsb thÀs]Sp¯n {]ZÀin¸n¡pI.

2    X¶n«pÅ ssÉUns\ kq£vaZÀin\nbpsS klmbt¯msS 

Xncn¨dnbpI.

 3    InWz\ ]co£Ww (Ahmbpizk\w)

            Poh - P´pimkv{Xw

4    ÌmÀ¨n\mbpÅ ]cntim[\ (AtbmUn³ ]cntim[\)

5    X¶n«pÅ ssÉUns\ Xncn¨dnªv Nn{Xw hc¨v `mK§Ä ASbmf 

s¸Sp¯n Ipdns¸gpXpI.  

6   BMI kq{Xw D]tbmKn¨vHcp hyIvXnbpsS BMI I p]nSn¡pI. aqeys¯ 

BMI ]«nIbpambn XmcXayw sN¿pI.

ckX{´w

7   \n§Ä¡v Hcp Jc]ZmÀ°¯nsâ km¼nÄ X¶n«p≠ v. AXp]tbmKn¨v 
Hcp emb\n X¿mdm¡n Acns¨Sp¡Â {]{Inb \S¯n AXnsâ 
ASnØm\¯nÂ AXv GXpXcw emb\nbmsW¶v I≠ p]nSn¡pI.

8   X¶n«pÅ ehW¯nsâ Hcp emb\n X¿mdm¡n AXv A]qcnX emb\n 
bmtWm ]qcnX emb\nbmtWm F¶v I≠ p]nSn¡pI.

9   X¶n«pÅ ImÀ_WnI kwbpà¯nse ImÀt_mIvknenIv AYhm 
BÄ¡tlmÄ ^MvjWÂ {Kq¸v I≠ p]nSn¡pI. Xmsg sImSp¯n«pÅ  
]cntim[\IÄ  \S¯n t\m¡pI. 1. \oe enävakv t]¸À, 2.tkmUnbw   

ImÀ_tWäv, 3. A¾oIcn¨ s]m«mkyw ssUs{Imtaäv.

`uXnIimkv{Xw

10   kv{IqtKPv

11   Hmw \nbas¯ sXfnbn¡pI

12   {]Xntcm[§Ä t{iWn coXnbnÂ 

imkv{Xw {]mÎn¡epIÄ `mKw - 1
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 kkyimkv{Xw

]co£W \¼À : 1      XnbXn :

]cnkc¯nÂ e`n¡p¶ ]pjv]¯nsâ `mK§fmb hnZfw, Zfw, tIkc]pSw, 

P\n]pSw Ch hntOZn¨v {]ZÀin¸n¡pI.

]pjv]¯nsâ {][m\ `mK§Ä

1. hnZfw                               

2. Zfw 

3. tIkc]pSw   –    ]pjv]¯nsâ B¬ `mK§Ä

4. P\n]pSw    –    ]pjv]¯nsâ s]¬`mK§Ä

tIkc]pSw   

{][m\aÃm¯`mK§Ä–

hnZf]pRvPw Zf]pRvPw

P\n]pSw

]cmK]pSw hÀ¯nIm{Kw

hÀ¯nI

AÞmibw

 ___

X´p  ________

Zfw ________
hnZfw  ________
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]co£W \¼À : 2      XnbXn : 
X¶n«pÅ ssÉUns\ kq£vaZÀin\nbpsS klmb¯mÂ Xncn¨dnbpI.

(a)  ]cmK]pS¯nsâ IpdpsIbpÅ tOZw

 À ]cmK ]pS¯nsâ Hmtcm Adbpw \mev ]mfnIfpÅ `n¯nbmÂ BhcWw   
 sNbvXncn¡p¶p.

 À `n¯nbpsS B´c ]mfnsb S¸oäw F¶dnbs¸Sp¶p.

 À  ]cmK]pS¯nsâ `n¯nbv¡pÅnembn ]cmK k©nbnÂ (ssat{Imkvs]m 
dm©nbw) ]cmK amXrtImiw (ssat{Imkvt]mÀ amXrtImiw) ImWs¸Sp¶p.

 À ]cmKamXrtImiw  Du\`wK¯mÂ hn`Pn¨v ]cmKtcWp¡sf        

 DXv]mZn¸n¡p¶p. 

(b)  ]mIamb  AÞ¯nsâ s\SpsIbpÅ tOZw

 À  AÞ¯nsâ a²y`mK¯pÅ aÀ½¯ns\ BhcWw sNbvXv CâKpsaâ v F¶p 

hnfn¡p¶ c≠ v kwc£W `n¯nIÄ D≠ v.

 À  AÞ¯nsâ apIÄ`mK¯v CâKpsaânÂ ImWp¶ kpjncs¯ kq£va 

kpjncw  F¶p ]dbp¶p.

 À \yqknekn\pÅnembn {`qWk©n  ImWs¸Sp¶p.

 À {`qWk©nbnÂ F«v aÀ½§Ä ImWp¶p.

Nemk

\yqknekv

{`qWk©n

AÞw

CâKpsa³kv

kq£vakpjncw
^yqWn¡pekv

AÞ¯nsâ s\SpsIbpÅ tOZw

F³tUmXoknbw

S¸oäw

]cmKk©n

]cmKtcWp

_mly`n¯n
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]co£W \¼À : 3       XnbXn : 

InWz\ ]co£Ww (Ahmbpizk\w)

e£yw:  
InWz\ {]Inbsb sXfnbn¡m³.

BhiyapÅh: 
]©kmc emb\n, boÌv, tImWn¡Â ^vfmkvIv (250 anÃn), _o¡À, Np®m¼v 
shÅw. 

sN¿p¶ coXn:
 À  Hcp tImWn¡Â ̂ vfmkvInÂ ]©kmc emb\nbpw AXnÂ Ipd¨v boÌpw (2/3) 
tNÀ¡pI.

 À  tImWn¡Â ̂ vfmkvIns\ Hcp ZzmcapÅ tImÀ¡v sIm≠ v aqSn, B Zzmc¯neqsS 
Hcp hmln\nIpgÂ IS¯pI.

 À hmln\n Ipgensâ atä A{Kw _o¡dnse Np®m¼v shÅ¯nÂ Cd¡n   
shbv¡pI.

 À Cu D]IcWs¯ c≠ v aWn¡qÀ kabw kqcy{]Imi¯nÂ hbv¡pI.

\nco£Ww:
 À c≠ v aWn¡qÀ kabw Ignbpt¼mÄ _o¡dnse Np®m¼v shÅw ]mÂ \nd 
ambncn¡p¶Xmbn ImWmw.

 À ^vfmkvInsâ AS¸v Xpd¶t¸mÄ BÂ¡tlmfnsâ KÔw \nco£n¡m³    

 km[n¨p.

A\pam\w: 
 À  ]©kmc emb\nbnÂ InWz\w \S¶v ImÀ_¬ssUHmIvsskUpw FY\mfpw 

kzX{´amIp¶p.

 À  ImÀ_¬ssUHmIvsskUv Np®m¼v shÅs¯ ]mÂ \ndam¡n amäpIbpw 

AhnsS D ≠mb KÔw FY\mÄ D ≠mbXmbpw kqNn¸n¡p¶p.

 À A§s\ InWz\ {]Inb sXfnbn¡s¸«p.

   hmln\nIpgÂ

            tImÀ¡v

tImWn¡Â ̂ vfmkvIv

Np®m¼v shÅw]©kmc emb\n + boÌv

_o¡À
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Poh - P´pimkv{Xw

]co£W \¼À : 4      XnbXn : 

ÌmÀ¨n\mbpÅ ]cntim[\ (AtbmUn³ ]cntim[\)

e£yw: 

  X¶n«pÅ ̀ £Wkm¼nÄ A bnepw B bnepw  ÌmÀ¨nsâ km¶n²yw AtbmUn³ 

{ZmhIw D]tbmKn¨v I≠ p]nSn¡pI.

Bhiyambh: 

 ̀£Wkm¼nÄ A bpw B bpw, AtbmUn³ {ZmhIw, ]cntim[\ IpgepIÄ, 

]cntim[\¡pgÂ ssI¸nSn, ]cntim[\ IpgÂ hbv¡p¶Xn\pÅ Ìmâ v 

XpS§nbh. 
sNt¿ ≠hn[w:

 À  shtÆtd ]co£W¡pgepIfnÂ `£W km¼nÄ A bpw B bpw FSp¡pI. 

 À Hmtcm ]cntim[\¡pgenepw Hcp XpÅn AtbmUn³ {ZmhIw tNÀ¯v \Ãh®w 
tbmPn¸n¡pI. 

 À \ndamäw \nco£n¨v ^ew ]«nIs¸Sp¯pI.

\nco£Ww: 
km¼nÄ A  :

km¼nÄ B  :

]«nI : 

   km¼nÄ \nco£Ww A\pam\w

A

B

^ew : 
km¼nÄ _______ Â Ccp≠  \oe\ndw {]Xy£amIp¶Xv ÌmÀ¨v DÅXns\ 

kqNn¸n¡p¶p.  
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]co£W \¼À : 5      XnbXn : 

X¶n«pÅ ssÉUns\ Xncn¨dnªv Nn{Xw hc¨v `mK§Ä    

ASbmfs¸Sp¯n Ipdns¸gpXpI.

(a)  AcpWcIvXmWp¡Ä

Xncn¨dnbÂ :

X¶n«pÅ ssÉUv AcpWcIvXmWp¡Ä (Erythrocytes) BsW¶v Xncn¨dnªp.

\yqt{Sm^nÂ Cukvt\m^nÂ    t_tkm^nÂ

tImi{Zhyw tImi{Zhyw

RBC

   aÀ½w   aÀ½w

tImi{Zhyw

¹mkvamX\pkvXcw

Ipdn¸v :

 ÀAcpWcIvXmWp¡Ä hr¯ AhXemIrXnbnÂ Unkv¡p IfpsS cq]apÅhbmWv. 

 À {]mb ]qÀ¯nbmIm¯ AcpWcIvXmWp¡Ä¡v aÀ½w Ds ≠¦nepw {]mb]qÀ 
¯nbmbhbv¡v aÀ½w ImWs¸Sp¶nÃ. 

 Àizk\ hÀ®hkvXphmb lotamt¥m_n³ DÅXpsIm≠ v AcpWcIvXmWp¡Ä 
Nph¶ \nd¯nÂImWp¶p. 

 ÀAcpW cIvXmWp¡Ä HmIvknPs\ FSp¯psIm≠v t]mIp¶XnÂ ]¦phln 
¡p¶p. 

 ÀAcpWcIvXmWp¡fpsS  F®w IpdªmÂ A\oanbbpw F®w IqSnbmÂ      

t]mfossk¯oanbbpw D ≠mIp¶p.

(b)  tizXcIvXmWp¡Ä (eqt¡mskäpIÄ)

Xncn¨dnbÂ:

X¶n«pÅ ssÉUv  tizXcIvXmWp¡Ä BsW¶v Xncn¨dnªp.
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enwt^msskäv tamtWmsskäv
Ipdn¸v:

 À tizXcIvXmWp¡Ä Aao_bpsS BIrXn DÅhbmWv. 

 À tizXcIvXmWp¡Ä¡v hyIvXamb aÀ½ap≠ v.

 À tizXcIvXmWp¡Ä A\yhkvXp¡sf hngp§pIbpw tcmK§Äs¡Xnsc {]Xn 
tcm[s¯ D ≠m¡p¶ {]XnhkvXp¡sf Dev]mZn¸n¡pIbpw sN¿p¶p. 

 À 5 Xcw tizXcIvXmWp¡Ä ImWp¶p. 

 À tizXcIvXmWp¡fpsS F®w IqSpt¼mÄ ep¡oanb (cIvXmÀ_pZw)bpw F®w 
Ipdbp¶XpsIm≠ v ept¡m^o\nbbpw D ≠mIp¶p.

(c)  ¹mkvtamUnbw

Xncn¨dnbÂ:

Ipdn¸v:

 À ¹mkvtamUnbw Hcp t{]mt«mtkmh PohnbmWv 

 À ¹mkvtamUnbw ]cmZPohn ae¼\nsb D≠ m¡p¶p. 

 À At\m^nekv s]¬ sImXpIpIÄ hgn ¹mkvtamUnbw a\pjy\nte¡v IS¡p¶p.  

 À a\pjy\pw At\m^nenkv s]¬sImXpIpIfpw ¹mkvtamUnb¯nsâ PohnX 
N{I¯n\mhiyamb c≠ v BXntYbcmWv. 

 À ¹mkvtamUnb¯nsâ tcmKw D ≠m¡p¶L«s¯ kvt]mtdmtkmbnäv F¶p]d 
bp¶p.

tImi{Zhyw

tImWmbvUv
Aä¯pÅ t]mfmÀhfbw

I«nbpÅ IWnIIÄ

B´cnI X\pkvXcw

ssatäm tIm¬{Unbm¬

tImitI{µw

F³tSm¹mkvanIv sdän¡pew

¹mkvamX\pkvXcw

]n³`mKs¯t]mÄ

aÀ½w

X¶n«pÅ ssÉUv ¹mkvtamUnbamsW¶v 

Xncn̈ dnªp.
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]co£W \¼À : 6       XnbXn : 

BMI kq{Xw D]tbmKn¨vHcp hyIvXnbpsS BMI I ≠p]nSn¡pI.                              

aqeys¯ BMI ]«nIbpambn XmcXayw sN¿pI. 
e£yw:

BMI kq{Xw D]tbmKn¨v \n§fpsS kl]mTnIfnÂ HcmfpsS BMI IW¡m¡pI.

BhiyapÅh:

`mcw Af¡p¶ b{´w, Af¡p¶ tS v̧

sNt¿ ≠hn[w:
Hcp `mcw Af¡p¶ b{´w D]tbmKn¨v \n§fpsS kl]mTnbpsS `mcs¯ 

Intem{Kmw AfhnÂ I ≠p]nSn¡pI. 

AtXhyIvXnbpsS Dbcw I ≠p]nSn¨v AXns\ aoäÀ2 Â B¡pI.

kq{Xw D]tbmKn¨v :

BMI  I≠ p]nSn¨p tcJs¸Sp¯pI. 

Ipdn¸v:  BMI  - 19 Â Xmsg saenªXv, 19-25 km[mcWw, 26 Dw AXn\papIfnepw     

s]m®¯Sn.

A\pam\w:  
1. Fsâ kl]mTn {Ia\¼À 1 sâ BMI ____________ . AXp-sIm≠ v  Ah³ / 
AhÄ __________ ( km[m-cW/ s]m®-¯Sn/ saen-ª-Xv )

2. Fsâ kl]mTn {Ia\¼À 2 sâ BMI ____________ .AXp-sIm≠ v  Ah³ / 
AhÄ __________ ( km[m-cW/ s]m®-¯Sn/ saen-ª-Xv )

{Ia   
\¼À

hnZymÀ°n  

IfpsS t]cv
`mcw Kg Dbcw M 

Dbcw M2

BMI

1.

2.

BMI = ___________`mcw Kg Â 

Dbcw M2 Â
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ckX{´w

]co£W \¼À : 7      XnbXn : 

\n§Ä¡v Hcp Jc]ZmÀ°¯nsâ km¼nÄ X¶n«p≠ v. AXp]tbmKn¨v Hcp 
emb\n X¿mdm¡n Acns¨Sp¡Â {]{Inb \S¯n AXnsâ ASnØm\¯nÂ 

AXv GXpXcw emb\nbmsW¶v I≠ p]nSn¡pI.

e£yw:

Jc]ZmÀ°¯nsâ km¼nfp]tbmKn¨v Hcp emb\n X¿mdm¡n Acns¨Sp¡Â {]{Inb 

\S¯n AXnsâ ASnØm\¯nÂ emb\nbpsS Xcw I ≠p]nSn¡pI.

Xnbdn:

Hcp bYmÀ°emb\n GImßIhpw, {]Imis¯IS¯nhnSp¶Xpw Bbncn¡pw. CXv 
Hcp Acn¸p ISemkneqsS ]qÀ®ambpw Acn¨nd§p¶p. Iptdt\cw h¨ncp¶mepw 
CXn\v amäsam¶pw kw`hnbv¡msX A§s\ Xs¶ ImWs¸Sp¶p.

 kkvs]³j³ Hcp `n¶mßIan{inXamWv. Cu emb\nsb Iptdt\cw A\¡msX 
h¨ncp¶mÂ AXnse eo\IWnIIÄ ASnbnÂ ]Snbp¶p. AXns\ Hcp Acn¸pISemkv 

D]tbmKn¨v Acnbv¡mhp¶XmWv.

Bhiyamb ]ZmÀ°§Ä:

_o¡À, Pew, I®mSn Zfiv, Acn¸pISemkv ]co£W¡pgÂ, Ìm³Uv, h¨qän. X¶n 

«pÅ Jc]ZmÀ°¯nsâ km¼nÄ.

sNt¿≠ hn[w:

]co£Ww \nco£Ww A\pam\w

Hcp _o¡dnÂ 50 ml 
PesaSp¡pI. X¶n«pÅ Jc]

ZmÀ°¯nsâ km¼nfns\ 

AXnÂ tNÀ¯v Hcp I®mSn 

ZÞv D]tbmKn¨v emb         

\nsb kmh[m\w \¶mbn 

Cf¡pI. emb\nsb Hcp 

Acn¸p ISemkv D]tbmKn¨v 

Acns¨Sp¡pI.

a)  eo\¯nsâ IWnI-

IÄ Acn¸pISemknÂ 

Ahtijn¡p¶nÃ.  
b)  eo\¯nsâ IWnI-

IÄ Acn¸pISemknÂ 

Ahtijn¡p¶p.

a) bYmÀ° emb\n

b) kkvs]³j³

^ew:

 X¶n«pÅ Jc]ZmÀ°¯nsâ km¼nÄ Hcp ___________ emb\nbp ≠m¡p¶p. 
(bYmÀ° emb\n/kkvs]³j³).
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]co£W \¼À : 8       XnbXn : 

X¶n«pÅ ehW¯nsâ Hcp emb\n X¿mdm¡n AXv A]qcnX emb\n 

bmtWm ]qcnX emb\nbmtWm F¶v I≠ p]nSn¡pI.

e£yw:

X¶n«pÅ ehW¯nsâ Hcp emb\n X¿mdm¡n AXv A]qcnX emb\nbmtWm 

]qcnX emb\nbmtWm F¶v I ≠p]nSn¡pI.

Xnbdn:

Hcp \nÝnX Xm]\nebnÂ ho ≠pw A[nbfhnÂ eo\s¯ ebn¸n¡m³ 
km²amb emb\nsb A]qcnX emb\n F¶p]dbp¶p.

 Hcp \nivNnX DujvamhnÂ Hcp \nivNnX Afhv embI¯nÂ ho ≠pw tNÀ¯mÂ 
Aenbm¯hn[w km[yamb A{Xbpw eo\w ebn¨p tNÀ¶n«pÅ emb\nsb  
]qcnX emb\n F¶p ]dbp¶p. ChnsS eo\w embI¯nÂ ]qÀ®ambpw 

Aenªp tNcp¶nÃ. emb\nbpsS ASn`mK¯v ]Snªp InS¡p¶p.

Bhiyamb ]ZmÀ°§Ä:

_o¡À, 50 ml Pew, Hcp I®mSn ZÞv, X¶n«pÅ ehWw.

sNt¿ ≠hn[w:

]co£Ww \nco£Ww A\pam\w

Hcp _o¡dnÂ 50 ml 
PesaSp¯v X¶n«pÅ 

ehWw tNÀ¯v kmh[m\w 

\¶mbn Cf¡pI.

a)  _o¡dnÂ ehW¯nsâ 

IWnIIÄ 

Ahtijn¡p¶nÃ.

b)  ehW¯nsâ IWnIIÄ 

Ipdª AfhnÂ _o¡dnÂ 

Ahtijn¡p¶p.

a)  emb\n A]qcnX-

amWv.

b)  emb\n ]qcnXamWv.

^ew:

X¶n«pÅ ehWw Hcp _________ emb\nbp ≠m¡p¶p. (A]qcnX/]qcnX)
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]co£W \¼À : 9      XnbXn :
X¶n«pÅ ImÀ_WnI kwbpà¯nse ImÀt_mIvknenIv AYhm BÄ¡ 
tlmÄ ^MvjWÂ {Kq¸v I≠ p]nSn¡pI. Xmsg sImSp¯n«pÅ ]cntim[\
IÄ  \S¯n t\m¡pI. 1. \oe enävakv t]¸À, 2. tkmUnbw ImÀ_tWäv,                  

3. A¾oIcn¨ s]m«mkyw ssUs{Imtaäv 
e£yw:    

X¶n«pÅ ImÀ_WnI kwbpà¯nÂ AS§nbn«pÅ ImÀt_mIvknenIv 
AsÃ¦nÂ BÄ¡tlmÄ ^MvjWÂ {Kq¸v I≠ p]nSn¡pI.

Xnbdn:  
BÄ¡tlmfpIÄ \yq{SÂ BWv AXn\mÂ Ah \oeenävakv ISemkns\tbm tkmUnbw 

ImÀ_tWäns\tbm GsXmcp amä¯n\pw hnt[bam¡p¶nÃ. BÄ¡tlmfpIÄ A¾oIcn¨ 
s]m«mkyw ssUs{Itaän\mÂ HmIvkoIcn¡s¸Sp¶p. ImÀ_WnI kwbpà§fnÂ 
h¨v Gähpa[nIw A¾KpWapÅhbmWv ImÀt_mIvknenIv A¾§Ä. ImÀt_mIvknenIv 
A¾§Ä \oe enävakns\ \ndw amäp¶p. tkmUnbw ImÀ_tWäpambn {]hÀ¯n¨v ehWap 
≠ m¡pIbpw, ImÀ_¬ssU HmIvsskUv hmXIw kzX{´am¡pIbpw sN¿p¶p.

2CH3COOH + Na2CO3   2CH3COONa+ CO2   +  H2O
         C2H5OH  +  O2         CH3COOH + H2O

Bhiyamb ]ZmÀ°§Ä: 
]co£W¡pgepIÄ, \oeenävakv, ISemkv, I®mSn ZÞv, tkmUnbw ImÀ_

tWäv ehWw, ^nt\m^vXen³ emb\n, A¾oIcn¨ s]m«mkyw ssU s{Imtaäv emb\n, 
X¶n«pÅ ImÀ_WnI kwbpàw.

sN¿p¶ hn[w:

{Ia

\¼À

]co£Ww \nco£Ww \nKa\w

1. \oeenävakv ISemkp]tbm 
Kn¨pÅ ]cntim[\
Hcp \oe enävakv ISemkn\v 
apIfnembn Hcp XpÅn ImÀ_
WnI kwbpàw hbv¡pI.

a) \ndhyXymkanÃ

b)  \oeenävakvISemkv  
Nph¸mbnamdp¶p  

a)  BÄ¡tlmfnIv {Kq¸v 
ImWm³ km[yXbp≠ v

b)  ImÀt _mIvknenIv {Kq¸v 
ImWm³ km[yXbp≠ v

2. tkmUnbw ImÀ_tWäv ]cn 
tim[\
Hcp ]co£W¡pgenÂ Ipd v̈ 
ImÀ_WnI kwbpàsa 
Sp v̄ AXnÂ Hcp \pÅv tkm 
Unbw ImÀ_tWäv tNÀ¡pI.

a)   IpanfIÄ \pcªv 
s]m§p¶nÃ.

b)   IpanfIÄ \pcªv  
s]m§nhcp¶p.

a)  BÄ¡tlmfnIv {Kq¸v 
ImWm³ km[yXbp≠ v

b)  ImÀt _mIvknenIv {Kq¸v 
ImWm³ km[yXbp≠v

3. A¾oIcn¨ s]m«mkyw ssU 
s{Imtaäv  ]cntim[\ 

Hcp]co£W¡pgenÂ Ipd v̈ 
ImÀ_WnI kwbpIvXsaSp ̄ v 
AXntebv¡v A¾oIcn̈  s]m 
«mkyw ssUs{Imtaäv emb\n 
XpÅn XpÅnbmbn tNÀ¡pI.

Nph¶ Hmd©v \ndapÅ 
emb\n ]¨ \ndambn 
amdp¶p.

BÄ¡tlmÄ {Kq¸nsâ 
km¶n²yw XoÀ¨s¸Sp¯p 
¶p.

^ew : X¶n«pÅ ImÀ_WnI kwbpà¯nÂ ______________ ^MvjWÂ {Kq¸v 

AS§nbncn¡p¶p.
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Aev]Xam¦w    = _______________________________]n¨v 

slUvkvsIbnense sam¯]ncnhpIÄ

S2  S1

s]mÅbmb knen ≠À
BIrXnbnepÅ Syq_v

slUv (H)

kwc£W  D]IcWw (D)
(]ÂN{Iw)

slUv kvsIbnÂ

kqN\mtcJ

U - BIrXn N«w ]n̈ v kvsIbnÂ

sNt¿ hn[w:
 À kq{Xw  D]tbmKn¨v kv{IqtKPnsâ Aev]Xam¦w ImWpI. 

 À  Xmsg]dbp¶ hn[¯nÂ kv{IqtKPnsâ iq\y]niIv ImWpI. 

`uXnIimkv{Xw

]co£W \¼À : 10      XnbXn :
kv{Iq tKPv 

e£yw:

X¶n«pÅ Hcp cq]m \mWb¯nsâ I\w I≠ p]nSn¡p¶Xv.

BhiyapÅh:

kv{IptKPv, Hcp cq]m \mWbw. 

kq{Xw : 

I\w = P.S.R + (H.S.C X L.C) ± Z.C (mm)

ip\y]niIv[\mXvaI]niIv EWmXvaI ]niIv



{]
mÎ

n¡
e

pI
Ä

324 325

kv{IqtKPnsâ kaXe{]Xew S2 Dw FXnscbpÅ  N«¯nse kaXe {]Xew S1 

Dw H¶v tNcm\mbnsIm≠ v hcnI. slUvkvsIbnense ]qPyw ]n¨vkvsIbnense 

A£t¯mSv tNÀ¯ncp¶mÂ iq\y]niIv CÃ. slUvkvsIbnense ]qPyw ]n¨v 

kvsIbnensâ A£¯n\v Xmsgbncn¡pIbmsW¦nÂ iq\y]niIv [\mXvaI 

amWv slUv kvsIbnensâ `mKw ]n¨v kvsIbnent\mSv tNÀ¶ncp¶mÂ

iq\y]niIv  ZE = + (n × LC)

iq\ym¦ kwtim[\w ZC = - (n × LC)

slUvkvsIbnense ]qPyw  ]n¨vkvsIensâ A£¯n\v apIfnembncn¡pIbm 

sW¦nÂ iq\y]niIv EWmXvaIamWv. slUvkvsIbnensâ n `mKw ]n¨v 

kvsIbnent\mSv  tNÀ¶ncp¶mÂ

iq\y]niIv ZE = - (100 – n) × LC

iq\ym¦kwtim[\w  ZC = + (100 – n) × LC

 À  X¶n«pÅ \mWbs¯ c≠ v ÌUp¡Ä¡nSbnÂ hbv¡pI. ]n¨v kvsIbnÂ 

Afhns\bpw (PSR) ]n¨v kvsIbnÂ A£¯nÂ tNÀ¶ncn¡p¶ slUvkvsIbnÂ 

`mK¯ns\bpw (HSC) ImWpI. \mWb¯nsâ I\¯ns\  PSR + HSC x LC) + ZC  

F¶ kq{XhmIyw D]tbmKn¨v ImWpI. 

 À  \mWb¯nsâ  ]e ̀ mK§fnÂ h¨v ]co£Ws¯ BhÀ¯n¡pI. AfhpIsf  

]«nIbnem¡pI. icmicn Afhv \mWb¯ns³d I\w  \evIp¶XmWv. 

]«nI :

]n¨v  =  L.C =    Z.E =     Z.C =

{Ia  

\¼À

P.S.R 
(mm)

H.S.C

(hn`mKw)

H.S.C x L.C
\mWb¯nsâ I\w =

P.S.R + (H.S.C X L.C) ± Z.C (mm)

1.

2.

3.

4.

5.

icmicn

^ew: 
X¶n«pÅ \mWb¯nsâ I\w  =  ______ mm
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]co£W \¼À :11      XnbXn :
Hmw \nbaw sXfnbn¡p¶Xv 

e£yw:

I¼nbpsS A{K§Ä¡nSbnse s]m«³jyÂ hyXymk¯n\pw AXneqsS         

{]hln¡p¶ sshZypXn¡pw CSbnepÅ   _Ô¯ns\ ]Tn¨v  AXnsâ {]Xn 

tcm[w Is≠ ̄ n Hmw \nbaw icnbmtWm F¶p ]cntim[n¡pI.

BhiyapÅh :
     Hcp I¼n, AaoäÀ (0 - 3A ) HcpthmÄ«v aoäÀ (0 - 10 V) Hcp _mädn Fenant\äÀ 

]fKv Io IqSmsX  _Ôn¸n¡p¶ I¼nIÄ.

kq{Xw 
{]Xntcm[w (R) =V/I  Ω

V- s]m«³jyÂ hyXymkw thmÄ«nÂ 

I – sshZypXn B¼nbdnÂ

]cn]Y Nn{Xw :

K
(•)

R
• •

X Y
X Y R {]Xntcm 

[\apÅ 

I¼n

sNt¿ hn[w :
 À X¶n«pÅ AaoäÀ  thmÄ«vaoädnsâ koa, Aev]Xam¦hpw Ipdn¡pI. .

 À _Ôn¸n¡m\pÅ I¼nIÄ D]tbmKn¨v ]cn]Y¯nÂ ImWn¨n«pÅXpt]mse 

]e LSI§sf _Ôn¸n¡pI. _mädn Fenant\ädnsâ Ipdª aqeyw 2 V 

F¶v IcpXpI. 

 À  Nn{X¯nÂ ImWn¨Xp t]mse AaoäÀ, thmÄ«v aoädpIfpsS [\m{K§fpw 

EWm{K§fpw icnbmb coXnbnÂ _Ôn¸n¨n«pt≠ m F¶v Dd¸v hcp¯pI. 

BT _mädn

Io

AaoäÀ

thmÄ«vaoäÀ
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 À  ]cn]Y¯nÂ sshZypXn {]hln¡p¶Xn\mbn  ]vfKnÂ AaÀ¯pI. Aaoädnte 

bpw thmÄ«v aoädntebpw AfhpIÄ FSp¯v Ahsb tcJs¸Sp¯pI. 

I¼nbpsS  X, Y F¶o c≠ v A{K§Ä¡nSbnepÅ s]m«³jyÂ hyXymkamWv 

(V) thmÄ«vaoäÀ Af¡p¶Xv, AXneqsS {]hln¡p¶ sshZypXnsb AaoäÀ 

Af¡p¶p. ¹vKnÂ \n¶pw Iosb amäpI 

 À  Ct¸mÄ _mädn Fenant\ädnse Afhns\ 4 V Bbn hÀ²n¸n¡pI. 

thmÄ«vaoädntebpw Aaoädntebpw AfhpIsf t\m¡n tcJs¸Sp¯pI.

 À  6V, 8V _mädn Fenant\ädnse AfhpIÄ¡v ]co£Ws¯ BhÀ¯n¡pI.  

 À \nco£W§fpw IW¡pIfpw :
1. Aaoädnsâ koa       = ______ \n¶pw _____A

2. Aaoädnsâ Aev]Xam¦w  =_______A

3. thmÄ«v aoädnsâ  koa  =_______\n¶pw  _____V

4. thmÄ«v aoädnsâ Aev]Xam¦w =_______V

]«nI :

{Ia 
\¼À 

]cn]Y¯nÂ 
\evIp¶ 
thmÄt«Pv 
(thmÄ«v) 

I¼nbnÂ {]

hln¡p¶ 

sshZypXn I 
(B¼nbÀ)

I¼nbpsS 
A{K§Ä¡nSbnepÅ 

s]m«³jyÂ 
hyXymkw V  (thmÄ«v) 

I¼nbpsS        
{]Xntcm[w

R=V/I
(Hmw)

1.

2.

3.

4.

I¼nbpsS icmicn {]Xntcm[w R  = ___ Ω (Hmw)
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BteJcoXn:
I bpsSbpw V bpsSbpw koahyXymkw Is ≠dnbpI. BteJ¯nÂ icnbmb 

kvsIbnÂ sXcsªSp¯v  I AfhpIsfbpw V AfhpIsfbpw X A£¯nepw 

IqSmsX Y  A£¯nepw Ipdn¡pI. Hmtcm sshZypXn I AfhpIÄ¡pÅ             

s]m«³jyÂ hyXymkw V sb BteJ¯nÂ tcJs¸Sp¯pI. Hcp t\À tcJbnÂ  

hcp¶ A[nI_nµp¡sf tbmPn¸n¡pI. B teJ¯nse t\ctcJbnÂ c≠ v 

_nµp¡sf P IqSmsX Q F¶nh sXcsªSp¯v Nmbvhv  I ≠p]nSn¡pI. ]cn]

Y¯nÂ D]tbmKn¨ I¼nbpsS {]Xntcm[amWv Nmbvhv.  
t\ÀtcJsb ]n¶ntem«v \o«pI AXv aqe_nµphgn IS¶pt]mIpt¶msb¶v 

t\m¡pI.

  
      

^ew:

 À  IW¡pIÄaqew I¼nbpsS {]Xntcm[w R = ___ Ω (Hmw)

 À  BteJ¯nÂ \n¶pw I¼nbpsS {]Xntcm[w R = ___ Ω (Hmw)

 À  I¼nbpsS {]Xntcm[w R.  B I¼nhgn  {]hln¡p¶ FÃm sshZypXn 

AfhpIÄ¡pw kaamIp¶p. I  IqSmsX V Ch X½nepÅ BteJw t\ÀtcJbmWv 

AXv aqe_nµphgn sNÃp¶p. CXv Hmw \nbaw icnbmsW¶v sXfnbn¡p¶p.

Nmbvhv = ___________QM
MP

= ___________v2-v1

I2-I1

---------------------------
--

--
--

--
--

--
--

--
--

--
--

--
-

-------------------------- -------------------
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

--  

s
]

m«
³

j
yÂ

 h
yX

ym
k

w 
(V

)

sshZypXn  (A)

P
M

Q

V1

V2

I2I1
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]co£W \¼À : 12       XnbXn :

{]Xntcm[§Ä t{iWncoXnbnÂ 

e£yw:

c≠ v {]Xntcm[§Ä t{iWncoXnbnÂ _Ôn¸n¨v AhbpsS ]cnWnX {]Xn 

tcm[w I≠dnbp¶Xv.

BhiyapÅh:

c≠ v {]Xntcm[§Ä 2 Ω  Hcp AaoäÀ koa (0 - 5A) thmÄ«v aoäÀ (koa 0 - 5 V) 

Hcp _mädn Fenant\äÀ, Hcp ]vfKv Io IqSmsX _Ôn¸n¡p¶ I¼nIÄ.

kq{Xw : 
t{iWncoXnbnÂ _Ôn¸n¨ c≠ v {]Xntcm[§fpsS ]cnWnX {]Xntcm[w              
Rs = R1 + R2 Ω 

]cn]Y Nn{Xw : 

sNt¿ coXn :

 À X¶n«pÅ AaoäÀ thmÄ«vaoäÀ F¶nhbpsS koabpw Aev]Xam¦hpw Ipdn¡pI.

 À  X¶n«pÅ {]Xntcm[§sf t{iWncoXnbnÂ A{K§sf _Ôn¸n¨v  B F¶pw 

C  F¶pw ]cn]Y Nn{X¯nÂ ImWn¨n«pÅXpt]mse tcJs¸Sp¯pI. aäv 

hyXykvX LSI§sfbpw _Ôn¸n¡p¶ I¼nIÄ aqew _Ôn¸n¨v ]cn]Yw 

X¿mdm¡pI.

 À  ]vfKnÂ In sb AaÀ¯n ]cn]Y¯nÂ sshZypXn {]hln¡m³ A\phZn¡pI. 

AaoäÀ Afhns\bpw thmÄ«v aoäÀ Afhns\bpw tcJs¸Sp¯pI. A  IqSmsX  

D ChbpsS A{K§Ä¡nSbnepÅ s]m«³jyÂ hyXymks¯ (V) thmÄ«vaoäpw 

t{iWncoXnbnÂ {]hln¡p¶ sshZypXnbpsS Afhv (I) Aaoädpw \ÂIpw. 

K
(•)

R1

•• • • • •
A B C DR2

R1R2
{]Xntcm[§Ä

_mädn

Io

AaoäÀ

thmÄ«vaoäÀ
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 À  ]cn]Y¯nÂ {]hln¡p¶ sshZypXnbpsS hnhn[ AfhpIÄ¡v AaoäÀ 

IqSmsX thmÄ«v aoäÀ AfhpIsf tcJs¸Sp¯Ww. _mädn Fenant\äÀ D]

tbmKn¨v ]cn]Y¯nÂ {]hln¡p¶ sshZypXnsb Ipd¡p¶Xnt\m AsÃ¦nÂ 

Ip«p¶Xnt\m km[n ¡p¶XmWv.

\ocn£W§fpw IW¡pIfpw :

1. Aaoädnsâ koa       = ______ \n¶pw _____A

2. Aaoädnsâ Aev]Xam¦w      =_______A

3. thmÄ«v aoädnsâ  koa      =_______\n¶pw _____V

4. thmÄ«v aoädnsâ Aev]Xam¦w     =_______ V

5. BZy {]Xntcm[I¯nsâ {]Xntcm[w R1=_______ Ω

6. c ≠mas¯ {]Xntcm[I n̄sâ {]Xntcm[w R2 =_______ Ω

]«nI:

{Ia 

\¼À

]cn]Y¯nÂ  

sImSp  

¯n«pÅ  

thmÄt«Pv  

(thmÄ«nÂ)

t{iWncoXnbnÂ 

{]hln¡p¶ 

sshZypXn Is    
(B¼nbÀ)

t{iWn¡v 

IpdpsIbpÅ  

s]m«³knbÂ 

hyXymkw  Vs 

(thmÄ«nÂ)

sam¯ 

{]Xn 

tcm[aqeyw 
Rs=Vs/Is    
(Hmw)

]co£W 

hgnbnÂ 

Rs sâ  

icmicn 

aqeyw 

(Hmw)

XobdnhgnbnÂ 

Rs sâ icmicn 

aqeyw  

Rs=R1+ R2    

(Hmw)

1.

2.

3.

4.

  R1 =_______ Ω  IqSmsX  R2 =_______ Ω 
^ew: 

t{iWncoXnbnÂ X¶n«pÅ c≠ v {]Xntcm[§fpsS ]cnWnX {]Xntcm[w               

]co£W coXnbnepw, Xnbdn coXnbnepw Htc AfhmIp¶p.
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Poh - kkyimkv{Xw   
{]mIvSn¡Â \nÀt±i§Ä

1. Hcp ]pjv]¯nsâ `mK§sf hntOZn¨v {]ZÀin¸n¡pI. (GsX¦nepw H¶v)

    a)  sN¼c¯n, D½¯v, i¦p]pjv]w, Noem´n (sXkv]ojnb). 

    b)  hnZfw, Zfw, tIkc]pSw, P\n]pSw Chsb thÀXncn¨v Hcp t]¸dnÂ    

        {]ZÀin¸n¡pI.  

    c)  ]pjv]¯nsâ `mK§sf hc¨v ASbmfs¸Sp¯pI. 

    d)  amÀ¡v:                hntOZn¡Â   – 1 ½ 

                 {]ZÀin¸n¡Â – 1 ½ 

        Nn{Xw + `mK§Ä  – 1+1 = 2

2.  X¶ncn¡p¶ ssÉUns\ Xncn¨dnªv Nn{Xw hc¨v ASbmfs¸Sp¯n 

Ipdns¸gpXpI (GsX¦nepw H¶v)

    a) ]cmK]pS¯nsâ s\SpsIbpÅ tOZw 
    b) AÞ¯nsâ s\SpsIbpÅ tOZw

     Xncn¨dnbÂ  – 1

     ImcW§Ä       – 2x1 = 2

     Nn{Xw + `mK§Ä  – 1+1 = 2

3. InWz\ {]Inbsb sXfnbn¡Â  
      {]mIvSn¡Â ]ocoUpIfnÂ ]co£W imebnÂ Cu ]co£Ww sNbvXp 

ImWn¡pI. 

     ]co£mkab¯v Cu ]co£Ww kÖoIcn¨v  {]ZÀin¸n¡pI. 

     hnZymÀ°nIÄ ]co£W  kÖoIcW¯ns\ Xncn¨dnªv AXnsâ       

     hniZoIcWw FgpXpWw.

  Xncn¨dnbÂ :
     e£yw                   – 1

     Bhiyamb hkvXp¡Ä   – 1

     sN¿p¶ coXn   – 1

     \nco£Ww    – 1

     A\pam\w    – 1

= 3
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Poh - P´pimkv{Xw

4.  AtbmUn³ ]cntim[\m coXnbneqsS ÌmÀ¨nsâ km¶n²yw             

    ]cntim[n¡pI.

    km¼nÄ A B - Hcp km¼nfnÂ ÌmÀ¨v {ZmhIhpw atäXnÂ ]Ickm¼nfpw  

(Dummy) Bbncn¡Ww.

       ÌmÀ¨v km¼nÄ - DcpfIng§v Nmdv ÌmÀ¨v s]mSn IªnshÅw (GsX 

¦nepw H¶v) D]tbmKn¡mw.

     Bhiyamb hkvXp¡Ä  – 1

     {]hÀ¯\ coXn   – 1

     ]«nI     – 2

     ^ew     – 1  

5.  X¶n«pÅ ssÉUns\ Xncn¨dnªv Ipdns¸gpXpI. Nn{Xw hc¨v `mK§Ä 

ASbmfs¸Sp¯pI.

    a) ¹mkv tamUnbw

   b) AcpWcIvXmWp¡Ä (RBC)

   c) tizXcIvXmWp¡Ä (WBC)

 
     Xncn¨dnbÂ    – 1

     ImcW§Ä         – 2

                                        Nn{Xw + `mK§Ä     – 2

     

6. BMI kq{Xw D]tbmKn¨v BMI IW¡m¡m³

     Bhiyamb hkvXp¡Ä   – 1

     {]hÀ¯\ coXn  – 1 
     ]«nI     – 2  
     ^ew    – 1
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ckX{´w

aqey\nÀ®b coXn :

e£yw                                 – 1 amÀ¡v

sNt¿ ≠hn[w/\nco£W§Ä – 2 amÀ¡pIÄ

^ew                                – 2 amÀ¡pIÄ

`uXnIimkv{Xw

1. kv{IqtKPv

 Aev]\am¦w    – 1 amÀ¡v

sNt¿ ≠ hn[w   – 1 amÀ¡v

]«nI     – 1+1 amÀ¡v

^ew + am{X    – 1 amÀ¡v

2. Hmw \nbaw

kq{Xw     – 1/2 amÀ¡v

]cn]YNn{Xw    – 1/2 amÀ¡v

sNt¿ ≠hn[w   – 1 amÀ¡v

]«nI      – 1 amÀ¡v

BteJw            – 1 amÀ¡v

^ew + am{X           – 1 amÀ¡v

3. {]Xntcm[§Ä t{iWncoXnbnÂ 
kq{Xw     – 1/2 amÀ¡v

]cn]YNn{Xw    – 1/2 amÀ¡v

sNt¿ ≠hn[w   – 1 amÀ¡v

]«nI      – 1 + 1 amÀ¡v

^ew + am{X           – 1 amÀ¡v
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{Ia \¼À     DÅS¡w

Pohimkv{Xw

 Poh - kkyimkv{Xw

     1  X¶ncn¡p¶ hn¯ns\ Xncn¨dnªv Zzn_oP]{Xhn¯mtWm AsÃ¦nÂ 
GI_oP]{Xhn¯mtWm F¶v hÀ¤oIcn¡pI.

     2    X¶ncn¡p¶ ^e¯nsâ Nn{Xw hc¨v ImcW§Ä \ÂIn hÀ¤o          
 Icn¡pI.

     3    ]co£WIpgepw ^WÂ ]co£Whpw.

 Poh - P´pimkv{Xw

     4    sImgp¸n\mbpÅ ]cntim[\ (tkm¸mbn amdp¶ ]cntim[\)

     5   X¶n«pÅ amXrIIsf Xncn¨dnbÂ
     6    sImSn ASbmfw sNbvXn«pÅ A´x{kmhn{KÙnsb Xncn¨dnbÂ

ckX{´w
 7     \n§Ä¡v Hcp emb\nbpsS km¼nÄ \ÂInbn«p≠ v. Xmsg    

  sImSp¯n«pÅ  ]co£W§Ä \S¯n X¶n«pÅ km¼nÄ Hcp        

  A¾amtWm £mcamtWm (t_kmtWm)F¶v Xncn¨dnbpI.

 8     \n§Ä¡v A, B F¶o c≠ v km¼nÄ emb\nIÄ X¶ncn¡p¶p.   
 Hcp PH ISemkv D]tbmKn¨v X¶ncnbv¡p¶ km¼nÄ Hcp A¾amtWm  

 £mcamtWm, \nÀÆocy (\yq{SÂ)  amtWm F¶v I ≠p]nSn¡pI.

 9     tkmUnbw sslt{UmIvsskUv emb\nbp]tbmKn¨v X¶n«pÅ   

  ehW¯nse t_knIv dmUn¡ens\ Xncn¨dnbpI.

      

`uXnIimkv{Xw

    10    D¯e se³knsâ t^m¡kv Zqcw

    11    I®mSn {]nkw 
    12          Im´nIt£{Xw BteJw sN¿p¶Xv

`mKw - 2imkv{Xw {]mÎn¡epIÄ
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]co£W \¼À : 1      XnbXn :

X¶ncn¡p¶ hn¯ns\ Xncn¨dnªv AXv GI_oP]{Xhn¯mtWm, Zzn_o 

P]{Xhn¯mtWmsb¶v hÀ¤oIcn¡pI

hn¯ns\ hntOZn¨v {]ZÀin¸n¡pI

apgph³ hn¯v

      GI_oP]{X hn¯v - tNmfw    Zzn_oP]{X hn¯v - ]bÀ

      

   ]bÀ hn¯nsâ     tNmfhn¯nsâ

     s\SpsIbpÅ tOZw       s\SpsIbpÅ tOZw

_oPioÀjw

sslt¸mtImss«Â

_oPaqew

_oP]{Xw

_oPm¶w

sslt¸mtImss«Â

_oPaqew

_oP]{Xw

hn¯pd
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]co£W \¼À : 2      XnbXn :

X¶ncn¡p¶ ^e¯nsâ Nn{Xw hc¨v ImcW§Ä \ÂIn  hÀ¤oIcn¡pI

(a) X¡mfn 

(i) hÀ¤oIcWw :  eLpamwkf^ew - s_dn - X¡mfn. X¡mfnbpsS s\SpsIbpÅ 

tOZw.

(ii) ImcW§Ä :  

 À  Cu ̂ ew cq]w sIm ≠ncn¡p¶Xv aÄ«nImÀ¸nedn, kn³ImÀ¸kv, kp¸ocnbÀ 

AÞmibw DÅ Hcp ]pjv]¯nÂ \n¶mWv.

 À amwkfamb ^e`n¯n _mlyF¸nImÀ¸v, B´camwkfamb `mKw   

  F¶n§s\ XcwXncn¡s¸«ncn¡p¶p.

 À aotkmImÀ¸pw, F³tUmImÀ¸pw kwtbmPn¨v amwkf `mKw cq]w  

  sImÅpIbpw, AXnÂ hn¯pIÄ apgpIn ImWs¸SpIbpw sN¿p¶p.

 À apgph³  ^ehpw  `£ytbmKyamWv. 

   (iii) Nn{Xw  :  

X¡mfnbpsS s\SpsIbpÅ tOZw           apgph³ ^ew

F¸nImÀ¸v 

aotkmImÀ¸pw, 

F³tUmImÀ¸pw     

hn¯v
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(b) t]mfnbmÂ¯nb

(i) hÀ¤oIcWw :     _lp^ew – DZm: t]mfnbmÂ¯nb

(ii) ImcW§Ä:    

 À  t]mfnbmÂ¯nb cq]w  sIm ≠ncn¡p¶Xv  aÄ«nImÀ¸nedn At¸mImÀ¸kv 

AÞmibapÅ Hcp ]pjv]¯nÂ \n¶mWv.

 À ^e cq]oIcW¯nÂ Hmtcm kzX{´ ImÀ¸epw Hmtcm sNdp^eambn   

  Xocp¶p.

 À A§s\ At\Iw  sNdp^e§Ä  Hcp s]mXp X ≠nÂ tNÀ¶v ImWs¸Sp¶p.

(iii) Nn{Xw  : 
  apgph³ ^ew

(c)   N¡

(i) hÀ¤oIcWw :    kwbpIvX ^ew - N¡

(ii) ImcW§Ä  :    
 À Hcp s]¬ ]pjv]aRvPcn apgph\mbn Hcp^eambnXocp¶p.

 À _oPk¦e\w \S¶ ]q¡Ä  sNdp^e§fmbnXocp¶p.

 À s]cym´v `£ytbmKyamb amwkfamb `mKambnXocp¶p.

 À hn¯n\v Npäpw ImWp¶ ]mSt]mepÅ BhcWamWv s]cnImÀ¸v.

(iii) Nn{Xw :  

s]mXpX≠ v

sNdp^ew

s]mXp X≠ v

hn¯v

`£ytbmKyamb ]cnZf    

]pRvPw (Perianth)

N¡bpsS s\SpsIbpÅ tOZw
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]co£W \¼À : 3      XnbXn :  

]co£WIpgepw  ^WÂ  ]co£Whpw

e£yw : 
{]Imi kwtÇjW¯nÂ HmIvknPs\  ]pdwXÅp¶p F¶v sXfnbn¡m³.

Bhiyambh :  
]co£WIpgÂ, ^WÂ, _o¡À,  Pew, ssl{UnÃ sNSn. 

sN¿p¶coXn :
 À PeapÅ _o¡dnÂ ssl{UnÃ  sNSnbpsS Nne imJIÄ FSp¡pI.  

 À sNSn¡v  apIfnembn Hcp ^WÂ  XeIogmbn hbv¡pI.

 À ^Wensâ  X≠ n\v apIfnembn Pew \nd¨ Hcp ]co£W IpgÂ Iagv¯n  
 hbv¡pI. 

 À {IaoIcWs¯ Nne aWn¡qdpIÄ kqcy{]Imi¯nÂ kq£n¡pI

\nco£Ww : 
       Hcp aWn¡qdn\vtijw  t\m¡nbmÂ ]co£WIpgense PehnXm\w  

Xmgv¶ncn¡p¶Xmbn ImWmw.

A\pam\w : 
 À  {]ImikwtÇjWw \S¡pt¼mÄ ]pd¯v hcp¶ Hcp Dt]mÂ¸¶amWv 

HmIvknP³. ssl{UnÃ kky¯nÂ \n¶v kzX{´amIp¶ hmXIIpanfIÄ  ]
co£WIpgensâ  apIÄ`mK¯v F¯pIbpw AhnsSbpÅ Pes¯ Xmtgm«v 
XÅpIbpw sN¿p¶p.  ]co£W Ipgens\ FSp¯v AXnsâ hmbv `mK¯v 
Hcp I¯p¶ Xos¡mÅn ImWn¡pI. Xos¡mÅnbpsS Pzme hÀ²n¡p¶Xmbn 
ImWmw. CXnÂ  \n¶v {]Imi kwtÇjW¯nÂ HmIvknP³ kzX{´amIp¶p 

F¶v sXfnbn¡mw.  

Nn{Xw : 

^WÂ
ssl{UnÃ

_o¡À

]co£WIpgÂ
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Poh - P´pimkv{Xw

]co£W \¼À : 4      XnbXn : 

sImgp¸n\mbpÅ ]cntim[\ (tkm¸mbn amdp¶ ]cntim[\)

e£yw : 
 X¶n«pÅ km¼nfpIÄ A bnepw B bnepw sImgp¸nsâ km¶n²yw tkm¸mbn 

amdp¶ ]cntim[\bneqsS I≠ p]nSn¡Â.

Bhiyambh : 
]cntim[\IpgepIÄ ]cntim[\IpgÂ ssI¸nSn, ]cntim[\ IpgÂ Ìmâ v, 

`£Wkm¼nfpIÄ A bpw B bpw  5% NaOH  XpS§nbh. 

sN¿p¶coXn :
 À Hcp ml km¼nÄ {ZmhIw A bpw B bpw ip²amb shtÆtd ]cntim[\m   

 IpgepIfnÂ FSp¡pI. 

 À Hmtcm  ]cntim[\Ipgenepw 2 ml 5% NaOH tNÀ¯v \¶mbnIpep¡pI. 

 À D≠ mIp¶ amäw \nco£n¨tijw ^ew ]«nIs¸Sp¯pI.

\nco£Ww : 

km¼nÄ A  :

km¼nÄ B  :

]«nI : 

km¼nÄ \nco£Ww A\pam\w

A

B

^ew :

`£Wkm¼nÄ  ___________ Â tkm¸pt]mepÅ {ZmhIw {]Xy£amIp¶Xv 

AXnÂ sImgp¸nsâ km¶n²ys¯ kqNn¸n¡p¶p. 
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]co£W \¼À : 5       XnbXn :

X¶n«pÅ amXrIIsf Xncn¨dnbÂ

(a) a\pjy lrZb¯nsâ s\SpsI tOZn¨ LS\

Xncn¨dnbÂ:

X¶n«pÅ amXrI a\pjysâ s\SpsI tOZn¨ lrZbw F¶v Xncn¨dnªp.

Nn{Xw :  

Ipdn¸v:
 À a\pjy lrZbw t]inX´p¡fmÂ \nÀ½nXamb,  AIw s]mÅbmb Hcp 
AhbhamW.v CXn\v {XntImWmIrXnbmWv. 

 ÀlrZbs¯ BhcWw sNbvX c ≠Sp¡v `n¯nItfmSpIqSnb s]cnImÀUnbw 
F¶ kwc£Wk©n D≠ v.  

 ÀlrZbw lrZbt]inIsf¶ {]tXyIXcw t]inIfmÂ \nÀ½nXamWv. 

 ÀlrZb¯n\v c≠ v Bdn¡nfpIÄ c ≠psh³{Sn¡nfpIÄ F¶n§s\ \medIÄ 
D≠ v. 

 ÀlrZbw Hcp ]¼p sN¿p¶ AhbhamWv. CXv cIvXs¯ icoc¯nsâ FÃm 
`mK§fnte¡pw ]¼p sN¿p¶p.

alm[a\n

izmk  tImi [a\n

CSXv G{Snbw

CSXv sh³{Sn¡nÄ

ZznZfhmÂhv

lrZbt]in

AÀ²N{µm ImchmÂhv

heXv G{Snbw

At[m almknc

{XnZf hmÂhv

heXv sh³{Sn¡nÄ

DuÀ²z almknc
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(b) a\pjysâ akvXnjv¡¯nsâ s\SpsI tOZn¨ LS\: 
      
Xncn¨dnbÂ:   

X¶n«pÅ amXrI a\pjy akvXnjv¡¯nsâ s\SpsI tOZn¨ LS\ F¶v 
Xncn¨dnªp. 

 Nn{Xw :

Ipdn¸v:
 À a\pjysâ akvXnjv¡w I]me Adbv¡pÅnÂ shbv¡s¸«ncn¡p¶p. 

 À CXns\ BhcWw sNbvX sa\n³PkvF¶p ]dbs¸Sp¶ aq¶p kwc£W 
BhcW§Ä D≠ v. 

 À a\pjysâ akvXnjv¡s¯ap³ akvXnjv¡w, a²yakvXnjv¡w, ]n³ 
akvXnjv¡w F¶v aq¶v {][m\ `mK§fmbn hn`Pn¨n«p≠ v. 

 À a\pjysâ akvXnjv¡¯nÂ Zie£¡W¡n\v \mUotImi§Ä AYhm      
\yqtdmWpIÄ D≠ v.  

 À akvXnjv¡w, a\pjyicoc¯nse BPvR, GtIm]\ hyhØbmbn {]hÀ¯n 
¡p¶p.

{]akvXnjv¡w         
(skdn{_w) 

]m¬kv

saUpÃ

D]akvXnjv¡w



i
mk

v{X
w

342 343

(c) a\pjysâ hr¡bpsS s\SpsI tOZn¨ LS\:
 Xncn¨dnbÂ:

X¶n«pÅ amXrI a\pjysâ hr¡bpsS s\SpsI tOZn̈  LS\ F¶v Xncn̈ dnªp.

 Nn{Xw :

Ipdn¸v:

 À \½psS icoc¯nse {][m\ hnkÀÖ\ AhbhamWv hr¡. 

 À Aachn¯nsâ BIrXnbnepÅ Hcp tPmUn hr¡IÄ DZcmib¯nsâ taÂ 

`mK¯mbn ØnXnsN¿p¶p.

 À tI]v kyqÄ F¶dnbs¸Sp¶ t\À¯ kpXmcyamb ]Sew hr¡sb BhcWw 

sNbvXncn¡p¶p. 

 À hr¡bpsS _mly`mKw do\Â tImÀs«Ivkpw  B´c `mKw saUpÃbpamWv. 

 À hr¡ e£¡W¡n\pÅ s\^vtdmWpIÄ F¶dnbs¸Sp¶ {]hÀ¯\ 

am{XIfmÂ \nÀ½nXamWv.

Im]vkyqÄ

tImÀs«Ivkv

sNdnb ImenIvkv
henb ImenIvkv
hr¡m[a\n

s]Âhnkv

hr¡mknc

saUpÃbnÂ ImWp¶ 

hr¡m]ncanUv

aq{X\mfn

saUpÃ

do\Â ssk\kv

do\Â]m¸nÃ

do\Â ssk\knÂ 
ImWp¶ sImgp¸v
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]co£W \¼À : 6      XnbXn :

sImSn ASbmfw  sNbvXn«pÅ A´ : {kmhn{KÙnsb Xncn¨dnªv AXns³d 

Øm\w, {khn¸n¡p¶ tlmÀtamWpIÄ, GsX¦nepw c≠ v [À½§Ä F¶nh 

FgpXpI. (Nn{Xw hcbvt¡≠  Bhiyw  CÃ)

1. A´:{kmhn{KÙnIÄ –  (a) ssXtdmbvUv{KÙn

                 (b) BKvt\b{KÙn - sFeäkv Hm^vemMÀlm³kv

                 (c)  A{Un\Â{KÙn

2.  GsX¦nepw Hcp A´ : {kmhn{KÙnsbsImSn ASbmfw sNt¿ ≠XmWv. AXn\

mbn FÃm A´: {kmhn{KÙnItfbpw ImWn¡p¶ Hcp amXrI  AsÃ¦nÂ NmÀ«v 

AsÃ¦nÂ sXfnhmbn hc¨Nn{Xw D]tbmKn¡Ww.

hnhn[ A´: {kmhn{KÙnIsf ImWn¡p¶ Nn{Xw

({]mIvSn¡en\mbn GsX¦nepw Hcp A´: {kmhn{KÙn ASbmfs¸Sp¯pI)
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(a) ssXtdmbvUv {KÙn

 Xncn¨dnbÂ:

         ASbmfs¸Sp n̄bncn¡p¶ A :́ {kmhn{KÙnssXtdmbvUv {KÙn F¶v Xncn̈ dnªp.

Øm\w :  ssXtdmUv {KÙn c≠ p ]mfnIfmbn Igp¯p `mK¯v kz\t]SI¯nsâ 

Ccp hi§fnembn ØnXnsN¿p¶p.

{khn¸n¡p¶ tlmÀtamWpIÄ: ssXtdmIvkn³

tlmÀtamWpIfsS [À½§Ä:

 À ssXtdmIvkn³ ASnØm\ D]m]Nb hnInXs¯ hÀ²n¸n¡p¶p (BMR).

 À CXv icoc Dujvamhns\ hÀ²n¸n¡p¶p.

 À CXv Hcp hyànXz tlmÀtamWmWv.

 À CXv cà¯nse ]©kmcbptSbpw, AtbmUnsâbpw Afhns\ \nb{´n¡p¶p.

 À ssXtdmIvknsâ Ipdhv Ffnb IWvTapg, anIvknUna, hfÀ¨ apcSn¡Â 

F¶nhbv¡v ImcWamIp¶p. 

 À tlmÀtamWnsâ AanX{kmhw t{Khvkv tcmKw D≠ m¡p¶p.

(b) Btáb{KÙn – sFeävkv Hm^v emMÀ lm³kv 

 Xncn¨dnbÂ:

 ASbmfs¸Sp¯nbn«pÅ A´x{kmhn{KÙn Btáb{KÙnbnse sFeävkv 

Hm^v emMÀ lm³kv F¶v Xncn¨dnªp.

Øm\w:  sFeävkv Hm^v emMÀ lm³kv, DZc`mK¯v ØnXnsN¿p¶ Btáb 

{KÙnbnÂ ]pXªp ImWp¶p.

{khn¸n¡p¶ tlmÀtamWpIÄ:

1. α  tImi§Ä ¥q¡lmWns\ {khn¸n¡p¶p.

2.  β  tImi§Ä C³kpent\bpw Aanent\bpw {khn¸n¡p¶p.
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tlmÀtamWpIfpsS [À½§Ä: 

1. C³kpen³ ¥qt¡mÊns\ ss¥t¡mP\m¡n amän Ahsb Icfnepw t]inIfnepw 

tiJcn¡p¶p.

2. ¥q¡lm¬ ss¥t¡mPs\ ¥qt¡mÊm¡n amäp¶p.

 ]ckv]c tbmPn¨ {]hÀ¯\¯neqsS C³kpen\pw ¥q¡tlmWpw cà¯nse 

¥qt¡mÊnsâ Afhns\ (80 -120 mg/100 ml) \nb{´n¡p¶p.

3. C³kpen³ {kmhw Ipdbp¶Xv {]tals¯ D ≠m¡p¶p.

(c)  A{Uo\Â {KÙn

 Xncn¨dnbÂ:

ASbmfs¸Sp¯nbn«pÅ A´x{kmhn{KÙn A{Uo\Â {KÙnbmWv.

Øm\w: DZcmib ̀ mK¯v Hmtcm hr¡bptSbpw apIfnembn A{Uo\Â {KÙnIÄ 

ImWp¶p.

 {khn¸n¡p¶ tlmÀtamWpIÄ:

             A{Uo\Â tImÀs«Ivkv- - BÄtUmÌotdmWpw tImÀ«ntkmWpw 

 A{Uo\Â saUpÃ - A{Uo\en\pw \mÀ A{Uo\en\pw

tlmÀtamWpIfpsS [À½§Ä: 

 À BÄtUmÌotdm¬ - [mXp¡fpsS D]m]Nb§sf \nb{´n¡p¶p.

 À tImÀ«ntkm¬ - ImÀt_m sslt{Uänsâ D]m]Nbs¯ \nb{´n¡p¶p.

 À A{Uo\en\pw \mÀ A{Uo\en\pw - icocs¯ ASnb´c kµÀ`§tfbpw, 

k½À±§tfbpw A`napJoIcn¡phm³ X¿mdm¡p¶p.

 À A{Uo\men³, \mÀ A{Uo\men³ tlmÀtamWpIsf ASnb´cmhØ 

tlmÀtam¬ F¶p hnfn¡p¶p. Ch lrZbkv]µ\ \nc¡nt\bpw 

izmtkmÑzmk \nc¡nt\bpw hÀ²n¸n¡p¶p.
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ckX{´w

]co£W \¼À :7      XnbXn :

\n§Ä¡v Hcp emb\nbpsS km¼nÄ \ÂInbn«p≠ v. Xmsg sImSp¯n«pÅ           
]co£W§Ä \S¯n X¶n«pÅ km¼nÄ Hcp A¾amtWm £mcamtWm       

(t_kmtWm)F¶v Xncn¨dnbpI.

a) ^nt\m^vXen³                                  b) saYnÂ Hmd©v  
      c) tkmUnbw ImÀ_tWäv                      d) kn¦v XcnIÄ

e£yw: 
X¶n«pÅ km¼nfnse A¾¯nsâtbm £mc¯nsâtbm km¶n²yw I ≠p]nSn¡pI.

Xnbdn: 
     A¾ am²ya¯nÂ ^nt\m^vXen³ \ndanÃmsXbpw F¶mÂ saYnÂ Hmd©v    

]n¦v \nd¯nepw ImWs¸Sp¶p. £mcam²ya¯nÂ ^nt\m^vXen³ ]n¦v \nd¯nepw 

saYnÂ Hmd©v aª \nd¯nepw ImWs¸Sp¶p.

 A¾§Ä tkmUnbw ImÀ_tWäpambn {]hÀ¯n¡pt¼mÄ IpanfIÄ \pcªv 

s]m§n hcp¶p. ImÀ_¬ssUHmIvsskUv kzX{´amIp¶XmWnXn\p ImcWw.

F¶mÂ £mc§fnÂ CXv kw`hn¡p¶nÃ. 

 kn¦v A¾§fpambn {]hÀ¯n¨v ssl{UP³ hmXIw kzX{´am¡p¶p. F¶mÂ 

£mc§Ä NqSm¡pt¼mÄ am{Xta ssl{UPs\ kzX{´am¡p¶pÅq.

BhiyapÅ hkvXp¡Ä:

]co£W¡pgepIÄ, Ìm³Uv, I®mSn ZÞv, ^nt\m^vXen³, saYnÂ Hmd©v, 

tkmUnbw ImÀ_tWäv ehWw kn¦v XcnIÄ, X¶n«pÅ km¼nÄ.

{Ia

\¼À
]co£Ww

\nco£Ww 
(\ndhyXymkw)

\nKa\w 
(A¾w/t_kv) 

1 Hcp ]co£W¡pgenÂ 5 ml 
]cntim[nt¡≠  emb\nsb 

Sp¯v AXnÂ ^nt\m^vXen³ 

XpÅnIÄ tNÀ¡pI.

a) \ndhyXymkanÃ

b) emb\n ]n¦v \ndambn 

amdp¶p.

a)  A¾¯nsâ  

km¶n²yw

b) £mc¯nsâ 

km¶n²yw
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2 Hcp ]co£W¡pgenÂ 5 

ml  ]cntim[nt¡ ≠ emb\
nsbSp¯v AXnÂ saYnÂ 
Hmd©v XpÅn IÄ tNÀ¡pI.

a) emb\n ]n¦v \ndambn    

amdp¶p.

b) emb\n aª \ndambn 

amdp¶p.

a)  A¾¯nsâ  

km¶n²yw

b)  £mc¯nsâ 

km¶n²yw

3 Hcp ]cn£W¡pgenÂ 5 ml 
]cntim[nt¡≠  emb\n 
sbSp¯v AXnÂ Hcp        
\pÅv tkmUnbw ImÀ_
tWäv ehWw tNÀ¡pI.

a)  IpanfIÄ \pcªv 

s]m§p¶p.

b) IpanfIÄ \pcªv  

s]m§p¶nÃ.

a)  A¾¯nsâ  

km¶n²yw

b)  £mc¯nsâ 

km¶n²yw

4 Hcp ]co£W¡pgenÂ 5 

ml ]cntim[nt¡ ≠ emb\n 

sbSp¯v AXnÂ Ipd¨v kn¦v 

XcnIÄ tNÀ¡pI.

a) IpanfIÄ ]pd  

t¯bv¡v hcp¶p.

b)  IpanfIÄ ]pd  

t¯bv¡v hcp¶nÃ.

a)  A¾¯nsâ  

km¶n²yw

b)  £mc¯nsâ 

km¶n²yw

^ew :

 X¶n«pÅ emb\nbnÂ __________(A¾w/£mcw) AS§nbncn¡p¶p.
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]co£W \¼À : 8      XnbXn : 

\n§Ä¡v A, B F¶o c≠ v km¼nÄ emb\nIÄ X¶ncn¡p¶p. Hcp PH ISemkv 
D]tbmKn¨v X¶ncnbv¡p¶ km¼nÄ Hcp A¾amtWm £mcamtWm, \nÀÆocy   

(\yq{SÂ)  amtWm F¶v I ≠p]nSn¡pI. 
e£yw:

Hcp PH ISemkp]tbmKn¨v X¶ncn¡p¶ emb\nbpsS {]IrXw Xncn¨dnbpI.

XXzw:

Hcp emb\nbneS§nbn«pÅ H+ AtbmWpIfpsStbm OH-- AtbmWpIfpsStbm 
hocyw (Power) Hcp PH ISemkv \ÂIp¶p. PH kvsIbnenÂ AXnsâ aqeyw 0 ¯nÂ  
\n¶v 14 hsc ImWs¸Sp¶p. PH sâ aqeyw 7 Â Ipdhmbncp¶mÂ AXv A¾{]IrXs¯ 
Ipdnbv¡p¶p. F¶mÂ PH 7 Â IqSpXembncp¶mÂ £mckz`mhs¯ Ipdnbv¡p¶p. 
PH 7 Bbncp¶mÂ AXv Hcp \yq{SÂ emb\nsb Ipdn¡p¶p. PH t]¸À Hcp emb\n 
bpsS GItZiapÅ Hcp PH aqeyw I≠ p]nSn¡m\p]tbmKn¡p¶p. CXv hyXykvX PH 

aqey§fnÂ hyXykvX \nd§Ä ImWn¡p¶p.

Bhiyamb ]ZmÀ°§Ä:

A, B F¶o km¼nÄ emb\nIÄ PH ISemkv, I®mSn ZÞv, hm¨v ¥mkv.

sN¿p¶ hn[w:

Hcp PH ISemkv FSp¡pI. AXns\ Hcp hm¨v ¥mÊnÂ hbv¡pI. Hcp I®mSn 

ZÞp]tbmKn¨v emb\nbpsS km¼nfpIfnÂ \n¶pw Hmtcm XpÅn FSp¯v ISemknÂ 

hbv¡pI. hcp¶ \ndhyXymkw \nco£n¡pI. PH sâ GItZi aqeyw PH ISemknÂ 

X¶n«pÅ tXmXnsâ ASnØm\¯nÂ Ipdnbv¡pI..

\nco£Ww:

]co£W 
IpgÂ

km¼nÄ

pH ISemkv
A\pam\w        

emb\nbpsS {]IrXwD≠ mIp¶   

\ndw 

GItZi          

pH

A

B

^ew :      X¶n«pÅ km¼nÄ A Hcp  _____________ BWv.

                                            B Hcp  _____________ BWv.
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]co£W \¼À : 9      XnbXn :

tkmUnbw sslt{UmIvsskUv emb\nbp]tbmKn¨v X¶n«pÅ 
ehW¯nse t_knIv dmUn¡ens\ Xncn¨dnbpI.

e£yw:

tkmUnbw sslt{UmIvsskUv emb\nbpambpÅ {]hÀ¯\ap]tbmKn¨v X¶n«pÅ 
ehW¯nse t_knIv dmUn¡ens\ I ≠p]nSn¡pI.

Xnbdn: 
an¡hmdpapÅ teml§Ä tkmUnbw sslt{UmIvsskUv emb\nbpambn {]hÀ¯n 

¡pt¼mÄ s]mXphmbn AhbpsS teml sslt{UmIvsskUpIÄ D ≠m¡p¶p.

Cu+2 + 2OH-      Cu(OH)2    Cfw \oe\nd (Bluish white) Ah£n]vXw

Fe+2  + 2OH-      Fe(OH)2
     ISpw  ]¨\nd Ah£n]vXw

Al+3  + 3OH -     Al(OH)3  shfp¯ \nd Ah£n]vXw

Bhiyamb ]ZmÀ°§Ä:

]co£W¡pgepIÄ, Ìm³Uv, tkmUnbw sslt{UmIvsskUv emb\n, tkzZ\w 
sNbvX Pew, X¶n«pÅ ehWw.

sN¿p¶ hn[w:

X¶n«pÅ ehW¯nÂ Ipd¨v FSp¯v 10 ml tkzZ\w sNbvX Pe¯nÂ ebn¸n¡pI. 
CXnÂ\n¶pw Ipd¨v emb\n Hcp ]co£W¡pgenÂ FSp¯v Xmsg sImSp¯n«pÅ    

]co£Ww sN¿pI.

{Ia

\¼À

]co£Ww \nco£Ww 
(\ndhyXymkw)

\nKa\w 
(A¾w/t_kv) 

1 tkmUnbw 

sslt{UmIvsskUv        

]cntim[\

ehWemb\n 

bntebv¡v tkmUnbw 

sslt{UmIvsskUv 

emb\n XpÅnXpÅnbmbn 

tNÀ¡pI.

a)  Cfw \oe            

\nd Ah£n]vXw 

D≠mIp¶p

b)  ISpw ]¨  

\nd Ah£n]vXw 

D≠mIp¶p

c)  shfp¯\nd Ah 

£n]vXw D≠mIp¶p

a)   Ip{]nIv (Cu2+) 
AtbmWnsâ km¶n²yw 

Ipdnbv¡p¶p.

b)  s^dkv (Fe2+) 
AtbmWnsâ km¶n²yw 

Ipdnbv¡p¶p.

c) Aepan\nbw (Al3+) 
AtbmWnsâ km¶n²yw 

Ipdnbv¡p¶p.

^ew :

X¶n«pÅ ehW¯nÂ  _____________ t_knIv dmUn¡Â AS§nbncn¡p¶p.
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`uXnIimkv{Xw

]co£W \¼À : 10      XnbXn :
D¯e se³knsâ t^m¡kv Zqcw

e£yw:

 X¶n«pÅ D¯e se³knsâ t^m¡kv Zqcw I               ≠p]nSn¡p¶Xn\mbn

 I. hkvXp AIsebmbncn¡p¶ coXn 

II. u-v coXn.

BhiyapÅ hkvXp¡Ä:

 D¯e se³kv, se³kv kväm³Uv, shÅn¯nc, aoäÀ kvsIbnÂ, {]Imin¸n¡p¶ 

I¼n he.

kq{Xw

u - v coXnbnÂ D¯e se³knsâ t^m¡kv Zqcw                cm     

u - F¶Xv hkvXphn\pw, se³kn\pw CSbnepÅ Zqcw.

v - F¶Xv {]Xn_nw_¯n\pw, se³kn\pw CSbnepÅ Zqcw.

Nn{Xw:

sN¿p¶ coXn:

hkvXp AIsebmbncn¡p¶ coXn

1.  X¶n«pÅ D¯e se³kns\ kvämânÂ h¨v AIsebpÅ Hcp hkvXphn\v (acw 

AYhm sI«nSw)  A`napJambn hbv¡Ww.

2.  se³knsâ adphi¯v Xncsb h¨v AXns\ ap¼ntem«pw ]ndIntem«pw \o¡n 

hkvXphnsâ hyIvXamb, XeIogmb, sNdnb {]Xn_nw_w ]Xn¸n¡pI.

3. D¯e se³knsâbpw, XncbpsSbpw CSbnepÅ AIew Afs¶gpXpI. CXv 

D¯e se³knsâ GItZi t^m¡kv Zqcw \ÂIp¶p.

hkvXp AIsebmbncn¡p¶ coXn

AIsebpÅ hr£¯nÂ 

\n¶pÅ IncWw.

apJy A£w
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 u-v coXn

1.  D¯e se³kns\ Hcp kväm³UnÂ h¨Xn\v tijw AXns\ u  AIe¯nÂ 

ØnXn sN¿p¶ Hcp {]Imin¡p¶ I¼nhebpsS ap¼nembn hbv¡pI.

2.  hyIvXamb Hcp {]Xn_nw_w e`n¡¯¡ coXnbnÂ Xncsb {IaoIcn¡pI. 

se³knsâ f \pw 2f \pw CSbnepÅ u hnsâ c  ≠ v AfhpIfpw 2f \v AIsebpÅ 

u hnsâ c≠ v AfhpIfpw sXcsªSp¡pI.

3.  se³knsâ adp`mK¯v Xncsb {IaoIcn¨v {]Xn_nw_s¯ e`yam¡pI.

 u hnsâ hne 2f s\¡mÄ Ipdhmbncp¶mÂ henb {]Xn_nw_hpw 2f s\¡mÄ 

IqSpXembncp¶mÂ sNdnb {]Xn_nw_hpw e`n¡pw. 

4.  se³kn\pw, Xncbv¡pw CSbnepÅ AIew v Bbncn¡pw. Hmtcm u Afhn\pw v 

bpsS Afhv Afs¶gptX ≠XmWv.   

 u-v coXn

{Ia

\¼À

{]Xn_nw 

_¯nsâ 

kz`mhw

hkvXp AIse

u cm
{]Xn_nw_w 

AIse

v cm

t^m¡kv Zqcw

1.

2.

3.

4.

cm

^ew :

X¶ncn¡p¶ D¯e se³knsâ t^m¡kv Zqcw

i. hkvXp AIsebmbncn¡p¶ coXn     (f ) = ______ cm 

ii. u-v coXn                                 (f) = ______ cm

]«nI :

u < 2f
hepXm¡nbXv

u > 2f
sNdpXm¡nbXv

f 
u v

u + v
_______=

uv coXn

Nn{Xw :

u v
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]co£W \¼À : 11                                                         XnbXn :
I®mSn {]nkw

e£yw:

 I®mSn {]nk¯neqsSbpÅ Hcp {]Imi civanbpsS ]mXsb \nco£n¡p 

Ibpw, civanIsf Xncn¨dnªv, hnhn[ tImWpIsf Af¡Â.

BhiyapÅ hkvXp¡Ä:

 Hcp I®mSn {]nkw, t{UmbnwKv t_mÀUv, shÅ t]¸À, t{UmbnwKv ]n¶pIÄ, 

sam«pkqNnIÄ, kvsIbnÂ, Hcp tImWam]n.

sN¿p¶ coXn :

1.  Hcp {UmbnwKv t_mÀUnÂ Hcp joäv t]¸dns\ Dd¸n¡pI. t]¸dnsâ a[y`mK¯v 

Hcp hc XY hcbv¡pI.

2.  XY hcbnÂ E F¶ _nµphnÂ NEN1 F¶ Hcp ew_w hcbv¡pI. XpSÀ¶v 

GsX¦nepw tIm¬ 300 bv¡pw 600  bv¡pw CSbnÂ hc¯¡coXnbnÂ DE 

hcbv¡pI.

3. {]nk¯nsâ Hcp A]hÀ¯\ {]Xew (XY) F¶ hcbnÂ hbv¡pI. {]nk¯nsâ 

AXncv (ABC) hcbv¡pI.

4. P1, P2 F¶ sam«p kqNnIÄ DE hcbnÂ 6 sk.ao AIe¯nÂ s]cphncÂ sIm≠v 

AaÀ¯n hbv¡pI. P1, P2 sam«p]n¶pIfpsS {]Xn_nw_s¯ {]nk¯nsâ 

FXnÀhiambn \nco£n¡pI.

5. P1, P2 F¶o sam«pkqNnIfpsS {]Xn_nw_§fpambn t\ÀtcJbnÂ hc¯¡ 

hn[w P3, P4 F¶o c≠ v sam«pkqNnIÄ AC F¶ {]Xe¯neqsS \nco 

£n¨psIm≠ v Dd¸n¡pI.
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6. {]nk¯ns\bpw, sam«pkqNnItfbpw amäpI. t]¸dnÂ P3, P4 F¶nhbpsS 

Øm\§Ä ASbmfs¸Sp¯pI. Cu _nµp¡sf tbmPn¸n¨psIm≠ v Hcp tcJ 

hcbv¡pI. Cu tcJsb AC bnÂ F F¶ _nµphnÂ kÔn¡p¶p. FG F¶ tcJ 

\nÀKa\ IncWs¯ {]Xn\n[oIcn¡p¶p.

7. ]X\ IncWw DE sb AFC {]Xe¯nÂ kÔn¡p¶Xv hsc \o«n hcbv¡pI. FG 

F¶  \nÀKa\ IncWt¯bpw Nn{X¯nÂ ImWp¶Xv t]mse \o«n hcbv¡pI. 

\o«n hcbv¡p¶ Cu c≠ v hcIfpw H F¶ _nµphnÂ kÔn¡p¶p.

8.    DEN F¶Xv  ( i) ]X\tImWmbpw  GFM F¶Xv (e) \nÀKa\tImWmbpw  

 FHI F¶Xv (d) hyXnNe\tImWmbpw Af¡s¸Sp¶p. Cu tImWpIsf 

]«nIbnÂ tcJs¸Sp¯pI.

^ew: 

1.  I®mSn {]nk¯nsâ Hcp {]Xe¯nÂ ]Xn¡p¶ {]Imi¯nsâ ]mXsb  

{]ZÀin¸n¡p¶p.

2.  hyXykvX IncW§tfbpw, tImWpItfbpw XmsgsImSp¯ncn¡p¶ coXnbnÂ 

Xncn¨dnªp.

]X\ IncWw            _______ ]X\tIm¬  _______

A]hÀ¯\IncWw  _______ \nÀKa\tIm¬ _______

\nÀKa\ IncWw       _______ hyXnNe\ tIm¬ _______

3. ]X\tImWnsâ Afhv         i  =  _____ 0

4. hyXnNe\ tImWnsâ Afhv              d  =  _____0

{Ia

\¼À
       ]X\tIm¬ hyXnNe\tIm¬ 

1.

2.

( i ) ( d)
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]co£W \¼À : 12      XnbXn :
Im´nIt£{Xw BteJw sN¿p¶Xv

e£yw: 
  Im´nI t£{X¯nÂ ØnXnsN¿p¶ ZÞIm´¯nsâ D¯c{[phw `qanbpsS 
D¯c{[phs¯ t\m¡nbncn¡pt¼mÄ Im´nIt£{Xw hcbv¡p¶Xn\mbn.

BhiyapÅ D]IcW§Ä: 
 {UmbnwKv t_mÀUv, {UmbnwKv ]n¶pIÄ, Im´kqNn, shÅt]¸À, IqSmsX 
ZÞIm´w.

Nn{Xw:

sN¿p¶ coXn :
1.  Hcp joäv shÅt]¸dns\ ]n¶pIÄ D]tbmKn¨v {UmbnwKv t_mÀUnÂ Dd¸n¡pI. CXv 

sN¿pt¼mÄ Im´hpw, Im´nI ]ZmÀ°§fpw {UmbnwKv t_mÀUnÂ \n¶v AIse 
hbvt¡ ≠XmWv.

2.  Hcp sNdnb Im´kqNnsb t]¸dnsâ h¡n\cnInÂ h¨n«v, t]¸dnsâ h¡v Im´kqNn¡v 
kam´cambn hcp¶Xphsc {UmbnwKv t_mÀUns\ Xncn¡pI.

3.  Im´kqNnsb t]¸dnsâ a[y`mK¯v h¨v Im´nIkqNnbpsS ap\IÄ ImWn¡p¶  D¯c 
Z£nW{[ph§sf ASbmfs¸Sp¯pI. Cu _nµp¡sf tbmPn¸n¡pt¼mÄ Hcp t\ÀtcJ 
e`n¡p¶p. CXv Im´nI {[phtcJbmIp¶p.

4.  t]¸dnsâ Hcp aqe`mK¯mbn Im´kqNnbpsS hS¡v, sX¡v, Ing¡v, ]Snªmdv ZniIsf 
hcbv¡pI. t]¸dnsâ a[y`mK¯pÅ hcbnÂ Im´¯nsâ D¯c{[phw `qanbpsS 
D¯c{[ph¯nÂ hc¯¡coXnbnÂ hbv¡pI. Im´¯nsâ AXncpIÄ hcbv¡Ww.

5.  Im´kqNnsb D¯c{[ph¯nÂ h¨v kqNnbpsS A{K_nµp¡sf ASbmfs¸Sp¯pI. 
t\cs¯ D¯c{[phw ASbmfs¸Sp¯nb Øm\¯v Z£nW{[phw hc¯¡coXnbnÂ 
Im´kqNnsb Nen¸n¡pI. C§s\ Im´¯nsâ Z£nW{[ph¯nÂ F¯p¶Xv hsc 
Cu {]hÀ¯\s¯ BhÀ¯n¨psIm≠ ncn¡pI.

6.  Im´¯n\v Npäpw ASbmfs¸Sp¯nb _nµp¡sf X½nÂ tbmPn¸n¨v Im´nI _etcJIÄ 
hcbv¡mhp¶XmWv. CtX coXnbnÂ Im´¯n\v Npäpw At\Iw Im´nI _etcJIÄ 
Nn{X¯nÂ ImWp¶Xv t]mse hcbv¡mhp¶XmWv. 

7.  hfª tcJIÄ Im´¯nsâ Im´nIaÞes¯ {]Xn\n[oIcn¡p¶p. hcIfpsS Znisb 
'Btcm' Nnlv\§Ä  ImWn¡Ww.

^ew :  
ZÞIm´¯nsâ D¯c{[phw `qan Im´ {[phXe¯nÂ hS¡v t\m¡nbncn¡pt¼mÄ 

Im´nIt£{X BteJ\w hc¨p. hc¨ Im´nIt£{X BteJ\w ChnsS tNÀ¯ncn¡p¶p.

N 

W E 

S 
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Poh - kkyimkv{Xw   
1.  X¶ncn¡p¶ hn¯ns\ Zzn_oP]{X hn¯mtWm, GI_oP]{X hn¯mtWm  

 F¶v Xncn¨dnbpI.

 1. ]bÀ, Np ≠ÂISe, s\Ãv, tNmfw (GsX¦nepw H¶v)
 2. hn¯nsâ _oP]{Xs¯ hntOZn¨v {]ZÀin¸n¡s¸«p.
 3. hn¯nsâ LS\bpsS Nn{Xw hc¨v ASbmfs¸Sp¯s¸«p.
    hÀ¤oIcWw     –  1
    hntOZn¡epw {]ZÀin¸n¡epw  –  2
    Nn{Xw + `mK§Ä    –  2
2. X¶ncn¡p¶ ^e¯ns\ Xncn¨dnªv hÀ¤oIcn¡pI.

1. eLpamwkf^ew  -  X¡mfn
2. ]pRvP^ew  -  t]mfnbmÂ¯nb
3. kwbpà ^ew  -  N¡        

    hÀ¤oIcWw     –  1
                Nn{Xw + `mK§Ä    –  2
    ImcW§Ä     –  2
 3.   ]co£WIpgÂ ^WÂ ]co£W¯neqsS {]ImikwtÇjW kab¯v   

 HmIvknP³ ]pd¯phnSp¶p F¶v sXfnbn¡Â. 
 {]mÎn¡Â ]ocoUpIfnÂ ]co£WimebnÂ Cu ]co£Ww sNbvXp   

 ImWn¡pI.
 ]co£mkab¯v Cu ]co£Ww kÖoIcn¨v {]ZÀin¸n¡pI.

hnZymÀYnIÄ ]co£W kÖoIcW¯ns\ Xncn¨dnªv AXnsâ hniZoIcWw    
FgpXpI.

    Xncn¨dnbÂ     – ½
    e£yw           – ½
    Bhiyamb hkvXp¡Ä – 1
    sN¿p¶ coXn  – 1
    \nco£Ww    – 1
    A\pam\w    – 1

 Poh - P´pimkv{Xw
 4.  tkm¸mbnamdp¶ ]cntim[\mcoXnbneqsS sImgp¸nsâ km¶n²yw ]cntim[n 

¡pI. km¼nÄ A & B Hcp km¼nfnÂ sImgp¸p{ZmhIhpw atäXnÂ ]Ic (Dummy) 
km¼nfpw Bbncn¡Ww.

 (sImgp¸p km¼nÄ – GsX¦nepw Hcp kkyF®)
    Bhiyamb hkvXp¡Ä – 1
    sN¿p¶ coXn  – 1
    ]«nI     – 2
    ^ew     – 1
5. X¶n«pÅ a\pjy Ahbh amXrIIsf Xncn¨dnbm³
 a) a\pjysâ lrZbw 
 b) a\pjysâ akvXnjv¡w
 c) a\pjysâ hr¡
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    Xncn¨dnbÂ     – 1
    Nn{Xw + `mK§Ä   – 2
    Ipdn¸v    – 2
      
6. sImSn ASbmfs¸Sp¯nbn«pÅ A´x{kmhn {KÙnsb Xncn¨dnbpI.
      1.A´x{kmhn {KÙnIÄ – (a) ssXtdmbvUv {KÙn
         (b) Btáb {KÙn - sFeävkv Hm^v emMv KÀlm³kv
         (c) A{Uo\Â {KÙn

      2.  GsX¦nepw Hcp A´x{kmhn {KÙnsb sImSn ASbmfs¸Sp¯pI.
 sImSn ASbmfs¸Sp¯m\mbn FÃm A´x{kmhn {KÙnItfbpw ImWn¡p¶ 

Hcp amXrI AsÃ¦nÂ NmÀ«v AsÃ¦nÂ \¶mbn hc¨ Hcp Nn{Xw D]tbmKn 
¡mhp¶XmWv.

    Xncn¨dnbÂ               – 1 amÀ¡v
    Øm\w                – 1 amÀ¡v
    {khn¸n¡p¶ tlmÀtam¬  – 1 amÀ¡v
    GsX¦nepw c ≠p [À½§Ä  – 2 amÀ¡v

ckX{´w
aqey\nÀ®b coXn:

e£yw                                – 1 amÀ¡v
sNt¿ ≠ coXn/\nco£W§Ä   – 2 amÀ¡v
^ew                                 – 2 amÀ¡v

`uXnIimkv{Xw
1. D¯e se³kv

kq{Xw     – 1 amÀ¡v
sNt¿ ≠hn[w   – 1 amÀ¡v
]«nI      – 1 amÀ¡v
BteJw    – 1 amÀ¡v
^ew + am{X     – 1 amÀ¡v

2. I®mSn {]nkw
]cn]Y Nn{Xw     – 1 amÀ¡v
sNt¿ ≠hn[w   – 1 amÀ¡v
]«nI      – 1 + 1 amÀ¡v
^ew + am{X    – 1 amÀ¡v

3. Im´nI t£{Xw hcbv¡p¶Xv
Im´ {[phXew     – 1 amÀ¡v
sNt¿ ≠hn[w   – 1 amÀ¡v
]«nI      – 1 + 1 amÀ¡v
^ew + am{X     – 1 amÀ¡v




