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10

xSlksa dk v.kqxfrd fl¼kar

tSlk fd vkius fiNys vè;k;ksa esa i<+k gS fd ekud rki o nkc ij inkFkZ rhu voLFkkvksa
esa ik;s tkrs gSaμBksl] nzo vkSj xSlA ;s v.kvksa ls feydj cus gksrs gSa vkSj vkil esa
varj&vkf.od cyksa ls caèks jgrs gSaA dejs osQ rki ij] bu ijek.kqvksa@v.kqvksa dh ,d fuf'pr
rkih; ÅtkZ gksrh gSA tc vkSlr rkih; ÅtkZ esa o`f¼ dh tkrh gS rks ,slh fLFkfr vkrh gS
fd v.kq vfèkd Lora=k :i ls xfr djus yxrs gSa] inkFkZ dh bl voLFkk dks xSlh; voLFkk
dgrs gSaA xSlh; voLFkk esa varj&vkf.od cy i;kZIr {kh.k gks tkrs gSa vkSj v.kqvksa dh fLFkfrt
ÅtkZ mudh xfrt ÅtkZ ls dkiQh de gksrh gSaA

rki] nkc vkSj vk;ru dh fofHkUu fLFkfr;ksa osQ fy;s xSls fHkUu&fHkUu xq.k iznf'kZr djrh
gSaA mnkgj.k osQ fy;s ;fn fu;r vk;ru ij xSl dk rki c<+k;k tkrk gS rks blosQ nkc esa
o`f¼ gksrh gSA bl vè;k; eas vki xSlksa osQ v.kqxfrd fl¼kUr osQ ckjs esa i<+saxs tks fd oqqQN
ljyhdj.k voèkkj.kkvksa ij vkèkkfjr gSA vki rki dh xfrd O;k[;k rFkk v.kqvksa dh xfrt
ÅtkZ vkSj rki osQ eè; lacaèk osQ ckjs esa Hkh i<+saxs] bl ikB esa ;g O;k[;k Hkh dh tk,xh
fd xSlksa dh nks izdkj dh fof'k"V Å"ek D;ksa gksrh gSa] lkFk gh Å"eh; izlkj dh ladYiuk
dh O;k[;k Hkh dh tk,xhA

mís';

bl ikB dks i<+us osQ ckn vkiμ

xSlksa osQ v.kqxfrd fl¼kUr dh vfHk/kj.kkvksa dks crk losaQxs_

nkc P osQ fy;s O;atd  P  = 
1

3
2cρ ; izkIr dj losaQxs_

v.kqvksa osQ oxZ ekè; ewy (RMS) vkSj vkSlr osx dk rki osQ lkFk lacaèk LFkkfir dj
losaQxs_

xSl osQ v.kqxfr fl¼kUr osQ vkèkkj ij xSl osQ fu;eksa dh O;qRifr dj ik;saxs_
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rki dh xfrd O;k[;k dj ik;saxs vkSj ekè; xfrt ÅtkZ dh x.kuk dj losaQxs_

Å"ek /kfjrk ,oa fof'k"V Å"ek dks ifjHkkf"kr dj ldsaxs_

dSyksjhfefr dk fl¼kUr le>k ldsaxs_

Å"eh; izlkj dh O;k[;k dj ldsaxs_

α, β, ,oa γ esa laca/ LFkkfir dj ldsaxs_

d.kksa ds fdlh fudk; ds LokrU=k; dksfVeku dh O;k[;k dj ldsaxs_

ÅtkZ ds lefoHkktu ds fu;e dh O;k[;k dj ldsaxs_

xSl dh nks fof'k"V Å"ek,a gksus dh O;k[;k dj losaQxs vkSj

c
p
 – c

V
 = R/J lacaèk dks LFkkfir dj losaQxsA

10.1 mQ"eh; mQtkZ

o"kZ Hkj esa olUr Írq cM+h lqgkouh gksrh gS] blesa rkieku u rks xzh"e dh rjg vf/d
gksrk gS vkSj u gh  'kjn dh rjg de gksrk gSA ;g rkieku ifjorZu gekjs nSfud fØ;k&dykiksa
dks izHkkfor dSls djrk gS\ rkieku ifjorZu ls oLrqvksa ds xq.k dSls ifjo£rr gksrs gSa\ D;k
rkieku ,oa mQ"ek esa dksbZ vUrj gS\ vkxkeh vuqHkkxksa esa ,sls lHkh iz'uksa ij fopkj fd;k
tk,xkA

izk;% vke cksypky esa rkieku ,oa mQ"ek ,d nwljs ds fy, mi;ksx fd, tkrs gSaA gkykafd]
HkkSfrd foKku esa buds vFkZ esa cgqr vUrj gksrk gSA mQ"ek iznku djus ls izk;% rkieku c<+rk
gS ysfdu D;k ty ds mcyus vFkok ty ds teus dh izfØ;k esa Hkh ,slk gksrk gS\ leqnzrVh;
{ks=kksa esa lw;kZLr ds ckn iou ds izokg dh fn'kk mYVh D;ksa gks tkrh gS\ gFksyh ij j[kh
ciQZ fi?ky D;ksa tkrh gS vkSj gFksyh dks BaMd eglwl D;ksa gksrh gS\ bl izdkj ds lHkh
rF;ksa dh O;k[;k bl ikB esa dh tk,xhA

10-1-1 mQ"ek /kfjrk ,oa fof'k"V mQ"ek

tc fdlh Bksl (vFkok nzo) dks mQ"ek iznku dh tkrh gS rks mlds rkieku esa o`f¼ gksrh
gSA fofHkUu Bkslksa ds leku nzO;eku dks leku mQ"ek iznku djus ds ckotwn Hkh ;g o`f¼
vyx&vyx gksrh gSA bldk rkRi;Z gS fd fdlh Bksl dks fuf'pr mQ"ek iznku djus ij
rkieku esa o`f¼ inkFkZ dh izÑfr ij fuHkZj djrh gSA Bksl dh izÑfr inkFkZ dh fof'k"V
Å"ek /kfjrk vFkok fof'k"V mQ"ek ls fu#fir gksrh gSA fdlh Bksl (vFkok nzo) ds bdkbZ
nzO;eku dk rkieku 1ºC vFkok 1K c<+kus ds fy, vko';d mQ"ek fof'k"V mQ"ek dgykrh
gSA

;fn m nzO;eku ds fdlh Bksl (vFkok nzo) ds rkieku dks Δθ fMxzh c<+kus esa visf{kr
mQ"ek ΔQ gS rks fof'k"V mQ"ek fuEuor~ O;Dr dh tk ldrh gS%

C =
Δ
Δθ
Q

m
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vr% fdlh inkFkZ dks rkieku o`f¼ ds fy, vko';d mQ"ek dks fuEu :i esa izdV dj
ldrs gSa%

Δ = ΔθQ mC

fof'k"V mQ"ek dk SI ek=kd J kg–1 K–1 gSA

10-1-2 dSyksjhfefr

tc nks vleku rkieku dh oLrqvksa dks lEidZ esa j[kk tkrk gS rks vf/d rkieku dh oLrq
ls de rkieku dh oLrq esa mQ"ek dk LFkkukUrj.k gksrk gSA inkFkZ dh fof'k"V mQ"ek ,oa
blls lacf/r HkkSfrd jkf'k;ksa dk ekiu ,d ;qfDr }kjk fd;k tkrk gS ftls dSyksjh ehVj
dgrs gS ,oa ;g fof/ dSyksjhfefr dgykrh gSA

10-1-3 dSyksjhfefr dk fl¼kUr

ekuk m
1
, m

2
 nzO;eku ds nks inkFkZ ftudh fof'k"V mQ"ek Øe'k% C

1
 ,oa C

2
 gSa rFkk rkieku

θ
1
 ,oa θ

2
 gSa (θ

1
 > θ

2
) ijLij lEidZ esa j[ks x;s gSaA rc vf/d rkieku dh oLrq ls de

rkieku dh oLrq esa mQ"ek LFkkukrja.k gksxk ,oa inkFkZ ,d mHk;fu"B rkieku θ izkIr dj
ysaxsA

;fn dksbZ vU; izdkj dh mQ"ek gkfu ugha gS rks mQtkZ laj{k.k ds fu;ekuqlkj%

mQ"ek gkfu = mQ"ek o`f¼

⇒ 1 1 1( )θ − θm C = 2 2 2( )θ − θm C

;g dSyksjhfefr dk fl¼kUr gSA bl lacU/ dk mi;ksx dj ifj.kkeh rkieku θ Kkr fd;k
tk ldrk gSA ;fn ,d inkFkZ dh fof'k"V mQ"ek Kkr gks rks θ

1
, θ

2
 ,oa θ Kkr gksus ij inkFkZ

dh fof'k"V mQ"ek Hkh Kkr dh tk ldrh gSA

10-1-4 mQ"eh; izlkj

tc fdlh inkFkZ dks mQ"ek iznku dh tkrh gS rks mldh yEckbZ] {ks=kiQy ,oa vk;ru esa
o`f¼ gksrh gS ftls mQ"eh; izlkj dgrs gSaA yEckbZ] {ks=kiQy ,oa vk;ru izlkj Øe'k% js[kh;
izlkj] i`"B izlkj ,oa ?ku&izlkj dgykrs gSaA

js[kh; izlkj esa yEckbZ&o`f¼] ewy&yEckbZ ,oa rki&o`f¼ ds vuqØekuqikrh gksrh gSA

0l lΔ ∝ Δθ

vFkok 0l lΔ = α Δθ

tgk¡ α js[kh; izlkj xq.kkad vFkok js[kh; izlkj dk rki xq.kkad gSA vr%

0

Δα =
Δθ
l

l
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;fn 1Δθ = °C  ,oa l0 = 1m

rc α = Δl

vr% ,dkad yEckbZ dk rkieku 1°C c<+kus ij yEckbZ esa o`f¼ (ifjorZu) α  gksrh gSA

i`"Bh; izlkj esa] {kS=kiQy & o`f¼] ewy&{ks=kiQy ,oa rkieku&o`f¼ ds vuqØekuqikrh gksrh
gSA

0A AΔ ∝ Δθ

vFkok 0A AΔ = β Δθ

tgka β i`"Bh; rki&izlkj xq.kkad gSA

vk;ru izlkj esa] vk;ru & o`f¼] ewy&vk;ru ,oa rkieku&o`f¼ ds vuqØekuqikrh gksrh
gSA

0V VΔ ∝ Δθ

vFkok 0V VΔ = γ Δθ

tgka γ vk;ru rki&izlkj xq.kkad gSA

;fn V0 = 1m3 ,oa Δθ = 1°C, rc γ = ΔV

vr% vk;ru izlkj esa] ,dkad vk;ru dk rkieku 1°C c<+kus ij vk;ru esa o`f¼ γ gksrh
gSA

ααααα, βββββ ,oa γγγγγ esa lacU/

ekuk ,d ?ku dh Hkqtk l gS ftldk rkieku 1ºC c<+k;k x;k gSA
yEckbZ esa ifjorZu]

Δl = α Δθl

= αl ( )1Δθ = °C∵

vFkok       uohu yEckbZ]  (1 )′ = + Δ = + α = + αl l l l l l

fp=k 10.1



 285HkkSfrdh

xSlksa dk v.kqxfrd fl¼kar ekWM~;wy  - 3
Å"eh; HkkSfrdh

fVIif.k;k¡

vr%
Δα = l

l

,oa
2 2 2

2
(1 )Δ + α −β = =A l l

A l

  21 2 1= + α + α −

∴ α cgqr NksVk gS vr% α2 ux.; gksxkA blhfy,

β = 2α

blh izdkj]
3 3 3

3

(1 )Δ + α −γ = =V l l

V l

vFkok 3 3 2 33 3l lγ = + α + α + α −

Q α cgqr NksVk gS vr% α2 ,oa α3 ux.; gksaxsA

vr% γ = 3α.

10.1.5 ty esa folaxrhiw.kZ izlkj ,oa bldk izHkko

lkekU;r% fdlh nzo dk rkieku c<+us ij mudk vk;ru c<+rk gSA nzoksa dk rki&izlkj xq.kakd
Bkslksa ls yxHkx 10 xquk vf/d gksrk gSA rFkkfi 0 ls 4ºC rkieku ds fy, ty ds vk;ru

esa o`f¼ ugha gksrhA mYVk tc rkieku 0ºc ls 4ºC rd c<+rk gS rks ty dk vk;ru de

gksrk gS ,oa ;g 4ºC ij ?kuRo dk egRre eku 1 g mL–1 vFkok 1000 kg m–3 izkIr dj
ysrk gSA blds ckn vk;ru c<+uk izkjEHk gks tkrk gSA (tcfd ?kuRo de gksrk gS) tSlk

fd fp=k 10-2 esa n'kkZ;k x;k gSA

fp=k 10.2
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vc] ;g le>k tk ldrk gS fd rkykc ,oa >hy lrg ij D;ksa te tkrh gS tcfd blds
uhps ty nzo voLFkk esa jgrk gSA tSls&tSls rkykc BaMk gksrk gS] Hkkjh ,oa BaMk ty izkjEHk
esa lrg ls ryh dh vksj Mwcrk gSA tc leLr ty dk rkieku 4ºC gks tkrk gS rc ;g
izokg #d tkrk gSA ty dh lrg dk rkieku ?kVrk jgrk gS ,oa 0º ij te tkrk gSA tSls
gh lrg dk ty terk gS ;g ogha jgrk gS D;ksafd ciQZ mQ"ek dk dqpkyd gSA pwafd ciQZ
ty ls gYdk gksrk gS vr% lrg ij ciZQ dh ijr eksVh gksrh tkrh gS tcfd ryh esa 4ºC

dk ty cuk jgrk gSA ;fn ,slk ugha gksrk rks eRL; ,oa vU; ty tho thfor ugha cus
jg ldrs FksA

10.1.6 xSlksa esa mQ"eh; izlkj
tc xSlksa dks mQ"ek iznku dh tkrh gS rks os Hkh iQSyrh gSa vkSj ;g iQSyko Bksl ,oa nzoksa
dh vis{kk cgqr vf/d gksrk gSA ysfdu xSl ds izdj.k esa rkieku o`f¼ ls vk;ru ,oa
nkc ,d lkFk ifjo£rr gks ldrs gSA vr% rkieku o`f¼ ds lkFk gesa vk;ru esa o`f¼ fu;r
nkc vFkok nkc esa o`f¼ fu;r vk;ru ij fopkj djuh gksxhA vr% fu;r nkc ij vk;ru
izlkj xq.kkad fuEuor~ fn;k tk ldrk gSA

2 1

1 0
v

p

V V

V Δ =

⎛ ⎞−γ = ⎜ ⎟Δθ⎝ ⎠

blh izdkj
2 1

1 0
p

v

p p

p Δ =

⎛ ⎞−γ = ⎜ ⎟Δθ⎝ ⎠

10.2 xSlksa dk v.kqxfr fl¼kUr

vki tkurs gSa fd inkFkZ cgqr ls ijek.kqvksa vkSj v.kqvksa ls feydj cuk gksrk gSA bu v.kqvksa
esa ls izR;sd v.kq ml inkFkZ osQ xq.kèkeZ n'kkZrk gS ftldk og vax gSA
xSlksa dk v.kqxfr fl¼kUr vkn'kZ xSlksa osQ LFkwy xq.kèkeZ tSls fd mlosQ nkc]vk;ru vkSj
rki dk blosQ lw{e xq.kèkeks±] tSls v.kqvksa dh pky rFkk nzO;eku osQ chp lacaèk LFkkfir
djus dk iz;kl djrk gSA
v.kqxfr fl¼kUr oqQN voèkkj.kkvksa ij vkèkkfjr gSA ;g osQoy vkn'kZ xSlksa osQ fy;s mi;qDr
gSA (;fn fdlh xSl osQ v.kq fcUnq nzO;eku dh rjg O;ogkj djsa vkSj muosQ chp dksbZ
vUrj&vkf.od cy u yxrk gks rks bl xSl dks vkn'kZ xSl dgk tk ldrk gSA dejs osQ
rki ,oa ok;qe.Myh; nkc (de nkc) ij dksbZ xSl vkn'kZ xSl dh Hkkafr O;ogkj djrh gSA

10.2.1 xSl osQ v.kqxfr fl¼kUr dh vfHkèkkj.kk

DykdZ eSDloSy us 1860 eas izfrikfnr fd;k fd xSlksa osQ izsf{kr xq.kèkeks± dh O;k[;k xSlksa
osQ v.kqvksa dh izÑfr mudh xfr vkSj vU;ksU; fØ;kvksa osQ fo"k; esa dh xbZ oqQN vfHk/
kj.kkvksa osQ vkèkkj ij dh tk ldrh gSaaaA v.kqxfr fl¼kUr dh vfHkèkkj.kk;sa fuEufyf[kr gSaμ
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(i) xSl cgqr ls leku v.kqvksa ls feydj cuh gksrh gS] tks n`<+ gksrs gSa vkSj lHkh laHko
osxksa ls lHkh fn'kkvksa eas xfr djrs gSaA muosQ chp varjkf.od cy ux.; gksrk gSA

(ii) ;s v.kq vkil esa vkSj xSl&èkkjd dh nhokj ls la?kV~V djrs jgrs gSaA ;s la?kV~V iw.kZr% izR;kLFk
gksrs gSaA

(iii) v.kqvksa dk vkdkj muosQ vkil dh nwjh dh rqyuk eas ux.; gksrk gSA

(iv) la?kV~Vksa osQ chp v.kq ,d leku osx ls lhèh js[kk esa xfr djrs gSaA

(v) la?kV~V esa yxk le; nks Øe'k% la?kV~Vksa osQ chp osQ le; dh rqyuk eas ux.; gksrk
gSA

(vi) lEiw.kZ ik=k eas v.kqvksa dk forj.k ,d leku gksrk gSA

fdlh ik=k esa fo|eku xSl osQ dkj.k mRiUu nkc dk O;atd izkIr djus osQ fy;s ge osQoy
,d v.kq dh xfr osQ ckjs esa fopkj djrs gSaA D;ksafd lHkh v.kq leku gSa (voèkkj.kk (z)
bl xfr djus okys v.kq ds x, y, z fn'kkvksa esa osx ?kVd gksrs gSa] voèkkj.kk (vi) ds vuqlkj
dsoy ,d vk;ke tSls x- v{k vuqfn'k xfr ij fopkj djuk i;kZIr gksxkA (fp=k 10-3)
è;ku nhft;s fd ;fn xSl osQ N (6 × 1026) v.kq izfr ?kuehVj gksrs gSa rks 3N iFkksa ij fopkj
djuk gksrk gS fdUrq bl vfHkèkkj.kk ls vc leL;k osQoy ,d v.kq dh ,dk;keh xfr dh
jg xbZ gSA vkb;s i`"B LMNO ij C osx ls xfr djrs gq, fdlh d.k ij fopkj djsaA
blosQ x, y rFkk z ?kVd Øe'k% u, v rFkk w gSa] ;fn v.kq dk nzO;eku m gks vkSj ;g u pky
ls x fn'kk esa xfr dj jgk gks rks ox fn'kk osQ yEcor~ ry ij bldk laosx mu gksxk] nhokj
ls Vdjkdj ;g v.kq leku pky ls foijhr fn'kk esa ykSVsxk] nhokj ls la?kV~V osQ ckn v.kq
dk laosx = –mu

vr% v.kq osQ laosx eas ifjorZu = mu – (–mu) = 2mu

;fn v.kq ì"B ABCD ls ì"B LMNO dh vksj ls  u osx ls xfr djrk gS vkSj la?kV~V osQ

i'pkr fcuk fdlh v.kq ls Vdjk;s okil vkrk gS rks ;g 2l nwjh 
2l

u
 le; esa r; djrk gSA

vr% v.kqvksa osQ nhokj ls nks Øec¼ la?kV~Vksa osQ chp dk le; 
2l

u
 gSA

U;wVu osQ f}rh; xfr fu;e osQ vuqlkj
laosx ifjorZu dh nj yxk;s x;s cy osQ cjkcj gksrh
gSA vr%
ABCD ij laosx ifjorZu dh nj

= 
loa xs  ifjoruZ

le;

= 
2

2 /

mu

l u
 = 

2mu

l
;g ,d v.kq osQ laaosx ifjorZu dh nj gSA

fp=k 10-3 v.kq dh x- v{k osQ
vuqfn'k xfr
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pwafd xSl esa N v.kq gSa] ABCD ij x – v{k osQ vuqfn'k u
1
, u

2
, ....., u

N
 osx ls xfr djrs

gq, N v.kqvksa osQ dkj.k oqQy laosx ifjorZu dh nj ;k ABCD ij oqQy vkjksfir cy

= 
m

l
( )2 2 2 2

1 2 3 N...u u u u+ + + +

∴ ABCD nhokj ij yxk nkc (D;ksafd nkc ,dkad {ks=kiQy ij yxus okyk cy gS)

P = 
( )2 2 2

1 2 N

2

...
m

u u u
l

l

+ + +

= ( )2 2 2
1 2 N...

3

m
u u u

l
+ + + (10.1)

;fn 2–
u Ox fn'kk esa lHkh osxksa osQ ?kVdksa osQ oxZ dk ekè; gks rks

2–
u = 

2 2 2 2
1 2 3 N...u u u u

N

+ + + +

vFkok N 2–
u = 2 2 2 2

1 2 3 N...+ + + +u u u u

2 2 2
N1 2(u u ...... u )+ + + osQ eku dks leh- (10-1) esa j[kus ij

P =   
2

3

Nmu

l
(10.2)

T;kfefr }kjk ;g n'kkZ;k tk ldrk gS fd

c2 = u2 + v2 + w2

tgk¡ ij u, v vkSj w, c osQ rhu ,d nwljs ij yacor fn'kkvksa easa ?kVd gSa]

oxZ ekè; ekuksa osQ fy;s Hkh ;g lacaèk lR; gS vFkkZr~

2–c = 2–
u  + 2v  + 2–w

pwafd ?ku osQ fdlh ,d fdukjs osQ lekUrj xfr djus osQ fy;s v.kq dksbZ ojh;rk ugha fn[kykrs

gSa] blls ;g fu"d"kZ fudyrk gS fd 2 2 2u , ,wv  osQ ekè;eku cjkcj gSaA

vFkkZr~ 2–
u = 2v  = 2–w

;k 2–
u = 

2–

3
c

lehdj.k (10-2) esa bldk eku izfrLFkkfir djus ij
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P = 
1

3 3

Nm

l
2–c

pwafd 3l  xSl èkkjd dk vk;ru gS]

PV = 
1

3
Nm 2–c = 

1

3
M 2–c (10.3)

bl lacaèk dk egÙo ;g gS fd ;g LFkwy n'khZ; xq.kèkeks± vFkkZr~ nkc vkSj vk;ru dks lw{en'khZ
xq.kèkeks±] vFkkZr~ v.kqvksa osQ nzO;eku rFkk oxZekè; pky ls tksM+rk gSA

lehdj.k (10-3) dks bl izdkj Hkh fy[kk tk ldrk gSA

P = 
1

3 V

Nm
2–c

;fn ρ = 
V

mN
, xSl dk ?kuRo gks rks

P = 
1

3
ρ 2–c

;k 2–c = 
3P

ρ (10.4)

oSdfYid :i ls ;fn ge N/V vuqikr dks la[;k ?kuRo n ls n'kkZ;sa rks leh- (10-3) dks fy[k
ldrs gSa_

P = 21
3

m n c (10.3a)

mijksDr O;qRifÙk esa fuEukafdr fcanq è;ku nsus ;ksX; gSa%

(i) lehdj.k (10-4) ls ;g Li"V gS fd v.kqxfr fl¼kUr eaasa ik=k osQ vkdkj dh dksbZ
Hkwfedk ugha gSA osQoy vk;ru gh egRoiw.kZ gSA ge ?ku osQ vykok dksbZ vU; ik=k
Hkh ys ldrs gSaA ?ku osQoy gekjs ifjdyu dks ljy dj nsrk gSA

(ii) geus varjk&v.kqd la?kV~Vksa dh mis{kk dh gSA ysfdu ;s ifj.kke ij izHkko ugha Mkyrs
gSa D;ksafd  muosQ ,d nwljs ls Vdjkus ls ;k nhokjksa ls Vdjkus ij v.kqvksa dk vkSlr
laosx ugha cnyrk gSA

(iii) pky osQ oxZ dk ekè; vFkkZr~ , 2c  vkSj pky osQ ekè; dk oxZ 2( )c  leku ugha gSaA

;g fuEufyf[kr mnkgj.k ls Li"V gks tk;sxkA

eku yhft, gekjs ikl 5 v.kq gSa vkSj mudh pky Øe'k% 1] 2] 3] 4] 5 bdkbZ gS] rc
mudh ekè; pky
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1 2 3 4 5

5

+ + + +
= 3 ;wfuV

bldk oxZ 9 gS

nwljh vksj pky osQ oxks± dk ekè;

2 2 2 2 21 2 3 4 5

5

+ + + +
= 

55

5
 = 11

vr% ge ns[krs gSa fd pky osQ oxZ dk ekè; vkSj pky osQ ekè; dk oxZ leku ugha gSA

mnkgj.k 10-1% 10 cm Hkqtk osQ [kks[kys ?ku esa 1022 vkDlhtu v.kqvksa }kjk mRiUu
nkc dk ifjdyu dhft, tgka v.kqvksa dh vkSlr LFkkukUrjh; pky 500 m s–1 gS vkSj
izR;sd v.kq dk nzO;eku 5×10–2 6 kg, gSA

gy% laosx esa ifjorZu  2m u = 2 × (5 × 10–26  kg) × (500 m s –1)

 = 5 × 10–23 kg m s–1.

,d gh ik'oZ esa mÙkjksÙkj la?kV~V djus eas yxk le; ¾ 2 × 10 cm ;k 2 × 10–1 m. nwjh r;
djus esa yxk le;

t = 
–2

–1

2 10 m

500 m s

×
 = 4 × 10–4 s

∴ laosx ifjorZu dh nj = 
23 1

4

5 10 kg m s

4 10 s

− −

−

×
×  = 1.25 × 10–19 N

,d /kjd dh nhokj ij oqQy v.kqvksa dh ,d frgkbZ la[;k osQ dkj.k cy

f = 
1

3
 × 1.25 × 10–19 × 1022 = 416.7 N

vkSj nkc  = 
cy

{ks= kiQy  = –4 2

417 N

100 10 m´

= 4.2 × 10–4 N m–2

ikBxr iz'u 10.1

1. (i) ,d xSl fdlh Hkh ik=k dks iwjk Hkj nsrh gS ysfdu nzo ughaA D;ksa\

(ii) xSlksaa dh rqyuk esasa Bkslksa dh jpuk vfèkd Øec¼ gksrh gSA D;ksa\

2. vkn'kZ xSl ls D;k rkRi;Z gS\
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3. xSl dk nkc v.kqvksa osQ ?kuRo ls oSQls lacafèkr gS\

4. fdlh inkFkZ dh fof'k"V Å"ek ls vki D;k le>rs gSa\

5. vk;ru izlkj xq.kkad dh ifjHkk"kk dhft,A

6. 20°C ij fdlh LVhy ds rkj dh yEckbZ 2 m gSA 120°C rki ij bldh yEckbZ
2.01 m gks tkrh gSA rkj ds inkFkZ ds jSf[kd izlkj xq.kkad α dh x.kuk dhft,A

10-3 rki dh xfrd O;k[;k

lehdj.k (10-3) ls ge tkurs gSa fd

P V = 
1

3
m N 2–c

ge ;g Hkh tkurs gSa fd xSlksa osQ n eksyksa (moles) osQ fy, voLFkk&lehdj.k

PV = n RT, tgka ij R ,d fu;rkad gS ftldk eku 8.3 J mol–1  K–1 gSA vr% bl ifj.kke
dks nkc O;atd osQ lkFk la;ksftr djus ij

n R T = 
1

3
m N 2–c

nksuksa vksj 
3

2n ls xq.kk djus ij

3

2
R T = 

1

2

2Nmc

n
 = 

1

2
m N

A 
2–c

tgka ij 
N

n
 = N

A
 ,oksxsMªks la[;k

;g ,d eksy inkFkZ esa ijek.kqvksa ;k v.kqvksa dh la[;k n'kkZrk gSA bldk eku  6.023×1023

izfr xzke eksy gSA  N
A
, dk mi;ksx djus ij ge bls fuEu izdkj fy[k ldrs gSa%

3

2 A

R
T

N

  
  
  

= 
1

2
m 2–c

ysfdu 
1

2
m 2–c  ,d v.kq dh ekè; xfrt ÅtkZ gSA vr% ge fy[k ldrs gSaA

1

2
m 2–c = 

3

2
A

R

N

  
  
  

T  =  
3

2
 k T (10.5)

tgka ij k = 
A

R

N
 cksYV~teku fu;rkad (k) gS

vFkkZr~ k = 
A

R

N
(10.6)

k dk eku 1.38 × 10–23 J K–1 gSA
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k osQ inksa esa] xSl osQ ,d v.kq dh ekè; xfrt ÅtkZ fuEu izdkj n'kkZ;h tkrh gS

ε  =
1

2
m 2–c = 

3

2
k T (10.7)

vr% xSl osQ 1 xzke eksy dh xfrt ÅtkZ ¾ 
3

2
R T

;g lacaèk gesa crykrk gS fd v.kq dh ekè; xfrt ÅtkZ xSl osQ fujis{k rki T ij fuHkZj
djrh gS vkSj vius nzO;eku ij fuHkZj ugha djrh gSA ;g rF; rki dh v.kqxfrd O;k[;k
osQ :i esa tkuk tkrk gSA

Li"Vr;k] T = 0, ij 1 v.kq dh xfrt ÅtkZ 'kwU; gks tkrh gS vFkok nwljs 'kCnksa esa bl rki
ij oqQy v.kqxfr lekIr gks tkrh gS vkSj v.kq ,sls O;ogkj djrs gSa tSls fd os te x;s
gksaA uohu ladYiukvksa osQ vkèkkj ij ije 'kwU; rkieku ij] fdlh Hkh fudk; dh ÅtkZ
iw.kZr;k 'kwU; ugha gksrh] ,d fudk; eas bl rkieku ij Hkh oqQN ÅtkZ ikbZ tkrh gS ftls
'kwU; fcanq ÅtkZ dgrs gSaA

lehdj.k (10-5) dh lgk;rk ls ge 2–c , oxZ ekè; ewy osx dk eku fy[k ldrs gSa

c
rms

 = 2c  = 
3kT

m
 = 

3RT

M
(10.8)

;g lacaèk n'kkZrk gS fd fdlh rki T ij c
rms

 vk.kfod nzO;eku M osQ oxZewy dk O;qRØekuqikrh
gksrk gSA vFkkZr~ gYosQ v.kqvksa dk vkSlr osx Hkkjh v.kqvksa osQ osx ls vfèkd gksrk gSA mnkgj.k
osQ fy, vkWDlhtu dk vk.kfod nzO;eku gkbMªkstu osQ vk.kfod nzO;eku dk 16 xquk gSA
gkbMªkstu osQ v.kq vkDlhtu osQ v.kqvksa dh vis{kk 4 xquk rst xfr djrs gSa] blhfy;s gYdh
xSlsa gekjs ok;qe.My osQ Åijh Hkkx esa ikbZ tkrh gSaA ;g izsf{kr rF; v.kqxfrd fl¼kUr
dh ekU;rk osQ fy, igys egÙoiw.kZ izek.kksa esa ls ,d FkkA

10.4 v.kqxfr fl¼kUr ls xSl osQ fu;eksa dk fuxeu

(i) ckW;y dk fu;e

ge tkurs gSa fd ,d xSl osQ fy;s lehdj.k (10-3) osQ vuqlkj

P V = 
1

3
M 2–c

tc fdlh xSl osQ fn;s x;s fdlh nzO;eku dk rki fu;r gksrk gS rks]

mldk oxZ ekè; ewy osx fu;r jgrk gSA

vr% leh- (10-6) esa M vkSj 2–c  nksuksa fLFkj gS

vr% ge fy[k ldrs gSa fd

P V = fLFkj (10.9)
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;g ckW;y dk fu;e gS tks crykrk gS fd fu;r rki ij fdlh xSl osQ fn;s x;s nzO;eku
dk nkc ml xSl osQ vk;ru dk O;qRØekuqikrh gksrk gSA

(ii)  pkYlZ dk fu;e

leh- (10-3) ls ge tkurs gSa fd

P V = 
1

3
M 2–c

vFkok V = 
1

3 P

M
2–c

;fn M ,oa P vifjofrZr jgsa vFkkZr~ vpj gksa rks

V ∝ 2–c  ysfdu 2–c  ∝ T (;g pkYlZ dk fu;e gSA)

∴ V ∝ T (10.10)

vr% pkYlZ osQ fu;e dk dFku ;g gS fd ,d fu;r nkc ij fdlh xSl osQ fuf'pr
nzO;eku dk vk;ru rki osQ lekuqikrh gksrk gSA

jkcVZ ckW;y
  (1627&1691)

fczfV'k iz;ksxdÙkkZ jkWcVZ ckW;y xSl osQ vk;ru o nkc osQ chp lacaèk
n'kkZus okys fu;e osQ fy;s izfl¼ gS (PV = fu;rkad)A jkcVZ gqqd
}kjk cuk;s x;s fuokZr iEi dk iz;ksx djosQ mUgksaus n'kkZ;k fd èofu
fuokZr eas ugha pyrhA mUgksaus fl¼ fd;k fd tyus osQ fy;s gok
dh vko';drk gksrh gS vkSj gok osQ izR;kLFk xq.kksa dk vè;;u fd;kA

os jkW;y lkslkbVh vkWiQ yUnu osQ laLFkkid lnL; Fks vkSj  viuh oSKkfud
dk;ks± esaa #fp osQ dkj.k vktUe vfookfgr jgsA pUnzek ij ØsVj ckW;y dk ukedj.k muosQ lEeku
esa fd;k x;k gSA

(iii) xs yqld dk fu;e
xSlksa osQ v.kqxfr fl¼kUr osQ vuqlkj ,d vkn'kZ xSl osQ fy;s

P = 
1

3
 

V

M
2–c

,d fuf'pr nzO;eku (M) vkSj fuf'pr vk;ru (V) osQ fy;s]
P ∝ 2–c

ysfdu 2–c  ∝ T

∴ P ∝ T (10:11)

;g xs yqld fu;e gS] tks bl izdkj gSA
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;fn fdlh xSl dk vk;ru fLFkj j[kk tk; rks mldk nkc ije rki dk vuqØekuqikrh
gksrk gSA

(iv) ,oksxsMªks fu;e

nks vyx&vyx xSlksa] xSl 1 rFkk 2 ij fopkj djsaA v.kqxfrdh osQ fl¼kUr osQ vuqlkj

P
1 
V

1
= 

1

3
m

1 
N

1 
2
1

–c

vkSj P
2 
V

2
= 

1

3
m

2 
N

2 
2
2

–c

;fn muosQ nkc rFkk vk;ru leku gksasa rksμ

P
1
V

2
 = P

2
V

2

∴
1

3
m

1 
N

1 
2
1

–c = 
1

3
m

2 
N

2 
2
2

–c

pwafd rki fu;r gS blfy;s mudh xfrt ÅtkZ;sa leku gksaxh

vFkkZr
1

2
m

1  
2
1

–c = 
1

2
m

2  
2
2

–c

bl ifj.kke dks iwoZorhZ lehdj.k esa iz;ksx djus ij  N
1
 = N

2
. (10.12)

vFkkZr~ rki vkSj nkc dh leku voLFkkvksa esaa vkn'kZ xSlksa osQ leku vk;ru esa v.kqvksa
dh la[;k Hkh leku gksrh gSA

(v) MkYVu osQ vkaf'kd nkc dk fu;e

eku yhft;s gekjs ikl vusd xSlsa ;k ok"i gSa tks ,d nwljs osQ lkFk jklk;fud izfrfØ;k

ugha djrh gSaA ekuk muosQ ?kuRo Øe'k%  ρ
1
, ρ

2
, ρ

3
 ... vkSj oxZ ekè; osx Øe'k% 2

1

–c , 2
2

–c ,

2
3

–c ... gSaA ;fn ge bu xSlksa osQ ,d leku vk;ru feyk nsrs gSa rks ifj.kkeh P Li"V :i

ls fuEu izdkj O;Dr gksxkA

P = 
1

3
ρ

1
2
1

–c  +  
1

3
ρ

2
2
2

–c  + 
1

3
ρ

3
2
3

–c  + ...

;gka ij 
1

3
ρ

1
2
1

–c , 
1

3
ρ

2
2
2

–c , 
1

3
ρ

3
2
3

–c  ... ;fn fHkUu&fHkUu xSlksa ;k ok"iksa osQ Øe'k% vius&vius

vkaf'kd nkc gSa] ;fn ge mUgsa  P
1
, P

2
, P

3
, ls O;Dr djsa rks gesaa izkIr gksrk gS

P = P
1
 + P

2
 + P

3
 +.... (10.13)

nwljs 'kCnksa esa xSlksa osQ ,d feJ.k dk oqQy nkc i`Fkd&i`Fkd xSlksa }kjk yxk;s x;s vkaf'kd
nkcksa osQ tksM+ osQ cjkcj gksrk gSA bl dFku esa O;fDrxr xSl }kjk yxk;k x;k og nkc



 295HkkSfrdh

xSlksa dk v.kqxfrd fl¼kar ekWM~;wy  - 3
Å"eh; HkkSfrdh

fVIif.k;k¡

mldk vkaf'kd nkc dgykrk gS tks og xSl feJ.k osQ vk;ru osQ cjkcj vk;ru izkIr djus
ij yxkrh gSA ;g MkYVu dk vkaf'kd nkc dk fu;e gSA

(vi) xzkge dk xSl folj.k fu;e

xzkge us ljaèkz inkFkks± esa ls xSlksa osQ folj.k dk vè;;u fd;kA fofHkUu xSlksa osQ folj.k
osxksa dh rqyuk djus ij xzkge us ik;k fdμrki vkSj nkc dh leku voLFkkvksa esa fdlh
xSl osQ folj.k dk osx mlosQ ?kuRo osQ oxZewy dk O;qRØekuqikrh gksrk gSA bls xzkge
dk xSl folj.k dk fu;e dgrs gSa\

xSlksa osQ v.kqxfr fl¼kUr osQ vuqlkj ,d jaèkz ls folj.k dh nj oxZ osx ekè; c
rms
 osQ

lekuqikrh gksxhA    lehdj.k (10-4) ls ge tkurs gSa fd

2–c = 
3P

r

;k —
2c  = c

rms
= 

3P

ρ

blfy;s nks xSlksa osQ fy;s ftuosQ ?kuRo Øe'k%  ρ
1
 vkSj ρ

2
 gSaA ,d fu;r nkc P ij budh

oxZekè; ewy pky Øe'k%

(c
rms

)
1

= 
3P

1
r and (c

rms
)

2
= 

2

3P

r

vr%
,d xlS  oQs  folj.k dh nj

nwlj s xSl oQs  folj.k dh nj = 
1

2

( )

( )
rms

rms

c

c  = 
2

1

ρ
ρ (10.14)

vr% xSlksa osQ folj.k dh nj muosQ ?kuRoksa osQ O;qRØekuqikrh gksrh gS tcfd nkc fLFkj gksA

mnkgj.k 10-2% 300 K ij gkbMªkstu v.kq dk oxZ ekè; osx dk oxZewy (Root mean square

speed) fdruk gksrk gS\

gkbMªkstu v.kq dk nzO;eku 3.347 × 10–27 kg vkSj k = 1.38 × 10–23 J mol–1  K–1

gy% ge tkurs gSa fd

c
rms

= 
3kT

m
 = 

–23 –1

–27

3 (1.38 10 J K ) (300 K)

3.347 10 kg

× × ×

×

= 1927 m s–1

mnkgj.k 10-3% fdl rki ij gkbMªkstu dk oxZ ekè; ewy osx ekud rki vkSj nkc (STP)

ij blosQ eku dk nqxquk gksxk tcfd nkc fu;r gSA

gy% ge tkurs gSa fd

c
rms

 α T
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;fn STP ij osx 0c gS

vkSj T visf{kr rki gS rFkk ml rki ij osx c  = 2 0c  gS tSlk fd iz'u esa fn;k x;k gSA

rc
0

c

c = 
0

0

2c

c  = 
0

T

T

nksuksa vksj oxZ djus ij

4 = 
0

T

T

;k T = 4T
0

pwafd T
0
 = 273K,

∴ T = 4×273 K = 1092 K = 819 0C

mnkgj.k 10-4% 300 K ij xSl dh vkSlr ÅtkZ Kkr dhft,] fn;k gS  k = 1.38 × 10–

23 JK–1.

gy% ge tkurs gSa fd

1

2
M 2–c = 

3

2
k T

D;ksafd k = 1.38 × 10–23 J K–1 vkSj T= 300 K

∴ E = 
3

2
 (1.38 × 10–23 J K–1) (300 K)

= 6.21 × 10–21  J

10-4-1 LokrU=k~; dksfVeku

fdlh fudk; dk LokrU=k~; dksfVeku ml fudk; ds d.kksa }kjk dh tk ldus okyh Lora=k
xfr;ksa dh la[;k gksrh gSA

eku yhft, vki ,d lM+d ij py jgs gS ftlesa ls ck;ha ,oa nkfguh vkSj dks dbZ vU;
lM+dsa fudyrh gSA vki lM+d ij pyus ,oa ckabZ vksj vFkok nkfguh vksj eqM+us ds fy,
LoraU=k gS vr% vkidk LokrU=k~; dksfVeku nks gqvkA ;fn lM+d ij dksbZ Åij&lsrq gS vkSj
vkidks mlh ekxZ ls tkuk gS vkidks ck;ha ,oa nk;ha vksj eqM+us dh LorU=krk ugha gS bldk
vFkZ gS fd vc vkidh LoraU=krk ckf/r gks xbZ vki dsoy Åij&lsrq ekxZ ls gh vk tk
ldrs gS vr% vkidk LokrU=k~; dksfVeku ,d gSA

fp=k 10-4 ds lUnHkZ esa ,d jLlh dejs dh nks foijhr nhokjksa ij fcUnq A ,oa B ds eè;
Vkaxh xbZ gSA blds mQij ,d phaVh pyrh gS rks mldk LokraU=k; dksfVeku ,d gSA
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fp=k 10.4

vc ;fn ;g dejs ds iQ'kZ ij fxj tkrh gS rks ;g x ,oa y fn'kk esa LoraU=k :i ls py
ldrh gS vr% bldk LokrU=k; dksfVeku nks gSA ;fn phVha ds ia[k gS ,oa og mM+ ldrh
gS rks og x, y ,oa z fn'kk esa pyus ds fy, LorU=k gS ,oa bldk LokrU=k~; dksfVeku rhu
gqvkA

,dijek.kqd v.kq mijksDr mnkgj.k dh mM+us okyh phVha dh rjg rhu LokraU=k; dksfVeku
okyk vdsyk fcUnq gSA ;g lHkh dksfVeku LFkkukUrjh; gSaA ,d f}&ijek.kqd v.kq nks ijek.kqvksa
dk cuk gksuk gS ;g LFkkukUrjh; xfr ds vfrfjDr nks ijLij yEcor~ v{kksa ds bnZ fxnZ ?kw.kZu
dj ldrk gSA vr% f}ijek.kqd v.kq dk LokarU=; dksfVeku (3 + 2 = 5) ikap gqvk] rhu
dksfVeku LFkkukUrj.k ds laxr ,oa nks ?kw.kZu ds laxrA

ikBxr iz'u 10-2

1. ;kǹfPNd :i ls pqus x;s ikap v.kqvksa dh pky 500]m s–1] 600]m s–1] 700 m s–1]
800 m s–1] vkSj 900 m s–1, ikbZ xbZA mudk oxZ ekè; ewy osx Kkr dhft,A

2. ;fn fcuk fdlh jklk;fud izfrfØ;k osQ nks xSlksa 1 vkSj 2 dk leku vk;ru feyk;k
tkrk gS rks feJ.k dk ifj.kkeh nkc D;k gksxk\

3. tc ge ,d xqCckjs esa gok Hkjrs gSa rks bldk vk;ru vkSj fcuk gok Hkjh fLFkfr dh
rqyuk esa nkc Hkh c<+rk gS] D;k ;g fLFkfr ckW;y osQ fu;e dk ikyu ugha djrh\

10-5 ÅtkZ lefoHkktu dk fu;e

ge tkurs gSa fd ,d xSl dh xfrt ÅtkZ ¾  
—

2
1 3

kT
2 2

=mc .

D;ksafd fdlh v.kq dh x, y rFkk z fn'kkvksa esa xfr leku :i ls laHkkO; gksrh gS vr% osx
c osQ ?kVdksa (vFkkZr~ u, v vkSj w ) osQ vkSlr eku rhuksa fn'kkvksa esaa leku gksus pkfg;s ;k
;g dgsa fd v.kq osQ fy;s rhuksa fn'kk;sa leku gksrh gSA

vFkkZr~ u = v  = w

vkSj 2–u = 2–v  = 2–
w  = 

1

3
2–c

pwafd c2 = u2 + v2 + w2
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∴ 2–c = 2–u  + 2–v  + 2–
w

1

2
m, }kjk xq.kk djus ij]

1

2
m 2–u = 

1

2
m 2–v  = 

1

2
m 2–

w

ysfdu 
1

2
m 2–u  = E = (x–v{k esa v.kq dh oqQy ekè; xfrt ÅtkZ gSA)

vr% E
x
 = E

y
 = E

z
. fdUrq] v.kq dh oqQy ekè; xfrt ÅtkZ gksrh gSμ  

3

2
k T. vr% gessa ,d

egRoiw.kZ ifj.kke izkIr gksrk gS

E
x
 = E

y
 = E

z
= 

1

2
k T

D;ksafd rhuksa osx ?kVd u, v vkSj w v.kq dh rhu Lokra=; dksfV;ksa osQ vuq:i gkssrs gSaA vr%
ge dg ldrs gSa_ ,d xfrdh; fudk; dh oqQy xfrt ÅtkZ mldh lHkh Lokra=; dksfV;ksa

esa leku :i ls foHkDr gksrh gS vkSj izfr Lokra=; dksfV ;g 
1

2
 k T osQ cjkcj gksrh

gSA

;g ÅtkZ lefoHkktu dk fu;e gS] vkSj bldk fuxeu yqMfox cksYV~leku us fd;k] vc
ge fofHkUu izdkj dh xSlksa ij bl fu;e dks yxkdj ns[krs gSaa

vc rd ge osQoy LFkkukUrjh; xfr ij gh fopkj djrs vk;s gSaA okLro esa ,dy ijek.kfod
v.kq osQ fy;s osQoy LFkkukUrjh; xfr gh gksrh gS D;ksafd os ?kw.kZu ugha dj ldrs gSa (;|fi
rhuksa ijLij yEcor~ v{kksa esa ls fdlh osQ Hkh pkjksa vksj pØ.k (Spin) dj ldrs gSa] ;fn ;s ifjfer
xksys dh rjg gksaA

vr% ,d ijek.koh; v.kq osQ fy;s oQqqy ÅtkZ

E = 
3

2
k T (10.15)

f}ijek.kqd v.kq osQ fy;s ge eku ldrs gSa fd ;g n`<+ naM }kjk tqM+s gq;s nks xksydksa dh
rjg gksrk gSA bl rjg dk v.kq rhuksa ikjLifjd yacor~ v{kksa esa ls fdlh osQ pkjksa vksj ?kw.kZu
dj ldrk gSA n`<+ n.M osQ lkFk v{k osQ pkjks vksj dk tM+Ro vk?kw.kZ dh rqyuk esa ux.;
gksrk gS] ftlls fd vk?kw.kZ ÅtkZ nks inksa dh cuh gksrh gS]

tSls  
1

2
I 2

yω  and 
1

2
I 2

zω .
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vc f}ijek.kqd v.kq xSl osQ nzO;eku (lagfr) osQUnz osQ fo'ks"k o.kZu osQ fy;s rhu funsZ'kkadksa
(dksfV;ksa) dh vko';drk gksxhA vr% f}ijek.kq osQ v.kq esa LFkkukarjh; ,oa ?kw.kZu nksuksa gh
xfr;ka gS_

E = 3 
1

kT
2

  
    

 + 2
1

kT
2

  
    

= 
5

2
k T (10.16)

Y;qMfox cksYV~leku
(1844&1906)

fo;uk (vkfLVª;k) esa tUesa vkSj ;qok gq,] cksYV~leku us tkslsiQ LVhiQu osQ fn'kkfunsZ'k
esa MkDVjsV iwjh dhA mUgksaus yqUlu fdj[kkiQ vkSj gsYeksYt osQ lkFk Hkh dke fd;kA
os dkiQh Hkkoqd O;fDr Fks mUgksaus nks ckj vkRegR;k dk iz;kl fd;k
vkSj nwljs iz;kl esa liQy gq;sA yksxksa osQ vuqlkj bu iz;klksa osQ ihNs
dkj.k eSd vkSj vksLVokYM ls erHksn FksA

og xSl osQ vk.kfod fl¼kUr] lkaf[;dh&;kaf=kdh vkSj Å"ekxfrdh esa
;ksxnku osQ fy;s izfl¼ gSaA pUnzek esa ØsVj cksYV~leku dk uke mudh Le`fr vkSj lEeku
esa j[kk x;k gSA

10-6 xSlksa dh Å"ek /kfjrk;sa

ge tkurs gSa fd fdlh xSl ds rki dks vk;ru o nkc dh fofHkUu voLFkkvksa ds vUrxZr
c<+k;k tk ldrk gS mnkgj.k osQ fy, vk;ru ;k nkc dks fu;r j[kk tk ldrk gSA ;k nksuksa
dks ;kn`fPNd rjhosQ ls cnyus fn;k tk ldrk gSA izR;sd ekeys esa ,dkad nzO;eku esa rki dh
,dkad òf¼ djus osQ fy;s okafNr Å"ek dh ek=kk ìFkd&ìFkd gksrh gSA vr% fdlh Hkh xSl dh
nks fHkUu&fHkUu Å"ek /kfjrk;sa gksrh gSaA

;fn fdlh xSl dk rki ΔT  c<+kus osQ fy;s ΔQ ifjek.k dh Å"ek dh vko';drk gks rks
Å"ek /kfjrk dks bl izdkj ifjHkkf"kr fd;k tk ldrk gSμ

Å"ek /kfjrk = 
Q

T

Δ
Δ

fdlh oLrq dh izfr bdkbZ lagfr dh Å"ek /kfjrk dks ml inkFkZ dh fof'k"V Å"ek dgrs
gSa vkSj lkekU;r% laosQr c  ls n'kkZrs gSa] bl izdkj
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fof'k"V Å"ek c = 
m

Å "e k / kfjr k
(10.17)

leh- (10-16) vkSj leh- (10-17) dks la;qDr djus ij

c = 
Q

Tm

Δ
Δ (10.18)

vr% fdlh inkFkZ dh fof'k"V Å"ek] Å"ek dk og ek=kk gksrh gS tks ml inkFkZ dh ,dkad
lagfr osQ rki esa ,dkad o`f¼ djus osQ fy;s vko';d gksrh gSA

fof'k"V Å"ek dk SI ek=kd twy izfr fdyksxzke izfr oSQfYou gSA mnkgj.k osQ rkSj ij ty
dh fof'k"V Å"ek gSA

4.2 × 103 J kg–1 K–1

fof'k"V Å"ek dh mijksDr ifjHkk"kk Bksl vkSj nzo osQ fy;s rks Bhd gS ij xSl osQ lacaèk
esa ugha D;ksafd ;g vk;ru ;k nkc osQ lkFk ifjofrZr gks ldrh gSA

fdlh xSl dh fof'k"V Å"ek dk vè;;u djus osQ fy;s xSl osQ nkc ;k vk;ru esa ls fdlh
,d dks fLFkj j[kuk iM+rk gSA ifj.kkeLo:i ge xSl dh nks fof'k"V Å"ek;sa ifjHkkf"kr djrs
gSaA

(i) fLFkj vk;ru ij fof'k"V Å"ek  (c
V
)

(ii) fLFkj nkc ij fof'k"V Å"ek (c
P
)

(a) fLFkj vk;ru ij fof'k"V Å"ek  (c
v
)

fLFkj vk;ru ij xSl dh fof'k"V Å"ek (c
v
) dks xSl dh ,adkad lagfr osQ rki esa

1 K o`f¼ djus osQ fy;s vko';d Å"ek osQ ifjek.k osQ :i esa ifjHkkf"kr fd;k tkrk
gS tcfd mldk vk;ru vifjofrZr jgsA

c
v

= 
V

Q

T

Δ  
  Δ  (10.19)

(b) fLFkj nkc ij fof'k"V Å"ek  (cP)

fLFkj nkc ij xSl dh fof'k"V Å"ek (c
P
) dk xSl dh ,dkad lagfr osQ rki esa 1 K

o`f¼ djus osQ fy;s vko';d Å"ek ifjek.k osQ :i eas ifjHkkf"kr fd;k tkrk gS tcfd
ml dk nkc vifjofrZr jgsA

vFkkZr~ c
p

= 
Q

T

Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠ P

(10.20)

tc xSl dk 1 eksy fy;k tkrk gS rks mlosQ rki esa 1 fMxzh dh o`f¼ osQ fy;s vko';d
Å"ek dks eksyj fof'k"V Å"ek ( molar specific heat) dgrs gSa]
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ge tkurs gSa fd tc nkc dks fLFkj j[kk tkrk gS rc xSl dk vk;ru c<+ tkrk gSA è;ku
nhft, fd bl izdkj dh fLFkfr esa fLFkj nkc ij ,dkad lagfr osQ rki dks 1 fMxzh rd
c<+kus osQ fy;s vko'd Å"ek nks Hkkxksa ls cuh gksrhgSA

(i) xSl osQ vk;ru esa ifjorZu gsrq cká dk;Z djus osQ fy;s okafNr Å"ek] rFkk

(ii) 1 fMxzh rd xSl osQ rki dks c<+kus osQ fy;s okafNr Å"ek  (c
v
).

bldk rkRi;Z ;g gS fd fLFkj nkc ij xSl dh fof'k"V Å"ek] fLFkj vk;ru ij fof'k"V
Å"ek dh rqyuk esa dgha vfèkd gksrh gSA vkSj ;g vkf/D; cká nkc osQ foijhr xSl dks
foLrkfjr djus eas fd;s x;s dk;Z osQ cjkcj gksrk gSA

c
p

= W + c
v

(10.21)

10.7 cp vkSj c
v 
osQ chp lacaèk

ge ,d ?k"kZ.k jfgr py fiLVu ;qDr flyS.Mj esa ifjc¼ vkn'kZ xSl osQ ,d eksy (Mole)

ij fopkj djrs gSa (fp=k 10-5)A xSl dks vkn'kZ ekuk x;k gS vr% blosQ v.kqvksa osQ chp
dksbZ vUrj&vk.kqd cy ugha gS vkSj tc bl rjg dh xSl foLrkfjr gksrh gS rc v.kqvksa
dks vyx&vyx djus esa vkarfjd nkc osQ foijhr dk;Z fd;k tkrk gSA

fp=k 10-5 ,d fLFkj rki ij xeZ xSl

eku yhft;s P cká nkc gS vkSj A fiLVu osQ vuqizLFk dkV dk {ks=kiQy gS] rc fiLVu ij
dk;Zjr cy = P × A

ekuk fd vc fLFkj nkc ij xSl dks 1 K xeZ fd;k tkrk gS] ftlosQ ifj.kkeLo:i fiLVu
ckgj dh vksj x nwjh rd pyk tkrk gS tSlk fp=k 10-5 esa n'kkZ;k x;k gSA ekuk] V

1
 xSl

dk izkjafHkd vk;ru gS vkSj V
2
 xje djus osQ ckn vk;ru gSA rc]

xSl }kjk cká nkc P osQ foijhr x nwjh rd fiLVu dks /osQyus esa fd;k x;k dk;Z

W = P × A × x

= P × (vk;ru esa o`f¼)

= P (V
2
 – V

1
)

lehdj.k 10-51 ls ge tkurs gSa fd c
p
 – c

v
 = W cká cyksa osQ fo#¼ 1 eksy xSl dk rki

1 K c<+kus esa fd;k x;k dk;Z
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vFkkZr~ c
p
 – c

v
= P (V

2
 – V

1
) (10.22)

vc bu nks fLFkfr;ksa (xSl dks xeZ djus ls iwoZ vkSj i'pkr~)μiw.kZ xSl (vkn'kZ xSl) lehdj.k
dk iz;ksx djus ij

PV
1

= RT (10.23)
PV

2
= R (T + 1) (10.24)

leh- (10-23) dks leh- (10-24) esa ls gVkus ij]
P (V

2
 – V

1
) = R (10.25)

∴ lehdj.k (10-19) rFkk lehdj.k (10-22) ls ge ikrs gSa]
c

p
 – c

v
= R (10.26)

tgka ij R dk eku J mol–1 K–1 esa gSA

twy dks oSQyksjh esa cnyus esa

c
p
 – c

v
= 

R

J
(10.27)

tgka J = 4.18 Å"ek dk ;kaf=kd rqY;kad gSA

mnkgj.k 10-5% ,d ijek.kqd f}ijek.kqd vkSj f=kijek.kqd xSl v.kqvksa osQ fy;s c
p
 vkSj

c
v
 osQ eku Kkr dhft;sA

gy% ge tkurs gSa fd xSl osQ 1 ekys osQ fy;s vkSlr xfrt ÅtkZ (KE)

E = 
3

2
R T

 c
v
 dks fLFkj vk;ru ij xSl osQ 1 eksy dk rki 1 fMxzh rd c<+kus osQ fy;s okafNr Å"ek

osQ :i esa ifjHkkf"kr fd;k tkrk gS] vFkkZr~ ;fn E
T
 = T K ij xSl dh oqqQy ÅtkZ

vkSj E
T + 1

 (T + 1dsfYou ij xSl dh oqQy ÅtkZ gks rks c
v
 = E

T+1
 – E

T
 .

(i)  ge tkurs gSa fd ,d ijek.kqd xSl osQ fy;s oqQy ÅtkZ  = 
3

2
 R T ,d ijek.kqd xSl

osQ fy;s

 c
V

= 
3

2
R (T + 1) – 

3

2
R T = 

3

2
R.

∴ c
p

= c
V
 + R = 

3

2
R + R = 

5

2
R.

(ii)  f}ijek.kqd xSl osQ fy;s oqQy ÅtkZ = 
5

2
R T

∴ c
V

= 
5

2
R (T + 1) – R 

5

2
R T = 

5
R

2

c
p

= cV + R =  
5

2
R + R = 

7

2
R.

(iii)  vc vki blh izdkj f=kijek.kqd xSl osQ fy;s c
V
 vkSj c

p
 dk eku izkIr dj ldrs gSaA
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ikBxr iz'u 10.3

1. ukbVªkstu v.kq dh oqqQy ÅtkZ fdruh gksrh gS\

2. ukbVªkstu osQ fy;s c
p
 vkSj c

v
 dh x.kuk dhft,A

3. xSl dh nks fof'k"V Å"ek;sa D;ksa gksrh gS\

czkmfu;u xfr vkSj ekè; eqDr iFk

LdkWVySaM osQ ouLifr'kkL=kh jkcVZ czkmu tc ikuh esa fuyfEcr ijkx d.kksa dks ns[k
jgs Fks rks mUgksaus ik;k fd ijkxd.k ;kn`fPnd :i ls xfr dj jgs gSa ijkxd.kksa dh
xfr dks izkjEHk esa thfor oLrq dh xfr le>k x;k ysfdu vHkzd] iRFkj ;k e`r o`{kksa
osQ ijkxd.kksa us Hkh ;gh O;ogkj fn[kk;kA bl xfr dks czkmfu;u xfr dgrs gSaA ;g
xfr ikuh osQ d.kksa osQ vk?kkr ls vlarqfyr cyksa osQ dkj.k FkhA czkmfu;u xfr inkFkZ
osQ v.kqxfrd fl¼kUr dk ,d lhèkk izek.k gSA czkmfu;u foLFkkiu fuEu ckrksa ij fuHkZj
djrk ik;k x;k
(i) fuyafcr d.kksa dk vkdkj NksVs d.kksa osQ fy;s vlarqfyr vk?kkrksa dh vfèkd

laHkkouk,sa gksrh gSa vkSj czkmfu;u xfr vfèkd lqLi"V gksrh gSaa

(ii) czkmfu;u xfr rki osQ lkFk c<+rh gS vkSj ekè;e dh ';kurk osQ lkFk ?kVrh
gSA

ikjLifjd la?kV~Vksa osQ iQyLo:i nzo osQ v.kq Hkh Vs<+h&es<+h js[kk esa xfr djrs gSaA v.kqvksa
osQ nks mÙkjksÙkj la?kV~Vksa osQ chp pyh x;h nwjh dks ekè;eqDr iFk (mean  free path)

dgrs gSaA bldk lw=k fuEuor~ gS

σ = 2

1

2 πn d

tgka ij n la[;k ?kuRo o d v.kqvksa dk O;kl gSA

vkius D;k lh[kk

fdlh inkFkZ dh fof'k"V Å"ek inkFkZ ds bdkbZ nzO;eku dk rkieku 1°C (vFkok
1 K) c<+kus gsrq vko';d Å"ek dh ek=kk gSA

dSyksjhfefr ds fl¼kUrkuqlkj % Å"ek gkfu = Å"ek o`f¼
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v.kq xfr fl¼kUr xSl osQ ijek.kqvksavkSj v.kqvksa osQ vfLrRo dks ekurk gS vkSj ;kaf=kdh
osQ fu;eksa vkSj ekè; ifjdyu fofèk }kjk bu fu;eksa dk fuxeu fd;k tkrk gSA

v.kqxfr fl¼kar xSl osQ LFkwy xq.kèkeks± dks muosQ lw{e xq.kèkeks± ls lac¼ djrk gSA

xSSl dk nkc] ik=k dh nhokjksa ij v.kqvksa }kjk izfr bdkbZ {ks=kiQy esa izfr lsd.M Mkyk
x;k vkSlr la?kV~V&izHkko gSA

rki osQ ije 'kwU; ij v.kq dh xfrt ÅtkZ 'kwU; gks tkrh gS vkSj vk.kfod xfr dk
vfLrRo ugha jgrkA

v.kqxfr fl¼kUr osQ vkèkkj ij xSl osQ fu;eksa dk fuxeu fd;k tk ldrk gSA

fdlh xSl dh ,dkad lagfr dk rki ,dkad fMxzh c<+kus osQ fy;s vko';d Å"ek dh
ek=kk fHkUu&fHkUu gksrh gS tks bl ckr ij fuHkZj djrh gS fd mls fLFkj nkc ij xeZ
fd;k tkrk gS ;k fLFkj vk;ru ijA vr% xSl dh nks fof'k"V Å"ek,a gksrh gSa]

      i) fLFkj vk;ru ij fof'k"V Å"ek (cV)

      ii) fLFkj nkc ij fof'k"V Å"ek (c
p
)

buesa ;g lacaèk gSμ c
p

= W + cV

c
p
 – c

V
= 

J

R

fdlh fudk; dk LokrU=k; dksfVeku ml fudk; ds d.kksa }kjk dh tk ldus okyh
Lora=k xfr;ksa dh la[;k gksrh gSA

ÅtkZ le foHkktu fu;e crkrk gS fd fdlh rki xfrdh; fudk; dh oqQy xfrt ÅtkZ
leku :i ls bldh Lokra=; dksfV;ksa eas caV tkrh gSA vkSj izfr Lora=k dksfV osQ fy,

bldk ifjek.k 
1

2
 k T gksrk gS]

(i) ,d ijek.kqd xSl osQ v.kq dh oqQy ÅtkZ 
3

2
 k T,

(ii) f}ijek.kqd xSl osQ v.kq dh oqQy ÅtkZ
5

2
 k T.

(iii) f=kijek.kqd xSl osQ v.kq dh ÅtkZ 3 k T.

ikBkUr iz'u

1. nks fHkUu&fHkUu vkn'kZ xSlksa dh rqyuk osQ fy;s D;k ge ckW;y osQ fu;e dk mi;ksx dj
ldrs gSa\
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2. ije 'kwU; rki ij fdlh inkFkZ osQ v.kqvksa dk osx vkSj xfrt ÅtkZ D;k gksxh\

3. ;fn fdlh xSl osQ fujis{k rki dks 4 xquk dj fn;k tk; rks bldh xfrt ÅtkZ] oxZ
ekè; ewy osx o nkc esa D;k varj vk;sxk\

4. gkbMªkstu (vk.kfod lagfr&2) v.kqvksa osQ osx vkSj vkDlhtu (vk.kfod lagfr&32)
osQ v.kqvksa osQ osx dk vuqikr Kkr dhft, tcfd ;s xSls feJ.k cukrh gS vkSj bu
nksuksa izdkj osQ v.kqvksa dh xfrt ÅtkZ leku jgrh gSA

5. ;fn rhu v.kqvksa dk osx 0-5] 1 vkSj 2 km s–1 gksa rks muosQ vkSlr osx vkSj ekè;
oxZ osx (root mean square speed) osQ vuqikr fyf[k;sA

6. xSl osQ v.kqvksa osQ oxZ ekè; ewy osx (root mean square velocity) dk D;k rkRi;Z
gS\ oxZ ekè; ewy osx osQ fy;s xSl osQ nkc vkSj ?kuRo dks lacafèkr djrs gq, rFkk
v.kqxfr fl¼kUr dh voèkkj.kkvksa dk mi;ksx djrs gq;s ,d O;atd Kkr dhft,A

7. i) fu;ksu ijek.kq dh 25 0C ij vkSlr LFkkukUrjh; xfrt ÅtkZ dk ifjdyu dhft,A

ii) fdl rki ij vkSlr ÅtkZ bl eku dh vkèkh gksrh gS\

8. 50 cm3 vk;ru osQ ik=k esa 1.0 P
a
 nkc vkSj 27º C ij gkbMªkstu Hkjh gbZ gSA x.kuk

dhft,

(a) ik=k eas xSl osQ v.kqvksa dh la[;k dhA

(b) mudh ekè; oxZ ewy pky (root mean square speed) dhA

(R = 8.3 J mol–1 K–1 , N = 6 × 1023 mol–1. gkbMªkstu v.kq osQ 1 eksy dk nzO;eku
= 20 × 10–3 kg mol–1).

9. ,d can ik=k eas gkbMªkstu Hkjh gS tks 50.0 K rki ij 20 mm Hg dh Å¡pkbZ osQ cjkcj
nkc Mkyrh gSA

a) og fdl rki ij 180 mm Hg nkc MkysxhA

b) ;fn gkbMªkstu v.kqvksa dk ekè; oxZ ewy osx 10.0 K ij 800 m s–1 gS rks bl u;s
rki ij mudk ekè; oxZ ewy osx D;k gksxkA

10. xSl osQ v.kqxfr fl¼kUr dh vo/kj.kkvksa dk o.kZu dhft;sA

11. xSl osQ nkc osQ fy;s O;atd izkIr dhft,A

12. xSl osQ v.kqxfr fl¼kar osQ vkèkkj ij ckW;y rFkk pkYlZ osQ fu;e dh O;qRifr dhft,A

13. xSl osQ v.kqxfr fl¼kUr osQ vkèkkj ij rki dh O;k[;k dhft,A

14. vkoksxknzks fu;e D;k gS\ xSl osQ v.kqxfr fl¼kUr ls bls oSQls O;qRiUu fd;k tk ldrk
gS\
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15. 0° C vkSj 100° C ij gkbMªkstu osQ v.kqvksa osQ ekè; oxZ ewy osx dh x.kuk dhft,A

(00C vkSj 760 mm Hg ij gkbMªkstu dk ?kuRo = 0.09 kg m–3) gSA

16. ;fn izfr ?kuehVj v.kqvksa dh la[;k 8.10×1024 vkSj v.kqvksa dh ekè; oxZ pky 1.90 ×10

m s–1 gS rks gkbMªkstu xSl }kjk mRiUu nkc dh (vkoksxknzks la[;k 6.02 × 1023 izfr xzke
eksy vkSj gkbMªksstu dk vk.kfod Hkkj 2-02 gS) x.kuk dhft,A

17. fu;e nkc ij xSl dh fof'k"V Å"ek dh ifjHkk"kk dhft, c
p
 vkSj  c

V 
;s lacaèk Hkh LFkkfir

dhft,A

18. fu;r vk;ru ij xSl dh fof'k"V Å"ek dh ifjHkk"kk dhft,A fl¼ dhft, fd
f=kijek.kqd xSl osQ fy;s c

V
 = 3R gksrk gSA

19. vkxZu osQ fy;s c
P
 vkSj c

V
 dh x.kuk dhft,  R = 8.3 J mol–1 K–1.

ikBxr iz'uksa osQ mÙkj

10-1

1. (i) D;ksafd xSl osQ v.kqvksa osQ chp llatu cy] nzo osQ v.kqvksa osQ chp osQ llatu
cy dh rqyuk esa cgqr de gksrk gSA

(ii) D;ksafd Bksl osQ v.kq vR;ar ikl&ikl gksrs gSa] v.kqvksa osQ chp esa vfèkd etcwr
caèk&Øec¼ jpuk iznku djrs gSaA

2. tks xSl v.kqxfr fl¼kUr dk vuqxeu djrh gS vkn'kZ xSl dgykrh gSA

3. P = 
1

3
ρ 2–c

4. fdlh inkFkZ dh fof'k"V Å"ek] ml inkFkZ ds bdkbZ nzO;eku dk rki 1°C (vFkok
1 K) c<+kus gsrq vko';d Å"ek dh ek=kk gSA

5. fdlh inkFkZ dk vk;ru izlkj xq.kkad] ml inkFkZ ds ,dkad vk;ru dk rkieku 1°C

(vFkok 1 K) c<+kus ij vk;ru esa o`f¼ gksrh gSA

6. 0.00005°C–1

10-2

1. vkSlr pky  –c

= 
500 600 700 800 900

5

+ + + +
 = 700 m s–1
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  2–c  dk vkSlr eku

=  
2 2 2 2 2500 600 700 800 900

5

+ + + +

= 510,000 m2  s–2

c
rms

 = 2c  = 510,000  = 714 m s–1

c
rms

 vkSj c  leku ugha gSA

2. feJ.k dk oqqQy nkc izFke o f}rh; xSl osQ vkaf'kd nkcksa osQ ;ksx osQ cjkcj gksrk
gSA vFkkZr~ P = P

1
 + P

2

3. ckW;y dk fu;e iz;ksx ugha fd;k tk ldrk gSA

10-3

1. izR;sd Lokra=; dksfV osQ fy;s ÅtkZ  = 
1

2
k T

∴ ukbVªkstu osQ v.kq dh 5 Lokra=; dksfV osQ fy;s oqQy ÅtkZ = 
5

2
k T.

2. c
V
 f}ijek.kqd v.kq osQ fy;s = 

5

2
 R

c
V
 = 

5

2
 × 8.3 J mol–1 K–1 = 20.75 J mol–1 K–1.

c
p
 = c

V
 + R = 29.05 J mol–1 C–1.

ikBkUr iz'uksa osQ mÙkj

2. 'kwU;

3. pkj xquk gks tkrk gs] nks xquk gks tkrk gS] pkj xquk gks tkrk gSA
4. 4 : 1

5. 2

7. 6.18 × 10–21 m s–1, – 124 ºC

8. 12 × 1020, 7.9 × 1011 m  s–1

9. 2634ºC, 2560 m s–1

15. 1800 m s–1, 2088 m s–1

16. 3.97 × 103 N m– 2

17. 12.45 J mol–1 K–1, 20.75 J mol–1 K–1.


