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12.1 Hkwfedk

fiNys vè;k; esa geus nzO;ksa osQ rkih; xq.kksa dk vè;;u fd;kA bl vè;k;
esa ge mu fu;eksa dk vè;;u djsaxs tks Å"eh; ÅtkZ dks fu/kZfjr djrs gSaA ge
mu izfØ;kvksa dk vè;;u djsaxs ftuesa dk;Z mQ"ek esa ifjofrZr gksrk gS] rFkk
foykser% mQ"ek Hkh dk;Z esa ifjofrZr gksrh gS A 'khr ½rq esa tc ge gFksfy;ksa
dks ijLij jxM+rs gSa rks gesa xjeh dh vuqHkwfr gksrh gS D;ksafd bl izfØ;k esa
fd;k x;k dk;Z mQ"ek mRiUu djrk gS A blosQ foijhr] Hkki batu esa ok"i dh
mQ"ek dk mi;ksx ykHkizn dk;Z dks laiUu djus esa vFkkZr~ fiLVu dks xfr nsus
esa gksrk gS ftlosQ ifj.kkeLo:i jsyxkM+h osQ ifg, ?kwers gSaA

HkkSfrdh esa mQ"ek] rki] dk;Z vkfn dh vo/kj.kkvksa dks vf/d
lko/kuhiwoZd ifjHkkf"kr djus dh vko';drk iM+rh gS A ,sfrgkfld :i ls mQ"ek
dh lVhd vo/kj.kk rd igq¡pus osQ fy, i;kZIr le; yxk A vk/qfud vo/kj.kk
osQ iwoZ mQ"ek dks ,sls lw{e vn`'; rjy osQ :i esa le>k x;k tks fdlh inkFkZ
osQ ja/zksa esa Hkjk jgrk gS A xje o BaMs fiaMksa osQ ikjLifjd laioZQ esa vkus ij ;g rjy
(ftls oSQykWfjd dgrs Fks) BaMs fiaM ls vis{kkÑr xje fiaM esa cgus yxrk gS !
;g fcyoqQy oSlk gh gS tSlk ml le; gksrk gS tc fHkUu&fHkUu m¡Qpkb;ksa rd
ikuh ls Hkjh nks Vafd;ksa dks ,d {kSfrt uy ls tksM+ fn;k tkrk gS A ty dk cgko
ml le; rd fujarj cuk jgrk gS tc rd nksuksa Vafd;ksa esa ty osQ ry leku
u gks tk,¡A blh osQ leku mQ"ek dh ̂ oSQykWfjd* /kj.kk esa mQ"ek ml le; rd
izokfgr gksrh jgrh gS tc rd fd ^oSQykWfjd ry* (vFkkZr~ rki) leku ugha
gks tkrs A

blh chp] mQ"ek dks mQtkZ osQ :i esa dfYir djus dh vk/qfud vo/kj.kk
osQ dkj.k blosQ (mQ"ek osQ) rjy Lo:i dks udkj fn;k x;k A bl laca/ esa
1798 esa csatkfeu FkkWelu (ftUgsa dkmUV jEiQksMZ Hkh dgrs gSa) us ,d egRoiw.kZ
iz;ksx Hkh fd;k A bUgksaus ik;k fd ihry dh rksi esa Nsn djrs le; bruh vf/d
mQ"ek mRiUu gksrh gS fd mlls ikuh mcy ldrk gS A blls vf/d egRoiw.kZ
rF; ;g izkIr gqvk fd iz;ksx esa mRiUu mQ"ek dk ifjek.k ml dk;Z ij fuHkZj
djrk Fkk tks ?kksM+s fMªy dks ?kqekus esa djrs Fks u fd fMªy osQ iSusiu ij A oSQykWfjd
Lo:i osQ vuqlkj vf/d iSuh fMªy dks ja/zksa ls vf/d mQ"ek rjy ckgj fudkyuk
pkfg,] fdarq iz;ksx esa ;g lgh ugha ik;k x;k A izs{k.kksa dh lcls vf/d LokHkkfod
O;k[;k ;g Fkh fd mQ"ek mQtkZ dk gh ,d :i gS rFkk iz;ksx ls Hkh ;g izekf.kr
gks x;k fd mQtkZ ,d :i ls nwljs :i esa vFkkZr~ dk;Z ls mQ"ek esa :ikarkfjr
gks tkrh gS A
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mQ"ekxfrdh HkkSfrdh dh og 'kk[kk gS tks mQ"ek rFkk rki
dh vo/kj.kk ,oa mQ"ek osQ vU; izdkj dh mQtkZvksa esa varjk&
:ikUrj.k dk foospu djrh gS A mQ"ekxfrdh ,d LFkwy foKku
gS] D;ksafd ;g fdlh fudk; dh LFkwy izÑfr ij fopkj djrh
gS u fd nzO; dh vkf.od lajpuk ij A okLro esa] blls lacaf/r
vo/kj.kkvksa rFkk fu;eksa dk izfriknu 19oha 'krkCnh esa ml
le; gqvk Fkk tc nzO; osQ vkf.od Lo:i dks n`<+rkiwoZd
izekf.kr ugha fd;k x;k Fkk A mQ"ekxfrdh osQ o.kZu esa fudk;
osQ vis{kkÑr oqQN gh LFkwy pj lekfgr gksrs gSa tks lkekU;
vuqHko ij vk/kfjr gSa rFkk ftUgsa izR;{k :i esa ekik tk ldrk
gS A mnkgj.kkFkZ] fdlh xSl osQ lw{e o.kZu esa mldh jpuk djus
okys vxf.kr v.kqvksa osQ funsZ'kkadksa ,oa osxksa dk fu/kZj.k vko';d
gksrk gS A gkykafd xSlksa osQ v.kqxfr fl¼akr dk fooj.k cgqr foLr̀r
ugha gS fiQj Hkh blesa v.kqvksa osQ osxks± dk fooj.k lekfgr gS A
blosQ foijhr fdlh xSl osQ mQ"ekxfrdh; fooj.k esa vkf.od
o.kZu iw.kZ :i ls udkj fn;k tkrk gS A mQ"ekxfrdh esa fdlh
xSl dh voLFkk nkc] vk;ru] rki] nzO;eku rFkk laxBu tSls
,sls LFkwy pjksa }kjk fu/kZfjr gksrh gS ftUgsa ge viuh bafnz;ksa ls
vuqHko djrs gSa vkSj eki ldrs gSa*A

;kaf=kdh ,oa mQ"ekxfrdh osQ chp Hksn vkiosQ efLr"d
esa HkyhHkkafr vk tkuk pkfg, A ;kaf=kdh esa gekjh #fp cyksa rFkk
cy vk?kw.kks± osQ izHkko esa xfr dj jgs d.kksa ,oa fi.Mksa esa gksrh
gS A mQ"ekxfrdh esa laiw.kZ fudk; dh xfr ij fopkj ugha fd;k
tkrk A bldh #fp fi.M dh vkafrjd LFkwy voLFkk esa gksrh
gS A tc canwd ls xksyh nkxrs gSa rc tks ifjorZu gksrk gS og
xksyh dh ;kaf=kd voLFkk  (fo'ks"kdj xfrt mQtkZ) esa ifjorZu
gksrk gS] mlosQ rki esa ugha A tc xksyh ydM+h esa /¡ldj #d
tkrh gS rks xksyh dh xfrt mQtkZ mQ"ek esa :ikarfjr gks tkrh
gS ftlls xksyh rFkk mlosQ pkjksa vksj dh ydM+h dh lrgksa dk
rki ifjofrZr gks tkrk gS A rki xksyh dh vkarfjd xfr (tks
vO;ofLFkr gS) dh mQtkZ ls lacaf/r gksrk gS u fd xksyh dh
laiw.kZ xfr ls A

12-2 rkih; lkE;

;kaf=kdh esa lkE;koLFkk ls rkRi;Z gS fd fudk; ij usV cká
cy o cy vk?kw.kZ 'kwU; gSa A mQ"ekxfrdh esa lkE;koLFkk dk
vFkZ fHkUu lanHkZ esa n`f"Vxkspj gksrk gS % fudk; dh voLFkk dks
ge ml le; lkE;koLFkk esa dgrs gSa tc fudk; dks vfHky{kf.kr
djus okys LFkwy pj le; osQ lkFk ifjofrZr ugha gksrs A

mnkgj.kkFkZ] fdlh i;kZoj.k ls iw.kZr% mQ"ekjks/h can n`<+ ik=k
esa Hkjh dksbZ xSl mQ"ekxfrd :i ls rc lkE;koLFkk esa gksxh
tc mlosQ nkc] vk;ru] rki] nzO;eku osQ ifjek.k rFkk laxBu
le; osQ lkFk ifjofrZr u gksa A

dksbZ fudk; lkE;koLFkk esa gS fd ugha O;kid :i esa
;g pkjksa vksj osQ ifjos'k rFkk ml nhokj dh izÑfr ij fuHkZj
djrk gS tks fudk; dks ifjos'k ls i`Fko~Q djrh gS A dYiuk
dhft, fd nks xSlsa A o B nks fHkUu&fHkUu ik=kksa esa Hkjh gSa A
iz;ksx }kjk gesa irk gS fd fdlh xSl osQ fn, gq, nzO;eku osQ
nkc o rki dks mlosQ nks Lora=k pjksa osQ :i esa pquk tk ldrk
gS A eku yhft, fd xSlksa osQ nkc o vk;ru Øe'k% (P

A
, V

A
)

rFkk (P
B
, V

B
) gSa A dYiuk dhft, fd igys nksuksa fudk;

ikl&ikl gSa ijarq mUgsa fdlh #¼ks"e nhokj (,d mQ"ekjks/h
nhokj) }kjk ,d nwljs ls i`Fko~Q j[kk x;k gS A bl nhokj osQ
dkj.k mQtkZ (mQ"ek) ,d ik=k ls nwljs ik=k esa ugha tk ikrh
gS A fudk;ksa dks Hkh 'ks"k ifjos'k ls blh izdkj dh #¼ks"e nhokj
ls i`Fko~Q j[krs gSa A bl O;oLFkk dk vkjs[kh; fp=k.k ¹12-1(a)º
esa fn;k x;k gS A ;gk¡ ;g ik;k x;k gS fd (P

A
, V

A
) osQ fdlh

Hkh laHkkfor ;qXe dk eku (P
B
, V

B
) osQ fdlh Hkh laHko ;qXe

osQ eku osQ lkFk lkE;koLFkk esa gksxk A iqu% dYiuk dhft, fd
#¼ks"e nhokj dks ,d mQ"ek&ikFkZ&nhokj ls izfrLFkkfir dj
fn;k x;k gS & ;g nhokj (mQ"ek) mQtkZ dks ,d fudk; ls
nwljs fudk; esa tkus nsrh gS A ,slk djus esa ;g ns[kk x;k gS
fd fudk;ksa A o B osQ LFkwy pj Lor% ml le; rd ifjofrZr
gksrs gSa tc rd fd nksuksa fudk; lkE;koLFkk dh fLFkfr izkIr
ugha dj ysrs A blosQ i'pkr~ mudh voLFkk esa dksbZ ifjorZu
ugha gksrk gS A bl fLFkfr dks fp=k ¹12-1(b)º esa n'kkZ;k x;k
gS A eku yhft, fd nksuksa xSlksa osQ nkc o vk;ru laca/h pj
ifjofrZr gksdj Øe'k% (P

A
′, V ′

A
) rFkk (P

B
′, V ′

B
) gks tkrs gSa

rkfd A o B dh u;h voLFkk,¡ iqu% ,d&nwljs dh lkE;koLFkk
esa gks tkrh gSa** A ,d fudk; ls nwljs fudk; esa vc vkSj mQtkZ
dk izokg ugha gksrk A ,slh fLFkfr esa ge dgrs gSa fd fudk;
A, fudk; B osQ lkFk rkih; lkE; esa gS A

nks fudk;ksa osQ eè; dh lkE;koLFkk dh fLFkfr dks D;k
vfHkyf{kr djrh gS \ vki vius vuqHko ls mÙkj dk vuqeku
yxk ldrs gSa A rkih; lkE; esa] nks fudk;ksa osQ rki leku gksrs
gSa A ge tkusaxs fd mQ"ekxfrdh esa rki dh vo/kj.kk rd oSQls
ig¡qprs gSa \ mQ"ekxfrdh dk 'kwU; dksfV dk fu;e bldh vksj
laosQr djrk gS A

* mQ"ekxfrdh esa vU; ,sls pj Hkh fufgr gksrs gSa tks gekjh bafnz;ksa dks brus lqLi"V ugha gksrs (mnkgj.kkFkZ] ,aVªkWih] ,aFkkYih (laiw.kZ mQ"ek)] vkfn ftuosQ fo"k; esa vki
mPp d{kkvksa esa i<+saxs)] ̄drq ;s lHkh LFkwy pj gSa A

** ;g vko';d ugha gS fd nksuksa pj  cnysa A ,slk izfrca/ksa ij fuHkZj djrk gS A mnkgj.k osQ fy,] ;fn xSl fLFkj vk;ru okys ik=k esa Hkjh gks rks rkih; lkE; osQ fy,
osQoy xSlksa osQ nkc dks ifjofrZr gksuk pkfg, A
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310 HkkSfrdh

12-3 mQ"ekxfrdh dk 'kwU; dksfV fu;e

dYiuk dhft, fd nks fudk; A o B ,d #¼ks"e nhokj ls
i`Fko~Q gSa A buesa ls izR;sd ,d rhljs fudk; C ls ,d lqpkyd
nhokj }kjk laioZQ esa gSa [fp=k 12-2(a)] A fudk;ksa dh voLFkk,¡
(vFkkZr~ muosQ LFkwy pj) rc rd ifjofrZr gksaxh tc rd A
o B nksuksa fudk; C osQ lkFk rkih; lkE; esa ugha vk tkrs gSa A
tc ,slk gks tk, rks dYiuk dhft, fd A o B osQ eè; dh
#¼ks"e nhokj ,d lqpkyd nhokj ls izfrLFkkfir dj nh tkrh
gS rFkk C dks A o B ls fdlh #¼ks"e nhokj ls i`Fko~Q dj fn;k
tkrk gS ¹fp=k 12-2(b)º A ,slk ns[kk tkrk gS fd A o B dh
voLFkk,¡ vc vkSj ugha cnyrha vFkkZr~ os nksuksa vc rkih;
lkE; esa gksrh gSa A ;g izs{k.k mQ"ekxfrdh osQ 'kwU; dksfV fu;e
dk vk/kj cuk A ;g fu;e crykrk gS fd ;fn nks fudk;
fdlh rhljs fudk; osQ lkFk i`Fko~Q&i`Fko~Q :i ls rkih;
lkE; esa gSa rks os ijLij Hkh rkih; lkE; esa gksrs gSa A ;gk¡
;g ckr è;ku esa j[kuh pkfg, fd mQ"ekxfrdh osQ izFke o
f}rh; fu;e dh vfHkO;fDr rFkk muosQ Øekadu osQ cgqr le;
ckn 1931 esa vkj-,p- iQkmyj us 'kwU; dksfV fu;e dk izfriknu
fd;k FkkA

'kwU; dksfV fu;e ls ;g laosQr feyrk gS fd tc nks fudk;
A o B ijLij rkih; lkE; esa gksrs gSa] rks ,slh dksbZ HkkSfrd jkf'k
gS tks nksuksa fudk;ksa osQ fy, leku eku j[krh gS A ;g mQ"ekxfrd

pj] ftldk eku rkih; lkE; okys fudk;ksa osQ fy, leku gksrk
gS] rki (T) dgykrk gS A vr% ;fn A o B lkE;koLFkk esa rhljs
fudk; C ls i`Fko~Q gSa rks T

A
 = T

C
 rFkk T

B
 = T

C
 A bldk rkRi;Z

;g gS fd T
A 
= T

B
 vFkkZr~ fudk; A o B Lo;a Hkh rkih; lkE;

esa gSa A
'kwU; dksfV fu;e osQ ekè;e ls geus fof/or rki dh

vo/kj.kk fodflr dh gS A gekjs lkeus iqu% ,d iz'u mRiUu
gksrk gS % fHkUu&fHkUu fiaMksa osQ rki osQ fy, ge vafdd ekuksa
dk fu/kZj.k oSQls djsa\ nwljs 'kCnksa esa] ge rki ekiØe oSQls
cuk,¡\ rkifefr bl ekSfyd iz'u ls laca/ j[krh gS ftlosQ
fo"k; esa ge vxys vuqHkkx esa vè;;u djsaxs A

fp=k 12-1 (a) (nks xSlksa osQ) fudk; A o B ,d #¼ks"e nhokj
ls i`Fko~Q gSa % bl nhokj ls mQ"ek vkj&ikj ugha tk ikrh A
(b) ;gh fudk; A o B ,d mQ"ek&ikFkZ nhokj ls i`Fko~Q
n'kkZ, x, gSa A ;g ,d pkyd nhokj gksrh gS ftlls mQ"ek
,d fudk; ls nwljs esa pyh tkrh gS A bl mnkgj.k esa
rkih; lkE; ;Fkksfpr le; esa izkIr gks tkrk gS A

12-4 mQ"ek] vkarfjd mQtkZ rFkk dk;Z

mQ"ekxfrdh osQ 'kwU; dksfV fu;e ls rki dh vo/kj.kk dh
mRifÙk gqbZ tks gekjs lkekU; Kku osQ vuqowQy gS A rki fdlh
fi.M dh m".krk dk |ksrd gS A tc nks fi.M mQ"eh; laioZQ

fp=k 12-2 (a) fudk; A o B tks ,d #¼ks"e nhokj ls i`Fko~Q gSa
tcfd buesa ls izR;sd ,d rhljs fudk; C ls ,d
lqpkyd nhokj }kjk laioZQ esa gS A (b) A o B osQ eè;
dh #¼ks"e nhokj dks fdlh lqpkyd nhokj ls izfrLFkkfir
fd;k x;k gS tcfd C dks A o B ls #¼ks"e nhokj ls
i`Fko~Q n'kkZ;k x;k gS A

(a)

(b)

(b)

(a)
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311m"ekxfrdh

esa yk, tkrs gSa rks blls mQ"ek osQ izokg dh fn'kk fu/kZfjr gksrh
gS A mQ"ek mPp rki okys fi.M ls fuEu rki okys fi.M dh
vksj izokfgr gksrh gS A tc rki leku gks tkrs gSa rks izokg #d
tkrk gS A ,slh fLFkfr esa nksuksa fi.M rkih; lkE; esa gksrs gSa A
ge ;g foLrkj ls i<+ pqosQ gSa fd Hkkafr&Hkkafr osQ fi.Mksa osQ
rki osQ fu/kZj.k osQ fy, rki ekiØe oSQls cuk, tkrs gSa A vc
ge mQ"ek rFkk rRlacaf/r jkf'k;ksa_ tSlsμvkarfjd mQtkZ rFkk dk;Z
dh vo/kj.kkvksa dk o.kZu djsaxs A

fdlh fudk; dh vkarfjd mQtkZ dh vo/kj.kk dks le>uk
dfBu ugha gS A ge tkurs gSa fd izR;sd LFkwy fudk; vla[;
v.kqvksa ls fufeZr gS A vkarfjd mQtkZ bu v.kqvksa dh fLFkfrt
o xfrt mQtkZvksa dk ;ksx gS A geus ;g fVIi.kh dh gS fd
mQ"ekxfrdh esa fudk; dh lexz :i ls xfrt mQtkZ izklafxd
ugha gksrh A bl izdkj] funsZ'k izsQe esa vkarfjd mQtkZ v.kq dh
xfrt o fLFkfrt mQtkZ osQ ;ksx osQ cjkcj gksrh gS ftlosQ lkis{k
fudk; dk nzO;eku&osaQnz fojkekoLFkk esa gksrk gS A bl izdkj]
blesa osQoy fudk; osQ v.kqvksa dh ;kn`fPNd xfr ls lacaf/r
(vO;ofLFkr) mQtkZ gh lekfgr gksrh gS A fudk; dh vkarfjd
mQtkZ dks U ls fpfÉr djrs gSa A

;|fi geus vkarfjd mQtkZ osQ vFkZ dks le>us osQ fy,
vkf.od fp=k izLrqr fd;k gS  rFkkfi tgk¡ rd mQ"ekxfrdh
dk laca/ gS] U  fudk; dk osQoy ,d LFkwy pj gh gS A vkarfjd
mQtkZ osQ laca/ esa ,d egRoiw.kZ rF; ;g gS fd ;g osQoy
fudk; dh voLFkk ij fuHkZj djrh gS u fd bl ckr ij fd
;g voLFkk fdl izdkj izkIr gqbZ A fudk; dh vkarfjd mQtkZ
U  mQ"ekxfrdh; ^voLFkk pj* dk ,d mnkgj.k gS A bldk
eku  fudk; dh nh gqbZ voLFkk ij fuHkZj djrk gS u fd mlosQ
bfro`fRRk (History) (vFkkZr~ ml fLFkfr rd igq¡pus osQ fy,
vuqlj.k fd, x, iFk) ijA vr% fdlh xSl osQ fn, x, nzO;eku
osQ fy, vkarfjd mQtkZ mldh fLFkfr ij fuHkZj djrh gS A ;g
fLFkfr nkc] vk;ru o rki osQ fof'k"V ekuksa ls of.kZr gksrh
gS A ;g bl ckr ij fuHkZj ugha djrh fd xSl dh ;g fLFkfr
fdl izdkj izkIr gqbZ A nkc] vk;ru] rki rFkk vkarfjd mQtkZ
fudk; (xSl) osQ mQ"ekxfrdh; voLFkk pj dgykrs gSa (vuqHkkx
12-7 ns[ksa) A ;fn xSl osQ vYiizHkkoh varjkf.od cyksa dh
mis{kk dj nsa rks xSl dh vkarfjd mQtkZ mlosQ v.kqvksa dh vusd
;kn`fPNd xfr;ksa ls lac¼ xfrt mQtkZvksa osQ ;ksx osQ Bhd cjkcj
gksrh gS A vxys vè;k; esa ge i<+saxs fd fdlh xSl esa ;g xfr
osQoy LFkkuakrjh; gh ugha gksrh (blesa xfr ik=k osQ vk;ru
esa ,d fcanq ls nwljs fcanq osQ eè; gksrh gS)] oju~ blesa v.kq

dh ?kw.khZ rFkk daiu xfr Hkh gksrh gS (fp=k 12-3) A

fdlh fudk; dh vkarfjd mQtkZ esa fdu mik;ksa ls ifjorZu
fd, tk ldrs gSa \ lqfo/k dh n`f"V ls iqu% dYiuk dhft,
fd fp=k 12-4 osQ vuqlkj fudk; fdlh fn, x, nzO;eku dh
,d xSl gS tks ,d fl¯yMj esa Hkjh gS ftlesa xfr'khy fiLVu
yxk gS A vuqHko ;g crkrk gS fd xSl dh voLFkk (rFkk bl
izdkj mldh vkarfjd mQtkZ) ifjofrZr djus osQ nks mik; gksrs
gSa A ,d mik; gS fd fl¯yMj dks ml fi.M osQ laioZQ esa j[ksa
tks xSl dh vis{kk mPp rki ij gS A rkikarj osQ dkj.k mQtkZ
(mQ"ek) xje fi.M ls xSl esa izokfgr gksxh A blls xSl dh
vkarfjd mQtkZ c<+ tk,xh A nwljk mik; gS fd fiLVu dks uhps
dh vksj nck;k tk, (vFkkZr~ fudk; ij dk;Z fd;k tk,) A
blesa Hkh xSl dh vkarfjd mQtkZ c<+ tkrh gS A fu%lansg ;s nksuksa
ckrsa foijhr fn'kk esa Hkh laHko gksrh gSa A ;fn pkjksa vksj osQ ifjos'k
dk rki de gS rks mQ"ek xSl ls ifjos'k esa izokfgr gksxh A blh
izdkj] xSl fiLVu dks mQij dh vksj /Ddk ns ldrh gS vkSj
ifjos'k ij dk;Z dj ldrh gS A la{ksi esa] mQ"ek vkSj dk;Z nks
fHkUu&fHkUu fof/;k¡ gSa ftuls mQ"eh; fudk; dh fLFkfr ifjofrZr
gksrh gS rFkk mldh vkarfjd mQtkZ esa ifjorZu gksrk gS A

mQ"ek ,oa vkarfjd mQtkZ dh /kj.kkvksa esa varj dks
lko/kuhiwoZd le>uk vko';d gS A mQ"ek fuf'pr :i ls
mQtkZ gS ijarq ;g mQtkZ ikjxeu esa gS A ;g ek=k 'kCnksa dk [ksy
ugha gS A nksuksa esa varj ewy egÙo dk gS A fdlh mQ"ekxfrdh
fudk; dh fLFkfr mldh vkarfjd mQtkZ ls vfHkyf{kr gksrh
gS u fd mQ"ek ls A bl izdkj dk izdFku fd ^fdlh nh
gqbZ voLFkk esa xSl esa mQ"ek dh oqQN ek=kk gksrh gS* mruk
gh fujFkZd gS ftruk fd ;g izdFku fd ̂ fdlh nh gqbZ fLFkfr
esa xSl esa oqQN dk;Z fufgr gksrk gS A*  blosQ foijhr] ̂ fdlh
nh gqbZ voLFkk esa xSl esa vkarfjd mQtkZ dh oqQN ek=kk gksrh
gS* iwjh rjg ls ,d lkFkZd izdFku gS A blh izdkj ls] ,sls izdFku
tSls ^fudk; dks ,d fuf'pr ek=kk dh mQ"ek nh xbZ gS*
;k ̂ fudk; }kjk ,d fuf'pr ek=kk dk dk;Z fd;k x;k*
iw.kZr% vFkZiw.kZ lkFkZd izdFku gSa A

la{ksi esa] mQ"ek o dk;Z mQ"ekxfrdh esa fLFkfr pj ugha
gksrs A ;s fdlh fudk; esa mQtkZ LFkkukarj.k dh fof/;k¡ gksrh
gSa ftlls mldh vkarfjd mQtkZ ifjofrZr gksrh gSA tks] tSlk fd
igys o.kZu dj pqosQ gSa] ,d voLFkk pj gksrk gS A

lk/kj.k Hkk"kk esa gesa izk;% mQ"ek rFkk vkarfjd mQtkZ esa
Hkze cuk jgrk gS A oqQN izkFkfed HkkSfrdh dh iqLrdksa esa
dHkh&dHkh bl Hksn dh mis{kk dj nh tkrh gS A rFkkfi mQ"ekxfrdh
dks HkyhHkkafr le>us osQ fy, ;g foHksn vko';d gS A
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312 HkkSfrdh

fp=k 12-3  (a) tc ckWDl fojkekoLFkk esa gS rks xSl dh vkarfjd
mQtkZ U  mlosQ v.kqvksa dh xfrt o fLFkfrt mQtkZ osQ
;ksx osQ cjkcj gksrh gS A fofHkUu izdkj dh xfr;ksa
(LFkkukarjh;] ?kw.khZ] daiu) osQ dkj.k xfrt mQtkZ dks
U esa lekfgr fd;k tkrk gS A (b) ;fn ;gh lexz ckWDl
oqQN osx ls xfreku gS] rks ckWDl dh xfrt mQtkZ dks
U esa lfEefyr ugha djuk gS A

fp=k 12-4 mQ"ek o dk;Z fdlh fudk; esa mQtkZ LFkkuakrj.k dh
nks fofHkUu fof/;k¡ gSa ftuls mldh vkarfjd mQtkZ esa
ifjorZu gksrk gS A (a) fudk; rFkk ifjos'k osQ chp
rkikarj osQ dkj.k mQ"ek dks mQtkZ osQ LFkkukarj.k osQ :i
esa ifjHkkf"kr djrs gSa A (b) dk;Z mu lk/uksa (mnkgj.kkFkZ]
fiLVu ls tqMs+ Hkkjksa dks mQij uhps djosQ fiLVu dks xfr
nsuk) }kjk mRiUu mQtkZ dk LFkkukarj.k gS ftuesa rkikarj
lekfgr ugha gksrk A

12-5 mQ"ekxfrdh dk izFke fu;e

ge ;g ns[k pqosQ gSa fd fdlh fudk; dh vkarfjd mQtkZ U
nks fof/;ksa ls mQtkZ LFkkukarj.k osQ dkj.k ifjofrZr gks ldrh
gS A ;s fof/;k¡ gSa % mQ"ek rFkk dk;Z A dYiuk dhft, fd

ΔQ = ifjos'k }kjk fudk; dks nh xbZ mQ"ek

ΔW = fudk; }kjk ifjos'k ij fd;k x;k dk;Z

ΔU = fudk; dh vkarfjd mQtkZ esa ifjorZu

mQtkZ laj{k.k osQ lkekU; fu;e esa ;g var£ufgr gS fd

ΔQ =  ΔU + ΔW (12.1)

bldk rkRi;Z ;g gS fd tks mQtkZ (ΔQ) fudk; dks nh tkrh
gS] mldk oqQN va'k fudk; dh vkarfjd mQtkZ esa o`f¼ djrk
gS (ΔU) rFkk 'ks"k ifjos'k ij fd;k x;k dk;Z (ΔW) gS A lehdj.k
(12-1) dks mQ"ekxfrdh osQ izFke fu;e osQ :i esa tkuk
tkrk gS A ;g mQtkZ laj{k.k dk osQoy lkekU; fu;e gS ftls
fdlh Hkh ml fudk; ij ykxw fd;k tk ldrk gS ftlesa ifjos'k
dks vFkok ifjos'k ls mQ"ek LFkkukarj.k ij è;ku fn;k tkrk gS A

eku yhft, fd ge lehdj.k (12-1) dks oSdfYid
:i esa izLrqr djrs gSa]

ΔQ – ΔW = ΔU (12.2)

vc eku yhft, fd fudk; fdlh vkjafHkd voLFkk ls
vafre voLFkk esa dbZ izdkj ls vkrk gS A mnkgj.kkFkZ] xSl dh
voLFkk (P

1
, V

1
) ls ifjofrZr djosQ (P

2
, V

2
) dj nh tk, rks

ge igys xSl osQ nkc dks fLFkj j[kdj mlosQ vk;ru dks V
1

ls V
2
  esa ifjofrZr djrs gSa vFkkZr~ igys ge voLFkk (P

1
, V

2
)

esa tk ldrs gSa vkSj fiQj xSl osQ vk;ru dks fLFkj j[krs gq,
blosQ nkc dks P

1
 ls P

2
 esa ifjofrZr djrs gSa A blls xSl (P

2
,

V
2
) voLFkk esa igq¡p tkrh gS A fodYir% ge igys vk;ru dks

fLFkj j[k ldrs gSa vkSj fiQj ncko fLFkj j[krs gSaA pwafd U ,d
voLFkk pj gS] ΔU  osQoy izkjafHkd o vafre voLFkkvksa ij
fuHkZj djsxk u fd ml iFk ij ftlls xSl ,d voLFkk ls nwljh
voLFkk esa igq¡prh gS A ;|fi] ΔQ rFkk ΔW  nksuksa] lkekU;r;k]
ml iFk ij fuHkZj djrs gSa ftlls xSl izkjafHkd voLFkk ls vafre
voLFkk esa tkrh gS A mQ"ekxfrdh osQ izFke fu;e] lehdj.k
(12.2)] ls ;g Li"V gS fd la;kstu ΔQ – ΔW  iFk ij fuHkZj
ugha djrk A blls irk pyrk gS fd ;fn dksbZ fudk; ,slh izfØ;k
viukrk gS ftlesa ΔU = 0 (mnkgj.kkFkZ] vkn'kZ xSl dk lerkih;
izlkj] vuqHkkx 12-8 nsf[k,)] rks

ΔQ = ΔW

vFkkZr~ fudk; dks nh xbZ mQ"ek fudk; }kjk ifjos'k ij dk;Z
djus esa iw.kZ :i ls mi;ksx esa vk tkrh gS A

;fn fudk; fl¯yMj esa Hkjh xSl gS rFkk fl¯yMj esa
xfr'khy fiLVu yxk gS rks fiLVu dks xfr nsus esa xSl dks dk;Z
djuk iM+rk gS A pwafd cy dks nkc  {ks=kiQy osQ :i esa ifjHkkf"kr
djrs gSa rFkk {ks=kiQy  foLFkkiu dks vk;ru dgrs gSa rks fLFkj
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313m"ekxfrdh

nkc P  osQ fo#¼ fudk; }kjk laikfnr dk;Z fuEufyf[kr gksxk]
ΔW = PΔV

;gk¡ ΔV  xSl esa vk;ru osQ ifjorZu dks O;Dr djrk gS A vr%
bl mnkgj.k osQ fy,] lehdj.k (12-20) fuEu izdkj ls fy[kh
tk,xh

ΔQ = ΔU + PΔV (12.3)

lehdj.k (12-3) osQ vuqiz;ksx osQ :i esa gesa 1g ty dh
vkarfjd mQtkZ osQ ifjorZu ij fopkj djuk gksxk tc ;g viuh
nzo izkoLFkk ls ok"i izkoLFkk esa ifjofrZr gksrk gS A ty dh ekih
xbZ xqIr mQ"ek 2256 J/g gS vFkkZr~ ty osQ 1 xzke osQ fy,
ΔQ = 2256 J gksrk gS A ok;qeaMyh; nkc ij] 1 g ty dk
vk;ru nzo izkoLFkk esa 1 cm3 rFkk ok"i izkoLFkk esa 1671 cm3

gksrk gS A vr%
ΔW  =  P (V

g
– V

1
) = 1.013  105  (1670)  10-6   =

169.2 J

lehdj.k (12-3) ls gesa vkarfjd mQtkZ dk eku izkIr gksrk gS]

ΔU = 2256 – 169.2 = 2086.8 J

bl izdkj] ge ns[krs gSa fd mQ"ek dk vf/dka'k Hkkx ty
dh vkarfjd mQtkZ esa o`f¼ djus esa O;; gksrk gS A bl izfØ;k
esa ty nzo ls ok"i izkoLFkk esa ifjofrZr gksrk gS A

12-6 fof'k"V mQ"ek /kfjrk

dYiuk dhft, fd fdlh inkFkZ dks nh xbZ mQ"ek dh ek=kk
ΔQ mlosQ rki dks T  ls c<+kdj T + ΔT  dj nsrh gS A ge inkFkZ
dh mQ"ek /kfjrk dks fuEufyf[kr izdkj ls ifjHkkf"kr djrs gSa A

S = 
Δ
Δ

Q

T
(12.4)

ge vk'kk djrs gSa fd ΔQ vkSj bl izdkj ls mQ"ek /kfjrk
S  inkFkZ osQ nzO;eku osQ vuqØekuqikrh gksrh gS A blosQ vfrfjDr
;g rki ij Hkh fuHkZj dj ldrh gS A vFkkZr~ fHkUu&fHkUu rkiksa
ij inkFkZ osQ rki esa ,dkad o`f¼ osQ fy, mQ"ek osQ fHkUu&fHkUu
ifjek.kksa dh vko';drk iM+ ldrh gS A inkFkZ osQ fdlh fu;r
vfHky{k.k dks ifjHkkf"kr djus rFkk mls mlosQ ifjek.k ls Lora=k
j[kus osQ fy, ge S dks inkFkZ osQ nzO;eku m (kg esa) ls
foHkkftr dj nsrs gSa %

s = 
S

m m

Q

T
=

1 Δ
Δ

(12.5)

s dks inkFkZ dh fof'k"V mQ"ek /kfjrk dgrs gSa A ;g inkFkZ
dh izÑfr vkSj mlosQ rki ij fuHkZj djrh gS A fof'k"V mQ"ek
dk ek=kd J kg-1 K-1 gSA

;fn inkFkZ osQ ifjek.k dk fu/kZj.k μ eksy (nzO;eku m

dks kg esa O;Dr djus osQ LFkku ij) osQ inksa esa djsa rks ge
inkFkZ dh mQ"ek /kfjrk izfr eksy dks bl izdkj ls O;Dr dj
ldrs gS

C = 
S Q

Tμ μ
= =

1 Δ
Δ (12.6)

C dks inkFkZ dh eksyj fof'k"V mQ"ek /kfjrk dgrs gSa A s dh
Hkkafr C Hkh inkFkZ osQ ifjek.k ij fuHkZj ugha djrk  rFkk iznÙk
Å"ek dh ifjfLFkfr;ksa] inkFkZ dh izÑfr] mlosQ rki ij fuHkZj
djrk gS A C dk ek=kd J mol-1 K-1 gS A tSlk fd ge ckn esa
ns[ksaxs (xSl dh fof'k"V mQ"ek osQ laca/ esa) C  ;k s  dks ifjHkkf"kr
djus osQ fy, vfrfjDr 'krksZ dh vko';drk iM+ ldrh gS A C
dks ifjHkkf"kr djus osQ ihNs ;g fopkj gS fd eksyj fof'k"V
mQ"ekvksa osQ laca/ esa ljy Hkfo";okf.k;k¡ dh tk ldrh gSaA

lkj.kh 12-1 esa dejs osQ rki rFkk ok;qeaMyh; nkc ij
oqQN Bkslksa dh fof'k"V Å"ek /kfjrk rFkk eksyj fof'k"V Å"ek
/kfjrk nh xbZ gSaA

ge vè;k; 13 esa i<+saxs fd xSlksa dh fof'k"V mQ"ekvksa
osQ laca/ esa dh xbZ Hkfo";okf.k;k¡ lkekU;r;k iz;ksx ls esy
[kkrh gSa A ge mlh mQtkZ le foHkktu fu;e dk mi;ksx dj
ldrs gSa A tSlk fd geus ogk¡ Bkslksa dh eksyj fof'k"V mQ"ek
dh Hkfo";ok.kh esa fd;k gS A N ijek.kqvksa okys fdlh Bksl
ij fopkj djsa A izR;sd ijek.kq viuh ekè; fLFkfr osQ nksuksa vksj
oaQiu djrk gS A ,d foek esa fdlh nksyd dh ekè; mQtkZ
2  � k

B
T = k

B
T  gksxh A rhu foekvksa esa ekè; mQtkZ 3 k

B
T

gksxh A Bksl osQ ,d eksy osQ fy, oqQy mQtkZ

U = 3 k
B
T  N

A
 = 3 RT

vc fLFkj nkc ij] ΔQ = ΔU + PΔ V ≅ ΔU  gksxk] D;ksafd fdlh
Bksl osQ fy, ΔV ux.; gksxk A vr%

Δ Q Δ U
C =

ΔT
=

ΔT
= 3  R (12.7)

lkj.kh 12-1 dejs osQ rki rFkk ok;qeaMyh; nkc ij oqQN Bkslksa dh
fof'k"V mQ"ek /kfjrk rFkk eksyj fof'k"V Å"ek /kfjrk

inkFkZ fof'k"V mQ"ek eksyj fof'k"V mQ"ek
/kfjrk (Jkg-1K-1) /kfjrk (J mol-1K-1)

,syqfefu;e 900.0 24.4

dkcZu 506.5 6.1

rk¡ck 386.4 24.5

lhlk 127.7 26.5

pk¡nh 236.1 25.5

VaxLVu 134.4 24.9
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314 HkkSfrdh

tSlk fd lkj.kh ls Li"V gS fd Hkfo";okf.k;k¡ lkekU;r;k
lk/kj.k rkiksa ij izk;ksfxd ekuksa ls esy [kkrh gSa (dkcZu ,d
viokn gS) A ;g Kkr gS fd ;g esy fuEu rkiksa ij Hkax gks
tkrk gS A

ty dh fof'k"V mQ"ek /kfjrk

mQ"ek dk iqjkuk ek=kd oSQyksjh FkkA 1 oSQyksjh dks mQ"ek osQ
ml ifjek.k osQ :i esa ifjHkkf"kr djrs Fks tks 1g ty osQ rki
esa 1°C dh o`f¼ dj ns A vf/d ifj'kq¼ ekiksa ls ;g ik;k x;k
gS fd ty dh fof'k"V mQ"ek esa rki osQ lkFk fdafprek=k ifjorZu
gksrk gS A fp=k 12-5 esa rki ifjlj 0-100 °C  esa ;g ifjorZu
n'kkZ;k x;k gS A

fp=k 12-5 rki osQ lkFk ty dh fof'k"V mQ"ek /kfjrk esa ifjorZu

blfy,  oSQyksjh dh ;FkkFkZ ifjHkk"kk osQ fy, ;g vko';d
le>k x;k fd ,dkad rki varjky dks fu/kZfjr fd;k tk, A
mQ"ek dk og ifjek.k tks 1 g ty osQ rki esa 1 °C (14.5

°C ls 15.5 °C) dh o`f¼ dj ns] mls 1 oSQyksjh osQ :i esa
ifjHkkf"kr fd;k x;k A pawfd mQ"ek mQtkZ dk gh ,d :i gS]
blfy, ek=kd twy] J osQ mi;ksx dks izkFkfedrk nsuk vf/d
mi;qDr gS A SI ek=kdksa esa] ty dh fof'k"V mQ"ek /kfjrk 4186

J kg-1K-1 vFkkZr~ 4.186 J g-1 K-1 gS A rFkkdfFkr mQ"ek dk
;kaf=kd rqY;kad] ftls 1 oSQyksjh mQ"ek mRiUu djus osQ fy,
vko';d dk;Z osQ :i esa ifjHkkf"kr djrs gSa] okLro esa mQtkZ
osQ nks fHkUu ek=kdksa (oSQyksjh ls twy) osQ eè; ,d ifjorZu
xq.kd gS A pwafd SI ek=kd i¼fr esa mQ"ek dk;Z ;k mQtkZ osQ
fdlh vU; :i osQ fy, twy ek=kd dk mi;ksx djrs gSa] vr%
^;kaf=kd rqY;kad* in vc fujFkZd gks x;k gS vkSj bls mi;ksx
esa ykus dh vko';drk ugha gS A

tSlk fd igys o.kZu fd;k tk pqdk gS fd fof'k"V mQ"ek
/kfjrk] izfØ;k ;k mu ifjfLFkfr;ksa ij fuHkZj djrh gS ftuosQ
varxZr mQ"ek dk LFkkukarj.k gksrk gS A mnkgj.kkFkZ] xSlksa osQ fy,
ge nks fof'k"V mQ"ekvksa dks ifjHkkf"kr djrs gaS % fLFkj vk;ru

ij fof'k"V mQ"ek /kfjrk rFkk fLFkj nkc ij fof'k"V
mQ"ek  /kfjrkA fdlh vkn'kZ xSl osQ fy, gekjs ikl ,d
ljy laca/ gksrk gS ftls ge fuEufyf[kr izdkj ls O;Dr
djrs gS %

C
P
 – C

V
 = R (12.8)

;gk¡ C
P
 o C

V
 vkn'kZ xSl dh Øe'k% fLFkj nkc o fLFkj vk;ru

ij eksyj fof'k"V mQ"ek /kfjrk,¡ gSa rFkk R lkoZf=kd xSl fu;rkad
gS A bls fl¼ djus osQ fy, ge 1 eksy xSl osQ fy, lehdj.k
(12.3) ij fopkj djrs gSa %

ΔQ = ΔU + PΔV

;fn ΔQ dk fLFkj vk;ru ij vo'kks"k.k gksrk gS rks
ΔV = 0  gksxk A

   
   

   
      
            v

v v

Q U U
C

T T T   (12-9)

;gk¡ v/ksfyf[kr V dks vafre in esa NksM+ fn;k x;k gS
D;ksafd vkn'kZ xSl osQ fy, U dk eku ek=k rki ij fuHkZj djrk
gS A (v/ksfyf[kr ;g O;Dr djrk gS fd rRlacaf/r jkf'k fLFkj
gS A) blosQ foijhr] ;fn ΔQ dk fLFkj nkc ij vo'kks"k.k gksrk
gS rks

   
   

   
      
            P

P P P

Q U V
C P

T T T    (12-10)

v/ksfyf[kr P dks izFke in esa NksM+k tk ldrk gS D;ksafd
vkn'kZ xSl osQ fy, U  dk eku ek=k T  ij fuHkZj djrk gS A
vkn'kZ xSl osQ 1 eksy osQ fy,

PV = RT

tks fuEufyf[kr ifj.kke nsrk gS %

PT

V
P ⎟

⎠
⎞

⎜
⎝
⎛
Δ
Δ

= R (12.11)

lehdj.kksa (12-9) ls (12-11) rd osQ mi;ksx ls gesa
okafNr laca/ (12-8) izkIr gksrk gS A

12-7 mQ"ekxfrdh; voLFkk pj rFkk voLFkk dk lehdj.k

fdlh Hkh mQ"ekxfrdh; fudk; dh izR;sd lkE; voLFkk dks
oqQN LFkwy pjksa osQ fof'k"V ekuksa osQ mi;ksx }kjk iwjh rjg ls
of.kZr dj ldrs gSa A mnkgj.kkFkZ] fdlh xSl dh lkE; voLFkk
mlosQ nkc] vk;ru] rki o nzO;eku (rFkk laxBu ;fn xSlksa
dk lfEeJ.k gS) osQ ekuksa }kjk iwjh rjg ls fu/kZfjr gksrh gS A
dksbZ mQ"ekxfrd fudk; lnSo lkE; fLFkfr esa ugha gksrk A
mnkgj.kkFkZ] fdlh xSl dks fuokZr osQ fo#¼ ;fn iSQyus fn;k

fo
f'
k"V
 Å

"e
k 
/k
fjr

k@

rki
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315m"ekxfrdh

* tSlk igys Hkh n'kkZ;k x;k gS Q voLFkk pj ugha gS fdUrq ∆Q fudk; dh oqQy ek=kk lekuqikfrd gSA vr% ;g foLrh.kZ pj gSA

tkrk gS rks ;g lkE; voLFkk ugha gksrh ¹fp=k 12-6(a)º A nzqrz
izlj.k dh vof/ esa xSl dk nkc laHko gS fd lHkh LFkkuksa ij
,dleku u gks A blh izdkj] xSlksa dk og lfEeJ.k ftlesa
foLiQksVd jklk;fud vfHkfØ;k gksrh gS (mnkgj.kkFkZ] isVªksy
dh ok"i rFkk ok;q dk feJ.k ftls ,d fpaxkjh ls izTTofyr
fd;k tkrk gS) ,d lkE; voLFkk ugha gS_ blosQ vfrfjDr blosQ
rki o nkc ,dleku ugha gSa ¹fp=k 12-6(b)ºA varr%] xSl
dk rki o nkc ,dleku gks tkrk gS rFkk og ifjos'k osQ lkFk
rkih; o ;kaf=kd lkE; esa vk tkrh gS A

la{ksi esa] mQ"ekxfrdh; voLFkk pj fudk;ksa dh
lkE;koLFkk dk fooj.k nsrs gSa A ;g vko';d ugha gS fd fofHkUu
voLFkk pj Lora=k gksa A voLFkk pjksa osQ ikjLifjd laca/ dks
voLFkk dk lehdj.k dgrs gSa A mnkgj.kkFkZ] fdlh vkn'kZ xSl
osQ fy, voLFkk dk lehdj.k vkn'kZ xSl laca/ gksrk gS]

P V = μ R T

xSl dh fuf'pr ek=kk osQ fy, vFkkZr~ fn, x, μ osQ fy, bl
izdkj ls osQoy nks gh Lora=k pj gksrs gSa A eku yhft, fd os
P vkSj V ;k T vkSj V  gSa A fuf'pr rki ij nkc vk;ru oØ
dks lerkih dgrs gSa A okLrfod xSlksa osQ fy, voLFkk dk
lehdj.k vf/d tfVy gks ldrk gS A

Å"ekxfrdh; voLFkk pj nks izdkj osQ gksrs gSa %
foLrh.kZ rFkk xguA foLrh.kZ pj fudk; osQ vkdkj dk laosQr
nsrs gSa tcfd xgu pj tSls nkc rFkk rki ls ,slk ugha djrs A
;g fu.kZ; ysus osQ fy, fd dkSu&lk pj foLrh.kZ gS rFkk
dkSu&lk xgu gS] fdlh izklafxd fudk; ij fopkj dhft,
rFkk dYiuk dhft, fd mls nks leku Hkkxksa eas ck¡V fn;k x;k
gS A os pj tks gj Hkkx eas vifjo£rr jgrs gSa xgu pj dgykrs
gSa ¯drq ftu pjksa dk eku gj Hkkx eas vk/k gks tkrk gS] mUgsa
foLrh.kZ pj dgrs gSa A mnkgj.kkFkZ] ;g vklkuh ls ns[kk tk
ldrk gS fd vkarfjd ÅtkZ U, vk;ru V, oqQy nzO;eku M
foLrh.kZ pj gSa tcfd nkc P, rki T o ?kuRo ρ xgu pj gSa A
;g ,d vPNh vknr gksxh ;fn pjksa osQ bl izdkj osQ oxhZdj.k
osQ }kjk Å"ekxfrdh; lehdj.kksa dh izklafxdrk dk ijh{k.k
dj fy;k tk, A mnkgj.kkFkZ] lehdj.k]

ΔQ = ΔU + PΔV

eas nksuksa vksj dh jkf'k;k¡ foLrh.kZ gS* (fdlh xgu pj tSls P
rFkk foLrh.kZ jkf'k ΔV dk xq.kuiQy foLrh.kZ jkf'k gS) A

12-8 Å"ekxfrdh; izØe

12-8.1 LFkSfrddYi izØe

,slh xSl ij fopkj dhft, tks vius ifjos'k ls rkih; rFkk
;kaf=kd :i ls lkE; eas gks A ,slh fLFkfr eas xSl dk nkc cká
nkc osQ cjkcj gksxk rFkk bldk rki ogh gksxk tks ifjos'k dk
gS A dYiuk dhft, fd cká nkc dks ;dk;d de dj nsrs
gSa (eku yhft, fd crZu eas yxs xfr'khy fiLVu ls Hkkj gVk
ysrs gSa) A fiLVu ckgj dh vksj Rofjr gksxk A izØe dh vof/
eas xSl mu voLFkkvksa ls xqtjrh gS tks lkE;koLFkk,¡ ugha gSa A
vlkE; voLFkkvksa dk lqfuf'pr nkc o rki ugha gksrk A blh
izdkj] ;fn xSl o mlosQ ifjos'k osQ eè; lhfer rkikarj gS]
rks Å"ek dk fofue; nzqr xfr ls gksrk gS A bl izØe eas xSl
vlkE;koLFkk ls xqtjrh gS A ;Fkkle;] xSl larqyu dh voLFkk
eas ig¡qp tk,xh ftlesa lqqfuf'pr rki o nkc ifjos'k osQ rki
o nkc osQ cjkcj gks tk,xk A fuokZr eas xSl dk Lora=k izlkj
rFkk foLiQksVd jklk;fud vfHkfØ;k iznf'kZr djus okyh xSlksa
dk lfEeJ.k (ftldk [kaM (12-7) eas o.kZu fd;k x;k gS)
Hkh ,sls mnkgj.k gSa ftleas fudk; vlkE;koLFkk ls xqtjrk gSA

fdlh fudk; dh vlkE;koLFkk ls O;ogkj djuk dfBu
gksrk gS A blfy, ,d vkn'khZo`Qr izØe dh dYiuk djuk

fp=k 12-6  (a) ckWDl osQ foHkktd dks vpkud gVk fn;k x;k
gS ftlls xSl dk eqDr izlj.k gksrk gSA (b) xSlksa dk
feJ.k ftlesa foLiQksVd jklk;fud vfHkfØ;k laiUu
gksrh gS A nksuksa fLFkfr;ksa esa xSl lkE;koLFkk esa ugha gS rFkk
pjksa ls bldk fooj.k ugha fn;k tk ldrk A
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316 HkkSfrdh

ljy gksrk gS ftlosQ gj pj.k eas fudk; ,d lkE;koLFkk eas
gS A ,slk izØe fl¼kar% vuar :i ls /hek gksrk gS A bl dkj.k
bl izØe dks LFkSfrddYi (yxHkx fLFkj) izØe dgrs gSaA
;g fudk; vius pjksa (P, T,V) dks bruh /heh xfr ls
ifjofrZr djrk gS fd ;g iwjh vof/ eas vius ifjos'k ls rkih;
o ;kaf=kd lkE; eas jgrk gS A fdlh LFkSfrddYi izØe osQ gj
pj.k eas fudk; osQ nkc rFkk mlosQ cká nkc dk varj vR;ar
NksVk gksrk gS A ;gh ckr fudk; rFkk mlosQ ifjos'k osQ eè;
rkikarj ij Hkh ykxw gksrh gS A LFkSfrddYi izØe osQ ekè;e
ls fdlh xSl dks mldh voLFkk (P, T) ls vU; voLFkk
(P ′, T′ ) eas ys tkrs gSa rks ge cká nkc dks vR;Yi ek=kk ls
ifjofrZr djrs gSa rFkk blosQ nkc dks ifjos'k osQ nkc osQ cjkcj
gks tkus nsrs gSa A izØe dks vfr /heh xfr ls pyus nsrs gSa tc
rd fd fudk; dk nkc P′ u gks tk, A blh izdkj] rki
cnyus osQ fy, ge fudk; rFkk ifjos'k osQ Å"ek HkaMkj osQ
eè; vR;Ur lw{e rkikarj mRiUu djrs gSa rFkk Å"ek HkaMkjksa dk
p;u mÙkjksÙkj fHkUu rkiksa T ls T′ dk djrs gSaA bl izdkj
fudk; dk rki T′ gks tkrk gS A

Li"V :i ls] LFkSfrddYi izØe dkYifud jpuk gSA
O;ogkj :i ls mu izØeksa dks] tks cgqr gh /hes gSa] ftuds
fiLVu esa Rofjr xfr ugha gksrh rFkk ftuesa vf/d rki izo.krk
ugha gksrh] bUgsa vkn'kZ LFkSfrddYi izØe ekuuk rdZlaxr gSA
;fn vU; ckr dk o.kZu u fd;k tk, rks ge vc LFkSfrddYi
izØeksa ds fo"k; esa gh vè;;u djsaxsA

fp=k 12-7 LFkSfrddYi izØe eas ifjos'k osQ ik=k dk rki rFkk
cká nkc ,oa fudk; osQ rki o nkc dk varj
vR;Yi gS A

og izØe ftldh iwjh vofèk esa fudk; dk rki fLFkj
j[kk tkrk gS] lerkih; izØe dgykrk gS A fLFkj rki osQ

fdlh fo'kky mQ"ek HkaMkj esa j[ks /kfRod fl¯yMj esa izlfjr
gks jgh xSl lerkih; izØe dk ,d mnkgj.k gS A (mQ"ek
HkaMkj ls fudk; esa mQ"ek osQ LFkkuakrj.k ls mQ"ek'k; dk rki
;FkkFkZ :i ls izHkkfor ugha gksrk] D;ksafd mldh mQ"ekèkkfjrk
vR;fèkd gksrh gS) A lenkch; izØe esa nkc fLFkj jgrk gS
tcfd levk;rfud izØe esa vk;ru fLFkj jgrk gS A
varr%] ;fn fudk; dks ifjos'k ls mQ"ek#¼ dj fn;k tk,
rFkk fudk; o ifjos'k osQ eè; mQ"ek izokfgr u gks] rks izØe
#¼ks"e gksrk gS A bu fo'ks"k izØeksa dh ifjHkk"kkvksa dk lkj
lkj.kh 12-2 esa izLrqr fd;k x;k gS A

vc ge bu izØeksa osQ fo"k; esa foLrkj ls vè;;u
djsaxsA

lerkih; izØe

fdlh lerkih; izØe esa (ftlesa T fLFkj gS) vkn'kZ xSl
lehdj.k ls fuEufyf[kr lw=k izkIr gksrk gS

PV = fu;rkad

vFkkZr~ fdlh fuf'pr nzO;eku dh xSl dk nkc mlosQ vk;ru
dk O;qRØekuqikrh gksrk gS A ;g vkSj oqQN ugha oju~ ckW;y dk
fu;e gS A

dYiuk dhft, fd dksbZ vkn'kZ xSl lerkih; (rki T
ij) :i ls viuh izkjafHkd (P

1
, V

1
) ls vafre voLFkk

(P
2
, V

2
) esa igq¡prh gS A chp osQ fdlh pj.k esa tc nkc P

gks rFkk vk;ru esa ifjorZu V ls V + ΔV (ΔV de) gks] rks
ΔW = PΔV

ΔV→0 ysrs gq, jkf'k ΔW dks laiw.kZ izØe esa tksM+dj dk;Z dh
oqQy ek=kk fuEufyf[kr :i ls Kkr dj ysrs gSa]

W = ∫
2

1V

V

P dV

= μRT ∫
2

1

V

V
V
dV

= μRT ln 
1

2
V
V

(12-12)

lkj.kh 12-2 oqQN fof'k"V mQ"ekxfrdh; izØe

izØeksa dk izdkj fo'ks"krk

lerkih; fLFkj rki

lenkch; fLFkj nkc

levk;rfud fLFkj vk;ru

#¼ks"e fudk; o ifjos'k osQ eè; mQ"ek izokg
ughsa (Δ Q = 0)
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317m"ekxfrdh

nwljs pj.k esa geus vkn'kZ xSl lehdj.k PV = μRT dk mi;ksx
fd;k gS rFkk vpjksa dks lekdyu ls ckgj ys fy;k gS A vkn'kZ
xSl osQ fy, vkarfjd mQtkZ rki ij fuHkZj djrh gS A bl izdkj]
fdlh vkn'kZ xSl osQ lerkih; izØe esa vkarfjd mQtkZ esa dksbZ
ifjorZu ugha gksrk A blfy, mQ"ekxfrdh osQ izFke fu;e osQ
vuqlkj] xSl dks nh xbZ mQ"ek dh ek=kk xSl }kjk laikfnr fd,
x, dk;Z osQ cjkcj gksrh gS % Q=W A  lehdj.k (12-12)
esa è;ku nhft, fd tc V

2 
> V

1
 rks W > 0_ rFkk V

2
 < V

1

osQ fy, W < 0 gksrk gS A bldk rkRi;Z ;g gS fd lerkih;
izlkj esa xSl mQ"ek vo'kksf"kr djosQ oqQN dk;Z laikfnr djrh
gS tcfd lerkih; laihMu esa xSl ij ifjos'k }kjk dk;Z gksrk
gS rFkk mQ"ek dk fu"dklu gksrk gS A
#¼ks"e izØe
#¼ks"e izØe esa fudk; dks ifjos'k ls mQ"ek#¼ dj nsrs gSa
iQyLo:i vo'kksf"kr ;k fu"dkflr mQ"ek 'kwU; gksrh gS A
lehdj.k (12-1) ls irk pyrk gS fd xSl }kjk laikfnr dk;Z
osQ iQyLo:i vkarfjd mQtkZ de gks tkrh gS (vkSj bl izdkj
vkn'kZ xSl osQ fy, mldk rki) A ;gk¡ ge fcuk miifÙk osQ
bl rF; dk mYys[k dj jgs gSa (ftldk vki mPp d{kkvksa
esa vè;;u djsaxs) fd vkn'kZ xSl osQ fy, #¼ks"e izØe esa

PV
γ
  = fu;rkad (12-13)

tgk¡ γ xSl dh nks fof'k"V mQ"ekvksa (lkekU; vFkok eksyj)]
fLFkj nkc ij fof'k"V mQ"ek C

p
 rFkk fLFkj vk;ru ij fof'k"V

mQ"ek C
v
 dk vuqikr gS A vFkkZr~

γ =
Cp
Cv

vr% ;fn dksbZ vkn'kZ xSl #¼ks"e <ax ls (P
1
, V

1
) voLFkk

ls (P
2
, V

2
) voLFkk esa igq¡p tkrh gS] rks

P
1
V

1

γ
= P

2
V

2

γ (12-14)
fp=k 12-8 esas vkn'kZ xSl osQ fy,  P-V oØksa dks nks #¼ks"e
ls tksM+us okys nks lerkih; dks n'kkZ;k x;k gS A

fp=k 12-8 vkn'kZ xSl osQ lerkih; o #¼ks"e izØeksa osQ fy,
P-V  oØ A

fdlh vkn'kZ xSl dh voLFkk (P
1
, V

1
, T

1
) ls voLFkk

(P
2
, V

2
, T

2
) esa #¼ks"e ifjorZu esa gksus okys dk;Z dks ge

igys gh dh Hkkafr ifjdfyr dj ldrs gSa A vFkkZr~]

W =  
2

1

d
V

V

P V

= fu;rkad    
2

1

dV

V

V

V  = fu;rkad  

  

 

2

1

V
– 1

V
1 –
V

= 
fu;rkad
1 – γ     

  
  
  

–1 –1

2 1

1 1
–

V V (12.15)

lehdj.k (12-14)] ls fu;rkad P
1 
V

1

γ gS vFkok P
2 
V

2

γ

∴ W = γ–1
1

 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
− −1γ

1

γ

1-γ
2

γ

V

VP

V

VP 1122

  = γ–1
1

 [P
2
V

2
 – P

1
V

1
] = 1–

)–( 21

γ

TTμR
(12-16)

tSlk visf{kr gS] ;fn #¼ks"e izØe esa dk;Z xSl }kjk laiUu
gksrk gS (W  > 0)] rc lehdj.k (12-16) ls T

2
>T

1
 A blosQ

foijhr] ;fn dk;Z xSl ij laikfnr gksrk gS (W < 0) rks] gesa
T

2 
> T

1
 izkIr gksrk gS] vFkkZr~ xSl dk rki c<+rk gS A

levk;rfud izØe

fdlh levk;rfud izØe esa V fu;r jgrk gS A bl izozQe
esa u rks xSl ij dksbZ dk;Z gksrk gS vkSj u gh xSl }kjk dksbZ
dk;Z laikfnr gksrk gS A lehdj.k (12-1) ls xSl }kjk vo'kksf"kr
mQ"ek iw.kZ :i ls mldh vkarfjd mQtkZ rFkk mlosQ rki dks
ifjo£rr djus esa O;; gksrh gS A fdlh nh xbZ mQ"ek dh ek=kk
osQ fy, rki esa ifjorZu fu;r vk;ru ij xSl dh fof'k"V mQ"Ekk
}kjk fu/kZfjr dh tkrh gSA

lenkch; izØe

lenkch; izØe esa nkc P fu;r jgrk gS A xSl }kjk fd;k x;k
dk;Z

W = P (V
2
–V

1
) = μR (T

2
–T

1
) (12-17)

pwafd rki ifjo£rr gksrk gS] vr% vkarfjd mQtkZ Hkh
ifjo£rr gksrh gS A vo'kksf"kr mQ"Ekk vkaf'kd :i ls vkarfjd
mQtkZ esa o`f¼ djus esa rFkk vkaf'kd :i ls dk;Z djus esa O;;
gksrh gS A  fdlh fu;r mQ"ek dh ek=kk osQ fy, rki esa ifjorZu
fu;r nkc ij xSl dh fof'k"V mQ"ek }kjk fu/kZfjr fd;k
tkrk gS A
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318 HkkSfrdh

pØh; izØe

pØh; izØe esa fudk; viuh izkjafHkd voLFkk esa okil ykSV
vkrk gS A pwafd vkarfjd mQtkZ voLFkk pj gS] pØh; izØe
osQ fy, ΔU=0 A lehdj.k (12-1) ls] vo'kksf"kr mQ"ek dh
oqQy ek=kk fudk; }kjk fd, x, dk;Z osQ cjkcj gksrh gS A

12-9 mQ"ek batu

mQ"ek batu ,d ,slh ;qfDr gS] ftlesa fudk; }kjk pØh; izØe
iwjk djk;k tkrk gS ftlosQ iQyLo:i mQ"ek dk;Z esa :iakrfjr
gksrh gS A

(1) blesa ,d dk;Zdkjh inkFkZ gksrk gSA mnkgj.kkFkZ] fdlh
xSlksyhu vFkok Mhty batu esa b±/u ok"i rFkk ok;q dk
feJ.k] vFkok fdlh Hkki batu esa Hkki dk;Zdkjh inkFkZ gSaA

(2) dk;Zdkjh inkFkZ ,d pØ ls xqtjrk gS ftlesa dbZ izØe
gksrs gSaA ,d izØe esa ;g inkFkZ fdlh mPp rki T

1

ij fdlh cká mQ"ek HkaMkj ls mQ"ek dh oqQy ek=kk
Q

1
 vo'kksf"kr djrk gS A

(3) pØ osQ f}rh; izØe esa dk;Zdkjh inkFkZ fdlh vis{kkÑr
de rki T

2
 ij fdlh ckg~; mQ"ek HkaMkj dks oqQy mQ"ek

dh ek=kk Q
2
 eqDr djrk gS A

(4) ,d pozQ esa fudk; }kjk laikfnr dk;Z W fdlh
fo/k }kjk ifjos'k esa LFkkuakrfjr fd;k tkrk gS
(mnkgj.kkFkZ] dk;Zdkjh inkFkZ xfr'khy fiLVu yxs fdlh
fl¯yMj esa Hkjk gks ldrk gS tks fiLVu }kjk ;kaf=kd
mQtkZ dks 'kkÝV osQ ekè;e ls okgu osQ ifg;ksa dks
LFkukarfjr dj nsrk gS )A
fdlh mQ"ek batu osQ ekSfyd y{k.kksa dk ;kstukc¼

fu:i.k fp=k 12-9 esa fd;k x;k gS A

fp=k 12-9 mQ"ek batu dk ;kstukc¼ fu:i.k A batu rki T
1

ij xje mQ"ek HkaMkj ls Q
1
 mQ"ek xzg.k djrk gS]

rki T
2
 ij ,d BaMs mQ"ek HkaMkj dks Q

2
 mQ"ek eqDr

djrk gS rFkk ifjos'k dks dk;Z W iznku djrk gS A

pØ ckj&ckj nksgjk;k tkrk gS rkfd fdlh iz;kstu osQ
fy, mi;ksxh dk;Z laikfnr gks losQ A mQ"ekxfrdh fo"k; dh
tM+sa mQ"ek batuksa osQ vè;;u esa gSa A fdlh mQ"ek batu dh n{krk

ls ,d ekSfyd iz'u lacaf/r gksrk gS A fdlh mQ"ek batu dh
n{krk (η) dks bl izdkj ifjHkkf"kr djrs gSa

η = 
W

Q1
(12.18)

;gk¡ Q
1
 mQ"ek fuos'k gS] vFkkZr~ fudk; }kjk ,d iwjs pØ esa

vo'kksf"kr mQ"ek dh ek=kk gS rFkk W  ,d pozQ esa ifjos'k ij
fd;k x;k dk;Z gS A ,d pØ esa mQ"ek dh oqQN fuf'pr ek=kk
[Q

2
] ifjos'k esa fu"dkflr Hkh gks ldrh gS A ,slh ifjfLFkfr esa

mQ"ekxfrdh osQ izFke fu;e osQ vuqlkj ,d iwjs pØ osQ fy,
fd;k x;k dk;Z

W = Q
1
 – Q

2
(12.19)

vFkkZr~

η = 1 – 
Q

Q
2

1
(12.20)

;fn Q
2
 = 0 gS] rks η = 1] vFkkZr~ mQ"ek dks dk;Z esa

ifjofrZr djus esa batu dh n{krk 100» gksxh A bl ckr ij
è;ku nhft, fd mQ"ekxfrdh dk izFke fu;e vFkkZr~ mQtkZ laj{k.k
dk fu;e bl izdkj osQ batu dh laHkkouk ls budkj ugha djrk A
ijarq vuqHko ;g n'kkZrk gS fd pkgs ge okLrfod batu ls lacaf/r
fofHkUu izdkj dh gkfu;ksa dks fdruk Hkh de D;ksa u dj nsa] ,slk
vkn'kZ batu gksuk ftlosQ fy, η = 1 gks] dnkfi laHko ugha gSA
blls ;g fu"d"kZ fudyrk gS fd mQ"ek batu dh n{krk dh
,d ekSfyd lhek gksrh gS ftldk fu/kZj.k izÑfr osQ ,d Lora=k
fu;e] ftls mQ"ekxfrdh dk f}rh; fu;e dgrs gSa ([kaM
12-11) }kjk gksrk gS A

mQ"ek dks dk;Z esa ifjofrZr djus dh izfØ;k fofHkUu izdkj
osQ mQ"ek batuksa osQ fy, fHkUu gS A ekSfyd :i ls blosQ nks
izdkj gSa% fudk; (tSls dksbZ xSl ;k xSlksa osQ feJ.k) dks fdlh
cká Hkê òh }kjk xje fd;k tk,] tSlk fd Hkki batu esa gksrk
gS] vFkok blosQ vkarfjd :i ls mQ"ekUeksph (Å"ek{ksih)
jklk;fud vfHkfØ;k }kjk xje fd;k tk,] tSlk fd vkarfjd
ngu batu esa gksrk gS A fdlh pØ esa fufgr fofHkUu pj.k Hkh
fofHkUu batuksa osQ fy, vyx&vyx gksrs gSa A

12-10 iz'khrd@mQ"ek iai
iz'khrd ;k mQ"ek iai mQ"ek batu osQ Bhd foijhr gksrk gS A
blesa dk;Zdkjh inkFkZ fdlh fuEu rki T

2
 osQ mQ"ek HkaMkj ls

Q
2
 mQ"ek xzg.k djrk gS] rRi'pkr ml ij oqQN cká dk;Z W

fd;k tkrk gS rFkk mQ"ek Q
1
 fdlh mPp rki T

1
 osQ mQ"ek HkaMkj

dks eqDr dj nh tkrh gS (fp=k 12-10)A

© N
CERT

no
t to

 be
 re

pu
bli

sh
ed



319m"ekxfrdh

mQ"ek iai iz'khrd osQ leku gksrk gS A ge fdl 'kCn dk
mi;ksx djrs gSa] ;g ;qfDr osQ iz;kstu ij fuHkZj djrk gSA ;fn
iz;kstu fdlh LFkku osQ oqQN Hkkx] tSls fd fdlh izdks"B osQ
Hkhrjh Hkkx dks BaMk djuk gS] rks ;qfDr dks ge iz'khrd dgrs
gSa A ̄drq ;fn iz;kstu fdlh LFkku osQ fdlh Hkkx esa mQ"ek oQks
iai djuk gS] rks ;qfDr dks mQ"ek iai dgrs gSa A ,slk Hkou osQ
fdlh dejs dks xje djus osQ fy, ml le; fd;k tkrk gS
tc ckgjh okrkoj.k BaMk gksrk gS A

iz'khrd esa dk;Zdkjh inkFkZ (izk;%] izQhvkWu xSl)
fuEufyf[kr pj.kksa ls xqtjrh gS % (a) mPp nkc ls fuEu nkc
osQ {ks=k esa xSl esa vpkud izlkj gksrk gS ftlosQ dkj.k og
(izQhvkWu) BaMh gks tkrh gS rFkk ok"i&nzo feJ.k esa :ikarfjr
gks tkrh gSA (b) BaMs rjy }kjk ml Hkkx ls mQ"ek dk vo'kks"k.k
ftls BaMk djuk gS] gksrk gSA blls rjy ok"i esa :ikarfjr gks
tkrk gSA (c) fudk; ij fd, x, ckg~; dk;Z }kjk ok"i dk xje
gksuk] rFkk (d) ok"i }kjk ifjos'k esa mQ"ek eqDr djosQ dk;Zdkjh
inkFkZ dks ,d pØ iwjk dj iqu% viuh vkjafHkd voLFkk esa

okil ykuk gS A bl izdkj iz'khrd dk fu"iknu xq.kkad

α = 
Q

W
2 (12.21)

;gk¡ Q
2
 BaMs mQ"ek HkaMkj ls vo'kksf"kr mQ"ek dh ek=kk

rFkk W  fudk; μ iz'khrd ij fd;k x;k dk;Z gS A è;ku nhft,]
ifjHkk"kk osQ vuqlkj η dk eku 1 ls vf/d ugha gks ldrk]
tcfd α dk eku 1 ls vf/d gks ldrk gS A mQ"ek laj{k.k
}kjk xje mQ"ek HkaMkj dks eqDr dh xbZ mQ"ek

Q
1
 = W + Q

2

vFkkZr~

α = 
Q

Q Q
2

1 2–
(12.22)

gksrh gS A
mQ"ek batu esa mQ"ek dks iw.kZ :i ls dk;Z esa :ikarfjr

ugha fd;k tk ldrk % mlh izdkj ls fudk; ij fcuk oqQN
cká dk;Z fd, dksbZ iz'khrd dk;Z ugha dj ldrk] vFkkZr~
lehdj.k (12-21) esa fu"iknu xq.kkad vuar ugha gks ldrk A

12-11 mQ"ekxfrdh dk f}rh; fu;e

mQ"ekxfrdh dk izFke fu;e mQtkZ laj{k.k fu;e gS A lkekU;
vuqHko ;g crykrk gS fd ,sls cgqr ls euksxE; izØe gSa tks
mQ"ekxfrdh osQ izFke fu;e ls iw.kZr;k vuqer gSa rFkkfi dHkh
Hkh gksrs gq, fn[kkbZ ugha nsrs A mnkgj.kkFkZ] ,sslk fdlh us dHkh

fp=k 12-10 iz'khrd ;k mQ"ek iai dk ;kstukc¼ fu:i.k A ;g
mQ"ek batu dk mRØe.kh; gksrk gS A

xeZ mQ"ek
HkaMkj
T

1

BaMk mQ"ek
HkaMkj
T

2

mQ"ekxfrdh osQ iFk&izn'kZd

ykMZ osQfYou (fofy;e FkkWelu) (1824&1907)] csYiQkLV] vk;jySaM esa tUes 19oha 'krh
osQ fczfV'k oSKkfudksa esa ls ,d gSa A tsEl twy (1818&1889)] twfy;l es;j (1814&1878)
rFkk gjeSu gsYegkWYV~”k (1821&1894) }kjk izLrkfor mQtkZ osQ laj{k.k fu;e osQ fodkl esa FkkWelu
us izeq[k Hkwfedk vnk dh A mUgksaus lqfo[;kr ^^twy&FkkWelu izHkko** % fuokZr esa izlkfjr gksus ij
fdlh xSl dk BaMk gksuk] dh [kkst esa twy osQ lg;ksxh osQ :i esa dk;Z fd;k A bUgksaus rki osQ ije
'kwU; dh /kj.kk ls ifjp; djk;k A ije r0ki ekiozQe dks izLrkfor fd;k] ftls muosQ lEeku esa
osQfYou rkiØe dgrs gSa A lkMh dkuksZ (1796&1832) osQ dk;Z ls FkkWelu mQ"ekxfrdh osQ f}rh;
fu;e osQ ,d Lo:i rd igaq¡ps A FkkWelu ,d cgqeq[kh izfrHkk osQ HkkSfrdfon Fks ftUgksaus oSn~;qrpqacdh;
fl¼kar rFkk nzO;xfrdh esa egRoiw.kZ ;ksxnku fn;k A

:MksYiQ Dykfl;l (1822&1888)] iksyS.M esa tUes bl HkkSfrdfon dks izeq[k :i ls
mQ"ekxfrdh osQ nwljs fu;e dk vkfo"dkjd ekuk tkrk gS A dkuksZ rFkk FkkWelu osQ dk;Z osQ vk/kj
ij Dykfl;l ,aVªkWih tSlh egRoiw.kZ /kj.kk ij igq¡ps ftlus mQ"ekxfrdh osQ f}rh; fu;e osQ ewy
Lo:i dh [kkst dk ekxZ iz'kLr fd;k  ftldk dFku gS fd fdlh fo;qDr fudk; dh ,aVªkWih dHkh
Hkh ?kV ugha ldrh A Dykfl;l us xSlksa osQ v.kqxfr fl¼kar ij Hkh dk;Z fd;k rFkk izFke vkf.od
veki] pky rFkk ekè; eqDr iFk dk fo'oluh; vkdyu izkIr fd;k A
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320 HkkSfrdh

ugha ns[kk fd est ij iM+h dksbZ iqLrd Lor% mNydj fdlh
m¡QpkbZ ij igq¡p tk, A ¯drq ,slh ckr rHkh laHko gks ldrh
gS ;fn osQoy mQtkZ laj{k.k fu;e dk gh fu;a=k.k gks A est Lor%
BaMh gksdj viuh vkarfjd mQtkZ dk oqQN va'k iqLrd dh leku
ek=kk dh ;kaf=kd mQtkZ esa :ikarfjr djus esa djs vkSj bl ;kaf=kd
mQtkZ osQ dkj.k iqLrd ml m¡QpkbZ rd mNys ftldh fLFkfrt
mQtkZ iqLrd }kjk izkIr ;kaf=kd mQtkZ osQ cjkcj gks A ijarq ,slk
dnkfi ugha gksrk A Li"V gS fd izÑfr osQ fdlh vkarfjd ewy
fu;e osQ dkj.k ;g fu"ks/ gS A ;|fi ;g mQtkZ laj{k.k
fu;e dk vuqikyu djrk gS A og fu;e tks mQ"ekxfrdh osQ
izFke fu;e ls laxr vusd ifj?kVukvksa dks LohÑfr ugha nsrk]
mQ"ekxfrdh dk f}rh; fu;e dgykrk gS A

mQ"ekxfrdh dk f}rh; fu;e fdlh mQ"ek batu dh n{krk
rFkk fdlh iz'khrd osQ fu"iknu xq.kkad dh ewy lhek fu/kZfjr
djrk gS A ljy Hkk"kk esa] ;g fu;e crkrk gS fd mQ"ek batu
dh n{krk dnkfi 1 ugha gks ldrh A lehdj.k (12-20) osQ
vuqlkj] bldk rkRi;Z ;g gS fd BaMs mQ"ek HkaMkj dh eqDr
mQ"ek dks dHkh Hkh 'kwU; ugha fd;k tk ldrk A iz'khrd osQ
fy, f}rh; fu;e ;g crkrk gS fd fu"iknu xq.kkad dnkfi vuar
ugha gks ldrk A lehdj.k (12-21) ls ;g Hkh fu"d"kZ fudyrk
gS fd iz'khrd ij cká dk;Z (W) dHkh Hkh 'kwU; ugha gks ldrk A
v/ksfyf[kr nksuksa izdFku] bu izs{k.kksa dk ,d laf{kIr lkj gSA
muesa ls ,d osQfYou rFkk IySad osQ }kjk fn;k x;k gS ftlosQ
vuqlkj] fdlh vkn'kZ mQ"ek batu dh laHkkouk dk [kaMu fd;k
x;k gS] rFkk nwljk Dykfl;l }kjk fn;k x;k gS ftlosQ vuqlkj]
fdlh vkn'kZ iz'khrd vFkok mQ"ek iai dh laHkkouk dk [kaMu
fd;k x;k gSA

mQ"ekxfrdh dk f}rh; fu;e

osQfYou&IySad dk izdFku

,slk dksbZ izØe laHko ugha gS ftldk ,dek=k ifj.kke
fdlh mQ"ek HkaMkj ls mQ"ek dk vo'kks"k.k djuk rFkk ml mQ"ek
dks iw.kZr;k dk;Z esa :ikarfjr djuk gks A

Dykfl;l dk izdFku

,slk dksbZ Hkh izØe laHko ugha gS ftldk ,dek=k ifj.kke fdlh
BaMs fiaM ls fdlh xeZ fiaM esa mQ"ek LFkkukarj.k gks A

mPp d{kkvksa osQ ikB~;ozQeksa esa vki bldh miifRRk i<+saxs
fd nksuksa izdFku iw.kZr;k lerqY; gSa A

12-12 mRØe.kh; o vuqRØe.kh; izØe

fdlh ,sls izØe dh dYiuk dhft, ftlesa dksbZ mQ"ekxfrdh;
fudk; vkjafHkd voLFkk i ls vafre voLFkk f  esa igq¡prk gS A
izØe esa fudk; ifjos'k ls Q mQ"ek vo'kksf"kr djrk gS rFkk
ml ij W  dk;Z laikfnr djrk gS A D;k ge bl izØe dks
myV ldrs gSa rFkk fudk; o ifjos'k nksuksa dks] dgha Hkh dksbZ
vU; izHkko iM+s fcuk] vkjafHkd voLFkk esa okil yk ldrs gSa\
vuqHko crkrk gS fd izÑfr osQ vf/dka'k izØeksa esa ,slk gksuk
laHko ugha gS A izÑfr esa lHkh uSl£xd izØe vuqRØe.kh; gSa A
buosQ vusd mnkgj.k fxuk;s tk ldrs gSaA pwYgs ij j[ks crZu
dk vk/kj nwljs Hkkxksa dh vis{kk vf/d xje gksrk gS A tc crZu
dks gVkrs gSa rks mQ"ek vk/kj ls nwljs Hkkxksa esa LFkkukarfjr gksrh
gS ftlls crZu dk rki ,dleku gks tkrk gS (;Fkksfpr le;
esa ;g ifjos'k osQ rki osQ cjkcj BaMk gks tkrk gS) A bl izØe
dks mRØfer ugha fd;k tk ldrk] crZu dk dksbZ Hkkx Lor%
BaMk gksdj vk/kj dks xeZ ugha djsxk A ;fn ,slk gksrk gS rks
mQ"ekxfrdh osQ f}rh; fu;e dk mYya?ku gksxk A xSl dk eqDr
izlkj vuqRØe.kh; gksrk gS A ok;q rFkk isVªksy osQ feJ.k esa LiqQfyax
}kjk izTofyr ngu vfHkfØ;k dks mRozQfer ugha fd;k tk ldrk A
jlksbZ?kj esa fdlh xSl fl¯yMj ls fjl jgh Hkkstu idkus dh
xSl iwjs dejs esa folfjr gks tkrh gS A folj.k izØe Lor% mRØfer
ugha gksxk ftlls xSl okil fl¯yMj esa Hkj tk, A fdlh mQ"ek
HkaMkj osQ mQ"eh; laioZQ esa vkus okys nzo dk foyksM+u laikfnr
gks jgs dk;Z dks mQ"ek esa :ikarfjr dj nsxk ftlls m"ek'k;
dh vkarfjd mQtkZ c<+ tkrh gS A izØe dks iw.kZr;k mRØfer
ugha dj ldrs] vU;Fkk bldk vFkZ gksxk fd mQ"ek iw.kZr;k dk;Z
esa ifjofrZr gks xbZ gS A ;g mQ"ekxfrdh osQ nwljs fu;e dk
mYya?ku gS A vuqRØe.kh;rk ,d fu;e gS u fd izÑfr esa dksbZ
viokn A

vuqRØe.kh;rk eq[;r% nks dkj.kksa ls mRiUu gksrh gS %
igyk] vusd izØe (tSls eqDr izlj.k ;k foLiQksVd jklk;fud
vfHkfØ;k) fudk; dks vlarqyu dh voLFkkvksa esa ys tkrs gSa_
nwljk] vusd izØeksa esa ?k"kZ.k] ';kurk rFkk vU; {k; laca/h izHkko
fufgr gksrs gSa (blosQ mnkgj.k gSa μ fdlh xfreku fiaM dk
#duk ftlesa fiaM viuh ;kaf=kd mQtkZ dks iQ'kZ o Lo;a viuh
mQ"ek osQ :i esa ns nsrk gS_ nzo esa ?kwers gq, CysM dk ';kurk
osQ dkj.k #d tkuk ftlesa ;g viuh ;kaf=kd mQtkZ dks nzo
dh vkarfjd mQtkZ osQ :i esa ns nsrk gS) A pawfd {k;dkjh izHkko
lHkh LFkkuksa ij mifLFkr jgrs gSa A bUgsa de rks fd;k tk ldrk
gS ij iw.kZr;k lekIr ugha fd;k tk ldrk A ftu izØeksa ls gekjk
vf/drj lkeuk gksrk gS os lHkh vuqRØe.kh; gksrs gSa A
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321m"ekxfrdh

dksbZ mQ"ekxfrdh; izØe (voLFkk i 6  voLFkk f ) rHkh
mRØe.kh; gksrk gS ;fn mls bl izdkj okil ykSVk;k tk losQ
fd fudk; o ifjos'k nksuksa viuh izkjafHkd voLFkkvksa esa okil
vk tk,¡ rFkk ifjos'k esa dgha Hkh fdlh Hkh izdkj dk vU; ifjorZu
u gks A iwoZ foospuk osQ vuqlkj dksbZ mRØe.kh; izØe ,d vkn'kZ
/kj.kk gS A dksbZ izØe mRØe.kh; rHkh gksrk gS tc og
LFkSfrddYi gksrk gS (ifjos'k osQ lkFk izR;sd pj.k ij lkE;
fudk;) rFkk fudk; esa dksbZ {k;dkjh izHkko ugha gksrs gSa A
mnkgj.kkFkZ] ?k"kZ.kghu xfr'khy fiLVu yxs fl¯yMj Hkjh fdlh
vkn'kZ xSl dk LFkSfrddYi lerkih; izlj.k mRØe.kh; izØe gS A

mRØe.kh;rk mQ"ekxfrdh dh ,slh ewy /kj.kk D;ksa gS \
tSlk fd ge ns[k pqosQ gS] mQ"ekxfrdh osQ egÙoksa esa ls ,d
egÙo n{krk dk gS ftlls mQ"ek dk;Z esa :ikarfjr dh tk ldrh
gS A mQ"ekxfrdh dk nwljk fu;e 100» n{krk osQ vkn'kZ mQ"ek
batu dh laHkkouk dks fu;e fo#¼ crkrk gS A T

1
 o T

2
 osQ nks

mQ"ek HkaMkjksa osQ chp dk;Z djus okys fdlh mQ"ek batu dh
laHkkfor vf/dre n{krk fdruh gksxh \ ;g ns[kk tkrk gS fd
vkn'kZ mRØe.kh; izØeksa ij vk/kfjr Å"ek batu vf/dre
laHkkfor n{krk izkIr djrk gS A vU; nwljs batuksa ftueas fdlh
u fdlh :i esa vuqRØe.kh;rk fufgr gksrh gS (tSlk fd
O;kogkfjd batuksa eas gksrk gS) dh n{krk bl lhekar n{krk ls
de gksrh gS A

12-13 dkuksZ  batu

dYiuk dhft, fd gekjs ikl rki T
1
 ij ,d m".k mQ"ek

HkaMkj o rki T
2 
ij ,d BaMk Å"ek HkaMkj gS A bu nksuksa

Å"ek HkaMkjksa osQ chp dk;Z djus okys fdlh Å"ek batu dh
vf/dre n{krk fdruh gksxh rFkk lokZf/d n{krk izkIr
djus osQ fy, izdeks± osQ fdl pozQ dks viukuk pkfg, \
izsaQPk bathfu;j] lkMh dkuksZ us 1824 eas loZizFke bl iz'u
ij fopkj fd;k A fnypLi ckr ;g gS fd dkuksZ us bl iz'u
dk lgh mRRkj ik fy;k Fkk ;|fi Å"ek vkSj Å"ekxfrdh dh
ekSfyd vo/kj.kk dks rc rd n`<+rkiwoZd LFkkfir ugha fd;k
tk ldk Fkk A

ge ;g vk'kk djrs gSa fd nks rkiksa osQ chp dk;Z djus
okyk vkn'kZ batu mRØe.kh; batu gS A tSlk fd igys vuqHkkxksa
esa crk;k tk pqdk gS] vuqRØe.kh;rk ls n{krk dks de djus
okys {k;dkjh izHkko lac¼ gksrs gSa A dksbZ izØe rHkh mRØe.kh;
gksrk gS ;fn og LFkSfrddYi rFkk ÅtkZ&laj{kh gks A ge ;g
ns[k pqosQ gSa fd og izØe LFkSfrddYi ugha gksrk gS  ftlesa
fudk; o Å"ek HkaMkj osQ chp rkikarj i;kZIr gks A bldk
rkRi;Z ;g gS fd nks rkiksa osQ eè; dk;Z dj jgs fdlh
mRozQe.kh; Å"ek batu eas Å"ek dk vo'kks"k.k (xje Å"ek
HkaMkj ls) lerkih; fof/ }kjk gksuk pkfg, rFkk (vis{kkÑr

BaMs Å"ek HkaMkj dks) lerkih; fof/ }kjk mQ"ek eqDr gksuh
pkfg, A bl izdkj] geus mRØe.kh; batu osQ nks pj.kksa dh
igpku dh % rki T

1
 ij lerkih; izØe ftleas xje Å"ek

HkaMkj ls Q
1 
Å"ek vo'kksf"kr gksrh gS rFkk rki T

2
 ij nwljk

lerkih; izØe ftleas BaMs Å"ek HkaMkj dks Q
2 
Å"ek eqDr

gksrh gS A pØ iwjk gksus osQ fy, bl ckr dh vko';drk gS
fd ge fudk; dks rki T

1
 ls T

2
 rd ys tk,¡ fiQj mls rki

T
2
 ls T

1 
 ij okil ys tk,¡ A iz'u ;g gS fd bl mís'; osQ

fy, geas fdu izØeksa dk mi;ksx djuk pkfg, tks mRØe.kh;
gksa \ FkksMs+ fparu ls ;g irk py tkrk gS fd ml mís'; osQ
fy, ge osQoy mRØe.kh; #¼ks"e izØe gh viuk ldrs gSa
ftleas fdlh Hkh Å"ek HkaMkj ls Å"ek dk izokg lfEefyr ugha
gksrk A fudk; dks ,d rki ls nwljs rki rd ys tkus osQ fy,
;fn ge dksbZ vU; izØe viukrs gSa tks #¼ks"e ugha gS] eku
yhft, levk;rfud izØe] rks gesa rki ifjlj T

2
 ls T

1
 esa

Å"ek HkaMkj dh ,d  Ükà[kyk dh vko';drk gksxh rkfd ;g
fuf'pr fd;k tk losQ fd gj pj.k eas izØe LFkSfrddYi esa
gS A (ge vkidks iqu% ;kn fnykrs gSa fd fdlh LFkSfrddYi
o mRØe.kh; izØe eas fudk; o mQ"ek HkaMkj osQ chp cgqr
rkikarj ugha gksuk pkfg,) A ijarq ge ;gk¡ ,d ,sls mRØe.kh;
batu ij fopkj dj jgs gSa tks osQoy nks rkiksa osQ chp dk;Z
djrk gS A bl izdkj] #¼ks"e izØeksa }kjk fudk; osQ rki eas T

1

ls T
2
 rFkk bl batu osQ rki esa T

2
 ls T

1
 dk ifjorZu ykuk

pkfg, A
nks rkiksa osQ eè; dk;Z djus okyk dksbZ mRØe.kh; Å"ek

batu dkuksZ batu dgykrk gS A geus vHkh foospuk dh gS fd
bl batu eas pj.kksa dk Øe fuEufyf[kr gksuk pkfg,] tks fp=k
12.11 eas n'kkZ, vuqlkj ,d pØ dk fuekZ.k djrs gSa] ftls

fp=k 12-11 fdlh Å"ek batu osQ fy, dkuksZ pØ ftlesa dk;Zdkjh
inkFkZ osQ :i eas vkn'kZ xSl dk mi;ksx gksrk gS A
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322 HkkSfrdh

dkuksZ pØ dgrs gSa A geus dkuksZ batu dk dk;Zdkjh inkFkZ ,d
vkn'kZ xSl fy;k gS A
(a) pj.k 1→2 xSl dk lerkih izlkj ftleasa xSl voLFkk

(P
1
, V

1
, T

1
) ls (P

2
, V

2
, T

1
) eas igq¡p tkrh

gS A

rki T
1
 ij Å"ek'k; ls vo'kksf"kr Å"ek (Q

1
) dk eku

lehdj.k (12-12) ls fn;k tkrk gS A ;g xSl }kjk ifjos'k
ij laikfnr fd, x, dk;Z W 

1→2 osQ cjkcj gksrk gS A

W
1→2 = Q

1
= μRT

1
 ln ⎟

⎠
⎞

⎜
⎝
⎛

1

2
V
V

(12.23)

(b) pj.k 2→3 (P
2
, V

2
, T

1
) ls (P

3
, V

3
, T

2
) voLFkk eas

xSl dk #¼ks"e izlkj A lehdj.k (12-16)
ls xSl }kjk laikfnr gqvk dk;Z gksxk

( )
( )1γ

21
32 −

−
=→

TTμR
W (12-24)

(c) pj.k 3→ 4xSl dh voLFkk (P
3
, V

3
, T

2
) ls (P

4
, V

4
,

T
2
) eas lerkih laihMu A

rki T
2
 ij xSl }kjk Å"ek'k; dks eqDr dh xbZ Å"ek dh

ek=kk lehdj.k (12-12) ls izkIr gksrh gS A ;g ifjos'k }kjk
xSl ij laikfnr dk;Z W

3→ 4
 osQ Hkh cjkcj gksrh gS

W
3→ 4

 = Q
2
 = μRT

2
 ln ⎟

⎠
⎞

⎜
⎝
⎛

4

3
V
V

(12.25)

(d) pj.k 4→ 1xSl dh voLFkk (P
4
, V

4
, T

2
) ls (P

1
, V

1
,

T
1
) es a #¼ks"e laihMu A lehdj.k

(12-16) ls xSl ij fd;k x;k dk;Z

1 2
4 1

( )
( 1) 

 
 

 
T T

W R 
 (12.26)

lehdj.kksa (12-23)ls (12-26) osQ mi;ksx ls ,d
iwjs pØ eas xSl }kjk laikfnr oqQy dk;Z dh ek=kk]

W = W
1→ 2 

+ W
2→ 3 

– W
3→ 4 

– W
4→ 1

= μ RT
1
 ln ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

4

3
2

1

2 ln 
V

V
RTμ

V

V
 (12-27)

dkuksZ batu dh n{krk

η =
QW

Q Q
= − 2

1 1

1

  

  
                
    

In

1

In

3

42

1 2

1

V

VT

T V

V

(12.28)

vc pwafd pj.k 2→3 ,d #¼ks"e izØe gS] blfy,

T
1
 V

2

γ -1 = T
2
 V

3

γ -1

vFkok 
1/( 1)

2 2

3 1

V T
=  

V T

  
  

      (12.29)

blh izdkj] pawfd pj.k 4→1  Hkh ,d #¼ks"e izØe gS]
blfy,

T
2
 V

4

γ -1 = T
1
 V

1

γ -1

 vFkok 
  

  
    

1/( 1)

1 2

4 1

V T
= 

V T
(12.30)

lehdj.kksa (12-29) rFkk (12-30) ls]

1

2

4

3
V
V

= 
V
V

(12.31)

lehdj.k (12-31) osQ mi;ksx ls lehdj.k (12-28) ls η
dk fuEufyf[kr lw=k izkIr gksrk gS %

1 2

1

T

T
      (dkuksZ batu) (12.32)

ge tkurs gSa fd dkuksZ batu ,d mRØe.kh; batu gS A
okLro esa ;gh ,dek=k ,slk batu laHko gS tks fHkUu rkiksa osQ
nks mQ"ek HkaMkjksa osQ eè; dk;Z djrk gS A fp=k 12.11 esas n'kkZ,
dkuksZ pØ dk gj pj.k mRozQfer fd;k tk ldrk gS A ;g ml
izØe osQ leku gksrk gS] ftlesa T

2
 rki ij BaMs mQ"ek HkaMkj

ls Q
2
 mQ"ek yh tkrh gS] fudk; ij W dk;Z fd;k tkrk gS]

rFkk xje mQ"ek HkaMkj dks Q
1
 mQ"ek LFkkukarfjr dj nh tkrh

gS A ;g ;qfDr ,d mRØe.kh; iz'khrd gksxh A

vc ge egRoiw.kZ ifj.kke fl¼ djsaxs (ftls dHkh&dHkh
dkuksZ izes; dgrs gSa) (a) fn, gq, xje rFkk BaMs mQ"ek'k;ksa
osQ Øe'k% nks rkiksa T

1
 rFkk T

2
 osQ chp dk;Zjr fdlh Hkh batu

dh n{krk dkuksZ batu dh n{krk ls vf/d ugha gks ldrh gS
rFkk (b) dkuksZ batu dh n{krk dk;Zdkjh inkFkZ dh izo`Qfr ij
fuHkZj ugha djrh A

ifj.kke (a) dks fl¼ djus osQ fy, ge dYiuk djrs
gSa fd ,d mRozQe.kh; (dkuksZ) batu R rFkk ,d vuqRozQe.kh;
batu I ,d gh Ïksr (xje mQ"ek HkaMkj) rFkk vfHkxe
(Sink) (BaMk mQ"ek HkaMkj) osQ chp dk;Zjr gSa A vc ge bu
nksuksa batuksa dks bl izdkj la;ksftr djrs gSa fd I mQ"ek batu
dh Hkkafr rFkk R iz'khrd dh Hkkafr dk;Z djsa A dYiuk dhft,
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323m"ekxfrdh

fd I Ïksr ls Q
1
 mQ"ek vo'kksf"kr djrk gS] W′ dk;Z iznku

djrk gS rFkk Q
1
 – W′ mQ"ek vfHkxe dks eqDr djrk gS A ge

,slk lek;kstu djrs gSa fd R vf/xe ls Q
2
 mQ"ek ysdj

rFkk ml ij tks dk;Z W = Q
1
 – Q

2
 fd;k tkuk gS] mls

djkdj mruh gh mQ"ek Q
1
 Ïksr dks okil djrk gS A eku

yhft, fd η
R 
< η

I
 gS A vFkkZr~ ;fn R batu dh Hkkafr dk;Z

djrk rks og I dh vis{kk de dk;Z fuxZr djrkA vFkkZr~ fdlh
nh xbZ mQ"ek Q

1
 osQ fy, W < W ′ A ;fn R iz'khrd osQ :i

esa dk;Z djrk] rks bldk rkRi;Z ;g gksrk fd Q
2
 = Q

1
 – W

> Q
1
 – W ′ A bl izdkj] ;qfDriw.kZ la;ksftr I – R fudk; BaMs

mQ"ek HkaMkj ls (Q
1
 – W) – (Q

1
 – W ′) = W ′ – W mQ"ek

fudkyrk gS rFkk ,d pØ eas bruh gh ek=kk dk dk;Z mls lkSai
nsrk gS (bl iwjs pozQ esa Ïksr ;k vU;=k dksbZ ifjorZu ugha
gksrk)A ;g mQ"ekxfrdh osQ f}rh; fu;e ls lacaf/r
osQfYou&IySad osQ izdFku ls loZFkk foijhr gS A blfy, ;g
fu'p;iwoZd dguk fd η

I 
 > η

R
 vuqfpr gS A vr% leku rkiksa

osQ eè; dk;Zjr fdlh Hkh batu dh n{krk dkuksZ batu dh
n{krk ls vf/d ugha gks ldrh A blh izdkj osQ ,d roZQ dh
jpuk ;g n'kkZus osQ fy, Hkh dh tk ldrh gS fd ,sls
mRØe.kh; batu dh n{krk ftlesa ,d fo'ks"k dk;Zdkjh inkFkZ
gS] ml batu dh n{krk ls vf/d ugha gks ldrh ftlesa dksbZ
vU; inkFkZ mi;ksx gksrk gS A dkuksZ batu dh vf/dre n{krk
tks lehdj.k (12.32) ls nh tkrh gS] dkuksZ pØ dh izfØ;k
dks laikfnr djus okys fudk; dh izo`Qfr ij fuHkZj ugha djrh
gS A vr% gekjs fy, dkuksZ batu dh n{krk η osQ ifjdyu osQ
fy, dk;Zdkjh inkFkZ osQ :i eas vkn'kZ xSl dk mi;ksx
U;k;laxr gS A vkn'kZ xSl dh voLFkk lehdj.k ljy gksrh gS
ftlosQ dkj.k η

 
 dk ifjdyu ljy gks tkrk gS] ̄ drq η

 
 osQ

fy, vafre ifj.kke] lehdj.k (12.32)] fdlh Hkh dkuksZ
batu osQ fy, lgh gS A

;g vafre fVIi.kh n'kkZrh gS fd dkuksZ batu osQ fy,]

2

1

2

1
T
T

Q
Q

= (12.33)

,d O;kid laca/ gS tks fudk; dh izo`Qfr ij fuHkZj ugha
djrkA ;gk¡ Q

1
 o Q

2
 dkuksZ batu esa Øe'k% xje o BaMs mQ"ek

HkaMkjksa }kjk lerkih; <ax ls vo'kksf"kr o eqDr dh xbZ mQ"ek,¡
gSa A fdlh okLrfod loZO;kid mQ"ekxfrdh; rki ekiozQe
dks ifjHkkf"kr djus osQ fy, ge lehdj.k (12.33) dk ,d
lw=k osQ :i esa mi;ksx dj ldrs gSa A ;g rkiozQe dkuksZ pØ
esa iz;qDr fudk; osQ fdUgha fo'ks"k xq.k/eksZa ij fuHkZj ugha
djrkA okLro esa] dk;Zdkjh inkFkZ osQ :i esa fdlh vkn'kZ xSl
osQ fy, bl rki dk eku ogh gS tks [kaM 12.11 esa mYysf[kr
vkn'kZ xSl rki dk gS A

fp=k 12.12 mRØe.kh; iz'khrd (R) ls la;qDr ,d vuqRØe.kh;
batu (I) A ;fn W ′ > W, rks bldk vk'k; ;g gqvk
fd vo'kks"kd ls W1 – W  mQ"ek fudkydj mls
iw.kZr% dk;Z esa :ikarfjr dj fn;k x;k gS] tks mQ"ekxfrdh
osQ nwljs fu;e osQ foijhr gS A

I

R

W

lkjka'k

1. mQ"ekxfrdh dk 'kwU;ok¡ fu;e ;g vfHkO;Dr djrk gS fd ¶nks fudk; tks fdlh rhljs fudk; osQ lkFk rkih; lkE;
esa gSa] os ,d&nwljs osQ lkFk Hkh rkih; lkE; esa gksrs gSa¸A 'kwU;ok¡ fu;e rki dh vo/kj.kk dk lw=kikr djrk gS A

2. fudk; dh vkarfjd mQtkZ mlosQ vkf.od ?kVdksa dh xfrt ,oa fLFkfrt mQtkZvksa osQ ;ksx osQ cjkcj gksrh gS A blesa
fudk; dh laiw.kZ xfrt mQtkZ lfEefyr ugha gksrh A mQ"ek vkSj dk;Z fdlh fudk; esa mQtkZ LFkkuakrj.k osQ nks :i gSa A
fudk; o mlosQ ifjos'k osQ chp rkikarj osQ dkj.k mQtkZ dk LFkkuakrj.k mQ"ek osQ :i esa gksrk gS A dk;Z vU; lk/uksa
(tSls xSl Hkjs fl¯yMj osQ fiLVu ftlls oqQN Hkkj lac¼ gS] dks mQij uhps djus esa) }kjk mRiUUk mQtkZ dk
LFkkukarj.k gS A blesa rkikarj lekfgr ugha gksrk gS A

3. mQ"ekxfrdh dk izFke fu;e mQtkZ laj{k.k dk O;kid fu;e gS] tks ml fudk; esa ykxw gksrk gS ftlesa ifjos'k dks ;k
ifjos'k ls (mQ"ek o dk;Z }kjk) mQtkZ LFkkukarj.k gks A ;g crkrk gS fd

ΔQ = ΔU + ΔW
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324 HkkSfrdh

;gk¡ ΔQ fudk; dks nh xbZ mQ"ek gS] ΔW fudk; ij fd;k x;k dk;Z gS rFkk ΔU fudk; dh vkarfjd mQtkZ esa
ifjorZu gS A

4. inkFkZ dh fof'k"V mQ"Ekk /kfjrk dks ge fuEufyf[kr lw=k }kjk ifjHkkf"kr djrs gSa

T
Q

m
s

Δ
Δ

 
1

=

;gk¡ m inkFkZ dk nzO;eku gS rFkk ΔQ og mQ"ek gS ftlosQ }kjk inkFkZ osQ rki esa ΔT dh o`f¼ gks tkrh gS A inkFkZ
dh eksyh; fof'k"V mQ"ek /kfjrk fuEuakfdr lw=k ls ifjHkkf"kr dh tkrh gS

T

Q
 

μ
C

Δ
Δ1

=

μ inkFkZ osQ eksy dh la[;k dks O;Dr djrk gS A fdlh Bksl osQ fy, mQtkZ osQ le foHkktu osQ fu;e ls

C = 3 R

tks lkekU;r;k lk/kj.k rkiksa ij fd, tkus okys iz;ksxksa ls izkIr ifj.kkeksa ls esy [kkrk gS A

oSQyksjh mQ"ek dk iqjkuk ek=kd gS A 1 oSQyksjh mQ"ek dh og ek=kk gS tks 1g ty ds rki esa 14.5 °C ls 15.5 °C
rd o``f¼ dj nsrh gS A 1 cal = 4.186 J

5. fdlh vkn'kZ xSl osQ fy, fLFkj rki rFkk fLFkj nkc ij eksyh; fof'k"V mQ"ek /kfjrk,¡ fuEufyf[kr laca/ dk ikyu
djrh gSa

C
P 
–

 
C

V
 = R

;gk¡ R xSl dk lkoZf=kd fu;rkad gS A

6. fdlh mQ"ekxfrdh; fudk; dh lkE;koLFkk dk fooj.k voLFkk pjksa }kjk gksrk gS A fdlh voLFkk pj dk eku
osQoy mldh fdlh fo'ks"k voLFkk ij fuHkZj djrk gS u fd ml iFk ij ftlls ;g voLFkk izkIr gksrh gS A voLFkk
pjksa osQ mnkgj.k gSa % nkc (P)] vk;ru (V)] rki (T)] rFkk nzO;eku (m)A mQ"ek vkSj dk;Z voLFkk pj ugha gSa A dksbZ
voLFkk lehdj.k (tSls vkn'kZ xSl lehdj.k PV = μ RT) fofHkUu voLFkk pjksa osQ eè; ,d laca/ dks O;Dr
djrk gS A

7- dksbZ LFkSfrddYi izØe vR;ar /heh xfr ls laiUu gksus okyk izØe gS ftlesa fudk; ifjos'k osQ lkFk iwjs le; rkih;
o ;kaf=kd lkE; esa jgrk gSa A LFkSfrddYi izØe esa ifjos'k osQ nkc o rki rFkk fudk; osQ nkc o rki esa vuar lw{e
varj gks ldrk gS A

8. fdlh vkn'kZ xSl osQ rki T  ij vk;ru V
1
 ls V

2
 rd gksus okys fdlh lerkih; izlkj esa vo'kksf"kr mQ"ek (Q) dk

eku xSl }kjk fd, x, dk;Z (W) osQ cjkcj gksrk gS A izR;sd dk eku fuEufyf[kr gS %

Q = W = μ RT  ln ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

1

2

V

V

9. fdlh vkn'kZ xSl osQ #¼ks"e izØe esa

PV γ =  fu;rakd

  P

V

C

C
tgk¡

fdlh vkn'kZ xSl }kjk voLFkk (P
1
, V

1
, T

1
) ls voLFkk (P

2
, V

2
, T

2
) esa #¼ks"e izØe ls ifjorZu esa laikfnr

dk;Z gS %
     μ R(T

1
–T

2
)

    W = 
           γ – 1
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325m"ekxfrdh

10. mQ"ek batu ,d ,slh ;qfDr gS ftlesa fudk; ,d pØh; izØe esa pyrk gS ftlosQ ifj.kkeLo:i mQ"ek dk;Z esa ifjofrZr
gksrh gS A ;fn ,d pØ esa Ïksr ls vo'kksf"kr mQ"ek Q

1
] vfHkxe dks eqDr dh xbZ mQ"ek Q

2
 rFkk W fuxZr dk;Z gS]

rks batu dh n{krk

1

2

1

1
Q
Q

Q
W

η −==

11. iz'khrd ;k mQ"ek iai esa fudk; BaMs mQ"ek'k; ls Q
2
 mQ"ek xzg.k djrk gS rFkk Q

1
 ek=kk xje mQ"ek HkaMkj dks eqDr

djrk gS A bl izfØ;k esa fudk; ij W dk;Z laiUu gksrk gS A iz'khrd dk fu"iknu xq.kkad fuEu izdkj ls ifjHkkf"kr
gksrk gS]

   
 

2 2

1 2

Q Q

W Q Q

12. mQ"ekxfrdh dk f}rh; fu;e oqQN mu izØeksa dh LohÑfr ugha nsrk tks mQ"ekxfrdh osQ izFke fu;e osQ vuqdwy gSa A
blosQ nks izdFku bl izdkj gSa %

osQfYou&IySad dk izdFku
,slk dksbZ izØe laHko ugha gS ftldk ek=k ifj.kke osQoy fdlh mQ"ek HkaMkj ls mQ"ek dk vo'kks"k.k djosQ mls iw.kZr;k
dk;Z esa :ikarfjr djuk gks A

DykWfl;l dk izdFku

,slk dksbZ izØe laHko ugha gS ftldk ek=k ifj.kke mQ"ek dk fdlh BaMs fiaM ls vis{kkÑr xje fiaM esa LFkkukarj.k gks A

bls ljy <ax ls dgk tk, rks f}rh; fu;e ;g crkrk gS fd fdlh Hkh mQ"ek batu dh n{krk η = 1 ugha gks
ldrh vFkok fdlh iz'khrd dk fu"iknu xq.kkad α vuar osQ cjkcj ugha gks ldrk A

13- dksbZ izØe mRØe.kh; gksrk gS ;fn mls bl izdkj mRozQfer fd;k tk, fd fudk; o ifjos'k nksuksa viuh izkjafHkd voLFkkvksa
esa okil igq¡p tk,¡ vkSj ifjos'k esa dgha Hkh dksbZ ifjorZu u gks A izÑfr osQ uSl£xd izØe vuqRØe.kh; gksrs gSa A vkn'khZÑr
mRØe.kh; izØe LFkSfrddYi izØe gksrk gS ftlesa dksbZ Hkh {k;dkjh ?kVd_ tSls – ?k"kZ.k] ';kurk vkfn fo|eku ugha jgrs A

14. fdUgha nks rkiksa T
1
 (Ïksr ) rFkk T

2
 (vfHkxe) osQ eè; dk;Z djus okyk dkuksZ batu mRØe.kh; batu gS A nks #¼ks"e

izØeksa ls la;qDr nks lerkih izØe dkuksZ pØ dk fuekZ.k djrs gSa A dkuksZ batu dh n{krk fuEufyf[kr lw=k ls O;Dr dh
tkrh gS %

   2

1

1
T

T (dkuksZ batu)

fdUgha nks rkiksa osQ eè; dk;Z djus okys batu dh n{krk dkuksZ batu dh n{krk ls vf/d ugha gks ldrh A

15. ;fn Q > 0, fudk; dks Å"ek nh xbZA
;fn Q < 0, fudk; ls Å"ek fudkyh xbZA
;fn W > 0, fudk; }kjk dk;Z fd;k x;kA
;fn W < 0, fudk; ij dk;Z fd;k x;kA

jkf'k izrhd foek,¡ ek=kd fVIi.kh

fdlh fudk; dks iznr mQ"ek ΔQ [ML2T-2] J Q voLFkk
pj ugha gS A

vkarfjd mQtkZ U [ML2T-2] J voLFkk pj

dk;Z W [ML2T-2] J W voLFkk pj
ugha gS A

fof'k"V mQ"ek s [L2T-2K-1] J kg-1 K-1

mQ"ek batu dh n{krk η foekghu &

iz'khrd dk fu"iknu xq.kkad α foekghu &
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326 HkkSfrdh

  fopkj.kh; fo"k;

1. fdlh fiaM dk rki mldh ekè; vakrfjd ÅtkZ ls lacaf/r gS u fd mlosQ nzO;eku osaQnz dh xfrt ÅtkZ ls A canwd
ls nkxh xbZ fdlh xksyh dk mPp rki mldh vf/d pky osQ dkj.k ugha gksrk A

2- Å"ekxfrdh esa lkE; ml ifjfLFkfr dh vksj funsZ'k djrk gS tc fudk; dh Å"ekxfrdh; voLFkk dk o.kZu djus
okys LFkwy pj] le; ij fuHkZj ugha djrs A ;kaf=kdh eas fdlh fudk; dh lkE;koLFkk ls vfHkizk; gS fd fudk; ij
dk;Z djus okys usV cy rFkk cy vk?kw.kZ nksuksa 'kwU; gksrs gSa A

3. Å"ekxfrdh; lkE; eas fudk; osQ lw{e la?kVd lkE;koLFkk eas ugha gksrs (;kaf=kdh osQ izlax eas)A

4. Å"ek/kfjrk] O;kid :i esa ml izØe ij fuHkZj djrh gS ftlls fudk; rc xqtjrk gS tc og Å"ek xzg.k
djrk gS A

5. lerkih; LFkSfrddYi izØeksa eas] fudk; }kjk Å"ek vo'kksf"kr ;k fuxZr gksrh gS ;|fi gj pj.k eas xSl dk rki ogh
gksrk gS tks ifjos'kh; Å"ek HkaMkj gksrk gS A fudk; rFkk Å"ek HkaMkj osQ eè; vR;ar lw{e rkikarj osQ dkj.k ,slk laHko
gks ikrk gS A

vH;kl

12.1 dksbZ xht+j 3.0 yhVj izfr feuV dh nj ls cgrs gq, ty dks 27 ºC ls 77 ºC rd xeZ djrk gS A ;fn
xh”kj dk ifjpkyu xSl cuZj }kjk fd;k tk, rks bZèku osQ O;; dh D;k nj gksxh \ cuZj osQ b±/u dh ngu&mQ"ek
4.0104 J g-1 gS \

12.2 fLFkj nkc ij 2.010–2 kg ukbVªkstu (dejs osQ rki ij) osQ rki esa 45 ºC o`f¼ djus osQ fy, fdruh mQ"ek dh vkiwfrZ
dh tkuh pkfg, \ (N

2
 dk v.kqHkkj = 28; R = 8.3 J mol-1 K-1) A

12.3 O;k[;k dhft, fd ,slk D;ksa gksrk gS %

(a) fHkUu&fHkUu rkiksa T
1
 o T

2
 osQ nks fi.Mksa dks ;fn Å"eh; laioZQ esa yk;k tk, rks ;g vko';d ugha fd mudk

vafre rki (T
1
 + T

2
)/2 gh gksA

(b) jklk;fud ;k ukfHkdh; la;=kksa esa 'khryd (vFkkZr~ nzo tks la;=k osQ fHkUu&fHkUu Hkkxksa dks vf/d xeZ gksus ls
jksdrk gS) dh fof'k"V Å"ek vf/d gksuh pkfg,A

(c) dkj dks pykrs&pykrs mlosQ Vk;jksa esa ok;qnkc c<+ tkrk gSA

(d) fdlh canjxkg osQ lehi osQ 'kgj dh tyok;q] leku v{kka'k osQ fdlh jsfxLrkuh 'kgj dh tyok;q ls vf/d
'khrks".k gksrh gSA

12.4 xfr'khy fiLVu yxs fdlh fl¯yMj esa ekud rki o nkc ij 3 eksy gkbMªkstu Hkjh gS A fl¯yMj dh nhokjsa mQ"ekjksèkh
inkFkZ dh cuh gSa rFkk fiLVu dks ml ij ckyw dh ijr yxkdj mQ"ekjksèkh cuk;k x;k gS A ;fn xSl dks mlosQ vkjafHkd
vk;ru osQ vkèks vk;ru rd laihfMr fd;k tk, rks xSl dk nkc fdruk c<+sxk \

12.5 #¼ks"e fofèk }kjk fdlh xSl dh voLFkk ifjorZu djrs le; mldh ,d lkE;koLFkk A ls nwljh lkE;koLFkk B rd
ys tkus esa fudk; ij 22-3 J dk;Z fd;k tkrk gS A ;fn xSl dks nwljh izfØ;k }kjk voLFkk A ls voLFkk B esa ykus
esa fudk; }kjk vo'kksf"kr usV mQ"ek 9.35 cal gS rks ckn ds izdj.k esa fudk; }kjk fd;k x;k usV dk;Z fdruk gS\
(1 cal = 4.19 J)A

12.6 leku èkkfjrk okys nks fl¯yMj A rFkk B ,d&nwljs ls LVkWidkWd osQ }kjk tqM+s gSa A A esa ekud rki o nkc ij xSl
Hkjh gS tcfd B iw.kZr% fuokZfrr gS A LVkWidkWd ;dk;d [kksy nh tkrh gS A fuEufyf[kr dk mRRkj nhft, %

(a) fl¯yMj A rFkk B esa vafre nkc D;k gksxk \
(b) xSl dh vakrfjd mQtkZ esa fdruk ifjorZu gksxk \
(c) xSl osQ rki esa D;k ifjorZu gksxk \
(d) D;k fudk; dh ekè;fed voLFkk,¡ (vafre lkE;koLFkk izkIr djus osQ iwoZ) blosQ P-V-T i`"B ij gksaxh \
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327m"ekxfrdh

12.7 ,d ok"i batu vius ckW;yj ls izfr feuV 3-6 × 109J ÅtkZ iznku djrk gS tks izfr feuV 5-4 × 108J dk;Z nsrk
gSA batu dh n{krk fdruh gS\ izfr feuV fdruh Å"ek vif'k"V gksxh\

12.8 ,d ghVj fdlh fudk; dks 100 W dh nj ls Å"ek iznku djrk gSA ;fn fudk; 75 J s–1 dh nj ls dk;Z djrk
gS] rks vkarfjd ÅtkZ dh o`f¼ fdl nj ls gksxh\

12.9 fdlh Å"ekxfrdh; fudk; dks ewy voLFkk ls eè;orhZ voLFkk rd fp=k (12-13) esa n'kkZ;s vuqlkj ,d js[kh;
izØe }kjk ys tk;k x;k gSA

fp=k 12-13

,d lenkch izØe }kjk blosQ vk;ru dks E ls F rd ys tkdj ewy eku rd de dj nsrs gSaA xSl }kjk D ls
E rFkk ogk¡ ls F rd oqQy fd, x, dk;Z dk vkdyu dhft,A

12.10 [kk| inkFkZ dks ,d iz'khrd osQ vanj j[kus ij og mls 9°C ij cuk, j[krk gSA ;fn dejs dk rki 36°C gS
rks iz'khrd osQ fu"iknu xq.kkad dk vkdyu dhft,A

vk;ru (m3)

nk
c 

(N
/
m

2
)
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