PHYSICS
TEST -6

11t physics <hggiay.

gUgnghUsid, g=Gfs

ntggKk ntgg ,afftaYk

miyTTs

miyfs

11T, awgay,
njhFji-II
myF 6 - <hggiay,
mwKFfk

xsiUk thdjijg ghhjJd ehk wvgnghOJk wafhidNwhk. flofNf #had #had
cjiggdvd? NkwNf kiwtdVd? thykd t=zz)y wtivednrytJdvggh? t=zkdfs
,utyy fzrnkilLtdvd? ,J Nghdw Nfstifs gyekfFs vOednfthz=zNl ,UffRdwd.
gz 1 lafhyenjhINl ©=zntsjahdd ek Mhtjij J}=zlLk fskhfNt ,UeJtUfwd.
ey DNfhsfs kwk t=zkdfs t=zz)yy vtthw ,aghtufidwd? mit
,agFtgjwfhdfhu=zk ahJd? vdtiaggs Ifi\whk. tz=z)y ,aqFtjwfhd fhu=zk ahJd?
vdtaggm IfiNwhk. t©=z=z=z)y thdnghUsfsid ,affjijAk mjd Thu=zjijAk
Ghednfthsskifr rwejriej s dahshfshd mh j Ihiby Kjy  ]Bgd — hfiq
tiruKadwdh.

17 Mk Ewwhzbd ,Wpay eAlld cUthffa<uggay nfhsifahdJd> thd kwwWwk
CtaYss nghUsfsid ,affk gwAk mJIFwjJd vOej gy NfstufSTRk
tilfisy jejd flej %dW Ewwh=zLfshfj njhlhedthdiay MaTfs
gyen IngwWssNghdk> ,dwsTk <hggay Jiwahdd ,awgayyy MaTfs kfF
mjiFkhfefFOk FskhfNtcssJd. 2017 Mk Mzby ,awgaYffhd Nehgy ghR‘<hggiay
m 1y Ffs’(Gravitational Waves) fz=zLgbgGFF toqfgglld. ,ej<hggay miyfs
FwjJdfUjjstiy 1915 Mk M=z=zbNyNa 1d]Bd KddwtigGnrajiUejghh. Nfhsfsid
,affk Fwjjchjy tizkdfs kwwk th=zkd $llgfs cUthFk gjkfUedisTs
kwwk mtwwd  thofifr RowrnMflait njhlhghd gy MaTfs Flejny
Ewwh=zLfshfNkwnfhssgglLtUfidwd.

cuikaf nthsif-jhyk:
,uzlhk Ewwh=zulr NrhejfiNuFfNuhkhdiathdiay mwQh fishba] jhykthd
nghUsfshd #had>eyhnrtthatiahod Nghdwtwwd

,affjijustrFgywrhfxUnths i fiacuthffidhh. , KkhjihNaGtia kaf
nfhsifvdmuoffggllJd.

1] P ageAPPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




Jjhykad GCtiakaf nfthsifggbGtiNagugQrjjid mkak #hadeyhclglgugQrjjy
cssmidjJdthd nghUsftSk Gorankakhff nfhzLRwwtUfRdwd.

cuakaf nfhsifahddntWk fz=fshy thidcwWNehffiLk NghJdehk c<cz=Uk
gyefoTfsSId edFnghUeJdfidwJ. #had kwWk eyhtid
,affj i jXusTrhahfjhykad nfhs 1 FusfhaNghJdknrtthartiahod

NghdwNfhsFsid gdNdhfF ,affj i j(Retrograde motion) tistf ,aytiyiy.

15-k Ejwwh=zby NghyeJdehlLthdiay mwQh efNfhy ]| NfhgghdfFf] (1473 - 1543)

#ha ©kaf nfthsifaid(Heliocentremodel) Kd nkhoejhh. ,fnfhsifggbh #ha
FLkgj jid 1 kakhf #had cssJd. #hand 1 kakhff
nfhzLctclgimidjINfhisfSk tligghijay RwtUfidwd. midjJthdiay
nghUsfsid ,affgfisAk , fnfhsifntwwfukhftisthad.

mNjFfhyFllj iy GFo ngww , jjhyra ,awgay mwQh FynyiNah(Galileo)GtiFFmUTy
NkyiUeJfo 1©Ok nghUsfs miadjJk Gt adNehFhrktjjjy
KLffk i 1 fidwdvdf= lwejhh.

,JwFinlazy u§INfhguhN — (1546 - 1601) jd thoehs KOti jAk tizkdfs kwWk
Nfhsfs MAatwwd erykwWk ,affk FwjJIntWk f=fshy Ff=lwedgjiTfs
nratjlyy nrytojjhh. guhN— NRFfhjjthdiay jJuTfismtudcjtahsh N[hfd
nfgsh (1571 - 1630) gFjjhaTnradNfhsfsid ,affk gwatjfist=lwejhh

, ttjfs Nfhsfsd ,affjjwfhdnfgsh tjfs vdmioffgglld.
Nfhsfsid ,affjjwfhdnfgsh tjifs;
nfgshd tjfFisfoff=zI1thW $wyhk

1. RwWg ghi jJFSTrhdtj;

#haid xUFtiag Gssiayy nfhzLxtnthUNThSk #hasd estlligghijay
RwwieUfwJ.

Nfhs estllgghi jayy #haid RwtU]jy,

#haDTFkifmUTy Nfhs csseny(P) m= 1 kej 1 y(Perihelion) vdggLk.
#haDTFngUk} njhaytyy Nfhs csselny(ANran ke my(Aphelion) vdf.
estlljjd miuunellrR‘'@kwWk miauFwwrR‘b’vdggLfidwd. NfhghdffRk jJhykiAk
Nfhsfs tlligghijay ,agFfidwdvdf fUjdh. Mdhy Nfhsfs estligghijay
,agFfhdwdvdgi jnfgsh f=lwe jhh.

gugGtyjj(Law of Area)

#handAk XUNFh i sAk , 1 ZTFk Mu ntflund JIrkfhy , 1Intsay
rkgugGFfasvwglL jJk.

Nfhs xdw  #hard rwtUk  NghJAtvdwrwa Neu mstyy  Muntflh
VwgLj JiagugGAANt=Zz zwkhffhllgglLssd. estlljjid 1kajjy #had ,yiny.
vdNENThs #haDTFMUNTnry YkKNghdkifmjfNtfj jiyYk #hadllkiUeJd
eziInjhiytyy nryYk NghdFawej pisrNEFJJiYk nryYk. ,jd %yk rkfhymsty
rkmsTgugGFistlednryfwd. NfhsTsid Ntk khWgLta jJjuTfs %yk
mwejnfgsh mjd mbggn lasy gugGtijimaf=lwejhh.

Rwwfhygfsid tj
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estlighijay #hard RwWk Nfhsd RwWifhyjjid ,Ukbmejestlijjid
muunellrnd KkkbfFNehjftyy ,UfFk fof=l1thWwvOjyhk.

T?pa’

TZ

Ky

, QFTvdgJRwWTthykavdgImuaunel lrnd esk MFk. , FrrkdghlbyiUeJ>ehk
mwednthstd #hadylUed cssnjhiyTmjyfiFFkNghIPRWWTFhyKk mjrfiifFFk.
Mdhy mjyifhigétjk khWgLk vdmwayhk.

#handr RwwtUKk NfhsTsid RwWThygfSkm i tRwWk estlligghi jad

2

muaunel IrRkJigCFSk JugglLssd. mlltrzayUeJd %ijj hokhwiyiaht

,Uggl Jth=zyhk. ,JInfgsh %dwhk tjimacWjiggLjIfwd.
#haidr, Rwwk NfhsTsid RwWrhygqFfSk (T mtwwd mia InellrR@msTFSk

Nfhs a (1019 m) T (M=zLFs)

Gjd 5.79 0.24
ntss) 10.8 0.615
&) u 15.0 1

nrttha 22.8 1.88
tahod 77.8 11.9
rd 143 29.5
ANuNd 1 287 84

negbAd 450 165

nghJ<hggiay, tjy.

NfhsTsid ,affk gwwinfgsh tjifs gysth SwaNghJkmfNFhsFsid
,affj jwFfuzkhdtgrrfisgwtistfKbatyiy. nfgsh tjfisAk fyyNahtid
MaTfisgFgghaTnrajeAllld mtwd mbggi layy <hggay tjjimajutj jhh.

Memwc i ladfssmzljjiy cssmidjdIfstisAk FwgglitirAld <hfFfwd.
mej<hgGtya raxd ty 1 kahd Imtwwd e awfsd
ngUffwgyDfFNehj jfoYiomtwWFF , i INaahdnjhiytid ,UkbfFvjhjjftoYk
, UFFk vdgNjeAllldid <hggay tjahFk.

fz)jjtiay tbtyy <hggay tiaraidfof=IlthwvOjyhk.
v  GMM, §
F__T

, gFMyyiUeIMoNehFRnryYk myFntflh f MFK.

G<hggay khwr G d KkJjigG6.67 x 101 Nmzkg2 r-vdgJdeawfs MikwWk

M., 1 INacssnjiyT. giwMiMdJewM, My czUk <hggay tiiriaF ntflh
FwffwJ. v jihFwahdJ<hggiay 1 rvgnghOJk <hfFk
jdikciladvdgns jFwffwd. <hggay tirahdJdvghNghdk ,U emwfFisAk
, 1 ZTFk NehfNfhlbd toNanrayglLk.
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,TUaiwfs xdiwxdW<hjjy:
fhhBriad Ma mrRfs)y ‘rvdwnjhiytid ,Ukbr? = (x2+ y2+ z2)vdFwffggLk
<hggiay tiirad Kffiag=zGTs,

<hggiay tirahdJrifFvjihj Jjftuy cssjhy ,U e iwfFSTF

1 INaahdnjhiyTmjifhifFk NghJ<hggay tiirad tyjikF lwfpwJ MTNEjhd
#hpadpl kiUedGoratimjfnjhiytly cssANud ] GutasdtulFiweymsT<hggay
tiraidczhfiwd.

njhiyitg nghUjJd<uggay tiarkhWglLjy,

,UJTsTSTF , i1lINanrayglLk <hggay tirvgnghOJk nray vjhrnray (action -
reaction) , izahfNtmikAk GtkJd #had VwgLjJk <hggay tir #hanrd
NehffinraygLk. mNjNghy #had kJGtvVwgL Ik <hggay
tirGgraNehffinraygLk. ,Jvjihrnray tir(Reaction force) MFk. ,UtiirfSk
ntEtNtWnghUsTsid kJdnrayglLfidwd.

1
Vnddwhy r= rf=0
rodl .
t:% =0vdNt , JiyiUedmwtJvddntdwhy Gkiasd Nfh=zcejk L#haidg

nghW j IxUkhwhntFfluhFk »J midjJf NFhsTSTFk nghUeJk. , dDk
nrhytnjdwhy ,eJNFh=cejkhwhj jdikjhd nfgshd ,uzZlhk
tjnavwgLjIfwd

- mikwWk meejawfs Cssenwfs vdwmDkhd j jid

ur

mbgg s laNyNaF = mﬁ rkdghLgadgL j jggLfiwJ. #hadd <hgGtmrad
2

Thu=zkhfGtiahdJ #hasdr RwwtUfwJvDkNghJdehk  #haitdAk GoraAk

GssernwfshffUJdfiNwhk. #haDfFk GofFk , 1INacssnjhiytidmtwwd

tlljJld xggLk NghdmtwiwCssenwfshffudtjlyy jJtwyry. xOqfwwkwWk
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elbffgglLssxgglLk NghdmtwiwGssieawfshffudtjlyy jtwyny. xOgfwwkwWk
elbffgglLssgugGr la(lrregular and extended) nghUstSTFgadglLjj
,ayhd.mggbgglInghUsfSTF , ilNacss<hgtuirad fzfflILKiwFiscah
tFgGfs)y fwNghk.

- XNuxUrwgGNehtyy kILk ,U
, UejhYkGssie iwwdwmDkhd j 1 jgadgL j Jyhkl.

nghUsfs kifmUfiy

ruhdmihj JiAKk elgwM Kk
cilacsslwiNfhisjjwFlkkmfNfhs]j jwFntsiNacsstssiel i wmTFk

, 1INacss<hggay tiarmafz=zffiLk Nghd> ,1t ,uzlLk Frwejnjhayty
cssNghJdk Nfhsj i jGssieiiwvdTU jhggay tirrkdghl i lgadglLjjyhk.
csslwNfhsjjwFgjiyhfeswMc 1 laGssie i wahd ImTNfhsj jid 1 kagGssiay
cssjhff TUJINthK. gdG , tUGCssie iwfFSTFkK , 1 INacss<hggay
girnaf=ztflyhk >ejJkjigtcsslwwNthsj jwFk CssiejiwfFk
, 1 INaahd<hggay tirfFrkk MFk csslwNfhsjjid nkhjjeswAk mjd
1 kagGssjaly , UggJINghyNjhdWk.

ek i kftuf$bakwnwhUKbTk cssJ. eiwMcilacsslwNfhsk xdiwFUJINthk.

csslwNfhsjjid clGwk egawm 1 1tgNghk. eiwmc=zUk<hggay tirRoMFk.
, jwfhdtisffj 1 jcah tFgGfs)yy TfwNghk.

edFgOj jkhgqfdprkuj JiyiUedJfNot Ot jwFkeyhGtimaRWWEtJwFk fhu=k XxNu<hggay
tirjhd vdWogsftfiaNj<hggay tjad ntwwahFk.

eAlldid vjhjjfT .Ukbtjp

gAllld xUvsjikahdfzfFILTffhifNthsts  tligghijay ,agFtjhffuUjidhh.
rMuK s latllgghi Jay ,aqfidhy mkagGssimaNehffinraygLk §kaNehfFKLFFk

V2

a=—
r

,gFv—giarNtfk kwWk r—tllgghi jad mkagGssayiUeINfhsd Juk MFk.
ngheymsTfs rkwWk TMflatwwd mbggi layy jJimrNtfk

T

,QFTvdgINfhsid RwWffhyk MFk. vd Kjigig
& 2pr 6’
b ' ,
a=g T g :_4p2r
r T
,ejJa— d kjiguigeAlld ,u=zlhk tjF =markdghlby gujpal
, JFmvdgINfhsid e iwMFKk.

nfgsh %dwhk €

5] P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




virffhdrkdghLgujiaslekfF<hggay tijffhdrkdghlfilLk

,tbirahdJdfthrriuiarvdgi JAK  tirahdJikaj i jNehffinraygLk vdgi jJAk
vjhfFwmczhjIfwd. Nfhsid egiw m MdJIntsiggi lahftedssJd. Mdhy eAlld
JdJ %dwhk tjigghGtiahdd #hadhy <hfFfggbfwdvdyy #haDk Gtahy

<hffgglINt=Lk vdcWjahfekgdhh. vdNt #hady eiwM Kk ntsiggilahf

, IkngwNt=zLk vdeAlld TUjdhh. MFNtjd csczhtidgb4p’k FFgjiyhfGM
vdrkdghlby gujiasl Ihh. mjd%yk <hggay tijirkdghL
GM
F=-—1

r2

vdg ngwggllJ.

<hggay tirahdJdfthrrnvdgi jvjhfFwk=Lk ekfFczhjJfidwd.
NkwbwatrthjjjiyNfhs tllgghijay ,aqFfwJvdehk vLjInfh=zNIhk. Mdhy
Nfhsfs #hard estligghijay RwwtUfdwdvdgNjc=irkahFk. MaDk
Nfhsfsid ghi Jgahd > tllgghi JayiUedrwjsNtkhiWglLcssd. NKY k
ngUkghyhdNfhsfsid ghajhlljjlitiikhfNtcssJdvdgjhy NkwFzI1TfUJINFhs
rhiNa

cufFk eyTfFk ,1INacssnjhiyTkwWk Gtad Muk MHatwwd
kjigGfsid %yk NkwFzIlfzffLmikeJdssJd.

2400 MzLFfSTFKddh fINnFFf E}lyTth (vulNIh] jd]) (Eratosthenis) Gtiavd
Muj i JF=FHlIhh. mNJNghyFiNuFfFthdiay mwQh  —igghhfF] GufFk
eyTFfFk , 1INacssnjhayitf f=lwejhh

Rthurlakhdt—ak vddntdwhy ,jnjhayTfaist fz=zffl ,tthdtay
mwQhTs gadgLjjiatbtay kwWk KfNfh=ztay >, dWehk
cahe i ygssitFgGFsNyNafwfilwhk. thdiay gFjlarly , Jgwattgugfs
JugglLssd.

<hggiay, khwyr.

<hggay khwyrG’axd kjigG<hggay tjay KfFhaggfiwWwfwd. #haDfFk GtfFk
, 1 INacss<hgGt i rkifmjifkhf , UggJdke nwF swthdkfrrmanghUsTSTF
(vLjI3ffhlihf ,U kdjhfSThirINaahd) tarGwffzffjjffimsty kffFawthf
,uggjd fu=zjijG d kjigGtustFfwd.

Gtiguggy csseiwmczUK tir

,JFMe-Gtiaad e iwm-nghUsid e i wRe-Gttaxd Muk MFk.

gAlld ,u=zlhk tjgghF =-mg,
,J idxggh

6] P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




Ctad mkajjyiledrnjhiyty csseitwMcz=zUk tiir
_ GM M
F=- "
GMeaid kjigigNkNycssrkdghlby gujiab
2

F=-gM %
,Jd %yk ekfFj njhtJdvddntdwhyyg ,d KjigGnjhejhNytariavs|jy
f=zhlyhk. ,jwF'G’ ,d KJigGNj it ,ymy.

1798y n — dwfht=b— KWTFFjuhR(Torsion balance) fUtiaoxd %yk G =6.75 x
101 N m? kg2vdf¥ fT=lwejhh. ,dWetdnjhoyElgjjd %yk G ,d
kjigGkfj Jyyakhff=zlwagglLssJd. jJwNghdG = 6.67259 x 1011 N m? kg-
2vdwk JigGVwWWT nfthssgglLssJ.

<hgGeyKk<hgGjdd) i yMwwYk
<hgGgGyk:

mbggilaay ,U nghUsfSTfF ,i1lahd , 11gadNatirMFk. ,ejcwtd
jdakmag ngiwWjdtiarahdd (1) njhLtir(2) njhihtgarvd ,UtirfgglLk.

,UnghUsfs xdwld xdWnghlLf nfh=zbUfFk NghdVwgLk tiarnjhLtirMFKk.
tirsavwglLjJdk fhu=ziAk nghUsSk  xdWfnfhdwWnjhLtjd %yk  VwgLk
njhLtirahy nghUsid ,affkhdJVwgLfwd.

#haid GtRwwtUtEjfUINthk. #haDk GtAk xdiwxdWnjhltyyiyvdwhYk
m §txd swnahdW , 11 gEdehfdwd. mjd Tfhu=zkhfGtiahd I#hadd
<hgtgarmaczhfiwd. , ttifhgbgarxUnjhlhthsrMFk.

GoayiUeJdkifmjifj nghaytyy #had  cssNghdk ,uzLk  xdWfnfthdW

» 1 1y dGhhdwdvdgJdekfFtiagghfNjhdWk. ekkhy
NeubahfghhffNthmyyJdczuNthKbtjhy JsSjy ,0jjy NghdwnjhLtgiarfsd
ty)n kiaekkhy T=zThl KbAk. Mdhy NEENEWNJhayTFs)y nrayglLk
njhlihttirad tyjikravtthWfzffiLtJ? njhlhtiirad tyiikiaGhednfhssTk
kwWk fzTfHITk<hgGg Gyk vdwfUjImwKFggLjjggLfwd.

g iw'mz’kJeiw'mVwgLJ Ik <hggay tiir

r  Gmm
F21:%$
r

, qF?vngepiwmlkWWk m; 1t , 1=zFfFk NfhiLtoNanraygLk myFntflh MFk.
e iwmyylUedrnjhiytyy csstGssay <hgGGY rnrwT (E1) vdgJ ‘XuyFe) i waidhy
Fa

czugglLk <hgGo i r’vdtauvaWffggLfiwd. <hgGyrnrwithdJ —vdwtyfij j jhy
m2

FwffggLfwJ.
>, gFe iwmkJdnrayglLk tirF. MFkK.
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<hgGyrnrwiT (, diNky <hgGGyk vdWmiaoffggLk) xUntflh ElMFk. ntflh ,d
Jiaregawmg 1 NehffiimiakAk. NkYk ,Jemwmzitr rhhejJdmyy.

nghJdthPe swM My rnjhiytlyy VwgLk <hgGGykgdtUkhWFwffggLfiwJ
U Gm g
E=—
r

<hgGGyk nrayglLk gFjlary CSSGssP ay eiw'm’ §tffggLfwJd
e iw'm’MdJ<hgGGyk E maczhtjhy xU<hgGtysrVwgLfwd.

eiwM My efwmc=zUk <HgGt i rgdtUkhwvO jggLfiwJ.

Fn=mE
-ejr rkdghlmleA Illdpca ,uz Ihk tjirkdghINIhLxggLk NghJdekfFfim 1ggJd.
a=mE

mjhtIxUGssialy , UFFK <hgGGykhdJImgGssiary cssxUJTs czUk
KLFfjjwFrkk MFk. Mdhy vzkjigGk jimrAk xdwhfmlkeJhYk :elkWWk Epr
,UZLK nttNtW ,awgay msTfs MFk. <thGyk Evng %y ejmwaid (Source
mass) fhuzg g=G. KLFFk avng<thGyk Ey 1 tffgglLssNrhj ide iwc=Uk
tisTg g=zghFk.

xd iwnahdWnghlhy ,U eiwfsiaiINaes IngWwk , i ltidira“<hgGgeyk’vdwfUj iy
%yk ,gNghJdehk tisTFKbAK.

1. egiwM §d tlLoyfir nryy<hgGgGyjjid tyskFiwAk njhayTrmjfhFFk
NghJ E aad vdk jigGF i wAKk. GCssifs P, Q kwWk R A
u u u
<thGykhdJ‘EpHEQ‘< Er|vdvOjyhk. Gssifs P, Q KwWk
Rffhdtarntflhfsd esqfisxggLtjd %yk ,jidGhednfhssyhk.
<hggiay tirsafzfhLtywhf“<hgGg Cyk’vdwfUjImwKfggLjjggllJd.

gdG<hgGGyk xU,awgay msTvdWk mJntsjaly (Space) MwwiyAk
cejjijAk ngwWssJdvdWk f=lwaggllJd.

,dDk nrhyygNghdhy kdD}l1gfs
,agFfidwK iwi aGheJdnfhssGyfnfhs i fahdJdjuhffFKbahjxdwhftisgfiwd.

3. <hgGGyjjid myFeAlld /fiNyhfiuhk (N/kg) myyJdms?2
<hgGGyjjid Nkw nghUeJdjy. jiJtk

mi, My, mrejiwAl la'n’” Jfsfsid eiyntfihfs KiwNa Irl,;’z,lrs...vdf. GCssiay
nghFgad <hgGgGykhdJdjdijjdieiawfshy wvwgLk jJdijjdihgég Gyjjid ntflh
$SLJYTFFrkk. ,jjjItk <hgGGyqgfsid NkwnghUedjy jjJItk vdgglLk.

u u

= Ennjjx =E1+E2+...Es
Gml Gm Gm
- 2 $l - 2 $2 ~ 2” $n
I r I
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i
JdijjdeawfFSTrRgpiyhfnjhlhrrahfgutAssnkhjjeiiwM - 1 FUjidhy GssiP ay
<hgGGyj i jnjhai falLK awayy (integration method) F=zfflyhk.

<hgGe)a yMwwy, (Gravitational Potential Energy):

egiyMwy gwafUjJdk ,awgay rhhejmjd nghUs gwwAk Kd ghlgfsy
fwWsNshk. <hggiay t©irxUMwwy khwwhtgirahFk. vdNt ,ejMwwy khwwhtsrad
GyjJdld njhlhGa la<hgGeii yMwwiyehk gd tUkhWtmuamwnraayhk.

mikwWk mavdw U emwfs Mukgj iy rnjhayty cssd.
m:ejiwahdJe s yahfcssJvdt. e/ rwmy i ’
enyay ,UedreinyfFfhlbAssgbefhj jNtiynraaNt=Lk.

e mwmy |
rwanjhiyTdr mjhtIrylUedr+drefhjjntsalUeINtiynraaggINt=Lk.

,ejkifrrmaNtiy gd EU kthOj ggLfwJ.
dW = Fext.dr
,eJNti yahdJ<hggpay tpi rfFvjuhfnraagglLssJd. vdNt<hggay tiir
Gmm,
Fext ‘FG‘ 2
r
guyiayl

r
dw =%$.dr

vdg s jehk mwNthk.

de_Gm%§m§)

(,qF??:LVnddmm/$xUmyFntfm)

\dW-Gmmd
r

ry ,uUedJdfiasrfF ,Ik ngaur nrajnkhj jNtiay
OdW OgdGmm r

W= B Gmm, g
§ r o5
Gmm, N Gmm,
r r'

W =U(r) - U(r)

,qFU(r) = Gmym,

W =-

,eJNtiy(W) ahdJIm:kwWk meejiwfs K 1 wNarkwWk
cssNghdmttikggd <hgGejsyMwwyfsid NtWghl s 1 JUfwd.

enyl vdy
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<hggiay girxUfthrntoarvdgjhy el 1 wmze) 1 wmy my ftuggLfwd.
vdNte mwm; PryjUedr’ fFefhj jntsigéwj jriyiUeINtiynraaNt=zbaNjit Y1y,
,gFmMikgghdJdjdIMww i ynrytojINtiaynrafwd.

vdNtnraaggl INt ¥ yVvjhFFwngWk.

gfoT 2 : r<rvdy

r yileJdr’ TFmeiwiaefhj j<hgGtiarfFFvjuhfNtiynraaNt=Lk.
vdNtntsigéwj jiyiUeJNt i yahdJdnraaggINt=LKk.
MTfNtnraaggl INt 1 yNehfFFwk jigagg ngWfiwJ.

“ern yMwwy khwghL”vdgN} , awgiayy KffiajJdtk
JWNghJ<hgGeja yMww i yedFtruaWffxUMjhugGss)a aNjhenjLgNghk.
mejMjhug Gssir=¥ Kbtyy vdT.
,jJd gb ,u=Ilhk gFjRoOMFKk.
vdNt

_Gmm
r
rjhayty mikejeawfs mikwWk m>c 1 lam 1 kggd
<hgGejn yMwwyhd IejswmiejiyahfcssNghDemwm, 1t rnjhiytyilUeJKbtyhj
nghayTFEnfth=zLnryynrajNtiayfFrkk vdehk truvaWffyhk

MTNt<hgGel i yMwwy vdU(r) = smm, FwffggLfwJ.
r

W 2+0

rjhiytlyy mikejeiwfs mkwWk m.cilamikggd <hgGemyMwwyhdJI> Kbtiyhj
nghmyTkwWk mjhiyty ,ejenwfsd
m 1 kgGcssNghdngwWs s<hgGeln y Mwwy fsid NEWghlbwFrkk vdgJk
Fwggl j j 3.

myh€eJU(r)=U(r)-U(¥)
Mdhy ,qFU (¥)=0vdMjhugGssimaehk NjhenjLjJcsNshk.
<hgGej 1 yMwwyhd JvgnghOJk Jihf Fwik JigGngWk. Vnddy Kbtyyhjy

nghaytyiledeawfs (mukgG) xd 1wnahdWnkJthfneUqfitUkNghdm 1 kgghy
NtiynraaggLfwd.

<hgGglayMwwy U(r) d myF [{y (oule)NkYk ,J JINFfyhh msTMFk
<hgGej s yMwwyhdJejgawfF i sAKk mtwWFF , 1 INaahdnjhiytin dAK rhhejJ.

Gtiayd gugGFFmMUNT<hgGe) i yMwwy,

GoayUedcaujjwFnth=zLnryyggllelswm Y el yMwwy
‘mgh’NrkiffgglLssJdvdgi JuthjijJsNshk. , rrkdghl § D<hgGeji yMwwy toNaAk
Jugfftyhk

GuikajjiyiUedrnjhiytlyy csse twmkwWk GumaAk Nrhg IxUm a kgghtF
FUJINthK.

,ejmikggd <hgGe)iyMwwy

, rrkdghl i b<hgGejs yMwwy tolNaAk jJutffyhk.

Cuikajjiyledrnjhiyty csse nwmkwWk GtmaAk Nrhy IxUm i kgghff
TFUJINthk.
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,ejmikggd <hgGe)i yMwwy
GM,m
U=-
r
>»gFr =Re + hNkYk ReGthayd Muk MFk.
U=-G M
(R.+h)
foff= 1thwkhwwm i kFFyhk.

M.m
R.@+h/R,)
M.m

R

e

U=-G—=—(1+h/R,)™

» JFh<<RevdNt
<UWgGj Nywwj § j(Binomial theorem) gadgLj jithTgLj jigdGcah
MLTFFcCWgGT 1 sGwFf=)j Jhyehk ngWwtJd

U=-G—=
Re e
Gtard guggy e iwmcssNghd»
G Mm _ mg R,
vdgJehk mwejNj>
guyiayl
U =-mgRe + mgh

Nkwf= Irkdghlby KJyNThr t(first term)cauk h 1 rhhej Imyy.
cjhuzkhPhicaujjy ,uedh.caujjwFnghUs vLjIr nryyggLfwJdvdT.
h: cauj iy <hgGeja yMwwy
U(h1) = - mgRe + mghy
hocauj Jiy <hgGeji yMwwy
U(h2) = -mgRe + mgh>

hikwWk hz , § INa<hgGej i yMwwy NtWghL
U(h2) — U(h1) = mg (hz — hy)

cssmgRNThE ©<hgGe i yMwwy khWghLfh=zgjly vetgkhwwj i jJAk VwgLjjtiyiy.
vdNtrkdghLKjy Nfh i traGwFf=zFfyhk. myyJRovdvLjJIf nfhssyhk.
MTNEGtiguggyilUeJdhcauj jiy csseiaiwm ,y NrkifFfgglLss<hgGeiyMwwy U =
mghvd $wyhk.

Gtigguggy h=0vdgjhy U=0

, qFehk fedffNt=zbaderaw'm’ | Gtiguggly , UeJdehk ‘h’cauk
cahjjnrajNtryNa‘mgh’MFk. ,ejNtryegw'm’ »Y
<hgGej i yMwwyhfNrkffgglLssJ. cz ikay ‘mgh’vdgJde)sw'm’kwWk
Gty aNrhj j<hgGel i yMwwy MFK. MaDk ,ej‘mgh’ 1 emw'm’ ,d
<hgGey 1 yMwwyhfNEtvLjIT nfhsHNwhk Vnddiy e iw‘m’cauk
‘h’FfFEnryYkNghdGtieji yahfNtcssJ.
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<hgGjdd)i yMwwy, (Gravitational Potential) V(r)

<hgGGyk E ahdJImgGyj i JcUthfFk e mwm’
kILNkrhhedssJdvdtisffgglLssd. ,JIxUntflh msthFk. ,NjNghy esiw'm’
KILNkrhhej<hgGjgddisyMwwy vdw JNFfyhh msitAk ehk tiuawWffyhk.

xUeiwayyiUedrnjhiyty csstGssay
<hgGjddinyMwwyhd IxuyFejiwiaKbtiyhy njhiytylUedmgGtssifFFnfth=L tur
nrajNtiyMFk. > JV(r)\vdFwffggLk. NkYk r njhiyty cssGssjay
<hgGjddimyMwwy vdgdmgGssiayy xuyFeawffhd<hgGels yMwwY fFr rkk vdwk
tivaWffyhk. <hgGjddimyMwwy xU JNfyhh msT. , jd myFJ/kg.

<HgGejm yMwwy)UeJ<hgGyddia yMww i yehk truaWfFKbAKk.
rjhayty mikej ,Uermwfs mikwWk my 1 sTUJINthk , ttikggd
Gmm,

r

<hgGejs yMwwy V(r) = -

enwmzl xuyFeaw(m, =1 kg) vdf nfh=zLeawm; My VNJDk XUGssP azy VwglLk
<hgGjddisyMwwy Kjigg s dngwyhk.

rnghiytyy eiwm: My VwgLk <hgGyddiiyMwwy
v(r=-m
<hgGt) i rAk <hgGGyKk ntflh msTfs.

<hgGtimrAk <hgGGyKk ntflh msTfs. <hgGeayMwwYk <hgGjddimyMwwYk
INFyhh msTfshFk. ntflh msTfistl JNfyhh msTfisgadglLjjJdfsftsd
,affjijgFjjhaTnrajy vsjjhFk. cjhuzkhftMggs fNotjiOta jFfUINthk.

Goad <hgGtmrad Thu=zkhf<hffgglLMggis JhdhffNotOta jFhiLfwd.
<hgGgddimymwwy V(r)Jds=zAld , jidtugsTrKbAk.

GtigguggyiUeJdhcauj jJiy cssGssjay

<hgGjdd;i yMwwy
V(r=R+h)=- CM,
(R+h)

Gygguggly <hgGjddiiyMwwy
V(r=R)=-

Nkwf= IrkdghLfs)yiUeJd
V(r=R)<V(r=R+h)

GtiggugGFFMUNThcauj jiy <hgGe; i y Mwwy mghvdg i jJehk Kd gFjlary
tthpNjhk. mgGssjayy <hgGjddimyMwwy V(h) = U(h) / m = gh. Gtiaad guggly
hRowvdgjhy Gigguggiy<hgGyddin yMwwy RoMFk. vdNtjhd
MggishdImjif<hgGydd) s yMwwy cssgFjayiUeJF rwe J<hgGjd i kMwwy
cssgFjinaNehfigOfwd. nghJdthfeiwahdJ<hgGjdd)i yMwwy
kiFejgF jiasyiUeJd<hgGyddisyMwwy FrwejgFjifFr nryYk.

Gyaid <hgGKLFFk:

GM,
R
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nghUsfs Gtiaad kIGOkNghD , it GuaidNehnffiKLffkilti jfh=TNwhk
eAillld ,uzlhk  tgjggbGwtiarnrayglllhy KILNKxUnghUs KLffk 1 1Ak
vdmwNthk. ,qFGtad <hgGtiirahy nghUsfs KLFfkilfidwd. Gtiayd mUNF

,tirmidjJnghUsfs kJk khwhj KLFFj § jvVwgLfwJ.
NkYk kKLffkhdJnghUsfsid e iwfFisrhhejdmyy.

GgugCFFmMUNFecsse twmkJGtaidhy VwgLk <hgGtiar
U GmM, g
F=-—5
,ej<hgGuiriaeAlldd ,u=zlhk tjAld rkgglLjj}

r GmMe$
ma=-—;

€

vdN©KLFFK

GM $

R2

Gtig gugGFFMUNfcssnghUSTRGiand <hgGGyjghy VwgLk KLFFkhdJI<hgGCKLTTK
vdggLfwd. , JgvdwFwallhy FwffggLfwJ.

r
a=-

<hgGKLFFjjid v= KjigG
R2

, FrrkdghlbyiUeJ<hggd KLFfFkhd IJKLTFfki 1Ak nghUsid
eiwiarhhejjyyvdmwhid\whk. g d KkjogghdJdGtiaoad emwiaAk MujijAk
rhheJdssJ. “Gtiar i dNehFROk midjJInghUsTSk

rkkhFKLFfka 1 fiwJ”vdgi j FyryiNah 400 Mz LFSTFKdNggyMaTfs %yk
T=1wejhh.

Goiard GkjjiaNuim fgFjiavy <hggd KLFFk g =9.8 ms2vdf=zlwagglLssJ.
FjJaukMok kwWwk FWFFfNfhLMfatwiwr, rhhed<hggd KLFFk khWglLjy.

GtiguggyiUedhcauj jiy csseiwm 1 FfUINthk. Goiaad <hgGtharahy mgnghUs
czUk KLFffk

_ &M
(R.+h)*
GM

h<<Revd)y <UWgGNjwwj jii dgadglL j jiggdGcah mLTFTEsg GwFf=z|§JJg
gdtUkhWvO jyhk.
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,Jiylledg” < g vdehk fFh=fiNwhk. ,jJjd nghUs FjJavk hmjfhfFk
NghJ<hgGKLFffk gFmwfwJdvdgjhFk.

Mojijg nghWjIgkhwglLjy:

Gtaad Mo Rugfk xdwy cjhu=zkh® (neaNtyeyffhir Ruqfk) dMojjiy
egiwmcssJdvdf.

Rugfjjid Mok dvdf. dMojjiy gkjgigfzfhlfoff=zIfUujdfisted]jjy
nfhsNthk. egwmi Ak KLFFjjiy Gtiaad (Re — d) FFNkNycssGtad gFjiahdJd
>,eJKLFFjjwFVIk ggfsigébnratjiyiy. KeijagFjay e&gffggl lKbtdgb

d Mojjiy <hggd KLTFk
_ GM™M!
(R.-d)’
(Re - d) cilaGugFjad ertwMMFkGtiaed mlhjjip runfmadjJdgFjaryk
ruhf(uniform) cssJdvdft fUjINdhk. vdiy»
M

V
, gFM-Gthard e) i wkwWk
V-Gtiaad gukd MFk
NkYk mlhjjiruhfFcssjhy
pe M
v
M' M M

—=—MINEM'=—V"'
V'V Vv
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Mok mjifivFFk NghJdg'kjigGFrwfwd. vdNtGtiasd Nkwguggy <hggd KLFFk
ngUKkkhF , UFfwd. Mdhy gugGFFcaNunrdwhNyhmyyJGtiad
Mo j gwFnrdwhNyh<hggd KLFfk FiwAk.

FWEfFfNfhlLa Ig (Latitude)nghUjJgkhWjy:

RoYk Fwgghajjiy >,agqFk nghUsfsid ,affjmjehk gFJJhAK
Nghd i katiyfFtarimaAk ehk TUj gy nfhssNt=Lk.
nghJd thfGka 1 dej i ykFFwgghakhTfUJINthk. Mdhy cz 1 kaNyNaGkxURoYk
Fwgghak. Vnddy GkahdJdjdJImriirggwRoyfwJ. vdNtGtigguggy XxUnghUs

cssNghd>m Jika tyfFoirasdcz=zUfwd. mttirahdJctad

FWFFfNThlLkjigagrhhedssd. GtRoytiyiyvdy nghUsd kjhdtirmgMFk.
Mdhy GtiRowrniasd Fhu=zkhfnghUs $SLjyhfFikatyfFouiraidcz=zhfwd.

1katyfFtgEr=mo’R’
R’ =R cos A
» QFA vdgIFWTFENFhlbd kjigG
nghUsid kJgfFvjhjiiray nrayglLk skatyyfFKLTFfjjd $W
apg = W'R'cos I=w* Rcos® 1
vnddyy R’=Rcos\
vdNtg =g-w? R cos? A\
cuakafNfhlby A =0, vdNt g =g - w?R. G kafNfhlby <hggd KLffk g MdJ
nWkk MFk.
JutggFpiarty A=90°vdNtbg’ =g
MfNt JUtg gFjlaly <hggd KLFFk ngUkk MFKk.

YLgLNTtFk kwWwk RwwaffNtTfk

gugQrjjy ngUksTfh=zggLk jJdkqfs §  Iu[d kwwk ~yak MFk. Mdhy
Goad tskzlyjjy ielu[ Dk MTfn[DNkmjfmsttyy c<cssd. Guad
tskzlyjjyy 1 N[Dk ~“yaKk kffFiwthf ,Uffflu=zk ahJd?
,ggFjlaly MuhaNthk.

nghUnshd s wNkyNehffivwejhy Fwggllcauk miledgdGfoNenfiigOk. ,judf
thZk NghdxUnghU s svddNtefjjiy nrgFjjhfvwejhy’mgnghUs GtigguggwFk=Lk
tuhkyGtiald <hggyiUeJd jggir nryYk vdwNfstvOfwd.

tOk ,jadf FhZk NghdxUnghUrsvddNtfjjiy nrgFjjhfvwejhymgnghUs
GtigguggwFk=Lk tuhkyGtiasd <hggyiledjggr nryYk vdwNfstivOfwd.

GtigguggyeriwMc i laxUnghU § sFUJINthk. MukgNtTk vialy nghUs
NkyNehffivwaggL fiwJvdry
nghUsid Mukgnkhj j Mwwy
E, :lei2 _GMe
2 Re

~-GMM_

,QFMe - CGCtad eiw. Re - Gaad Muk. NkYk vdgJdejiwM d

E

<hgGej s yMwwy MFk.
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nghUs coravulLuyfntFJluk nrdwol 1 Jvdy mjnjhiy 1 tKbtyyhj
njhiyTvdfUJIT. ,eeidyay <hgGeii yMwwy Roj[U(¥)=0]MFk. N\kYk ,affMwwYk
Ro. vdNtnghUsid nkhj jMwwY k Roahfiwd.

E;,=0
Mwwy khwhtgjiaud gb

E =E,

guyal
Nfhsid <hggay GyjjiiyiUedtiLglLj jggr nryynghUs vwaggINt=zbarnWkNtfk
vevdT. vdNtvigjiyhfvevdgujiavl

GMM_ _

1 Mvi2 -
2
Lo - CMM,

2 R,

0

GQAE rkdghl i IgadgL j jidhy

2
E

g:

V2 =2gR.

V, =/20R.

Nkwf= IrkdghlbyjUeJtLgLNtFkhd J<hggd KLffkGeoad Muk  Mfa » U
TfhuzFi srhhedssJdvdg i jmwiNwhk. tLgLNtFkhdJnghUsid ejiwari drhhej Imyy.
g (9.8 ms2) kwWk Re = 6400 km kjigGfisgujanlctiaod tLgLNEtFk Ve =11.2 kmstMFk.
tLgLNEtFk nghUs vwiaggLk Jiarmarhhejdmyy.
nrqFj jhfNthmyyJHs Ikl IkhfNthmyyJFwggll INFh= j Jiy nghUs
vwiagg 1 IhNyhGtiaud <hgGtmrayilUedtlLglLnrytjwfhdtiLgLNtFfk khwhJ.
,JfhllgglLssJd.

1 Iu[d kwWk ~ yiak NghdwNyrhd %y THWFs
GuiggugagtlLjggnryYtjwFNghdkhdNtfk nfhzlLssd. Mdhy i@elu[d kwWk
MTIi[d NghdwFdkhd %yf$SWFs joggr nryyNghdkhdNtfk cilaitmyy.
(EhAffFs|d ,afftay nfhisifiatthjfFk Nghdis  Iu[d kwwk ~ y@ak
mZfTfsid Ntfjijctiasd tiLgLNEfjJJld xggLnraJdghhgNghk)

Ji=zf Nfhsfs - RmwaFfNtFKk RwWEfhyKk

ehk thotJetdATk cyfid vggF jiary cssthfsSiIDk
nghlhGnfhstjwfhdmjetdnjhoyElgfUutfs ekk m INacssd.
, KKdNdww j jwFfhu=k #ha FLkgm i kg gehk edFGhe jnfh=z INJMFk.
Ctaiidtyk tUk JizfNfhsfNsjwNghdnraj)j njhlhGFFnghdk cjTHdwd.
#handf Nfhsfs RwWtINghyd i zfNfhsfs Gumar RwwtUfdwd. vdNtnfgshd
tjifs kdjjd cUthffianrawi ] JizfNfhsTSTFkK nghUeJHidwd.

giwMciladizfNfhis Gtiiar RwwtUtjwFj NjitahdikaNehfFtoiriaGtad
<hgGtya rjUfwd.

Mv?  _ GMM,
(RE+h) (Rg+h)’
(Re +h)

_ | .GM.
V=
(Re +h)
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cauk hmyfhfFk NghJ>J 1 zfNfhsid RwwaffNtfk FiwAk.
J i1 zfNfhsid RwWTF fhyk :

XUKOr Rwwid NghdJdsz=zfNfhs FIfFk njhaiyT2p (Re + h) FFr rkk. NkYk xU
KO RwWWFFMFk fhymsNtJ s zfNfhsid RwWffhyk TMFk.

flej njhin:2,0(RE +h)

RwwiaffNtfky =
Thyk T

yiUeJdvFFgujiaul
GM. _2p(R.+h)
(Rg +h) T

T — Zp (RE +h)3/2
JGM,
, UGWKk , UkbvLFfF

4 2
T?= Gﬁ (R +h)’
E

2
» QFKkhwiy= éf/l vdgJIxUkhwyr vdNt , § jevdf.
E
T2=c (Re + h)3
Nfhsfsid ,affk gwwianfgsh jlay $wgglLssThyk kwWk
nghayTffhdnjhlhgadNaGtiaadr RwWk JizfNfhSk nfhzlLssJdvdgi jehk

mwayhk. GEFFmMUNTRwWWk JizfNFhSTFGtad Muk Recld xggLk NghJhkifr
rwadvdgjhy h GwFf=zffjjffJd. vdNt

Re=6.4 10 m kwwWk g =9.8 m/s?, kKjigcFis gujaul

JizfNfhsid Rowr; fhyk T @85ekilgfs vdg ngwggLfiwJ.

Gia Rwwk JizfNfhsid Mwwy,

GtigguggyiUed h caujjiy Gtandr tyk tUk JizfNfhsid nkhjj Mwwy
foffzl Kiway fz=zffilggLfwd. JizfNfhsid nkhjj Mwwy mjd ,aff Mwwy

kwWk efiy Mwwyid $SILjnjhi fFahFk.
JizfNfhsd ey Mwwy

__GMSME

(Re +h)
,QF Ms— JizfNfhsd eiw
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Me - GChiaxd e mw
Re - Ghaud Muk.
JizfNfhsd ,aff Mwwy

K.E=2M 2
2

dgJ JizfNfhsid Rwwaff Ntfk NkYk ,jd KkjigG
g gujial

V= GM_
(Re +h)
JizfNfthsd ,aff Mwwy
_1GM M,
"2 (R.+h)
vdNt JszfNfhsd nkhjj Mwwy
£ _1GM M, GMM,
2(Reth) (Rg+h)
GM M.
2(Rg +h)
,QFVvjhfFwahdJJ s zfNfhs GuAld gi=ffgglLssJdvdgrjAk Jiz=zfNfhs
Ctiard <hgGGyjjiywledjggr nryy ,ayhJdvdgijAk vLjIfrhiLfiwd.

Kbty Kkjigig(e) neUqgFk NghJd nkhjjMwwy imaneUgFk. ,jd nghUs

Ro
vddntdwhy>J i zfNfhshdJCtjasd <hgCCyjjid JhffjjryiUeJKwwYk tiLglLssJ.
i

NkYk kifmjfnjhiyTcssNghdJd i zTNfhs GuAld gizTffggltyy i yvdgjhFk.
GueiyjJdi=zf Nfis kwwk JUtjJ i zfNfhs;

Goaysdr RwwitUk JizfNfhsfsid RwWthygfs mtwwd RwWggha jMujijg
nghwjJdm i kfidwd. RwWhyk 24 k=i Neuk cilaJdizfNfthsd
RwWgghi jMuj i1 j F=TFFLNthkh?

nfgshd %dwhk tijimag gadglLjj ,ejJRwWg ghijayd Muj i jFf=fhlyhk
ap* 3
T?= Rc+h

E
_GM._T?
s

1/3

Re +h :gGME;rZE
e 4p° ¢

cad eiwMuk kwWk RwWFfFhyk T (= 24 k=)= 86400 tdhbfs) Mflatwwd
kjigGFasgujiallLF=FhHlh d k319G 36>000 kmvdf H IFhwd.
,ttifJizfNfhsfs Gueinyj Ji=z=fNFfhsfs (geo-statinary satellites) vdggLfidwd.
Vnddwhy GtiayyiUeJdghhfFk Nghd , it eimyahf ,UggJNghyj Njhdwk.

(Re +h)’

,ejlahnrajinghlhGfFg gadgLjJk Ctieiyj JizfNfhstshd, drhl
(INSAT) Tt I zTNfhsTs mbggilayy Gutieliy] JizTNfhsTis. Goad
guggyiUeJ500Kjy 800 kmcauj jiy

CasdtlifF-njwFpinray kwnwhUtifJsz=zfNfhsfs RwwtUfidwd. Gthaadd tl-
ngd JUutqgfs Nky nryYk RwWgghijay GtiaysdRwwtUk ,ttifJs=fNfhsfs
Juty JizfNfhsfs vdggLfidwd. JUutjJds=zfNfhsfsd Rowrnfhyk 100
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eklqgfs. vdNtxUehsyy gyK 1wGta s dRwwtUHdwd. XURwwdNghJdGtiaud

tlJUutk Kjy njd JuUutk tauxUrwaelyggug ag(Strip of area) flednryYk. mLjJ]j
Rwwid NghJINtWeyggugGgFjiNky FlednryYk. Vnddwhy Kjy RwWfhymsty
GahdIxUrwaNfhzmsTRodW , UFFK. , tthWmLj jLj jRwWfsid %yk
JutJd i zfNfhshdIdGtad KO eyggug i gAk FITFKbAK.

viladiknghUsid vil:

Goay cssxtnthUnghUSkGtad <hgGt)i rahy ftuggLfidwd.
‘m’ejiwc 1 langhUsid kJdnraygLk <hggay tarmgMFk.
, tirahdJvgnghOJINkfFoNehfFRAKGtiasd 1 kak NehffiIAK nrayglLk. jiuad Nky
ehk ewFk NghJekkd ,U tirfs nraygLfidwd.

xdW>FoNehffinraygLk <hgGty rkwnwhdWj muayudhy ekkJnrYjjggLk
NkyNu(.ahffpan rqFjJdtier. ,toirNaekikxaTeryay 1tjjuffiwd. xUnghUsid
vilwMdJfoNehfhatarahFk. ,ejvilad v= KkjigghddmgnghUasjiuirag
nghWjyJdxaT-

e nyaNyhmyyJdkhwhj jia rNEF giNyha € JiUFFNryY j jNt=zbaNkyNehfhatia rad

vz KkJjogGfFrkk MFk. vilad jiirAkGtiahgttarad jjiaraNyNaFwffggLfwd.
vdNtxUnghU i sj tuayy xaTenyay
1) yuUffjrvahdI'mgmsTsstirialNkyNehfFAnrY jJfwd.

vdNtvilad vz KkKjg6W = N = mg MFk vilad vz KkjgcmgMf
,UejhYkvi lAk nghUsid kJnrayglLk <hgGtiirAk xdwyyvdgi jehk Ftdjjy
nfhssNt=Lk.

kd cahjjifsyy Njhwwvil:

kd cahjj ,aqgfMukgfFk NghdkeWjjggLk Nghdk kid cahjjiabDs ,Uggthfs
XUFYgfiy(lerk) czhthhfs. Vvd mtthWefofwd? ,ejefortustFejwPvilad
fUjjhFFj i jChednfhsSjy KffiakhdxdwhFk. foff=zl #oyfs)yy xUkdijh kd
cahjjay ewhfidwdhh vdt.

kd cahjjiayy ewFk kdigh kd ,U tirfs nraygLfidwd.

1. foNehffinrayglLk <hgGtymr. ehk nrqkFj Jujpi ra .i dNeh
mrRjiarvdvLjIfnth=lhymejkdigh kdnrayglLk <hggay tirFc-mgj

kid cahj jad “ Ijsjjpdhy kdj kJdnrYjjgglLk
NkyNehfhanrgFJIJtiarN =N j

gfoT()kid cahjjxaTeiyay cssNghd

kdijhd KLFfFk RoMFk. vdNtkdijh kdnrayglLk nkhjjtiirAk RoahFk. eA11dd
,uzZ Ihk tjiggb “
Fo +|N :(I)
-mgj+Nj=0
ntflh $WFEsxggllhy ehk ngWwtJ
N -mg =0 (myyJ)N =mg
vdNtvi IW =N vdgjhykdijhhd Njhwww i Imthd c=ziakvilfFr rkk.

efoT (i) kidcahj jiNkyNehFRKLFFggLk NghJ
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I
Nky NehffaKLfFjJdld (a= a%) kd cahjjy ,agFfwdvdy jJiuiag nghWjJd
(ernykF Fwgghak) eAllldid ,u=zlhk tjinagadglLj jidhyekfFHn lggJd

gadngjpdhy>ekwafpi IuggJ .
Fec+N =ma
NkwF=z Irkdghl s InrgFjJjiiraad myFntflhfisgadglLj jivOJINthk.
—mg§+ N§ = ma?
ntflh $WFiEsxggl
N=m(g+a)
vdNtkdighd Njhwwv i Imthd czikviliatglmjifk

efoT(iv)kid cahj jrfoNehfHKLFFggLk NghJd

I
kd cahjjiahdJIfoNehfHaKLFFJJIId (a= —aﬁ) ,aqFfwJdvdy eAlldd ,u=zlhk
tpjpiagadngjpehlﬁl ngW.tJ .
Fec+N =ma
NkwF=z Irkdghl i InrgFjJjiarad myFntfihfisgadglj jivOJINthk.

myFntfihfisgadglj jivOINthk.
-mg§+N{ = -ma§
ntflh $WFis ,UGwKKk xgglehk ngWwtJd
N =m(g-a)
vdNtkdighd Njhwwwv i I{W =N =(m(g-a)} mthd c=zikviliatulFiwT.

JINdfNotjOk nghUsfFsid viladik:

JhNdfNot Ok nghUsfs <hggay tariaklLNkczhfidwd. jiladwjhNdtoOtjhy
miatvejgugGIDk njhlhG ,yyhky cssd. (fwwd cuhaTtiarGwff=zFfgglLfwd).
vdNtnghUsid kjnrayglLk nrqFjJdtirRoahFk. nghusid foNehfflaKLffk Gtad
<hgGKLFFjJwFr rkk. myhtJa =g vdNtrkdghL ,UeJ

/ N=m(g-9)=0
,jJidNaviladirkesyvdfilwhk. kd cahjjfo NehfflaKLffk (a
1t OkNghJkid cahj jjad csNs , UFFK
viladikegiyitamyyJdjhdhfNtfNotjOk ey mac=zhthh.

vy=zntsf fyjjiy viladik:

GCumraRwwtUk tzntsffyjjly csstizntsjituhfs kJvtyj<hggay tirAk
nrayglhJdvdwxU jtwhdfUjJdeyTfwd. c=zikay Gtiaad gugcFFmUNFCtiavi dtyk
TtUk tzntsifyk Gtad <hgGu i rfFclgLkl. mN j <hggiay
tiriatzntsfyjjiy csstzntstuhfSk czhthhfs. ,jd fhuzkhfmthfs
fyjjd jiu kdvtygjuiriaAk nrYjJdtd ,yiy. vdNtfyjjd jiuAk mthfs
kdvtgjnrgFjJduiraiaAk nrYjJdted ,yiy. MINttzntsfy]jjly csstuhfs
viladirkenyay cssdh. tzntsituhfs kKILkyy. t= vijy
cssmidjInghUsTSk viladikeiyay cssd. , J 1djhdhffNotiOk
eliyAld xgglyhk.

thdiay gwwambggi I fUJIfs;
kdjjFytuyhwwy Njhdwakfg gioamwtiay ghTthdiay MFk Kwrhyjjy

,awgayy ,UedghjJdg ghhffKbahjgFjjahfthdiay ,UejJd. 16 Mk Ejwwh=zLtru
,awgayly thdayd ggfsigCkifmjyifk.  — gghhFF>mh ] Thhf]>jhykpNFfhghef ]
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kwWk  m INfhguhN =  M¥FNahhfshy gy EwwhzLFfshfjullggllthdiay jJuTfsd
mbgg i layy jhd nfgsh Ty frsSk eAilldid <hggay 0 fSk
cuthffgglld>cWjyinraagglld. 1 INFhguhN — - td thdiay JuTfs
cjtadwnfgsh tjfs cuthfhi ,UFffFhJd. nfgsh tjfsd cjtadweAlld
<hggay tjimacuUthffi ,UfFfKbahJd.

ghiMukgjjry  Nfhghef Jid #ha ikaf nfhs 1 fahdJ jhykad cunkafF
nfhs i FFFgjiyhfmikejJdvdgghhgNghk. vdNtGtiakaf Nfhlghlbd Fiwfisehk
gFjjhaedtistFtJIKfhakhdjhFk.

Guikaf nfhsifAK - #haidkaf nfhsifAK

nghlheJdrnykhjqfSTF , Uty ntWwqf=fshy Nfhsfsd
, affgf 1 scwWNehffiNdhk vdly NfhsTs fiofFjiirayy
gaz|jJdgdGgdNdhfiNkwFjisrayy ,aqfik=zLk fiofFjiarasy gaziggijfh=zyhk.
, JWF*Nfhsfsd gdNdhfF ,affk’(Retro grade motion) vdWngah. nrtthad
gdNdhfF ,affjijfh=yhk.

Xh Mz=zLfhyjjwFnrttha Nfhsid ,affj 1 jcwWNehfFk NghImJIKjJyly
fiofFjiarNehfR(gguthKjy [{d) nryYk. gdGgdNdhffy ([{myMf]JLnrglkgh)
nryYk. gwFmfNIhgh Kjy kzlLk fofFpiiray nryfwd. Kwfhyjjyy thday
mwQHFs =z ZfFGydhFk miadjINFhsfsd gdNdhfF

affj 1jogjTnradmjidusfTffKawrinrajdh. #had kwk midjINFhsTfSk
th 1 aikakhff nfh=zLtllgghi jayy RwwitUfidwdvdmh ] Ihlby $widhh.
mtthwtlligghi Jasy Nfhsfs ,aqfidhy FWHafthyjjwFvd Nfhsfs gdNdhfh
,agFfidwd? vdgi jtistfKbatyyiy.

vdNtjhyks ,ejctuikaf Nfhlghby’ngutlljjid Nky m 1 KAk
rwtl IrRowr)”’(Epicycle) vdwfUjjimdKdnkhoejhh. ,FFUjjidgbctaundf Nfhs
tllg ghijay RwWk mNjNtisay kwWk xUtllgghij ,affjjwFk csshFk.
mjwFngutlljjid Nky m 1 KAK nwtl lIRowrvdg ngah. tligghijay
GayidRwWk ,affjijAkngutlljjd Nky mikAk nrwtll ,affjijAk
xdw § ZzTFk NghJdGtiasa dxUnghU j INThsTsgdNehfHinry tJINghyNjhdWk
,affjgajjutwd. mh ] Ihlbyd Goakaf fUujJdld ,affjijjhyk , i=jjhh

Mdhy jJyhkiaid ,ejrwtllr RowrgstfkhdJkfTk Ffbdkhf ,Uejd. 15Mk
Elwwh=zby NghyeJdehlLthdiay mwQh NfhghelfF > ,ejrnffiyvsiaKiway jhfFk
tjkhf #ha wkaf nfthsiftiaKdnkhoejhh. ,fnfhsifggb #ha FLkgmikggd
1 kak #haNd. miadjINFhsTSkK #handr RwwtUHidwd. Ctandr
rhheINfhsfsid rhhG ,affjjid fFhu=zkhfNfhsfs “gd  NehFHnrytJNghdw

,affj 1 j’(Retrograde motion) ngWfidwd. #ha w©1kaf nfhsifad mbggilay
Nfhsfsid ,ejgdNehffinrytJNghdw ,affk fhllgglLssJ.

GuahdJdnrttha Nfhistultiuthf #haid RwtUFfwd. GCfFk nrtthaNfthSTFk

, 1 INaahdrhhG ,affjjd (Relative  motion) Fhuzkhf[{iyKjy  m¥NIhgh
tiunrttha Nfhs gdNehfFfinrytJINghyNjhdWfwd. ,NjNghygwNfhsfsid gdNdhfF
,affgfisAk Nfhgh efjid #ha ikaf nfhsifahy tsffKbejJd. ,ejvsiik]
jdikad Tfhu=zkhfNt #ha ikaf nfhsifeoikaf
nfhs 1 FFFgjiyhfgbggbahfVwWT nfhssggllJ.
,aw i FefoTFSTFxdWTFFNkwgl ltsTfgfs JuggLk
NghJ>vsii kahd tisTiNkmyyJkhjhNanghd thfvwWinfhssggLk.

NkwSwafU j IkILkyyhD jhykaud nths i TTFgjyhfNTthghe T} nths § FVWWT
nfhssggl ljwfhdththdtgsffj i jthdiay Elyfs)yy fh=zyhk.

nfgshd %dwhk tjjAk thdiay njhiyTFSk:
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nfgsh jdJ %dWtjFisAk JUtigggwF i INfFhguhN ~ ©d thdiay
JuTFfasKOirkahfg gadgLjjidhh. jdJ %dwhk tjay #HhaDfFk NFhSTFk
, 1 INaahdnjhiyTFFkNfhsid RwWF ThyjjwFk cssnjhlihgadjutjjhh. thdiay
mwQhfs tbtiay kwWk KfNfhztayid cjtAld xUNFhiSTFk #haDfFk
, 1 INacssnjhiytidGtufFk #haDfFk , iINacssnjhiytd (thday myF)
klgfhff f=zlwejhhfs. ,gF #hadyiUeJd Gjd kwWk ntssjad
nghayTf=zlwagglltjjijfh=Nghk. GjJd kwWk ntssNfhsfs ccs Nfhsfs
vdggLfidwd. GkiaryiUeJghhFFKNghJ #haDTFk ntssit NFhSTFk
, 1 INacssmjifglrNfh=zk 46°MFk. mNjNghyGjd NFhSTFk #haDTFk

, 1 INacssmjfglrNfh=k 22.5° MFk.

Gumag nghWjJdntssifNfhs ngUkel e myay
#haDfFkntssfFk cssNthlLfFkontss TRk GkfFk cssNThlILFFk
, 1 INacssNfh=zk 90°MFk. ,jd %yk GufFk #haDTFk
, 1INacssnjhiyTfth=zyhk. GofFk #haDfFk cssnjhiyTxUthdiay myF(1
AU)vdWvLjIT nthssyhk.

(46°)cssNghd»

JihNfFh=zk jinfhs 1 fggbcssnrgNth=zKTNfth=j jiy

sinq-L
R

,QFR=1AU

r =Rsing =(LAU)(sin 46°)
sin 46° = 0.72vdgjiyiledntss) #hadyiUeJd 0.72 AUnjhiytyy
cssJdvdfz=zfhlggllJd. ,NjNghy 06 = 225vdgujialLGJDFfFk #haDfFk
cssnjhiyT0.38 AuUvdfz=zThlgglld. ntsifNfhsfshdnrttha kwWk tahod

NghdwNfhsfsid njhiythdIrwWkhwgl I K swayy f=zlwagglld. #haDTFk
NFhsFSTFk cssnjhiyTfs jugglLssd.
3

nttNtWthSfofhd_?—z

NfhsTs

RwWggh § j Muk
(a)

RwWEfhyk T
(ehlFs)

A3[T?

Gjd

0.389 AU

87.77

7.64

ntss)

0.724 AU

224.70

7.52

(€} ul

1,000 AU

365.25

7.50

nrttha

1.524 AU

686.98

7.50

tiahod

5.200 AU

4332.62

7.49

rd

9.510 AU

10,759.20

7.40

,» Jiyidednfgsh

Yjiar

Chayd Mujijmsjjy:

T.K. 225 y mNyf Jh=zlhah(Alexandria) ttyy thoejfiNufFf E}yfth wvulNIh]jdi]
JwNghJdetdKrwayy
, KkjigGHRllj 311 JyyiakhfmikedssJd. vulNIh]jd]
,dWcahejnytFggy nrhyyij juggLfwd.
,affjiarnakhwwk ehs)
(Syene)ethy #ha xsieoy VwgLjghajf F=Ilhh

(“EratosThenes™)
Tz lwaggllkjigGld xggl
gadgLjjaf=zffILFFENJ 1 tahdT=zjk
NFhal #ha JUgCKTe1yay
ezgfyyy i1rd

Guad

rhighhffcaheli yg
KfNfh=ztay fUjJIFFfNsNghdkhd i tvdgJdedFnjhfiwd.

Muj i jJKjd

#had jd

Kjyy

gssjay

fwFk tbtay kwwk
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irnad efhwyiUed 500 §1ky njhaytyy cssmnyf]jh=zlhahefhy nrgqFjJj
JinrfF7.2°rhathf #ha xseoy tOfiwdvdf F=1hh

vdf f=1lhh
7.2 bFhNtEWghLVwWgl ¥ fhuzk Gtiavd NkwgugGt i seJfh=zggLtNjvdc=hejhh.

L ejNFhzk 7.2°:%Nubad

ird kwk mnyfrhzbhahefUTF , i INaahdtlltyyyd esk Svdf.
NkYk Gtiasd Muk Rvdy

S=RO =500 iky

Gtad Muk R:@ iky

q
500 _

R= 216 iky
§87
R =4000 i ky
1 mky =1.609 km. vdNtmth Gtasd Muk R =6436 km vdf f=zTHllhh. tlaggs/FFk
t=z=zk ,kkjigGywNghdf=lIwaggl lkjigghd6378 km FFkifFmUNFcssJ.

Mk  Ewwhzby  fINuFfehlLthdiay mwQH T 1gghhfFF] GufFk eyTFfFk
cssnjhiytindf=zlwejhh

tagGlLk thdiay czikfs;
1. rejufuf=k kwWk Gtad, eoyid Muk mstLjYk

2018 [dth 3PmdW KO rejufiuf=zk emlngwwi jjkiofk clglgy ,lgfsy
cwWNehffiggiTnraaggllJd. eyhGtad eonyf FIFfFkNghd> ,gGtiejoyd
Muj § JmstlLnraayhk.

Gutad fUeoy gFjialy eyhcssNghdritgGewj jiy ewyhnjhAk. Gtiaod FUeoy
gFjiasndulLeyyhntsiNawac INdmJg 1 wely TNghyNghdWk.
mtthWeyhntsNawk NghdGtfFUeoyid NjhwwMuk kwWk eyhtid NjhwwMuk
MfiatwiwmsTfyhk. gdGmtwwd JFTF=FRlyhk

eowglj iy Gtiasd FUejoyid NjhwwMuk (apparent radius) = Rs=13.2 cm
eiowglj Jiy eyhtid NjhwwMuk (apparent redius) = Rm=5.15cm

,ejMugfsid jfT% »2.56
Goiad fUeoyid Muk Rs=2.56 x Ry,
eyyhttd Muk Rm=1737 km
GufUegoyid Muk

R, =2.5671737km@ 4446 km

Muj Jid rhjahdmsT= 4610 km

f=zfflby rjtjg gio

= M' 100 = 3.5%
4610

cahgwd njhayNehffi %yk glgfs vLffggllhy gioad msTFiIwAk.
vsiafzjgnrayghlbd %yk ,ejf=zfflLnraagglLssJdvdgdfedffjjffd.
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rejufuf=jjd NghJdeyhtid kJtOk Gtoad eloyid
tbtj i jcwWNehfRiGtahd INFhsTtbtKi ladvdthday mMwQHFs
ntFfhyj jwFKdNge&gj jdh.

xtnthUkhjKk #ha fufzk kwWk rejufuf=zk ,uzLNkNjhdWtjy iyvd?
KO eyTehsid NghJdeytid RwWgghi JAKk Gtiavd RwWgghi JAK XNujsjjiy
mikejhy rejufiuf=zk NjhdWk. mNjNghy mkhthirmdWk miukejhy #ha
fuf=k NjhdWk. Mdhy eyhtid RwWghi jahd JGtiad
RwWgghi j j jsjjiyiUed5 rhaeJfth=ggLfiwd. ,ejb’rhaTcssjhyyM=zbd
xUFwggil 1 thy J Jiy KILNk #Hhad>GtkwWk ey TMHia 1 ©xNuNehNFhlby
m 1 kfidwd. mtthWm i KAk nghOJk I LNk , k%dwd e iyandg
nghWjJrejufuf=NkhmyyJd #ha fufz=NkhvVwgLk.

. Ggayy gutthyqfs NjhdWtdvd?

#hand Gtestligghn jay RwWHwJ. vdNt #haDTfFm= 1 kayy
GticssNghdINfFhe 1 Fhy Kk Nra s kayy cssNghJFshfhy Kk
NjhdWfwJ”vdgJdjtwhdfUjjhFk. cz=zirkay Guahdd #hard  235°
Nfh=zrhaTld RwwtUtjhNyNagUtfhyqgfs NjhdWwfidwd.

23.5°rhattd TfhuzkhfGtiaud tiINfhsggFj#haDTF ntFnjhiyty
cssNghJdGroad njdNfhsggFj #haDTF muUfy m 1 KAK.
vdNttiINfhsggFpaty FshfhykhfcssNghdnjdNthsggFjiary Nfhia I FhykhF
» UFFK.

t=zkdd Njhww ,affKk Gtiasd RowrlAk:

,UTNeugfsiy t=zkdfs efhtINghINjhdWt® jcwWNehFFEjd %Yk
Gjdiidj jhNdRoyfwdvde&gfFfyhk. Goad
JwRowrfhuz khifiNtJutg=zk s dkwwtizkd fs tligghi jay
RwwtUtJINghyNjhdWHfiwJ

Gtiaad RowrimrRTfFNeuht Jut t©=zkd mikedssjhy mtuo=kd
ernyahd ghfNjhdWfiwd. Nghyhh ] tt=kd (Polaris) JUttt=kd MFk.

thdiay, kwWk <hggiayty: rkgjjiatshrrfs;

19 Mk Elwwh=z Lt muthdiayhdJIntWk f=zfshy myyJdnjhiyNehffo%yk
cwWNehffggLjmyrhhed ,Uejj. 19 Mk Ewwhzbd Kbty kdfhejmiyfsid
ewkhiyf=zlwagglITld gugQrjijg gwaekJGhjy ngUkstyy mjyifhjjJd. 19 Mk
Ewwh=zbd ,Wpayy Vwgll ,ejtshrrnahy eAlldd <hggay tjahy nyefoTfs
kwwWwk KuzghLfististffKbatyysyvdf=zlwaggllJd. <hggay Jiway 20 Mk
Ewwh=zbd kfr rwejnfhsiffsy xdwhd“nghdrhhgay jjItk’Myghl 1d]Bdhy
cUthffggllJd.

,Ughjk Elwwh=zby thdiaYk <hgga'Yk xdwi =zejd. NkYk
gyklgFtshrrmilejd. t=zkd NjhwwKk kawTk
vtthWvwgLfwJdvdgJdedFGhednfhssggl13. thd , awgay kwwWk  <hggay
Jiwfsy ,ejia ,awgay mwQHFfs KffagqfsigGcfs ms)j jiuffdwdh.
TUeJ 1 skwWk tv=zkdd kawTgwwanths 1 faji dRgguk=jad rejuNrfh
cuthffidhh. , jwfhf 1983 ,y Nehgy ghRngwwhh. ,ejiathdiay mwQHFSs)Y
Fwggl j j FreuhdNkTehl rhfh(Meghanadsaha) t=zkdfsy en IngWk
madiahtfjjwFcharkdghl s 1f=Lgbj ghh. ,Jrhifhbd madiahffr
rkdghL”vdggLk. ,rrkdghLttzkdfastiafggLjjcjTfwd. mky Fkhh nrsjh(Amal
kumar Ray - Choudhuri) cuthffia“uha - nrsjhrkdghLk”<hggay
JiwfFFkfrwejggfsigghFk. ,dndhUKfHa ,ejiathdiawgayuhdnaej . ehyrfh
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(Jayand V. Narlikar) thdiawgayly KdNdhbahdgygqfsigéfisjedsshh. NkYk
thdiay kwWk thdiawgay gwaMhtjijj J}=zlLk E}yfs gyvOjAsshh

IUCAA (Inter University Center for Astronomy and Astrophysics)vdwMuharrewtdk
Nguhrimah n[aej t. ehyjfuhy Mukgffgglld. ,eewtdk %yk thdiay kwWk
<hggay JiwfFsy gyNtWMaTfs einlngwwtUfidwd. kh=zthfs ,jJdiwfsy
VwglLsstshrrfs gw E}yfk nrdWNkYk mwednfhssNt=LKk.
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11™H , awgiay,
myF 7
gUgnghUsid g=zGFsProperties of Matter

mwKFk:

cyfjjiy css goikahd mizfsy xdW jiUrnayy mikedss fyyiz=z MFk
fyyi =z fthth Mwwd FWFNF ghrdjgwfhf FlliggllJd. fhithh Mwwy mjif ntssg
ngUffdNghd ehd Ntfk nghdthf kf mjfkhf ,UfFk. fyyizad
cWjjjdikAk mjd gadghLk> ,jid 2 Mk Ewwh=zbNyNa tbtikjj jkohfsid
csSzhTss mwtay Ghjiy ntsiggljIdfwd. Kwrhyjjd mwTg Ghtkhd
FILkhdgFfSTF kwnwhU cjhu=zk vHgjly css gukiLfs MFk. jwrhyjjiy cyfk
KOtJk Nkkghygfs kwWk ghygfs Vuhskhf cssd. fduf thfdgfsid
,affjjhy> ghygfs vgnghOJk jJEfTfF clgLfidwd. jFjahd nghUstisT
nfhzL Kiwahf tbtikffoysy vdy ghygfs kwWk Nkkghyqfs cWjaht
,UFfhJ. gUgnghUsid gyNtWw tbtgfis (Ji=zkk jutk kwWk thA) Ghed
nfhstjd %yk kdjj ehfhf tshrrn mikedssJd.

gUgnghUsid g=zGfist fwgd> xU Fwggll gadghlbwfhf vejy xU nghUirsAk
NJhT nraa kfTk Njsitahd xdwhFk. cjhuzkhf nghoyElgjjly t=znts)
gadghLfs)yy gadgLjJk nghUsfs vil FiwthdjhfTk Mdhy cWjpahdjhfTk
,UFFf Nt=zLk nrawsf kd)jj cWgG khwWk efoTfs)y gadglLjjggLk nghUsfs
JpR , ZzFfkhdjhf UFF Nt=zLk kUjItjjy TyphaffF nhrir Kiwfsy
JprfoF khwwhf nrawi f cly jutgfs gadglLjjggLfidwd. ghakgfs
caTgnghUshfg gadgl mit ny g=zGfisft nfth=zbUFfFf Nt=Lk ,ej Nghayhd
g=zGfs> gUgnghUSTF csNsNa eilngWk Ezza efoTfshy KbT
nraaggLfwd. ,ejJ myF jizkgfs kwWk ghakqfsid g=Gfs kwWk gUgnghUsid
nrayghl i I¥ 1 fahSk tjfis tsftFfiwd.

gUgnghUsid gyNtW eiyfsid Ez=ja Ghjy:

gUgnghUsid gyNtW tbtqgfshd jil ¢c=zT> jutkhd eh kwWk ehk RthrifFk fhwW
Mfiait flej gyyhauk MzLfshf mdwhl thofift Kiwayy ghrrakht ,UejhYk
Jizkgfs jJutqfs kwWk tTthAffsid Ezzja Ghjy 20 Mk Ewwh=bNyNa
ewtgglld m=zljjiy css midjJk mZffshy Mdit. mtthWw ,Ufbvd xNu
nghUs %dW eiyfsyy cssJ? cjhuzkhf euhdd jilkhd gdpfflb> Jutkhd eH
kwWk t€thA egiyay euht Mha %dW emyfsy cssJ. gdfflb eh kwWk euhty
Mfiast xNu tirfahd mefshy cuthfidwd. mjhtd ,U i1  Iu[d mZffs
kwwWwk xU MFf[d mZ Nrhed xU eh %yfSW cUthfwd. ,ej ,awifad moif
Ezz=za klljjiy Muha ,awgay ekfF cjTfwd mZffs myyd Dy fEWFSTF
,1INa css njhiythdd mJd jizkk jutk myyJd thA Mfiatwy vej
eiyay cssJ vdgijj jhkhdfFfwd.

J1zkgfs;

Jizkgfsyy mZffs myyJd %yf$Wfs ,WFFkhf nghUjjgglLssd. jJi=zkk
cUthFkNghd mZffs gyNtW tifahd g=gGfs %yk xdwhf gi=ffggllLssd.
MZTFFSTF i1INa css plgsd fhuzkhf mit xU Fwggll mZuil
njhiyty thfstht eny nfhzLssd. gizffggll eiyay css mZffsd
,eJ emyahdd mZffsid eLeny vdgglLk.

Jutqgfs;

JizkgnghUSTF ntggk Nghdw vey Gw MwwYk msiFfgglhy Nghd mZFfFSTF
,1INa css gizggd fThuzkhf mJ3 njhlhed  JizkkhfNt » UFFk.
ntgggngjpdhy JiZzkjjJiy css mZffs ntgg Mwwiyg ngwWw mtwwd
eLeiayfos ngWwWjyd mjhTwhdwd. Jizkkhdd mjd cUFeiayfF Nky
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ntgggglLjjggllhy> ntgg Mwy mZffsd gi=zgig KwjJdtLk kwWk ,Wpahf
mZffs Nghdkhd Mwwiyg ngwW Rwwj JihAk. ,eeiyaYk %yfFEWFSTF
(myyd mZffSTtF) ,i1lNa css tirfs Kfhakhdjhf mikfidwd. Mdhy
%yfHEWFs Nghdkhd MwwiyFfnfh=zL efhtjhy ,jd tbtk ,aqff S$bajhf
MfiwJ.

thAffs;

xU jutkhdd khwh mOjjjgry mjd nfhjiernyfF ntggggljjggl IhNyh myyJd xU
khwh ntggeiiyay mjd mOjjk FrwffggllhNyh mJd thAthf khWwk. jutkhdJd
thAthf khWk ,ejr nray Kiw Mtiahjy vdggLk. thA %yf$EWFs kfTk tYtww
gizg6efist nfth=zbUfFk myyJd gi=gGfNs ,UffhJd. vdNt thAthdJd mjd
nfhsfydd tbtjjwF ,=zqh thtiled nfhsfynsd eugGk ji=zkjjiyiUed jJutk
kwWk jutjjiyiled thA enyfF Gw Mwwy khwghlLld emykhwwk maltijg il
tiuglkht fh=zgffgglLssJ.

gUgnghUsid %dW ,ayG enyfSld (Jizkk jutk kwWk €hA) NrhjJ
mjj #Hoemyfsyyr gugnghUshdd gw emyfshd gsh ]k Ngh] - 1d]Bd
thAgg=zG Mfla eiyfsiYk cssJ. $Ljy eiyfshd Fthhf - FSthd
gsh ] kh Nghdw emyaYk cssjhff fTUjggLfwd. m=zljjiy cCss
mZffshy Md gUgnghUsid ngUkgFjiahdd ntgg gshjkhth® mhjhd
tzkd jus kwWk mihjjiahd tiIzkdfist nfh=zLssJ.

gAlldd ,aejuthaiyf Ffwgjiy (njhFj) 1) ehk nghUsfisg Gss) eiwfFshfNth
myyJ xOqfhd jizkg nghUsfshfNth (Css) eliwfsd njhFgG) fUNdhk. , 1t
,UZLNk ,ylna khjhfs. jJjizkg nghUsfs)y> nghUsfsid tbtjjly VwglLk
khwwgfs GwFFziffjjff mstwkF kffFiwthf ,UfFk. cz=ikahd nghUsfsy
nghUsid kJ xU tir nrYjjggllhy cUfFiyT VwgLk. cUFfFiytfFk tir
nrYjjggllhy nghUsfs vtthW khwwki lAk vdgij mwed nfhss Nt=zbad kf
KffiakhFk.

nghUsfsid klngg=G.

xU JizkgnghUsyy mZFffSTF ,1lNa css tirfshdd ,uzL myyJd mjwF
Nkwgll mZffis xdwhfg gi=zjJss) kwk mZffs cWjir rkenyffhd
,19fsyy mikejUfFk. nghUsidd kJ cUfFIygfFk tir nrayglLk Nghd
mZffs neUffkalfidwnd myyd tgyffkilfidwd. cUfFIytfFk tir
effggllTld mZffSTF , 1INaahd fTthrn myyJd tiyfF tair mZffis mjd
rkepayfSTfF kst nfhzL tUk. xU nghUshdd cUfFIytfFk tgir
effggllTld mjd njhlff tbtk kwWk mstisd ksgngwhy mJ klrgnghUs
MFk. kwWK ,99=G klrgg=G (Elasticity) vdggLk. nghusid msT myyJ tbtjij
khwwa tir cUFFIytfFk tir vdgglLk.

vLjIFfhILFs: ,uggh cNyhfgfs vw/F faWwfs.

kilnaww g=G (Plasticity):

XU nghUshdd cUfFiytfFk tir effggliTlid jdJ njhlff tbtk kwWk
msit ksg ngwtiysy vdy mgnghUs klrnaww nghUs MFk. ,g9g=G klnaww
g=G vdggLk.

vLjIJITFhIL: f==hb
JIFT kwWk JihG (Stress and strain):

JEFT:
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xU ©ir nrYjjggllhy mZffs myyJd %yfEWFfsid rhhG eiyfsy VwglLk
khwwj jidhy nghUsid msT myyJd tbtk myyd ,uzlLk khwyhk. ,ej
cUfFiyrt ntWwk fz=zz=zhy +th=z ,ayhtgllhYk mgnghUsiDs cUTfFiIyT
,UFFk. xU nghUs cUfFiytfFk tirfF clgLjjggllhy kstiir vdggLk
mfogir mjDs cUthfwJ. xuyF guggy nraygLk tier jsfT vdgglLk.

. _tmr_F

JuifT s= =—

gugG A

jifogd SI myF Nm2myyJd gh]fy (Pa) kwwk mjd ghkh=zk (ML1T2] MFKk.
JuifT xU nldrh (Tensor) MFk.

1. elnjj i fT kwWk rWfFgngahrnj, jJ i T (Longitudinal stress and shearing stress):
XU ngUist TUJINthk. gy wtirfs mikggy (nghUsyy) nraygllhy enswad
tkak khwhky ,UfFk. vdDk ,ej wtirfshy nghUs cUfFiyed mjdhy

mfgirfs NjhdWhidwd. nghUsid FWFFntlLggugé AA vdf CUfFlytpd
fhuzkhf AA ,d ,U gffgfsiYk css nghUsd gFj kaWk —dew

mfgarfis xdwWfnfhdW nrYjJdfidwd. tiria AA guggwF nrgFjjhf Fn kwWk
AA guggd njhLtiu paray F vdw ,U $SWFshfg gFFFyhk. guggd toNa
nrgfjJjjafT myyJd elnjjifT (on) MdJ.
S, = R
DA
vd tiauvawWffggLfwd. ,INghdNw guggd toNa njhLtiu JafT myyd rWfFg
ngahrrj JafT (o)

vd tiu awffggLfiwd.

elnjjafgsd ,OtuiarjjifT kwk mKffjjifT vd ,U tifahfg ghffyhk.
1. ,OUlrjjafT (Tensilestress):
AA ,d ,U gffgqfsiYk mfuoirfs xdiwnahdW ,Offyhk. mjhtd mJ
rkkhd vjnujuhd tiErfshy ,OffggLfwd. ,ej elrgjafT ,OturjjufT
vd muoffgglfiwd.

mKFFjj i Ff (Compressive stress):

AA ,d ,U gffgqfsiYk nraygLk tirfs xdiwnahdW jJssidhyy mjhtJd
mjd ,U KidfsiYk rkkhd vjnujuhd tiarfshy jJssgglbfwd vdwhy AA
mJ mOffFjjwF clgbfwd. jwNghd elnjjafthdd mKFFjjifT vd
m § offggLfwJ.

gUKj, JaFfT (Volume stress):

XU nghUsid kJ mjd guggy css midjJdg gFjifs)Yk guggwFf Fjjhf
tirfs nraygllhy Nkwguggy tiirad msthdJ guggwF Nehjfty miakfwd.
cjhu=zkh> xU jJizkg nghUshdd xU ghakjjly %wofidhy> nghUsd kJ

nraygLk mOjjk Pvdy vej xU gugG AA ,y nrayglLk ©ir
F=PAA

,gPF MdJ guggwF nrqFjjhf cssJd. vdNt XuyF guggy nraygLk tjir
gUkj g i fT vdggLfiwd.
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»J mOjjjjwFr rkkhFk.

JiG (Strain):
JhG vdgd t©ir nraygLjjggllhy xU nghUs ellggLk myyJd cUfFiIyAk
msthFk. nghUsidd mstiy rwa khwwk VwgLtij jhe §fahsfwd. mjhtJd
cUTfFiIyAKk msit jhée mstLfwd. cjhu=zkhP> xU ghkh=z efotly lesKss
xU fkgaaf fUJIT. mJ Alesk ellggllhy
- _ ghkh=z khwwk _DlI
JhG e= - =—
cz 1kahd ghkh=zk |
»J ghkhzkww kwWk myF mww msT MFk. jhghdd %dwW tiffshf
tiafgglLjjgglLfwd.

elnjjinG (Longitudinal strain):
lvdw esk nfhzl xU fkgahdJd rkkhd> vjinugh jiarfsyy nrayglk tiarfshy
»,OffggLk Nghd> mjd elrnjjhG

o = fkgay mjfhffFk esk _DI
' fkgad c=z ikahd esk |
elnjjhG ,U tifggLfiwd.

., OgurjjnhG (Tensile strain): ,ayghd mstyiUed esk
mjFhfFfggllhy mJd ,OtiarjjhG vdgglLk.
ii. mMKFFj jihG (Compressive strain): , ayghd mstyUeJd
esk Fiwffggllhy mJd mK¥FffjjhG vdgglLk.

rWfFg ngahrnjjihG (Shearing strain):

xU fd rJdujajf TUIT nghUshdd ,lIgngahrrn kwWk Rowr) rkejmyayy
cssjhft TUINthk. ,y ThlbAssthW fdrJduk cUFfFEyAkhW AD toNa F
vdw njhLttay wtiErma nrYjJINthk. vdNt rWFfFgngahrrijjhG myyJd
rWfFgngahrn (e,)

nva Nfh=z KjiggwkPtang »q
vdNt rWfFgngahrrij jihG myyJd rWFFg ngahrr

e, :%:q: rWfFg ngahrry NfFh=zk

gUKJJihG (Volume strain):

XU nghUshdd gUkjjifTFfF clgLjjggllhy mjd gUkd khWk. nghUsid njhlff
gukd jifTfF Kd V vdTk jifodhy ,Wj) gukd V +AV vdTk nfhsf gUkdy
VwgLk rwia khwghlsl mstLk gUkj jihit fof=zl1thW Fwgglyhk.

gUkjjphpG>ev=[z/—V

kiln vy iy (Elastic Limit):
cUfFIytufFk tirfs effggll gwF nghUshdd mjd njhlfF msT kwWk
thtjij ksg ngwf$ba jifoud ngUk kjigé ki vyiy vdgglLk.
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cUfFiytufFk tir kiln vysyra tl mjfkhdhyy nghUshdd eueju
cUfFiyrt milAk. cjhuzkh® ,uggh glal kf mjyfkhf ,OFffggllhy mjd
klngg=ziag ,offwd. mjd msT khwtiLtjhy k=Lk gadgLjj jFjawwjhfiwd.

—{f tj) kwwk mjd Nrhjad Kiw rhghhgG

—{fujr "rmma mstyhd cUFfFiytw JifT  kwwk jhe xdWfnfhdw
NehtfijjJiy cssJd'. ,jid O vdw eiyahd Gssjayy njhgftilggll L eskKkA
vdw ruhd FWFF ntlLggugGk nfh=l xU nkyya fkgia elrnailar (RUstly
NghdW elnailAk) nratjd %yk vsjikahfr rhghhffyhk. TFfkgad kwnwhU
Kiday xU jlL kwk xU FwKs , 1 zffgglLssd. Tkgay cUthFk eln xU
nthdiah msTNfhy mikggadg gadglLjji mstilggbfwd. NrhjidayUed
nfhLffggll F vdw xU gStwF fkgayy cuthd eln AL MdJ mjd njhlff esk
LwF NehtgfgjjiYk mjd FWFFntlLg guggwF (A) vihtfjjJiYk €ssJd. F I X-
mrrYKAL - 1 Y- mrnYk nfh=zL xU tiruglk tiuvaggbfwd. mJd fThlbAssthw
MjigGss) toNa nryYk xU Neh NfhlhFk.

vdN
AL (rhaT) F
V = AL vdw gUkdhy ngUffTk> €tFFfFTKk nraa
E (rhaT) = 25pL
AL
khwwvja i KFF ehk ngWwtJ

A SrhaTy L
2DL§
L g
rkdghLfs kwWk xggll ehk ngwtJ
Spe
mjhtd kin vyiyay jifthdd jhGFfF NehthHjjjry cssJ.

F
vdN—
A M

JifT - jhG ttugglk (Stress - Strain Profile):

JuifT - jJhG ttugglk vdgd xtnthU 9SS kjggwFk jJafT kwWk JhG
mstlgglL jhaia X- mrnYk jafit Y- mrnYk nfh=zL tiruagghl xU tiruglk
MFk. nghUsfsd klrgg=zGfas jJifT - jhG ttuggljjyiled gFgghaT
nraayhk.

1. gFj) OA

-.eJg gFjiavy jufthdd JhGFF Nehjjftyy ,UfFk tifay jifthdJd kfTk
Fiwthf cssJd mjhtd — Ff gjfF clgbfwd. Gss) A MdJd tfij vyiy

vdggLk. vnddwhy ,ej GssifFF Nky — F tj) nghUejhd. OA Nfhlbd rhaT
fkgad aq F=zTk MFk.

. gFJ) AB
%ijfpthdJ kif Fiwthd msT mjyfhhFfggllhy ,ejg gFj) milaggbfwd. ,ejg
gFjiasy jafthdJd JhGFF Neujjfty ,yiy. Mdhy> elrn tyar effggllhy
fkgahdd mjd njhlff esjjwFj JUKGK. ,ejg g=G B Gssiasy Kbt Ifwd.
vdNt B Gss) gisTgéss) (kIn vymy) vdggLk. gafT - jhG tmugljjy
OBA MdJ nghUsid (,qF fTkg) klrngg= igf FwFfiwd.
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3. gFj BC
fkgahdd Gss) (B) fF (kIn vyiy) Nky ellggLkhdhy> jefT mjFhffiwd
kwWwk fkgahdJ elrn tir effgglLk Nghd jdJ Mukg esjij k=zLk ngwhd.

. gFj) CD:
Jifthdd C fF mgghy mjifhFFgglihy jihG kf iuthf mjifhjJd Gss) D 1
milAk. D fF mgghy fTkgahdd vej gSTk NrhffgglhkNyNa e=zL nfh=NI
nrdW Gss) E ,y Kwfwd. vej ngUkjjafewF (,qF D) mgghy Tkg
KwtalfwNjh mej jJifT KwTjjafT myyJd eln tyik (tensile strength)
vdggLk. mjwFha Gss) (D) KwTgGss) vdggLk. BCDE gFj; fkgg nghUsid
klnawwj jdikiaf FwFfwd.

kinfFF=Tfqgfs (Moduli of elasticity):

—{f gjayiled xU nghUs)y jifahdd kfrrma cUFFiytid Nghd njhihGila
JhGFFE  Nehtyfiyjy cssJ.  ,qgohlggFjiasy  ehk nfhLffggll nghUsid
kinfFF=zTjij trvaWwffyhk. %t f klnfF=zfqfs cssd.

1. aq F=zTk
2. gUkF F=Tk
3. wiwgGF F=zTk (myyJd rWfFg ngahrrf F=Tk)

aq F=fk (Young's modulus):

xU Ffkgahdd elbffggllhy myyd mKffggllhy ,Otiarjy jift (myyJd
MKFFjgafT) kwwk ,OwErjjhT (myyd mKFFjjhe) MAatwWFF , 1lNa
css tfjk aq F=zfk vd tiruvawffggLfwd.

_ > otirj JafTmyydImKFfjjafT
,Otnrg jhT myyJd mKFfj jhG
S, S

or Y ==L
E

e
aqg FzTjjd myF jifgd myNF MFk. vnddwhy jJhGFF myF ,yiy. vdNt
aqg FzTjjd SI myF NmZ2myyJd gh]fy.

kiln vyayfFs jifudhy A B kwwk C vdw fTkgfsy cuthd elrjjhcfs
gy ThllgglLssJd. rkkhd gS nrYjjgglljhff nfh=zL Ffkgg nghUsfsid
klng g=zGfis tthyffTk kinf Fzfgfis VWthiray vOJdf.

kilnf Fzfkhdd aq Fz=zfk MFk elrad fThuzkhf JifT ,Otirj
thfTk jhe ,Otiirj JhghfTk cssd.
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kiln vyiyfFs jJifthdd JhGFF Nehtfjjjiy cssJI ( {f ujpfF clgll)
Miafahy tiruglk NehfNfhihf cssJ. vdNt kinfFzTjirj (,gF aqg F=TK)
NehfNFhlbwF rhaT vLggjd %yk fh=zfhlyhk rhaitf F=Ffl ehk ngWwtJ

A ad rhaT >B ad rhaT >C ad rhaT ,jd %yk mwaggLtd
A ad ag Fzfk <B ad aq F=zTk <A ad aqg F=fk

,gF rhaT mjifkhft ,Uggd jJihG Fiwthf (esjjiy rwa khwwk) ,UFFk. nghUs

mjF gawgght ,UFFk vdN® fkg A - ,d klrngg=zG MdJ> fkg B kwwk fTkg C
,ad klrngg=ziagtl mjfkhfTk ,UFfFk. ,ej cjhu=zjjiyiUed ehkGhed nfthstJd

aq FzfTk vdgJd jJizkg nghUs jdJ esjij khww VwgLjJk jilad msthFk

10m esKss xU fkgahdJd 1.25 x 104 m2 FWFFntlLg gugagf nfh=zLssJd mJd 5
kg gStwF clgLjjggLfwd. fkgg nghUsid aq F=Tk 4 x1019 Nm2 vdyy fTkgay
cuthd elniaf f=zffLT (g=10ms?2 vdf nfthsT)

JhT:
E:Y’%
A L
vdNt cUthd elr

DL:&EEa&LS
§AZEY 5
_ & 50 o0& 10 0_,._
= =¢ il s 10+—104m

1257107 4£47107 4

gUkF F=Tk (Bulk modulus):

guUkjjafTfFk gUKjjhGFFk ,iINa css tfjNk gukf Fz=zfk vd
triuvaWffggLfwd.
K= Nra FJJ jifT myyJd mOj jk
gUKkj JihiG
nrqFjJj JifT myyJd mOjjk
F

s,=—=D
" DA P

QUKIIG ¢, =2
vdNt gUkF F=Tfk

rkdghL ,y css vjhfFwad nghUshdJd nghUsid kd mOjjk nraygllhy mjd
gukd FiwfwJd vdgijf FwffwJd. NkYk rkdghL FwggJd ahnjdyy xU nghUs
rva gUkF Fz=zTf kjgigfF nfh=zbUejhy mJ vsjht mKFfgglyhk. khwhf
gUkFF=zTk vdgJd Jizkg nghUsfs mtwwd gUk khwwjij vjhfFFk msthFk.
cjhuzkhPthAffs JizkgnghUsTistl vsjjhft mKFrgglyhk vdgij ehk
mwNthk. mjd nghUs thAffs jJizkgnghUsTSId xggl Fiwthd gUkKFF=T

kjigigf nfh=zlLssd vdgjhFk. K ,d SI myF mOjjjjid myNf MFk. mjhtJd
Nm2 myyJd Pa (gh’] fy)
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mKFFjjdik (Compressibility):

gUkFF=zFjjid jiyfo 'mKFffjjdik" vdggbk. mJ xuyF mOjj cahTfF
gUkdry VwgLk rwa khwwk vd tiruawWffgglLfiwd.

kijtzbad laUfF fhwW eugga cldmJ Nghdkhd msT cssjh vd ehk
mjid mOjjig ghhFANwhk. c=zikay ,qF NrhjjJJIgghhggd Fhwwd
mKffjjdikNa MFk. lauihdd mjd vsjjhd cUSjJYFF Fiwthf
mKgFtjhf ,UFF Nt=zLk

czikay kjtzbay ,yFthf ga=zk nraa gdgff lah Kdgff lanutl
Fiwthf mKgFtjht ,Ujjy NE=zLk

mKffjjdik:

thAffs Jizkgfi Fiwthd gUkF Fz=zfjijf nfh=zbUggjhy thAffsd
mKFffjjdik kf mjifk.

vLjIFFhiL:

100 cm gffjijf nfh=zl xU cNyhf fdrJuk mjd KO gffgfsiYk nrayglLk
ruhd nrgFjJJ twirfF clgLjjogglLfwd. mOjjk 10%gh ] fy. gukd 1.5 x 10-°mdvdw
msT khWghL miulejhy> nghUsid gUkfF=zfjijf f=FfLT

JhT:
tiuarwgg
F

- A _pV
“Tov oy
\
10071

= W: 6.67" 1010 Nm-2

yiwgef F=fk myyJd rWfFg ngahrrif F=Tfk (The rigidity modulus or shear
modulus):

rWfFg ngahrrjj jafowFk rWfFg ngahrryj jJihGFFk css thjk tiawgcFF=Tk
vd truawWffggLfiwd.
rWwfFg ngahrn gafT

h. =
" rWFFg ngahr rnf NfFhzk myyJd rWfFgngahrnj jhG

_ nghLtiu ©ir :i
mtoir nrYjjggll gugG DA
vdNt tiwgGFF=Tk

S
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NkYk rkdghL Fwggd> xU nghUshdd Fiwej msT t©iwgcFF=zTjnjf
nfh=zbUejhy mjid vs)jhft KWFfyhk. cjhu=zkhf> xU Ffkgraf fUIT mjid 0
NFh=zk KWFffidhy xU ks JjUgG twir cuUthfiwd.

mjhtJ

tpg
JugG tbir mjfnkdyy Ffkgia mjif Nfh=z msTFF KWFF  ,aYk
(rWfFgngahrnf Nfh=zk 6 mjifk). ©iwgGFF=Tk rWfFgngahrrnf Nfh=jjwF
vihthjjgy nghlhGu lajght , Uggjhy» tasgefF=Tk rwght cssJ.
giwgcfFF=zT3jd SI myF mOjjjjd myfhFk. mjht PNm2myyJd gh]Ty.
,fnfisaifoia rhtug GChednfhsSk tifay rny Kfhlakhd nghUsfsd
klnfF=zfgfs jugglLssd.
ny nghustsid klnfF=zfgfs Nm2 ,y

nghUs aq F=Tk (Y) | gUKFF=Fk (K) | Giwgef F=Tk
(101°Nm-2) (101°N m-2) myyJ rWfFg
ngahrnfF=zfk (ng)

(10:°Nm-2)

v/F 20.0 15.8 8.0

mYkidiak 7.0 7.0 2.5

Jhkuk 12.0 12. 4.0

» UKG 19.0 8.0 5.0

fz=hb 7.0 3.6 3.0

020 m gffjujf nfh=zl xU cNyhf FfdrJuk 4000 N rWFfFgngahrry tiarfF
clgLjjggLfwJd. NkwgugG mbggugigg nghWjJd 050 cm ,Igngahrrp mu Ifwd.
%l_\lryhfjjpd rWfFg ngahrnf FzTjajf f=FHLT.

mn

»,gF L=0.20, F =4000 N, x =0.50 cm =0.005 m

kwWk gugG A =L2=0.04 m?

vdNt rWfFg ngahrnf F=Tk

po=F-L_4000. 020 ooy o
A x 004 0005

ghanrha gfijk: _ _ _ _ _

ehk xU fTkgma elnailar nratgjhftf fUjidhy mjd esk mjyfhFawd. (eln).
Mdhy t©llk Fiwfwd (FWFFk) mJINghdNw ehk xU ,uggh glalma elrnanlar
nraghy (elr) m3d FwggljjfFf msT nkyyajhfiwd (FWFFk). mjhtJ nghUsd xU
Jiirayhd rhFiyT kwnwhU jJpiirayy rhFiyit cUthfFfwd. ,jid mstul
gugQr ,awgayhsh v].b. ghanrha vdgth ghanrha tfijk vd mioffggLk xU
thjjnj Kdnkhoye ghh. 'XgGu kF FWFfj jwFk (gFfFthIL] jihG) XgGuk
ththffjjwFk (eisthlLjjhG) ,1lINa css thjk' vd mJd truvawffggLfwd.
mjd FwalL p MFKk.

ghald ufjgk m

_gffehlLjy Jhe

~ esthlLj jihG

LesKk D gllKk nfh=z1 xU fTkgay nrYjjggll giaradhy ftkg elnanmlejhy
es mjifhgG IvdTk tlljjiy FawT dvdTk nfh=zlhy
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vjhfFwahdJ esthlby elrnAk gffthlby FWFFKk cssijf Fwffwd. NkYk
,J rk ghkhzqfisf nfhzlss msTfsd thjkhFk. vdNt ghanratfij
myfwwd kwWk ghkhzkwwd (ghkh=zkww vz) MFK. ny nghUsfsid ghanrha tfj
kjigGfs nfhLffgglLssd.

ny nghUsfsid ghanrha thjqgfs:

nghUs ghanrha thjgfs
»uggh 0.4999
Jafk 0.42 — 0.44
Jhkuk 0.33
JUggbftfhy v/F 0.30-0.31

v/F 0.27-0.30
thhgG , UKG 0.21-0.26

Thdfihl 0.1-0.2
fz=zhb 0.18-0.3

Emu gOR 0.10 - 0.50
Jjrif 0.0

kiln Mwwy, (Elastic energy):

XU nghUis elnailar nrajhy kstgyiarfF (mfoiar) vjuhf Ntiy nraaggLfiwd.
nraaggll ,ej Ntiy nghUsDs ki Mwwyhf NrkffggLfwd. ellgglhj emyay
L eskKk A FWFFntlLg gugGk nfh=l xU fkgmaf fUJIT. xU ©ir lvdw elnia
cUthfFghtft nfthst. fkgauxd kil vyiy jh=zlggltysy vdTk Mwwyly ,0dG

,Yiy vdTk nfhsf vd\Nt F vdw tiradhy nraaggll Ntiy fTkg ngwWss
MwwY FF rkkhFk.

Tkgahdd dl msT elnai lAk Nghd nraaggLk Nty
dW = Fdl
O Kjy | £tuu fkg elnanla nraaggll Ntiy
W =g Fdi
aq F=zTjjiyUed
F.L YAI

Y=—"—pF=1"
Al L

W = OIYAI i
L

0

nyhifalyy Ivdgd ntwW khw (dummy variable) vdgjhy ehk | vdgij (vyiyfsyy
myy) vd khww

1 12 A 2 .
W :(‘)l_dYAI |':E§I_2\l:ﬁl_:iaY_Alg| :1':]
0 L Lg2,% L2 28L g 2

W = %FI =kl ey Mwwy
XuyF gukdyy css Mwwyhdd Mwwy mihjj) vdggLk.
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Mwwy mlhj j)
1FI
_kln giy Mwwy _»
gukd AL

1FI1_1
S aT -, @ETTx jihe)

2 AL 2

2 m esKk 108m2 FWFfF ntlLg gug6k nfth=l xU Tkgay 980 N ¢S
njhqfolgglLssd.

i. Tkgasyy cuthd jafT

ii. JinG kwwk

iii. NrkifFfggll Mwwy Mfiatwawf f=zFfALT

nfhLFFggl1J. Y =12 x 1010 Nm-

JhT:

i § _F 980
' T A10°F

JihG 987107
Y 12710

=9810" " Nm™

i. jhG = =8.177107°
(myfwwJ)
iii. gukd 2 x 106 m3

Muwy’ :% (GEFT xjihe) xgukd b

%(98'107)' (8.17710%)" 27 10° =8 [fy

kInggzgd gadghLfs:

nghUsftsid ,aejuttay g=zGfs mdwhl thotyy Kffia ggF thffiwd. mtwwy
xdwhd klngg=zG flblgfsid J}=zfs kwWwk tllgfsid flLkhd tbtikgig KbT
nrafiwd. FILkhdg nghwavaiyg nghUjjtiu xU tbtikgG jhgfFfdba jiftd
msthdd Kjdikahd ghdfhgGy Thu=zjahFk. xU ghykhdd mjd kJ nryYk
NghfFtujjid 9 fthwwd tir kwK ghyjjid vil Mbhatwiw jhgFk tifay
thtrkffggl Nt=zLk kIngg=zG myyJd tllqfsd tisT vdgd flblgfs kwWk
ghygfsid cWjjjdikay Kfha ggfhwwfwd. cjhu=zkhf nfhLffggll xU
gStwF wlljjid tisitft FawfFfF mpf aqg F=fk (Y) kjigGss nghUirsg
gadgLjj Nt=zLk v/fid aq F=zfk mYkdiak myyJd jhkujaj t©l mjfkhFk
vdj njsiethfwd. ,Uke v/FFfF mbjjgbahft cssJd. vW/F fduf ,aejuqgfis
thtikffTk ,UkGFFkgfs TFlblgfs FfILtjwFk mjifkhf gadglLjjggLtjwF
» JINt Fhu=khFk.

v/it tl ,ugghjhd mpF klrAslad vdW ehk jtwhf endjJf
nfhzbUFffANwhk. v3 mjf klrngg=zG cilad? ,ugguh? v/fh? c=zikay
v/Fjhd myf klngg=zG cilad. v/F kwWk ,uggh ,u=zbd kJk rkkhd

(stress) nfhLjjhy v/F Fiwthd jhigNa milAk. vdNt aq
kinfFFzfk v/FFfFjjhd mjifk. aqg klInfF=fk vejg nghUSTFF mjifNkh

mJINt mjF klIngg=G (elacstic) cilad. vdNt v/F ,uggiu ©l myf
kingjdik nfh=1J.

ghakqfs (Fluids):
mwKFk;
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cyfjjiy midjJd ,lgfsjyk ghakqgfs fth=zgglfwd. Gt %dwy ,u=zlL ggF
eluAk %dwy xU gqF eyggFjiiaAk nfh=zlssJd. ,jidj jtu Ggahdd fhwwhy
#ogglLssJd. ghakqfs JizkgnghUsfsyy ,Ued Kkhwgllat. ji=zkj i jghNghy
myyhky ghakk tiruaWffggll Ra tbt] l_]f nfh=zbUfFfhd. ghakqfsy> jJutk
egiyahd gUkidf nfhzLk thAthdJd nfhsfydid KO gUkid euggAk cssd.

ghakjjid mOjjk
ghakk vdgJd mjdkJ Gwtiir nrYjjggllhy ghaj njhlgFk nghUshFk. mJ
nryjjggll birfFE kffFiwej vjhgigha msffwd. Fiwthd guggy tGir
nraygllhy mjd jhffk mjfkhfTk mjfkhd guggy FiwthfTk ,UfFk ,ej
TfUjjhdd mOjjk vdggLk xU msit cWjggLjJdfwJd. xU nghUshdJ xatpy
css xU ghakjjy (eh) %wofiAssjhff fTUJIF. ,eNehtty ghakk nghUsid
Nkwguggy xU tiirma nrYjJdk. ,ej t©ir vghNghdk nghUsid guggwF nrgFjjhf
cssJd. A vdw Nkwguggy nraygLk nrgFjJd tiirad vzkjgG F vdy XuyF
guggy nraygLk ©tharNa mOjjk vd truaWffggLfwd.

P:E

A

mOjJjk xU JINFfyh msthFk. mjd SI myF kwWk ghkhzgfs KiwNa Nm?

myyJd ghjfy (Pa) kwk MFk. mOjjjjd kwnwhU nghdthd myF ‘atm® vdf
FWpffgng fhwwOjjk MFk. mJd fly klljjy fhww kzlyjjpd mOjjk vd

g=zgsTfshd mlhjjp kwWk nglhjjp Mfia i tAk ghakqfspd ,ayig tpthpff
gaDssjhf cssd.

ghakjjid_mihjgy _ _ _

xU ghakjjid mihjjp vdgd mjd XuyF gUkDffhd eiw vd tiruawWffggLfiwd.
V' gukidf nfh=zL m egiwAss ghakjjid mlhjj p=m/V. ,jd SI myF kwWk
ghkh=zk KiwNa kgm3 kwWk [ML3] MFk. ,J xU NehfFw kjigéss JNFyh
msthFk. ngUkghYk jJutk mKffggl ,ayhj xdW vdgjhy TthwwOjjjjgry (1 atm
mOjJjjjy) mjd mlihjj; VwFFEwa khwy

mlhj jifsyy khWghLfs cssd.

xgglhjJ) (Relative density or specific gravity):

XU nghUsid xgglhjji vdgd mejg nghUsid mlihjjifFk 4°C y ehd mlhj jifFk
,1INa css thjk vd truvawWffggLfwd. ,J xU ghkhzkww NehfFw Kkjigéss
JINFyh msthFk. cjhu=zkh® ghjurjjid mhbhjj 13.6 x103 kgm-.

13.6 7 10°kgm™
1.0710°kgm
XU jJizkfNfhsk 1.5 cm MuKk 0.038 kg eliwAk nfh=zlLssJd. jizkf Nfhstjjd
xgghhjjinaf f=FALT

JhT:

mjd xgglhjji =13.6

Nfhsjjid Muk R=15cm
ermw m = 0.038 kg

NFhsFjjid gukd V= %pR3

=%’ (3.14)” (1.57107?)° =1.413710°m°

vdN® mlhjj)
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~m_  0.038kg
r= =T 2 10503
V 14137107m
vdNt Nfhsfjjid xgglhjji

:@:269

1000

=2690kg m"

Xatyy css ghakjjkgjjidhy mOjjk:

kiykd VWk xU kiyNaww tuh caujijg nghWjJd fhwwd mOjjk Fawtij c=u
,aYk erry Fsjjiy FjfFk xUth euggug6fF fNo Mokhf nryYkNghd ehd
mOjjk mjyfhiggej c=zhfwhh. ,ej ,U NehTfsi Yk kmyNaww tuh kwWk erry
tuh vjhnth=1 mOjjkhdJd enmyahf css ghakqgfsid ehk ejiy mOjjkhFk. ehd
Mojijg nghWjJd mOjjkl mjifhiggijg GHednfhss cUis tbhtiy css A
FWFfFntlLggugG nfh=1 eh khjihmaf FUJIT

hikwwWk h, vdgit KiwNa cUisad kllk 1 kwk 2 Mfiagtfs fthwW - eh
, 1lggFpayUed css Moqgfs vdf. kllk 1 ,y nraygLk foNehffla tir
FivdTk NkyNehfha tiir FovdTk nfhst. vdNt Fr=Pi A kwWk F; = PA
eH khjhad eiw m vdf FUJIF rkeidyay nkhjj NkyNehffia tir (F;) MdJ
nkhjj foNehffla tirahy (F1+ mg), rkd nraaggLfwJd. khwh® FoNehff nrayglLk
GtiahgG wirahdJ tirad NtWghL F.-Fi My rkd nraaggLfwd.

Fo—Fi1= mg = Fe
.gqF m vdgJd khjhayy css ehd eiiw. elid mlhjji pvdy> khjjhayy css ehd
emw

m = pV =pA (h2-hy)

V =A (h2-hy)

vdNt GoiahgG ©ir
Fe = pA (h2-hi)g
W ,d kjigig rkdghL ,y gujal
F2=F1+ mg P P.A =P1A =pA (h2-hy)g
,U GwgfsiYk A 1 eff
P2 =Py +p(hz2-hi)g

ehk killk 1 1 ehd NkwguggYk mphtd +fhww - eH ,umlggFppr kiIlk 2 1
NkwguggwF fNo h MojjiYk NjhT nrajhy hikjigé RoahFk (h: = 0) kwWk P
fhwwOjjjJid kjigigg ngWfwd. P.NkKYk h Mojjiy mOjjk (P2) MdJd P vdw
kjigigg ngWk. ,ej kjig6fis rkdghL ,y gujaul

P =Pa+ pgh
,Jjd nghUshdJdh Mojjiy css mOjjk ehd oyl
mjifkhFk. ,gF Pavdgd fthwwOjjk kwWk mjd kjigé 1.013 x 10° Pa MFk.
ThwwO ] Jk GwFF=ffggllhy>

P =pgh
nfhLffggll jJutjgwF khwyr p kwWk g kjigGk khwyp vdNt ghakj jJkgjjidhy
cUthFk mOjjkhdJ ehkjjkgjjid cavk myyd nrqFjJjnjhiyTFF Nehjjfty

ehzak nraa ghakjjkgjjid cauNk KfhakhFk kwWk

nfhsfydd FWFfFg gugé myyJd mbggugé myyJd tbtk MHhatwiwr rhuhJd
vdgi jft Fwffwd.
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xatyy css jJutjijg gwf Swdhy xNu Filklljjiy css midjJdg
GssifsiYk (rk Mojjiy) jut mOjjk rkkhf cssJd. ,ej $wiw ‘ehk enyaay
KuzghL® vdggLk A, B kwwk C Mfia khWwgll tbtgfisft nfhzl %dw
fydfist TUJINthk. ,ejJ FTydfs mbggFjlaay xU Hiljjs Foha %yk
, 1ZzTfgglLssd. , i1t U Juejjghy (eh) eugggglhhy fydfs khwgll gUkDss
enuf nfhszethk rk mstyhd ehd Kklljijf nfh=zblssd. Vnddwhy

xU LI1jJIy css tskzly mOjjk vdgd mej ,IjjwF Nky css
fhwwidhy xuyF Nkwguggy nrYjjggLk Goiahgé ©wir MFk. ,J cauk
kwwk thdimy fThwwd mlihjyj Mhatwaw rhhed khwfwd. czikay cauk
mjifhfFk Nghd fhwwOjjk Fiwfwd.

cauyijg nghwid ThwwOjjk Frwtd mdwhl thotyy t©Ukgjjfthj
gisitft nfhzlssJd. cju=zkhP kif caukhd , Iqfsyy rikggjwF e=l
Neuk MfwJd. fhwwOjjjgwFk ,ugj mOjjjIwFk , iINa mjyf NtWghL
fhuzkhf cauk mjfKss ,Iqfsy %ffy ,ujjk tbjy kwnwhU nghJdthd
efothFk.

Gtigguggy Fly kiljjiy mjd kjigG 1atm MFk.

ghlfy thp kwWk mjd gadghLfs;

guQR mwtiay mwQh gnsal ghlfy vdgth xatlyy css xU ghakjjiy rk
caujjiy css midjJd GssifsiYk mOjjk rkkhf cssJ vd f=lwejhh
gh ]ty tjjaad $wwhdI ‘XU jJutjjy css xU Gssjay mOjjk khwdhy mej
kthhL kjng Fiwahky jutk KOtjwFk guggggLfwd.

ghdfy tbjjad gadghL

ehay, J}fhH

ghjfy tpad xU nrayKiw gadghl> Fiwthd tirsaf nfh=zL mjyf
gS1tjIHft gadgLk ehay J}ffy (Hydraulic lift) MFk. ,J3 xU tiargnguUffp ,J
A kwwk B vdw xdwld xdW finlklIf Fohahy , a=zffgglL jutjjhy ewuggggll

xU cUisfTisTt nfhzlLssd mtwwDs AkwWk Ax(A2> A1) FWFFEntlLggugGfs
nfh=z1 cuhatww g ] ldfs nghUjjgglLssd. nwa g jldid k3 foNehffla ©ir

F nrYjjoggLtghtf nfth=lhy ,ej g JIDFfF fo css jutjjid mOjjk

Pgwhere,P:%gvdw KjiggwF  mjifnvFRwd.  Mdhy  ghlfy  tjggb  .ej
e g

mjfifFFggll mOjjk miedjJd jJiarfs)Yk Kjigé Fiawahky gugggglLfwd. vdNt
gfjldB - ,d kJ xU mOjjk nrYjjggLfwd. g jId B- ,d kJ NkyNehff) ©ur

F=P A= APRIF
A A
vdNt rwma gjld A - ,d kJ css tiria kwwtjd %yk gjlid B- ,d

kdss tirahdJd %vdw fluziaad msTFF cahjjggLfwd. ,ej Tfhu=) ehay
Jifflaad ,aeju ,yhgk vdggLk.

XU ehay Jiffiaad ,U g ] lIdfs 60cm kwWk 5cm gllgfist nfh=zlssd. rwa
glld kJ 50N ©wir nrYjjggllhy ngha g jld nrYjJk tiar ahd?
JhT:
g j1dfsd wllqfs nfhLffgglLssjhy g ] 1dd Mugfist f=zTflyhk
=D
2
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£5 0

wa g ldid gugG A= =Pg5: =p(25)*

,,2
2600
ngha gl ldid gugG>Az=p87g =p(30)*

F—% F= (50N)’a§302 =7200N

50 N ©wirma nrYjj; 7200 N t©iarmag ngwyhk. NkYk mej msT gSit
cahjjyhk.

kijFFkjd ik (Buoyancy):
xU nghUshdJd xU ghakjjiy gFjiahfNth myyJd KOtJIkhfNth %ofiagUejhy mJ
xU Fwgglll msT ghakjij ,lkngaur nrafiwd. , lkngahej ghakk nghUsid kJ
NkyNehffia tiarmar nrY]j prwJ xU ghakjjiy %oprss xU nghUsid vilia
vjihfFk ghakjjpdhy CUthffgng NkyNehffia tpir kiggGtyer vdggLk. ,eefoT
kijfFk jdik vdggLk.

MhfFRkb ], nfhsi T

,Jd $wwhdI> nghUnshdW xU ghakjjry gFjiahfNth myyJd
KOtJkhfNth %ofiaalejhy mJ ,lkngaur nraj ghakjjd vilfF rkkhd
NkyNehffia ced tiria md czhfwd kwwk ced tiirahdd , Ik ngahej jut
<hgG mkak toahf nrayglLfwd.

ced ir myyJd kjgc tir =, 1k ngahej jutjjd vil
kijiJy ti) (Law of Floatation):

glFfs fggyfs kwWk ny kugnghUsfs ehd NkwgFjjary ,aqFtJ edF mwej
xdwhFk. mit kjffwJd vdyhk ghakjjid Nky kIlIgfSTF cahfiwewFk xU
nghUsid jdik kjjjy vd truvaWffggLbfwd. ‘'nghUsd %oha gFjJ)

. Ikngaurnraj jutjjd vib nghUsid vilfFE rkkhdhy mejg nghUs
mJqutJpr ki fFk" vdgd kjjjy tjahFk.

cjhu=zkhP300 kg vilAss (Vwjjho 3000 N) xU kujjghyhd nghUs ehy kijfFk
NghJd 300 kg (Vwjjgho 3000 N) emu , Ikngaur nraftiwd.

XU nghUs kijejhy , Ikngahej ghakjjid gUkd %ofia nghUsid gUKDTF
rkkhf cssJ kwWk %ofia nghUsid gukdid rjtjk nghUsid mJd kjfFk
ghakjjid milhppiag nghUjj xgglhhjjFF rkkhFk. cjhuzkhf 09 gcm3
mihjji nfh=1 xU gdifflb 1.0gm-= mlhjj) nfh=1 J}la ehy kjjejhy> ehy
%ofia nghUsid gukdid rjtjkhdJd

khwh® mNj gdifflb 1.3 gcm=3, mlhjji nfh=1 fly ehy kjejhy> fly ehy
0.9gcm™

%ofia nghUsid gukdid rjtjkhdJd
1.3gcm™

“100%=69.23% k1 LNk.

VvLjITHIL
xU kujghyhd fd rJuk ehy 300g eawia mjd NkwgFjad mkajjy jhgFfwd.
e iwahdJd effggllhy> fd rJduk 3cm caUfwd. fdrJujjid gUukadf f=TfLT.
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JhT:
fdrJduj jid xtnthU gffKk Ivdf. 3cm MojjwF fdrJduk eugGk gUkd
=(3cm) x P =3P cm3

kijjiy tiggb
Vpg=mg PVp=m
P (3P "107°m)” (1000kgm~)=300"10"kg
2 = 300710°°
3710771000
| =10710?m =10cm
vdNt fd rJujjid gukd V =13=1000cm3

m?P 1% =100"10"*m?

eh %offfggyfs mjd kjfFk jdrkmsaf flLggLjJdtjd %yk eHd
Moj JgwF %ofyhk myyJd caNu tuyhk. ,jid mila eh%ofif fggyfs
e myyJd Thwwdhy euggf$ba enyggLjJk njhlbfist nth=zlssd.
e nyggLjJk njhlbfs Fhwwdhy euggggl lhy RwWgGw enutl
eh%offfggyid nkhjj mlhjpahdd Fiwed mJ NkwguggwF €Uk (Neh
kigfFk jdik). fhiwsw ntsiNaww njhlbfs)yy emu euggdhy eh%ofiffggyid
nkhyy mbhjjr RwWgGw emuthl mjifkhf) fggy %oFk (vjih kijfFk jdik).
eh%ofif fggiy vej xU MojjiYk emyeWjj> nghlbfs fhwW kwWk euhy
euggggLfidwd (eLejiy kijfFk jdik)

kijfFFk nghUsfSTF vLjIfFfhlLTs:

1. xUth Mwweruttl Fly ehy kf vsijhf eejyhk.
2. gdifflb ehy kjjffwd.
3

. Fggy v/ fidhy cuUthffggLfiwd. Mdhy mjd cggFjlay FoT
VwgLjjoggLtjhy kjffr nraaggLfwd.

ghFe iy (Viscosity):

mwKTfk:

xatlyy css ghakqfsid jdik FwjJd tthyffgglld. khwgll g=Gfsyy ghak
,affjjd jhiffjij NkYk tthjoggyd %yk ntsifnfh=zuyhk. xU ghakjjid ,affk
rffyhd efothFk. Vnddwhy mJeisy> ,aff kwWk <hgéG Mwwiyf nfh=zL cuhait
VwgLjj) ghfiay tiarfisj Njhwwoffiwd. vdNt tthjjij vsiikahff xU ,ylna
jutjjd Nehmtf FUjyhk. xU ,ylrna jutjjd Nehmtf FUjyhk. xU ,ylrna
jutkhdd mKFfF L,ayhjd mMjhtd gUkFF=fk Kbtyy) kwk mjDs
rWfFgngahrr tiarfs ,UFffhd (mjhtd ghfiay v= Ro)

ngUkghyhd ghakqfs ,affjij vjhffidwd. xU ghakk xU jizkjijr jutkhdJd
mMKFF ,ayhjJ (mjhtd gUkFF=Tk Kbty) kwwk mjDs rWfFg ngahrr; ¢irfs
Ufch (mjh€tJ ghfiay vz Ro) ngnghyhd ghakgqfs ,affjij vjhfhdwd. xU
ghakk xU jizkjnjr rhhed ,aqfidhy myyd ,U ghakqfs xdWFnfhdW rhhG
,affjujf nfh=zbUejhy eplyahd guggy xU cuhaT tir nraygLfwd. ,ej ghak
,affjjid vjhgghdd xU ji=zkg nghUs xU guggy ,aqFk NghJ cUthFk cuhaT
tplrlag Nghdwd MFk. ,aqgFk ghak VLTSTF ,i1lINa NjhdWk mFf cuhaT
ghFejiy MFk. vdNt ghFeplyahdJ xU ghakjjd VLFSTthilNa css rhhG
,affjij vjhfFk ghakjjid g=G ghFeiy vd truvaWwffggLfwd.

ghF eiyffhd fhu=zk:

mUfly mikedss ,U VLTiIsT nth=zl xU jutk xU falkll guggy ghatjhff
nfhst. Nky VIhdd fo Viil KLfFf KwgLk. mijj njhlhed fo VL Nky Vinl
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JLFF KwgLk. ,jd tiasthf xU gdNdhffia nghLtau twar NjhdWfwd. ,J rhhG
,affjijf FiyfFk ,JNt ghakgfsid ghflay jdakffhd fhu=zkhFk.

ghhay vz, (Coefficient of viscosity):

xU eiyahd Hfinlkll Vibd kJ xU jutk ruhfg ghatjhff nfhsf xU eiyahd
Viby ,Ued njhiythfr nrdwhy VLfsd Ntfqfs ruhf mpfhfFfwd. A kwWk B
vdw ,U ,1=zahd VLTfisT fUJT. egiyahd VlbyUed x kwWk x + dx njhiyty
mUfhikayy css VLTsid jiirNtfqfs KiwNa v kwwWk v +dv vdf nfthst.

,U VLTSThilNa njhLtiuj jiiray nrayglLk ghFeiy twir F MdJ eAlld
Kjy tjad %yk mwaggLfiwd. ,ej tiirahdJd

i. Jgutjjgd gugé A kwWk

11y cssJ.

ii. oarNtfr riyT %pratwwpr Nehtth
X

FHAKwWK F p.ﬂ
dx

br=_pad
dx

,qF tfhj khwy) Ajutjjd ghflay vz vdggLk. vjhfFwahdd tiir cuhaTj
jdik nfhz1J kwk mJ rhhG ,affjij vjhffwd vdgijf FwFfwd. ghflay
vzzid ghkh=zk

[MLT-MFK.

ghFeiiyahdd cuhaitg NghdwjhFk. nghUsid ,aff Mwwy ntgg Mwwyhf
ntsiggLfiwd.

2.5 x 10*m2gugbss xU cNyhfjjlIL 0.25 x 10°m jbkkhd tistnfznza VIibdkJ
i tffgglLlssd. jlal 3 x 102mst, jiarNefjgy efhjj 25 N ©ir Njatggllhy
tgstnfznzad ghhay vziai=zf f=zTHLT. nfhLffgglli t
A =25x%104m?2 dx =0.25 x 10-3m,
F=25Nanddv=3x102ms!
JhT
F :hA%
dx

- F dx
vz kiggyh=—-
(25N)  (0.25710%m)
T (257107m?) (37 107%ms™)
=0.083 x 102 Nm2s

thrrh XIlk (Streamlined flow):

ghakgfsid XIlk khwgll tiffsyy cssd mJd ruhd myyJd thrrh XK ruww
myyJd Rowr) XIlk mKFfFf ,aYkl myyd mKff ,ayhj Xllk ghflay XIlk
myyJd ghfiayww XI1khf ,UffFyhk. cjhu=zkht xU Mwwy miukjahfr nryYk
ehd XIljijf FfUIF cwW Nehfhidhy Mwwd ntetNtW ,Igfslyy ehd jJimrNtfk
khwglLss 1) mwayhk. mJ Mwwd eLggFjlasy  NtfkhdjhfTk mjd
fauNahugfsy nkJthdjhfTk cssJ. vdDk vej xU GssaYk eHkjJdfsd
JrarNtfk khwyr MFk. G YFFhP> Mwwy elLggFjiasy Jfsid jisrNtfk tdhbfF 4
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kilh ,Uggjhff fUJFf. vdNt ,ejg Gssiiaf fFfIfFk midjJdj Jfsfsd
JierNtefgfSk mNj Kkjigigg ngWk. ,JINghdNw> FruNahujjry ghAk ehkjJfsid
JrarNtfk tdhbfF 05 kilh vdlyy mjidg gd njhlUuk midjJd ehkjIfsfsd
JiarNtfgfSk mNj Kkjigigg ngwk.

xU jut XIIjjiy XU Gssjad toNa nryYk xtnthU jutjJfSk mjwF Kddh
nrdw Jfsfsid ghijaNyNa mNj jiarNefFjjy ,aqfidhy mej jut X1lkhdJd
thrrh XIl1k vdggLk. ,jid rund XIlk myyd mLfFFKiw XIlk (Laminar

flow)vdTk Fwgglyhk. ,aqFk ghakjJdfs NkwnthsSk tisthdghij thrrh
vdggLfwJd. vej xU GssjaasYk mjd njhLNFhlhdJ mejgGssiazy ghak XI11jjid
Jiareaft nfhiLffiwd. ,jid ,tthW miuoggjwFF fhu=zk ,J xU eh Xil myyJ
,Yina eiyay css Mwiyg NghdW cssNj MFk.

ehk X11jjJid piarfF nrgFjjhd vey xU FWFFntlL guggYk XNu gpiarNefjujf
nfh=z1 ruhd thf fwawsaf fUjidhy mej fwiw foha tbt XIlk (tube of flow)
vdggLk. Foha tbt XIljjiy css vej xU ehkjIfSk mjd ,affk KOtjwFk
FohaDsNsNa vgNghdk ,UfFk kwWwk kww Foha jutjJdild fyffhd vdgij
Kffakhf fedff Nt=zLk Foha tbt XIljjd mrR vgNghdk thrrh xIljujj
JUk. thrrh xllgfs vgNghdk ghakjJdfstsid ,affg ghaijfaist Fwiffhdwd.
ghakj jid X1k khWemyj jimrNtfk vdggLk xU Fwggll jisrNtfk tiau thrruhf
cssJd. ,jd nghUs> khWeayj parNtfjjwFF Faiwthd Ntfjjiy ghAkNghJd
thrrh X11j 1§ jg ngwyhk.

Rowr) XElk (Turbulent flow):

,aqFk ghakjjid Ntfk khWeiyj jiarNefFjaj (Vo) ©wl mjifkhdhy ,affkhdJd
Rowrp XIIkhfwd. ,eNehtyy xtnthU JfsYk jJierNtfkhdd vz=zkjogYk
JierayYk khwejhy jdggll Jfsfts thrrh XIljj)y ,aqgfhd. vdNt Rowr
X1y Jfsfsid ghij XOgfwwght khwy Roy XIlk myyJ Roy vdgglLk
tligfsy ,agFk (m) kwwk (M) xU glfid myyJ fggyid gdGwKss ehd x11Ik
kwwk Mfiait Rowr) XI1jjwFr ny vLjIffhlLfs MFk ,U tifahd ,affjjd
NEWghlbsd xU mfdw Fohasyy ghAk ehDs mjd mrnd toNa xU Jis %yk
ikia nryjJdtd %yk vsjht tistfyhk. ghakjjid jimrNtk Fiwthf cssNghd
ik NehfNfhlLg ghmjayy nryYk. khwhf jiarN€efkhdd xU Fwggll kjigaggl
mjkhdhy w®kahdj guth xOqgfww ,affjejf fThlLk vdNt ,affkhdJ Rown
X11khf khwfwd. tised nesed nryYk ,affjjdhy Roy xllk cuUthfi mjd
tisthf mpf Mwwy morfFfggLfiwd.

nudhyL vz=;

XU ghakjjid X1k mjd jJiarNtfk khWweayj paNefFjij (Vo) t©l Fiwthf
,Uggd ruhd myyJd mLfFKiw XIlkhf cssJ. ,yiynady Xllk Rowrp XIIkhf
khwfwJ vdgij ehk mwed nfh=NIhk. M JNghhd nudhyL (1842 - 1912) vdgth
ghak XIljjid jdikia mJd thrrh myyJd Rowrj XIlk vd mwed nfhss xU
rkdghl il tbtiukjjhh
D
R.=—
m
nudhyL vz vdggLk ,J xU ghkhzkw v=z MFk. ,J R myyd K vdw
Fwallhy FwgglggLfwd. rkdghlby pvdgJd ghakjjd milhjjpv vdgd ,aqFk
ghakjjid gierNtfkD vdgd ghakk nryYk Fohad tllk kwwk hvdgd ghfiay

vz Mhatwiwf Fwffidwd. vej myF KiwayYk Rc xNu kjigagf nfh=zbUTFk.

Juejpd XIljiaj Ghed nfhss> nudhyL Rc kjigig FoFF=I1thW F=wejhh,
| tvz | nudhyL v= XIIK |
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R.< 1000 thrrh X1k

: 1000 < R¢ 2000 ruwmw xBTk
3. Rc> 2000 Rowr; XTTK

vdNt nudhyL v=z R vdgd xU cUis tbt Fohad toNa nryYk ghakjjid
X1k thrrh XIlkh myyJ Rowrj XIlkh vd KbT nraaf$ba xU Kffiakhd khw

MFk. czikay> Rowr; XIlk njhlgFk Rc. ,d khWeimy kjigéG tbtayhf xNu
khjihnAss xIIgFSTF rkkhd kjgigf nfhzlssJd. cjhu=zkhf khwgll mlhjjifs
kwwk ghfiay vzfs kjigbss ,U jutqfs (vznza kwWk eH) rk tbtk kwWk
msTfist nfh=z1l ,U Fohafs toNa nrdwhy> xNu Rc: kjiggy rowrp XIlk
njhiqFfwJd. Nkwf=l1 fUjjiyiUed xwWik tjiiag ngwyhk. mjd $wwhdI> ,U
thtiay ujjaht xNu khjihahd ghak xlIgfs ,Uejhy mit ,uzlLk xNu nudhyL
vzizt nfhzbUfFk tiu mbggrlay xdWfnfhdW rkkhdjhFk njhoyEIlg
gadghLfsyy xwWik tj) Kfha ggfwwfwd. TFggyfs eh%of) TFogyfs
gejaffthuhfs kwWk tkhdqgfsid tbtgfs mtwwd Ntfk ngUk kjigigg ngWk
tifay tbtikffggLfidwd.

KwWj jia rNEFk (Terminal Velocity):

KwWjpiarNefjajg Ghednfhss> xU mjif ghFeimy nfh=zl ezl ghakjjkgjjy

XU rwa cNyhff Nfhsk xaT enyayUed jJhNd ©OtjhfFfUJIT Nfhsjjid kI

1. nrgFjjhf foNehff) nraygLk Nfhsjjid kjhd GtiahgG tiar

2. kjfFk Jdik fhuzkhf NkyNehfH) ced tir U kwWk

3. NkyNehff) nraygLk ghfiay tir (ghfiay tir vgNghdk Nfhsjjd ,affjjwF
vjhjjiray nrayglk) Mha tirfs nrayglfidwd.

nghlI¥Fj gy NkyNehff) fjirahdJd> foNehff) fjiria ul Fiwthf cssjhy Nfhsk

foNehffla jinray KLffklprWJ Nfhsjjid JiarNtfk myfhjjhy ghfiay tirAk

myfnFfiwd. xU flljjyy foNehffa efu ©iar NkyNehffia tiria rkdgLjJtjhy

Nfhsjjid kjhd njhFgad tiar Roahfwd. Nfhsk jJwNghd khwh jJiarNefjJild

,agFfwd.

xU ghFery CIfjjid toNa jJhiNd ©Ok xU nghUshdd milAk ngUk khwh
JiarNefk KwWjparNefk (V1) vdggLk. jgiarNefjojg Y- mrrYk Thyjoj X
mrnYk nfh=zL xU tiruglk tiuvagglLssJ.

Nfhstkhdd njhiffjjyy KLFFfkalfwd kwWk rwJ Neujjiy mJ khwh kjgGss
KwwiparNefjag (Vr) milfiwd vd tirugljjiyiled njsithfiwd.

KwWjjiir NtFjjwfhd NFit

n ghfiay vz nfth=zl mjif ghFeiyAss jutjjd toNa r MuKss Nfhsk xdw
toOtjhff FUIF NFfhsgnghUsid mihj ) pvdTk ghakjjid mlhjj ovdTk nfhst

Nfhsjjid kJ nrayglLk GtiahgG tjar
FG=mg= gpr3rg (FoNehffa tir)

NkyNehffia ced tir U :%pﬁsg (NkyNehffia ©ir)

viKwWj e rNET] Jiy ghfhlay tiar
F = 6phry,
(FoNehffia ©ir)
JwNghd> foNehffa efu twir NkyNehffla tirfF rkkhFk.
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FG-U=FPb %prSrg —%prgsg = 6phrv,

2
v, = 2.r°(r-s)
9 h

,QF Tftdff Nt=zbad Nfhsjjd KwWj pirNtfk mjd Mujjid ,UKbFF
Nehjjfoy cssJ. pl otil mjifnkdy(p - o)MdJ vjihfFFw kjigigg ngWejhy
KwWj piarNefk vjhfFwahfiwd. mjdhy jhd edH myyJd vej jutjjid toahfTk
fhwwftFkofs NkyNehffi vOfwd. thdjjiy Nkfgfs NkyNehffla jiairay
efuUtjwFk ,INt fhu=zkhFk.

JINIhF ) kwwk mjd gadghLfs:

ghFeiiy CIfjjid toNa xUnghUs toejhy mjDId cldbahf njhLjyly css
ghak Vil mJd ,OfFk ,J jutjjid ntetNtW VLFSTF ,1lNa rhhG ,affjij
cuUthfFfwJd. JINIhf nteNteWw ghakqfs)yy rwa NfhsgnghUsfsid ,affjjwfhd

gy Nrhjadfs nradr MuKss NfhsgnghUsid kJ nraygLk ghfhay tiir F MdJ.
1. Nfhsjjid Muk (r)
2. Nfhsjjid gpimrNtfk (v) kwWk
3. jutjjd ghflay v=z h

Mfiatwiwr rhhejJd vdw Kbirtg ngwwhh.

vdNtF phr’v: b F =kh*r'v?, ,gF kvdgd xU ghkh=zkww khwy

ghkh=zqfisg gadglLjjr Nkwnfh=zl1 rkdghlal ,tthW vOjyhk

[MLT?]=K[ML'T'] x [L] “[LT'P

gPvpr’

JhT fh=zx=1,y=1kwWk z=1vdNt F=knrv

Nrhyad %yk k=6p vd JNIhF F=lwejhh.
F =6phrv
,ejJ njhlhG INIhf ©j) vdggLk.

NI t©jasd nrayKiwg gadghLfs;

kiojJdsifs msty rwajhfTk mjd KwWjparNtfqfs FiwthfTk cssjhy
mit NkFf tbtyy fhwwy kjfhidwd. mit msty nghjhFkNghd mtwwd
KwWj jisrNefqfs mjifhJd ksoahf fNo ©OHidwd

,e] tj) foffh=zgtwiw tsTFHwd.

1. NkfFgfsd kjjiy

2. nva kmojdsifFistl ngha kiojJdsifs ekak mjFkhf jhfFRdwd.
3. ghuh#l1 cjtAld fowgFk xUth khwh KwWj jiarNEtfj 1 j ngWHidwhh.

ghanrha rkdghL (Poiseuille's equation):
gtha nrha xU Ez=zFoha toNa jutjjd rund XIljaj gFgghaT nrajhh. mth
E=zFoha toahf xU nehbayy ghAk jutjjid gUkD¥ffhd rkdghl s I¥ Jutyj jhh

mtud FTUjjidgb rkdghlalj jutff foffhZk egejadfiast fUjjiy nfhss

Nt=Lk.
- Fohad toNa jutjjid X1k thrrh X11khf ,UFF Nt=Lk.

Foha fin Ikl 1khFf GthgGtiir ehk XI1jajg ghyFfFhjthw ,UFF Nt=Lk

Fohasd Rtiuj njhLk ehk VL xatyy ,UFF Nt=Lk.

Fohad vej FWFfFgguggYk mOjjk runf ,UFFf Nt=Lk.
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ghkh=zggFggharst gadgLjj) ehk gthanrha rkdghlalj jutifFfyhk. Hfim Ikl Ikhf
css Ez Fohad toNa xU jwutk ruhf ghatjhftf fUJFf E= FohayUed xU

nehbayy ntsiNawk jutjjid gukd V—S _vdf nfhs¥f. mJ

L jutjjid ghfiay vz ()
2. Fohaad Muk (r) kwwWk

3. mOjjrrhT EIEQpratwiwr rhhejJ
g

»gF k vdgJd xU ghkh=zkww khwy;
vdNt

P§
vk il ?
H &1 g

P .C
v=kpreE0
| g

V] = gUkd _ - [T, 2dPo_ mOj jk
Neuk 'Cdx g njhiyT
[ML?T?],[A1=[MLT ] kwWk [r]=[L]
rkdghL ,y gujal
[T *1=[MLT "PILP[MLT ?]c
M OLST - M at+c L—a+b—20-|-—a—20
vdNt M, L, kwwk T ,d mLFfFFfis ,UGwWKK rkgglLjj
a+c=0,-a+b-2c=3 kwwWk -a-2c=-1
a, b kwwk ¢ Mfia njhahj kjogGfs cssd. %dW rkdghLfisj jJhT fh= ehk
ngWwtJ
a=-1,b=4, kwwk c=1
vdNt rkdghL MdJ»

v kirpeePo
&1 4

Nrhyad %yk K - ,d kjigG %,vd fh=zggllJd. vdN©

4
V= pr°P
8hl

NkwfF=z1 rkdghL FWHfia Foha myyJ Ez=zFoha toNa nryYk ehk XI1jjwNF

nghUeJdk. ,rrkdghL gthanrha rkdghL vdggLk. ,ejJ njhlhghdd khWenyj
JiarNefguog (Vo) ©l Fiwthd jiarNtfk nfh=1 ghakqfFSTF edF nghUeJdfidwd.

ghFe i yad gadghLfs,
ghFeiyad KfhajJdtjij foFffhiZzk cju=zqgfsy ,Ued Ghed nfhssyhk.

1. fduf ,aejuqfsid ghfgfs)yy catiahfg gadglk vznza mjf ghhay
vzizf nfhzbUFF Nt=zLk nghUjjkhd catiiaj NjhT nraa mjd
ghFeiiyraAk mJ ntggelayiag nghWjJd vethwWw khWwghLfwd vdgijAk
mwe JIUTF Nt=Lk.
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(FwigG: ntggelny cahejhy jutjjd ghFeaiy Frwhdwd) NkYk Fhh
,aejugfsy (,yFuf ,aejuk) gadgLk Fiwej ghFeliyAss vznzafisj
NjJhT nraaTk ,J cjTHfwd.

ny futgfsd ,affjjwkF <uggjujf nfhLFF mjfFf ghFeay nfh=l jutk
gadgLjjggLfwd kwwWk mJ ehay jlLggfs)yy (Hydraulic brakes) jLgg
vznzaahf gadglLfwJd.

3. jkdifs kwWk ,ujjf Fohafs toNa ,ujj XIlk ehkjjid ghFeiiymar rhhejd.
4. xU vyfTluhdid kdD}l1jijT th= kiyyifd v=znzaj Js) Mairt Nkwnfth=lhh.
mth ghFeiiy gwa mwit kdD}I1jijf f=Tfl gadglLj jidhh

gugé ,ogir

%y TfBWFSTF ,ilNa css tirfs,

mlhyJ» gugG ,OWiEr Nghdw ,awg=zGfs Thuzkhf nttntW jutqfs xdwhff
Tygajiyny. vLjIffhllhf eUk kznzzizAk xdwhf Fyggjiyiy. ghjurk
fzzhbay xILtjiyiy. Mdhy euhdk fz=zhbayy xILk. euhdd j=zLfs toahf
,1yfs tiou NkNyWk. mit ngUkghYk jutgfsid NkwgugGFSId njhlhG
nfhzlitahft ,Uffdwd. jutgfSTF tiuvaWwffggll gukd c=zL. vdNt mtwiw
nfhstfydy CwWkNghd mit jiftw Nkwgugigg ngWfidwd. vdNt NkwgugghdJd
$LyyhfF Mwwiyg ngWfwd. ,J NkwgugG Mwwy vdggLfwd. NkwfF=l1 efoTfF
fhu=zk gqugG ,Otimr vdw g=zghFk. yhgy ] kwWk ¥*h] vdw mwQhfs gugG
,Otir kwWk nttNtW #oeinyfsy jJutjjd ,affk gwwa NfhlghLfis
cuthfhdh

ehk %y f$HWTs jilgnghUslyy cssJ Nghy ,WFg gi=ffgglbUggjiyiy. vdNt
mit vsjhf efUfidwd. xU jutjjiy css xNu tifahd euk %yfSWFSTHi INa
VwgLk tirahdd xhdffthrr tar (Cohesive force) vdggLfwd. xU ehkkhdJd
Jilgnghuisj njhLkNghd jut kwWk jJilgnghUs %yf$SWFs Ntwdf Fthrrp tir
(adhesive force) vdw fthrr) thiriag ngWwhidwd.

,ttifahd %yfSWFSFF ,ilggll wirahdd 10° (mjhtd 10A) vdw
FWenjhiyTfF KILNK nraygbLk. midjJd jirfsiYk ,ttifahd %yfHwil
girfs nraygbLk njhaythdd fTthrrngéyk (Sphere of influence) vdggLfwd.
»,dGYyjJJwF mgghYss tiirfs Gwifr=zffggLfidwd.

XU jJutjjry A B kwk C vdw %dw NtWwgll %yfEwfist fUJF A vDk
%yfdwhdd midjJ jJiirfs Yk css vyyh WYTFEWFSIDK ,iltid Ghtjhy
A czUk njhFgad tiir RoahFk. B vdw %yfswhdd> ehdfiy %dW ghfk

Jutjjd NkwgugGFFF fNoAk> ehdfiy xU ghfk fhwwYk cssd. B fF fogFjay
mjF %yfSWfs ,Uggjhy mJ foNehffia njhFgad tiiriag ngWwfwd. ,NjNghy
C vdw %yf$sW jJutjjgid Nkwguggy cssjhy (mjhtd Nkwghygr FhwwYk> Foghjy
Jutjpyk) mjyfglr foNehfF tiEriag ngWwfwd. Vnddy mjfkhd Jut
%y TfEWFs foggFjlasy cssd. vdNt %yfSW vyiyfFs css jut %yfWs
midjJk C %yfESwid ,iltid GHed foNehffla tiria cz=zhfwJd vdgJd
njsrthfiwd.

clgFjabDs ,UfFk vej %yf$HiwAk jutjjid NkwgugcFFF nfh=zLtu xhdf
fthrn ©irfF vjuhf Ntiy nraa Nt=zbAssJ. ,tNtiyahdd %YTFfEWFsy
enyahwwyhf NrkffggLfwd. vdN®  jut Nkwguggy css %yf$Ws
clgFjabDs css %yfdswfis tl mjf eiyawwiygngwwssd. Mdhy xU
mikgG rkeayay ,UFFf NtzlLkhasd mjd emyahwwy (gugg Mwwy) rWkkhf
,UFf Nt=zLk vdNt cWjirrkeayay ,UFF jJutkhdd rwk vzzfifayhd
%yfeWFfisg ngw KaYk New tifay $wt=zlLkhad jJutkhdd rwk
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Nkwguggia dg ngw KaYk.  jutjjd ,€] g=zghdJd gugG ,Otiiria
cz IhfFfdwd.

gugG ,ObirfF vLjIFFhILFs;

eh Grrfs (Water bugs) kwwk eh jJhzbgGrrnfs (Water striders) ehnd Nkwguggy
elffidwd etk %yf$WFs csNehffy ,OffggLtjhy ehd Nkwgugghdd klrAss
myyJd ,O3JFfFllggll glyjijg NghdW nraygLfwd. ,J eh Grrfsid vilia
rkd nrad mit ehd Nkwguggy elff cjTfwd. ,ej eformt gugéG ,Otiir vd
muioffid\whk. €t=z=k GRk Jlhifad Kbfs ehyUed ntsiNa viLjjhy xdwhf
xIbfnfhsfidwd. ,jd fhu=zk mtwwy cUthd eh nkyNyLfs xU rWk guggwF
RUqFf KidtjhFk.

ehd Nkwguggly, CnahdJ Kijjjy:

caTl vznza jltggll v/F Cnia xU xILk jhs kJ mtjJd ehd Nkwguggy
nkJthf §tffTk. xILk jhs ehDs wgruthf %oFk Mdhy Crnahdd kjed
nfhzNlaUfFk. kjfFk CrahdJd ehy rwJd jhost VwgLjJfwJ. tisTgguggd
gugG ,Otiarahy tgirfs F, ,y ThlbAssthW rhathf cssd. ,ttU tirfsd
nrgFjIfsWfs Crad viliar rkdnraAk. jwNghd ehy rwJ jJut Nrhgigf
fyffTk. ,gNghd Cnrn %oFtiajf fh=zyhk

xU gsh]bf jhas vLjd mjyy xU nW gFpma glF tbtjjy ntlb vLFFTK
$hKid nfh=zl KdgFjAk ntlLggFj) (Notch) nfh=1 gdgFjAk ,Uggd edW.
ntlLggFjlasy rwJd=zL fwGujaj s tFFTk glif ehy nkJthf tLtjjhy> fwGuk
FiuAkNghd glfthdJ KdNdhffir nrYjjggLtia jf fh=zyhk. fwGuk FEuAkNghd gugG
,Otiir FawfFfgglL ntllLggFjifF mUfly gugG ,Otiiray khwghL cz=Ilhfwd.
,jdhy glfid gdgFjlasy css eh gdNdhffig ghaed glF KdNdhff ,agFfwd.

gugG ,Otiria ghjifFk fuzifs;
nfhLffggll jutjjid gugG ,Otmrahdd fof=l #oyfs)yy khWgLfwd.
1. khRgnghUsfs FyejiUggd myyJd Fygglk NrhejJUFFk msitg nghWjJ gugG
,Otinrmag ghjffwd.

Tiu nghUsfTs TyejiUggdk gugG ,Otiirad kjigigg ghgiffiwd. cjhu=zkhf
mjf Faugywd nfth=1 Nrhbak FNsiEuL ehy fTruedssNghd ehd gugG
,Otumrna mjyfhffiwd. Mdhy Fiwthff friuAk gdhay myyJd NrhgGF
fruryhdd ehy FyffggLk Nghd ehd gugé ,O tarmaf FawfFfiwd.

kdD}lIkhdJ gugG ,Otiiria ghjifFk xU jutkhdd kdD}I1ggLk NghJd
gugG ,Otmr Fiwfwd. kdD}llggLk Nghd ntsgéw tEr jutgguggd kJ
nrayglL jut Nkwgugghdd mjfhffgglL gugé ,Otimrad RUqFk jdikfF
vjuwhfr nrayglLk vdNt gugG ,Otiir FiwAk.

ntggejiyahdd ehkjjid gugg ,Otiiria kwWetjy Kfha ggfhwwfwd.
ntggeiy mjyfhFFkNghd gugG ,Otiir NehgNghffiy Fiwfwd. xU rwa
ntggeliy neLFFjjwF t°C ,y gugG ,Otiirahdd Ti=To(l-at) ,qF To vdgJd
0°C ntggeiiyayy gugé ,Otimr kwWk o vdgd gugéG ,Otiir ntggeliy v=.
khWejiy ntggeifiyay vz=. khWeliy ntggeliyay gugé ,Otiir Ro.

Vnddy jutjjwFk t€hATFFk css , 1lggFj) kiwfwd. cjhu=zkhf ehd
khWeiiy ntggeiiy 374°C vdN©> mej ntggeliyay ehd gugé ,Otir
RoahFk. th=zlhthy vdgth gugéc ,OtiirfFk khWeliy ntggeiyfFk css
Kffa njhlhig gheJdmujjhh
2
2, t03
T =Toel-—-
e

t. g
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nghJd i kgglLjj
B to
T, =Togl-—+
e c

,J kfrrhahd kjigagfF nfhLffwd. ,gF nttNtWw jJutgfSTF n khwgLfwd. t
kwwk t. vdgit jdntggeiyay (nfytid mstyy) KiwNa ntggeiy kwWk
khWeiiy ntggenyiaf FwiFfwd.

gugé MwwYk gugG ,OBirAk
gugG Mwwy:

xU nfhstydiYss khjh jJjutk xdiwfF FTUJIF jJutjjd clgFjlay css
%yfHwhdId midjJ jiirfsYk css %yfSWFshy ,OffgglLk. jut Nkwguggy
css %yfdwhdId mjwF fNo css gw %yf$SWFshy KILNk ,OffggLtjhy efu
fo Nehffhia tiairiag ngWk. ,jd tiisthf jutjjd Nkwgugé KOtJk csNehfh
,OffggLk. vdNt jwt Nkwgugghdd rWk Nkwgugmgg ngw KaYk. Nkwguggimd
mjifhgggwfhf clgFjlasy ,Ued ny %yf$Wfs NkwguggwF nfh=LtuggLfidwd.
,jd FThu=zkh Fthrn ©irfF vjuhf Ntiy nraaggLbfwd. ,tthwhf jut
Nkwguggy css %yFfdWFfs kww %y fFEWFistl mjf egiyahwwiyg ngwWwssd.
»J gugG Mwwy vdggLk. NeW tjkhfFfdw gugé ,OtmrfF vjuhf jutjjid xuyF
guggd Nkwgugig mjifhFfr nraaggbLk Ntiy jutjjd gqugé Mwwy vd
m s offggLfwJ.

Nkwgug ig myifhifF fr nraaggLk Ntiy

Nkwguggd mjifhigG

gugG Mwwy =

»J Im2myyJd Nmivdw mythy FwffggLfiwd.

gugG ,Otir:

Jutjjd XuyF guggwfhd Mwwy gugé ,Otiir vd tauvawffggLfJd.
T= ;

T .d SI myF kwWk ghkhzk KiwNa NmlkwWk MT2 MFk.

gugG ,OtiErfFk gugG MwwYFfFk , § INaahd njhlhG:
ABCD vdw nrttfrrilk NrhgGF FiuryiDs cssjhff fUJT. AB vdgJd efuf$ba
fkgahff nfhsf. gugé ,Otimrad fhu=khf NrhgGg glykhdd AB - 1 csNehff
,OFFk. gugG ,Otiiradhy vwgll tir F kwwk AB ,d esk |vdy

F=(2T)I
,gF 2 vdw vz glyjjd ,U gugGFisf Fwffwd. AB' vdw Gjia euayfF AB
vdw fkg Ax njhuiyT efhjjoggLtjhff nthsf gugé mjifFhgghy gqugé ,Otiirad
fhuzkhf csNehffia girfF vjuhf Nty nraaggl Nt=Lk
nraaggll Nty = tir x njhayT

= (2TI) (AX)

glyjjid guggy mjrfhgG

AA = (2]) (AX) = 2I1AX
M i fahy
nraaggll Ntiy

G M =
9ug wy Nkwguggid mjifhigG
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2TIDX _

2I1Dx
vdNt xuyFg guggwfhd gugé Mwwyhdd vzzstyy gugG ,OtimrfFr rkkhFk.

jutjIdsiahdd xNu xU Nkwgugig KILNk nfhzbUfFk vdgij endty

nfhsf. vdNt r MuKss Nfhs tbt jutjJsiaid NkwgugG 4pr2MFk. Mdhy
Fkioahdd NkwgugGfFaisft nfh=zlssjhy Nfhs tbt Fkoay nkhjj

NkwgugG 2 x 4p rfFFr rkkhFk.

XU NrhgGfFkioasd glyjjid gugig 50 cm?2 yiUed 100 cm?2 fF mjifhyFF nraaggll
NEtmy 2.4x104)Jvdyy NrhgGF FTuuryid gugG ,Otiiriaf f=TfLT.
JhT:
NrhgGF FkioahdJd xU NkwgugGFasTt nfh=zbUggjhy Nkwguggy Vwgll mjifhgG
AA =Ax- A
=2 (100 - 50) x 10“m2 = 100 x 10-4m?
vdNt nraaggll Ntiy
W=TxAAPT=
- 104
ﬂ:%:zmm'mm*
DA 100710"'m
NriNfFh=zk (Angle of contact):
ehkj jid NkwgugG xU jJizkgnghuis njhlL¥ nfh=zbUejhy njhL Gssjaly ehkjjid
gugG W tisejlUfFk. jJutjjid Nkwgugé tisejjufFk Nghnjyyhk LU
CIlfgfSTF (il - jut , 1lggFj) , ilggll NfhzkhdJd cUthfiwd.

cjhu=zkhf xU fTz=z=z=zhbft Foha gljjiy fThlbAssthW mjd gffqfs NehFjjht
, UFFkhW ehDs 1tffggllhy el Ff=z=hbffohaiDs NkyNehtH) ,OffggLtujf
fh=zyhk. ,NjNghy eUfFg gjiyh> F==hbf Fohma ghjurjjry mtjjhy NkwgugG
tisejjUufFk. Mdhy ,gNghd tisthdJd mkoed ,UfFk. njhLk Gssayy jJut
NkwguggwF tiruaggll nghLNfhlbwFk plgnghUsid guggwFk , mlggll Nfh=khdJ
NroiNfh=zk 6vdggLk. (FINuFf vOjjhd ,jiad “jJlih" vd thrffTk)

, KkjigghdJd xtnthU il kwwWk jut Nrhbfsd , mlggFjimag nghWgJd khWwgLfwd.
xU jutkhdd jilgnghUsid Nky glhtJdk myyJd Jsifshf cUthtJk ,kkjigigg
nghUNJ ma kfwd.

njhLkGss) O- Etg nghWjJd jut - thA jiIl - thA kwwk pl - Jut
, 1lggFjFist FfUINthk , mlggFjifsid gqugG ,Otiirfs fh=zgffgglLssthw
KiWNa Tla, Tsa kWWk Tsl MI:k

ehkkhdJd rkemynag nghWjJ emsyahf ,Uggd ,k%dwW , mlggFjifSTF , ilNa
css gugé ,OtuNrfsSk rkemyaNyNa ,UfFFk. vdN©

T, =T,cosq +T, P cosq = Ta=Ty

la
Nkwf=1 rkdghlbyUed> %tiafahd NehTfs fNo tthjffgglLssd.
1. Te> TakwWk Tea — Te> 0 vdly eH — gsh]bf , ilggFj) NriNfFhzk 6 MdJ
FwgNth=k (0 kjigé 90°1 ©IfFiwgG) kwWk cosONehfFw kjigGm laJd.

Tsa< TakwWk Tsa—Ta<Ovdlyy (eh - , 1y , 1lggFj) NriNFh=zk thNfh=khFk.
(6kjigG 180° 1 ©wlfFawT) kwWk cos ovgihfFw kjigGa lad.
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3. Tw> T+ Tavdlyy mgNF rkeiiy ,yyhky elkkhdJd jilgnghUsid Nky guTk.

vdNt jil - jut ,ilggFjfSTF , 1INa css NriNfFhzkhdJd ek mdwhl thotyy
Kffiag gadghLFisf nfth=zlLssJ. vLjJffhlIhP NrhgGk> ryitjJI}Sk <ukhfFk
fhu=z|fs.

mit XU ehkfFFiauryyy Nrhffggllhy mit NriNFhzjij FiwfFfF KaYk mjdhy
Jzifsyy edwhf CLUty mOfif mfwwk. kwnwhU tifayy eh GfFh th=zqgfs
Flbljjid ntsigwk GrggLfidwd. mit kio ngaAkNghd eUFFk thzk Grggll
guggwFk , 1INa css NriNth=zjij mjifirfFFk.

JutjIsp NrhigcfFkio kwwk fhwWF FkiofFF csNs kit mOjjk

, JWF Kddh tthpjjthWw> jutjjid NkwgugéG xU jizkjajj njhLkNghd tasthf
,Uffwd. jut - fwW myyJd jut - thA ,ilggFjiad jdikmag nghwjJd
, 1lggFjiasy qugé ,Otisrad vz=zkjgG khwgLfwd. khwh gugé ,Otiirad
fhuzkht Nkwf=l , 1lggFjifs Mwwiyg ngwWssd. Fwggll gUKDTF
Nkwgugghdd kff Fiwej gugGld rwk Mwwiyf nfth=zbUfFk. ,ej fThu=jjhy
jutjJdsiahdd Nfhs tbitg ngWwfwd. (rwa MujjwF) XU ehkjjpd NkwgugG
tisejUeghyy jutjjd cs kwWk ntsigéw NkwgugGFsimINa mOjj NtWghL
, UFFK.

1. ehkjjid NkwgugG rkjsknhf ,Uggd> gugé ,Otiirahy cUthFk tirfs (T, T)
ehk Nkwguggd njhLNFfhlbd toNa vjnujuhfr nraygLk. vdNt %yf$wd kjhd
njhFgad tiir RoahFk. rkjs ehkgguggy jJutggffjjid mOjjkhdJd
thAggffj jid mOjjjjwF rkkhFk.

ehkjjid NkwgugG tised fTh=zggllhy ehk NkwguggYss xtnthU %yf$wk
Nkwguggid njhLNfhlbd toNa gqugG ,Otiirad TfThu=khf (FT, FT) vdw
virfis czUk tirfis ,U nreeff $WFshfg ghfP HiljjsTfswis
xdiw xdW rkd nraaggll nrgFjJdf $Wfs $llggLfidwd. vdNt guggwF
nrgFjjhfr nraygLk njhFgad wtirahdJd ehkjjd tisej guggd kJ
nraygLfwd. ,jdhy xU Ftiej Nkwguggd kJ nraygLk njhFgad tirahdJ
tisT 1kajij Nehffi csNehfflAkw xU Foej Nkwguggd kJ nrayglLk
njhFgad tirahdJd tisT i1kajij Nehfh ntsNehffiAk nrayglLk. vdNt
xU ehkjjid tisej NkwgugG rkemyay ,UfH Foej gffjjid tirahdJd
Ftej gffjjd tiiria tl mjfkhf ,UFFk.

Fkio kwnwk ehkjJsjaiDs kifaOjjk:
NVFkioFSk ehkjJfsTfSk gqugG ,Otarfsd fhu=zkhf Nfhstbitg ngWwhdwd.

1. ehkjJiYss fwWF FkoaDs kifaOjjk

R Muk nfh=zl fiwwF Fko xdW T vdw gugéG ,Otiiriaf nfhzlLss eHkkjjDs
,uggjhtf TUJF P:kwWk Pyvdgd KiwNa Fkoad ntsgow kwWk <cIlGw
mOj jkhFk. ,gNghd FkioaiDs ki faOjjkAP =P, - P1IMFKk.

mjd kI nraygLk wtirfist
TUINthk. miufNfhs tbt Fkoay tirfist TUJkNghd ekfFT fim lggJd.

1. 2pR esKss tiskigr Rww tygGwkhf gugé ,Otiirad fhuzkhf nrayglLk
tirahdJd Fr=2pRT

2. pR®> FWFFntlLg guggy tygGwkhf nrayglk ntsigéw mOjjkhd Pi:My
cuthd bir F, =PpR’
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P.vDk clGw mOjjjjidhy VwgLk , Igéwkhf nrayglk tiir F, = POR’
,turrfsid nrayghllhy fiwwf Fko rkemyay ,Uggjhy

P -FT+F

P,oR? = 2pRT +PpR?

b (P, - R)pR® = 2pRT

kufaoin<DP=g-a=%l

NrhgGF FkoaDs ki faOjjk

R MuKk TgugéG ,OtimrAk nth=l NrhgGf Fko xdiwf fUJIF NrhgGF FkiofF
fhwwld njhLk ,UgugGfs> Fkioad clGwk xdWk> ntsigbwk kwnwhdWk cssd.
vdNt gugG ,Otiirahy VwgLk tiEr 27 2pRT NrhgGF Fkioasd kJ nrayglLk
gyNtW tarfshtd

1. gqugG ,Outiradhy tygowkhf nrayglLk ©ir F, =4pRT
2. ntsigéw mOjjjjidhy tygGwkh¥ nrayglLk timr Fa = F’lpR2
3. clow mOjjjjidhy , Igewkhf nrayglLk tir F, = P,OR’
FkioahdJd rkeiyay cssjhy

F =R +F

P,oR? = 4pRT +PpR?

b (P, - R)pR* = 4pRT

DP=%—H=%§

kimfaOjjk
ehkjJIsiaDs ki faOjjk
R MuKk T gugG ,OtiirAk nfh=1 ehkjJs) xdwadf fUJIT.
ehkjJdsiaid Nky nraygLk gyNtWw tsrfshtd
1. gugG ,Otiraidhy tygGwkhf nraygLk tir F, =2pRT
2. ntsiggw mOj jjjidhy tygewkhf nrayglk tiir F, = PpR?
3. clGw mOjjjjidhy , Ig6wkhf nrayglLk tiar F, = P,OR’
ehkjJds| rkejiyay csssjhy
F=K+FK
P,oR? = 2pRT + PpR?
b (P, - R)pR’ = 2pRT
kii FaOj jk
DP=P,-P = %r
vLjIFFhIL:

xgghlhjj) 08 nfh=1 4 mm cauKss vznza jkgjjidhy 2.0cm MuKss NrhgGF
Fkioasd kiifaOjjk rkgglLjjogllhy> NrhgGFFkioad gugé ,Otiiriaf fh=T.
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JhT:
NrhgGF FkioaDs kiifaOjjk

4T
AP =Pp—Py= ——
2 1 R

ehkjJdsifs Muk rwajhf ,Uejhy eHkjJdsiabDs kifaOjjk mjyfkhf
,UFFk. clGwKss ,kkiifaOjjjjid TFhu=zkhfNt rw gdjIsifshdJd
Jizkgfs Nghy cWjpahf cssd.

gdirrwfF tisahLk xuth gdifflbad Nky rWffir nryYkNghd> $uhd
cNyhd rWfFku Kiadfshy VwgLk mOjjjjidhy gdfflbahdd rwJ
cUFk. Mdhy gdijJdsifs cWjjahd ged jhgfifisg Nghy nrayglL mth
nkd i kaht rWffir nrytjwF cjTHdwd.

Mdhy DP:PZ—Pl:rgthrgh:?T

PbgugéG ,Otir

_ rghR _ (800)(9.8)(4°107°)(2710)
RV 4

gugG ,Otiir T =15.68"10°Nm™

T

E=zGio ExoT (Capillarity):

yvijd nkhoayy Nfggissh (capilla) vdgjd mhjjk Kb vdgjhFk. Fohafs KbasT
nkyyiajhft ,Uejhy jJutk NkNyWtd mjifkhf ,UFFk kfrrwa tllk nfh=l
Foha E=zGiofFoha vdggLk ,UGWKk jwej f=z=hb Ez=zGmiofFoha xdiw ehy
NehfFjjhf mkojJkNghd euhdd FohaiDs NkyNehffi VWFfwJ. Fohayy ehd klIlk
ntsiaay css klljijoul mjfkhf ,UfFk. E=zGiofFohma ghjurjjy
mkijoj jidhy ghjurKk FohaiDs foNehtfi ,wgFk. mjhtJ Fohayy ghjurjjid kIlIk
ntsjaYss klljijul Fiwthf ,UfFk ehkKk jJilgnghUSk rejifFk ,1jjiy
NroiNFh=zk MdJ 90° 1 ©l Fiwthf ,Uejhy EzGio Vwwk VwgLk. khwhf> ehkKk>
JilgnghUSk rejifFkl iy NriNfh=zkhdJd 90°1 ©l myfkhif ,Uejhy E=Gio
,WFFk c=zlIhFk. xU NehFjjhd Fohayy eHkk NkNyWtd myyJd fTowgFtJ
EzGio E oT myyJd E=zGror nrayghL vdggLk. EzGmofFohad wtlljijg
nghWjJ ehkk khwgll caugfSTF NkNyWk myyJd fowgFKk.

EzGioNawwk kwwk ,wFffk :

NriNfh=zk tyink endAk E=zGiofFohayy,

xhd T
fthrn
Oiar

NtwdT
fthrn
Gir

msT

ehk cahT myyJ
JhoT

0=0(A)

tyik
FdwaJd

tynk
kfFfJ

KOtJkhf
endAk

cauTkymy
fowgfTkyiy

6< 90 (B)

tyik
FdwaJd

tynk
kfFfJ

mjifk

ehkk NKNyWk

0> 90(C)

ty ik
kifFfJ

tynk
FdwaJ

FawT

ehkk fowgFk

E=zGio Eiotid nrayKiwg gadghLfs:
EzGioNawwjjid Thu=zkhf k= tsthiYss vznzahdJd jhay

VwwJ.

- NINghy jghtujjiy

(sap) NkNyWHwJ.

, 1yfFSTFk fistfSTFk NthyiUed cahrhw
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CcwWQR jhshdd ikma cwQRfwJ.
f=zfsyyiUed f=z=h njhlhed tba EzGior nrayghL Nj i tahdjhFk.

NFha I Ffhyqfsy gUjj Milfs tiUkg mzjaggLfidwd. Vnddy gUjji
Milfs)Yss Ezza Jthugfs tahi tfF E=zGiof Fohafshf
nrayglLfidwd.

EzGioNaww Kiawayy gugé ,Otiiriaf th=zy:

JueKk fhwwk rejifFkljjiy css tisej guggd kJ VwgLk mOjj NtWghNI
Jutkhdd E=zGiofFohazy NkNyWEjwFT Thuzkhf mikfwd (<hggd tTiEsitg
cwFfF=zff). kFf E=zz=zj@a Fohafsyy EzGioNawkhdd mjifkhif cssJ.

,eeffothdd gugG ,Otiirad ntsigghlhFk. E=zGioNawwjjwFk (h) gugG
,OgiarfFk (T) css njhlhigg ngw EzGmiofFoha xdW nfhsfydiYss ehy
mkioj ji s tjjiUggjhff fUJIF. E=zGiofFohayy euhdd gugG ,Otimrad fthu=zkhf
h cauj jwF NkNyWfwJ.

gugG ,Otmrad fhuzkhf VwgLk ©har FrMdJ njhLkGssjarty njhLNfhlbd toNa
foNehfiAk mjd vjhtiar NkyNehfhHAKk nraygLfidwd. gugé ,Otisr TMdJ ,U
$SWFshfg ghFfggLfiwd.

1. A ljjsTtHW T sinokwWk

2. nrqFJJIT$HW Tsinogiawjjsjjid RwwsT KOtJk NkyNehff
nrayglLfwd.

nkhjj NkyNehffia ©ir .

,gF 0 vdgd NriNfh=zkr vdgd Fohasd Mukhk pvdgd ehd mihjji kwWk h
vdgJd Fohayy eh NkNyWk cauk vdy
1. fimljjsTtHW T sin 0kwWk
2. nrqFJJITBW Tcosogawjjsjjid RwwsT KOtJk NkyNehffi nrayglLfiwd.

=(T cosO) (2pr)=2pr Tcos O
,gF 0 vdgJd NrhNfh=zk r vdgd Fohasd MukhFk. pvdgd ehd mihjji kwWk h
vdgJd Fohayy eh NkNyWk cauk vdy

v=prth+&pri r —Epr39 PV =pr’h +1pr3
g 3 g 3

NkyNehffia tirahdd eHd NkwguggwF NkNy Fohayy VwAss ehkjjkgjjid

viliar rkd nrafwd.

vdN©

raeh+1r9rg

& 34
2c0sq

E=zGiof Fohahdd kf Ez=z=zjiajhf r Muk nfh=zbUggd (kifff Fiwthd Muk)
caik cld xggl %MdJ GWFF=iFfj jFFI. vdNt

2preosq = prit :lrgrg bT-=
§ 35

rrgh
2cosq
h cauj jwF NkNyWk NghJd

T=
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2T cosqg bhu

rrg r
EzGio Vwwkhdd (h) Fohaad MujjwF (r) vjhjjftty cssJ vdgij ,J
FwffwJ. Fohaad Muk Fiwa E=zGioNawwk m jifkhFk.

E=zGiof Foha xdwy eh 20 cm caujjwF NkNyWfwd. , FFohaxd Muj i jgNghy
%dwd xU gFj; MuKila kwnwhU EzGiofF Fohaty eh vej mstwF NkNywWk?

h=

JhT:
rkdghL ,Ued h ul P hr =khwy
r

rnkwk rMuKila ,U EzGiof Fohafs jutjjly mkoedssNghd E=GiroNaww
caukhdJ KiawNa hikwWk havdyy»
hir: = hara = Khwy
- -2 -
thzmz(z 10°m) " r
r-2 _

3

b h,=6"107m

vLjITFhiL:
Nrhlh §Iyk fzzhbfFk ghjurjjwFk , EINa NriNfh=zk 140°xU fiz=zjjiYss
ghjurjgry 2 mm MuKila ,NjJ Ff=z=zhbahy Md Ez=zGiofFoha mkojji
1 tffggllssd. jutjjid ntsigbw Nkwgugigg nghWjJd Fohary ghjurjjid klIlk
vttsT FiwAk?

ghjurjgid gugG ,Otiar T=0.456 Nm-!

ghjurjjid mlhyj) p=13.6 x 103 kg m3
JhT:
E=zGio ,wffk

h= 2T cosq _ 27 (0.465Nm™)(cos140°)

rrg (2710°m)(13.6 7 10°)(9.8ms?)

Tf=z=zhbft Fohayy ghjur kllk fowgFfwJd vdgij vjhfFw fhlLfwJ.

gugG ,Otirad gadghLfs;

nfhRffs ehd Nkwguggy Klilfis ,Lfidwd. end gugéG ,Otiarmaf Fiwff
v vznza CwwggLfwd. ,J ehd NkwguggYss klngglyjnj ciljJd
tLejhy nfhiR Klnlfs ehDs %ofr nrad moffggLfidwd.

Ntjig nghwahshfs> ehkjJdsifs tbiakffggll tbtjjiyy miked guggy XNu
ruhf xIbfnfhsSkhw mjd gugG ,Otiiria Elgkhd msTfF rh nraaNt=LKk.
,J jhdiagf thfdqfs kwwWk myqgfhug nghUsfSFfF th=zk Grg gadgLfiwd.

Jzifisj JitfFkNghd nteehy ryitjJd}jas Nrhggjhy ehd gugG ,Otir
FawffgglL mOfFjJfsTs vs)jyy effggLfidwd.

e xllhy JI=zfs jahhwfFk Nghd eh XIlhj nghUshdd (nkOF) J=zAld
NrhffggLtwd. ,J NrhiNFh=zj o j myfhrfFfwd.

nghndsyjaid Njwwk:
njhlhkhwyr, rkdghL:
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XU Fohad toNa nryYk ehk eawad tjjnj mwa ehkk ghatJd ruhf ,Uggjhff
fUJNt=Lk ehkk ghatd runf ,UFF Nt=zLnkdd)yy ghAk ehkjjd xtnthU
CssialYk jiarNtfkhdd Neugijg nghWgJd khwyiahft mika NtzlLk ,ej
egej idayy ehkjjid X11khdJ thrrh X11khf mikAK.

ruww FWFF ntllggugG aikwWk amjhtJ a;> axnfh=z1 AB vdw Fohiaf FfUJIF
ghFeliyaw mKFff ,ayhj ehkk ruhf vikwWk vovdw JiarNefj jiy KiwNa atkwWk
a,qugGTT toNa ghaed nryfwd.
At vdw fhy mstiy A vdw gFjiaad toNa nryYk ehkjjid esw mivdyy ml =
(a1v1At) p
At  vdw Thy mstiy B vdw gFjjaid toNa nryYk ehkjjid emw mavdym2 =
aVaAtL) p
mKTFf ,ayhj ehkjjiy emw khwhd mi=m:

aiviAtp=axv2 At p

aivi = a2v2 P av = khwyy
»,JNt njghlhkhwyir rkdghL vdggLk. ,J> ghAk ghakgfsid eamwahdd khwhky
,Uggi J¥ ThiLfwJd. nghdthf av = khwyp ,jd nghUs gUkgghak myyJ ghAk
tjk Foha KOtJdk khwy; vdgjhFk. khwhf FWFFntlLggugG Frwthf ,Uggd
ghakjjid jisrNtfk mjifkhf ,UFFk.

vLjITFhiL:
XU rhjhu=z kdijDfF ngUehb toahf ,ujjk nryYk Ntfk 0.33ms-1. (Muk r=0.8

cm) ngUehbaryy ,Ued 04 cm Muk nfhzl 30 v=zfs css ngUk JkdifSTF
,UjjJk nryfwd. jkdifsid toNa nryYk ,ujjjjd Nefjajf f=FfLFT

JhT:

aV, = 30a,v, P pr?v, = 30pr/v,

lard _1.2087102m¢’
Vo=neo s WPV, == e -5+
3Oer2g 30 e04 10 m gy
% (0.33 ms?)
v2 = 0.044 mst

ehkqfsid mOjj> ,aff kwWk eiy Mwwy:
ruhfg ghAk ehkjjwF %tsfahd Mwyfs cz=zL mit 1 ,aff Mwwy 2. ey
Mwwy kwWk 3. mOjj Mwwy MFK.

1. ,aff Mwy : m eiwAk v JiirNtFfKk nfh=z1 ehkjjid ,affF
Mwwyhd JKE = %va

ey Mwwy: juuklljjiwviUed h caujjiyss m eiaw nfth=zl eHkjjid
e 1 yahwwy
PE =mgh

56 | P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




XuyF e awffhd emyahwwy

__, _tbir _ .

mOj jk _gugG Ptir xmOjjk gugG
F"d=(PA)"d=P(A"d)
PF d=W=PV=mOjj Mwwy
vdNt mOjj Mwwy Ep =PV
xXuyF elswffhd mOjj Mwwy

E, PV _P_P

_P
m m M r

v
,NJNghy xuyF gUkDffhd mOjj Mwwy

nghndsyjaid NjwwKk mjd gadghLfSk;

1738 Mk Mz=zL Rty] ehlL mwthay mwQh NIdiay nghndsy; vdgth nttNtW
FWFfFntlLg gugGss Fohafs toNa nryYk ehkjjd thrrh XI1jjywfhd njhlhig
tFjjhh. Mwwy khwh tjiayd mbggilasy mth ehkjjd thrrh  X11jjwfhd
njhihigjy jutjjhh

nghndsyjaid Njwwk;

nghndsyjadd Njwwjjidgb thrrh XIljjJ)y css mKff ,ayhp ghFeryaww
XuyF eiwAss ehkjjd mOjj Mwwy> ,aff Mwwy kwWk emyahwwy Mhatwwd
$SILjnjhif khwyahFk. f=z K iwggb

T+ 2y + gh=khwy)
r 2

,JNt nghnsyiaid rkdghlhFk.

e&gIIY,

AB vdw Fohad toahf ehkk ghatjhff nfhsNthk. ,qF V vdgd Kid A toahf
t fhyjjiy EioAk ehkjjid gUkd vdy> Kid B toahf mNj fhyjjiy ntsiNawk
ehkj jid gUkDk V MFKk.

aa, vakwWk P vdgit A y KiwNa Fohad FWFFntlLggug® ehk jimrNtk kwwk
ehk mOjjk vdf nfhst.

A ,y css ehkk nraygLjJk ©ir
Fa =Paaa
t fhy mstyy ehkk flej njiyT
d =Vat
vdNt nraaggll Ntiy
W = Fad = Paaavat
Mdhy aavat = aad = V, A ,y EBOAK ehkjjid gUkdhFk. vdNt nraaggll
Ntiyahdd A ,y mOjj Mwwyhf ,UFFk.
W= Fad = PaV
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A ,y XuyF guUkDffhd mOjj Mwwy
_mOjj Mwwy _ PV _
~ gUkd v
A ,y XuyF giwffhd mOjj Mwwy =
A= mOjj Mwwy _PBV _PB, _P,
emw m r

Pa

m
v
Y

,gF m vdgJd nfhLffggll Neujjiy A
ehkjjid mOjj Mwwy

E..=PV =PV

EioAk ehkjjid eiiw.

,aemo_mPA

§mg  r
A ,y ehkjjd ermyahwwy
PEA = mgha,
A ,y ehk X11jjid fhu=zkhf ehkjjid ,aff Mwwy

KE, :%mvf\
vdNt A ,y ehk X11jjidhy nkhjj Mwwy
Ea = EPA + KEa + PEA

P, 1
E,= m7A+Emv,§ +mgh,

,NJNghy as, vg, kwWk Pgvdgit KiwNa B ,y Fohad FWFFntlLggug® ehk B ,y
nkhjj Mwwy

P, .1
E, = m73+5mv§ +mgh,

Mwwy khwh tjiasyiued
Ea=Es

P, 1 P, 1
mTA+Emvf\ +mgh, = mTB+Emv§ +mgh,

P, 1 P, 1
TA*'EVf\ +gh, = TB +§V§ + ghg khwyy

NkNy css rkdghlal , tthWk vOjyhk
2

i+£v_+h:khwpyp

rg 29
NkNy css rkdghlhdd Mwwy khwh tijiaosd i sthFk. cuhatidhy Mwwy ,00G
Vwglhjtiu ,rrkdghL nkaahdjhFk. Mdhy ,gF ehkjjid VLFs nttNtW
JinrNtfgfsy nrytjhy mtwwwfii INa VwgLk cuhaT tiradhy Mwwy ,o0gG
cuthfiwd. ,jjifa Mwwy ,ogghdd nghdthf ntgg Mwwyhf khwwggLfwd. vdNt
nghndsy) njhlhghdJ> Rol ghFeiyAss myyJd ghFeiyaww eHkqfSTF KkILNk
nghUeJk. Fwigght ehkkhdJd fii ljjsfFoha toNa ntsiNawdhy

2
h=0 Di+lv—= Khwiy)

rg 2g
nghndsy) Njwwj jid gadghLfs:
#iiwFrfhwwy $Siufs J}FH vwagglLjy:
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Kwfhygfsyy tLfs myyJ Fbrrfsid NkwS aufs cssthw rhathf
tbhtikffgglld. mwtiay fhuzk vddntdy nghndsyad jjJdtjjidgbh tLfs
#iwfFfhwW myyJ Gayyy ,Ued ghJdfhffgglLfidwd.

GayfhwW €tRkNghd kww gFjiFSTfF Nrjk Vwglht=zz=k Fbirfsd $iufs J}fH
vwiaggLk. nghndsyiaid Njwwggbh mjNtFkhf tRk Ffhwwhdd $SuuFFNKNYy Pivdw

,€J mOjj NtWghL (P2 - P1)) NkyNehffia ced tiiria cUthffi $iu NknyOkg
fhwwild Nrhed J}ff) vwaggLfiwJ.

tkhd ,wFif cahjjy (Aerofoil lift):

thDihpjayd ,wFiffshdd NkygFj1 fogFjimatgl mjyfkhif tisedk KdgFjad
Kid gdgFj) Kidiatll mfykhfTk ,UFfFkhWw tbtikffgglLssd. thD}hj
,agFk Nghd ,wfifad fOss fThwiwtl ,wFifad NkygFjay css fThwW
cssthW Ntefkhf efUfwd.

nghndsyiasdd jjJdtggbh ,wFifad fogFjay css mOjjkhdd NkygFjpimatl
mjiFkhf ,Uggjhy rfj thaej cahjjy vdggLk NkyNehffia cedtiir nrayglL
mJ thD}hjima NkyNehffi caur nrafwd.

Gdrd RluLgG

Gdrd RluLggy VvhthA EzJdisad toahf mpf JiarNtfjJdld ntstURwd.
,jdhy Fohad css mOjjk Fiwfwd. vdNt ntsiffhwhdJ Ntfkhf mLggDs
fhwwj Jwggd toNa Eixoed vhithATId fyed cssthW eyewr RInuj juUfwd.

ntdRhkhd) (Venturimeter):

, TfutiahdJ xU Fohad toNa nryYk mKff ,ayhj ehkk ghAk €jjuj (myyJd
ghAk Ntfk) mstl cjTfwd.,J nghndsyad Njwwj jid mbggilasy nraygLfwd.
»J A kwk A vdw ,U mfdw Fohafist nfhzLssJd (FWFF ntlLg gugG A)

mit B vdw FWFfyhd (FWFFntlLggugG a) Foha %yk , i=zffgglLssd. U tbt
mOjjkhdiahdd ,ttU mfdw kwWk FWFfyhd FohafSTthilNa cssthw

, 1ZTfgglLssJd. mOjjkhdiasy css jutjjid mlhjjg o' A ,y ©ss mfykhd
gFjlaaYss ghakjjid mOjjk PivdFf ‘p' mihjpAld 'vi' JiirNefjjiy ghakk
FohaDsNs ghatjhy FWfyhd gFjpiasy mjd Ntfk 'vo'. vd mjyfhffiwd vdf
TfUJT nghndsyaxd Njwwggb ,ej NtfF mjifhgghdd B ,y css FWwha gFjay
ghakjjid mOjjkhd P i tf FawfFfwd. vdNt A fFkB fFk ,1INa css mOjj
NtWghlhdd (AP = P1 - P2) mOjjkhdiazy css jutjjd cau NteEWghllhy
mstlggLfwd.
njhlhkhwiyir rkdghlbdgb

Ay, = av,
mjhtJ

2 2 .2

Vv Y 1z A
P+rt=P+r2p+ r—ae—vlg
2 2 a g

Nkwf=1 rkdghlbyjUed mOjj NtWghlhdJd
2 2 2
v; (A"-a%)

2

DP=P1-P2=r
2 a
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vdNt mfdw Fohadd A Kiday jut XI1jjd Ntfk

2(DP)a’ 2(DP)a’
2o [20Pa | 20P)a’
r(A°-a°) r(A°-a°)

kwWk xU tidhbayy Ad toahfg ghaed nryYk jutjjd gukd

2
V=Av=A [20PR | _20P)
r(A’ -a’) r(A? -a®)

gw gadghLfs;

nghndsyiaad NjwwkhdJd> Kffhakhf jhdiagfi thfdqfsy fFhheNulllh  tbFflb
gkGfs> njsigghdfs Mhatwiw tbtikffg gadglLfwd. cjhu=zkh® FhhGNull Ihy
FohaKid (Nozzle) vdggLk. Ezza Jisad toahf fhwwhdd kT Ntfkhf
csNs tUfiwd. ,eNehtty Ezzja fOjJggFjiasy mOjjk Fawffggll nglNuhy
myyJ vhnghUs cssiOffggllTlid fydy gwwitgGfF rhahd mstyy fThwWk
vhinghUSk fyffggLfwJ.

xU nyejr tiy ehk v=zZtij tl kfTk tYthdjhFk nyej tiyad
xU jd) E}lyhdd mjd esyratil gy Mauk kIgF emw nfth=zl gwfFk
grnfaisjy JLFF ,aYknyej tiyad aqFz=fk Njhuhakhf 4.5 x 10° N m=2,
,€] kjogig kuFflslad aq F=T kjigGld xggLtT.

XU nghUsid mZffSTfF ,i1lNa css tir mZuil tir kwk nghUsid
%y fEWFSTF ,ilNa css tir %yf$wil tir MFk

—{f g kln vyiyfFs jiftthdJd jhGFfF Nehjjfty cssJ.

XuyF guggy nraygLk ©twir JsafT MFk xU nghUsd FWFF ntlLggugG A
kwwWk nrYjjggl tir F vdy jiftd vz kjgcé F/A. ,Otir myyJ
MKFFjjifT ,u=zilAk xNu thhjijay elrjjifT vdf $Hwyhk

xU cUisad es khWghlbwFk mjd njhlff esjjwFk ,1lINa css JfT
AL/L MdJ elnjyhG vdggLk.

kiln vyiyfFs el JifTfFk elnjjhGfFk , 1INa css tfjjk Tkgg
nghUsid agF=fk vdggLk.

k(ljrp v?(/iyst gUkjj i fogwFk gUkjjhGFFk , 1INa css tfjjk gUkfFF=Tk
vdggLk.

kln vyiyfFs rWfFgngahrrj jaftwFk rWFfFgngahrrj jhGFFk , i1lINa
css thjk vawgcFF=Tk vdgglLk.

ghanrha tfjk =gffehliLjhnG /7 esthlLj G

XuyF gUkdlyy fkgay Nrkffggll kil egiy Mwwy U = %infT X JihG

:%XYX(jphpG) 2 ,qF Y vdgJ nghUsid agF=zfk MFk.

A vdw Nkwguggy nraygLk nrgFjj tir F vdy mOjjkhdd XuyF guggy
nraygLk tar vd tiuvawffggLfwd.

ehkgguggyied h Mojjry nkhjj mOjjkhdd P = P, + pgh, ,gF vdgJd
FfhwwOj ko kwWk mjd kjigG 1.013 x 105Pa MFk.

ghjfy tjiggbh xatlyy css ghakjjiy XxXNu caujjiy css midjJdg
Gssifs)iYk mOj jk rkkhFk.

kiJgG tjiavdgbh xU nghUsid %ofia gFji ntsiNawwk jutjjd vil nghUsid
vi I FF rkkhfNth myyJd mjFkhfNth ,Uejhy> nghUshdJd mjjutjjy kjFfFk
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XU ehkjjd ghfiay vz vdgJd ehkjjd XuyF guggy ehk ,affj jinrfF
nrgFjjinray XuyF jJiarNtfr rhitf nfh=zlss ehkjjid nghLtrujjinray
nraygLk ghfiay tiir MFk.

xU ehk XIlkhdd xU Gssiiaf fled nryYk xtnthU ehkjJfSk xNu
ghi jay mjwF Kd flej Jfsid NtfjjiNyNa Flejhy mej xllk thrrh X1k
vdggLk.

ghak XIljjiy piarNtfkhdd khWenyj piarNtfjajj jh=bdhy xI1khdJd
rowr) X11khf khwfwJ.

xU cUis tbt Fohad toNa ghak XIlk t€thrruh myyJd Rowr; XIlkh vd
KbT nratjhy nudhyL v=z KfhajJtk ngWfiwJd.

INIhF rkdghL F =6phav ,gF a MuKss Nfhsjjid kJ nraygLk ghflay tir
F kwk v MdJ Nfhsjjid KwWj jiarNtfk MFk.

xU ehkjjid gugG ,Otiirahdd ehkg guggy tiruaggll xuyF esKss fwgidf
Nfhibd toNa NfhlbwF nrqFjjht guggwF , i=zahfr nraygLk ,Otir vd
trvawffggLfiwd.

Jutk kwWk jizkgnghUs jutjjiDsNs rejifFk Gssiayy tiruaggll
NJhLNFhLFSTF ,1INa css Nfh=zk jJilk kwWk jut Nrhbad NrhiNfh=zk
vdggLKk.

nfhLfFggll xU Gssjayy fled nryYk xtnthU ghakjJdfsid jiarNtfFKk
fhyjujg nghWjJd khwhky ,Uggd ghak X111k rund XK1k vdyhk.

ar vi = a2 vovdw rkdghL xU Fohayd toNa nryYk ghakjjwfhd nghlhkhwyir
rkdghL vdggLk kwWk ghak XIl1jjjyy ghakjjid eiiw kwhky cssjd fhu=zkhf

mikfwd. mjdgh> xU thrrh XIljjJiy css mKFff ,ayhj. ghFeiyaww
ghakjjid XuyF eiwffhd mOjj Mwwy> ,aff Mwwy kwWk emw Mwwy
Mfiatwwd S$SILjnjhi £ khwyiahFk. mjhtJd P/p + v2/v + gh = khwy,.
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11T, awgiay,
njhFj)- 2
myF- 8

ntggKk ntgg ,afftaYk (Heat and Thermodynamics)
ntggk kwWk ntggeiy:
mwKFk;

ntggeiliy kwWk ntgg ,ttu=zlLk mdwhl thotyy kf Kfhag ggfhwwhdwd.
midjJ cahdqfSk rhtu nraygbtjwF mtwd cly ntggeiyia xU
Fwgglll msty guhkhjjy mtnakhFk. czikay cahdqgfs thotjwFj
Njstahd ntggeayia #haNd jufwd. ,awsfmag GCHed nfthstjwF kFTk
mbggi lahdJd ntggelny kwWk ntggjmjg gwwa GhjyhFk. ntggemy> ntggk
Nghdwtwiw tTisfFk ,awgayid xU ghNt ntgg ,afftay> ,ejJ myfy
toqgfgglLss fTUJIffFs ntggk Fshrn kwWk ntggeliyia ntggjjyiled
NtWgLjjig ghgggwF Ji=zGhAk. ntgg ,afftiay)yy css ntggk kwWk ntggemy
,ttu=zLk xdWld xdW neUqgfiaj I’Uhthl la nttNtW , awgay msTfshFk.

ntggjjd clfujJd

Fiwej ntggeayayYss nghUsid kI mjif ntggemyayYss nghUis 1tfFk
Nghd> mjif ntggeiyayYss nghUsiyiUed Fiwej ntggeiyAss nghUSTF
jddirirahf Mwwy ghkhwwk vwgLk. , tthwwYFfF ntgg Mwwy myyJ ntggk vdw
ngah. ,tthwwy ghkhww efoNt ntggggLjJdjy vdwW miuoffggLk. ,ej
ntgggghpkhWWJdehy ny Neugfsly nghUsid ntggeiy caUk myyJ Khwwk
Vwglhky mNj ntggeliyaNyNa ebfFk.

ntggk vdgd Mwwy msT vdw jtwhd Ghjy ny Neugqfsyy VwgLtJd=L. ",J
kifTk ntggkhd jJ=z=h ",J ntggk Fiwej j=z=h" Nghdwit nghUsww
thfhagfshFk. Vnddy» ntggk vdgd xU msT myy; mJd cah ntggeiyayYss
nghUsiyilUed Fiwej ntggely c<css nghUSTF ghAk ghkhww MwwyhFk.
ntggggLjJk efoT KbTwwg gddh ntggk vdw thhjijia ehk gadglLjjf$Hihd.

ntggk vdgJd ghkhwwkslAk Mwwiy FwfFNkadw nghUs)y NrkjJdastffgglLlss
Mww iy T FwffhJ.

vLj IFFhiL:

a. ,ej Vhayy mjf kio cssJ.

b. Ftisay css #Ihd Njehy mjf ntggk cssJ.

,ttuzL PwWfs)y css jtw vJ?

JhT:

kionghoAk Nghd> NkfgfspyiUed Vh jz=iwug ngWfiwd. kio nghotd edwTld
Vi KdG ,Uejij t©l mjfj j=z=imug ngwUFFk ,gF kio vdgJd
NqufspypUeJ J=Zz=zinug ngWk xU nrayhFk. kio nghotJd xU msT myy. khwhf
kio Nkfgfs jJz=z=z=zuhf khwwkiled VhFF nrytijf FwfFk. vdNt Vhayy mjif
kio cssJd vdW $wtJd jtwhFk. khwhf Vhayy mjifj j=z=zh cssJ vdw
BWENJ nghUj jkhd jhFk.

Ftisay c<cssNjeh ntggggLjJdtjhy mLggyUed ntggjijg ngWfwJd. Njenmu
W 1gjJTid mJd KdgUejrijul mpf mf Mwwiyg ngwUFFk. ntggk
vng cah ntggeiyaYss nghUsyilUeDFiwej ntggeliyaYss nghUSTF
Mwwy nrytijf Fwffiwd. ntggk XH msT myy. vd\t Ftisay css Njehy
mjif ntggk cssJd vdW $Wtij t Ftisay css Njeh mjif #Ihf cssJ
vdgNj nghUj jkhdjhFk.
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Ntiyad clfujJd:

cgfsd ,uzlL cssqgiffisAk xdWld xdW NjafFkNghd> mtwwd ntggeny
cahtij fThzyhk cqfs cssqiffsd kJ xU Ntiy nraagglbfwd. mej
nraaggll Ntiyahyjhd ntggeliy cahedssJd. jwNghd cqgfs cssqiffis
fddjjid kJ w1tfFkNghd fddjjid ntggeiy cahtijf fh=zyhk Vnddwhy
cssqiffsy ntggeay TFddjjy ntggeiyiria tl mjfk mjdhy ntggk
cssqgifaylUed fddjjwF ghafwd. NkNy $wggll vLjIFfhlbyiUed ehk mwtJd
vddntdwhy cssqiffsid ntggeliy cahejJ nraaggll Ntiyadhy fddjjid
ntggeliy cahejJd cssqiffsylUed fddjjwF ntggk ghkhwwggllijhy> jhd
, 1t ThllgglLssd.

mikgG xdwd kJ Ntiy nraaggLk Nghd nrny Neugfs)y> mikggd ntggeny
caUk.

myyJd ny Neuqfs)yy mNj eiyay ebfFk. ntggj i jg NGhdNw NEmyAk XU msT
myy. md Mwwiy ghkhwWk xU nrayhFk. vdNt ,ejgnghUs mjif Ntiyiag
ngwwssJ myyJ Fiwej Ntiyrag ngwwssJ Nghdw  thfhaqfisg
gadgLjjfsIhd.

mikge #oyid kJ xU Ntaymar nrad mr#oYTF Mwwiy khwwk nraAk myyJ
#oy> mikggd kJ xU Ntayma nrad mej mikggwF Mwwiy khwwk nraAk.
vdNt xU nghUsiyjUed kwnwhU nghUSTF Ntiy %ykhf Mwwiy KhwWejwF
mttu=zL nghUsTSKk nttNtW ntggeiyay ,UFF Nt=zba mtnakyiy.

ntggeiyad clfujd:

ntggejiy vdgJd nghUnshdwd #Ljdik myyJd Fshjjdikiaf FwggjhFk. #I1hf
css nghUnshdwd ntggeiiy cahej kjigigg ngwUFFk. ,u=zL nghUsfs
ntggj njhlhgy css Nghd mitfSThilINa ghAk ntggjjid jpiria ntgge ny
JhkhdifFfwd.

ntggeiyad SI myF nfytd (K)

FwgG: ntgg ,afftiay)Yk mOjj myF thAffsd ,afftaw nfhsit ,u=zbYk
ehk vej Ff=Tfl nraAk Nghd> ntggeiiyira nfytd myfiy kILNkK gadglLj]
Nt=Lk.

eilKiway nryria] (°C) kwWk /Zghud — 1 (°F) vdw msTfs gadglj jggLfidwd.
ntggenykhdimaf nfh=L (Thermometer) nghUsid ntggejiy1a msejwayhk.

XU ntggemy mstLk KirwaylUed kwnwhU ntggeny mstlLk KirwfF
khwwejwfhd f=zFFIL Kiwfs nfhLffgglLssd.

gUgnghUsid ntgggg=ZzGTs; i
ghayy, tigp rhhy | tiJ) kwwk eyyiayG thA

gUkd V nfhz=zl nfhsfydy Fiwej mOjjjJry (mlhjj) css thA xdwidf
nfh=zL efojjggll NrhjidayUed gdtUk KbTfs Hin Iffiidwd.

khwh ntggel i yasts TthA xdwd mOj jk mjd gUKDTF

vihtfjj jryiUfFk 8P p T ,_] id ,uhghl ghasyy (Robert Boyle) vdgth (1627 —

1691) f=lwejhh. vdNt ,ttp_]p ghasyytiy) vd muoffggLfiwd

ntggeiyia xU mstLk Kiwayled kwnwhU mstiLk KiwfF khwwtjwfhd
TtoKiw
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mstLk Kiw nfyt)d KiwfF nfytid KiwayyjUed kww
KawfF

nryria_j K=°C+273.15 °C=K-273.15

ghud 1 K = (°F + 459.67) +~ 1.8 °F = (K 1.8) — 459.67

mstLk Kiw ghud ~ I KiwfF ghud 1 KirwaylUed kww
KiwfF

nryria |} °F = (1.8 x °C) + 32 °C=(F-32)+18

mstiLk Krw nryrna] KrwfF nfytd KirwayUed kww
KiwfF

ghud ~ | °C=(F-32)+1.8 °F=(1.8x°C) + 32

khwh mOjjjyiUed thA xdwd gUkd> mjd ntggenyfF (nfytd)
Nehj JFoOyIUFTFK.V puT

,jid [hf] rhhy ] (Jacques Charles) (1743-1823) vdgth f=lwejhh. vdNt
, thj) rhhy ] Tty  vdw m 1 offggLfiwJ. ,ttu=zL tjfisAk
xdw i zTFkNghd gdtUk rkdghL Hfin IfFk

PV =CT ,gF C vdgJd NehfFw nfh=l khwyahFk.

€] NehfFw khwy) C nfhsfydiYss Jdfsfsd vzziFiffF Nehtfjjjry ,UFFK
vdgij gdtUk tthjjjd %yk mwayhk. Xjj gukd V, mOjjk P kwWk
ntggeiy T, nfhzl xNu tifahd thAthy ,ttu=zL nfhsfydfSk

eugggglLssd vdf. ,uzL nfhsfydiYk css thA NkNy FwgglLss PV = CT
vdw rkdghlbd gb nrayglLk. ,ttu=L

jdjjdiahd nfhsfyisdAk ThlbAssthW xNu mikgghff FfUjidhy mtthAtd
mOjJjk kwWk ntggeimy XNu kjggadg ngWwk Mdhy gUkDk kwWk ntggemy
Jfsftsd vzziFifAk ,u=zL klgfhFk.

MfNth thAtd guUkd 2V kwWk Jfsfsid vzzifift 2C. vdNt eyyayT thAr
rkdghL @:ZC. ,rrkdghL ekfF c=zhjJtJ vddntdwhy NehfFw khwyy C
T=zbgght thAtyYss Jdfsfsid vzzififia rhhejjUfFk vdgjhFk. NkYk ,jd

ghkh=k gP_I_—VE:JK'l,ej NehfFw khwyi C 1 Jfsfsid v=z=Fif (N) ad k kIgF
vd vOjyhk. ,qF k vdgd nghd khwyahd Nghyl Inkd khwyjahFk. (1.381 x 10-23
JK1)

PV = NKT
rkdghL 1 Nkhyfsid mbggi laYk vOjyhk.

thA xdW p Nkhyfs nfhzl Jfsfisg ngwUejhyy mtthAtYss
nkhjjjIfsfsd v=zziFifia gdtUkhW Fwgglyhk.

N = B Na
»,gF Na vdgd mtfhINuh v= (6.023 x 1022 mol!l) MFk. rkdghL ,y css N ,d
kjioig gugialLkNghd PV = p NAKT vdffinlfFk. ,qF Nak = R vdgJd nghJ
thAkhwy) vd muoffggLk. ,jd kjigG 8.314J] /mol. K.
vdNt pNkhy nfhzl eyyjayG thA xdwd thAr rkdghl il gdtUkhW vOjyhk.

, rrkdghlbwF eyyiayG thAtid emyrrkdghL (equation of state) vdW ngah.
,rrkdghL rkejiyaYss ntgg ,afftiay mikgéc xdwd mOjjk gUkd kwWk
ntggejiyia xdWld xdW njhlhGgLjJfiwJ.
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vLjIFFhIL

8 km njhaytyUed kjt=zbad %yk gss/fF tUk khztad kjt=zbad
rffujjd FfhwwOjjk 27°C ,y 240 kPa. mkkh=zty gssiia milejTid rffujjd
ntggeiy 39°C vdyy rffujjid fwOjjjjid kjoggadFf fh=T.

JhT:

rffuj iy css fThwwid eyyayG thAthfF FUjdhy thA %yfFSWFsd
vzziFiTAk rffujjid gukDk ,qgF khwyahFk. vdNt 27°C ntgge/i yayYss thA
%y fEWFs Pi1Vi = NkTi,ylna thAr rkdghlil1AK39°C ntggeiyaYss thA
%y FfBWFs P,V =NkTvdw ,ylna thAr rkdghl i 1AK eiwT nraAk.

»,gF T: kwWk T, vdgJd nfytid ntggeiiy MFk.
Vi=V=V

BV _ NKT,
PV  NKT,

=R

P 312K - 407 10°Pa = 249.6kPa
300K

vLjIFFhiIL
37°C cly ntgg eiyAirla kdjgnuhUth RthnfFk Nghd> mthd Ewmuauyry 5.5

yillh fiwW 1 ts) k=zly mOjjjjy (1 atm = 101 kPa) csNs nryfwJd. kdijhd
Elvaylyy css MT]iI[d %yfsWfsd vzzifFifiaF f=ffLF. (FwgG : Ffhwwy

21% MTfn[d cssJ)

JhT:

Ervauylyy css fhwiw Xh eyyiayG thAthff TfUjp eyyiayG thAr rkdghlnlg
gadgLjj) thA %y feWFfsid v=zziFifiaFf f=zfflyhk

PV = NkT

,qF thAtid gUkd wllhy nfhLffgglLssJd. xU wylllh vdgd 10 cm gff msT
nfh=zl fdrJduf nfths fydd gUKDfFr rkk vdN®

1 yillh =10cm x 10cm x 10 cm =103 m3
_ PV _1.01710°Pa”5.5710"°m?
~ kT 1.387102JK™'” 310K
N = 1.29 x 103%y fSWFs

f=zFfhlggll N Kjiggy 21% kILNk MTi[d %yfBWFshFk. vdNt nkhjj
MTiI[d %yfeWfsid v=z=zFif

=1.29 x 10%x 2
100

MF[d %yfEWFfsid v=zziFif =27 x 102%yfEWfs
vLjIFFhlIL:
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XU Nkhy msTss VNJDk xU thAtid gUksd gbjju ntggeiiy kwWk mOjjjjy
(SPT) fh=zFf NkYk mNj %yfSWFfsid gUkid miwntggeiy (300K) kwWk xU
tsk=zly mOjjjjJy (1atm) F=FfLF
gbjju ntggeiy kwWk mOjjjjy> ntggemy (T = 273 K myyJd 0°C) kwWwk
mOjjk ( P=1atm myyJ 101.3 kPa)

mRT

eyyiayG thArrkdghlal ,qF gdgLjJk Nghd V :T

»,gF m=1mol kwWk R =8.314J/mol.K. ,kkjigGFis rkdghlby gujiaLk NghJ

J
1mol)(8.314——K) (273K
_ (mol) (8314 7 K) (273K)
1.013710° Nm™
=224 x10°m3
ehk mwej gb 1 yillh (L) =103ms.

,Jiyued 1 Nkhy msTss vej xU eyyayG thAtid gukd 224 wylllh vd ehk
mwed nfhssyhk.

300K

273K

My ngUFfF Nt=zLk mtthw Ff=FffLk Nghd> thAtd guUkd 246 wyllh
vdffin IRk

vLj IFFhiL:

cdJ tFggiway css fhwwd egiwia ,ayG ntggeiy kwwk mOjjjJy (NTP)
f=zfHLf. ,qF ,ayG ntggeliy vdgd miw ntggeiyiaAk ,ayG mOjjk

miw ntggeliyay xU Nkhy msTss thAtid gUksdffhd 224 yillru

JhT:
tFggiw xdwd ruhrlp msT KiawNa 6m esk5 m mfyk kwWwk 4 m caukhFk.

vdNt miwad gukd V =6 x5 x 4 = 120m3 MFk. ,ggUkdly css Nkhyfsid
vzzifitiaf fzfhl Nt=zLk
miw ntggeliyaYss (300K) xU Nkhy thAtd gukd 24.6 yillh. vdN©
%yfeWFfsd v=z=ziFi f
3
m:%»%mmol
24.67107m
fhwy 21% MTI[A78% welu[d kwwk 1% Mhfhd> 1 ~ Iu[d> —~yiak kwwWk
nrdhd Nghdw thaffsd fyit cssJd. fhwwd %yf$SW eiw 29 gmol! vdNt
miway css fthwd nkhjj eiw m =4878 x 29 = 141.4 kg MFk.

ntgg VwGjjwd kwWk jdntgg VwGjjmwd (Hat capacity and specific heat capacity)

27°C ntggeiyayYss e kwk vziz ,ttu=zilAk rk mstyy vLjJdfnfh=L
50°C ntggejiyia milAk tiu ,ttu=zilAk ntggggLjjTk 50°C ntggeiyia
mulejwfhd Neujujj jdjjdNa f=zlwaTk ,ttu=zlL NeuqFfSk errak xdwhf
,UFfhJ. v=zi1=Ald xgglLkNghd eh mjif Neuguj vLjIfnfhsSk. , JiyilUed 50°C
ntggeliyia mila vziziratl eUFfF mjf ntggk NjJit vdgij ehk mwayhk.
,ONghd ,u=zL klgF ehsd vLjJIfnfth=zL mjd ntggeimy 50°C milAk tiu
ntggggLj g mywfhd Nejij F=lIwAk Nghd> mJ VwFdNt f=lwaggl Neujijg
NghdW ,Uklqgfhf ,Uggil JAk ehk mwayhk.
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nfhLffggll nghUsid ntggeny T ayiUed T+ AT MT cahjj NjitggLk ntggjjid
msNt ‘ntgg WG jwd" vd truaWwffggLfiwd.

bQ
DT

xU TfiNyhfuhk eiwAila nghUsid ntggeayia xU nfytd myyJd 1°C cahjj
Nj s tggLk ntggjjid msN® jd ntgg WwGjjwd vd tauvawffggLfiwd.
Q = msAT

vdNts = =

ntgg Vwgjgwd S=

_12DQ¢
m&DT g
,gF s vdgJd nghUsid jdntgg VwGjjwdhFk. ,jd Kkjigé nghUsid jdikmar
rhhejNjadw msiEt rhhejjyy.
AQ =ntggjjid msT
AT =ntggeliy khwwk
m =nghUs)d ejmw

jdntgg WG gwd SI myF Jkg!KIMFk. ntgg VwGj gwd> jd ntgg WGy jwd> jd
ntgg VWwGjgwd ,u=zLk NehfFw nfh=zl msTfs MFk.

ehid jdntgg VwGjjwd ngUk kjigigg ngwWssij mwayhk. ,jd fThu=zkhfjjhd
kd c<cwgjjr elyaqgfs kwk mZffUu ciayfsiYk ehid Fsi&lbahf
(Coolant)gadgL j I fiNwhk.

ny nghdthd nghUsfsid jdntgg VwGjjwd (20°C ntggejiy kwWk 1 atm
mOjjijy)

nghUs jd ntgg Wejjwd (Jkg-
1K)
Fhww 1005
<ak 130
Jhkuk 390
,UKG (Vv/F) 450
f=z=hb 840
mY kidiak 900
kdijj cly 3470
eh 4186

ntgg WGjjwd myyJd jdntgg VwGjjwd vdgd nghUsTs)y nghjiedss
ntggjjid msitf Fwggit myy. Vnddy ntggk vdgd cah ntgg
giyaYss nghUsiyilUed Fiwej ntggeiy css nghUSTF ghAk xU
ghkhww MwwyhFk. vdNt ntgg VwGjjwd vdgijtol mf Mwwy VwGjjwd
vdgNj rhahd gjkhFk Mdhy neLgfhykhft ,tthhjijfs toffjjy
cssjhy mtwiw mggbNa ehk gadgLjJfiNwhk.

xU erwArla ,u=zL nt€tNtW nghUsftis xNu t€jjjy ntgggglLjJk
NghJ’Fiwej  jdntgg VwGjgwDiEla nghUsid ntggesy  Ntfkhf
myfhFFk.  ,NjNghdW metwaw FshtgfFk Nghdke® Fiwej jdntgg
VwGj gwD i la nghUs Ntfkhf Fshti lAK
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thAffsid g=zGfisggww gbfFkNghJd> Nkhyhh (%oyf$SW) jdntgg VwGjjwd (molar
specific heat capacity) ei lKiwazyy gadglLjjggLfiwd. Nkhyhh (%yf$W) jJdntgg
VwGjjwid gdtUkhw tiuaiw nraayhk. xU Nkhy msTss nghUsid
ntggeiyia 1K myyd 1°C cahjJdtjwFj NjitggLk ntgg Mwwyild msNt
Nkhyhh (%oyf$W) jdntgg Vwgjjwd vdggLk. , jidg gdtUkhW vOjyhk.

mEDT g

,qF C vdgJ nghUsid Nkhyhh (%yf$W) jdntgg Vwgjjwidf FwiffwJd. NkYk p
vdgJd nghUs)y css %y fdWFsid Nkhy vzzifFifiaf FwfFk.

Nkhyhh (%yf$HW) jdntgg VwGjjwdid myF J mol! KIMFk. ,J3Tk xU NehfFw
nfh=z1 msthFk.

b jut kwwWk thAffsid ntgg GhT:

ntggelmy khwwj jidhy nghUsfsid tbtk gugé kwWk gUkdly VwgLk khwwNk ntgg
thT vdgglLk.

nghUsfsid %dW eryfSk (i jut kwWk thA) ntgggglLjJIkNghd thtrlAk
JilgnghUnshdiw ntggggLjJkNghd mjd mZffs mtwwd rkeiyg Gssjiag
nghUjJd NtFfkhf myphtslfidwd. kww nghUsfSId xggLk Nghd jilgnghusfsid
mstyy VwgLk khwwk FrwthdjhFk. ,uvazy t=zbfsid ,Ugggghajfsy ny
,Igfsyy rwa ,ilnts) tlgglbUfFk Vnddy Nfhial fhyqgfsy ,UgGgghi j
thtilAk mtthW ntggemy khwwgfsid Nghd vsjjhf tivtmlaTk RUgQFTk Vww
tifay ghyqfsiYk ,UgGgghi jfsiYk thtilAk , 1 =ZzgGfs fth=gglLk.

Jutgfsid %yfSwil ©ir JilgnghUsfsid %yfdwil tiria tlf Fiwthf
,UFFk. vdNt mit Jilgnghustistgl mjfkhf wthtilAk ,ejg g=zgd
mbggi laryy jhd ghjur ntgge)s ykhdr nraygLfwd.

thA %yf$SWFisg nghUjjtiu mtwwd %yfdwiltiar FlILjjIl GwFF=zFFK
mstiNyNa ,UfFk. vdNt mit jJilgnghUstistul kfFf mypfkhf thtilAk
vLjIfFFhlIhf #lhd fiww milffgglLss gYldfsyy css fiww %y fWFis
ntggggL J Ik Nghd mit ghtaled mypf 1o miljIfnfhsSk.

ntggeliy cahthy nghUsfsid ghkh=zjjy VwgLk mjifhgNg ntggtihT vdgglLk.

esjjy VwgLk tihT es thT (Linear expansion) vd muaoffggLk. ,NjNghdW guggy
VwgLk thhT gugG thhT (Area expansion) vdTk gUkdy VwgLk thT gUk thT
(Volume expansion) vd Tk miaoffggLk.

es thT:

JilgnghUsTsiy AT vdw W ntggeiiy khwwjjhy esjjiy VwgLk nW khwwk §%9>
g

ahdJd AT fF Nehtfijjjry ,UTFk
E:élLDT
L

vdNta, =%
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,gQF aes thTfF=Tk
AL =esjjiy VwgLk khwwk
L= njhlff esk
AL = ntggeiyay Vwgll khwwk

vLjIFFnlL:
guhd] ehlbYss ,Ukghy nraaggll <gs NfhGujjid cauk Hilljll 300 m MFk.
gund ] ehlbd Fshthyjjid ntggeiiy 2°C kwWk Nfha I¥fhyjjid ruhrh ntggeny
25°C ,ttu=zlL gut eryfSTthilNa <gs NfhGujjid caujjry VwgLk khwwj i jf
f=zFffLT. ,Ukgd es thTf F=Ffk o=10 x10°% per°C
JhT:

D—LL:aLDT

DL =a,LDT

,WFfkhd %lgglLss fzz=zhbfFtisad %bra vsjhfjgwff mjid
#Ihd j=zz=zhy mUNF rwJd Neuk w1tjjUff Nt=zLk gddh mjird
vs)jhfty jJjwFfyhk. Vnddy fzz=zhbf Ftisad %bad ntgg thT
fzzhbaatl mjfkhf ,UggjhFk.

NefFrtffggll #Ihd Klilia Fshej j=zz=zhy NghlL mjd xlbid
chjjhy mJd KlilayUed vsjjhf ghed tUk Vnddy Klil kwWk XL
xtnthdWk nttNtW ntggthitg ngwUggjhFk.

AT =10 x 106x 300 x 23 = 0.69 m = 69 cm
gugG thT:

AT vdw rwa ntggeliy khwwjjhy nghUsid guggy VwglLk gugGj gihG ED—:‘Q MdJ

2

AT fF Nehtfjjjry ,UFFk. ,jidg gdtUkhW Fwgglyhk.

,qF aagugG tihTF F=Tk

AA =guggy VwglLk khwwk

A =njhlffg gugG

AT =ntggelnyay Vwgll khwwk

guk thT:
AT vdw nrwa ntggeiy khwwjjidhy> nghUsid gUkdy VwgLk gUK]jihG

E?/—VEMdJ AT FE NehtRjjjy ,UFFk.

/]

ﬂ =avDT
V

det>aVﬂ

VDL
,gF av=gUk thTf F=Tk
AV =gUkdy VwgLk khwwk

V =njhlffggUkd

69| P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




AT =ntggeinyay Vwgll khwwk
JilgnghUsfsid es tihT> gugé kwwk gUk tihTf F=zqfsid myF °ClmyyJ Kt

nfhLfFggll nghUSTF
bt =q, DT (es tnhT)

D—:‘»ZaLDT (ugG thT » 2xes thT)

?/—V»saLDT (QUK thT =3 xes thT)

ehd Ku=zgll thT(Anomalous Expansion of Water):

rhjhu=z ntggeliyfs)yy jJutgfis ntggggLjJkNghd thetm Ak kwWk FshtfFk
Nghd RUqgFk. Mdhy eh , jwF Kuzhd xU g=zi1gg ngwWssJd. 0°C Kjy 4°C tiu
ntggggL JIkNghd j==h RUgFfwJd. J=Zz=1u miw ntggesyaylUed FshtfFk
Nghd 4°C ntggeiiyia milAk tiu mjd gukd FrwAk. 4°C ntggenyfFFf fNo
mjadf FshtfFk Nghd mjd guUkd mjyfhvFFk. NkYk mjd mlihjjr FiwAk.
mjhtJd ntggeiyayy eh ngUk mlhjpimag ngWk. ehd ,ejjjdikNa ehd
Kuzgll thT vd muioffggLfiwd.

Fsh ehLfs)y> Fshfhyjjid Nghd Vhfsid NkwgugG ntggeiiy mjd mbgGw
ntggeiyia tl Fiwed fhzggLk fhllgglLssJd. Vnddy jil ehd (gdifflb)
mihjji rhjhu=z ehd mihjpiatglft FiwD4°C ntggeiyfFk fNo ciwej eh
(gdirfFFlb) rhjhu=z ehd NkNy kijed VHFsd NkwguggwF tUkK. , jwFFfhu=zk ehd
Kuzgll ththFk. Vhfs kwwk Fsqgfsid Nkwgugé ciwed gdifflbfshy
%lgglbUggDk> mbay css ed ciwahky ,Ued ehtho cahdgfist fhfFk.

ey khwwk:

nghdthf midjJg nghUsfSk jpbb jut kwWk thA vdw %dW eiayfsy
Th=zggLk. ntggggLjJk Nghd myyJd FshtifFk Nghd nghUsfts xU egiryayUed
kwnwhU emyfF khwwk s TAk

vLjIFFlIL:

cUFjy (il giyayUed jut eiyfF)
Mtiahjy (_| ut egiyayUed thA euyfF)
ajgfkhjy (_| e myayUed Neubahf thA enyfF)

ciwjy (qut e yapypUeJ gl enyfF)
RUgFjy (thA eryaylUed jut enyfF)

csSiw ntgg WGjjwd (Latent Heat Capacity):

ghjjuk xdwYss ehid ntggggLjJk Nghd mjd nfhjeiyahd 100°C
ntggeiiyia milAk tiv mjd ntggejiy cauUk. mjdgdG nkhjj eUk MtiahFk
tiu mjd ntggemy khwhky eimyahf ,UfFk. ,ej efotid Nghd ntggk
nghlhrnahf® eUFfF ghafwd. -UggDk mjd ntggep|y> nfhjernyratl
myifhrfFfhky mNj e myay ebffpwJ ,JNt csSiw ntgg WGy gwdid , ayghFk.
XuyF eiwAila nghUsid eiyia khwWwtjwFj NjitgglLk ntggjjd Mwwyd
msN® nghUsid csSiw ntgg WwGj ywd vd truvaWffggLfwd.

Q=mxL

vdN® = 9
m
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,qPL=nghUsid csSiw ntgg VwGj jwd
Q= ntggjjd msT
m = nghUsid ejiw
csSiw ntgg WGj jwdid S1 myF
JkgMFk

e nykhwwj jid Nghd ntggjnjf nfhLFINth myyJd effNth NehejhYk mjd
ntggeliy khwhky nyhlhed mNj eiyay ebfFk.

Jil - jJut gy khwwjgwfhd csSiw ntggk cUFjyid csSiw ntggk
(Latest heat of fusion (L1) vd miaoffggLk.

Jut- thA iy khwwjjwfhd csSiw ntggke Mtiahjyid csSiw ntggk
(Latest heat of vaporisation) (Lv)

Jil - thA emy khwwjgwfhd csSiw ntggke gjgfkhjyid csSiw ntggk
(Latest heat of sublimation) Ls)

KgGss) (Triple point):

nfhLfFfggll nghUnshdwd %dW eiyfSk (jiIP jut kwwk thA) ntgg ,affr
rkeliyay cssNghd> mgnghUsid ntggeiy kak mOJJNk nghUsid KgGss) vd
m 1 offggLfwJ.

ehd KgGss) 2731 K kwwk gFjy Mty mOjjk (Partial vapour pressure) 611.657
gh ] FyhFk.

ntgg mstibay:;

ntgg ,afftiay mikgg xdwid ntggggljJIkNghd> mttikggylUed ntsigggLk
ntggj ij myyJd mttikggdhy clftugglk ntggjij msfFk xU nraNy ntgg
mstlbay vd miEoffggLk. cah ntgg elyayYss nghUnshdiw Fiawej
ntggelnyaYss nghUnshdWld NrhjJitfFk Nghd> cah ntggeiyaYss nghUs
,0ej ntggk> Fiwej ntggemyayYss nghUs VwWEnfth=zl ntggjjwF rkkhFk.
#oYTF vtgjkhd ntggKk Tljjgglhd. ,jrdf fz)j Kirway gdtUkhw

Fwggllyhk.
vaG Q , 006G

QVwG+ Q . ogG_ O

Vwfggll ntggk myyJd ,oej ntggjinj ntggkhdijmaf (Calorimeter) nfh=L
msTffyhk. nghdthf ntggkhd; vdgd fThlbAssthW eh euggggll ntggfhggl
nraaggll nfhsfydhFk.

cah ntggeiyayYss (T) khjh nghUs xdwid> miw ntggeiyay (T2
ntggkhdiasy css ehy %ofitff Nt=zLk rwJ NeujjwFggddh eH kwWk
ntggkhd) ,u=zLk Tf vdw ,Wj) ntggeiiyia milAk. ntggkhd; fhgglgglLssjhy’
cah ntggeiiy khjih nghUs ,oej ntggKk. Fiwej ntggeliy eh VwWinfh=l
ntggKk rkkhFk

QVwG :'Q,ogG

FwalL kumg ,qF ftdiff Nt=zLk ntgg ,o09G vjhfFwaYk ntgg VwG
NehfFwayYk FwggllgglLssd.

Quue = M2s2 (Tr—T2)
Q. ogc =Masa (Tr—Ti)
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,QF s2 kwWk s vdgit KiwNa eh kwWk khyhg nghUsd jJd ntgg
Vwg j gwd FshFk.
vdN©

myS2 (Tr—T2) =-m1sS1 (Tr - Ty)

M2S2Ts—M2SaT2 = MyS1 T+ M1Si Ty

M2S2Ts— M1S1 T = MeSeT2 + M1Si Ty
,ij ntggepiy Tf :M

mlsl + mZSZ

vLjIffhiL:
50°C ntgge
. Wj) ntgge)

aYss 5L eh30°C ntggelmyayYss 4L euld fTyffggLfwd. ehd
vdd? ,gF ehd jd ntgg VwGjjwd 4184 kgt K1lvdf.

1y
1y

JhT:
gdtUk rkdghl sl ehk gadglLjjyhk.
T e mlSlTl + mZSZTZ
" om+s +ms,
m; = 5L = 5kg kwWk m; =4L =4kg, s1 = s

NkYk T;=50°C =323 K kwWk T, =30°C =303 K
vdNt
o= mT, +m,T, _5"323+4" 303
Tom+m, 5+4
Tr=31411 K-273 K » 41°C
50°C kwWk 30°C ntggeiyfs)yy css rk msT ehid (mi1 = my) xdWld xdWw
TyTFkNghd> ,Wj) ntgg eliy ,ttu=zlL ntggeayfsid ruhrhahFk.
T, =k ;Tz 3234303313k = 40°C
XNU ntggemyay (30°C) css ,uzL eh khjhfis xdwld xdwWw +TyfFFkNghJ

mtwwd ,Wj) ntggeiyAk 30°C MFk. , jiyiued ehk mweJd nfthstJ vddntdwhy
,ttu=zL el khjhfFSk ntggrrkeiyay cssd. vdNt ,u=zbwFk eLNt vttjkhd
ntgggghkhwwKk er Ingwtyy 1y vdggjhFk.

=314.11K

thAffs myyJd jJutqfis xdwWld xdwWw fyfkFk Nghd mffytad
,Wjirrkeyiy ntggeiiy mgnghUsfsid eiwfs> jd ntgg VwGjjwdfs
kwWk ntgesyfisr rhhejjUfFFk vdgrj ,qF erdtyy nfhss Ntz=zLk
NkYk rk msTss xNu nghUsfis xdWld xdW fyfFkNghd KILNk ,Wjj
ntgg e iyahdd jdijjd ntggenyfsid ruhrh kjiggwF rkkhFk.

ntgg khwwk: (Heat Transfer):

ehk mwejgb ntggk vdgd xutsf ghkhww MwwyhFk. mtthwwy ntggeiy
NtWghlbd fu=zkhf xU nghUsiyiUed kwnwhU nghUSTF khwwggLk. ntgg khwwk
%dW tofs)yy eilngWk mit ntggffljjy’ ntggr rydk kwWk ntggffjhtrR
MFk.

ntggeliy NtWghlbd fThu=zkhf nghUsfTSThialINa Neubahft ntggkhwwk VwgLk
efornfF ntggffljjy vdW ngah ,uzL nghUsfies xdwWld xdw
nghlLfnth=zbUTFkhW §1t€fFkNghd> cah ntggeiyaYss nghUs)yilUed> Fiwej
ntggellty css nghUSTF ntggk khwwggLfwJd. ntggjij vsihfy jd toNa
Tled Nght mDkjifFk nghUsTSTF ntggffljjifs vdw ngah.
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ntggf FljIJjwd (Thermal Conductivity):

ntggji jf FlJIk jwDFF ntggffljJdjjwd vdw ngah.

khwhejiy eigej iday xuyF ntggeiiy NtWghlby> xuyF jbkd nfh=zl nghUsid
toNa xuyF guggwFr nrgFjjhf css jpiiray Ffljjogglk ntggjjid msN
nghUsid ntggffljJdjjwd vd miaoffggLfwd.

khwhejiyary> ntggffljJd tjk Q, ntggeiy NtWghL AT kwwWk FWFF ntllLggugg
A MhatwWfF NehjjfoYk FTljjad esjjwF (L) vihjjfogYk ,UfFk ntggk
TljJk €3] gdtUkhw Fwgglyhk.

Q _KADT

t L
»,gF K vdgJd ntggffljjy v=z MFk.
(,Jid nfytid ntgg giy K vdj jtwhfg GhednfhssTHihd)
ntggffljJjjgwdd SI myF Jsi m!Kimyyd WmlK-1

khwhejiy (Steady state):

vej enyay midjJd ,IgfsiYk ntggeay XU khwh kKjigggad ma IHwNjh
kwwk vejy ,1jjyiUedk vtetgjkhd ntggKk ghkhwwgglhky <ssNjh
meejiyNa khwh eiy vd miaoffggLfiwJ.

nghJdthf nghUsfsid ntggffljJjjwd (W mi1K1) ,y 1atm

nghUs ntggffljJdjjwd nghUs

ntggffljIjiwd

1 tuk 2300

0.2

ntss)

420

kuffinl

0.17

Jhkuk

380

~ylak

0.152

mY kidiak

200

nkd 1 kahd
» uggh

0.042

v/F

40

J=Zz=h

0.56

gdfflb

2

Thww

0.023

f==hb

0.84

nrqfy

0.84

ntggffljJdjgwd nghUsid jJjdikmar rhhejd. viLjIfFrhlIhf ntss kwWk
mYkidiak cahej ntggf FljJjjwidg ngwWssjhy mit rikay ghjjugfs
nraaggadglLfidwd.

ntggr, rydk (Convection):

Jutgfs kwwk thAffs Nghdw ghakgfs)yy css %y fSWFs c=zikahd efhtdhy
ntgg Mwwy khwwgglLk efoT ntggrrydk vd muaoffggLfwd. ,ej ntggrrydjjy
%yfsWfs vttty FlLgghbdw xU ,I1jjiyiUed kwnwhU ,1jjwF efhfidwd.
>,eefoT ,awifahfNth myyJd Gwoir fhuzkhfNth Vwglyhk.

rikay ghjjujjiy nfthjfFk _]ZZh ntggrrydjjwF xU rnwej cjhu=zkhFk.
ghjjujjid mbay css jz=zh mjyf ntggjijg ngwW mjd fhu=zkhf thtiled
mlhjji FiwAk. ,ej Fiwej mlhjjiad Fhu=zkhf %yfHWFs Nkwgugig NehFfir
nryYk. mNj NeUJpr NkwguggYss %yf$SWfs Fiwej ntgg MwwiygngWtjhy
mtwwd mbhjj mjifkhf ,UFfFk. vdNt mit ghjjujjid mbggffjjwF tUkK.
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,eeffoT njhlhed emlngWk. ,tthW %yf$IWFfs NkYk FOk efhtij ntggrryd

X1k (Convection current)vdW muaoffidN\whk. miw xdwid ntJIntJdgghf ntff
ehk miwr#Nlwwiag gadglLjJIfiNwhk. #NIlwyFF mUNF css fiw %y fBWTs
ntggkiled thtilAk mjdhy mtwwd mihjji Fiwed miawad NkwgFjifFFr
nryYk. mNj Neujjiy milhjg mjfKss Fshejy fhwW mbggFjifF tUk. ,tthw
VwgLk fhwW %y FfHWFsid njhlh RowrNa> ntggrryd XIlk vd muioffggLfwd.

ntggffjh trR:

#If css rikfFk mLgé xdwd mUNF ekd iffis elbdhy ntggjij
czuyhk. ,gF #Ihf css mgnghUisj njhlhkNyNa ehk ntggjij c=hfNwhk.
vnddy ,qF #Ihf css rikfFk mbLggyiUed ntggkhdd ntggffjhtrR %yk
ekd 1ffSTFE tUfwd. #hadyUedk ntgg Mwwiy ehk ,Nj Kiwayjhd
ngWfNwhk. , FFjhtrR ntwwljjid toNa gaz|jjJd GCtma mllprJ vej tjkhd
Cilfjjd cjuAk ,dw xU nghUsiyiUed kwnwhU nghUSTF Mwwiy khwWweJd
fyhtrnd xU rwgGg g=zghFk. Mdhy ntggffljjy kwWk ntggrrydk
, ttuzbYk ntgg Mwwiy khwwk nratjwF CIlfk mtriak vdgij fedffTk.

ntggffjhtrR vdgJd

XU nghUsiyiUed kwnwhU nghUSTF kdfhey miyfsidhy ntggk guTk efoT
MFk.

1. #hadiyiUed tUk #haf fjhtrR Mwwy

2. miw #NlwayiUed tUk ntggffjhtrR

gfy Neugfsyy #haffjhfs Fly enutl Ntfkhf eyjnj #NIwwk
, JWFFffhu=zk eyjjd Fiwthd jdntgg WwGjjwd MFk. ,jd tisthf
elygoguggy css fwW thtiled mjd mihjj) Fiwed NkNy nrdWglLk
mNj Neuj gy FlwguggYss Fshey fthwW eyjij Nehffi tRk ,jidNa
fly thwW (sea breese) vdW miuoffidNwhk. ,uT Neugfsyy Flwgugig tl
eygogugé Ntfkhf Fshrrp mi 1Ak (eugguggd Fiwej jdntgg VwGjgwd)
,Jjd tiisthf flwguggyYss fhwWw tivtaled mjd mlihjj) Fiwed NkNy
nrdWtLk. mNj Neujjiy ewygguggYss mlhj g mjifkhd FshejfhwWw Flay

NehfHh €tRK , juidNa eyffhwW (land breeze) vdW m s offidNwhk.

nghdthf ntggejiy gUg nghUstSId KkILNk (gi> jut kwWk t€hA)
nghihGalad vdw nghdffujd cssJ. Mdhy ntggfjhtrRk xU ntgg
,affttay mikgghFk. ,jwF edF tiruawffggll ntggeiyAke mOjjKk
czL. #hadyUed tUk TIGydhFk fjhtrnd ntggemy 5700 K. ,jid
Gt Hiljjll 300K ntggeliyAss mfrrtgG fjhtrrhy ntsFF (Space)
kzLk ckofwd.

gAllldid FshT tjp
gAlldd FshT tpadgb nghUnshdwd ntgg ,09G tjk mgnghUSTFk
#oYTFFk css ntggeny NtWghlbwF Nehtfijjjy ,UFFk

Do -1

Neuj i j nghUjJd ntggk njhlhed Fiwed nfth=Nl nrytiaj vjhfFw FhilLfwJ.

,qF. T=nghUsid ntggeiy

Ts =#oyid ntggeiy

fhllgglLss tiugljjiyiUed njhiffjjiy FshT tjk mjfFkhfTk gddh ntggeny
FiwafFiwa FiwthfTk cssij njsjthf c=zuyhk
m e iwAks jdntgg WwGjjwDk css nghUnshdiawf fUJ. mjd ntggeisy T
vdf. #oyd ntggelaymia Ts vdf. dt vdw rwa Neu ,imlntsay Vwgll
ntggelnyfFawT dT vdyy ntgg ,oggd msT
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dQ =msdT
rkdghL ,UGwWKk dt my tFff
¥ dT .t a

——=- —dt
U T-T, G ms

d_Q:msdT

dt dt
egAlldd FshT tjayUed

dQ

—~u-(T-T

g (-1

¥ dT .t a

b7 O™

dQ

—<=-a(T-T

it (T-T)

,gF a vdgJd NehfFw khwy,.
rkdghLfs kwWk ,UeJ
dT

-a(T-Ts)=ms —
(T-Ts) pm

rkdghL ,d ,UGwWKKk njhifggLjJTf.

(‘)¥d—T:_ Otidt
0T -T, o ms

In(T-Tg)=-2t+b
ms

»gF bixU khwyjahFk. ,uzL gfFfKk mLfFf FwalL vLjjhy ekff fimlggJd

T=T,+be™
,gF b2 =¢ebPl=xU Kkhwy

vLj IFFhiL:
27°C ntggeliy css miw xdwy css #lhd eh 92°C yiUed 84°C ntggenyfF
Fsh 3 eklgfis viLjJdfnfthsfwd. mNj eH 65°C yUed 60°C ntggenyfFT
Fiwa vLJIfnfthsSk Neujnjf f=FfLT
3 gkilgfsyy #lhd ehd ntggeliy 8°C FiwedssJd. 92°C kwWk 84°C ,d ruhrh
ntggeiy 88°C ,J miw ntggeayiatl 61°C mjfkhf c<cssJ. rkdghL
gadgl j jidhy
dr :idtmyy‘] :d_T:i(T _Ts)
T-T, ms ms
§C _2 (61°0)
3min  ms
> NJNghdW 65°C kwWk 60°C,d ruhrh ntggeiy 62.5°CMFk. ,J miw ntggeiyia
tl 355°C mjifkhf cssJ.
>C_ 23 355°)
dt  ms

,ttu=zL rkdghLfisAk tFfFk NghJd
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ntgg khwwjjid tjifs (Laws of Heat Transfer):

ntggghkhwwjjwfhd ghnth ] I nfhsif (Prevost theory of Heat Exchange):

O K ntggeiyiajjtu midjJ ntgge myfsiYk vyyhg nghUsftSk
ntggffjhtriar ckiofidwd. » NJNghdW Hoyly ,Ued ntggffjhtriar
clfthfidwd. vLjIffhlIhf eqfs ahuihtd xUtiuj njhLkNghd mth cqgfs
tuyfs ntggkhf myyJd Fshrriahf €¢cssij cz=hthh

cah ntggeiyaYss nghUnshdW> #oylUed ngWk ntggjaj t©l mjF ntggjij
#oYFF fyphtrnd %yk nfhLfFk. ,NjNghdW FiEwej ntgg elyayYss
nghUnshdW ,ofFk ntggj i jtl mjf ntggjinj #oylUed ngwWFnfthsSk.

ghnth 1 ntggrrkejiyt fTUjij TjhtrRfFg gadglLjjidhh. mjdgbh midjJg
nghUstSk  ntggffjhtriar ntsjggL j Ifidwd. Mdhy Fshrraht Ccss
nghUistl> cah ntggeliyg nghUsfs mjf ntggffjhtrir ntsjalLk xU
Fwgglll Neujjiy ,uzL nghUsfsid ntgggghkhwW tjJKk rkkhFk. ,eemyay
, ttu=zL nghUsTSk ntggr rkeiyay cssd vdf $wyhk.

Ronfytid ntggeiiyay KkILNk nghUsfs ntgg ckoit eWjJdfidwd. vdNt
ghnth Jbd nfhsifadgb #oyd jdik vjjifajhft ,UejhYk midjJk
nghUstSk Ronfytid ntggeliyfF Nky c<css midjJd ntggeayfsiYk
ntggffjhtrir ckOk

Anl/ghd Nghy 1 ] nkd ty§) (Stefan Boltzmann law):

Inl/ghd Nghyl Jnkd tjiasdgb> fUgnghUsid XuyF guggdhy xuyF Neujjiy

KOrkahd fUknghUshf ,yyhj nghUsTSTF

E=eoT*
,gF ‘e’ vdgJd guggd ckiojwd MFk.
xU Fwgglll ntggeiiy kwWk miyesjjiy nghUsid guggdhy fFjhtrgglLk
MwYFTF mNj ntggeiy kwwk miayesjjiy KOFffUknghUsidhy
TjhtrggLk MwYTFk css jfNt ckojwd vd truvawWffgglLfwd.

tadd , Igngahrn ) (Wien's Displacement Law):

cyfiYss midjJdg nghUstSk Tjhtrir ckofidwd. mfFfFjhtrRfsd
miyesgfs nghUsfsid nfytid ntggeiyiar rhhejjufFk. ckioggLk fjhtrRfs
NEENEW miyesqgfisg ngwUTFFk. NkYk mttiyesqgfsid nrwTk (intensity)
nttNtwhd s t.
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tadd tjggb> xU fUgnghUs Tjhtrndhy ckogglk ngUkrnrwiT nfh=l

miyesk (/1) mFfUknghUsid nfytd ntggeriyfF (T) vihtafjjgy .UFFk

tadd tjiggh> xU TFfUknghUs fjhtrndhy ckoggbk ngUkrnrwT nfhz=l
muyesk (/1,) mFfUk nghUsid nfytid ntggeinyfF (T) vihtgfjjjy ,UFFk

1 b
I uy=(on il =—
muT( ), =

,gPbvdgd tbad khwyp , jd kjigG 2.898 x 103 mK

,Jiywed ehk mwed nfhstd vddntdwhy nghUsid nfytd ntggeny
caUkNghd ngUkrnrwiT muyesk (1)) kiffhej ewkhiyad Fiwej miyesjij
(ngUk mjihnt=) Nehff , Igngahrr mu 1Ak.

Nkwf=z1 tirugljgiyied ngUkr nrwiT miayesk [, nfytidd ntggenyfF

vihthjjpy ,Uggmj mwayhk. ,ttisNfhlbwF fUknghUs fTjhtirR tiasNfhL
vdW ngah.

tad GjiAk ekJ ghhii tAk:

ekd fz=zfshy kdfhej ewkhiyay css fzZW gFjiia kILk (400 nm Kjy 700
nm tiu) ghhFFKbtjd fhu=zk vdd?

XU nghUSk fjhtriar ckOk vdNt #haDk fjhtrir ckOk NkYk mjd gugG
ntggerny HIljjll 5700 K. ,kkjigig rkdghL gujjaLk NghJd»
- 1n-8
lm :E:M » 508nm
T 5700

>, JINt ngUkrnrwgwfhd miyesk MFk. #hadid gugG ntggeiiy Njhuhakh¥ 5700

Kvd cssjh mjwfhd TjhtrR ewkhiy neLffk 400 nm Kjy 700 nm tmu
fth=zggLk. ,INt kdfhej ewkhiyad f=ZU gFjiahFk.

kdy ,dk ,ejf TfTjhtrir clfthedjhd gh=hk tshrn milejJd. vdNt
kdijff=zfs #ha ewkhiyay css fz=zZU gFjiia kILNk czu KDbAkK.

mfrrtgGc gFpmaNah myyJd X fjh ewkhaysaNah c¢c=zu Kbahd.

ekfF mUfly css rha] (Sirius) (ntggeiy 9940 K) vdw ttzkd mUfly css
Nfhsyy kdjj ,dk Njhdw ,Uejhy mthfsid f=zfs kidfhej ewkhiyay css Gw
Cjhffjhfis c=zu KbAk. ,jid rkdghL gadgLjj mwed nfhssyhk.

vLjIfFhlIL:

A vdw FUknghUs xdwd fyhtrRjjwd Ea. NkYk ,J [I,vdw miyesjjwF ngUk
Mwwy Tjhtrggbfwd. B vdw kwnwhU TUknghUsid TjhtrRjgwd Es = N Ea;
%IAvdw miyesjjwF B fTUknghUsyy ,Ued Tjh t€trggbfwd vdy N ,d

kjigagf th=1?
tadd , Igngahrn tjaylUed
1. 7=khwy; ,J3 A kwwk Bvdw ,uzL FfUknghUsfSTFg nghUeJdk.
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Inl/ghd - Nghy ] Inkd tjayiUed
W4
E:éT_BE =(2)* =16=N
EA eTAﬂ
fUknghUs B, TUknghUs A 1t tl FiweJ miyesjijNa ckOk vdNt
fUknghUs A 1t tl mjf Mwwy nfh=zl fphtirir fUknghUs B ckOk.

ntgg ,affuay,

mwKfk:

ehk Kemja ghTfs)yy ntggke ntggeiy kwWk nghUsfs)d ntgggg=zGFisg gww
gadNwhk. ntgg ,afftay vdgd ,awgayid xU ghthFk. ,gghT Ntiyia
ntggkhfTk kwWk ntggjij NtiyahfTk khwWwijly css tjfis tthffwd.
ntgg ,afftayid tjfs ghayyy rhhy > nghD}yp [{y> fishria > nfytid> FhhNdh
kwWk n ~ykN ~hyl'] Nghdw mwtiay mwQhfsid %dW Elwwh=zL fhy MaTfsid
mbgg i laty KiwggLjjgglljhFk.

mdwhl thotyy ekikrRww emlngWk midjJd efoTfSk Vd ekd clyaff
efoTfs $1 ntgg ,affvay jfSFfF clglL el IngWwfidwd. vdf $Swdhy mJ

kia fahfthd. vdNt ntgg ,afftay vdgJd ,awgayd XH ,dwairkahj ghthFk.

ntgg ,afftay mikgG:

ntgg ,affttay mikgG (Thermodynamic  system) vdgJ ,ggugQrjjy
tivaWffggll xU gFpiahFk. NkYk mOjjk (P), gukd (V), kwWk ntggemy (T)
Nghdw Kffla vzzifFifaylqha Jfsfsd (ImZffs kwwWk %yfHWFs) njhFgNg
ntgg ,afftay mikgghFk. kjKss ,ggugQrjjid gFjiNa #oy (Surrounding)
vdggLk. ,ttu=zlLk Xh vyiyahy ghffgglLssd.

vLjIFFhiLTs:;
Xh ntgg ,affttay mikgG vdgd jpb jue thA kwWwk TFjhtrR Nghdw vej
thtyYk ,UFFyhk

ntgg ,afftay mikgG #oy

thsjay css jzzh Jwejnts)

maw xdwDs Css fhww | mawfFF ntsay css fthwW
%y TSWTs

kdij cly

flyyy css kd

ntggrrkeiy (Thernal equilibrium):

miw xdwy xU Nfhgigary #Ihd Njeh mtffggllhy> NjehyiUed ntggk #oYTFT
FljjoggLk. rwJ NeuggwF gdG #0hd NjedH #Hoyid ntggenyfF rkkhd
ntggeyayia milAk ,jd gdG NjehwyiUed #HoYTNFh myyd #oyyiUed
NjeUFfNTh ntggg ghkhwwk Vwglhd. NjeUk #oYk ntggrrkejiyia milej ©llij
»J FhILfwd.
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,U mikgGfs xdWfnfthdW ntggrrkeimyay cssJ vdy mttiuzL mikgcFSk
XNu ntggemyay ,UFF Nt=Lk NkYk mJ Neugmjg nghUjyJd khwhky ,UFF
Nt=Lk.

vejutiay, rkejiy (Mechanical equilibrium):

gJIDId css thA miljJ itffgglLss nfhsfyd xdiwf fUJIF. mgg ] idd
kdJ eiw xdiw #§tfFk Nghd foNehffia GuahgéG tirad TFhu=zkhf gjild
foNehffy efhed ny Vvww ,wFfjjwFg gdG ewFk gjld xU Gja ,1jij
milAk. thAttd Nky Nehffi tar ToNehffi Gtiahgg tTiria rkd nraAk
,eeliyay ,ttikgig vejutiay rkeiyay cssJd vdfdwyhk. mikgc xdw
vejutiay rkeiyay cssJ vdy vtgjkhd rkdnraagglhj tirAk ntgg
,affttay mikggd kJ nrayglfs$ihd.

Nt jirrke i y(Chemical equalibrium):

xdWld xdW njhlhg¥ss ,u=zL ntgg ,afftay mikgcfSthilNa vttj
nghFgad NtjgadAk emlngwtiysy. vdyy mttU mikgcFSk Ntjirrkemyay
cssJ vdyhk.

ntgg ,afftay rkemy (Thermodynamic equilibrium):

,UZL mikgGfs ntgg ,afftiay rkeiyay cssd vdy mttuzlL mikgcFSk
xdWfnfhdW ntgg vejutiay kwWk Ntjir rkeiyay ,UFF Nt=zLk ntgg
,afftiay rkeiyay kgngU (Macroscopic) khwfshd mOjjk> gUkd kwWk
ntggeliy MTait xU egiyahd Kjoggidg ngwUFF Nt=zLk NkYk mit
fhyjnjg nghWgJd khwhky ,UFF Nt=LKk.

ntgg ,afftay eiy (Thermodynamic state variablies):

,aejutayy jJiirNtfk cejk kwWk KLFffk Nghdwit ,agFk nghUnshdwd
eiyia tsftfggadgLfidwd. (njhFjr 1 ,y ,twiwg gww Ghednth=bUgghfs)
ntgg ,afftayy ntgg ,afftay mikgé xdwd eiyia tthfFk khwfsd
njHFggwF ntgg ,afftay khwfs vdwW ngah.

vLjIffhlLTs: mOjjk ntggeny> gukd> mf Mwwy Nghdwi t.

,eJ khwfsd kjigé ntgg ,afftay mikggd rkesyira KOtJkhf tehffidwd.
ntggk kwWk Nti iy ,1t ntgg ,afftay eiy khwfs myy khwhf ,i1t
nraykhwfs MFk. (Process variables).ntgg ,afftiay khwfs ,u=zL +tifggLk
miEt: msTr rhhGss khw (Extensive variable) kwWk msTr rhhgww khw (Internsive
variable).

VL#'anfhlL: gUkd> nkhjj eimw vdlINuhg (Entropy), mF Mwwy> ntgg VwGjjwd
Nghdwi t.

n"?sTr rhhgww khwi ntgg ,afftiay mikggd msT myyJd eidyiar rhhejUffhd.

vLjIFFhIL ntggemy> mOjjk jdntgg VwGygwd> mlihjj Nghdwi t.
e myr, rkdghL (Equation of state):

eliy khwfis xU Fwggll Kiwayy njhlhGgLjJdk rkdghL> emyrrkdghL vdw
muoffggLfiwJd. ,eemyrrkdghL ntgg ,afftay mikgnghdwd rkeiyay ey
kwfSTF ,1lINa css njhlhig KOtJkhf gthffwJd. ntgg ,afftay mikgG
rkeiiyay ,yiynady> ,eeiiyr rkdghL mikggd esyra tthffhd. ntgg
,affrrkeliyay c<css eyyayG thA (idealgas) xdW PV = NKT vdw emyr
rkdghlbdhy FwgglggLfwd. ,gF ehdF NgusT khwfSk (P, V,T kwWk N)
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emyrrkdghlbdhy xdWld xdW njhlhGgLjjgglLssd. ,rrkdghlbYss VNjDk
xU khwra kILk khww ,ayhd. vLjITFhlIhf thA eukgAss nfhsfydd g jlnd
mOjJJk Nghd> thAtild gUkd FiwAk. Mdhy mjd mOjjk mjfhhFFk myyJd
TthAEt ntgggglLjJkNghd mjd ntggeiiy caUk. thAttd mOjjk kwwk gUkDk
cauyhk.

e myrrkdghlbwfhd kwnwhU vLjJIFFhlL thdlihthy ] rkdghL MFk. ntgg ,affr
rkeiiyay css ,ayGthAffs (Real gases) , rrkdghlbwF clglLk.

miw xdwYss FfhwwW %yf$WFs thdlihthy] eidyrrkdghlbwF KOtJkhF
flLggLfidwd. ,UggDk miwntggeiyay Fiwej mlhjjiAss fiww %y fEWFis
ehk Njhuhakhf eyyjayG thAthfF (Ideal gas) FUJIFINwhk.

ntgg ,afftayid Ro tj) (Zeroth Law of Thermodynamics):
ntgg ,afftiayd Ro tjadgbA kwwk B vdw ,uzL mikgcfs © vdw

%dwhtJd mikgGld ntggrrkeiiyayy ,Uggd A kwWk B vdw ,uzL mikgGFSk
xdWfnthdW ntggr rkeiyay ,UTfFFk

nghifFjJiy nttNtW ntggeiyay css A, B kwk C vdw %dW miakgGFaisT

fUJF. A kwwk B ,u=zL mikgcfFSk xdwWwld xdW vttjkhd ntgggnjhlhigAk
ngwUFfF tiyiy.

Mdhy> mit xtnthdWk C vdw %dwhtd mikgGld jdijjdiNa ntggjnjhlhgy

cssd. rwJ Neuj jwFggwF A kwWk B vdw ,u=zL mikgcFSk jdijjdiNa C Ald
ntggr rkeiyay ,UfFk.

mulejUggrj ,J ThiLfwd. ,k%dW mikgefSk xUKiw ntggrrkejiyima
milejgdG mtwwwhHislINa vtgjkhd ntggg ghkhwwKk ,UFfFhId  Vnddy
mk%dWk XxNu ntggemyay ,UfFFk ,jid fTzjnkhoayy gdtUkhW Fwgglyhk.
Ta = TckwWk Tg = Tevdiy’Ta = TsMFK. ,qF Ta, TskwWk Tcvdgit A, B kwwWwk C vdw
%dW mikgGfsid ntggenyfshFk.

mikgGfs xdWld xdW ntggrrkeiiyay cssdth ,yiyah vdgnjffhlLk xU
g=Ng ntggel i yahFk.

ntgg ,afftiayid Ro tjjiahdJ ntggeiyiaf f=zlwaggadglLfiwd. vLjIFFhlIhf
ntggemykhd) xdaw ehffid mbayy 1tjJf nfhsSk Nghd ntggemykhd) clyYld
ntggrrkeiiyia milAk. ,eegejidadgb ntggeaykhdiaad ntggeiny cly
ntggelnyfFr rkkhf ,UfFk ,jd mbggilayjhd ekd clyd ntggeiy
= lwagglLfiwd.

nghUnshdawj njhlLgghhfFk Nghd mgnghUs vttsT #Ihf myyJd
Fshrnahf ,Uggij mwa ntggeiy Ji=zGhfwd. ek ¢c=hT cWgGfisg
gadgLjji nghUsid ntggeiiyiaf f=lwa KbAkh?

ekd ntWk fThyfs)yy xdiw jJiutghggd kJk kwnwhU Thiy €OtOgghd
XLfs gjiffggll jauad (Tiled floor) kJk §t€tfFkNghd> €OtOgghd j muayy
itjIss thy juutihggd kI mtffgglLss fthaiy tl mjff Fshrnia
czUk.

Mdhy ,gF jJiu kwWk jJauthgG ,uzLk xXNu mEwntggelsyay ,Uggij
fedff Nt=zLk ,jwFFf fhu=zk jruthgiag t©l tOtOgghd juufFk ek
fhYyftFkim INa kf Ntfkhf ntgggghkhwwk VwgllJd vdgijNa fzffwd.
ntggeliykhdy xdiw jau kwWk jJmuthggd kJ #§1tjJ ghhFFkNghJd
,UZLK XNu ntggeliyay cssij mwayhk.
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mf Mwwy, (U)

ntgg ,aff mikgct xdwd mf Mwwy vdgd mikggd eawikajijg nghUjJd
mikgg¥Yss midjJ PyFfFsWwfsd ,aff Mwy kwWk eiy Mwwyfsd
$SLJYTFFr rkkhFk.

,IgngahT ,affk> Rownp ,affk kwWk mjhtgaffk MhHhatwiw cssliffia
%y fSW ,affjjidhy VwgLk Mwwy> mf ,aff Mwwy (EK) vdgglLk.
%yfteWrsSthiINa VwgLk Fthrrn kwWk tyfF tirahy wvwgLk Mwwy> mfF

elmyahwwy (Ep) vdggLk.

vLjIJITfhIL: g & =gghwwy (Bond energy)
vdNt mf MwwyhdJd gdtUkhW vOjggLfwd.

vdNt mf MwwyhdJd gdtUkhW vOjggLfwd.
U=Exk+Ep
eyyiayG thA%yfSWFSTthilNa vttjkhd ,1lgidAk ,yry vdw
fudtgghy mtwd mf Mwy KOtJk mf ,aff Mwwy tbtiNyNa ,UfFk.
,J ntggemy Jfsfsd vzzifif MAatwiwr rhejjufFk. Mdhy ,J
gUukadr rhhejjyy. Mdhy thdlh thy ] thAffs Nghdw ,ayG tTthAFFSTF
»J nghUejhd.

mf Mwwy xU eirykhw MFk. ,J ntgg ,aff mikggd ,Wjeimy kwWk
nghiffeay ,twiw KILNK rhhejjUFFk. vLjJIFFhlIhf J=z=hd ntggeiay 30°C
,Y ,Ued 30°C MT ntggggLjJdtjd %ykhfNth myyd FyfFtjd %ykhfNth
cahjjggLfwd. mjd ,Wj mf Mwwyhdd j=z=H vtthW 40°C ntggeiyia
milejd vdw toKiwia rhhejjuffhky mjd ,WjJ; ntggeiyia KILNK
rhhe JIUTFK.

ntgg ,afftay mikggd mf Mwwyhdd mikggYss xtnthU %yfSwd
xogfww ,affjjidhy VwgLk ,aff MwwiyAk mtwwd Ntjaay
muikggdhy VwgLk emyahwwy ,twiw KILNk rhhejjUFFk vdgij edF
Ghed nfhss Nt=zLk mikgc KOtjwFkhd nkhyj ,aff Mwwy myyJd
miuakggd <hgG elmy Mwwy Nghdwit mikggd mf Mwwyid xU gFji vdw
Jtwhff FUJFSHSIhT.

a. XxXNu ntggeiy kwwk mf MwwYrsla ,u=zL thA euggggll
nfhsfydfist TfUJF mtwwy xdW jruaYk kwnwhdW ,affjjyYss
,uay tzbaYk s§tffggLfwd. ,uay tzbay css thAfnfhstyd
,uayid Ntfjjiy ,aqfidhYk mjd csNs css thA yfeWwfsd mf
Mwwyly viet)j cahTk Vwgltymy.

b. xNu ntggelay kwwWwk mf MwwYirla ,u=zL thA euggggll
nfhsfydfist TUJIF mwwy xdW jiruvarzYke kwnwhdW h caujjiyYk
itffggLfidwd. h caujjiyss thAf nfhsfydd <hgGeiy Mwwy
mjfnkdiDk ,ejJ myfge thAttd mf Mwwyry vetj khwwjijAk
vwgL j yhJ.

vLjIFFhIL
xU ths) KOtJk css rhju=z eUld> xU Ftis RLemu FfyfFk Nghd ntggk
vjjiiray guTk?

cdJd uilfF cha tstfk juft.
thsjay css rhjhu=z enuffhlbYk Ftisay css #lhd eHd ntggeiiy mjifk
,UggDk Ftisay css RLehnd mf Mwwiy tl ths end mf Mwwy mjifk.
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vnddyy mf Mwwy Xh msTr rhhGss ntgg ,afftiay khw MFk. md mikggd
msT myyJd ejgwiar rhhejjhFk.

ths) end mf Mwwy mjifk vdDk Ftisay css RLehy ,Ued ntggk ths)
eUFF ghAk. , jwFffhu=zk ntggk vgNghdk cah ntggeliyaYss nghUsyyiUed
jho ntggeiyayYss nghUSTFg ghAk. NkYk ,J mikggd mf Mwwiyr
rhhejJyy. nghUSTF ntggk khwwggll cld mtntggk nghUsid mf Mwwyhf
khwiLk. vdNt nghUs ntggjij ngwwWssJ vdgijtul "nghUs xU Fwggll msT
mf Mwwiyg ngwwssJ" vdW $WENj rhahd KiwahFk. mikgé xdwd mfF
Mwwiy mjifhiggjwF xU rwej toKiw ntgggglLjJdtJd MFk. ,J gdtUk gljjiy
TthilgglLssJd.

,gF kTt Kfhakht Tfedjjy nfhss Nt=zbad ntggk
vgNghdk mf Mwwiy mjifhnfFf Nt=zLk vdw mtrnak ,yimy.
ntggeiiy khwh efotyy (Isothermal eyylayG thAtild csNs
ntggk ghaejhYk mjd mf Mwwyry vttty cahTk Vwglhd
vdgij ehk gddhyf fwf csNshk.

[{ivid ntgg ,aejuthiay rkhdk (Joule's Mechanical Equivalent of Heat):

nghUnshdwd ntggeliyia mjiad ntggggLjdtjd %yk cahjjyhk myyJ
mgnghUsid kJ Ntiy nratjd %yk cahjjyhk. gjindlihk Elwh=zby N[k
[y vdw mwtiay mwQh ,aeju Mwwiy mf MwwyhfTk mf Mwwiy ,aeju
MwwyhfTk khww KbAkK vdw e&gjjhh. mthd Matid TFhlbAssthw ,uzL
giwfs faWw xdwd toNa JLgG rffujJdld (Paddle wheel) , i =zffgglLssd.
GuahgG tirahy ,uzL eiwfSk h JujgwF FTNotUKNghd 2 mgh msT ey
Mwwiy ,uzL egiwfSk ,offidwd.

g iwfs fNo tUk Nghd ehDs css JLgG rffuk Rwwk. vdNt JLgG rffujjwFk
eUfFk ,1lINa XU cuhaT tirjNjhdWk. ,J ehd ntggeiiyia cahjJdk. ,qF
<hgG eliy Mwwy (Gravitational potential energy) end mf Mwwyhf khwwkaltioj ,J
czhjJdfwd. Gtiahgét tErahy nraaggll Ntiyadhy ehd ntggeiy
cahedssJd. czirkay ntggjij nfhLggghy VwgLk mNj thasit ,aejujujf
nfh=zL nraaggLk Ntsyadhy VwgLjj KbAk vdwW [{y ep&gijsshh 1 fuhk
eiwArla eHd ntggeiyia 1°C cahjj 418 J] Mwwy NjmtggLk vdwW [{y
f=zlwejhh. gogfthygfsiyy ntggkhdd fNyhh (Calorie) vdw myfidhy msffggllJd.

1cal =4.186
» JWF [{yid ntgg ,aejutiay rkhdd vdW ngah.

N[k1 [{yvd ThyjjwF Kd& ntggk vdgd fFNyhhF (Caloric) vdw
ghaeNjhLk Xh jutk vdwWwk kffs fUjdhhfs. , jjutk cah ntggeiyay
css nghUsiyiUed> Firwej ntggeiyayYss nghUSTF ghAk vdTk
fUjidhhfs. fNyhhfF jutf fUjJ Jidgb cah ntgge i ygnghUsyy mjif fNyhhF
JutKk Fshrriahd nghUsyy Fiawej TNyhhf jJutKk cssd. Vnddy
ntggk vdgd Xh msT vdW mthfs fUjaNjahFk. Mdhy jwfhyjjy ehk
ntggk vdgd Xh msT myy mJ ghkhwwf nfhssggLk Xh ghkhww Mwwy
vdW Ghed nfhz=zbUffiNwhk. vdNt "ntgg ,aejutiay rkhdk" vdgd Xh
jtwhd guNahfkhFk. Vnddyy ,aeju Mwwy vdgJd Xh msthFk. vej xU
nghUSk mjifkhfiNth myyJd FrwthfNth ,aeju Mwwiyg ngwwUTFyhk.
Mdhy ntggjywF ,J nghUejhd. Vnddly ntggk vdgd XH msT myy.
,UejNghjiYk ,ejg guNahfk nghdW njhINI emlKiway ,UedtUtjhy
mJ JwNghdk gdgwwggLfwd. ,jd rhahdg guNahfk '[{iyid mf Mwwy -
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,aejuthay Mwwy rkhdk" vdgNjahFk. mbggrlay [{y ,aeju MwwiyNa
mf Mwwyhf khwwAsshh. [{yid JLgG rffu Maty eiswfsid <hgGemy
Mwwy> JLgG rffujjid Roy ,aff Mwwyhf khwwkiled> gddh ehd mf
Mwwyhf khwwk § 1 fiwJ.

vLjIFFhlL:

kh=th xUth fhiyr rnW=bahf 200 c=T fNyhh (foodcalorie) MwYila c=zit
czfwhh. mth mtthwiy H=zwwylUed jJ=z=ziau ,iIwjJd gssiay CSsS
kuigfSTF Cwwtjd %yk nrytoffyhk vdf FfUJfwhh. mtethW nrytoff
NEzLnkdwhy vjjid kuqfFSTF mth jz=i1u Cww KbAk? ,qF fizwd Mok

25m, FIjjd nfhsssT 25L, xtnthU kujjwFk xU Flk e Cww Nt=zLk vdf.
(elfFk Nghd nrytoffggLk MwwiyAk Fljjid eawiaAk GwFF=zffTk) g =10m
s2vdf FfUJT.

JhT:
fizwyilled 25 L j=z=zimu , iwggjwF mthd mf Mwwiyg gadglLjj) GtiahgG
tirfF vjuhf Nty nraa Nt=Lk.
Jz=zhd egiw =25L=25kg (1 L=1kg)
25 kg eawArla jz=ziau , iwfFf nraa Nt=zba Ntiy = jJ==uhy ngwgglLk <hgG
ey Mwwy
W =mgh =25 x 10 x 25 = 6250
fhiyr rww=bahy ngwggll Mwwy =200 ¢ =T FNyhh =200 kcal.
1 kcal = 103x 4.186 J
=200 x 103x 4.186 J = 8.37 x 10°)J
, tthwiyf nfh=zL kh=zth 'n' Flgfs enu fizwyylUed , swFfwhh vdf FUJIT.
kh=ztuhy nrytoffggLk nkhjj Mwwy =8.37 x 10°J = nmgh
vdNt

8.37710°J
n=—"70——""—"1y

>134
6250J

,qQF n vdgd j=z=zh Cwwggl Nt=zba kugfsd vzzFifia $1 FwffwJd.

fhiyr riw=zb klILk czL t©lL 134 Flk emu , swFF KbAkh? errak KbahJd.
czikay kdj cly czT Mwwy KOtijAk Ntiyahft khwwhd. Vnddy

Njhuhakh® kdij clyid gaDWywd 20% MFkmjhtJd 200 c=T fNyhhayy 20%
kILNk Ntmyahf khwwki Ak, vdNt 134 Flgfsy 20% vdgd 26 FIgfs KILNk.

vdNt mkkhzth czl rmwWz=zbfF ,i1zahf nraa Kbej Ntiyad msT 26
FIgfs eiu , iwggNJ MFk.

kjKkss Mwwy ,ujj XIlIjjwFk kw clyid kw cWgGfsid ,affjjwFk
gadgLjjggLfwd. NkYk xU Fwggll msT c¢c=zT Mwwy t=hFf ,offggLk vdgi j
endtyy nfhss Nt=zLk

ekd clyid gaDwWjwd vd 100% ,yiy? ,jwfhd tiilma eqfs ghT 89 .,y
mweJd nfhsthfs.

ntgg ,afftayd Kjy tjr

Mwwy  khwhgjiagd $SwNw  ntgg ,afftayd Kjy @y MFk  egAlldd
,affvtayyy Mwwy khwhjjdiak ngha nghUsfsd ,aff Mwwy kwWk eimy
Mwiy cssliffiAssd. Mdhy ntgg ,afftiayd Kjy tj ntggjijAk
csslilffiAssd. ,tujiad gb mikggd mf Mwwy khwWghlhdJd (AU), mikggwFT
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nfhLffggll ntggjjwFk (Q) #oyid kJ mttikgG nraj NtiyfFk (W) css
NtWghlbwFr rkkhFk. f=zjnkhoay , jidg gdtUkhW Fwgglyhk.

, J 1dg gdtUkhW Fwgglyhk.

AU=Q-W
ntgg ,afftay mikggd mf Mwwiy> ntgggglLjjiNah myyJd Ntiy nraNjh
khww ,aYk. ,jid fNo css mlltizay fh=zyhk

m 1 kggd csNs ntggk | mf Mwwy mjfhfFk
ghajy
m 1 kggyiUeJd ntggk | mf Mwwy FEwAk
ntsNaWjy
m 1 kggd kJ NEry | mT Mwwy mjifhFFk
nraaggLk NghJd
miakggdhy Ntmy nraaggLk | mf Mwwy FrEwAk
NghJ

ntgg ,afftayd Kjy Yjiia gadgLjJdtjwfhd FwalL kugiad
mwKfggLjjyhk. ,J fNo css mllti =z kwwk FwgglLf fhllgglLssJ.

ntgg ,affyay Kjy tjjiag gadgLjJdtjwrhd FwallL kuG

an E“;QG ntggj 1Jg ngWk | Q NehfFFw
g1 ___
mikgG ntggjij ,ofFKk | QvjhfFw
NghJ _
m 1 kggid kJ NETY | W vjhfFw
nraagglLk NghJ

mukgG Ntiy nraAk NghJd W NehFFw

nghJdthf thAffist nfth=zND ntgg ,afftayd Kjytj tsffggLfiwd. Mdhy
,tt)) vyyhtwwwFk nghdthdJd. NkYk jwtgfs kwWk jilgnghUstsTFk
,ttjnag gadglLjj KbAk.

ny Gjjfqfsy AU = Q + W vd ntgg ,afftayid Kjytj
FwgglbUfFk. ,gF mikggdhy nraaggll Ntiy vjhfFwahfTk mikggd
kJ nraaggll Ntiy NehfFwahfTk ¥fUjggLk. ,1t ,u=zLNk rhahd
FwallL kuGfs jhd. , twwy VNJDk xU FwallL kugid ehk gdgwwyhk.

vLjITFrIL
kdignuhuth 2 kg efawArla ehad JLgG rffujnjf nfh=L fyfFtjd %yk 30 k]
Ntayiar nrafiwhh. Vwjjho 5 kcal ntggk ehyiUed ntsigglL nfhsfydid gugG

toNa ntggffljjy kwWk ntggf fjhtrrnd %yk #oYFTFf fljjggLfwd vdy
mikggd m¥f Mwwy khWghl s I ¥ fh=F.

JhT:
fn ikggd kJ nraaggll Ntiy (ehidf FfyfFtjd %yk kdjjuhy nraaggll
Ntiy) W =-30kJ=-30,000J
m i kggyiUed ntggk ntsggLfwdQ =-5
kcal =5 x 4184 J =-20920J
ntgg ,afftayid Kjy tjjiiag gadglLjJIkNghJ
AU=Q-W
AU =-20,920J - (-30,000) J
AU =-20,920J + 30,000 J = 9080 J
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., mikggd kJ nraaggll Ntiyiatl ntgg ,o9G Fiwthf cssJ. vdNt
m¥f Mwwy khWghL NehfFwahFk. ,J mikggd mf Mwwy mjiFhggajf fFhlLfwd.

vLjIFFhiIL
nkyNyhllg gawnia (Jogging) jJidKk nratd clyeyjij NgzFffhfFk vdgJd
ehkwejNj. egfs nkyNyhllg gawray

<LgLk NghJd 500 k] Ntiy cqfshy nraaggLfwd. NkYk cqfs clyyiUed 230 kJ
ntggk ntsNawfwJd vdy» cqfs clywy VwgLk mf Mwwy khWghla I ¥ f=THLT,

JhT:

m i kggdhy nraaggll Ntiy (ekd cliy mikgG vdw fUJT)
W =+ 500 kJ
m i kggyiUed (ekd cly) ntsiNawwggll ntggk Q =-230 kJ
clyy VwgLk mf Mwwy khWghL
=AU=-230kJ-500kJ=-730kJ
vjhfFwahdJd ekd clyid mf Mwwy FiwejJd vdgijf fhlLfiwJ.

knkJ efoT (Quasi - static Process) :

V gUkd’)P mOjjk kwWk T ntggeliyay css eyyiayG thA mikggadf fUJIT
eyyiayG thA miulffggll cUisad g ]ld ntsiNehffy efhjIkNghd eyyayG
thAtid gUkdlyy khwwk vwgLk. ,jd tiisthf ntggeiyaYk mOjjjivYk khwwk
VwgLk. Vvnddiyy» ,k%dW khwfSk (P.T kwWk V) PV = NKT vdw ejsyrrkdghlbdhy
nghlhGgLjjgglLssd. eiiw xdwid g jldd kJ §tfFk Nghd> mJd g]jlsd
JiBnud foNehffi mOjJIk. ,eenyay g JIDTF kf mUNF css gFjilad mOjjk

ul mypfkhf ,UfFk. ,J thAtd
rkejsyawwj jdaksaft (non-equilibrium) fhiLfwJd. €hA rkejiyia k=zLk miulAk
tiu mtthAttd mOjjk ntggeiy myyd mf Mwwiyf f=zlwa ,ayhd. Mdhy
gllsd kf nkJthf mOjJk Nghd xtnthU FlljpYk mikgs #oYld
rkejiyay ,UfFk. ,eeiyay ehk eiyr rkdghlalf nfh=zL mikggd mf
Mwwy> mOjjk myyJd ntggeiiyiaf f=zffil ,aYk ,ttifahd efotwF knkJ
effoT vdW ngah.

knkJd efoT vdgd kfkf nkdthf emIngWk Xh efothFk. ,eefoT KbAKtmEu
mikge #oYIld ntggrrkemy ,aejur rkeiy kwwk Ntjirrkeayay ,UFFkgb
jdDirla khwfshd (P.V.T) Mfiatwwd KkjiogcFfis kF nkdthf khwwifnfhsSk.
tivaWff ,ayhj msT nkJthf VvwgLk ,kkhwwjjidhy miakgG vgNghdk
rkeiiyjjdikia xlbNa fh=ggLk.

vLjIFFhIL:

knkJd efotwF Xh vLjJIFffhiLj jUT.

gUkd V, mOjjk P kwWk ntggeiiy T cila thA xdW nfthstfydy miljJd
1 tffgglLssd vdf. gljjiy ThlbAssthW g Jld kJ xtnthU k=Jfshfg
NghLkNghd g J1d csNehffi kif nkJdthf efUk. ,eegfotyid HlIIjjll knkJ
effothff FUjyhk

(xtnthU k=zJfshfg g jldd kJ NghLkNghd VwgLk knkJ ejfoT)

gUkdiy, khwwk VwgLk NghJd nraaggll Ntiy:
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efUk g Jilsdf nfh=zl thA euggggll cUis xdiwf FfUJIF knkd efotyy
cssthW thA thtiled g jlnd dx nphayT nkJdthfj JsStwd.

,gF knkJ efotid mbggilayy thA thtilfwd. vdNt xtnthU Ff=]jjiYk
mOjjk ntggeiy kwwk mf Mwwy MHait xU Fwggll kjiggidg ngwUTFFk.
thAthy g Jild kJ nraaggll rwa Ntiy

dW = Fdx
thAthy gjidd kJ nrYjjggll tir F=PA. ,qF A vdgd g ]idd gugigAk P
vdgd thA g jldd kJ nrYjJdk mOjjijAk Fwffwd.

rkdghL gdtUk khwwa i kffyhk
dW = PA dx
Mdhy’Adx = dV = thAttd thtidhy Vwgll gUkd khWghL vdNt thA tihtrlejjhy
nraaggll rma Ntiy
dW = PdV

,gQF dV NehfFw vdgij fedff Nt=Lk Vnddy gukd mjifhyFRwd.

nghdthf thAtd gUkd Vi yUed Vi tiu mjjfhggjhy nraaggll Ntiyia
gdtUkhW Fwgglyhk.

w=( " Pdv

mikggd kJ Ntiy nraagglbUggd w vjhfFw Kkjigigg ngwWk.

rkdghL mOjjk P, njha ff FwalbwF csNs cssijf ftdff Nt=zLk mikgg
Ntiy nraAk Nghd mOjjkl khwyah®t ,UFF Nt=zba mtrakyiy vdgij ,J

gUkd kwWk ntggejiyad rhhghtf Fwggl Nt=Lk.
PV tiuglk

mOjjkP kwWk gUkd V ,itfSFF ,ilNa tiuaggLk Xh tiugINk PV

tiruglkhFk. €thA thtr 1Ak Nghd mtthAthy nraaggll Ntiyira PV tuugljnjf
nfh=zL Ffz=zfhAlyhk myyd thA mKffggLk Nghd mtthAttd kJ nraaggll
Ntayraf f=zfhlyhk myF 2 ehk fwwgbh tisNfhlbwFf fNo css gugé rwk
vyiyayUed ngUk vyrytiu css rhhgd njhafalL kjigigj juk. ,NyNghdw
PV trugljjd fNo css gugé thA tihts Ak Nghd myyJd mK¥FfggLk NghJd
nraaggll Ntiyiaf nfhLfFk PV tiugljjid tbtk ntgg ,affvyay efotid
jdukmar rhhejd.

vLjITFmIL
thAttd gUkd 1mdyjUed 2m3MF
thtilfwd vdy gdtutdtwiwf fh=F
a. thAthy nraaggll Nty
b. ,tNtiyffhd PV tiuglk

JhT:
mOjjk P =1atm =101 kPa, Vs =2 m3kwWk Vi=1m3
rkdghL ,UeJ

W= Pdv =Py dv
,gF PvdgJd XH khwyiahFk. vdNt ,J njhifalbwF ntsNa cssJ.
W =P(Vi-Vi) =101 x 103x (2-1) = 101 kJ
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mOjjk khwyaht cssjhy gljjiy fhllgglLssthW PV tiauglk Xh Neh®NFhIhF
, UFFk. mej NehfNFhILFF fNo css gugG nraaggll NtiyfFr rkkhFk.

thAtd jd ntgg WwGjjwd:

nfhLfFfggll mikggd jdntgg VwGjywd mttikggd FllakgG  kwWk
%yfSWfsid jdikiaf fzlwtjy Kfhag ggfwwfidwd. jilgnghUs kwWk
JutgfSTF khwhf thAffs ,u=zL jdntgg WGjjwdfisg ngwwssd mi
mOjjk khwhj jd ntgg WwGjjwd (sp) kwWk gUkd khwhj jdntgg VwGjgwd (sv).
Jd ntgg WGjjwd:

mOjjk khwhj jd ntgg WGjjwd (Sp)

mOjJjk khwh eiyay 1 kg eiwArla nghUsd ntggeiyia 1K myyJd 1°C
cahjjj NjmtggLk ntggjgjid msT mOjjk khwhjjdntgg VwGjgwd vd
muoffggLk. mikggad ntggggLjJk Nghd thAtwF ntggk msiFfggLfwd. Kkhwh
mOJjjjy thA thtrlfwd.

,eeffotyy nfhLffggll ntggjjid xU gFj Ntiy nraa (tihhtila) gadgLfwd.
NkYk kjk css gFj thAttd mf Mwwiy mjifhiggywFg gadglLfiwd.

gukd khwhj jdntgg VwGjjwd (Sv)

gUkd khwheiiyalyl kg ejiwAil la nghUsid ntggeliyia 1K myyJd 1°C cahjjj
Nj itggLk ntggjjid msT guUkd khw jd ntgg WwGjjwd vdwW miuoffgglLk.
thAttd gUkd khwhj eiyayy nfhLffggLk ntggk mikggd mf Mwwy
mjFhggjwF KILNk gadgLfwJd. fhlbAssthWw vttty NtiyAk nraagglhd.

khwh mOjjjjy thAtid ntggeiyia cahjJdtjwFj NjstgglLk ntggjij ©ub
khwh gUkdyy css thAttd ntggeiyia cahjJdtjwFj NjitggLk ntggk
FiwthdJd. Newti fay $WNthkhasd SpvgNghdk Syl tl mjiFkhFk.

Nkhyhh jd ntgg WwGjjwdfs;
ny Neugfslyy Nkhyhh jdntgg VwGjjwdFast (Cp, Cv) Ff=zTHLED ekfF KkFTk
gaDssjht mikAk.

khwhggUkdly 1 Nkhy msTss nghUsid ntggeiiyia 1K myyd 1°C
cahjJdtjwFj NjmtggLk ntggjjd msNE> guUkd khwh Nkhyhh jd ntgg
VwGjgwd (Cv) MFKk. khwh
mOJjjJy ntggeliyia cahjdtjwkFj NjmtgglLk ntggjjid msT mOjjk khwh
Nkhyhh jdntgg VwGj jwd (Cp)
khwhggUkdlyy mNkhy msTss thAtwFF nfhLffgglk ntggjij Q vdwWwk mjdhy
VwgLk ntggeiiy NtEWghl il AT vdTk nfh=lhy

Q = pCvAT
vd vOjyhk.
, kK khwhgUk efotwF ntgg ,afftiayd Kjy tjiag gadglLjjdhy (W = 0,
vnddy dV =0),

Q=AU-0O
vdf fiITFk.
>, twiw xgglLk NghJd
AU = pCvAT myyJC =19
H yyJL, DT

ATad vyiy Roaisd milAk Nghd (AT — 0), ehk
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vd vOjyhk.
,gF ntggeiiy kwK mf Mwwy ,u=zlLNk eiy khwfs. vdNt NkF=1 rkdghL
midjJ efFoTFSTFk nghUj jkhdjhFk.

Nkah njhlhG(Meyar's Relation):

p Nkhy msTila eyyayG thA nfhsfyd Xdwy miljJd §tffgglLssd.
mtthAtd gUkd V, mOjjk P kwWk ntggeiay T vdf khwhggUkd)yy thAtd
ntggeiy dT msT cahjjggbfwd. ,qF thAthy vttj NtiyAk nraaggltiyiy.
vdNt muakggwFFf nfhLffggll ntggk mf Mwwiy KILNk mjfhfFk. mf Mwwyry
Vwgll khwwj i j dU vdft.

Cwvdgd gUkd khwh Nkhyhh jdntgg VWwGjjwd vy rkdghl gdtUKhW vOjyhk.
du= }ICvdT

khwh mOjjjjiy thAit ntggggLjJk Nghd> mtthAtd ntggeidy cahT dT vdTk
muakggwFFf nfhLffggll ntggjjid msT 'Q vdTk. ,eefotidhy gUkdy wvwgll
khwwk 'dV'vdTk nfh=lhy

Q = pCpdT
,eefotidhy nraaggll Ntiy

W = PdV
Mdhy> ntgg ,afftiayid Kjytjiggb
Q=dUu+WwW
rkdghLTs
pCpdT = pCudT + PdV

vdf finITFk
Nkhy eyyiayG thAtwF emyrrkdghl sl gdtUkhW vOjyhk.

PV =pRT P PdV + VdP = pRdT

,qF mOjjk khwhd> vdNt dP=0.
PdV = pRdT
CpdT =CudT =RdT
Co=Cy+R(or)Cp-Cv=R

, JnjhlhgwF Nkah nghlhG vdW ngah.

khwh mOjjjjy eyylayG thAtd Nkhyhh jdntgg WwGjjwd> gUkd khwh Nkyhh
jdntgg WwGjgwd kwwk R MfAatwwd $SLJYFFr rkkhFk vdgij , jnghlhG
ekfFF fhiLfwd.

NkYk ,gnjhlhgyiUed> mOjjk khwh Nkhyhh jdntgg VwGjjwd (Cp), gUkd khwh
Nkhyhh jdntgg VwGjjwidol (Cy) vdNghdk mjifk vdgij ehk Ghed nfhssyhk.

ntgg ,afftay efoTfs (Thermodynamic Processes):

ntggeliy khwh efoT (Isothermal process):
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,eeffotty ntggeliy Xh khwh Kkjiggidg ngwUFFk. Mdhy ntgg ,afftiay
mikggd mOjjKk gUkDk khwwk i T1AK.

ehkwejgb eyyiayG thArrkdghL
PV = pRT
egfotyy T Xh khwy) vdNt ntggeimy khwh effotwfhd e myrrkdghL
PV = khwy)

,eJ rkdghL ekfF cz=zhjJtJd
thA xU rkeiy egiyaylUed (Pi, Vi) kwnwhU rkeiiy eidyFfFr (P2, V2) nryYk NghJ
gdtUk njhlhG nghUeJdk vdgNj
PiV1=P2V2
,gF PV = khwy;. vdNtP, MdJ V Ald vyh wgfjjnjhlhigg ngwWssJ.

mjhtJd (P u\%) ., Jiyiued PV tiruglk Xh mjigutasak (hyperbola) vd mwayhk.

khwh ntggeiiyayy tiuaggbk mOjjk - gukd tiaugljij ntggemy khwh truglk
(Isotherm) vdNw m § offyhk.

knkJd ntggeliy khwh thT kwWk knkJd ntggeiiy khwh mKffk ,twwwfhd PV
tiuglgfs fhllgglLssd.

ehk mwejgb eyyayG thA xdwd mFf Mwwy mtthAttd ntggeiyia KkILK
rhheJssJ.

vdNt> Xh ntggeiy khwh efotyy mf MwwYk XH khwiyiahFk Vnddyy ntggeiy
,gF khwhky cssJ. vdNt dU myyJd AU =0. ntggeny khwh efotwfhd ntgg
,affvayd Kjy tj gdtUkhW vOjggLfiwd.
=W

rkdghL ,UeJ ntggejiy khwh efotyy thAtwFT nfhLffgglLk ntggk GwNtiyfF
klLnk gadgLfwJd vdgij ekfF c=zhjJfwd. mikgG xdwDs ntggk ghAk NghJ
mttikggd ntggeiy vgNghdk caUk vdw jtwhd Ghjy cssJ. ntggeiy khwh
efotyy ,J czikayy. ntggeiiy khwh mKffk VwgLk Nghd cUisad csNs
gjid JssggprwJ »,J mf Mwiy mjfiifFFk. Mdhy ,ej mf Mwwy mjifhgG
ntggj nghlhgdhy muakggwF ntsNa nrdW tLfwJ.

vLjIfFhiLfs:;
1. Jz=zi1u ntggggLjJIk Nghd mjd nfhjeiiyay jz=zUFF vttsT
ntggj 1j msjhYk j=z=h KOtJIkhf euthtyahf khwk tiu mjd ntggeiny

cautjiyiy. ,NJNghdW ciweiyay css gdifflb cUfy jz=uhf khWwk
NghJk gdpfflbe ntggj i jf nfhLjjhYk mjd ntggeiy cautjiyiy.

ekd clyid midjJd tshnij khwwgfSk xU khwh ntggersyalNyNa (37°C)
e 1 Ingwhfidwd.

ntggeliy khwh efotlyy nraaggll Ntiy:

eyyiayG thA xdwadf FTUJIF khwh ntggemyay> knkd efotyy vdw njhlff
eiyayUed vdw ,WjeimyfF mjid thtsla mDKkjffTk. ,eefotyy thAthy
nraaggll Ntiyira ehk gdtUkhW f=Tflyhk.

rkdghL ,Uej thAthy nraaggll Ntiy
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W= Pav

Vi

,eefoT knkd efothf cCcssjhy xtnthU eiyaYk thAthdd #oYIld
rkeiyay ,UfFk ,gF thA eyyiayG thAthfTk xtnthU eiyaYk #oYIld
rkeiyay cssjhYk eyymayG thAr rkdghlal

gUkd kwWk ntggeiyad rhhghf vOjyhk.

P=MRT
\Y

rkdghL ,y gujiaLk NghJd

Vi dV
W =mRTy —
0, v
rkdghL T njhaifalbwF ntsNa §1tjjUfff fThu=zk ntggemy khwh efoT
KOi1kfFk ,J khwyjahFk.
rkdghL njyhsfgglLjJk NghJd
,qF Vwgll gUukd tihT xh ntggeay khwh tihthFk.
AV
W =mRT In¢—+
eVig
V; . eV, 0
NkYk —>1vdgjhy In9—+>OMFk.
Vi eVig
vdN®t ntggeiy khwh thtyy thAthy nraaggll Ntiy NehfFw MFk.

rkdghL ntggeliy khwh mKFffjjwFk nghUedk> Mdhy ntggeiiy khwh mKFffjjy

Y V, 6

<l vant |n§vff<0det> ntggeliy khwh mKFFjjiy thAtd kJ nraaggll
i evig

NEry vjhfFw MFk. PV trugljjryy ntggermykhwh thgd Nghd thAthy

nraaggll Ntiy tiugljjwFFf fNo css guggwFr rkk vdgJd fhllgglLssJ.

»NJNghdW ntggeimy khwh mKFffjjy PV tiugljjwFFf fNlo css gugé thAtd
kJ nraaggll NtayfFrrkkhFk. ,J vjhFwary FwgglgglLk.

ntggemy khwh efotyy nraaggll Ntaymraf f=THLkNghd> efoT
xU knkd efoT vd ehk FTUINdhk. ,J xU knkd efothf

,yiynady eiyr rkdghL P:mTRTia rkdghL gupail ,ayhd.

vnddyy eyyayG thA tj; rkeayaw eFfoTfSFFg nghUejhd.
Mdhy rkdghL knkJthf efohj ntggeiiy khwh efoTFSTFk
nghUeJk. Vnddyy mOjjk kwWk gUkd Nghdw ejiykhwifs eyyiayG
thAttd njhlff kwk ,Wj eiyfis KkILNk rhhejjUFFk
S,Wjenyfis miulej toKiwia rhhe jiUFFhJ. rkdghL
njhi fggLjJtjwF KILNKk ehk knkJ efothf fUjINdhk.

vLjIFFhIL:
300 K ntggejiyaYss 05 Nkhy thA xdW njhlffggukd 2L .,y ,Ued

,Wjiggukd 6 L fF ntggeimy khwh efotyy thtilfwd vdy gdtutdtwiwf
th=T
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1. thAthy nraaggll Ntiay?
2. thAtwFF nfhLffggll ntggjjid msT?

3. thAtd ,Wj mOjjk? (thAkhwypR =8.31J] moll K1)

JhT:
ehk mwejgb thAthy nraaggll Ntiy Xh ntggeiy khwh ththFk.

,qF p=05
W =05 mol - 23 - 350K - n 8L 0
mol.K §21 5

W =1.369 ki

,gF Ntiy NehfFwayy cssijf ftdff Nt=Lk Vnddy thAthy Nty
nraagglLssJ.

ntgg ,afftayid Kjy tjiggh ntggemy khwh efotyy miukggwFf nfhLffgglLk
ntggk Nty nratjwkFg gadglLjjggLfwd.

vdN®Q =W =1.369 kJ
,qF Q Tk NehfFwahFk. Vnddyy ntggk makggwFs nryfwd.

ntgg eny khwh efotwF
PiVi = PsVs = pRT
mRT . 8.31) . 300K

Ps= =0.5mol ———
V, mol.K 6710"m

= 207.75 kPa

vLjIFFhlL:

fNo fhllgglLss PV tiuglk nttNtW ntggejiyfs)yy emlngWk ,u=zL ntgge/n
khwh effoTfist Fwffidwd. ,u=zL ntggenyfsl)y cahej ntggeny vJ vdgij
f=zlwfF.

y
f

JhT:

cah ntggelny tiasNfhlalf fh=zgjwF gljjiy fhlbAssthW x mrRfF , i zahf
fHialjjsT Nfhlbid tiva Nt=zLk ,J khwh mOjjjwFhd NfhL MFk.
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khwh» mOjjf Nfhlbid ntlLk nrgFjJf NFfhLFSFfhd gUkdfs Vikwwk V»
Mfiai© xXNu mOjjjjJiy css gukdfist Fwifidwd.

khwh  mOjjjgy mpf gUkDss thAty ntggeiyAk mjifkhf ,UTFFk
gljgiyiled V> VovdNDT:> Tovd mwayhk. nghdthf ntggeiny khwh efoTfsyy
ntggeiy Fiwthf css tisNfiLfs MjigGssifs mUNF miKAK.

ntgggghkhwwkiyyyh effoT (Adiabatic Process):

,eeffotly vttgjkhd ntggKk mikggwF <sNsNah myyJd mikggyUed
ntsNath nryyhd (Q = O) Mdhy thA jdDila mf Mwwiyg gadglLjjl
thtilAk myyJ ntsigéw Nt i yadhy TthA mMKFfFki 1Ak. vdNt
ntgggghkhwwkiyyh efotlyy mikggd mOjjk> guUkd kwWk ntggeiy ,twwy
khwwk Vwglyhk.

xU ntgggghkhwwkiyyh effotwF ntgg ,afftayid Kjy tj) AU=W vd vOjyhk.
, Jiywed ehk mwednfhstd vddntdwhy thA mjd mf Mwwiyg gadglLjj)

Ntray nraAk myyJd thAtid kJ Ntiy nraagglL mjd mf Mwwy mjyrfhiFFk.

ntgggghkhwwkiyyh efotiid gdtUk KiwfFisg gadglLjj) effojj ,aYk

1. mikgG ntgg Mwwiy #HoOYTFF Tljjhjthwk myyJd #oyiyiUed vttjkhd
ntgg MwwYk mikggwFs nryyhjthWk miukggad ntggffhgG (Thermally
insulating) nraa Nt=Lk.

vLjIffrhl Ih® ntggffhgG nraaggll cUisay css thA ntgggghkhwwkiyyh
Kiway mKffggLfwd myyJd ntgggghkhwwkiyyyh Kiwayy tivts 1fwd.

. vty ntggffhgGk mww eiyayy #oYFF ntggjijf Fljj ,ayhjthw kFff
FWfia Neujjiy kf NeEFkhf efoT Vwgllhy mJTk xU ntggghkhwwkiyyh efoT.

(@ kwwk (b) ,twiw tisFFHdwd.
vLjIFFhILFs: ntgggghkhwwkiyyh efotwfhd emyr rkdghL

ntgggghkhwwkiyyh efotwfhd emyr rkdghL
PVY = khwy
,gF yvdgJd ntggghkhwwkiyyyh mLfFFFw MFk. (y = Co/Cy) ,J thAtd ,ayigg
nghUj j JhFk.
rkdghL ,UedJ ehk mwtJd vddntdwhy> thA xU rkeiny einyaylUed (Pi, Vi)

kwnwhU rkejay enyfF (Py, Vi ntggghkhwwkiyyh Kiwaryy nryYkNghd mtthA
gdtUk egejidfF clglLk.

RV, V= F)foy
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ntgogg ghkhwwkiyyh thT kwwk mKFF efogwfhd tirugljijAk ntggg
ghkhwwkiyyh tiasNfhL (adiabat) vdNw muoffyhk. ntggeiy khwh efotwfhd PV

tiuglk kwWk fhllgglLss ntggg ghkhwwkiyyh efotwfhd PV tiuglKk
flljjll xNu khgphahf cssd. Mdhy ntgggghkhwwkiyyh efotwfhd tisNfhb
ntggeliy khwh effotwfhd tasNfhlsltgl rwNw nrgFjjhf fh=zgglLk.

T kwwk V 1Ig nghUjJd rkdghL ehk rwNw khwwaikffyhk. eyymayG tTthAr
rkdghlbyiUed mOj jk

,jid rkdghL gujial> ekfF filggd mTRTVg = khwyr (myyJ) %v;;:%vdf
LILR R iE}e
>,qF pRvdgJdk xU khwyp vdNt ,jidg gdtUkhW vOjyhk.

TVy-1= khwiy
thA xdW njhlffr rk emyaylUed (Ti, Vi) ,Wg rk eunyfF (Ty, Vi
ntgggghkhwwkiyyh Kiwayy nryYkNghd mJ gdtUk rkdghlal emwT nraAk.

TV =TV,”

vdgimj rkdghL ekfF cz=zhjJfwd.

ntggg gukhwwkyyh effotwfhd emyr rkdghlil T kwWk P asyidg nghUjJk
vOjyhk.

TY P19= khwyy (8.39)
rkdghL (8.39) wfhd ei&g=jijJ eqfNs Kawrffyhk.

1 Tfsidhy mOjjggLk gkgindg gadglLjj) kje=zbr rffujjwF fhwwbggi j
ehk midtUk mwejUgNghk. gkgd csNs css V gukDila fhwiw tskz=zly
mOjJJJJiYss kwwk 27°C miw ntggejiyay css ntgg ,afftay mikgc vdw
TUJT. Kiyiezb rffujgiy fhwawr nrYjJdk Kid %lgglLssJd. vdw TUJT.
fhwwhd J mjd njhlfFggUkdiyiUed ehdfly xU gqF > WJiggUKDTF
mOjjoggLfwI vdwhy mjd ,Wjj ntggeiny vdd? rffujjid fww nryYjJdk Kid
%lgglLssjhy fhwwW rffujjiDs nryy Kbahd. vdNt ,qF fthwwbfFk efotind
ntggggukhwwkyyyh mOTFkhff fUJyhk. FhwWTF (g=14)

JuT:

fhwbfFk efoT ntggggukhwwkiyyyh mKFfFkhf FfUjggLfwd. gUkd
nfhLffgglLssJd. vdNt ntggeisyiaf f=ffil Nt=Lk ,gF rkdghL (8.38) 1Ig
gadgLjj Nt=Lk

Tivig_l = vafg_l

T, =300K (273 + 27°C = 300K)
v =vev, =¥
4

.g-1

=300K ~ 41 =300K “1.741

T2 » 522 KmyyJd 249°C
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a ul mpfk vdNt kjt=zbay

€] L,WJ ntggemy eud nfhj i
NghJd fhwW eugGk Kidiaj njhLtJd

el
rfoJJpr lfggkgpldg gadgLjj) fhwwbfF
Mgj ghd jhFk.

y
k

gllsd kf Ntfkhf mOjJIkNghd cUthFk ntggjjisd FWha
Neujjry #oYTFT fljj ,ayhd vdNt thAtd ntggeiiy tiuthf caUk
.J gljjy fhllgglLssJd. ,jjjJtk Bry ,aejugfs)y gadglLjjggLfiwd.
fhww-ngiNuny  fyitia ntggggu khwwkpyyh Kiwayy kf Ntfkhf
MKTFkNghd mffyitad ntggeiy jggwwk msTfF kf Ntfkhf caUk.

ntggggukhwwkiyyh efotyy nraaggll Ntiy KOiwrkahf ntggffhgGr
nraaggll Rtw mbggugéG nfh=l cUisaDs css p Nkhy eyyayG thArtf

fudr. A FWfF ntlLg gqugéG nfh=zl cuhatww ntggffhgég ngww g jid
cUrsay nghUjjgglLssJd.

ntggg gukhwwkiyyyh Kawary mukgG (Pi, Vi, Ti) vdw nghlfF enyayued (P,
Vi, Tr) vdw ,Wjieriyia mi lAkNghd nraaggll Ntay W vdf.

w=g" Pdv (8.40)

ntggggukhwwkiyyh ,eefoT xU knkd efoT vdffUIP xtnthU eiyaYk
eyyayG thA tj ,gF nghUeJdk.

eeigej idad mbggi layy> ntggggukhwwkyyh efotid eiyr rkdghL PVY =
khwyy (myyJd) P k/\l/my/ ,jid rkdghL (840),y gujiastLkNghJ
W = PdV

/W .. =

Vi

Ky dv
\V g

Ve

= khwyy gV ™
Vi

gy oty
= khwiyy & 1&
e-g9 *1i,

khmwe 1 1 U
1-9 gvIT VI

1 ek/lVW_W khwpyy U
T1-gg Vit VT g

khmfwe 1 1 U
1-g gV~ v“ﬁ

94| P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




1 €PV/ pyil
/Wadia = (:9 fg_fl - Iglllzl
1-g8V; Vi g

W

adia

:%épfvf - PiViH
-9

eyyayG thA tjaylUed
PiVe = pRTtkwWk PiVi = pRT;
,Jidr rkdghL (841) ,y guyiaiLkNghJd

/W

adia

mR .
:m@Ti‘TfH

ntggggukhwwkiyyh tuty» thAthy nraaggll Ntiy Waa XU NeufFw
kjigghFk. ,gF Ti>Tr, vdNt ntggggukhwwkiyyh tutyy thA Fsurnain 1Ak

ntggggukhwwkiyyh mKFFjjiy> thAttd kJ Ntiy nraaggbk mjhtd Woadia

xU NeufFw KkjigghFk. ,gF Ti>Ty, vdNt ntggggukhwwkyyh tutlyy ThA
Fsurnain 1Ak

ntggggukhwwkiyyh mKFfFjjiy> thAttd kJ Ntiy nraaggbk mjhtd Woadia
xU vjufFFw kjigghFk. ,gF Ti< Ty, vdNt ntggggukhwwkiyyh mKffjjy thAtd
ntggeliy caUk.

FwgG

ntggggukhwwkiyyh efoT Xu knkJd efothff fTUjJ rkdghL (8.41)
kwwk (842) Mfia ,uzlLk rkdghLfis ehk tUtjNjhk. ,eefoT knkJ
effothf > Y 1ynadwhYk , ttu=zL rkdghLTSk nghUj jkhd
rkdghLfNsahFk. Vvnddyy emykhwfs P,V kwwk T Mfiagt njhlff kwWk
,WJi eiiyfois KILNK rhuejit. mit ,Wjeayira milej toKiwrar
rhuejJyy. nghafalYffhf kILNk ehk knkd efoT vdwW TFTUjNdhk. glk
832) ,y ThllgglLss ntggggukhwwkiyyh efotyy PV trugljjwF FNo
css guge ,eefotyy nraaggll nkhjj Ntayimaf nfhLTFk

ntggeiy khwh tisNfhL kwWk ntggggukhwwkryyh tisNfhL

, twwwH i INaahd Ntwghlal Guwed nfhssNt Ti kwWk Tf ntggenyfSffhd
ntggeliy khwh tiasNfhlLld> NrujJ ntggggukhww kww tisNfhLk glk (832) ,y
fhllgglLssd.

ntggggukhwwkiyyh efotwfhd tisNfhL> ntggeiny khwh tasNfhlsl ol
nrqFjjhhf ,UfFk. Vnddiyy vgNghdk y>1 MFk.

mOjjk khwh effoT
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(Isobaric Process)

,J khwhj mOjjjJy VwgLk xU ntgg ,afftiay efothFk. ,eefoty
mOjjk khwyah¥ ,UejhYk ntggeiy> gUkd kwwk MF Mwwy Nghdwit
khwyrfs myy. eyyiayG thAr rkdghlbyUed.

V = %ﬁ T
§P g

Here % = khwiy)

mOjjk khwh efoty nfyttd ntggeny gUkDTF Neutfijjjy ,UTFFk.
VaTmOjjk khwh efoT) (8.44)

mOjjk khwh efotyy V-T tiuglk MjigGss) toNarnryYk Xu NeufNfhlhf
mikAKk vdgij Nkwf=zl rkdghL cz=zujJdfwd.

thA xdW (ViTi) vdw eimyayUed (ViTr) vdw eiyfF khwh mOjjjjy
nryYkNghd gdtUk rkdghlsl emwT nraAk.
T _T

ViV
mOjjk khwh efotwfhd vLjIFFhILfs +thArt ntggggljJIkNghd tThA
ntggkiled gddu mJd gjlidj jJsSTfwd. vdNt thAthdd tskz=zly mOjjk
kwWk GCtiaugéG tir ,twwd $SLJYFFr rkkhd Xu tiria gjldd kJ
nryjJdfwd vdy ,eefoT Xu mOjjkkhwh efothFk.

ekd tlIL rikay miwayy enmlngWk ngUkghyhd rikay efoTfs mOjjk
khwh efoTfs MFk. ywej ghjjuijgry

cztid rikfFkNghd cztwF NkNy css mOjjk vgNghdk tsk=zly
mOj jjjwFr rkkhFk.

glk 835,y ThlbAssthWw mOjjk khwh efotwfhd PV tirughlk gUk mrRfF
, 1zahfr nryYk Xu finljjst NfhlhFk. gUukd FiwAk mOjjk khwh efotysd
glk 835 (a) fhiLfwd.

gUkd mjifufFk mOjjk khwh efotiid glk 835 (b) fhlLfiwd.

mOjjk khwh efotyy nraaggll Ntiy thAthy nraaggll Ntiy

W =g Pdv (8.46)

W =Py dv (8.47)

mOjjk khwh efotyyy mOjjk Xu khwyiahFk. vdNtP njhifalbwF ntsiNa
cssJ.

W = P[Vt - Vi] = PAV (8.48)
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,qQPAV vdgd gUkdy Vwgll khwwyajf Fwffwd. AV vjufFwahf
,UejhyW vjufFwah ,UfFk. ,J thAttd kJ Ntiy nraaggLfwd vdgiajf
fhiLfwd. AV NeufFwahf ,Uejhyy W NeufFFwahFk. ,J thAthy Ntiy
nraaggLfwJ vdgujf fhilLfwd.

rkdghL (8.48)1 eyyiayG thAr rkdghl i lg gadgLjj) khww m i kFFyhk.

PV = uRT myyJV =@

,Jidr rkdghL (848) ,y gujiaiLkNghJd

& T60
W = mRT, ¢1- -+ (8.49)
f g T 5

vdf finlTFk.

PV tiugljjyy mOjjk khwh tisNfhlbwFF flo css gug® mOjjk khwh
egfotidhy nraaggll NtiayfFr rkkhFk. glk 836 ,y ThllgglLss eoylggll
gFji thAthy nraaggll NtiyfFr rkkhFk.

mOjjk khwh efotwfhd ntgg ,afftay Kjy tjjia gdtUkhW vOjyhk.
AU = Q - PAV (8.50)

,UzZL nt€tNtW mOjjqfsy emlngWk mOjjk khwh efoTfSffhd V - T
tiuglk fNo fThllgglLssd. ,twWs veefoT cau mOjjjy enmlngWwk vdw
f=zlwfF.

JuT

eyylayG thAr rkdghlbyiUed»
§P o
V-Ttirauglk MjigGss) toNar nryYk Xu NeufNFIhFk.

mjd rhaT :%R

V -T tiuwgljpd rha™ mOjjjgwF vuthHjj nghluGelad MFk. rhaT
ngUkkh¥ ,Uggd> mOjjk FiwthdjhFk. ,qF P: ,d rhaT P, 1t t©tl mjfk
vdNtP2> Py.

Taid x mrnYk V asaid y mrrYk 1tjJ ,ttuugljij tuuvejUejghy P>
PAMF ,UFFkh? nejijJ cdJ tgiliaf $WF

vLjITFFhIL 820

27°C ntggeliyay css 1 Nkhy eyyiayG thA 1 MPa mOj
xdwDs miljJ stffgglLssd. mjd gUkd ,UklgfhFk tiu m
mDkjijJ gddu foff=zltwaiwf f=TfLT.
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@ (),goUk tuT ntggggukhwwkiyyh Kiawary elejhy> thAthy nraaggll Ntiy
vdd?

(i) ,ggUk tiuT mOjjk khwh Kiwary elejhy> thAthy nraaggll Ntiy
vdd?

(il) ,ggUk tuT ntggemiy khwh Kawayy elejhy> thAthy nraaggll
Ntiy vdd?

(b) Nkwf=zl %dW efoTfsiYk veefotty mf Mwwyry ngUk khwwk miualfwJ
kwWk veefotyy rnwk khwwk VwgLfidwJ.

©) ,k%dW efoTFSTfid PV tiugljij tiuvaTk

(d) ,k%dW efoTfs)y veefottyy ntggk thATFF mjif ntggk msiffgglbUTFk
kwWk veefotyy thATFF Frwthf ntggk msiffgglbUfFk?

g= % kwWk R =8.3J] mol1K-1
JuT:
(@) () ntggggukhwwkiyyh efotly muakggdhy nraaggll Ntiy

mR
Wadia=

g_léTi'TfEI

,WJi ntggeiiy T:l T f=lwa ntggggukhwwkiyyh ejiyrrkdghL.

TVA41=TiVi¥llg gadgLjj Nt=Lk
gy 6 :

T =Tigo s
f gvf g
=0.63" 300K =189.8K

W =1"83" %(300 -189.8) =1.37 kJ

=300" 220’
825

(i) mOjjk khwh effotty miakggdhy nraaggll Ntiy

W = PAV = P(Vi- V)

NkYk Vi=2V; vdNt W =2PV;VilT f=zTHD eyyiayG thAr rkdghlul
njhliffeayfFk gadglLjj Nt=Lk PVi=RTi;

V, = % =83 ? 107 = 24.97 10" m’

mOj jk khwh efothtd Nghd nraaggll Ntiy W =2 x 106x 24.9 x 104 =4.9KJ

(iii)ntggeiiy khwh efotty mukggdhy nraaggll Ntiy

V. 5
W = mRT l‘é—fg
eVig

ntggelny khwh effotty njhlfFf miw ntggeiny xU khwyjahFk.

vdNEW =1 x 8.3 x 300 xIn(2) = 1.7 kJ
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(b) ,k%dW efoTFisAk xgglLg ghufFFkNghd mOjjk khwh efotty nraaggll
Ntiy> ngUKkKjigigAk ntggggukhwwkiyyh efotty nraaggll Ntiy nWkjigigAk
ngwssd.

(c) ,k%dW efoTFSTfhd PV tirugglk fNo fhllgglLssJ.

AB tisNahlbwFf fNo css gugé = mOjjk khwh efotyty nraaggll
NEry

AC tis NfhlbwFFf fNo css gugé = ntggemy khwh efotyy nraaggll
NEry

AD tisNfhlbwFFf fNo css gugé = ntggggukhwwkiyyh efotyy nraaggll
Nty

PV tiugljjiyy AB tisNfhlbwFf fNo css gugé kww tisNfhLfsd
gugrgtyl mjifk. vdNt mOjjk khwh efotly nraaggll Ntiy ngUKkKjigrgAk
ntggggukhwwkiyyh effotly nraaggll Ntiy kjgigAk ngwWssd.

ntggggukhwwkiyyyh efotlyy mikggwF vtgjkhd ntggKk nryytyyiy mNjNghdw
mikggyiUed vttjkhd ntggKk ntsNawTk ,yiy. ntggeiy khwh efoTld
XggLkNghd mOjjk khwh efotyy nraaggll Ntiy mjifk vdNt ntggKk mjifk.

gUkd khwh efoT
(Isochoric process)

mikggd gUkmsd khwh kjigghff nfh=zL nraaggLk ntgg ,afftay efoT
gukd khwh efoT vdW miuoffggLk. ,eefotly mOjjk ntggeiiy kwWk mt
Mwwy Mfiart njhlued khwwk s TAk.

gukd khwh efotwfhd mOjjk - gukd truglk mOjj mrRfF , i=zaht
tiuvaggLk xU , =T NfhlhFk.

gUkd khwh efotwfhd emyr rkdghl sl gdtUkhW vOjyhk.

_@mMR§
= =T 8.51
8 vV (8.51)

,Jiyled mOjjk ntggeinyfF (nfytd) Neugjftiy ,UFFk vd ehk mwayhk.
gUkd khwh efotwfhd P-T tiuglk Mjigéss) toNar nryYk Xu NeufNFhlIhFk.

(Pi,Ti) vdw njhlffgGssayiUed thA (P, Ty) vdw ,WjigGssiFF khwhggUkdy
nryYkNghd mikgG gdtUk rkdghlal eiwT nrafiwd.

P,
=t (8.52)

f

guUkd khwh erffotiy’AV =0 vdNt W =0 ntgg ,affgayd KjytgahdJd

AU =Q (8.53)
vdW vOjggLfiwJd
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,Jiyued ehk mwtd vddntdwhy miakggwFf nfhLffggLk ntggk mf
Mwwiay KkILNk mypfufFk. ,jd tisthf ntggeay caUk NkYk mOjjKk
m jifufFk.

mikgG xdW khwh gUkdlyy jdJ ntggjij ntggk FljJdk Rtud %ykhf
#oOYTFFF nfhLffwd vdy> mikggd mf Mwwy FiwAk. ,jd gadhf ntggeny
FiwAk NkYk mOjjKk FiwAk.

VLjIFfILTs

1. fNo css gljjiy ThlbAssthW %lggll ghjjujjiy =T ghjjujgid %b
euhtiahdy rwJ Nky NehffijjssgglLk.
%ba gdG guUkd xU khwh kjiggiadgngWk ntggk njhlhed msjffggLkNghd
mOjjk mjfufFk ,jdhy euhth Nky Nehffir nrdW %bma NkyNehffij Jss
KawrfFk.

Nkhilhu mrffis> fhu Nghdw jhdiagfh thfdqgfsyy css nglNuhy ,aejuk ehdF
efoTfis Nkwnfhs Sk. Kjyiy g9lk (@ y  fhlbAssthw g]lid
ntggggukhwwkiyyh efotid %yk xU Fwggll gUkDfFk RUqgFk. ,u=zlhtjhf
glk (b) ,y ThlbAssthw (fhwW + wvunghUs) fyitad gUkid khwyjahf
itjIfnfh=zL ntggk nfhLffggLfwd. ,jd tisthf ntggeayAk mOjjKk
myfufFk. ,J xU gUkd khwh efothFk %dwhtd efotly glk (¢) ,y

fhlbAssthW ntggg gukhwwkiyyh tuT VwgLfwd. ehdfhtd efotyy glk (d)
,Y ThlbAssthW g jlid ,affhky gUkd khwh efoT k=zLk VwglL ntggk
ntsiNawwggLfiwJ.

vLjIFFIL 821

500g eh> 30°C ntggeiyayUed 60°C ntggenyfF ntgggglLjjggLfwd vdy
eud mf Mwwy khWwghlalf f=FfALF (,qF eud tutiad GwFFzFFTk NkYk
eud jdntgg VwGjjwd 4184 J kglK-1)
JuT

eud ntggejiyia 30°C ,y ,Ued 60°C fF caujJkNghd VwgLk eud twit
GwFfdifFfiNwhk. vdNt ,eefotiid Xu gUkd khwh efothfF fUjyhk. gUkd khwh

efottyy nraaggLk Ntmy RoahFk. NkYk msffggLk ntggkhdd mf Mwwiy
mjifuggjwF kILNk gadglLjjgglLk.

AU = Q = ms,AT
euwd emw =5009=0.5kg
ntggeliy khwwk =30K
ntggk Q=0.5x 4184 x 30 = 62.76 KJ

Rown efoT (Cyclic Process)

,ttif ntgg ,afftay efotyyy ntgg ,affttay mikgG xU eiayaylUed
nghlurnaht khwwkialed ,Wjay jJdJ njhlff emyra k=zLk milAk. MirkgG
JdJ njhlff giyraNa k=zLk miultjhy
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gyNtW ntgg ,afftay efoTfsid RUFFk

tv=z

efoT

ntggk

ntggeny
kwWk m¥

Mwwy,

mOjjk

ntggeny khwh
efoT

Q>0

Khwiy

FrwfwJd

Q<0

khwiy)

m jrFhfFhwJd

mOj jk Kkhwh
efoT

Q>0

m jFhiffwJd

Khwiyy

Q<0

FrawfwJd

Khwiyy

gukd khwh efoT

Q<0

m jrfhFhwJd

m i FhwJd

Q<0

FawfwJd

FawfwJd

ntgggghikhwwikiyyh
efoT

Q=0

FawfwJd

FawhfwJd

Q=0

m jfhiffwJd

m i FhwJd
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m¥f Mwwyry Vwgll khWghL RoahFk. Rowry effotty mikggwFs ntggk nryYk
mNj NghdW mikggyiUedk ntggk ntsNawk. ntgg ,affowayd Kjy
tpayiled> mikggwF khwwggll njhFggad ntggk thAthy nraaggll NtayfFr
rkkhFk.

Qnet = Qin — Qout = W (Rown ejfotwF)
Rowr efotwfhd PV tiuglk;
Rowr; effotwfhd PV tiouglk xU %Ilggll tiasNfthihFk.

thAthdJd Rowrn efotiid Nkwnfhstiwd vdffUJT. ,eefotly thA xU tihT kwWk
MmMKFffjgwFg gdT JdJ njhlff gayra milfwd.

gUkd Vi yiUed VfF thA thtilAk Nghd thAthy nraaggll Ntiy W;: vdf
,ENtiay fThllgglLsss CBA tisNfhlbwFFf fNo css guggwFr rkkhFk.

gUkd V: tiylUed V: fF thA RUgFkNghd thAtid kJ nraaggll Ntiy W, vdf.
, ENtiy FThlbAssthw ADC tisNfhlbwFf fNo css guggwFr rkkhFKk.

.ej Rowrnp efotid %yk nraaggll njhFgad Ntiy = W; - WyfhllgglLssd
tisagghi Jad elNt css grir ewkilggll guggwFr rkkhFk.

vdNt Rowrn efotyy nraaggll njhFgad Ntiy Ro myy. nghdthf njhFgad
Ntay NehfFwayy myyJd vjhFway ,UTFk.

njhFgad Ntiy NehfFwary Uggpd> m i kggdhy nraaggll Ntiy> mikggd kJ
nraaggll Ntiyia vl mjpfkhf » UTFk.

njhFgad Ntiy vjhfFwayy ,Uejhy mikggdhy nraaggllhy Ntiy> mikggd
kJ nraaggll Ntiyratglft Fiwthf ,UfFk

INKYKk Rowrp efotyy nraaggll njhFgad Ntiy NehFwahf ,Uggd |
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,eeffotid tiruglk tyQRoahf mikAk. Rowr; efotyy nraaggll
njhFgad Ntay vjhfFwahf ,Uggd ,eefotid tiruglk ,I1QRoahf
m 1 KAK.

css efoT tyQRo jiiray nrayglLfiwd.

vLjIFFhiIL

ntgg ,affttay mikggd tiuglgfs gljjiy ThllgglLssd. xtnthU RwW
efotwFkhd nkhjj Ntaymnaf Ff=FfLT

JhT:

NehT a) %Ilggllg ghijad jiir ,I1QRoahf cssJd. ,jyUed mikggd kJ
nraaggll Ntay> mikggdhy nraaggll Ntiyratl mjiFkhFk. BC
tisNfhlbwFFf fNo css gugéG thAtd kJ nraaggll Ntaymsaf nfhLfFk

(mOjjk khwh mKfFfk). NkYk DA tisNfhlbwFf fNo css gugéG miukggdhy
nraaggll nkhjj Ntiysaf nfhLfFk

BC tasNfhlbwFf fNo c¢ss gugé = nrttfk BC 12 ttd qugG =1x4=-4]) ,gF
vihfFw miakggd kJ nraaggll Ntiymsaf Fwffwd.

DA tastNfhlbwFFf fNo €ss gugG =1x2=+2]
RwW efotuidhy nraaggll njhFgad Ntiy =-4+2=-2]

NehT(b): %Ilggll ghijad jjir tyQRoahf cssJd. vdNt nraaggll Ntiyad
nyhFgad kjigG NehfFwahFk. miukggd kJ nraaggll Ntiy> mikggdhy
nraaggll Ntiyia ulf FiwthdJ vdgij , jiyUed mwayhk.

BC tisNfhlbwFFf fNo css gugé thAtid kJ nraaggll Ntaymaf nfhLfFk

(mOjjk khwh mKFfk) NkYk AB tisNfhlbwFf fNo css gugé mikggdhy
nraaggll nkhjj Ntayraf nfhLfFk.

AB tisNfhlbwFFf fNo css gugé =(BC12) nrttfjjid gugé + (ABC)
KENFh=jjid gugs = (1° 2)+%’1’2:+3J

BC tisNfhlbwFF fNo ©ss gugG nretfjjid gugG =1x2=2]

Rowr; effotty nraaggll njhFgad Ntiy =1J,3J xU NehfFw KjigghFk.

NehT (c) %lggll ghijad jir ,IQRoahf cssJ. vdNt njhFgad Nty
vjhfFwahFk. mikggd kJ nraaggll Ntiy mikggdhy nraaggll Ntiyia tl
myfk vdw ,JfhiILfwd. AB tisNfhlbwFFf fNo css gugé thAtd kJ

nraaggll Ntiyiaf nfhLfFk. (mOjjk khwh mKFffk) NkYk CA tiasNfhlbwFf
fNo css gugéG mikggdhy nraaggll nkhjj Ntaymaf nfhLfFk.

AB tisNfhlbwFFf fNo ©ss gugG = nretefjjid gugé =4~ 1=-4]
CA tisNfhlbwFFf fNo css gugé = nrtefjjd gugé KFNFh=zjjid gugG

=" 2)+%'1’2=+33
RwWerfotidhy nraaggll nkhjj Ntiay =-1J. ,J xU vjhfFw kjigghFk.

ntgg ,afftay Kjy tjad tukGfs;
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ntggk kwWk Ntmy ,i1t xdwyUed kwnwhdwhf khwwkilAk jdikma ntgg
,afftiayd Kjy tj rwgghf tistfiAssd. Mdhy mit khwwkilAk jisras
tstfoyiy.

vLjIFFLlhP

#Ihd nghUSId> Fshej nghUnshdiw ntggjnjhlhgy ®§tfFk Nghd ntggk
vgNghJdk #1hd nghUsiyyiUed Fshej nghUSTFg ghAk. , JwF vjhjjiiray ntggk
ghahd. Mdhy ntgg ,afftiayid Kjy tjiggb ntggk #Ihd nghUs)yiUed Fshej
nghUSTNfh myyJd Fshej nghUsyyiUed #Ihd nghUSTNFh ga KbAk. Mdhy
,awifahfNt ntggk vgNghdk cah ntggenyaylUed Fiwej ntggeayfFjjhd
ghAKk.

fhhfs)yy css gNufFfis mKTFk Nghd VwgLk cuhatidhy Thh edW €gLfw].
cuhaTfF vjuhf nraaggbLk Ntsy ntggkhf khwwkslAk. Mdhy ,tntggk fhhd
,aff Mwwyhf kz=zLk khwwkiltjiyiy. vdNt ntgg ,afftayd Kjy tj)
ngUkghdskahd ,awsT efoTfis tstfgNghdkhdjhf ,yiy.

ks efoT (Reversible process):

ntgg ,afftiay efoT xdW mJ emlngw ghijfF vjhjjiara
mikgGk #oYk jdDila njhlff eiyma mila KbAkhdhy mj
,afftiay efort ks efoT vdW miuoffyhk.

nrayglbl
ifa ntgg

4
J

vLjIFFhIL: knkJd ntggeay khwh thT> RUstiyylyy kF nkJthf enrlngWk
mKffk kwWk thT.

ks efoT emIngWwtjwfhd egej aidfs;
,rrayKiw kif kif nkJthf esIngw Nt=Lk.

. nrayKiow erlngwW KbAk €t u mikgGke #oYk njhlhed vejutiay’
ntggtiay kwWk Ntjavay rkeiyay ,UFF Nt=Lk.

. cuhaT gir ghffay ©wir kdjil Nghdw Mwwy ,09GC VwgLjJdk ©irfs VJk
, UFFF$S1hd.

midjJ ks efoTfSk knkd efoTfs jhd. Mdhy midjJd knkJ
efoTfSk ks efolTfshf ,UFfFf Nt=zba mtnakyiry. vLjJIffhllb
gfjlad kf nkJthf mOjjk Nghd cUirsad RtUfFk g JIDfFk
,1INa cuhaT tir ,Uejhy rmwjsT Mwwy #oYTFF ,offggLk
,tthwiy k=zlLk ngw ,ayhd. vdNt ,J knkd efothf ,UejhYk ks
gfoT ,yiy.

ksh effoT (Irreversible process):

,awi T gfoTfs midjIk ksh efoTfshFk. ,jjifa efoTfis PV tiugljjy
Fwggl ,ayhd. Vnddy ksh efottd xtnthU TflljjiYk mOjjk ntggeny
NghdwtwwwF Fwgglll kjigG ,UTThJ.

ntgg ,afftay efoT xdwd Mwwy khwhjjdikffhd $wNw ntgg ,afftiayd
Kjy tjahFk. vLjJIffhllhfe #Ihd nghUnshdiw Fshrnahd nghUsid kJ
1 tfFk Nghd> ntgg Mwwy #lIhd nghUsiyyiUed Fshrriahd nghUSTF ghafwd. vd
ntggk Fshrnahd nghUsiyilej #Ihd nghUSTF ghatiyiy? Fshhrnahd
nghUsiyiUed #lIhd nghUSTF ntgg Mwwy ghati jAk ntgg ,affoayd Kjy

Ty mDkypfFfwd. vogIffrhllhf 5 Mwwy #I1hd nghUsyyiUed #Ihd nghUSTF
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ghaejhYk njhFgad mikggd nkhjy MFT Mwwy khwhd. Mdhy 5 J ntggk
Fsihrrahd nghUs)yjUeJd ntggkhd nghUSTF vgNghJdk ghahd.

;awifahfNt ,J Nghdw efoTfs xU jjirad KILNk edlngWk. vjhjjiiray
eilngWtjiyiy. ,eeffoTfs vejj jiiray eilngwhYk mikggd nkhjj Mwwy
khwhky ,UfFk. ,UggDk vjhjiiray ,eefoT eilngwhd vdgij ,qF fediff

Nt=Lk ntgg afftpaypd Kjy tpjp xU ,awif efoT vjh jpi ray Vd
eilngWtjiyny vdgjwfhd tstfrjnjf nthfftpyly

vdgjwfhd tstfjijf nfhLffoyiy.

gjindllhk Elwwh=zbd mwtiay Nkijfs vjhjpiaray xU efoT enlngwhjjwfhd
gstrjajf nfhLff Kidejhhfs. mjd gadhf ,awifad xU Gjpa tjandf
f=zlwejhhfs. mJjhd ntgg ,afftayid ,u=zlhk tj. ,ej ,u=zlhk Tjadgb
ntggk vgNghdk #lhd nghUsyyiUed Fshrriahd nghUSTFj jhdhfNt ghAk ,jid
ntgg ,afftayd ,u=zlhk tjad fishna] $wWwW vdW miogghhfs.

vLjITFhiL:

ksh nrayKiwffhd ny vLjIFFhILFisT $WT.

,awifahf emlngWk midjJ efoTfSk ksh efoTfs MFk ny Mht%lILk
vLjJdffthiLfis ,gF fth=Nghk.

thA miljJ itffggll FLitia jwejTld FLitay ,Uej thA %yf$SWfs
nkJthf miw KOtJk guTHidwd. mit k=zLk FLEtfF tUtjiyiy.

Ngdh §kjJJs) nrhlL xdiwj jJ=z=zhy tlLkNghd wkjIs) j=zz=zhy nkJthf
guTk. ,ejJ gutia ikjJIs) k=zLk xdW Nruhd.

reNw caukhd , 1jjiyiUed tiOk nghUs jiuia milej cld nghUsid nkhjj
,aff Mwy jJivad %yfSWfsd ,aff Mwwyhf khwwkilfwd. mjry xU
nWgkFj) xy; Mwwyht ,offggLfwd. jauaad Mwwiy k=zLk xdwi=zjJ nghUs
JhdhfNt NkNy nryy ,ayhd.

ntgg ,afftayd Kjy tjadgb NkNy S$wggll midjJd efornfSk
vihgpiarayy elffTk rhjjiaK=zL Mdhy ntgg ,affgayd ,uzlhk tOjj
.eefforrfis vjhjjiiray elff mDkyjffhd. ,awifad Kffia tpj fs)y ntgg
,afftayd ,uzlhk tjAk xdwhFk. ,ttj ,awif efoTfs emlngWk jiarma
JhkhdirfFfwd.

ntgg ,aejuk (Heat Engine)

,€] etd njhoyElg cyfiyy NghfFtujjiy jhdiagfh ,aejugfsid ggF
KffiajJdtk thaejjhFk. Nkhllhh §rffhisfs kwWk fhhfs)y ,aejuqfs cssd.
mit nglNuhy myyd Briy csslihfg ngwf nfh=zL rffugfis RowWk
Ntiyiar nrafidwd. ngUkghd ikahd ,aejugfsid gaDWywd 40% Nky ,yily.
,aejugfsd gaDW jwDFffhd mbggil FlLgghLfis ntgg ,afftjayd ,u=zlhk
tjiyhd jhkhdiffwd. vdNt ,u=zlhk tjaridg Ghed nfhss ntgg ,aejuqfisg
Ghed nfhstJd mtrnakhFk.

NjFH (Reservoir):

kif mjifkhd ntgg VwGjgwd nfh=zl ntgg ,afftlay mikgéG vdw ,j
tivaWffyhk. NjffhayUed ntggjij vLjjhYk myyd NjFfRfF ntggj
msijjhYk Njfhaud ntggemy khwhJ.

vLjIFFhIL:
xU lksh #Ihd exw Vh ehy Cwwydhy Vhad ntggeiy cauhd. ,gF ,ej
Vhajid Njffahff fUjyhk

d
J
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XU Ftisay css #Ilhd Njeh jwej ntsiay cssNghd mJd #oYIld ntggr
rkegiyia milfwd. Mdhy #oyd ntggeayay Fwggljjff vej khwwKk
Vwgltiyny. vdNt #oiy ,gF Njfhahtf fUjyhk

ntgg ,aejujij gdtUkhW tiuaiw nraayhk.

ntggjij csslihfg ngwwWw Rowrp eforit Nkwnfhstjd %yk mtntggjij
Ntayahf khwWwk xU fUtiNa ntgg ,aejuk MFk xU ntgg ,aejujjwF %dw
gFjifs cssd mit

1. ntgg %yk
2. nraygLnghUs
3. nttgg Vwg

xU ntgg ,aejujjid jJill tauglk
1. ntgg %yk »,J ,aejujywF ntggjij msifFk. ,jEd vgNghd cah
ntggejsyaNyNa Ty it JJUFF NE=zLk

nraygL nghUs - ,J thA myyJd j=z=h Nghdw xU nghUshFk. ,J msiffgglLk
ntggj i j Ntiyahft khwwk.

ntgg ,aejujgwfhd Xh vsia cjhu=zk euhtt ,aejukhFk. gogfhyjjry ,uay
t=zbfis ,aff ,eeuhtt ,aejuk gadglld. ,jy nraygL nghUshf j=z=h
gadglld. ,J vhpAk epyffhp ayiUed ntggjij ngwW eiu euhgahf khwwk. ,ej
eunty ,uary tzbapd rffujajr roww ,uaty t=zbia ,afFk

ntgg Vwg ntgg ,aejuk Ntiy nrajgd rwjsT ntggjij (Qu ntgg VwgfF
nfhLfFk. , Jid vgNghdk jho ntggeiiyaNyNa (T.) itjjUFF Nt=Lk

vLjITfFhlIhP Jhdiagtfy ,aejugfsy ntgg Vwgiaht nraygLtJ
muawntggeiyaYss RwWgGwr #oyhFk. jhdiagfy ,aejuk srydJrh (GufNghth)
toahft ntggjnj RwWGwjjwF ntsiNawWwk ntgg RwWGwjjwF ntsiNawWk. ntgg
,aejuk Rowr efotyy (Cylic process) nraygLfiwJ.

mawntggeiyaYss RwWGewr #oyhFk. jhdiaqfi ,aejuk sryd ]rh (GifNghtH)
toahft ntggjmj RwWGwjjwF ntsiNawWk. ntgg ,aejuk Rowr; efotyy (Cylic

process) nraygLtwd. Rowry efoT KbAww gddh ntgg ,aejuk njhlff enyfF
tUk ntggjij ntsiNawwa gdG ntgg ,aejuk xU RwW Kbed mjd njhlff
enyfF tutjhy ntgg ,aejujjd mf Mwwy khwwk RoahFk. (AU = 0)

XU Rown efotyy nraaggll NtayfFk (ntsjalL) VwWfnfhssggll ntggjjwFk
(cssL) css tfijk ntgg ,aejujjid gaDWjwd vd tiruaisw nraaggLfiwd.

nraygL nghUnshdW ntgg %yjjiyiled QumyF ntggjijg ngwwW W myF Ntiy
nrajgd> mJ ntgg VwgfF msijjj ntggk QumyF vdf.

cssL ntggk =nraaggll Ntiy +ntsiNawggll ntggk
Qu=W+QL
W =0Qn-QL
vdNt ntgg ,aejujjid gaDW jwd
ntspaL W QH Q.
cssL QH Q.

h:l_&

H
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,QF OQn, Qu kwwk W ,1t midjJk NehFwahft cssij ,gF fetdffTk ,ej
FwalL Kiwsajhd ehk ,qgF gdgww Nt=Lk.

,qF Qi< Onvdgjhy gaDWjwd vgNghdk 1 1uglf FiwthfiNt ,UFFk , jiyiUed
VwFfggll ntggk KOikahf Ntiyahf khwwkilatiyiy vdgij GHed nfhssyhk.
ntggk KOi#rkahf Ntiyahf khWwtjwF nrny mbggulf FlLgghLfis ntgg
,affvayd ,uzlhkty msffwd. ntgg ,afftay ,u=zlhk tjad ntgg
>aejufsww myyJd nfytd /gshgf $wiw gdtUkhW tivaiw nrayhk.

nfytid /gshqf $ww

XU Rowrj ntgg efotiy (Cyclic Process) Vvwfggll ntggk KOtijAk Ntmyaht
khwWk vej xU ntgg ,aejujijAk ehk tbtikff ,ayhd.

, FhwwyilUed 100% gaDWjwd nfh=zl vej xU ntgg ,aejuKk ,ggugQrjjiy
rhjjiak ,yry vdgij ehk mwed nfhssyhk.

ntgg ,afftiayld Kjy tjadgb ntggemy khwh efotyy. nfhLffggll
ntggk KOtJk Ntiyahf khwwkilfwd. (Q =W) vdy ntgg ,afftiayd
,uzlhk tjad $WWFF Kuzhf cssjh? ,yiy. Vnddy ntggeny khwh
thT vdgd xU Rowry efoT ,ymy (Non - Cyclic prosess) ,eefoTfsd
kKILNk ntggk KOiwrkahf Ntiyahft khwwkslfwd. Mdhy ntgg
,affayd ,uzlhk tjad gb Rowrn efotyy (Cyclic Process) ei IngWk
egfoTfsyy nfhLffggll ntggjjry XxU Fwggll msT KILNK Ntiyahf
khwwk 8 1fwd  (h<100%)"vdNt midjJ ntgg ,aejugfSk Rowr; efoty
,agFtjhy nfhLffggll ntggjij KOnkahf Ntiyahf kwWwetjiyiy.

vLjIFFhlL:

XU ntgg ,aejuk mjd Rowrn efotyjd Nghd 500 J ntggjij ntgg%yjjiyilUed
ngwWfnfth=L xU Fwggll Ntiymsa nraj gddh 300 J ntggjij #oYTF (ntgg
VwgfF) nfhLffwd. ,eegejidfsidgbh mej ntgg ,aejujjid gaDW jwidf
fh=F.

JhT:

ntgg ,aejujjd gaDWjywd

ntgg ,aejujjid gaDWjwd 40% , JiyilUed ntgg ,aejuk nfhLFffggll ntggjjy
40% KILNk Ntayahf khwwAssJ vdgij mwayhk.

fhhNdh ,yIna ntgg ,aejuk (Carnot's Ideal heat engine):

XU ntgg ,aejujjid gaDWjwd 100% ,yiy vd Kejia ghtyy ehk gadNwhk.
mtthW ,UFFk glrjjiy xU ntgg ,aejujjd mjyifglr gaDWjwd vdd? 1824
Mk M=zL fhhNdh vdw gnuQR nghwahsh> ntggKyk kwWk ntgg VwgffSTRaINa
RwW nrayKiwayy nraygLk. ks efoT ntgg ,aejuk (Reversible heat engine)
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mjfglr gaDWwidg ngwssJ vd e&gjjhh. ,ej ,aejuNk FhhNdh ,aejuk
vdW muaoffggLfwd.

,UuZL ntggeiyfSTffimlNa Rowr efothf nraygLk ksefoT ,aejuk ThhNdh
,» aejuukhFk.

fhhiNdh , aejuk ehdF Kfflagghfgfisg ngwWssJ. mit gdtUKhW.

ntgg %yk khwh cahntggeiiyay <css ntgg %ykhFk. , jiyiUed
ntgge) i ykhwhky vttsT ntggj i JAKk ngw KbAK.

ntgg Vwg: khwhj Fiwej ntggeiiyalyy css xU nghUshFk. ,J vttsT
ntggj 1 JAKk VwWinfthsSk.

ntggffhgG Nkil: KOikahd ntggf fhgG nghUsidhy ,kNkil nraagglbUfFk.
> kNkE 1 toNa ntggk fljjgglhd.

nraygLk nghUs: KOikahd ntggk fljjhj RthfisAk KOikahd ntggk
TljJk mbgghfjijJAk nfh=zlss cUisay miljJditffgglLss eyyayG
thAthFk. ntggf Ffljjh kwk cuhatw gjld xdWw cUirsAld
nghUjjgglLssJd.

FhhiNdh Rww:
fhhNdh Rww nrayghL nghUs ehdF njhlhrrahd ks efoTfis Rowrn Kiway
efoj JIfiwd.

nrayghL nghUsid njhlfF mOjjk kwWk gUkid Pi, VivdF

effoT A — B (P1, Vi, Th) KJy (P2, V2, TH) tiuasyhd knkJ ntggeiiy khwh efoT:
cUis ntgg %yjjid kJ mtffggLbfwd. ntggk ntgg %yjjyiled cUisad
mbgguggd toNa nraygL nghUSTF (eyyiayG thAfF) ghafwd. ,J xU
ntggelny khwh efothFk. vdNt nraygL nghUslyy mf Mwwy vttt khwwKk
Vwglhd. ngwggll ntggjjidhy thAtd gukd mjyfhifFk. g jisd kf nkJthf
NkNy tUutjwF mDkjff Nt=zLk (knkd efottd mbggilay) thAttd gUkd

Viyiled V., TF myifhfFk. mjd mOjjk PiyiUed P, fF FiwAk NghJd thAtdhy
nraaggll Nty W vdf. ,J PV-tiugljjiy ABghijaht FwffgglLssJ.
thAtdhy nraaggll Ntiy

QH :WA®B

Vi
,eegfoT knkd efothf cssjhy eyyiayG thA mjd ,Wj egiyia milAk tiu
ntgg%yjJdild rkeiyay ,UFFk.

ntggeliy khwh  thtidhy nraaggll Nty rkdghL FwgglgglLssJd.

&V, 0 -

W, oz =MRT,, Ing\%sAB tis NfhlbwFF fNo ©ss gugG
eVig

»J ThllgglLssJ.

efoT B— C (P2, V2, TH) Kjy (Ps, V3, TL) tiuastyhd knkJ ntgggghkhwwkiyyh thT.

cUirs ntggffljjh Nkal kJ stffggLfwd g Jlad Nky NehtHh efu mDkjiff
Nt=zLk. t€hA ntgggghkhwwkyyyh Kiwayy thtiltjhy mjd gukd V.yiUed ViFF
myfhifFk mjd mOjjk PttyiUed PsFFF FiwAk ntggemy T.MFk. PV
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tuughjjiy ,ej ntgggghkhwwkiyyh thT BC tasNfhlhf fhllgglLssd. ,ej
ntgggghkhwwkyyyh efoT knkJ efothf enmlngwwjhy> eyyjayG thA ,eefoT
KOtJk rkemyay ,UfFk NkYk ,J xU ks egfoT vdgijAk ,J FfhiLfwJ.

rkdghL ,ued ntgggghkhwwkiyyh  thtidhy  thAthy nraaggll Nty

tisNfhlbwFF fNo css gugG

efoT C—>D

(P3, V3, T1) KJjy (P4, V4, T) tiuvaryhd knkJ ntggeiiy khwh mKFffk fhllgglLssJd.
cUrs ntgg Vwgad kJ §tffggLfwd. thAttd mOjjk Ps kwwk mjd gUkd
Vil milAk tiu thA ntggeiiy khwh mKffjjwF clghbfwd. ,J PV tiugljjy
CD tiasNfhlbdhy FwgglgglLssJd.

=-CD tasNfhlbwFFf fNo css gugG

,€J ntgggghkhwwkiyyh mKFffj jiYk thAtd kJ nraaggll Ntiy vjhfFwahFk.
fhllgglLssJd.

nraygL nghUsid kJ xU KO Rwwy nraaggll njhFgad Ntiy W vdf.
W = thAthy nraaggll Ntiy - thAtd kJ nraaggll Ntiy

,qQF Wpg_c=Wbp_a
W = WA—>B - WC—>D
KO RwWFTF fhhNdh ,aejujjhy nraaggll njhFgad Ntiy
W =Wa_s- Wc-p
xU KO RWWFF nraygL nghUshy (eyyjayG thA) nraaggll njhFgad Ntiy PV

tiugljjyy css ABCD vdw %lggll tiaisNfhlbdhy #oggll guggwFr rkk
vdgij rkdghL fhiLfwJ.

kif Kffhakhft ftdff Ntzba xdWw xU KO RwWfFg gddh nraygL nghUs jdJ
nghl fF ntggelay Tul milfwd. , Jiyiled ehk mwed nfhstJ vddntdwhy xU
KO RwWfFggddh nraygL nghUsid (eyylayG thAtid) mf Mwwy khWghL Roy
vdgjhFk.

fhiNdh , aejujjid gaDWwd
xU KO RwWfF nraygL nghUsidhy (eyyiayG thA) nraaggll NtiyfFk ntgg
%yjJiylled ngwggll ntggjjid msTfFk css thjk fhhNdh ,aejuj jid
gaDWywd vdwW truaWffggLfiwd.

h_nraaggll Ntay W

ngwggl I ntggk Q,

ntgg ,afftayd Kjy tjaylUed
W=0Qn-QL

=20 Q%

Qu
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ntggemy khwh efottd egejidima gadglLjJk NghJd

vdg ngwyhk.

,gF QL y vjhfFwahy ehk Fwggltyiy. Vnddy ntgg VwgfF ntsiNawwa
ntggjjid vzzstwF KkILNk KffiajJdtk msiffggLfwd.

V. /¢

T InkYs(, 0

\&:—L g 40

Q V, /0

T TnE

ntgggghkhwwkyyyh effottd ejgejidia gadglLjJk NghJd
THV2 " = TLV?:g_1

THvlg_1 = TLV4 "

,ttu=zL rkdghLfi Ak tFfFk NghJd
Lg-1 e
2V, 0 eV, 0
EVi o
vdf filfFk , iy
Vo Vs

A
vd mwayhk.

Q._T

Qv Ty
vdf fin I fFk
gaDWjywd hzl—T—L

H

FwgG: TLkwWk Th, ttiuzLk nfytd myfiy kILNk FwffggLfidwd.
Kffia KbTfs;

1. nvgnghOJk 1 1 glf Fiwehf ,UfFk vnddy T. MdJd Tu I ©lf FiwD
, Jiyiued ehk mweJdfnfhstd vddntdwhy gaDWjwd vgNghdk 100% , UFFhJ.
TL =OK (Ro} ntggejiy) ntgg eiyay cssNghd kILNk gaDWjwd 1 myyJd
100% MFk. ,J enlKiwawy rhjjlakwwjhFk.
fhhiNdh ,aejujjid gaDWjwd> nraygL nghUisr rhhejjyy. ,J ntgg %yk
ntgg Vwg ,twwd ntggeiyfisr rhhejjhFk. ,ttu=zbd ntggeiyfsd
NtWghL ngUknkdyy> gaDWjwDk ngUkkh¥ ,UfFk.

Th=Twvdw n=0¢i1yay vdNt vej xU ,aejuKk ntgg %yKk ntgg VwgAk
XNu ntggejliyay css Nghd ,aqfhd.
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4, fhhNdh Rwwd miadjJ efoTfSk ks efoTfshFk. vdNt fhhNdh ,aejuk xU

ks ntgg ,aejukhFk (Reversible heat engine). vdNt mjd gaDWjwDk
ngUkkhFk. Mdhy eilKiway css Bry ,aejuk nglINuhy ,aejuk kwwWk
euinty ,aejugqfSk RwW efotyy ,agFfidwd. Mdhy mit KOikahd ks
ntgg ,aejuqfs myy. vdNt mtwwd gaDWjwd> FfhhNdht)d gaDWjwidolf
FiwthfNt ,UfFk. ,jidf fhhNdh Njwwj i jf nfh=zL tiuvasw nraayhk.

"khwh ntggeliyaYss ,uzL ntggyqfSthiINafthhNdh ,aejuk KILNk ngUk
gaDWywidg ngwUFFk. ksw midjJd ,ayG ,aejuqfsid gaDWjwDk> FhhNdh
,aejujjd gaDWjwidulf FiwthfNt ,UFFk"

vLjIFFhIL:

250°C ntggeliyaYss euht) ,aejujijg gadglLjy J=z=h euhtiahf khwwggLfiwJ.
eusnaydhy Ntiy nraaggll> #H#oYTF 300 K  ntggeiiyay  ntggk
ntsiNawggLfwJ. vdiyy> euhh ,aejujjid ngUk gaDW jwadf fth=T.

JhT:

euhy ,aejuk FhhNdh ,aejuk myy. Vnddyy euhtt ,aejujjry nraagglLk Rowr
efoTfs midjJdk KOrkahd ks efoTfs myy. ,UggDk ,jid xU ThhNdh
,aejuk vdffUj mjd ngUk gaDWywrdf f=FfHRlyhk

h=1-1L=1-300K 443
T, 523K
eunty ,aejujjid ngUk gaDWjwd 43% MFk. nfhLffggll ntggjjy 43% KILNK
gadjUk Ntiyahf khwwggLfwdvdgaj ,J TFhiLfwd. KjKss 57% ntggk
ntspNﬁlwvllggprwJ. Mdhy erlKiway euhty ,aejujjid gaDWjwd 43% w©If
FawthFk.

vLjIFFhIL

A kwWk B vdw ,u=zL fhhNdh ,aejuqfs nttNtW ntggeiyay nrayglLfidwd.
A ThhNdh ,aejujjid ntgg %yk kwWk ntgg Vwgad ntggemyfs KiwNa 150°C
kwWk 100°C ,NjNghdwW B ,aejujjwF 350°C kwWk 300°C ,twWs vej ,aejujjid
gaDWjwd FrwthdJd?

JhT:

o . 373
A ,aejujjid gaDWywd =1- 3 =0.11
A ,aejujjid gadWjwd 11% MFKk.

B ,aejujjid gaDWywd 1 - %: 0.08

B ,aejujjid gaDWywd 8% kILNk.

,uZL ,aejugqfs)Yk css ntgg %yk kwWk ntgg Vwgad ntggeiy NtWghLfs
rkkh¥ ,uejhYk mtwwd gaDWjwdfs rkkyiy. Vnddy gaDWjwd
ntggeiiyfsid thjjujr rhheji© NtWghlalr rhhejjyy. vej ,aejuk Fiwej
ntggelnyay ,agFfwNjh mjd gaDWywd ngUkkhf ,UTFk.

fthhyy gadgLjjogglk Bry ,aejuqfs kwWk Nkhllhh €hfdgfsy
gadgLjjggLk nglNuhy ,aejugfss MAfiart midjJk emnlKmw ntgg
,aejuqfs. Bry ,aejujjd gaDWywd mjif glrkhd 44% MFk. nglNuhy
,aejujjid ngUk gaDWywd 30% MFk vnddy ,1t ey ,ay6
,aejugfs (fFhhiNdh ,aejugfs) myy. ,twd gaDWjwd ntgg
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,afftiayd ,u=zlhk tpahy flLggLjjggLfwd.
gwfhyggry Nkhllhh ®Erffis xdW 1 L ngINuhYfF 50 km njhayT
gazffiwd. mjhtd 1L nglNuhyyy 30% KILNK ,aeju Ntiyahf

khwwkiIfwd. KkjKss 70% ngINuhy gadww  ntggkhf  #oYTF
ntsiNawwgglL fiwJ.

vdINuhg (Entropy) kwWk ntgg ,afftiayid ,u=zlhk Qjy

rkdghL yiUeJd Q—H:&vdw mwjeN j hk. % vdw ,ejJ msT vdINuhg vdW
H L

muoffggLfiwj. ntgg ,afftiay mikggd kf Kfhagg=zGCfsyy xdW vdINuhg
MFk. ,J xU eiy khw MFk. (_I?—Hvng ntgg %yjjryUed fhiNdh ,aejuk

H
ngwWfnfth=1 vdINuhgr vdgd fThhNdh ,aejuk ntgg VwgfF ntsiNawwa vdINuhg
MFk. xU ks efoT ,aejujjwF (fhhNdh ,aejuk) ,ttu=zL vdINuhgFSk
rkkhFk. vdNt xU KO RwWfF fhhNdh ,aejujjid vdINuhg khwwk RoahFk. ,J
rkdghL e&gffgglLssd. Bry kwWk ngINuhy ,aejuqfs Nghdw emlKiw
,aejugfs ks efoT ,aejuqfs myy. mit vdw rkdghlal emwT nrafidwd.
,jd mbggilay ntgg ,afftiayid ,u=zlhk tjpiia NeW tifay $Bwyhk

",awifay eilngWk midjJ nrayKiwfs)Yk (kshefoTfs) vdINuhg vgNghJdk
mjFhfFk. ks efoTfs)yy KkILNk vdINuhgadd KkKjigé khwhd. ,awif efoTfs
enIngWk jiairia vdINuhgghd jhkhdfFfwd.

ehk kzLk vwnfdNt NFfIl tidhtiwF tUNthk.

Vd ntggk vgNghdk cah ntggesyayiUed Fiwej ntggenyfFg ghafwd? vd
vjhjjieray ghatjiyny? Vvnddy ntggk #Ilhd nghUsiyilUed> Fshej nghUSTF
ghAkNghd vdlINuhg caUk. ntggk FshejnghUsiyiUed #Ihd nghUSTF ghAk NghJ
vdINuhgy FiwAk. mtthW vdINuhgy Fiwtd ntgg ,afftayid ,u=zlhk tjfF
vjuhdJ.

vdINuhggma xU miukggy ,UFFk "xOgfwwj jdikad mstL" vdWk mioffyhk
midjJ ;,awif efoTfs enmlngWk nghOJk xOqgfwwjjdik vgNghJdk
cahednth=Nl nryYk

thA miljJd tffgglLss f=z=hbf FLit xdiwf fUJF FLitad csNs thA
,UFFk tiu mjd xOgfwwjjdik FawT. mtthWw miw KOtJk gutia gdG mjd
xOqgfwwjjdik mjfhhfFFk. Ntwtifay $WNthkhaad thA FT==hb FLitay
,UFFk tiu mjd vdINuhgg FawT> mNj thA miw KOtJk gutia gddh mjd
vdINuhg mjifk. thA %yfSWFfs FLEtfF k=Lk tejhy vdINuhg FrwAk. ntgg
,affvayid ,uzlhk tjadgb ,ej efoT rhjjlakyy. ,Nj tsffk j=z=hy
guTk ®kFfFk nghUedk. Ngdh i1k j=zz=zhy gutiaTld mjd vdINuhg mjifhifFk.
gutta Ngdh i1k %yf$WFfs kzLk xdwi=zed ikjIsiia cUthffhd. midjJ
ksh efoTfs)Yk vdINuhgy caUk t=z=zk ,awif efoTfs en IngWfidwd.

Fshrhjdg nglb (Refrigerator):

vjhjiarayy nraygLk xU fthhiNdh ,aejuNk Fshrhjdg nglbahFk.

nraygbLnghUs T.vdw Fiwej ntggeliyaYss Fsh nghUsiyjUed (ntgg Vwg)
QumsT ntggjij ngwwWf nfhstiwd. mKfhaydhy (Compressor) nghusid kJ W
vdw Fwgglll msT Ntiy nraagglbQumsT ntggjij ntgg %yjjwF nrayglL
nghUs ntsiNawWwfwJd. mjhtJ TuntggelayayYss #oYTF ntsNawwfwd.
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, 1] FshrhjdgnglbfF gffjjiy ewFkNghd ntJdntgghd fhwiw cz=zuyhk. ntgg
,afftayd Kjy tjayled

QL+W=0Qn
Kbthf Fshrhjdgnglb NkYk Fshrn milfwd. #oy (rikayiw) myyJd
(tsikkzlyk) ntggk s 1'fiwd.

nrayjwd F=Tfk (Coefficient of Performance) (COP)

Fshrhjdg nglbad nrayjwid mstLtd nrayjwd Fz=zfkhFk (COP).
FshnghUsiyiUed ngwggll ntggjjwF (ntgg Vwg) mKfhadhy nraaggll Gw
NEayfFk (W) css JTT nrayjywd F=fTk vdW truvawffggLfiwd.

COP = bzg
W
rkdghL ,UeJd

p=—%
QH_QL

b::L

Qg
Q.
Mdhy ehk mvvpejgbg—H:-_rr—H
L L
,Frrkdghlbid gujialLkNghd gdtUk rkdghlbidg ngwyhk.
N S I
Ti-]_ Ty =T,

T

L
Fshrhjdg nglbad nrayjwd F=zTjjiyiUed gdtutdtwiw ehk mDkhdiFfyhk.

1. COP mjifkhf ,Uejhy Fshrhjdg nglb rwgghf ,agFk xU eyy
Fshrhjgnglbad (COP) filljjll 5 Kjy 6 tiuu ,UfFFk

Fshrhjdg nglbad Fsi&lLk gFjad (Cooling camber) ntggeinyfFk #oyd
(miwayd) ntggeliyfFk css NtWghh Frwahf ,Uejhy> Fshrhjdgnglbad
COP mjifkhf ,UFFk.

Fshrhjdgnglbasyy GwNtiy nraaggll Fshrnahd nghUslyilUed ntggk
vLFFfgglL ntggkhd nghUSTFf nfhLffggLfwd. GwNtiy ,yyhky ntgg Mwwy
Fshrrnahd nghUspyiUed ntggkhd nghUSfFg ghahd. ,J ntgg ,afftayd
,uzlhk tbpfF vjuhdd myy. Vnddy ntggk RwWgGwjjiYss ThwWTFT

nfhLFFggLfwd. NkYk nkhjj vdINuhg (Fshrhjdgnglb +#o0y) vgNghdk caUk.

Fshrhjdgnglb xdwd COP ahdJd 3 MFk. 200J ntggjij FshrhjdgnglbayUeJd
ntsiNaww Nt=zLnkdy vttsT Ntiy nraaggl Nt=Lk?

JhT:
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Nfhaltrhyjjiy ehk k=zghadjy jJ=z=zimu Fbffggad gLjJIfNwhk.
kzghidahdd mjDsNs Cwwggll jJ=z=hd ntggesyra FriwFfwd.
kzghidia Fshrhjdgnglbahff (Refrigerator) FfUjyhkh? FfUjKbahJd.
Vnddwhy ntgg vejujjwNfh myyd FshrhjdgnglbfNfh Rowrp efoT
(Cyclic process) kif Kffia Njit MFk kzghiday elfFk FshtfFk
gfothdd xU Rowrn efotyy. g=zghid Rtwy <css Ezzpa
JisftsyUed eh %yfHWfs ntsiNawtjhy cssiUfFk  euhdJd
FshtoffggLfiwd. eh %y fSWFs Jistoahf RwWgGw#oY FF ntsiNawagd
JUkgTk gzghidfFs tUtjiyiy. k=zghiday ntggkhdd Fsihej
ehyiUed. ntsgow tskzlyjJfF fljjggllhyk ,J ntgg ,afftayd
,uzlhk ©jfF Kuzhf ,yiy. VNddy kzghidfFs ,UfFk (J=z=H +
ntsgGw tsk=zlyk) Nrhey xU ntgg ,afftiay mikgght fujdhy ,jd
vd INuhg vgNghJdk mjifhffwd.

gRik ,yy tisT (Green house effect)
Gtay kdjd cah thotjwF Gtimar #oedss tskzlyjjd ggF

msggwad tsk=zlyjjd NkwgFjad ntggeiy -19°C mjyd mbggFjad
ntggeliy +14°C. tskz=zlyjjd NkwguggyiUed mbggugGFF tUKNghJ
ntggelmy 33°C msTfF caufidwd. , JwFFf fhu=zk tskzlyjjiYss ny

TthAffshFk. , tthATFSTF gRik ,yy thAffs vdW ngah ,ttistwF
oRik ,yy ©hisT vdW ngah.

gRik ,yy thAffsyy Kjdikahdit CO eH %yfBHWNe, He, NO2z, CHy, Xe,
Kr, XNrhd kwWk NHs:Nghdwi tahFk. CO;, kwwWk ehk %yf$dwidj jthjJ
kww %yf$WFs nrhwg mstiNyNa tskz=zlyjjiy cssd. #hady ,Ued
tUk ewkhiyayy #haffjhtrR f=ZU gFjay (Visible region) ,UffwJ.
,TfjhtrRfis Gty clfthed k=zLk m¥frrtgéc fyhfshf ntsaLfwd.

COkwWk ehk %yfHWFs mfrntgcF fFjhfis edF clftUk Vnddy
mit welu[d kwk MTH[DId xggLk Nghd mpF mjhTW Rjejwu
,afff$Wfisg ngwssd mit mfrrntgct fjhfas clftthtgjhy jhd
tskzlyk ntJd ntJgghf cssJ.

1900 ,y ,Ued kdjdid nrayghLfshy tskzlyjjiYss CO; ttd msT
20% Kjy 40% tiu mjifhijJdssd. CO; cuthgywrhd Kjdirkahd %yk
Gmjgbk vhnghUsfis vhggjhFk. cyfk KOtJdk jhdiagh ,aejugfsid
gadghL mjifh JiUggNj , JwFFf fhu=zkhFk tskz=zlyjjy ,ejJ CO, td
msT mjifhjjiuggjhy> Gtiaad ruhrhh ntggk 1°C cahedssJd. , jwF
cyfntggkakhjy (Global warming) vdwW ngah. Mhlbf kwWk m=lhhbf
gFjifsly css gdgghiwfs cUFtjwF ,ejJ cyf ntggkakhjNy
fhuzkhFk. NkYk CO; td msT Tfly)yk mjfhjJdssd. ,J fTlytho
cahdgfSTF kfTk MgjjhdjhFk.

CO.cld NrhjJ kwnwhU kif Kffiakhd gRik ,yy thA FNshNuh GNshNuh
fhhgdhFk (CFC) ,J Fshrhjgnglbfsy Fshtigghdhf cyfk KOtJk
gadgLjjggLfwd. kdijjd cUthfFk gRik ,yy thAffs 55 rjtjk CO? 24
rjtjk CFC thAffs6 rjtjk melu[d MFfiJL kwWk 15 rjtjk kjNjd
MFk. CFC thAffs XNrhd glyjjiy mjyf ghjigéfis VwgLjJfidwd.

CO;, kwwk CFC thAffsid msitf TflLggLjJdtjwfhd Kawnfsy
cyfiYss gyNtW ehLfs <LglLsd. GiEjgbk vhnghUstfSTF khwwhf
G 1 jgbkww vhinghUsfi s Jhdiagh vejugfsyy gadgLjJtjwfhd
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Muharrnfs njhlhed enlngwW tUfdwd. tshrnamlej ehLfshd USA
kwWk [INuhgga Adiad ehLfs ngUksT CO:1 ntsjalLfidwd.

2020 fFs CO; ckoit ngUksT Fiwggjwfhf cyf ehLfSTHRiElINa
gyNtW xggejgfs NghlgglLssd. ,UggDk cyf ntggkakhjy xU jgF
tistufFk egfoT vd ngUkghyhd ehfs czutyiy.

#1hd nghUsiyilUed> Fshrrnahd nghUSTF ghAk  ,uUutisf ghkhww MwwNy
ntggkhFk. ,UggDk ntggk NrkijjJ mtffggLk Xh Mwwy mstyy.

xU nghUsjyjUed kwnwhU nghUSTF Mwwiy khwwf$ba nryNy Ntiy vdgglLk.

nghUsid ntgg msit (Hotness) mstLtJd ntggeiyahFk. ntggeiyahdJd
ntggk ghAk Jimrmaj jhkhdfFfwd.

eyyiayG thA tj PV = NKT myyJd PV = pRT MFk. ntgg ,affr rkeiyfF
KILNk eyylayG thA tj) nghUedk. ntgg ,affr rkemyaw efoTfSTF
, €tj) nghUejhd.

eyyiayG thA ) PV = NKT myyJd PV = pRT MFk. ntgg ,affr rkeiyfF
KILNK eyyjayG thA tj) nghUedk. ntgg ,affr rkeimyay efoTfSTF
Tttt nghUejhd.

nghUnshdwd ntggeliyia 1°C myyJ 1K cahjJdtjwFj NjitggLk ntggjjd
msNt ntgg WwGjjwd vdggLk. ,JS FwgglggLfiwd.

1 Nkhy msTss nghUsid ntggeiyia 1°C myyJd 1lKcahjJdtjwFj NjitgglLk
ntggj jid msNt Nkhyhh jdntgg VwGjjwd MFk. mJC vdf FwgglggLfiwd.

ntggeiny khwghlbdhy nghUsid tbtk> gugé kwWk gUkd Nghdwtwwhy VwgLk
khwwk ntgg thT vdgglLk.

Jz=zh Kuzgll tihTgg=z 1gg ngwWssJ.

nghUsid emykhwwj jwFj NjmstggLk Mwwyid msT mgnghUsid kiwntgg
WG gwd vdgglLk.

ntgg ,aff mikgc xdwid ntggggl JJIk Nghd> mttikgc VwWinth=1 myyJ
mttikggyiUed ntsiNawwggll ntggjjd msit mstLk KiwfFP ntgg
mstlby vdwW ngah.

ntggkhwwkhdd ntggffljjy> ntggrrydk kwWk ntggffjhtrR Mfila %dw
Kiwfsyy eir IngWfwd.

Anl/ghd - NghyInkd tji: E=s T*kwwWk tiad ty; 1T =b
ntgg ,affr rkenyfs: ntggrrkeny ,ejutiay rkeimy kwWk Ntjirrkeny.
ntgg ,aff khwfs: mOjjk ntggerny> gukd> mf Mwwy kwWk vdINuhg.

ntgg ,afftiayld Rotj: ,uzL nttNtW nghUsfs jdjjjdNa %dwhtJd
nghuSIld ntggr rkeasyay ,Uejhyy mttuzlL nghUsTSk jJdfFsNsNa
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ntggrrkeiyay c<cssJd vdf fTUjyhk ,ttu=zL mikgGfsd ntggeny
rkkhFk.

ntgg ,aff mikggyYss %yfdwfsid ,aff Mwwy kwWk eiyahwwy , twwd
SLJNy mf MwwyhFk.

[y ,aeju Mwwiy> ntgg ,aff mikggd m¥f Mwwyhf khwwfFhlbdhh.

Mwwy khwhf $wwd xU tbtNk ntgg ,afftayid Kjy tjiahFk ,ttj) ntgg
,aff mikggd ntggjij csslffiAssd.

knkd efoT vdgd trvaWff ,ayhy msT nkJthf emlngWk Xh efothFk.
,eefotyy mikgG vgNghdk #oYIld rkesyay ,UTFFk

miukggd gukd khWkNghd miukggdhy nraaggll Ntiy W= (‘)PdV

PV tiaugljjry tias NfhlbwFFf fNo css gug® miakggdhy nraaggll Ntiy
myyJ mikggd kJ nraaggll NtayfFr rkkhFk.

Mwwy khwhf $wwd xU tbtNk
ntgge iy khwh efoT T =khwy,
mOj jk khwh efoT P =khwy
gUkd khwh efoT: V = khwy)
ntgggghkhwwkiyyh efoT Q=0

mOjjk khwh efotly nraaggll Ntiy ngUkk kwWk ntgggghkhwwkiyyh
effotyy nraaggll Ntiy nwkkhFk.

Rowr) effoT xdwd m¥f Mwwy khWghL RoahFk

Rowrp efotly nraaggll njhFgad NtiyPV tiugljjpbs %lggll
tiasNfhlbd gugGFFr rkkhFk.

ks egfoT Xh ,ylna nrayKiwahFk. eilKiway rhjjayiy.
,awif gfoTfs midjJIk ksh efoTFshFk.

XU ntgg ,aejuk ntgg %yjjiyilUed ntggjijgngwW Ntiaiy nrad> Fiwej
msT ntgg Mwwiy ntgg VwgFFF nfhLTfwd.

fhhiNdh ,aejuk Xh ks efoT ,aejukhFk ,jd gaDW jwd kif mjifk. N€EW
vej enlKiw ,aejuqfSTFk fhhiNdh ,aejuj i jg Nghdw gaDWiwd ,yiy.
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Fsihggdgnglb vdgd vjyhjpieray nraygbk xh  FhhNdh , aejukhFk
enlKrwayy gadglLjjggLk Fshgjdgnglbad nrayjwd F=zfk (COP), ,ylnaf
Fshgjdnglbad nrayjwd F=zfjijulf FiwthFk
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11th , awgay,
njhFj) 2
myF - 10
miyTFfs

JOQrhTh eldg nghkakia (JQrhTh jiyahlbg nghkik) ,J3 Xh cyfg GFongww
JjkoffF Fyhrrhug nghkikahFk. ,ej nghkikma Mlbgllhy efotd vdd?
nghkikad jiy kwWk cly njhlhrnahf KdDk gdDk ,aqfp gddh ,affk
gbggbaht Fiwed ewfwJd. ,Nj Nghy ehk rhiyay elfFk nghOJ> ekKila
1 sk fhyfSk KdDk gdDk ,affjij NkwnfhsSk Nghd efOk. jha jd
Foeijia Jjqf itggjwfhf njhlbiy MILknghOJ njhlbyhdd KdDk gdDk
,affkilAk. Kddh tthjijj ,affgfsylUed ,ttifahd midjJd ,affqfSk
NeEwgllst. ,ej ,affqgfs ,jjifa ,affqfis miyTWw ,affk myyd mjhTw
,affk vdWw mioffidNwhk. ,kkhjhhahd ,affk mZffsy $l1 efFofidwd.

xU jilgnghUsid ntggeiiy caUk nghOJ mZffs mjDila eLeiy myyJ
rkejiymag nghUjd mjyhtalfwd. Flblgfsd Ffllikgce kwWk vejutiay
futfis Mhatwiw tbtikjjy Nghdw nghwaiay gadghLfsyy mjyphT ,affk
gwia fwwy kfTk KFfiagJdtjij ngWfwd.

rusyT kwwk ruww miyT ,affk

,awgayy ,affkhdd k=zLk kzLk efOk ,affk ruiyT ,affk vdTk k=zLk
k=zLk gfohj ,affk ruww miyT ,affk vdTk ,Utifahf tisfgglLjjgglLfwd.

1. ruiyT ,affk (Periodic motion):
ruhd fhy ,ilntsiay jhdhfNt k=zLk kz=zLk efOk vej xU ,affKk
rusyT ,affk vdggLk. vLjJIffhlL Cry fTbfthujjiy css Klifs
njhlbyid miyTfs #haidr RwwtUk Gtiad ,affk tsUk kwWk NjAk
rejud kwWk ry.

riww miyT ,affk

ruhd fThy ,i1lntsjay jhdhfNt k=zlLk> k=zLk efohy vej xU ,affKk
ruww miayT ,affk vdggLk. vLjJJITFhIL ey eLfF efoT> vhkiy ntbgG
Nghdwi €.

miyTW ,affk (Oscillatory motion):

XU nghUs myyJd Jfshdd Fwggll fhy ,ilntsay kzlLk kzlLk KdDk
gdDk ,affjij mjhtiaffk) vdgglLk.

vLjIFfhlLFfs ekd ,jadbge Grnad rwhfd ,affk jhjjhttd fbfhuk (Grand
father’s clock) Cry fbfhuk) Nghdwi t.

midjJd miyTW ,affKk ruayT ,affkhFk. Mdhy midjJd ruiayT
,affgfSk miyTW ,affkhfhd vdgij ftdjjy nfhssTk

jdirrhyir ,affk (SHM):

jdirrhhir ,affk miyTW ,affjjd rwgG tifahFk ,jiy Jfsd KLFFk
myyJd tiirahdd eiyahd GssjayilUed mJ miulej ,IgngahrrfF NehjjfoYk
vgnghOJk ejiyahd Gssjia NehfhAk ,UTFk vdyhk.

xU ghkh=z ,affjjiy x vdgd Jfs milej ,Igngahrrn kwwk awdgd mjJdfsid
KLffk vdiy»
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a, KX
a, =-bx
,gF b vdgd khwy. ,J KLFfFfk kwWk ,lIgngahrriffiiINaahd jfudhy
mstlggLfwd. , jd ghkh=k T2 fFr rkk.

,UGWKk Jfsid eiw m- My nguffi eAlldd ,u=zlhtd tjmaggadglLjy
tirahdd
Fx = -kx

,gF k vdgd wgir khwy) MFk ,kkhwy XuyF esjjwfhd tb©ir vd
tuvaWffggLfwd. , IgngahrrAk>  t©irAk (myyJd KLTffk) xdWfnthdw
vijhjjiaragy cssij vjhfFw fhiLfwd. Jfsid , Igngahrn rkeny GssayiUeJd
tyJdewk (x NehfFw kjigGé) Nehffi cssNghd tirahdd (myyJd KLTFK)
rkejiygéssiia NehffiNa  (, Igéwk  Nehff) » UFFk. ,NjNghy  Jfsid
, Ilgngahrnahdd rkeiyg GssjaylUed ,1JGwk Nehff) c©ss Nghd (x vjhfFw
kjigG) tErahdd (myyJd KLFFk) rkemygéssiia NehffiNa (tyJdGwk Nehff)
,UFFk ,ttifahd tirahdJd ks tir vdggLk Vnddy jdirrhar ,affjij
NkwnfhsSk Jfis> kstirahdd vgnghOJk njhlff enyfNF (rkemy myyJd
eLeiy) nfh=zL tUk ,ttirahdd xUrkatiir MFKk. ,J rkeanygGssiia Nehff
nraygLk mka fthrn tmrahFk.

, Ughkh=zk kwWk Kgghpkhzjjpél/ | Iid ehk ntflh Fwalby vOjyhk.
F=-kr

,gF r vdgd vLjJIfnfh=zl MjgGssayiUed Jfsid , IgngahrnahFk. tirAk
, IgngahrriAk NehNghfF njhlhG nfth=1J vdgd FwggljjffJd. mjhtd tirad
mLFfFk> , Igngahrnad mLfFk xdWfnfthdWr rkk.

(arad vz=zkjigG |l|J5|) kwwk tisT (,lIgngahrnad v= kjigG |'r|) » TwwiwF
, 1INaahd njhlhig tiugljjry Fwjjhy> ,u=zlhk kwWk ehdfhk FhygFjifs

toNa nryYkl NehNfhlhf mikAk. mfNfhlbd rhT k 1a msed> tirkhwy % ,d

vzkjgig f=zlwayhk.
rund tll ,affjjid ulljjd kjhd toy xU jdirrhir ,affk

m e iw nfh=zl Jfs xdW v vdw ruhd gierNEFj iy r Muk nfh=zl tlhljpd ghyl
toNa , 1QRojjiaray ,agFtjhff fFUINthk. Ma mrR mikggd MjigGssiahdJd

tlljjd skak O Tld nghUedtjhftf nthst Jfsid NFh=zjpiarNtfk vdTk xU
Fwggll Neuk t ,y mjJdfsid Nfh=z ,Igngahrrp 6 vdTk nfh=zlhy ruhd tll
,affjjiy ,UfFFk xU Jfsid egiyina (Position), mej tlljpDila tlljjy
tornrajhy mej toy (Projection) xU jdir rhhar ,affjij NkwnfhsSk ,jd
%yk rund il ,affk kwWwk myhTwk ,affk MfatwWfF ,i1lNa css
nghlhgad ehk , 1=zTf KbAk.

,NjJNghdW vej xU mphTW ,affk myyd Roy ,affjjyaid ruhd €l
,affjdid , i zff KbAk NtWwojkhf $wdhy ,ttiU ,affqfSk xNu ,ayig
ngwwssJ.

tlligghijay ,agFk Jfsd eiwnyra (position) mttlligghsjad nrqFjJ

vlljjd kI3 myyd nrqgFjJd tlljjwF , 1=zahd Nfhlbd kJ toy (projection)
nraNthk.
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>, NjNghy> Nkw$hwa efoit Fialjjs mrR myyd Hiljjs mrRfF , 1=zahd
Nfhlby ehk tornainmlar nraa KbAk.

XU RUstly - eiiw mikgig (myyd miyAWk Cry) xU Fwggll vLjIFFhlIhFf
TfUINthk. RUstly NkYk TOk ,afFk Nghd (myyJd Cry KdDk gdDk
miyTWKk Nghd) mjd eiw myyd Cry Fzbd ,affk tll ,affjjiy css
GssifSid ,1=zjJ fhllgglLssd.

vdNt ruhd €1l ,affjjiy Jfsd eiyia mej tlljjDila tlljjd kJ
(myyd ulljjwF ,1=zahd Nfhlbd kJ) tior nrajhy (Projection) mttaffk
NehNFhIL ,affkhf mikAk. ,jidNa jdirrhir ,affk vdf fUJIFNwhk. ,ttllk
Jdirrhar ,affjjid NkwNfhs tllk (circle of reference) vdggLk.

jdirrhar ,affkhdd xU Fwggll tlljjd vej xU glljjid kJk ,aqFk Jfs
eliyad toT (Projection of position) vdTk truaWffggLfwd.

jdp:{\plp:r ,affjjiy, .lgngahrrp JarNtfk KLFFkK kwwk mtwwwfhd tiugl
tst

xU Fwggll f= Neuk t ,y mphtalAk JfshdJ rkenygtssiaylUed Tlej
nghayT , Igngahrr; vdggLk.

xU Fwggll f= Neuk t ,yA Muk nfh=zl tlljjd kjhd Ifsd eiy Pvdf t
vdw fzjjiy mjd ,lIgngahrrn y-ia foffzI1thW juUtfFyhk

AOPN ,y
sin8=O—ND ON=0Psinf
OoP

Mdhy ¢g=wuwt,ON =y kwWk OP =A

y= Asinmt
sinmt =1vDk nghOJ , Igngahrn y MdJ ngUk kjigig ngWk (,ejJ kjigé A- fFr
rkk)

eLeiiyaylUed mjhtilAk Jfs milej ngUk ,Igngahrrp €trR (A) vdgglLk.
jdirrhiar ,affjj)y trR khwymahFk. nghdthf jdirrhar ,affjij jJtu kww vej
,affjjwFk trR khwyaht ,UFfFf Njitayiy ,J Tthyjijg nghWjJd khwyhk.

JIrNtfk

, Igngahrrn khWk tjk piarNtfk MFk. fhyjij rhhed tiafggLjj ehk ngwtJd
V:Q:E(Asinwt)
dt dt
til ,affjjiy (khwh Muk) €trR A khwyp NkYk rund il ,affjjwF
NFh=zjjinrNEefk w khwyp vdNt

-y

v = Awcos m

sin® wt +cos*wt =1 cosut = +/1-sin?ut
vdw JihNfh=z KwnwhUrkiag gadglLj ]

vV = AuA/l-sin? ut

rkdghL yiUeJd
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sinwt =Y
A

.2

v=Aw, 1—631;
§A
V= Wa A - y?

>, Igngahrr y=0 vdiy mjd jJiarNtfk v=wA (ngUkk) kwwWk ngUk , Igngahrr) y
=A vdiyy mjd jiarNtfk =v =0 (rwkk). , IgngahrriahdJ RoayiUed ngUkj jwF
myrfhig ghy JiarNtfk ngUkjjiyiUed RofF FiwAk. ,J vjhjiiray k=zLk efOk.

JiirNtfk xU ntflh msT Mifahy rkdghL ntflh $WFist Ffzlwtjd %yKk
ngwyhk.

NEWgll F=Neujjiy, , Igngahrrp jrarNtfk kwwk KLFFk

fhyk 0 A
4

p

, Igngahrr

y = Asinmt

JiarNtfkv = Awcos mt

KLffka = -A
w’sin wt

KLFFk;

JiarNtf khwghL KLFffFk vdggLk. fhyjsjg nghUjJd tiafgglLjj ehk ngwtJd
dv
dt
a=-w Asinmt =-wny

:i (Awcos ut)
dt

ehk mwtJd eLeiygtssialyy (y=0) Jfsd jJinrNtfk ngukk Mdhy Jfsid KLFfk
RoahFk. ngUk eiayay (y = zA), Jfsid jJiirNtfk Ro Mdhy KLFffk ngUk
kjigGld (zAw’) vihjiiray nrayglLfiwd.

jdirryir ,affjjid miyTNeuk mjhnt= fllk FI1 NtWghL kwWk njhlffFf
Ik

1. miyTNeuk
JfnshdwW  xU KO miytwF vLjIfnthsSk fhyk mieyTNeuk vd

tivaWffggLfwd. ,J toffkhf T vdw vOjjhy FwffggLfwd. xU KOrRwWFF
vLjIfnth=l t=T, fhyk vdy
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jdirrhiir ,affjjwF clgbk Jfsid ,lIgngahrniia ird (sine) myyJd nfhird
(cosine) rhhGFshf Fwgglyhk.
. 2p 2p
y(t) = Asin T tmyyJd y(t) = A cos ?t
,gFT vdgdmiyTNeuk. fhyk tFFgjiyhft+ Tvdg gujiaul lhy mjd rhhghdJ>

y(t+T)= Asinz_r—p(t+T)

= Asin(z_l_—pt +2p)

. 2P
= Asin—t+y(t
T y(t)

Yyt +T) =y(b)
vdNt, rrhhGxUm gy TNeuj gwFgwFk k=zLk k=zLk efOk rhhGMFk.
,ejy(t)vdgdrharr rhhGFFhdvLj IFFhlIhFk.

mjhnt=, kwWk Nfhzmjhnt=,

JfnshdWxUnehbayy VwgL j Ik miyTfsd vzziFifmjhnt= vdggLk.
,JfvdwvOjjhy FwffggLfwd. , jd SImyFSimyyJdn —hl ] MFk
(FwalLHz)

fZzjjKivay mjhntzmiyTfthyjJdld foff=1thWnghlhGgLj jggLfiwd.

»3d SImyFsimyyJdn ~hl] MFk
(FwaLHz).

fzjKiwvay mjhntzmiyTthyjJdild foff=z1thWnjhlhGgLj jggLfiwJ.
1

T
xUnehbayy VwgLk RwWfsid vzziFiftNfthzmjhnt= vdggLk.

, Jtoffkhfw (omega)vdwiiNuFfr rnwavOjjhy FwgglggLfiwd.

rkdghLMfiatwiwxggLk nghOINFhzmjhnt= kwWk mjhnt=z=z)d njghlhG.
w=pf

NFhzmjhnt=z=/d SimyFrad si(Nubad ngh nrf=z1 vdthrffTk)

Fllk

xUFwggll 1 F=zj jiy mjhtia 1Ak Jfsd fllkmff=z]jjy mjJfsid
e iyraKOirkahff FwggLtjhFk.

Fwagl I =] iy rkeiyiag nghUeJdmjJdfsid ey (Position)kwWk
,caffjpirMfatwiwfl Ik tehfiwd.

y=Asin (mt+j,)
,QF mt+j, =g vdgImjhta 1Ak Jfsid fllk vdmuroffggLfiwJ.

t = 0s (nghlfffhyk) ,y Ifsd Fllk njhlfff fllk (y=4,)vdmiaoffggLfwd.
vdgJd j,njhl £FF Fll1jjid Nfh=zk (angle ofepoch)vdm s offggLfiwJ.
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FIHINEWghL: jdirruar ,affjij NkwnfhsSk ,U Jfsfast fUINthk.

mtwwd rkdghLfs y, = Asin (Mt +j,) kwWk y, = Asin(mt +4,) vdiy mtwWF
fin INaahdFHINEWGhLDj =Wt +j,) - (Wt +J4,) =4, - J,

NFhzrivir ,affk
NFhzrhyiraaffjjid miy Neuk kwWk mjhnt=,

nfhLFfggl ImrarggwjdijIJRoYk nghUsid miyTFfsNth=zmiyTfs vdgglLk.

vejxUGssialy nghUsid kJdnrayglLk njhFgad
JiUgGt i rRojahfidwN jhmgGssirke) 1 ygéssivdggLk.

nghUs rkemygGssjiayiUed , IngahrrnfFsshFk NghdnraygLk gaDWnjhFgad
JiugGtarNth= IgngahrrpfFNehJ oy , UFFk kwWk
> JJiUgGths rahdImgnghU i srkep 1yfEnfth=zLtuKawrfFk.

nghUsid Nfh= » Ingahrrpclyvdi nghUsid kJdnrayglLk njhFgad
Jugctiart vdTk nfh=zlhy>
t Tl a

t = —kq
, QF kvdgJkis JiUgGty i rkhwy. ’ JXuyFNf‘hz , lgngahrrffhd jiugGtyi rahFk.
IvdgJxUnghUsid eiykj jiugGy ywd kwWk avdgINfh=zKLFfk vdy

w
Mdhy a=
vdN®

,rrkdghLjdirrhsrtcas finfOr rkdghLNghy cssJ. M 1 Fahy jdirrhmr
,affrrkdghLcld xgglehk ngWwtJ

w= \/TErad svdehk ngwyhk.

NFhzrryir ,affjjid mjhnt=
f:i 5Hz
2p N |
miyT Neuk

jdirrhjir ,affk kwwk Nfhzrrhyir ,affk xggL.

NehNThiILjdirrhvar ,affjjiynghusid , Igngahrriahd INehNfFhiIL Igngahrrp'r My
mstlggLfiwd.
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kst rT:' =- k'r »qFkvdgJd RUs khwiyimyyJdt) i rkhwyjahFk. » IXuyF
, lgngahrrnfrhdtarfiFr rkk. NehNFhiLrhEr ,affjjy nghUsid
e i ykffhu=zivdgJdnghUsid e iwMFk.

NFh=zrhirmiy , affjjiynghUsid ’ Igngahrrpcly Nfh= , lgngahrr My
mstlggLfwd. , QJFRUsThu=zivdgJd jiugGty i rkhwyiMFk. mjhtIxuyFNfh=
, Igngahrrffhd ,ulilad jiUgGj jwdhFk myyJdxuyFNfh=

jdirrhjar ,affk kwwk Nfhzrrhyir ,affk xggL:

tv=z jdrrar ,affk Nfh=zrrir ,affk

1. Jfsid , IgngahrriNehfNFhIL | Jfsid , IgngahrriNth=

, Igngahrrr My ’ Igngahrrpc'] My mstlggLfwd.
mstlggLfwd. (RowriNfh=zk vdTk
m 1 ofFfggLfwJ)

Jfsd KLFFk a=-u?r Jfsd NFizKLFFk a=-w’g

tpir>E - _ma .gFm jpl_JgG1Ep_ir> N », gFvdgJnghUsid
vdgJdJfsid e iwMFk enykijugeiiwd

kstpirT:':—k;f, ks ijthpiri“:Izz, > qFK
, qF kvdgJdkst i rkhwy vdgJ jiugGty i rkhwiyy

(FNuFFvOj IK 1
‘kappa’vdWcrrhFfrTk)

» kKkhwiyixUFwiggll LKWTF
, 1o1anghUjJm i kAk.

NFh= W:\/Erads‘l mjhnt= NFh= W:\/IE mjhnt=
m

, lgngahrnffhdks jiUgGtisrahFk. Nfhzrhar ,affjjwFclgbk nghUsid
e nykf fhuzivdgdnghUsid eiykj jiugGy jwd MFk.

NehNghfFriva rm i yayaww(LHO):
RUstyy - eiwmikggd fiiljjsmiyTfs

egiwvawRUstiyYld meiawnfh=lInghUs , 1 ZzTfgglLssJ. ,eJRUsSty
eiwmikgghdJdcuhatwhaljjsjjd kIntffgglLssdvdfnfhsf RUstyyd

Y awgGkhwymyyJt i rkhwymyyJRUsty khwiyikMFK. ,ejmikggd
kJtarnrYjjgglhjNghJde swm d rkej i ygésspmyyJelLe i ygéssixovdT.
e iwiarkemyay , UeJdtygGwkhfxnjhmytwF , Ikngaur
nradgdGulLtj jhyejiwahdJelLe i ygéssixe 1g nghUjIKdDk gdDk miyAWK.

RUstyyd elnahy VwgLk kstirFvdft. >, tgirahdJeswad
> lgngahrrfENehj jftoyy , UTFk.

xUghkh=z ,affjjwF
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F X

F=-kx
vdf f=z)jtay Kiway ehk ngwyhk. , gPksthi rahdJvgnghOJk
, IgngahrrfFvjhpiirasy nrayglLk vdgia jvjhfFwfhiLfwd.

, FrrkdghL —f tgjvdwWmioffggLfiwJ ,gFkstiirahdJd , IgngahrnAld
NehNghTfy cssijfedjjy nfhsf (mjhtJt i rkwWk , Igngahrnad
mLFF(exponent) xdwhFk). ,JvgnghOJk rhahft ,Uggjiy iy’Vnddwhy ryNehTfs)y
mjFkhdmsT ,Otiriaehk nrYjJk NghdImiyTfsid trRfs mjifkhfm i kAk.
(mjhedoirAk ,lIgngahrnAk xd mjifmLFFFSTFNehjjfehfmikAk) vdNt
>ejmikggd miyTfs NehNghfFmEyTFshf , Uggjy myvdgjhy , It
NehNghFFmyyhymiyTfshFk. ,JtiuvekKilatthygfsid gbNehNghfFmiayTTs
KILNktthjiFfgglLssd. ,jd mbggilayy — F tjvwGi lajhfmikfidwd. mjhtJd
(warkwWk , IgngahrriNeh NghfFnghlhGr lai t)

eAlldd ,uz lhk ,affgjaylUedjdirrhar ,affjjwFclglLk Jfsd
rkdghl i I foff=z1thWehk vOjKbAK.
d?x
m—-=-kx
dt
d’x Kk

— X
dt>  m
jdirrhiir ,affr rkdghL cld xgghl ehk ngWwtJ
k
W=
m
mjhtJd miyaawad Nfh=z mjhnt=z myyJd ,ayG mjhnt=

W= \/Erad st
m

miyaawad mjhnt=

jdirrhvar ,affjjry miayTfsd miyTNeuk trirg nghUjjJd myy vdgijf
fUgpy nfhst. ,J miyTfs Njhuvhakhf rwa mstyy css Nghd KILNk
nghUedk. jdirrhhar ,affjjid taffnfOr rkdghlbd jhitg gdtUkhW vOjyhk.
X(t) = Asin(wt + j)
myyJ
X(t) = Acos(mt +J)
,gF A,wkwWk jMflart khwyifs. ti ffnfOr rkdghL nghdjjhT

X(t) = Asin(mt + ) Bcos(imt + ) MFk. ,gF A, B khwyifs.

egwaw tir khwy myyJd RUstyy khwy: k(spring constant) nfh=1 RUstiyyhdJ
$Sivad NkwgFjlary , i zffggLtjwF KdG RUstiyyid esk L vdf RUstiyyd
kwnwhU Kiday eaw m , 8 zFffggLkNghd RUstiyyidhd | esjjwF thtr Ifwd.
RUstiyyd el fhuzkhf VwgLk kstiar F; vdft.

eliw m- y nrayglLk <hgG ttarahdJd nrqFjjhf foNehffi nraygLk.
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,€] mikggwF jdijj nghUsid timrgglk ehk tiua KbAk.

fhllgglLssJd. mikgghdd rkeiyay css Nghd
Fi+mg=0
Mdhy RUstwy |, IgngahrrfF elrnailedssJd. vdNt
FulbeF=-k

gugiasl ehk ngwtJd
-kl+mg=0
myyJ
m |

k g

kifrrma mstyhd Gw tTiErma eiwkd ehk nrYjjdhyy mej esw NkYk
foNehffla jiaray , Igngahrrn y- fF estfwJd. gwF mJ NkYk fOk mmyTwHwd.
,gnghOJ RUstiyyid eln (y+1)RUstiyyid nkhjj el fhu=zkhf VwgLk kstir.

F, L (y+1)
Fo =Ky + 1) = -ky - kI
2

%vdw KLffjJld ,aqFk eiwfF jdijj tirgglk tiuejhy> ehk ngWwtJ

2

-ky —kl + mg = m(jjTZ

elnad fhu=zkhf eiw kJ nraygLk nkhjj tiar
F=F,+mg
F=-ky-kl+mg

<hgGta rahdIJkst i rfFvjuhfm 1 kAkoguyiasb>ehk ngWwtJ
F =-ky — kI + kl = -ky

gAlldd ,u=zlhk ©jnag gadglL]j]}

— 2 =k
a
d? k
@&
,rrkdghLjdirrhiar ,affjjid €t ffnfOr rkdghlbd tbtkhFk. vdNt

miyTNeuk T = Zp\/%s

gadgLjjrmiuyTNeuj i JNEWEbtyy vOjidhy
NEtWtbty vOjidhy,

miEyT Neuk T=2p\/§=2p\/;:

» rrkdghlbyiUeJGt<hgGKLFFk gard kjigmgngwyhk.

0

+m5_2
]

|
=4 Za_
g P 81—2

RUstyfsid njhFgGfs:
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RUstiyyid tiwgGy jdirkahdJIRUskhwymyyJdtsrkhwymyyJdt awgGkhwyiahy
mstlggLfwd.

RUskhwyrard KjigGmjrfnkdry RUstyyyhd Jtiawgghf , UFFk.

RUstiyiyelrnailar nraaNthmyydmKffr nraaNthmjfoairianrYjjNt=Lk
ij »J czhjJdfhdwd. > NJNghy RUskhwyrad kKjigGF mwntdy

FiwejtirianrYjjRUstiyiyelnairlar nraaNthmyyJdmKTfFfNthKbAk.

,URUstiyfis ,U tofsy ,i1zffKbAk. xdWnjhlhaz=zggy ,1ZjJjYy
kwnwhdWgff , i =zggy ,1=ZjjJV.

1. RUstyfs njhlhi=zggy cssNghdk
2. RUstiyfs gff , 1=zggy cssNghJdk

njhFgad RUskhwyisafoffhZk Ji=zgghTfs)y ehk f=zfhlyhk
njhlhi =zggy, , 1 =ffgglLssRUstyfs

,UuzZzLmyyJdmjwFNkwgl IRUstiyfs nghlh e =Zggy , 1 ZzTfgglLssdvdf.
nghlhi=zggy cssRUstiyfs VwgLjJdk efutgastwFr rkkhdtisitvwgljJk
XURUstiy1y (njhFgad RUstyy) mrRUstty njhFgGFFgjyhfehk gadglLjjyhk.

JdijjdRUskhwyifsid kjig6fs ki, k2, ks, (njheymsTFs)kwWk njhFgad
RUskhwiyiks (njhhahymsTfs) MfiatwWfi INaf=z)jjtiay njhlhgidehk ngwyhk.
vs|ikffhfk;, k. RUs khwynfth=l ,U RUstiyfisklLk FTUJINthk. m
vdwe swAld , 1 ZzTfgglLssjhfnfhsTt. ,jd %yk  ngwgglLk Kbtyadg
gadgLjjinghlhi =zggy vejxUvz zifFifaYk , 1 ZzTfggLk RUs
tyfSTfhdnghdthdKbitg ngwyhk.

Gwy i rFty JGwk NehfHinrYjjogLejhtr nfhsNthk. xtnthURUstiyyd

RUskhwyinttntwhd i tNkYk mwWTfia INaadhg s =zgG , WFFkhf(rigid) ,Uggjiyiy.
Mjyhy mitnteNtWesjjwFelrnan Ifidwd.

nrYjjgglltirF- d fThu=zkhfRUsfs mjDilarkeiyayUed (elnanmlaheiy)
elnaimlejnjhiyTfs KrwNaxikwwk x;vdf.

vdNtemwg Gssiaid nkhjj , Igngahrr
X=X1+ X2
—{fid tjayiUed

F=-ks(x1+x2) P xl+xZ:-I:>kE

RUstiyfs njhlhi=zggy cssjhy
-kixi =-kaxo = F

F F
P x=-—andx,=-—
% X, 2k

2

vdNtrkdghLgujiaslLnjhFgad RUskhwyjiaf f=zTHlKbAk.

127 | P ag e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




k = klk2
* ok +k,
“n” RUstyfisnjhlhi=zggy ,1zggjhff nfh=zlhy njhlhi=ggd njhFgad
RUs khwyy

Nm™

midjJ RUs khwyfSk rkk vdiyy mjhtJd
ks :EI:) ks :5
k n

njhFgad RUskhwyr“n”klqFFiwAk vdgij ,J fthiLfwd.

MfN© RUstiyfs njhlhi=zggy , i=zffggLk nghOJ njhFgad RUskhwyiahdJ
jJjdijj RUs khwyimatl Fiwthf ,UfFFk

rkdghL yiUeJd ehk ngWtJ
kix1 = kax
,WFfggll esk myyJd elnainlej esk xitkwWk xo-Ffhd jJfT
X2 — kl
Xl k2
Kjy kwwk ,uzlhtd RUstiyyiy NJFH 1tffgglLss ks egiyahwwy KiwNa
U1=%k1X12 kwwk U, =%k2x§vdpy mtwwd JFT

gff ., 1=ggy RUstyfs

,uzL myyd mjwF Nkwgll RUstiyfs gff ,i1=ggy ,i=ffgglLssd gff
, 1Zggy css RUstiyfs VwgLjJdk efu thistwFr rkkhd tiisit VwglLjJk
XU RUstiyiy (njhFgad RUstlyy) mrRUstly njhFgGFSTF gjiyhf ehk
gadgLjjyhk.

Jdjjd RUs khwyifsid kjigGfs ki, ke, ks, (njhejy kjigGfs) kwWk njhFgad RUs
khwyr kp (nghahy msT) MhatwWwihiINaahd fzjytay njhlhgad ehk ngw
KbAK.

vs| i kFfhf ki kwwWk k2 RUs khwyr nfh=z1 ,U RUstiyfstis klLk fFUINthk. m
vdw e iwAld , 1 ZzffgglLssjhff nfhst.

,Jjd %yk ngwggLk Kbtiidg gadglLjj gff ,1=ggy vej xU vzzFifaYk
, 1 ZzTfggLk RUstiyfSTfhd nghdthd Kbitg ngwyhk.

ir F- 1 tyJd Gwkhf nrYjJdtjhf nfhsNthk
,eNeht)y>» ,U RUsTSkK xNu mstiyhd el myyJd ,Wffjjiad milfdwd.

eiw m miulejy , Igngahrn vdy

F = -kpx
»gF kpvdgJd njhFgad RUskhwy) MFk. Kjy RUs)y x elnia VwgLjJdk ©iir F;
vdTk. ,uzlhtd RUsyy mNJ msT x elnma vwgLjJk tiar F, vdTk nfh=zlhy>
njhFgad tirahdJd.

F = kix — kax
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rkdghL kwwWwk Mfiatwiaw rkdnraa ehk ngWwtJ
kp = ki + ko

nghdthf n RUstiyfs gff , 1=zggy , 1§ zFfFgglbUggd>
3
k, :{j}ki
midjJ RUstyy khwyard kjigGk rknkdy mjhtJd

ki=zko=...=kn=k
kp=nk

nghFgad RUskhwy; n klgFmjyfhhfFk vdgij ,J ThiLfwd MTNtRUstyfTs
gff ,1=zggy ,E=zffgglbUggd njhFgad RUs khwyjjdijjdi RUs khwyaid
kjiggadualmjifkhf , UFFk.

jdirrhir ,affjjiy, jd Cryid miyTfs kwWk jd) Cryd tjifs,
jd Cry:

jd Cry vdgd runyT ,affjij NkwnfhsSk xU ,aejuthay mikgghFk.
eskhd fawwy (eawaww klrnj jdikawwghf fUJIF) m emw nfh=zl CryFz=zL
xU Kirday njhgfulggll esyay kW Kidahdd fThlbAssthW jhghay
nghUj JogglLssJd. rkeiayay jd) Cry miayTwhky nrgFjjhf foNehffy njhgbf
nfhzbUfFk. ,eely rk eiygétss) myyJd elLeiygéss) vdggLk. jdi CryhdJd
rkeiiyg GssiaylUed rwa ,lIgngahrnfF clgLjjgglL tilggbk Nghd> Cry
FzIhdJd KdDk gdDk ,affjij NkwnfhsSk jdi Cryid esk IvdgJd
nghgfulggll GssifFk Cry F=zbd <hgG mkajwFk , ilgghll njhiyT MFk.

Cry F=zbd kJ vej xU , Ik ngahej eiyayYk ,U tiirfs nraygLfidwd.

ul

1. <hggay tiar F :ma nrgFjjhf foNehtH nrayglLfiwd.
2. njhqfulggll Gssjia Nehff) fawwvwd toahf nraygLk ,Otiar T

<hggay, irad ,U$sWFshtd
1. nrgFjJd $W. Fawwd toahf ,OtirfF vjhjiiray nraygbLk $W. Fis= mg
cos 0

. njhLway $W. fawwwF nrqFjjhf css $W mjhtd tyyyid njhLNFhIL
Jiiray css $W Fps=mgsin 0

vdN©®
fawwd toNa tiirad nrqFjJf $W

T—Faszm%

,gF vvdgd Cry F=zbd Ntfk

VZ
T—mgcos(t):ml—

ehk cwW NehfFkNghd <hggay tirad njhLNFhIL $whdI vgnghOJk rkeay
NehffiNa mikAk. mjhtd <hggay tirahdd> Cry Fzbd rkeinygtssayUed
miulej ,lIgngahrnasd vjhjiirayy mikAk. ,ej njhLttay thirNa ks tirahFk.
njhLtay tirma gAlldd ,u=zlhk tpad %yk ehk ngwyhk.
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moI > = mgsing

dt?
,QF s vdgd Cry Fzbs ,Ig ngahrnahFk. ,J tlltyyid toNa
mstlggLfiwd.

tll vyyd esjij Nfh=z ,lIgngahrnad thayhf ngwyhk. mjhtJd
s=10
,jd KLFfk
d’s_ dg
dt? - dt?
rkdghL gujjaul
4
dt?
2
(;T?:—%sinq
NkwfF=z1 tiffnfO rkdghlby sin6 ,Uggjdhy> ,rrkdghL NehNghffww (,u=lhk
thir xUgbjjhd) rkdghlhFk. rwa miyTFSTF Njhuhakhf sin 6 »0 vdgjhy
Nkwnfh=z1l tiffnfO rkdghL NehNghfF tia ffnfOr rkdghlhfiwd.

=-gsing

,JedFmwejmiayaaffjjwfhdt s ffnfOrkdghL. vdNtm 1 yaawwad
NFhzmjphnt=z=hdJd (mikggd ,ayGmjhnt=)

w2 =9
|

W:\/Igrad st

miyaaffjjid mjhnt=
f :i gHZ
2p \ |
miyaaffjjd miyT Neuk

T :Zp\ﬁs
g

JdiCryd tjifs
JdiCryid miyTNeukhdJd

foffzIltjfsd mbggi laay mikedssJd.
esjjd by

nFhLFFggl 1Gt<hgCKLFFj jid KkKjiggwPjdiCryid miyTNeuk jdiCryid esjjid
>, Ukb %y jjwFNehj jftiy mikAk.

Tl
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KLFfjjid ©j)
NnFhLFFggll JdiCryid esk khwhjjUfFk NghdCryid miayTNeuk GthgGKLFFjjid
, Ukb %y jjwFvihjftiy mikAk.

gdtUk fhu=z)fFasr rhhejjUffhJd

1. Cry Fzbd eiw:
JAdCrywy Cry Fzbd miyTNeuk e mwmarhhejuhd. , JjhNdfNotyfOk nghUsid
,affjijNghdwd. vdNtkhwhjesk nfth=z1jdiICryy Cry
FzIlhfahi dCrYwwhYk vWKGCrYwwhYk muyTF fhyk ghyffhd. ,u=Lk XxNu
muayTFfhyj i jngwUFFk.

. miyTfsd trR:
rvaNfhzmsTfsy jd) Cry (NFh=z , IgngahrnrnwajhfcssNghd) miayTwwhy
miEyTNeuk trrjadrhhejuhd.

XUruhdFWFFntlLggugGAnTth=z 1 jwejGaqfusT nfh=z1U tht f=z=hbt
FohmafUJf. ghFeiyawmKFf ,ayhgpmlhjjnfh=zljutkhddUtbtf Fohad
gagfsyy h caujjwFeugggglLssjihfnthsf. FohAk jJutKk mirtwwenyay
cssnjdy jutjjk kllk rkeiyg GssOty ,UfFk jutjjd kJvejxUGssiayy
rkkhf ,UFFk. NkYk Gagfsid NkwgFpasYk mOjjk

(Fohad , UGwgfsid cssKidfsgyy) rkkhf , UFFk. ,EtOJjk tsg
kzlymOjjjiwFr rkk. ,jdhy Fohad Gaqfsy jutkllgfs rkeiyay
,UFFk. VNJDk xUGajjiy ehk fhwiwCJtjd %yk NjitahdtisrsanrYjJdtjhy
rkeiiyg GssiOtyiUedjutkllk khwgLfwd. mjhtIxUGajjry Cjggllifhwwd
i3 kwnwhUGaj 1 Jlmjifk. ,eJmOjjkhwghLjutj 1 JeLmyyJrkejiyg
nghUjJdrwiJd Neuk miyTfiscUthfFfiwd gd ,WpahfmikjenyfFjpukGtwd.

»jd miuyTNeuk.
T=T=2p I—tpehb
\ 29

»,NFlvdgJdU tbt Fohalyy cssjutjjkgjjid nkhjjesk
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Jdirryir ,affjjd Mwwy:
e 1 yMwwY FFfhdrkdghL

jdirrhmr ,:L;}If—fjjlpy varfFk , IgngahrrifFk , i INaahdnjhlhG — {f tjjadgb
F=-kr
nghJthfuirvdgdntflh msTMjyhy Kgghkh=zjjyy ,J %dw $SWFisnfh=zl1J.
NKY k Nkwf= Irkdghlby YirahdJd Mwwy khwwht i rahFk.
,ejuiriaxuUswnfth=l PNFyhh rhhgyiUed JUtFFKbAK. xUghkh=z ,affjjiy
F=-kx

njhFji PmyF4 Y tthjj j INghy Mwwy khwwht) 1 rgGy j jidhy
nraagglINtayghigoar rhhejuhd. TFoff=zlrkdghlbyjUedmjd enyahwwiyf
=zl KbAk.

njhFjj PmyF4 Y tthjj g INghy Mwwy khwwht) 8 rgGy j jidhy
nraagglINtayghagoiar rhhejuhd. TFToff=lrkdghlbyWedmjd enyahwwiyT
Tz Thl KbAk.

du
dx

F=

njhFj) PmyF4 Y tthjij g INghy Mwwy/ khwwht) 1 rgGy j jidhy
nraaggl INtiyghi j iar rhhejuhd.
du

dx
dU =k x dx

XgGkhw

njh i falLkhwyix’'vdgJdxgGkhwahFk.

0, tdt = xdx={ pdp _y—

khwit,  xkwWk p vdgdxgGkhwfs Vnddy
njhsfalbd NghJt, xmyyJdp

MfiavejkhwFfisitjdnjhafal nlehk
nraAkNghdxNut) s I'fim 1 FFgngwk.

rwa , lgngahrridx- | NkwnfhssFvdwty i raidhy
nraaggl INt§ye 1 yMwwyhfNrfh ffgg prWJ

U(x)= kxdx ——k(x)| —kx
tir khwyad kjigG k—m w2ia rkdghL ehk gupiaul
U(x) = %mwzx2

,gPwvdgd miyTW mikggd ,ayG mjhnt=. rhhir ,affjij NkwnthsSk
JfstfSTP ehk ngwtJ
X = Asin mt
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u(t) = %mWZAZsinZWt

»aff MwwYffhd rkdghL
,aff Mwwy

.2
KE zimvlemed—xg
2 2 §dtp

Jfshdd rhyar ,affjij Nkwnfhstwd vdyy rkdghL yiUed
x=Asin wt
vdNt jiarNtfkhdJ

KE = KE :%mvx2 :%sz(A2 - x?)

KE = KE :%mw2 A?cos® mt

nkhjj MwwYFffhd rkdghL
,aff Mwy kwwk ey Mwwy ,twwd $Ljy nkhjj Mwwy MFK.
E=KE+U

E:%sz(AZ—xZ)+%m|/|/2x2
vdNex? 1 efP

E :%mWZA2 = khwy
kwj syaht rkdghL kwWk rkdghL yiUed ehk ngWk nkhjj Mwwy
yiUeJd ehk ngWk nkhjj Mwwy

E= %mszzsin2 wt +%m|/|/2A2 cos® mt

== %mWZA2 (sin® wt +cos’ wt)

JhNFh=zkiji KwnwhU i kayyiUed»
(sin® wt + cos® wt) =1

E-= %mWZA2 = kKhwyy
U(t) + K(t)
vdNtnkhjyMww iy nfh=zLngwggLk rhyirmiyajawwad €rR
2E 2E
mw’ k
miyTfsd tiffs
FllwmiyTfs;
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miyaawwiamjd rkeiygGtssayiUed , Ikngaur nradmiyTwr nrajhy
MIMiyTWK mjhnt=z=zhdJd ,aytmjhnt=zzwFrkkhf ,UfFk ,ttaifmiayTfs
myyJdmjhTFfs fFllwmiayTfs myyJFfllwmjhTfs vdgglLk.

vLjIfFhiILfs;

1. ,irffitad mjhTfs

2. ,O03Jffllggllfkgad mjhTfs
3. JdiCryid miyTfs

4, RUstlyy eiwmikggd miyTfs

JIYAWmMiyTs:

Jd Cry miyTWk Nghd (Keidjaefotyy) miytid trrhdJkhwyvdTk
miyaawad nkhjjMwwy khwhjIvdTk vLjJIF nfhsfilwhk. Mdhy cz=zikay
CIfjjd CuhaTkwwk Thwwd ,Oitahy fhyk mjfhfFEk NghJ€rRF iwfidwd.
.Jd miyTfs eiyeWjj gglhky ,UFFk kwWk rharmiyaawd Mwwy
gbggbahfFiwfidwd. ,ejMwwy ogGm iyaaw #oedss CIlfk clfthjyhy
VwgLfwd. ,ejtaifmiy ,affk JalAWmiyTfs vdmioffggLfidwd. NeEWtjkhf
Swdhy mi yad trRF i whHdwJIkwWk m 1 yaawwad Mwwy CIlfjjd
julfFvjuhfnraaggl INtsyahfkhwwggbfwd. ,ttaf ,affk jJilAW ,affk
vdmiaoffggLfwdkwWk ,eefotty cuhaTtgir (GulAWGLEr) miyaawad
JiarNtfjjwFNehjfoy , UFFk.

JulAWrhE rm 1 yajaww-fhyk mjfnfFFk NghJtrRF swfwd.
vLjIFFhiLfs;

. JdiCryd mayTfs (fhwwd jJralAld) myyJdvznza euggggllfydwFs
JdCryd miyTfs

nghlbr Rwwy VwgLk kidfheymiyTfs
fhytdhkllhy VwgLk jalAWmMiEyT

egiyewjjagglimiyTfs;

Cryy MbT Nnfh=zbUFFKNghIXUnym iy TFSTRgwFm iy TeWj jggLk.
S 1 irsar

> JWFfhu=k JilAWgrrahFk
nrYjjmuayTfshdJenyeWjjggLfwd.

J JuthffsSt

Gw %yjJiyiuedJMww i ygadglL j ymiayaaawfFmsiggydhy miyTfsid trRkhwhky
,UFTFk. ,ttifmjhTFfaisenyeWjjggllmjhTfs vdfiNwhk.

vLjIFFhIL:
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mjhTWKk , irffyitad MwwiykdfymLfFmyyJdkd %yjjiyiUedngwrnrajy
Jiz)g6 mjhTfs:

vej xU miyaawp jhd ,oej Mwwiy GwrruiyT mikggdhy ngwW njhlhed
,aqFfidwNjh  mej miyaawia Jizigé miyaaw myyJd ,affggll
miyaaww vd m i ofFfdNwhk.

, i f mjhTFfs)y>» nghUshdd Mukgjjly ,ayG mjphnt=zz=zyy mjhTWk gdd
ruiyT girad fThuzkhf Gw ruiyT tiraad mjhnt=zz=zyy myhTWk.
myhTFs Ji=zigé mjhTfs vdW muoffggLfwd.

vLjITFIL:
fkg , irf fUutfs)yy ngwggLk mjhTfs
XJIINT:

XJJJhTj=zigémyphtyd rnwgGeffoTMFKk. ,qFGwrusyTtiarad (myyJ
,caffitirad) mjhnt=z=Zk mjhTWk nghUsid ,aytmjhnt=-2Zk rkkhf ,UfFk.
,Jd tistdhy mjhTWk nghUsid trRmefhpffMukgijngUk trReplylag ngWk.
,ejefortxjjhTvdTk mjyd myphTFfs xjJiarTvdTk muaoffggLfiwd.

vLjITfFhiL:
xylahy fzzhbciljy

XJJarTmjhTfs ghy j Jiy VwgLt i j jthffghyj jid kJ ,uhZttuhfs
mztFjJIflednryymDKkjiffgglkhl Ihhfs.

,uhZttuhfs ghyjijf FTlednryYkNghImthfs ghyjjid kJIfhybvLjJdntfFk

myhnt= ghyjjid ,aytmyhnt=zz=zwFrkk vdyy ,gghyk xjjiarmyhTFrsngwyhk.
trrnd kjigGkifgnghadvdgjhy ghyk ,beJdtiothagGtssJd.
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11TH , awgiay.
njhF g1
myF- 11
miyfs

mwKFk;

Keija myfiy ehk xU Jfsid miytiaidg gw tthjjNjhk. Ifsfsid njhFgiagfF
nfh=zIXh CIfjijf (medium) FUINthk. xU Kiday ,Ihghlil (disturbance)
cuUthffidhy mJ KdNdwr nrdW kWKidia milfwd mjhtd Kjy Gss)
egiwayy VwgLjjpa ,Ihghlhdd mUfly c©ss mLjj Css) eswfF mLjjLjI
guggggLfJd. ,gF fedff Nt=zbaJd ahnjdy> khwghL kILNk guggggLfwd. Gss|
giwfs myy. ,INghdW ehk ntsiggLjJk Ngrrhdd ekJ njhz=zimlay cssFuy
tisad mjhtdhy NjhdWfwd. ,jd Fhu=zkhf RwWgGw FhwW %y FSWTs
mjhtaled mjdhy Ngrrnd tisT (gftyfs) ntsiay (space) css xU
GssiayyilUed kwnwhU GssifF CIfjjid Jfsftis vLjJr nryyhky guggggLfwd.

vdNt ntsjay xU GssjayUed kwnwhU GssifFF CIfk khwwgglhky Mwwy kwWk
cejjuj vLjIr nryYk efoT miuyvdgglLk.

fiwFaufFF mUfly edwhy xUth flyyy ,Ued fly ed xXNu miy tbtjjly Vww
,MWEFpJId FlwfFiuma miltijf fh=z ,aYk vdNtmJd fly miyfs vdgglLk.
xUuggh Ng=zl Rz=zlggllhy mJ eiyahd miyfs vdgglk miy tbtjjy
mjhTWK. ehk kidfhej miyahfia xsjad %ykhf mofia ,awifiaf Fth=fNwhk.
ehk ,diikahd nkyyiirg ghlyfis xy} miyfs %ykhff NFIfiNwhk. mdwhl
thotyy ifgNgrn jfty njhlhG Kjy Nyrh mwWwatrnfirir tiu miyfsid Vuhskhd
gadghLfs cssd.

eiyahf css xU ehgguggy ehk xU fymy vhejhy> ehd Nkwguggy Ty Nkhjia
,1JJiy xU khwghL cuthtijf fh=zyhk. ,ej ,lhghlhdd njhlhed mjifhfFk
Mugfs nfhzlss xU 1i1ka tligfshf ntsgGwkhf thtiled Nkwguggd
vyiyay NkhJdtijf Th=zyhk Vnddwhy TFfyyid ,aff Mwwyid xU gFjj
Nkwguggy css eh %yfSWFSTF Vnddwhy fTyyd ,aff Mwwyid xU gFjj
Nkwguggy css eh %yfSWFSTF khwwggLfwd. cznkapy euhdJ (lek)
, IhghlLld ntsiNa efuhd. ,jid ehd Nkwguggy xUfhfijj J=zbid 1tggjd
%yk fth=z ,aYk ,Ihghlhdd (miy) ehd Nkwguggy nryYk Nghd mej J=zL
NkYk FOkhF efUk. ehd %yfHWfs mtwwd rkeiyiag nghUjJd mjhtiaffjij
Nkwnfthstiaj ,J FfhiLfwd.

> OjITFIlgglinkyyiafkgayy miyfs NjhdWjy:

XU eskhd nkyya fkgia vLjIfnfhzL mjd xU Kidia Rtwwy TFILNthk
JjiBnud Rz=zbdhy fawwy xU khwWghL cUthfwJd. ,ej khWghL j§Bnud Njhdwad
NkYk mJ Fiawej NeujjwNf ebfFk vdNt ,ej khwghL miyjJbgG vdgglLk.

nghlhrnah® R=zlggllhy eiyahd miyfs cuUthfiwd. fillhhd (Guitar) R=lIggll
fkgad (Plucked sting) %yk ,J Nghdw miyfs cUthffggLfiwd.

, iIrffitay miyfsd cUthffk

xU ,uggh Jz=zby xU ,irffitia mbjjhy ,irffitad Gaqfs mjd
itkagGssinag nghUjJd mjhTWk. Gak xUirkag Gssiiag nghWjJd mphTWk
vdgjd mhjjk ntsigbwk kwwWk clGwk nryYjy MFk. GakhdJd ntsigGwkhf efUk
Nghd mjd mufly css ThwW mLfiIf mJIjsStwd. mjhtd ,ggFjay
mjrifkhdfhwwW %y FEWFsid NjFFk cssJ. vdNt mlhjj) kwwk mOjjKk $1 kf
mjFkhFk ,ggFjifs ,WFffggll gFjifs myyJd ,Wffqfs vdggLk. ,Wffggll
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fiw mLFfF KdNdhffi efhed mUfly css mLjjfhww mLfaf ,WFFk ,Nj
Kiwvay xU ,WFffjjid miy fhwwd toNa KdNdwr nryYfwd. GakhdJd
clGwkhf efUk Nghd tygGwkhf efhjj CIfjjd JIfsfs JwNghd gdGwkhF
fhwwd klrngg=zGfhu=zkhf , 1J3GwkhFefUfwd. ,ejg gFjpiasy mihj pikwwk mOj jk
,UuZLk FiwthfcssJd. ,JjshrrimyyJelrnvdgglLk.

m|y ,affjjd g=Cfs;

miyfsid gutYFfF CITtkhdJd enykk (inertia) kwWk klrgg= aigf (elastic)
nfh=zbUFfNt=Lk.

nfhLffggll CIfjjiy miyad jiarNtfk khwyahFk. mNj rkak CIfjjy
cssJfsfts nttNtW guyfsy khwgllpiar NefgfSid ,aqFk mtwwd
eLejmyayy ngUk JiarNtefKk tiskG enyfsyy jinrNtfk RoahfTk ,UTFk.
miyfshdd vjnuhsigs tyFfy FWFFILOEsT tskG tisT kwWk
JstuisT MfiatwwwF clglLk

,acjumiy ,affk kwk mjd tiffs;

1. ,aejumiy - guTtjwF xU CIfk Njitggbk miyfs ,aeju miyfs
vdggLKk.
vLjJTFhIL xy) miyfs ehd Nkwguggy cUthFk rmwiyfs Kjyad.

saejutiay myyhj miy - guTtjwF vttty CIFfKk Njitgghhj miyfs
,aejutay myyhj miyfs vdggLk.

NkYk miyfis ,u=zL tifgglLjjyhk
1. Fwffiyfs
2. nelliyfs

FWFfiy ,affk (Transverse wave motion):

rag nghUjJd miyguTk
r py miyAWk myyJ
Clfjjd Ifsts mjhTwWk

JiirfE - (Mwwy  khwwggLlk  jiarfF)  nrqFjJj i
mjhtis lAKk. miyguTk jiirahdd mjhTWk jsjjwkF (C
JsiiwF) nrgFjjhfmiakAk.

vLjIFFhIL xs| (kdfheymiuyfs)

FWffiy ,affjjy CIfjjd Jfsfs mjd eleiy
i

mjhTWk jsjjwF (CIfjjid Jfsts mjhTWKk jsjjwF) nrgFjghfmiakAk
vLjIJITFhIL: xs) (kdfheymiuyfs)

nell iy ,affk (Longitudinal wave motion):

nellay ,affjjiy CIfjjid JIfsfs mjd elLeiyiag nghUjd miy guTk
JarfF i zahd Jiiray (Mwwy khwwgglLk Jiirazyy) miyTWKk myyJd
mjhti 1Ak

vLjIFFhIL: Xy

Mrhauld MNyhradnraf:

Rdhki ([gghdiankhoary # - dh - k vd crriyffggLfwd) vdgd JiwKT
miyfs vdw nghUsgLk. Rdhki vdgd mjyif NefjIIDk kifgngUk tirAlDk
nyhblhrriaht tUk ngha ,uhlrr miyfshFk. 2004 Mk M=zL brkgh khjk 26 Mk
Njj) ,ejiahttd njdgFjiasy vddelejJd.
<ugG muyTFfs - LIGO (Laser Interferometer Gravitational wave Observatory) MaT
awgpanfthehgy ghiR 2017
1. Nguhnhah nuadh nta’}
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2. Nguhrihhah NghiriNghi ]}
3. Nguhrihah fig v} jhhNd
"LIGO Matfjjiy <hgbmiyfsid MaTgg=zjay cWjiahdgqgfsiggwfhf' toqfgglld.

FWffiyfs kwwk nelliyfs xggLjy

tv= FWFFiyfs nelliyfs

Ciftjjd Jfsfs mjhtnlAK | CIfjjd JIfsfs mjhtalAKk jiap
Jjiir miyfs gquTk jJiarfF miyfs gquTk jJiarfF ,1=zahf
nrgFjjhfcssd. cssJ.

khwghLfshdJ mfLfs kwWk | khwWghLfshdJ , WFfgfs kwWk
KfLfs tbhtiy cssd Jshrrfs tbhtyy cssd.

kin CIfjjyy FwWffiyfs gqut | midjy: Jtift CIfjYk ik
,aYk Jutk kwWk thA) nelliyfs qut
,aYk

FwgG:

1.ngCIfk ,yyhjeiiy ntwwlk vdggLk. kdfhej miyfs KkILNK ntwwljjid
toNaguTk.

2. uhNy muyfs (Rayleigh Waves) vdgit FWffiy kwwk nelliy Mfia ,u=zLk
Nrhej ghtf fUjggLfiwd.

miy ,affjjiy gadgLk gjqfs kwwk tauvaiwfs;

,U miyfSk ird tbtkhf ,Uejhy mit ,uzbwFk ,ilINa eiwa NtWghLfs
cssd. vdNt xU miyira kwnwhdwyiUed NtWgLjj ehk ry mbggilr nrhwfis

(Terminologies) tiuaiw nraaNt=Lk.
- OJITFIlggllfkgay VwgLk miyxdiwf fUJT.

ehk cUthFk miyfsd vzzififay Mhtk nfhz=zlhyyXh RIL myyJd
NkwNfhskiljnj (, ilegiy myyd mikjeny) fFUINthk. ,qF ,ileiy vdgJd
TthllgglLss hlkll NThIhFk. ejoyil 1 gFjiaad Nkykllg
GssIKfLvdTkeoyilgglhjgFjad Tfokl 1gGssimfLvd Tk m s offggLfwd.

>ejmiyahdJOtyyUeJdBgFjimak=zLk k=zLk  VwgLjJfwd. >ejrwagFjpad
esjijxUmiyesk vdtruaWffyhk.

xUmiayesjijf FwggjwFANuFFvOjJJINyklIh(lambda) A ®1tg gadglLjJfiNwhk.
FWffayfFfhlbathWmLjjL)j ,U KFLFSTF ,mlgglinjhayT (m) mLjjLjj
,U mMFLFSTF , IlgghingjhayTxUmiayeskhFk. nellayfFmLjjLj]}

,2WFFgfs myyJdjshrnfSTF |, ilgglinjhiyTxUmiyeskhFk. miyesjjid

SIimyFklIh.

mjhnt=> mjhT Neuk mPatwiw mwednfhssfhlba miyiaf (3 miy esqgfis
cilad) fFUINthk Neuk t=0y miy ,1JGwkiUed AGssiia milfwd.

Neuk t=1s ,y AraflfFk miyfsd vzzfift ,u=zL MFk vdNt mjhnt=
vdgJdl tdhbayy FIfFk miyfsd vzzfift' vd tivaWffggbfwd. mjd

myFn ~ hl > FwalLHz
.ejJCcjhu=z]jjy
f=2Hz
,U miyfs AGssjia fled nryy MFk Neuk xU tydhb (Neuk) vdiy xU miy A
Gssinafltf MFk Neuk miy tidhbahFk. ,JINt xU miyT Neuk (T) MFk.
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T :EZO.SS
2

jhnt=zZk miy esKk vjhjfuoy ,UFfFk vdmwayhk.

T=1
f

miyTNeuk (T) vdgd xUGss) toahf xU miyFIfFf MFk Neuk MFK.

FwgG:
1. XuyF Neujjyy Rownfsid (RwWffsid) vzziFit Nfh=z mjhnt= vdgglLk.

NFh= mjhnt= W:?pZpr (myFNubad /tidhb)

. XuyFesjjiy Rownfsid vzzififtmyyJdxuyFes] jiy miyfsd
vzziFifmiyv=z vdgglLk.

miyvz k= ZT’D (myFNubad /kl11h)

JiirNtfk wNfhzmjhnt=z okwWk miyvz kMfiatwwwF , 1 INaahdnjhlhG

o / (2pf)
irNefk v=If=—02pf)=—"—2=11
3! 2p(p) 2071

miyad trR(Amplitude of the wave):

miyfs midjJk rkmiyeskrkmjhnt= kwWk rkm iy TNeuk
nfh=zLrkja rNEF] jiy nryfidwd
cefmiyfSThi lIggl IXNUNtWghLmFfLmyyJKfLfsidcuaqfs. , jiyiUeJdehk
czhtImfLmyyJKfbd cauKk miyad g=z igeh=zaggjly
KffhaggFtHhffiwd. vdN©trRvdwxU , awgiay
mstidmiyfSTFtivaWffNt=bAssJ. miyad trirFwgGmriarg
nghWjJCITjjid ngUk , IgngahrrivdtiauvaWffyhk (cjhuzkhft ,ejNehthy x
mrR) ,gFmJAvdT FwffggLfwJ.

NEtENEWCIFgfs)yy miyad jjirNtfk:

ezljzlthsjjy Rjjiayhy mbfFk Nghrwnjhaytyy j=zlthsjjy
FhIatJINFILFkNghd ,U xyifs (xXNufF=zjjiy myy) NFIFk j=zlthsjjd
toaht Ji=zkCITk) NFIFk xXy)IKdghfTk>fhwwd toNaNFIFk
MmN xyirwwW ghkjkhfTk NFIFKk. vdNEOnttNtWCITgfs)yy xyad jJiarNtfk
xdwyy.

;ejgFjlaaymiyfsd jiarNtfjiaj ,U NtWernyfsyy tUthUgNghk.

1. ellgglifkgay VwgLk FWffiyfsd jiarNtfk.
2. kKInjjdiknfhzICITjjiy nelliyfsd jiarNtfk

ellggllfkgay VwgLk FWFFiyad jiirNtfk

Tkgxdwy > agFk Fwffiyad JiarNefja jr=faLNthk. Tkgad
» 1JK 1 d 1 aNkyNehffinrhLfHdhy’mej JIbgGty IK i dNehfhivvdwyia rNEfj iy
efUk ,jwFg nghUs xaTeiyay cssFwgghajjly cssghhitahsiug
nghUjJdethfwd.

fkgayy xUmbggilg gFpimaf fTUJNthk. fkgay ABvdwtssifis
,Ff=zjjry TUJINthkdl, dmvdgdfkgad rWgFjesk kwWk ejmwvdNghk.
tivaswadgbes e mwmlhj ji(n) MdIgdtUkhWvO jggLfwd.
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p=
d

dm = pdl

mbgg i IgFjjABMdJtlljjid xUgFjiNghyyO 1t i#kakhfnfhz=zLRMujJdid
tiseINfh=zk 60 1t tisNfhLikak Otyy VwgLjJdfwJdoOsit tisNFhLAB d
esk dlkwwk Muk Riag gadglLj jigdtUkhWvO jyhk.
dl
q:—

Tkgaud ,OtirjuUk lkaNehfFKLffk (v=z kjigG)

1 kaNehfFtar

,eJft Tkgad rWwgFjielemental string)c=zUk #mkaNehfFtirmagujalLtjd
%yk fzThlyhk
(dm)v® _ mvdl
R R
,OumrtMdJI fkgad rWgFjlesk ABad njhLNfhlibd toNanrayglLfwd.

tisNfhLABad esk kifrrwad. vdNt ,OtirTay VwgLk
khwghLGwFF=Ffj j FFJ.

,ouirTiafi IkIIFSW TcosEquka nrgFjJfsw TsmE"? ,U
ﬂ ﬂ

$WFshfg gFffyhk. A, Bay FHilkllIf $WFs rkvzkjiggy vihjiiray
nraygLfidwd. vdN®m 1 t=xd swxdWrkd nrafidwd. esk
AbirakfrrwajhffudtjhynrgFjIfswfs A, Bayy nrqFjJjinray
tistid ikak Nehffp ,Uggjhy mtwiwF $SIINt=Lk njhFgad Mu
irFMdJ

Fr=2Tsin§g9
29
fkgad esjJdld xggbmiyad trRkifrrwad. vdNtrwaNfh=zjjd iard
kKjigoigj Nj huhakhfsmgzo» 9vdf FwFFyhk.
29

F =21 290-14
20

Mdhy»>qg = d—Rldetehk ngWwtJ

F. Td—RI
eAlldd ,uz IhtJdugjnafkgad
toNanrayglL j prkejiyay tirad
(radial), s kaNehfFo 1 rFFrkkhFk.
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ThinggjiTfs:

Tkgayy VwgLk miyad jJiarNtfk

1. ,Otirad ,Ukb %yjjwFNehjjfeYk

2. es e mwmlhjji(Linear mass) ad ,Ukb %yjjwFvjhjjfoYk
3. miytbtjijr rhuhkYk mikAk

kinjjdiknfhzICIfjjiy nelliyad jirNtfk

ezlcUistbtf Fohayy
FWFFntlLggugGAei i yahdejiwnfhz IklrjjdikCIlfk (,qFfwiwf FUJIF)
P mOjJJIIY cssJdvdt. ,ejf Fohary nellsyfisXh
,arffatramjuraggNghg jId xdaiwf nfh=zLfhwiwmOj jiNahvwgL j jyhk.
cUisad mrRfF ,1zahfmiyKdNdWejhff nfthsft. Mukgjjly xaty
cssClIifjjd mlhjjipvdTt. t = 0 Neuj jiy gjlid
, 1IJKidayUedujarNtfjJild tyJdKiadNehfhethfiwd.

vwdgdklrmiyad jiarNtfk ukwwk g Jjldd jiarNefk vdf. Neu
, 1Intsjay gjid efUk Jluk Ad = UA tklng
Jdaknfh=z IkhWghLefhejnjhiy TAX =V ALt.

AtNeu , ilntsay vjiarNefjagmiulejthwwd eswA mvdf.
Am=pAAX=pA(VAT)

gl 1d uvdwjiarNefj iy ,aqFtjhy VwgLk cejk
Ap=[pA(VAt)]u

Tz jjhfFvdgJdcejkhWghLvdgjhy»

effuf=zj JhftF

I=(APA)At
myyJ(A PA) At =[p A(VA t)]u

Ap=pvu

Ffhwwd toahPxymiynryYkNghD rnwagUkd c i1 lathwWggFjpnghlhed
,WFFgFfSTFk jshrnfSTFRk clgbfwd.

DP = B[i/—v
,qPVvvdgdfhwwd njhlffgukd kwWk KvdgdkInCIlfjjd gUkFF=TkK
(Bulk modulus).
Mdhy V=Ax=AVAt
NkYk AV=AAd =AuAt
vdNt
AuDt _B u
AvDt v
xgglfimlggd

DP=B

rvu = KEmny v=X
v p
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nghJthPkInNCIfjjiy nelliyad jiarNtfk v:\E

,QPECIT] jid kInfF=Tk (Modulus of elasticity).

NehTFfs Jizkj jwF
xUghkh= j =L (1 dimensional rod):

Y

V= |—

r

,gPYvdgJdj=Lr nraaggl Inghusid agFzfkpj=zbd
xUghkh=zj=zlLaq F=T]j 1 jkIlLNkngwwUTFk.

Kgghkh= j =L (3 dimensional rod):
Jizkk xdwd toNanelliyad Ntfk

B+oh
3

V=
r

,qPutiwgcFF=ZzFkBgUkT F=Ffk kwWk J=zbd mlhj ji.
NehTFfs jutjjwF:

V=
r

,QFKgQUkf F=zfk kwk p Jjutjjd mlhyj. gUkF F=fk
BmyyJdkvdwvOj jhy Fwgglyhk.

FWwffrynelliyfsid jiarNtfk klng g=zGfisg nghUjjk (Fkgaud
,OtunrT,gUkFF=Tk BNghdw 1 ) kwWk e/mykg g=zGfisAk
(mIhj jimyyJIXuyFesjjwfhdemw)

NtENEWC I Fgfsyy xyiad Ntfk

tvz | Ciftk Ntfk ms?
Jizkk
> uggh 1600
Jafk 3240
gjjis 4700
Jhkuk 5010
., UKG 5950
mY kidiak 6420
Jutgfs (25°C ,y)
kznzz=znza 1324
ghjurk 1450
eh 1493
Tly eh 1533
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thA(0°C ,Y)
MT Ld 317
ThwW 331
—yiak 972
1 Iu[d 1286
thA (20°C ,vV)
1| FhwW | 343

Xymiyad guty:

xymayahdJnell 1 yahFk mJguTk CIifjjy , WFFqQTSkojshrifSk
vwgLk. foff=lIghlggFjary fhwwpy xylad jiirNtfjijeAlldd Kiway
mstlyhk. gddh mjd kjhdyhgy | fhwy  xyayd
JiarNefj njoghyifFk fhuziFisAk tthyffyhk

Tfhwwy xyiad jra rNtEjjwFhdeAilldid rkdghL:

fhwwy XxXyiguTk NghdvwgLk ,WFFgFfSk. jJshrrnfSk kfnkJthfer IngWfiwd.
vdNt ,ejefortntgge i ykhwheffothfeAlld fUjidhh. mjhtd ,WFFjjidhy
(mOjjk myFhfFfiwIguUkd Fiwfwd) VwgLk ntggk kwWk nefiotidhy VwgLk
ntgg Mels[C (mOjjk FiwAkgUkd m jIfhFFK) nkJthfefotjhy
ntgge i ykhwhky , UggjhfeAllld FfUjidhh. vdNtfhww
%y THWT I sxUeyyiayGthAthffUjidhymOj j>gUkkhWghLfs ghayy
bty FFFlLggLfidwd. f=z)jggb
PV = khwiy
ratifgolLjp
PdV +VdP =0
myyJP=-V— dp =K
Yy qv |

, gFKfhwwd ntggel i ykhwhgUkFF=zFlegujianbfhwwy xXyrand jia rNEfk

e

P vdgdfhwwd mOjjkNTP (,ayGntggeiiykwwk mOjjk) .,y ,d
kjigG7enr.kghjurmO j jkhFKk.
vdN®

P =hpg

P=0.76 x 13.6 x 103 x 9.8) N m2

p =1.293kgm3
Tfhwwy Xxyiajd NtFk (NTP)ary

- \/(0.76’13.6’103’9.8)

! 1.293

=279.80 ms1~280 msi(F=FFIL KkjigG)
Mdhy>MaT  %ykhf0°C ay  fwy xyjad  parNefk 332 ms
lvdmsffgglLssd. ,ejkjigef=FFILKjgngtl16%mjifk.

,(332-280)

332 100% =15.6%. , JF swthdg somyy

rytjg g

yhgy I, JiUJjKk (Laplace Correction):
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1816 y vyhgy IPNkNyFwggill IFawghl 1 D*xyiXh  CIfjjiy guTkNghdJfsfs
kfgiuthfmiyTwejhy ,WFFgfSkjshrnfSk kfNtFfkhfvwglLk” vdf
fUj Iy nfh=zLrhnrajhh. , WFFj jidhy CIfjjwFnfhLffgglLk
mjfntggKk jshrrn %yk VwgLk FshrintisTk Rwwg GwjJdid rkd
nraagglhd. vd vdyy fww (CIfk) Xh mhgwFljjjahFk ntgge s ykhwhIvdf
TfUjKbahj jhy» »J xUntggghkhwwkyyheffFoTMFK.
ntggghkhwwkiyyyhtji sTvdf fUJtJhy>thAghard Ty nagdgwwifwd (eAllld
TfUjiadNghy ghayy tjjimyy). vdN®
PVY = khwy

_ G
.aFg = c.’
Cpr—-mOj jk khwhNkhyhh jd ntggvwGjjwd
Cv—gUkd khwhNkhyhh jd ntggvwGjjwd
tafgoljp
VIdP+P(gV?*dV)=0

mnygP-—Vj—\F;—B

- QFKafhwwd ntggkhwwlwtii sty gukf F=Tk.
nghUj jfhwwy xyiaid JiirNtfk

i

fhwwy KfhakhfFielu[dMfn[d>s ~ lu[d kwwk gw (,ulilmZ %yf$WwW
ThA) >uggihy g =1.4. vdNtfhwwy xyjad JiarNtfk

vA=(V1.4)(280ms™) =331.30ms™ , J MaTKbTkjiggwFkf ,WFfkhfcssJ.

thAty, xyyaid jiirNefj i johjiFFk fu=zifs
eyylayGthAxdiwf fUJF mjd rkdghL
PV=uRT
,QFP - mOjjkV - gUkdT - ntggeayp - Nkhyfsd vzzFiPR-
nghJdthAkhwypnfhLFFgglleyiwnfh=1 %y fESWFFFfofF=1thWvO jyhk.

PV

—=kh
T WY1

e nwm 1 akhwyahfitjjhy>thAtd mihjjiahd I>guUkDTF
vjhj iy khwk

Vv r

nghUe jidhy>fia 1ggJ
P
—=cT
r

» qFc xUkhwpy.
nfhLFfggl Ifthwwy xyiardd jiarNtfj i j fofFfhZkhWvOjyhk.

£= gcT
r
Nkwf= lrkdghlbyjUeJdehk mwtJ>
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mOjjijid GisT.
xXUenyahdntggens yay mOj jk khWgLkNghJ>mihj jiAk NehtwFij j Jry

KhWHiwJ. mj htJ #Po _ep 1yahfmikfwJd ,jd nghUs

ry
e 1 yahdntgge i yayxyad JiarNtfk xUkiyad
NkYIkoFOk ntggeliyrkkhf ,Uejhyxyjad jjarNtfk khwhky UTFk. Mdhy
eilKiwvay kiyad NkYk FOK ntgge i yrkkhf UFfhI. vd NOxyiad
JiarNtefFKk khwglbUFFk.

QVuT

ntggeiyad ©isT:

xylaid gpiarNtfkontggeiyad (nfytd Kkjigé) ,Ukb %yjjwFNehjftyy
KhWwfiwJ.

vovdgJO0’C myyJ273 K ,y xyiad jiarNtfk vwdgJdVNJDk xUntggemyT
.YV xXylad jinrNtfk vdTk nfh=zlhy»

l—\/T _\/273+t
Vv 273 273

V=V, 1+ —
o 27 @"8 546;3

(<kUWgGth 1 tgadgL j §))
0°C y xyiad jimrNtfk vo =331 msivdgjhy’VNJDk xUntgge i yt’Caly
v = (331 + 0.60t) ms?
xtnthUl°’CntggejiycahTfFk xyiaid jiarNtfk 0.61 msimjifhFfwd.

FwgG: ntggeliymjifhfFk Nghd %y fdWFs mF Mwwy mjifhgghy
NEFkhfmphTWK. vdNtjja rNEFk myfhFfiwd.

mihjjiad ©isT:

rkntggeiiy’mOjjjjy cssxUthAfFisTuJdt. mtwwd mihj kLK
NntENtWvdF. mejxUthAfFsid toNaxyad jJiarNtfqfs KiwNay
9P

"\

KjigGrkkhd thAFFSTR
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v, \n
vdNtthAxdwd toNaxyad JiarNtfk mlihj jiaud , UKb
%yjjwFvjhjj oy mikfwd.

<uggjjjid tisT(humidity):

<«uggjk cssfhwwd mihjjicyhejfiwwd mihjjiiagNghy 0625 kIgFEMFk.
mjhtI<uggjkefhwwd mihjjimaFawjJdtolfiwd. vdNt<uggjk cssthwwy
xylad jJinrNtfk mjyfhfFfwd.

p1, Vi, KWWK p2, v2, vdg i1 tK 1wNacyhej fhwWx<uggjk cssthwwd mihj jkwWk
xyjad jiarNtfk vdf.

(9, =r,vdy)

PvdgJdtsk=lymOjjkhjyhy foff=zI1thwvOjyhk.
r, _ P

r, p+0625p,
> gPp1, p2, KiwNacyhej fiwwkwWk euhthasd gFJmOjjgfs.

L
*\'p, = 0.625p,

V=V

fhwd ©iEsT:
ThwWERtjhYk xyaid jJiarNtfk khwk. fhwwd jJiaray xyinryYkNghdmjd
JiarNefk myfrFfwd. fhwwwFvhj gisray xyad jiarNtfk Frwfwd.

xXymiyfsid vjinuhyigG:

xymiayfs xUCIT] JiyileJkwnwhUC I Fj JwFr
nryYkNghJ>foff=zlefoTfs VwglLk.

1. xylad vjinuhyigG: ,u=zIhtJCITk kFeymlihjjiAilajhf (cWjahdjhf)
, Ueghyxyiahd JKOtJkhfKjy CIftjjwFsNsNa (k=zLvOTtwd)
VvjinuhyigGm s 1 fwd.

. xXyad bty Ty, xyxUCITj jiyijUeIkwnwhUC I T jwFnryYkNghJ
(,uzlhtJCITk Kjy CIfjijulmlhjjymjfkhfcssNghd) mjd Mwwy
LUZIhteJCITjjhy clftuggltjhyMwwy , ogGvwgLfiwd.

,€Jg ghlggFjlasy xymad vjnuhyigigklLk FUJINthk. xsjiag Nghy>xyjAk
vjnuhyigetifSTfFclghk. mtujifs
1. xyiad gLNFfh=kovjinuhyigGNfh=j jwFr rkk
2. Xh gugghy xXym 1 yVvjinuhyffggLkNghJgLCssiary
gLmiyvjinuhyigmaykwWk FjIfNFhLMflarntxNuysjjiy mikAk.

Mb xdwhy XSV jinuhsFrggL € INghy>xyiAk Xh Tbdkhd>rkjsguggy

Vv jinuhyfFfrggLtJgsiqF(Specular)v yinuhyigGvdggL fiwJ. , Ixylad
m 1 yeskovjinuhyigégug igttlguggd NkLgssjijtulrnwajht ,UFfFk NghdvVwgLfwd.
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rkjsgugGfs)yy, xyiad VvjinuhygG:

Xymiyfs rkjsRth kJINkhJkNghJ> (Xxsmuyfs NghyNt)
me jRtwwyiUeJk=zn1Ofidwd(bounces off) Xyigghd
xdWRtwwwFrhathfxUFwggl INFh=zjjiy s1tffggllhy> %yjjiyiled  (xyigghd)
tUk xy1 (Gssixyr %yk vdffuUJdf) maNfhsmiyKfgghffUjyhk. vdNDRtuhy
vjinuhyrFFggLk miyKFfgGk NfhstfmiayKfgghfNtmiakAk. mjDilatisTikajij
(,Jd rkjsguggd kWGwk miukejUFFk) xy1 %yjjd gkgkhffUjyhk (kha
myyJfwg i dxyigghd) NkYk ,J jJsjjid gdGwk mikedssJdvdTk fUjyhk.

tisTgugGTsyy xyiaid: vjinuhygG:

xylad g=zGvjinuhyFfggllgugigAk nghUjjJd. Fop Ft) kwWk rkjsgugGfshy
vjinuhyffrggl Ixymiyfsd g=zGfs nteNtwhfcssd. Fo gugghy
vjinuhyffrggl Ixyrthednrytjhyymjd tyiik (Mwwy) FiweJdgLfwd.

mNj rkak Foj gugghy VvjinuhyrFfrggl Im i yxUGssjalyy FoffggLtjhy
vs|jhfngUffk s 1Ak (€Eyra koMwwy mjFhFhwd). gut s savjnuhyigghdfs
(€asTvjinuhyigghd) xymiayfFasFwggllGssiay FtggjwihftbtakffgglLfidwd.
, 1omyfparg=zGi laE=z=zjaxyjgghdf i s(microphones) tht s kffg gadgLfidwd.

vejxUgugCk (tOtOgghdImyyJdnrhunrhugghdJd) xyiiaclftUk vdehk mwNthk.
vLjJdffhllhfnghamiwfs myyJdfiyauqfgfs myyJdjiivaigFEfs Mfatwwy
VwgLjjggLk xymjd RthfsNkw$Hiufs jiu kwwk ,Ufiffshy ngthk
c I ftuggLfwd. ,€] ,ogigjLFPbtisTxygugéfs (Fo gugGfs) xyigghd
Kdghfmi kffggprdwd. , 1t xyjgghdyiUeJtUk xyjiaNFINghh $S11k (audience)
NehFfvjnuhyFhdwd. ,eJKiwvyyhjiarfsiYk XyiguTtujf Fiwj JImugfk
KOtJdk ruhfxyiguTtim jNkkgLjJdfwd. vdNtjhd mugfjjly vejg gFjay
mkhe jiUggtUTFk xyiahdJdvejtijj i lAkdwnrdwi 1fiwJ.

xywjnuhyiggd gadfs:
-Jajdbgcknhd;: ,J xyad gdklgfhdvjinuhyiggd jidtjjy .aqFfwd.
»J %dWgFjifasnth=13.

1. ,jJjajjid kJntfFk gFj

2. fhyyy mtfFk gFj

3. uggh Foha

1. ,jJajjd kIntfFk gFjr ,J rwajlLtbtyhdxjjjhTr reT. ,J
xyinakfFEzZzzjakhfczUk. NkYk czhejxy)iangUfFk.

fhyyy, 1tfFk gFjr ,J cCNyhff Fohafshy MdJd. ,J
,jajjiyilledJc=zhejxynaNflfg gadglLfiwJd

uggh Foha; ,J ,jak kJitfFk gFjinaAk fthyiy 1tfFk gFjimaAk
, 1ZzTHhwd. ,jak kJitfFk gFjjad retTczhejxyinathjyy mtfFk
gFJIfFvLjJr nryfwJ. E nvauyid rjjk myyJ -jajjd
JbgbmyyJdcly cs cWgtfs VwgLjJdk xyimaczhedmiujthjy
1 tfFk gFjfFuggh Foharyy VwgLk gdklgFvjmnuhyigG %yk vLjJr
nryfwd.

4. vjinuhypRth myyJkiymyyJvejnthUxyij j i IguggdhYk
Xy jnuhyifFfgglbk= Lk k=Lk NFIfgglLk Xxyivjinuhyivdgglk. 20°C ayy
fhwy Xxylald Ntfk 344 msl 344 m njhiytYssRtwwi dNehffehk
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rgjk nrajhy mJ 1 tehbay Rtwawmi 1Ak Rtwwy
Vjinuhyij JgwPNkYk 1 tdhbfojdmejxyekakmia 1Ak vdN
, Uttidhbfs foij Jvjinuhyrs aNFINghk.

mwtiay mwQhfsid f=zfflbd gb>ehk ,U
xymiyFfisnjsthfNFIFFSbak ff Fiwej Neu , 1Ints

(kdijnrgaxd njhlh NFIFKk jwd) xUtiehbayd %gFjpmjhtJO.lsMFk.

flej Jhk :E

JIIrNtfk =——
vLJJ nfh= 1 Neuk t

2d =3440.1=344m

d=172m
20°C-ary v jinuhyINFIPvjinuhyiecho)NFIPvginuhyfFk Rth (QugG)
mikaNt=zbaFiwejglrj njhayT17.2m.

Nrhdhh (SONAR) : Sound Navigation and Ranging xyw jinuhyigé %yk flyDs
NjLJy kwWk f=zLgbjjy fut.

Nrhdhh FfUtixyjald vjinuhyigigg gadglLjjehDs cssnghUsid erymyyJd
,affjijc=zug gadgLfwd. ,NjKiway jhd IThygdfSkttthyfSk
,Usly $1 jhgfs nryyNt=zbatosaNjhenjLfHdwd.

vjih Koffk (Reverberation):%bam iwxdwDs xymnjhlheJRthfsidhy
Vv jinuhyfFFggLk NghJI>xy 1%y k xXyvwgLjJti jeWwj jiagwFlkoxyNFlfgglLk.
, tthwXh miwayy Xxyikji(Reverberation) ,UfFk efoTvjh Koffk vdgglLk.

XY %yk xyvwgLjJti jeWj jiagwFxyINFIFk Neuk “vjih Koff
Neuk’(Reverberation time) vdggLk. vjih Koff Neuk $ljjiy xyad
Jjdaayigg ghpfFk. vdNtmugfqgfs cfeymsTvjh KOTff Neuk
m 1 KAKhWm & kffggLfwJ.

FwqgG:
xymiyfsd tiffsxymiyad mjhnt= mbggilay xymiyfis 3
FOTffshfg ghffyhk.

1. NFshxyy (Jho mjyhnt= miuyinfrasonic) 20 Hz t©liFiwthdmjhnt=
cilaxymiyfs kdjjd NFIfKbahy (Nfsh) xywvdggLk. ,egmiayfs
eyelLffjjd NghJVwgLKk. ghkGfs ,ejmjhnt=
cilaxyfisNfIff$Sbait

. nrgA=zh xyj(Audible Waves):

20 HzKjy 20 kHz (20,000 Hz)tiumghnt=
cilaxymiyfskdijnrtc=zUk miyfs vdggLk. NkwFzImjhnt=
neLfFfxymiyfiskdjdd nrtahy cz=zu ,aYk.

khahy) (cah mjhnt= xym iyUltrasonic)
20 kHz atlmjfmjhnt= cilaxymiyfs knahyvdggLk. ttthyfs
(Bats) ,ejxyiiavwgLj jTNFIFTk $bait.

Nr=z i yNtFk (Supersonic speed)
Xylaid parNefjajuoulmpfNefjjly ,agFk nghUs NrzayNtfjjy
(Supersonic speed) nrytjhffUjgglLk.
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khf v=
%yjjd JierNefjjwFkxyad jianrNefjywFk , 1 INaahdjfNtkhf v=
vdggLk.

_ %yjjd gpiarNtfk
xXylad jimrNtfk
KdNdWmiymyyJd ,aqFk miy:

khf v=

miyxdWCITjjiy njhlheJKdANdwr nrdwhy mejmiyKdNdWmiymyyJd ,aqFk
m 1 yvdWngah.

KdNdWmiyad g=zGfs:

1. CIftj Jfsts mjd rkejiygGssimainkakhff nfth=zLkhwhj €rrny
mjhTWHdwd.

2. xtnthUJdfsd flIIKk 0 Kjy 2p tiukhwfidwd.

3. vejnthUJdfSk njhlhedxaty ,Uggjivey. m 1 yKdNdWk

NghdxtnthUfi leayGssifsyy klLk ,UKrwXaTenyfFtUfidwd.

4, KANdAWFWffFryfs KfLfs MTLFshfTkKdNdWnell iy fs
, WFfgfsJshrrfshfTk guTHhdwd.

5. JfsTs rkeinygGssiiaflFRFkNghdrkmsTngUkjia rNetfj jiy nryfidwd.

6. nAnjhiytyy (n - xU KO V=) ghffggl 13 fsfsid
, Igngahrrpjia rNEFOKLFFk rkkhFk.

rkjsKdNdwm s yffhdrkdghL
t =0 y ,033fF fTllgglifkgiarinld ,0OjJtL. nfhLTfggllkhwWghlbdhy
Vwgl 1 3bgGNehfFwixjiarary eiyahdNtfk v y KdNdwrnryfwd.

miyjJdbggd tbhtjijfzjKiway t = 0tidhbayy y =y (x,0) = f(x)vdFwTffyhk.
miyjJdbggd tbtk mjd KdNdWk ghijay khwhdvdf FfUJINthk. rwJ Neuk t
TFRgwPtyggffk efthjjJbgigx’vdf FwgNghk

y=(x,t)=f(x)=f(x-vt)
> NJNghy>’m 1y jJbgGe;n yahd jim rNtfk VvAld , 1ggFfk ,agFtjhff
TUjidhy>y = f(x+vt)

,Umiyfsy= f(x+vt) Ak y = f(x-vt)Ak
foff= IxUghkh=zt 1 FFnFOrkdghlbwFnghUeJksmJINtm i yr rkdghLvdggLfiwd.

x? Ve qt?

,QFFwaL fgFj| tiff nfOrtf (Partial derivative) FwffwJd.
Nkwf= 1rkdghlbd midjJJhTFSkK m 1y fFnghUejhdvnddyy
vejxUvwFfSbamiyAk eidyahdkjgcFismidjJIxkwwk  tFFngwNt=Lk.
Mdhy>xUrhhGxUm iy 1 aFw j jhyymINkwF= 1€t 1§ FFinfOrkdghlbwFnghUe JNt

ZzLk xUghkh=zjgry xUjdiggllkhwpx— Tg nghUjjnkhjjta FInfFOTK
gFjti FinfFOTk xdNwmi j
xUghkh= j Jiy (xUjdiggl L khwy)>x- Ig nghUj gnkhj j€Ea FInfOTk
gFJEs FiNFOTk xdNwmi j

d’y _1d°y

dx*  vAdt?

ﬂZy_ 1 ﬂZ
2 T2
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, 1 JxUghkkh= J JwFNkYk (,uzb %dWNKYk)
vsiakFfhfxUghkhzmayrrkdghl i IklILk FUJNthk.

miyxdwd tiugltbtk

foff=l ,U tbt miaykhWghLfistauglkhfFhILNthk.

1. nts) (myyJd ,1Qrhhej) khwghLtruglk (space variation graph)
2. Ffhyk (myyJNeukrhhej) khWghLtmuglk (time variation graph)

ntskhwghLtauglk;

ird rhhGemuglk y = A sin (kx)Neujmjemyahff nfh=zDxiag nghwWjJ
», IgngahrnkhWghLtsuagglLssJ. y = A sin (kx) vdwird
rhhGE s uNfhLFfhllgglLss 1 JTUJINthk. » QFkxUkhwy. A miayesk
vdgIxNumjhTeliyay css ,U mLjjLjjGCssFSTRiEINaahdj njhayT. y
=xkwWk y=x+Avdw ,U KidfsiYk , IgngahrrnyMdJxNumsT. mjhtJd>

y = Assin (kx) = A sin (k(x+1))
= A sin (kx + k1)

ird rhhGxUruhd Neu Kiwayy khWk (,qF Neu 2p) vdN©
y = Asin (kx+ 2p) = A sin (kx)

xgg b

kx + KA=kx +2p
,JFhiLfwD

k= 2—’Oradm‘l
1

,gFkvdgdmiyv=. ,J2pNubadyy vjjidmiyfs cssdvdf Th=Tk
myyJvttsTNtfkhfmiyntsay miyTWiwJdvdf Tth=zTk gadgLfwd.

miyad ntsirrhhejKawahdmjhT(Periodicity)
=—m
K
t=0sy y(x,0)=y (x=A\,0)
VNJDk xU Neuk tayy y(x,t)=y(x+A\,t)

Neu khwghLtmuglk (Time variation graph)

e/ 1 ykhwhky cssNghINeuj i jg nghUjJdp» , lgngahrnay VwgLk
khwghLtmuglkhftiuvagglLssdy = A sin (ot) vdwiard rhhGtrugljujf
TUJINthk. » JFoNFfhzmjhnt=. »JNeujijg
nghWjdvttsToiuvthfmiymiyTWHiwImyyJdxUtidhbfFvj j i dRowrfs
VwgLfwIvdgi J¥ FhlLfwJ. NeuQrhhej , i IntsuiutjhT(Periodicity)

T= 2_p P w= 2_'0
w T
NFhzmjhnt=zmjhnt=-21d Ffoff=1thWnjhihGgljjgglLssJd.
w=2pf ,qFfmjhnt= CilfjJdfs xUtiehbasyy  VwgLjJk miyTfsd
vzzififvdtivaWffggLfwd. myhnt=z=)d jryfomiayTNeukhjyhy>
T=1g
f
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TCITfjIfs xUmiyit (myhat) Kbgggwfhd Neuk. vdNtmiyad
NEfjrpmiy 1 tiehbayy FITFk njhiyTvdtruaWffyhk.

v:i:lfms‘l
T

Jfs jJiarNtfk kwwk miuyjja rNtfk;
rkjsKdNdWm i yayy (rhvir) CIfjjd JfsfTs mtwwd
rkeiiygGssiiankakhff nfhzLjdirrhiraay miyTWHRdwd., Jfs xdw
,affjJiysshNghdvejxUf=zjpiyk mjd , IgngahrnkhWk tjk JiarNtfk
vdtruvawffggLfwd. ,INtITsid jiarNtfk

v, = d—yms'l

dt

Mdhy? y (x,t) = Asin(k x - wt)

.Nj Nghy>% = wAcos(k x - wt)

,NjJNghy KdNdW (,agFk) miyad jperNtfjrj (,qFNtfk) truaWffyhk.

XUKdNdWmiayraf TUJINthk. ,Jtyggffk Nehfhh ,aqFfwdvdf. T=z)jjtbty

xuUrrd muyahff thillyhk P vdgdmjd iy Xh Gssvdft.

ypvdgJdrkesyayiUedmjd , Igngahrrivdf. vejnthUf=jjiYk (t) , lgngahrriahdJd
y =y(X, t) = Asin (k X — ot)

mLjjFf=zk tt=t+Atasy Pd egiyx =x+Axvdf. ,ejgCGjiaf=Fjjiy (t) , lgngahrr
y=y(x',t) = y(x+Dx,t+Dt)
= Asin [k(x + Dx) - w(t + Dt)]
miyad tbtk khwhydmjhtImiyad Ffllk khwhd (vdNty ,gngahrrxUkhwyy)
vdNtrkgglLj >
Tllk khwhJd (vdNty , IgngahrrxUkhwyi) vdNtrkgglj j»
y(x', ') = y(x,1),
Asin[kx+AXx)-o(t+At)]=Asin(kx-wt)

myyJ
k(x +Dx) - w(t + Dt) = k x - mt = khwy

Jhfhe
Dx_w
V=—=—=V
Dt k P
,gFvomiyad jJiarNtfk (wave velocity) myyJFflljiarNtfk (phase velocity)
NFhzmjhntz'miyvzfismjhnt=z kwWk miyesk %yk vOjp ,jd %yk
NFhzmjhnt=z'miyv=z kwWk jJiarNtFgfisfoff=z1thWwvOjyhk

JiarNtfgfisfoffz1thWvOjyhk

2p

w=2pf=—

P T

.2

I/
v:%:lf
NkwnghUeJdjy jjJtk
xUK1day fllgglltkgad xUK1drarInldWNky
,O1JtullhyymiyjJdbgGvwgLk. NkYk mJIfkgay KdNdwr nryfwd. khwhffkgad
,UKidraAk ,Uth gbjJdfnth=L ,UtUk xNuf=zjjiy mkKidfisrinldWNky

151 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




,O3Jullhy ,UZLmiyjJbgGfs xd s wNehFFixdWeftheIxUGssjaly
rejijrmgessiiafieImNjtbtyy nryYk MdhyFWFfLk Gssiay klLk mtwwd
g=zGKOtJk khwglbfhlbathWFWFRLK JbgGfs xNutbtk ngwWssdthmyyJdvjih
tbtk ngwWssdthvdgi jg nghWjJdm i kKAk.

XNu tbtk nfh=zl JbgGfs> FWFFLKk Nghd njhFgad , Igngahrrp jdiggll
, lgngahrrfsd $Ljyhf miktjhyy mgF trR> jdiggll ,UJdbgGfsid trRfis
tl mjfkhf ,UFFk. mNj Neujjgry ,U JbgGFsid trRfs rkkhf ,Ued> Mdhy
tbtqfs 180 vjhfFlljpy Fwfhllhyy trRfs xdiwnahdW mojjJf nfth=zLk
mgGssjiaft flej gwF mNj tbtjij k=zLk ngww vjh vjuhf KdNdWwHdwd.
miyfs KkILNk ,JNghdw MrrhaggLk g=zig ngwssd. ,eefort ehk
NkwnghUeJdjy jJjJtk vdfiNwhk. miyfs FWFRALkNghd VwgLk njhFgad g=zGfis
NkwnghUjJdjy jJjJdtk tistTFfwd.

,1J vjjgid miyfSTF Nt=zLkhdhYk thTgLjjyhk. mjhtd ,u=zL myyJd
mjwF  Nkwgll miyfs xNu Neuggiy Xh CIfjjy Fwihllhy njhFgad
, IgngahrnahdJd> jdiggll miyfsid ,Igngahrnfsid ntflh $SLjyhf mikAk.
miyfs vdgJd mEyrrkdghlbwF nghUej (mEyr rkdghL vdgJd
, UgbgF it s FFInfONeh rkdghL) mikeJdssd. mitNeuhf , 1 =zAk Nghd (miyfsd
Neh NkwnghUedjy vdmiuoffggLfwd) njhFgaDk mNjtsffnfOrkdghliLld
nghUeJk.

fzygKiway Ghednfhss ,U rhihnGFissmiyfsd , Igngahrrnfist fUJINthk

vLjITFfhlIhP

y1 = Az sin (kx — ot)

kwWk

y2 = Az cos (kX — wt)

y1,Y2,UZLK miyrkdghlLFFxjJssjhymjd $Ljy>
=Yyitye

,JTk m iyrrkdghlwanghE/JeJ%‘pwJ. mjhtd , Igngahrrfs $LjYTFFclglLk
jJdikArlait yLy21 € xXUKkhwpy %yk ngUffidhy mtwwd
trRmejkhwyk lgFmjifhfFk.

mjhtJC,, CovdwkhwyFa st nfhzLK awNa
, Igngahrry.y, 1anguffidhy'njhFgad , Igngahrr

y=Cyy1 + Coy>
, 1 jvjjidmiyfSTFNt=LkhdhYk nghJthfFyhk.
vLjJdfrhl IhfnmeyfistUjdhyNkYk xUghkh=z j 1 Jtlmjifghkh=zqgfsyy
TfUjidhyehk , Igngahrnmantflh tbtyy vOjNt=Lk ,jd mbggin lay
njhFgad , Igngahrrp

r g

y=atcy;

i=1

NkwnghUedjy jJjJtk foff=zltwiw tisfFfwd.

1. nts(myyJd) ntsirhhej FWFFILGasT
(, INtvs i kahfFWFFILGasTvdTk TUjggLfwJ)

2. Neuk myyJNeuQrhhejFWTFILOIST (tkkyfs vdTk miaoffggLfwd)

3. enymiyfs jjJtk

NkwnghUeJdjy J3I3g wkFx3Jr nryYk miyfs
(€ErRkmiyesj i julkffFiwthfecssmiyfs) Neh miyfs vdggLk.
miyad trRmjfkhf ,Uejhymegmiyfs Neh jdikawwmiyfs vdgglLk.
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,ejmiyfs Neh NkwnghUedjy  JjJdtjnjkWk.  vLjJIFFhiIL: Ny rh
,ejaghljjJiy ehk Neh muyfasklLk ghhgNghk. foff=zl1Jdm=j jJuygGfsy
xdwdgd xdwhferehjigNghk.

miyfsd FWFFILGiST:
,Umiyfs NkwnghUjJdtjhy mjd njhFgGmiyad trryy  VwgLk
mjiFhigeF awTmyyJtrRkhwhky ,UfFk thiisTFWFFILtisTvdgglLk.

XNumjhntzZke) i yahd FIINEWghLokwWk ~ XNumiytbtk nfh=l , U
riirmiyfs (Xhay %yqgfs vdf fUjyhk) mtwwd €rRfs A Axvdly
y, = A sin(kx - ut)

y, = A,sin(kx - ut + )

xXNu jJiarayy> xXNu Neujjiy ,aqhfidhy mitfsid FWFFIL ©isT (mjhtd
,U miyfSk xdWld xdW NkwnghUeJdjy) VwgLk f=|jggb

y=yit+y2

nghUj jekfFHn lggd

y = A sin(kx - wt) + A, sin(kx - wt + j)
JhNfh=kigiggb

sin(a+ b) = (sinacos b +cosasin b)
vdNt
y = Ag sin (kx - ot) + Az [sin (kx — ot) cos ¢ + cos (kx — wt) sing]

y =sin (kx - wt) (A + A,cosj) + A, sing cos (kx - ut)

Acosqg = (A + A,cosy)
kwWk Asing = A sinjg

vdf nfh=zlhy rkdghL khww vOjyhk
y = Asin(kx - wt) cosq + Acos(kx - ut)sing
y = A(sin(kx - wt) cosq +sing cos(kx - wt)
y = Asin(kx - wmt +q)
kwwk it ,Ukbahffy $SID
A= A+ A +2AA Cos
nrwTvdgJtrrnd , Ukbvdgjhy @ = A? njhFgad nrwTmgGssiay
FHINEtWghl § InghUjJIm i kAK.

I =1,+1,+2I,1,cosy

MFff FWFFILYE stwF:

xUmiyad KfbkwnwhUmiyad K¥fLId NkwnghUeJdkNghd>mtwwd  trRfs
$SllgglLMTFF FWFFfILisTvwglbmjd trRjdigglImiyfsd
trRfistulmjfkhf ,UFFk

MTFFWFFILbisTxUGssjasy Vwgllhy mgGssiasy nrwTngUkkhf ,UFFK.
mjhtJd

cosy=+1b j=0,2p,4p,
,qFn=0,1,2, .....

>eJTIINtEWghlby> ,U miayfs NkwnghUejidhy M FWFFIL© 1 sTVwgLk.
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Imaximum = (\/E + \/E)2 = (Al + Az)z
vdNtnjhFgad trR
A=A+ A

Mo TFWFFILGi ST:

xUmiyad mTfLkwnwhUm 1 yad KfLcld Nrheghy (NkwnghUe jidhy)
MgFMoTFWFFILGEsTVwgLk. moTFWFFILGEsTVwgLk Gssjary nrwTrWkkhT

,UFFk. mjhtJdcosy=-1bj=p,3p,5p,..=2n-Yp, ,gFn = 0, 1, 2, ...,ejJf
FIINEWghILId ,U miyfs NkwnghUeJkNghdmo TFWFFILt §sTVwgLk.

vdN®
2
IruWkk: (\/E - \/TZ) = (Ai - A2)2
njhFgad trR:
A= A=A
mo TFWFFILt 1 sTFFxUvsiathlnoustfrk nraJdfhl lyhk
SvdwxyigghdiyiUeJd(Speaker) xymiayfs P vdwFoha %yk mDggggLfwd. P
MdJTtbtiyhdxUrejjahfcssJd. vdNtxymiyad ghpiMwwy xUjimraYk
kWghyiMwwy  vjih  giaraYk nryfwd. ,NJNghy xyiMwwy  NehfFemuAk
,uUghi jfsd toNanrdwilfwd. xymiyahdJxygghdiyiUeINehfFe iuVNjDk
xUghi jtoNanrdwi TAk ghi jJesk rvdf. gljjiyiUedfo ghi jesk
rieji yahdINkyghi jesk MdINkNycssefUk Foha %yk khwwf$bad. ,ej ,U
ghi jesqfSTrhdNtWghLgh s gJNtWghLArvdggLfiwJ.

ghiJNEWghLA, RoahfNthmyyJdmiyesqgfsd (A) KO vz  klIqgFfshfNth
, UFFkovdy

Ar = nA

,qbn=0,1,2 3....
rn rghijfsy tUk ,toUmiyfs vejnthUff=zjjiYk NehfFemuxNuflljjly
(FHIN€®EWghLO® myyJ2p) rejifFk NghIMTFFFWTTILGE s 1 tVwglLjJk.
,ejeiffoTfsy (NehfFeuhy) xyiald nrwTngUkkhfc=zuggLk.

ghigNtEWghLmiayesjjid (A) mauv=z kjigGFshfmakejhy>f=zijggb>
Dr:n% ,gbn=13

(nxwEwv=)
,ejeiiyay fThlbathwr: rghijfsid toNaNehfFemuvejxUF=zjjiYk milAk
xymiyfs Vjih flljjy (FTINEWghL p myyJ 180°) m 1§ KAK
NghImo TFWFFILt EsTVwgLKk.

, eefoTFs)yNehfFeuhy rWknrw T (myyJRonrwTmjhtJIxyiNa , UFFhJ)
czuggLk. ghi jNEWghLFIHINEWghLTFS TR INaahdnjhlhG

FHINEWgGhL= ZTp (gh i JNTWghL)

DJj :2—’0Dr myyJ Dr :LDj
) 2p

DB =10 m kwWk OC = % (5)=25
CD=0C-1=25m+1m=15m
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X, =4/(10)* +(1.5)* = /100 + 2.25
= +102.25 =10.1m

nrgNfth=z KfNfh=zk EFBy
DB = 10 m kwwWk OE:% (5)=25m=FA
FB=FA+AB=25m+1m=35m
= J112.25 =10.6m
ghij N€WghL Dx=x,-x =10.6m-10.1m =05 m. ,eJ ghij NEtWghL %tpr rkkh¥
Nt=Lk.
Dx:%:O.SD I=10m
Xyl %yjjd mjhnt= fh=>
v=If b f :%:?:34%2

=0.3kHz

Xyigghdfs> %y Jryidedvjihflljjiyilejhy ghij NthhLéNkYk

%ghij NtWghLcUthFkNghJd>nkhj jghi JNEWghLA MFk. vdNtmiayfs xNuFlljjy
miktjhyB- y xyiad nrwTngUkkht , UFFk.

tkkyfs NjhdWk tjk:

rwNwNEWgl Imghnt= nfth=1 ,uZzLmyyJImjwFNkwgl Imayfs
NkwnghUeJtjhyxUGs sjayy Neuj § jg nghU § JtrRkhWgLfidwxyNFIFk
,ejtuisNttkkyfs vdggLk. xUtidhbayy VwgLk trRngukqgfsid
vzzififlatkky mjhnt= vdggLk ,u=zlLxy) %yqgfs kILNk ,Uejhy>mtwwd
mjhnt= NEWghN I tkky mjhnt= vdggLk. xUtidhbary tkkyfsd

vzzififn=|f - )

eliyahdmiyfs (Stationary Waves)

giymiyfSfrhdtistfk

m 1 yxdWfbdkhdxdwd kINKhJkNghImJIk=znl1OeJteJdmNj
vjhjpiaraygioamiyAld (Nkhjiamiuy) NkwnghUeJtjhy

miytbtNkeiymiyfs myyJeayahdmiyfs vdgglLk.

XNUErRXNug s rNefk nfh=1 ,U rharKdNdWmiyfs (fkgxdwy c=zlhd) vjh
vjh jJiaray ,aqFfidwdvdf.
Kjy miyad (gLmuy) , Igngahrrp
y1 = Asin (kx - ot)
(€yJgffk eUk miuy)
,uzlhtdmiyad (vjnuhyigbmiuy) , Igngahrr;
y2 = Asin (kx +t)
(, 13gffk efUk miy)
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NkwnghUeJjy jjJdtggh ,U miyfSk FWFffLmialeDnjhFgad , Igngahrrp
y=yity>
rkdghLnghUj j>
y = Asin(kx - wt) + Asin (kx + wt)
JhNFh=zkjojfFisgadglj ji i akhwvO j
y (x t) = 2A cos (wt) sin (kx)
, JINeiymyyJdeiyahdmiyfs vdgng , JKdNdhffiNahmyyJ

gdNdhffiNahefuhJ. dhy KdNdWmiymyyJ
>»aqFmiyKdNdhffiNahmyyJgdNehffiNahefUk.

y(x,t) = A'cos(ut)
,gPA" = 2A sin (kxp ,J3 mjhTWFfkgad FwggllgFjAtrRId jdirrhiar
,affjjiyssijFwrfwd. sin (kx)ngUkkhfcssenyay A'ngUkkjiggy , UTFk.
_P 3p 5p _
sinkx)=1P kx=—,—,—,....=m
(kx) = ' 5 /Y
,gFmvdgdmiu KO vZ myyJdmiuv= kjigGTs. trnd
ngUkk jigécsseny i avjhffZvdfiNwhk.
miyvzizmiyesj i jgadglLj jiFwFFkNghdmMdJv jih fZtud
enyiafoff=zI1thwWFwffyhk.

+
-Ezmz 12' ,gFm =0, 1,2,
g2

m=0vdy ngUKjjid eiy

N
XO—Z

m =1 vdiyy'ngUkj jid ey
_31

% 4
m =2vdiy ngUKj jid ey

« = 51

24
vdwthWm § KAk
mLjjLyJvih FZFFSThHi INaahd Jluj i jfoff=z1thwf=fflyhk.

_e2m+16 1 g (@2m+)+16/1 _ 1

'TE 2 52 & 2 g2 2
A’ d ngUk Kkjigé ntsjad ny GssifsiYk nWk KkjgG ntsjad NtW ny
GssifsiYk mikAK.
sin(kx)=0P kx=0,p,2p,3p,....=Np
,gF n xU KO vz myyJd KO vz KkjigGfs. vejg Gssifs)yy mjhT ,yiyNah
(,affk ,yiyNah) mgGssifs fZ vdgglLk.

nMtd fZtd einy
X :n%,qu:O, 1,2

n

n=0vdy rWkk VwgLk emy
Xo=0
n=1 vdyy rnwkk VwgLk ey
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n=1lvdy rwkk vwgLk emy
|
"7
n=2vdy rwkk VwgLk ey
X, =1

vdwthWm i Ak.

mLjjLjjFZFFSFRI INaandnjhiyitf foff=IthWF=Fflyhk,

I/ 1 1
X=X ,=n—-(n-1)—=—
n n-1 2 ( ) 2 2
giymiyfsd g=Cfs;
1. ,UjilkhdvyiyfSTRilINaflLggLjjgglimiy. vdNt ,JCIT]jy
KdNehffiNahgidNdhffiNahefuhd. mjhtImjDila ,l1jjy enyahf ,UTfFk
vdNt ,JdenymyyJdeiyahdmiyfs vdggLfwd.

KdNdWm iy fSTFkeiymi yfFSTFkgi INaahdxggL:

tv KdNdWmiyfs egiymiyfs
Z
1. | KANdWFWffiyay KfLiomfLk VwglLk. |enyFWTFryfsy
KdNdWnelliyfsyy ,WFFKkjshrnfSk | KFLkmfLk VwgLk
VwgLK. ,ejmiyfs Xh CIfjjy |eiynelliyfsy
KdNehffiNahmyyJgdNdhffiNahefthednfth= | , WFFKk jshrnfFk VwgLk.
bUTFk. mheIxXUFwggll jiarNefjJild | ,eymiyfs Cifjjy
CIlftk xdwy KdNdwf nfh=zbUTfFKk. KdNdhffiNahgdNdhffNahe
TuhJ. , 1 tCIT)jy
KdNdwhymiyfs.
miynryYk mmray | fZtuy cssJfsfts
cssmidjJIfsfSk rktrRId mjhTWk | jtukwmidjJIIfsFSk
NtENEWErRfSId
mjhTWK. trRfZtuy
RomyyJdrWkk. vjhfZty
ngUKK.
3 Mwwiyghgfir nryYk Mwiyf FljJdtjyey

ngUktrRemyayYsstssifs vihffZvdTkRotrRenyaYssGssifs
fZvdTk muoffggLfwd.

mLIJLIJ .U FZmyyIvjhfFFZFFSfhi INaahdnjhin%

4, xUFZmjwFmLjjvihfFFZtwF , i INaahdnjhin%
5. eiyahdmiyfsid toNafljjggLk Mwwy RoahFk.

Rukhdiayy, VwgLk ejiymiyfs:

Ruk vdgd xyAld njhlhGailad. mjdhy Rukhdivdgd xymnjhlhghdtwiw
msftfggadgLk fTut. Tkgfsy VwgLk emyahdFWFfiyfsid mjhnt=Tfkgad
,Otuirmjh eskXuyFfkgad eswMfiatwiwfhlngstfk nradmsftfgadglLjJk
fUtahFk.

v\t ,ffUutimagadglLjjifoffzImsTfismsTfyhk

1. ,irffrtmyyJdkhwWparkidNdhlljjid myhnt=
2. Tkgad ,Otiur
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3. njhqfolgglInghUsid emw
m 1 kgG:

RukhdivdgJdxUkI1 Ih esKssxUkugnglbmjd
kJruhdcNyhfFfkgnghUj JgglbUFFk. fkgad xU Kid
xUnfhfRAIDkkWK 1 d XU cU i sTggtoNaxh e iwj jhqhHAI Dk
, 1 ZzTfgglLssJd. fkgad ,OtimriamjfhffkwK s dayy eiwfs
NrhffggLfwd. ,u=zlLefhjjf $ba $h KidFfs fkgiafNonjhl I thWwRukhdiayd
gy TkJdmtffgglLssd. mtwwwiis INaahdj njhiy s tkhwwmjhTWk fkgad
esj i j khwwyhk.

nrayghL:
egiyahdFWFfFiyfs fkgay VwgLjjggLfwd. vdNt $hKidP, Q, tiy
TZffSk cuthfidwd. mjhTWk fkgad esk Ivdf.
I :% bI=2
mjhTWk fkgad mjhnt= fvdf. Tfkgad ,Otiiru vdgd xuyF fkgad
emw vdy

f:l:i ln‘hl]
m

p vdgJdfkgg nghUsid mlhjjrdfkgaad tllk vdy XuyFfkgad eaw

2
M =gugGx mlhjji=pr r=%

1
hnt=z f=—=—
M l 2l

mbggi 1l mjhnt= kwwk NkwRugfs:

Jilkhd vyiyfiois x=0kwWk x=L MFf fUINthk. fkgia tkajjy ,Ued Mlb
(fighh Fkg) emy miyfs vwgLjJdf. mej eny miyfs Fwggll miyesjij
ngwUffwd. vyiyfsy trR Fiwed krwtjhy ,Igngahrrfs TfToffz=l
egej idfF clgl Nt=zLk

y(x=0,t)=0kwWk y(x=L,t)=0

xtnthy FfZTk %,ilj nghiytty miktjhy ekang =L ,gFn xU KO

n 0
29
I

vzL vdgd vyiyfsd ,nljnjhiyT vdgd vyiyfFigl
nraAk Fwggll miy eskhFk.
2L

p=52=0
"Eng
vdN®FwgglllvyiyfEFmidjImiyesqfSk Vwg IhJ>Fwiggil Im 1 yesk
kILNkVwgLKk.

n=1Kjy eiymjhTfP I =2L

egejadfis Ghjj
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n=22k eaymjhTfP
22L0
] =—>=
P &2
n=3,3 k eeiymjphTfP
2L 6
lL=-—-:
REY
, tthwhfkwwnk JigGFSTFk m 1 KAK. xtnthUeaymjhTFFkhd>mjhnt=
>ayelnymjnt= (Natural Frequency) vdggLk. miu jfoff=l1thwf=fHlyhk.

»€]J ,ay mjhnt=zzdkff Fiwejkjigémbgga Imjhnt= (Fundamental
Frequency) vdggLk.

=V _28V0

YT §2Ly
,uzlhtd ,ay mjhnt=z Kjy NkwRuk vdggLk.

27 %821y L\ m

%dwhtd ,ay mjhnt= 2tJ NkwRuk vdggLk.

5 &1 [TO
R L
EoL\m;

NkYk , INghdWmikAk vdNtntd ,ay mjhnt=.

f,=nf, ,gFnxU KO vz
,ay mjhnt=zfs>mbggs Imjhnt==|d KO vz klgFfshfm i kAk
NghImejmjhnt=fs rharfs vdggLk. v\t K]y rhparvdgd f, - f
(mbgga Imjhnt= Kjy rhirvdgglLk)
2€J rharf, =2f,3¢€J rhirf; = 3fikwWk gw.

- OJJT Tlhlggllftkgay VwgLk FWFFiyffhdujifs;
%dWtijif

1. esjjywrFhdtyj
nfhLffggllfkgad> ,Ot0irT (eiyahdd) kwWk XuyFesjjwFhdemwu
(eriyahdd) vdiyymphnt=z mjhTWk fkgad esjjwFvjhjjftyy mikAk.

.03 JIT Fllggllfkgay VwgLk FWFFiyffhdtjifs:
%dWtijf

esjiwrhdtjy:
nfhLfFggl I Tkgaud> ,OUmrT (eymyahdd) kwWk xuyFesjjwfhde mw
(ermyahdd) vdiyymyihnt=z mjhTWk fkgavd esjjwFvihyjfoy mikAk.
1 C
bl” f=C, ,qFCkhwy)

, Ot rffhdtjy
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nfhLFFggl ImjphTWk fkgad esk l(eymyahdJd) kwWk
XuyFesjjwfhde awm (e i yahdd) vdy mjhnt= ,OunmrT ,d , Ukb
%y j JwFNehj Ftiy mikAK.

f u«ﬁ
P f=AJT, » QFAXUKhwy

e awFfhdtjy.

nfhLFFggl ImjhTWk fkgad esk l(emyahdd) kwwk ,OtErT (ejiyahdd)

vdyy myhnt=z>XuyFesjgwfhdeswy ,d ,Ukb %yjywFvihjjftyy mikAk.
1

fu—
Jn
B
b f =— , qFBxUkhwiy)

N

nrw T (Intensity) kwWk cugG(Loudness):

Xh xy1 %yk kwwk ,U NFflgtiu (xyimaNflgth) TUJFf xy1 %yk
xyi1ackiofwINkYk Mww B yvLjJr nryfiwd. ahh msejhYk xylad
Mwwy>m 1 dtUFFk XNumsthfNt , UFFk. vdN©xyiMwwy mggF jiary
cssNflgtiaur rhhejyy. Mdhy ,U NFlgthfisfUjidhy mthfs c<cz=zUk
Xylkhwgl13. ,Jfhjid czhjwd Nghdwry fhuziFi sr rhhejJ.
, twiwmstglnrwDcugévdw ,U msTFistiuvaWffNwhk.

xyiad nrwT:

xyi%oyk xdwyUedxymiyfs guTkNghIMwwyhdIRwwAssmidjJd (,ayf$ba)
tofsiYk vLjJdrnryygglLk.

xuyFNeuj Jiy myyJdxUtidhbayy ckioggbk myyJCLUTK ruhrhixyiMwwNy>xyiaid
Jwd vdggLk.

vdN®xyKdNdWk JiarfEnrgFj jhfxuyFguggd toNaCLUtr nryYk
Xy j gwNdxylaid nrwT(Intensity) vdt suaWffggLtwd.

XUFwggil I xy %y j JwF (ejmyahd %ykpmjd
xyirnrwthd JIxy%oy j jiyilUednjhiytid Ukbevj hj oy mikAk
0
| =Xy %yiad gwd u—
4pr®
, JINOXyirnrwtid vjhtfj , UkbtjahFk.

xXyiad, cugG:

XNunrwiTnfh=1 ,U XY %yqfs XNuxyicugGngwwUFfj Njatayiy.
vLjIfFhllhfgYld xdWm i kjlahd %lgglImiwayy ntbfFk Nghdmjd
cugemjifkhfTikkmNjgYld Rjjkhdreijay ntbfFk NghJdcugCkiFfFFawthfTk
,UFFk. ,gFnrwTrkkhf ,UggDk cugbmtthwhf ,yiy. xyirnrwTmjrfhfFk
NghdcugGk mjifhfFk. xyiasd nrwitf fhlbYk ,qgF $LjyhfFcwWNehfFgthd
Elgk kwWwk mDgtk mflafhuzifs vttsTmjfcugécssxyvdgijmwtjly
ggFthffwd. » INtxyad cugGvdggLfwJ. Nflgthd czhjwbDk

,QFggFthffiwd. vdNDxyjcugbxyjad nrwTkwwk fhjid czhjwd (,J
nj Sptthflgtl ug nghWJJ msT. NkYk ,JIxUtUFfFxUuth khwgLk) Mfiatwiwg
nghUj3J. Mdhy xyprn rwvi TNFlIgtmug nghWj gJimyy.
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vdNxyicugbvdgd“xyiiathdc=zUk jwdid erymyyJNFlgthd xyic=zUk
Jwd" vdtauaWffggLfwd.

xyiad nrmTkwWk cugG:
ekJdfhdczuf$Sbaxyad nrwT , §1Intsil02 Wm2yiUed20 W m2ntgh - ngfdh
Y jiggh“cugGkdijhfshydwfutxdwd %Yk msTfggl Inrwtyd
(DkIFiFkjigGFFNehj J iy ,UFFk.

Luinl

L=KkiInl

>, QFkxUkhwy) ,JImsfFk myisfr rhhejd. ,uzlLcugbfs LikwWk Lo, jwF
, 1 INaahdNtWghLJyyiakhfmsiffggl | >, UnrwTFSTh I INaahd rhihGcugGMFk.
T=z)jggbxyir nrwTkllqfs

DL=L,-L,=kInl,~kIn | _k|ng'—ﬂ

eglodl

k = lvdiy>xyinrwiTkl Ik ngy (bel)vdwmyfhy msffggLfwd. (mnyfih=lh fufhk
ngy e adthf)

k=1vdy ngy
k=10vdiy nlringy

DL=1In e:—u ngy

e'ol
,JeillKiwayy nghamyF. vdNtnlrgy (decibel) vdwrwamy i fgadgL j I fiNwhk.

1
1 nlrngy =Engy
vdN® Nkwf=z1 rkdghlsl 10 My ngUffp 10 My tFFff fiilggJd.

& IU 1
e oug

DL = 10In2:—13 nlrngy (k=10)
élodl

e lKmwg gadghlbwfht ,awi Tkl FFFgjiyhf

mbkhdkl & fragadglL j IfiNwhk.

DL =10log,, :—1 nlrngy

0
TiwWjkgjgid mjhT:

ehj J tukkwWk gw , irffUtfs fiwwf fUtfs vdgglLk. , stfwWj jJkgmjhTfs
Ji1Jgjy ,agFfwd. fwfutgad vsjatbtk Mhfd organ - fUtp , irgNgio)
Foha MFk. vLjJffhl IhPGyyhqFoy fishbnd behj ] tuk.

Mhfd Foha ,U tifggLk.

%baMhfd Foha:
ehj J tukkwWk  gw , irfFfUbfs fhwwf fUtifs vdgglLk , 1 tFhwWj
JkgmjphTfsfUtad vsatbtk Mhfd fUtp ,irgN\gso) Foha MFk

vLjIftfhll hf>nyh Foy>fishhind behj ] tuk.
Mhfd Foha ,U tifggLk.
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%baMhfd Foha;

fishhndl glj§jghUugfs. ,IxUgFFk %bakwnwhUgffk jwejFoha. jwej Kind
toahftUk xyp %bagFjpay vjnuhyfFk XyicsNstUk xyAld 180°vjihflljjiy
, UFFk. vdNt %bagF jlary Jfsfsd , IgngahrrvgnghOJk ROJ.
, IgngahrriRoahtjhy %bagFjlary fZTk jJwejgFparyy vjhffZTk VwgLfidwd.
mhTWKk mhTxylad vsiamjhTe iy iambggi ImjhTenyvdNghk. %baKiday
Jfsfsd ,affk ,yyhjjhy FZTk mbggilmjhTeiyay jwejKiday
VjhfFFZTk cUthFk. L Fohad eskVwgLk
miyfsd miyesk [Ivdy’

L:%orllz4L

xyjald mjhnt=
v

Vv
I 4L

JwejKiday fhwawtYthfCJItjhymbgges Imjhnt==d KO vZz

klgFfshy Md mjhTfasvwgLjjyhk. meymiyfs NkwRugfs vdggLfidwd.

fl

,uzhhtJdeaymphTFis (Kjy NkwRuk) fhiLfwd. ,jy ,U FZFFSK ,U
VIhFZTFSk cssJ
4L = 3\2
31 4L
L=—2myyJd [l =—
4 yYyJ i, 3

,JKJy NkwRuk MFk. ,ejmjhnt= mbggi Imjhnt==d
%dWklIgFvdgjhy ,J %dwhtJrhiarvdgglLk.
%AWTFZTFSk %dWvjh FZTFSk cila %dwhtJdesymjhT

4L =5)3
51 5L
L="PmyyJd Il =—
4 yyJ I, 5
jihnt=
v _5v
f,=—=—=5f
A A
»,J LSuzlhtINkwRuk MFk. ,egmjhnt= mbggalmjhnt=1=g Nghy
leJklgfhfcssjhy 5¢J rhvirvdTk miaoffgglLfwd.

vdNt %baMhfd Fohayy VwgLk mjhTfs xwiwggilthirrharfasT
nfhzlLssJd. rhirad mjhnt= f,=(2n +1) iNkwRuqFfsid mjhnt=Ffsd JfT.
fiifoifaifa:....=1:3:5:7....

1oy  fhllggllGyyhgForyfth=T. »J ,UGWKk  jwejFoha U

wej Kidfs|Yk VjhfFFZffs cuthfidwd. > QFVwgLk

rfvsiamjhTe ny 1 afh=Nghk. >eelmyNambggs ImjhTe s yvdggLfwJ.
JwejKuadfsy VjhfFFZffs VwgLtjhy>Fohaid csNsikajjly
xNunahUfZcUthfwd. yUedlLvdgdFohad esk vdfvwgLk miyad
miyesk fth=>
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L:%or I =2L

VwgLKk mjhtidbmjihnt=
vV _ vV

YLo2L
,JNOmbggi Imjhnt=
mbggi Imjhnt=z i ztlcah mjhnt=zfisvwgLjjjwej Kiday
fhw i wNtFkhFCjNt=Lk. ,jjifamjhnt=Ffs NkwRugfs vdgglLk

JweyMhtd Fohayy VwgLk ,u=zlhk emymyphatf FhlLfwd.
TZi1tAk %dWvjhffFZitAk cilad.

myhnt=

,JKJy NkwRuk vdggLfwd. n = 2vdgjhy ,J ,uzlhtIdrhervdTk
m aoffggLfwJ.
%dwhk ejiymjhT ,ij 3 FZTk 4 vjhfFFZTk cssJ.

——l myyJ I, -23L

mjhnt=

»,J3tJ NkwRuk. n=3vdgjhy ,J 3tJrhirvdTk muoffggLfiwd.

vaNtjweyMhfd Foha midjJdrharfisAk cilad. nMdJIrhirad
myihnt= f,=nf.. vdggLfwd. vdNENkwRugfs mjhnt=fsd jfT

XJJJhTrwWj, jkof fUuty:

XJjjpnTrwwikgf FTUtxUklIh esk cilafzzhbmyyJdcNyhff Fohahy
MdJ. FhwW jkgj Jiry VwgLk Xjjjhutf f=zfhHlLmjd %yk
rhjhuzntggeayay fthwwy Xxyad jimrNtfk fh=zgadgLfiwd. NkYk fThwWj
Jkgesjijkhwwtjd %yk XjjjhTmjhnt= khWgLtm ymsTfTk gadgLfwd.
xUKidraj jwejjhfTk kWKadma %bajhf ,FFohAld uggh Foha %yk
, 1ZzTffgglleh Nrkffyk R fh=zgjjthWvwglLjjgglLssd. ,ej KO mikgGk
msTNfhy nghUjjgglinrgFjJjhgfiaty nghUjjggllssJd. uggh Fohayy
ghjiasTeh eugggglLssd. eh klIljijNrkffyjjid (R)cauj i jkhwwejd
%yloNg 1 tFFVwgkhwwif  nfhssyhk. ehd Nky gugG  %bagFjiahfTk
kWKidjwejKidahfTk nraygLKk. vdN® . J %baMhfd
FohahfnrayglLfwd.

miyad fZehd NkwguggYk vjhfZjwejKidaYk VwgLk jwejKiday

, Irffitxd awmjih 1tjJdgbjjhy nelliyfs
CUthfpfh IbagbfoNehffiefUk. ehd gugigmiulejTid
-eimiyvjnuhsiFfggLk miyAld NkwnghUeJdtjhy eiyahdmiyfsVwglLk.
mjd esjijkhwwfhwWy jkgjjid mjhnt= ,irffitad mjhnt=ZI1d
(, arffitad ,ay mjhnt=) xjjjhtnlar
nraAkNghJd>mj pfcuchssxyprng ,jd nghUs ThwWjjkgjjid mjhnt=>

,irffyitad mjhnt=zZfFr rkkhifpxjjphTFfhdegejadiag ngWk.
, ej e/ yahdJfthww Jkajjd eskxymiyad miyesjjid
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th
L0 1gfnFm i KAK NghJVwgLKk. Kjy xjjjnthdILesjiy

4y
VwgLEt ghFFUINthK.

MdhyvjhfFZJyyiakhfjwe jK i day VwgLEjiymy. vdNt®ehk
>, JNtE Kid JUjj vdggLfwJ.
vjhfZthdIjwejKiday xUrwa Jjujjry VwgLbfwdvdf. vdNOKjy
mjhTenyKadjjujjjiild
1
—I=L +e
2=k
>gnghOIFhwWjjkgjjid esjijkhww ,uzlhtIxjjjhTesk LgwF Kid
3viiiJid
xUrwaJdjujjry VwgLfwIdvdf vdNEKjy mjhTenyKidjpujjjJdid
1
~I=1+e
27k
gnghOJFfhwWj jkgjgid esjijkhww ,uzlhtIdxjjjhTesk LtwF Kid

Juyjjjaid

%l:L2+e

ZI-2I= () - (L4

=] % I=-L -L=DL
b I=2DL
miwntggenyay xyad jiarNtfjijfoff=zlthWwf=zfhlyhk
v=flI=2fDL

L, -3L,
2

e=
lhgsh ©isT:

,uayy eiayaeinINkilay edWfnfh=zblekikf flednryYk njhlht=zbad
Cnjhyiia¥f NFlgjhff  fwgidnraNthk. t=bek 1 kneUgqFkNghdxyad
RUji(PitchymyyJdmjhnt= (Frequency) S$LtEjAk t=zbekikglLbyfr
nry i fayRUjIFiwti JAk ekkhy NFITKbAk. ,Jlhgsh tistwFXh
vLjIFFhlIhFk.

xyi%yjjwFk metnthyjiaf NFlgtUfFk , iINacssrhhG ,affjjidhy
,tuisTvwgLfwd. ,affjjidhy VwgLk ,jjifamjhnt=

M| jihaehl i lr Nrhejfz)jjtiayhsUk ,awgayhsUkhdNahfth= fw Jbad
Ihgsh (1803 — 1853) vdgth Kjyry Muhaejh.
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Xyl %yjjwFk NFIgtUFfFk , mINaxUrhhG ,affk cssNghdxy) %y]jy
,uedtUk xyiad mjhnt=zZk mijf NFlgtuhy c<c=zuggLk xyad
mjhnt=2Zk khwglL ,UfFk. ,JNtlhgsh twasTvdgglLk.

Ihgsh tisTxUmiyefothFk. MfNOxymiyfSTFRkILkdwxsmiyfFSTFk
gwkidfheym iy fSTFk Ihgsh asTVvwgLfwd. xymiyfsid lhgsh thisty
cssgyNtWNehTfs kwWk NFlgtuhy czugglLk
mjhntzzwfhdNfhitiajutjjy gw ,ggFjpiary ehk trehjFfyhk.

NFIL=h mjhnt=; egiyahd %yk kwwk ,affjjly cssNflgth

Clftjijg (fhwW) nghUedXatlyy cssGssixy) %yk (S)xdawf TUINthk.
xyl %yk @1tffgglLssCIlTtkhdIruhfTk xatlyy cssJdvdTk nfhsNthk

xy] %yk ntsitiLk xymiyfsid mjhnt= fkwwWk miyesk AMFKk.

Xy %yjjryilUeJMutoNantsirnry Yk Nfhstxymiyfs vvdwrkjiarNtfj iy
midjJdnrfsYk guThdwd. xymiyfsid ,WFfgfs (myyJdmiyKTFgcfs)
xU - ikatllqfs fhllgglL,ssd. mLjjLjj »U ,WFFqQFSTF
, 1INaahdnjhiyTmjd miayesk A MFk. NkYkmiyad mjhnt=

NFlgth emyahfcssNghd %yjjwFk (s)NFlIgtUFFk (L) , § INarhhgaffk
,UFfhJ. ukwWk A Mfaitkhwhky ,UggghyNFlgtuny cz=zuggLk xyad
mjhnt=z2Zk xy) %y mjhnt=z2Zk rkkh¥ ,UfFk.

e iyahd %yj i jNehFFNFlgth Neuhfefhtjhff nfhsNthk. NFlgthd Ntfk
vivdiyNFlgtiaug nghUjIxyiasd rhhGNEFk v = v + viMFkmiyesk khwhky
cssjhy (%yk einyahf ,Uggjhy)NFlgth c=zUk xyad mjhnt=
khwfwJ. NFIL=zh mjhnt= f MdJgdtUk rkdghllhy ngwggLfiwd.

2V +(- VL)of

=g

aV—Vij

R
(%oyj 1 JUILNFIgth thyfir nryYkNgh)

f

MTfNe 1 yahd %yj 1 JulLNFlgth tyfir nryfiwhh vdiy» %y
mjhnt=z 1 zuINFIL=zh mjhnt=z Fiwthf ,UfFFk.

NFIL=h mjhnt=: efUk %yk kwWk ejiyahdNflgth
xy) %yKk (SNFlgtUk (L)xaTeayay ,Uggjhff FUINEthk

mLjjLj] .U ,WFFfgfs gljjiy Fhllgglh ,uzlLxUikatllgfshy
FwffgglLssd. ,u=zlhtd ,Wffk rkgjjiy ntsalggll> %yjjwFmUfy
cssJd. ,tugu WFfgfSTF ,ilgglinjhiyTxyjlad miyesk A MFKk.
%yjjid myhnt= fMifahy ,ttU ,WFfgfs ntsalggLk fthy , 1lnts)
1 1
T=—"=—
f v
,ONghd emyahd Nflgtiu Nehfh xy1 %yk Neuhf efhfiwd xy1 %yjjid
Ntfk vsvdfkwWk ,ejNtFk xyiaad Ntefjij volf FawT MFk.
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T fhy ,i1lntgsay Kjy ,affk nryYk vi =1 njhiyT kwWk xy%yk
efUk njhayT vsT MFk ,jd tisth® ,U ,WFFqQFSTF , i1lggll
njhayT N - ywed I'=sI-vTvdW Fiwfwd. vdN® Nflgth czUk miy
esk

Y, §
£

&
I'=1-vT=1-
g

NFIL=zh mjhnt= MdD
Vv

EVO 2V 0
fg €1g
MTNt e myahd NFlgtiau Nehff) xy) %yk efUkNghd> %y mjhnt=zi1= tl
NFIL=zh myhnt= mjFkhf , UFFk.
eiyahd NFflgtiu ©IL xyr %yk tyfr nryfwd vdywvs TF vjhfFw
,Ltjd %yk NFIL=h mjhnt=1=g ngwyhk.
& v 0
f :9 =
evVtVsg
MfNE> emyahd Nflgtiu HiL xy; %yk tyfr nryfwdvdy %y
mjhnt=z 1 zulINfFIL=zh mjhnt=z Fiwthf ,UfFFk.

NFIL=Zh mjhnt= : xy) %yk kwwk NFlgth ,UtUNk ,affjjly cssNghd
Xyl %yk kwWk Nflgth ,UtUNk ,affjjiy c<cssNghd> NFIL=h
mjhnt=zzwfhd thagghL ,ttlU rkdghLFisAk xdwiz=zggjd %yk
ngwyhk.

»,gF ehk gadgLjjiAss FwalL kugy> xy1 %yk myyJd Nflgth xdiaw
Nehff, kwnwhdW efUk Nghd vs kwWk v Mflast NehfFw kjigGcfasg
ngWfidwd. mtthNw xy1 %yk myyJd NFflgth xdiw ©lL kwnwhdW tyfir
nryYk Nghd mit vjhfFw kjigGfasg ngWwfidwd.

xy) %yjjwFk NFlIgtUfFFka INa rhhgaffk fh=zggLk gyNtW #Hoemyfsyy
NFIL=zh mjhnt=z=zwfhd thagghLfs njhFjJ msiffgglLssd.

Xyiaad Ntfjgry VwgLk KkhwghL (xy1 %yk xatiYk Nflgth efUk Ngh
myyJdxyad miyesjjy VwgLk khwghL (NFlgth xatyYk xyr %yk efUk Ngh
FhuzkhfNtmjhnt= khWghL VwgLfiwJ vdgij Fftdiggd KFfakhFk.

Xy1 %yk kwWk Nflgth vd ,uzlLk efUk NghDxyiaxd NtFkhWghL kwWk Xxyja
miyes khWghL Mfia ,u=zbd fhu=zkhf mjhnt= khWghL VwgLfwJ.

Xyina ©INtfkht xy1 %yk efUk Nghd (mjhtJd #gghrhdif Ntfjjy %yk efUk

NFIL=zh mjhnt=za=zf fzThlcjTk rkdghLfs Mfiaistgadglhd. NkYk xy1 %
KdGwk css eiyahd Nflgtuhy xyjia NFIfKbahd. xyr miyfshdd %yjjwF g
miktNj Fhu=khFk.

,jJjifa Ntfqfsy GJhf cUthFk miyfSk Kd f=zjjiy cUthd miyfSk

FWFFIL vistidhy kfgngha trRlId $ba xyiia cUthffidwd. , 1] ‘XyIKoffk’ (b
boom) myyJd mjihrrp mey’(Shock wave) vdfiNwhk.

gyNtW #HogiyFsyy NFIL=Zh mjhnt=
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#Hoeuy NFIL=h mjhnt=;
eiiyahdS- 1 LefUk NghJd 0

e iyahdS- 1 tlLLtyfr nryYk NghJd

eliyahdL- 1 NehfFfSefUk NghJ

eiiyahdL- 1 ©lLStyfir nryYk Nghd

SkwWk Lxd swnahdWneUgFk NghJd

SkwWk Lxd swnahdWtyyfirnryYk NghJd

L- 1 SJujJk NghJ

S 1 LJujJIk NghJ

SkwWk Lxd swnahdWneUgqFfidwd>NkY k (Vv )+v 0

xyiaid jiirayy VoNtfjJIld Clfk ,aqFk f

Nth E(V+Vm)_vsa

Xyiary VwgLk Ihgsh tyasTrkrrh jdakawwd. mNjJ Ntis> xsjay VwgLk Bhgsh
uisT rkrrh jdik nth=1J. egiyahd Nflgtiu Nehffi xy1 %yk efUk NghJd
VwgLk NFIL=zh mjhnt=z kwWk eiyahd xy) %yjij Nehffh mNj NeFjjy
NFlgth efUk NghdvwgLk NFIL=h mjhnt=z Mfantrkkhf ,Uggjiyey.
,ttUefoTTs)y rhhGNEtfk xdwhf ,UejNghjiYke NFIL=h mjhnt= nteNtwhf
cssJd. MfNt xsjay VwgLk 1Ihgsh tasTrkrrh jdikawwd vdfiNwhk. Xy
gueYFfF CIfk Njst vdgd CIfjijg nghugdmjd Nefk miakfwd
vdgNjfhuzk MFk.

XsikwWk gwkidfhej¥ TFjhtrRfisg nghUjjtiau ,ttuU NehTfsyy NFIL=h
(myyJdf=zL=zh) mjhnt=  xdwhfNt ,UFFk. MTfNtxskwWk gwkidfhejf
TjhtrRfs)yy VwgLk Ihgsh ©wasT rkrrh jdaknfhzlssJd. Vnddy xsjad guty
CIfjijg nghUjd miktjiyiy.
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