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PHYSICS 
TEST – 6   

 

11th physics myF-6 <h;g;gpay;  
myF-7 gUg;nghUspd; gz;Gfs; 
myF-8  ntg;gKk; ntg;g ,af;ftpaYk; 
myF-10 miyTfs; 
myF-11   miyfs; 

 
 

11TH,aw;gpay; 

njhFjp–II 
myF 6 - <h;g;gpay;  

mwpKfk; 
 
xspUk; thdj;ijg; ghh;j;J ehk; vg;nghOJk; tpaf;fpd;Nwhk;. fpof;Nf #hpad; #hpad; 
cjpg;gJVd;? Nkw;Nf kiwtJVd;? thy;kPd; tpz;zpy; tpiue;Jnry;tJvg;gb? tpz;kPd;fs; 
,utpy; fz;rpkpl;LtJVd;? ,J Nghd;w Nfs;tpfs; gyekf;Fs; vOe;Jnfhz;Nl ,Uf;fpd;wd. 
gz;ilafhye;njhl;Nl tpz;ntspahdJ ek; Mh;tj;ij J}z;Lk; fskhfNt ,Ue;JtUfpwJ. 
epyT>Nfhs;fs; kw;Wk; tpz;kPd;fs; tpz;zpy; vt;thW ,aq;fptUfpd;wd? mit 
,aq;Ftjw;fhdfhuzk; ahJ? vdtpag;gilfpNwhk;. tpz;zpy; ,aq;Ftjw;fhd fhuzk; ahJ? 
vdtpag;gilfpNwhk;. tpz;zpy; thd;nghUs;fspd; ,af;fj;ijAk; mjd; fhuzj;ijAk; 
Ghpe;Jnfhs;skpfr; rpwe;jrpe;jidahsh;fshd mhp];lhl;by; Kjy; ];Bgd; `hfpq; 
tiuKad;wdh;.  
 
17 Mk; E}w;whz;bd; ,Wjpapy; epA+l;ld; cUthf;fpa<u;g;gpay; nfhs;ifahdJ> thd; kw;Wk; 
GtpapYs;s nghUs;fspd; ,af;fk; gw;wpAk; mJFwpj;J vOe;j gy Nfs;tpfSf;Fk; 
tpilfisj; je;jJ. fle;j %d;W E}w;whz;Lfshfj; njhlh;e;Jthdpay; Ma;Tfs; 
gyeilngw;Ws;sNghJk;> ,d;wsTk; <h;g;gpay; JiwahdJ ,aw;gpaypy; Ma;Tfs; kpf 
mjpfkhfepfOk; fskhfNtcs;sJ. 2017 Mk; Mz;by; ,aw;gpaYf;fhd Nehgy; ghpR>‘<h;g;gpay; 
miyfs;’(Gravitational Waves) fz;Lgpbg;Gf;F toq;fg;gl;lJ. ,e;j<h;g;gpay; miyfs; 
Fwpj;JfUj;jstpy; 1915 Mk; Mz;bNyNa Id;];Bd; Kd;dwptpg;Gnra;jpUe;jhh;. Nfhs;fspd; 
,af;fk; Fwpj;jGhpjy;> tpz;kPd;fs; kw;Wk; tpz;kPd; $l;lq;fs; cUthFk; tpjk;>fUe;Jisfs; 
kw;Wk; mtw;wpd; tho;f;ifr; Row;rpMfpait njhlh;ghd gy Ma;Tfs; fle;jrpy 
E}w;whz;LfshfNkw;nfhs;sg;gl;LtUfpd;wd.  
 
Gtpikaf; nfhs;if–jhykp:  
 
,uz;lhk; E}w;whz;ilr; Nrh;e;jfpNuf;fNuhkhdpathdpay; mwpQh; fpshba]; jhykpthd; 
nghUs;fshd #hpad;>epyh>nrt;tha;>tpahod; Nghd;wtw;wpd; 
,af;fj;ijtpsf;Ftjw;fhfxUnfhs;ifiacUthf;fpdhh;. ,k;khjphpNaGtpikaf; 
nfhs;ifvdmiof;fg;gl;lJ.  
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jhykpapd; Gtpikaf; nfhs;ifg;gbGtpNagpugQ;rj;jpd; ikak;. #hpad;>epyhcl;glgpugQ;rj;jpy; 
cs;smidj;Jthd; nghUs;fSk; Gtpiaikakhff; nfhz;LRw;wptUfpd;wd.  
 
Gtpikaf; nfhs;ifahdJntWk; fz;fshy; thidcw;WNehf;fpLk; NghJehk; czUk; 
gyepfo;TfSld; ed;FnghUe;Jfpd;wJ. #hpad; kw;Wk; epyhtpd; 
,af;fj;ijXusTrhpahfjhykpapd; nfhs;iftpsf;fpaNghJk;>nrt;tha;>tpahod; 
Nghd;wNfhs;fspd; gpd;Ndhf;F ,af;fj;ij(Retrograde motion) tpsf;f ,aytpy;iy.  
 
15-k; E}w;whz;by; Nghye;Jehl;Lthdpay; mwpQh; epf;Nfhy]; Nfhg;gh;dpf;f]; (1473 – 1543) 
#hpa ikaf; nfhs;ifapid(Heliocentremodel) Kd; nkhope;jhh;. ,f;nfhs;ifg;gb #hpa 
FLk;gj;jpd; ikakhf #hpad; cs;sJ. #hpaid ikakhff; 
nfhz;LGtpcl;glmidj;JNfhs;fSk; tl;lg;ghijapy; Rw;wptUfpd;wd. midj;Jthdpay; 
nghUs;fspd; ,af;fq;fisAk; ,f;nfhs;ifntw;wpfukhftpsf;fpaJ.  
 
mNjfhyfl;lj;jpy; Gfo; ngw;w ,j;jhypa ,aw;gpay; mwpQh; fypypNah(Galileo)Gtpf;FmUfpy; 
NkypUe;JfPo; tpOk; nghUs;fs; midj;Jk; GtpapidNehf;fprktPjj;jpy; 
KLf;fkilfpd;wdvdfz;lwpe;jhh;.  
 
,jw;fpilapy; ilNfhgpuhN` (1546 – 1601) jd; tho;ehs; KOtijAk; tpz;kPd;fs; kw;Wk; 
Nfhs;fs; Mfpatw;wpd; epiykw;Wk; ,af;fk; Fwpj;JntWk; fz;fshy; fz;lwpe;JgjpTfs; 
nra;tjpy; nrytopj;jhh;. gpuhN` NRfhpj;jthdpay; juTfismtuJcjtpahsh; N[hfd; 
nfg;sh; (1571 – 1630) gFj;jha;Tnra;JNfhs;fspd; ,af;fk; gw;wpatpjpfisfz;lwpe;jhh;.  
 
,t;tpjpfs; Nfhs;fspd; ,af;fj;jpw;fhdnfg;sh; tpjpfs; vdmiof;fg;gl;ld. 
 
Nfhs;fspd; ,af;fj;jpw;fhdnfg;sh; tpjpfs;:  
 
nfg;shpd; tpjpfisfPo;f;fz;lthW $wyhk;  
 

1. Rw;Wg; ghijfSf;fhdtpjp:  
 
#hpaid xUFtpag; Gs;spapy; nfhz;Lxt;nthUNfhSk; #hpaid ePs;tl;lg;ghijapy; 
Rw;wptUfpwJ. 

 
Nfhs; ePs;tl;lg;ghijapy; #hpaid Rw;wptUjy;  
 
#hpaDf;FkpfmUfpy; Nfhs; cs;sepiy(P) mz;ikepiy(Perihelion) vdg;gLk;. 

#hpaDf;FngUkj; njhiytpy; Nfhs; cs;sepiy(A)Nra;ikepiy(Aphelion) vd;f. 

ePs;tl;lj;jpd; miunel;lr;R‘a’kw;Wk; miuFw;wr;R‘b’vdg;gLfpd;wd. Nfhgh;dpf;fRk; jhykpAk; 
Nfhs;fs; tl;lg;ghijapy; ,aq;Ffpd;wdvdf; fUjpdh;. Mdhy; Nfhs;fs; ePs;tl;lg;ghijapy; 
,aq;Ffpd;wdvd;gijnfg;sh; fz;lwpe;jhh;.  
 
gug;Gtpjp(Law of Area) 
 
#hpaidAk; xUNfhisAk; ,izf;Fk; Mu ntf;luhdJrkfhy ,ilntspapy; 
rkgug;Gf;fisVw;gLj;Jk;.  
 
Nfhs; xd;W #hpaid rw;wptUk; NghJΔtvd;wrpwpa Neu mstpy; Muntf;lh; 

Vw;gLj;jpagug;GΔA>ntz;zpwkhffhl;lg;gl;Ls;sJ. ePs;tl;lj;jpd; ikaj;jpy; #hpad; ,y;iy. 
vdNtNfhs; #hpaDf;FmUNfnry;Yk;NghJkpfmjpfNtfj;jpYk;> #hpadplkpUe;J 
ePz;lnjhiytpy; nry;Yk; NghJFiwe;jjpirNtfj;jpYk; nry;Yk;. ,jd; %yk; rkfhymstpy; 
rkmsTgug;Gfisfle;Jnry;fpwJ. Nfhs;fspd; Ntfk; khWgLtijjuTfs; %yk; 
mwpe;jnfg;sh; mjd; mbg;gilapy; gug;Gtpjpiafz;lwpe;jhh;.  
 
Rw;Wfhyq;fspd; tpjp:  
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ePs;tl;lghijapy; #hpaid Rw;Wk; Nfhspd; Rw;Wf;fhyj;jpd; ,Ukb>me;jePs;tl;lj;jpd; 
miunel;lr;rpd; Kk;kbf;FNeh;jftpy; ,Uf;Fk;. fPo;fz;lthWvOjyhk;.  

  2 3
T a  

2

3

T

a
 = khwpyp 

 
,q;FTvd;gJRw;Wf;fhyk;>avd;gJmiunel;lr;rpd; ePsk; MFk;. ,r;rkd;ghl;bypUe;J>ehk; 
mwpe;Jnfhs;tJ #hpadpypUe;J cs;snjhiyTmjpfhpf;Fk;NghJ>Rw;WfhyKk; mjpfhpf;Fk;. 
Mdhy; mjpfhpg;GtPjk; khWgLk; vdmwpayhk;.  
 
#hpaidr; Rw;wptUk; Nfhs;fspd; Rw;Wfhyq;fSk;>mitRw;Wk; ePs;tl;lg;ghijapd; 

miunel;lr;Rkjpg;GfSk; jug;gl;Ls;sd. ml;ltizapypUe;J
2

3

T

a
Vwj;jhokhwpypahf 

,Ug;gijfhzyhk;. ,Jnfg;sh; %d;whk; tpjpiacWjpg;gLj;JfpwJ.  
 
#hpaidr; Rw;Wk; Nfhs;fspd; Rw;Wfhyq;fSk; (T)mtw;wpd; milnel;lr;R(a)msTfSk;  

 
Nfhs; a (1010 m) T (Mz;Lfs;) 2

3

T

a
 

Gjd; 5.79 0.24 2.95 
nts;sp 10.8 0.615 3.00 
Gtp 15.0 1 2.96 
nrt;tha; 22.8 1.88 2.98 
tpahod; 77.8 11.9 3.01 
rdp 143 29.5 2.98 
ANuNd]; 287 84 2.98 
neg;bA+d; 450 165 2.99 
 

nghJ<h;g;gpay; tpjp:  
 
Nfhs;fspd; ,af;fk; gw;wpnfg;sh; tpjpfs; tpsf;fp $wpaNghJk;>mf;Nfhs;fspd; 
,af;fj;jpw;Ffhuzkhdtpirfisgw;wptpsf;fKbatpy;iy. nfg;sh; tpjpfisAk; fypypNahtpd; 
Ma;TfisgFg;gha;Tnra;jepA+l;ld; mtw;wpd; mbg;gilapy; <h;g;gpay; tpjpiajUtpj;jhh;.  
 
MepiwcilaJfs;>mz;lj;jpy; cs;smidj;JJfs;fisAk; Fwpg;gpl;ltpirAld; <h;f;fpwJ. 
me;j<h;g;Gtpirapd; typikahdJ>mtw;wpd; epiwfspd; 
ngUf;fw;gyDf;FNeh;j;jftpYk;>mtw;Wf;F ,ilNaahdnjhiytpd; ,Ukbf;Fvjph;j;jftpYk; 
,Uf;Fk; vd;gNjepA+l;ldpd; <h;g;gpay; tpjpahFk;.  
 
fzpjtpay; tbtpy; <h;g;gpay; tpirapidfPo;fz;lthWvOjyhk;.  

  1 2
2

GM M
F r

r
=−  

,q;FM1ypUe;JM2Nehf;fpnry;Yk; myFntf;lh; r MFk;.  
 
G<h;g;gpay; khwp: G d; kjpg;G6.67 × 10-11 Nm2kg-2. r-vd;gJepiwfs; M1kw;Wk; 

M2,ilNacs;snjiyT. epiwM1MdJepwM2 My; czUk; <h;g;gpay; tpiriaF ntf;lh; 

Fwpf;fpwJ. vjph;FwpahdJ<h;g;gpay; tpirvg;nghOJk; <h;f;Fk; 
jd;ikcilaJvd;gijFwpf;fpwJ. <h;g;gpay; tpirahdJvg;NghJk; ,U epiwfisAk; 
,izf;Fk; Neh;f;Nfhl;bd; topNanray;gLk;.  
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,Uepiwfs; xd;iwxd;W<h;;j;jy;: 
 
fhh;Brpad; Ma mr;Rfspy; ‘r’vd;wnjhiytpd; ,Ukbr2 = (x2 + y2+ z2)vdFwpf;fg;gLk;  
 
<h;g;gpay; tpirapd; Kf;fpagz;Gfs;:  
 
<h;g;gpay; tpirahdJr2f;Fvjph;j; jftpy; cs;sjhy; ,U epiwfSf;F 
,ilNaahdnjhiyTmjpfhpf;Fk; NghJ><Hg;gpay; tpirapd; typikFiwfpwJ. MfNtjhd; 
#hpadplkpUe;JGtpiatplmjpfnjhiytpy; cs;sANud]; GtpapidtplFiwe;jmsT<h;g;gpay; 
tpirapidczh;fpwJ.  
 

 
njhiyitg; nghUj;J<ug;gpay; tpirkhWgLjy;  
 

• ,UJfs;fSf;F ,ilNanray;gLk; <h;g;gpay; tpirvg;nghOJk; nray; vjph;r;nray; (action – 
reaction) ,izahfNtmikAk;. GtpkPJ #hpad; Vw;gLj;Jk; <h;g;gpay; tpir #hpaid 
Nehf;fpnray;gLk;. mNjNghy; #hpad; kPJGtpVw;gLj;Jk; <h;;g;gpay; 
tpirGtpiaNehf;fpnray;gLk;. ,Jvjph;r;nray; tpir(Reaction force) MFk;. ,UtpirfSk; 
ntt;NtWnghUs;fspd; kPJnray;gLfpd;wd.  
 

• #hpad; <h;g;Gtpirapdhy; G+kpapd; kPJVw;gLk; jpUg;GtpirahdJfPNojug;gl;Ls;sJ.  

2
0s E

GM M
r F r r

r
  =  =  − = 

 
 

Vndd;why; 0r rr= =  

0
d L

dt
 = = vdNt ,jpypUe;JmwptJvd;dntd;why; G+kpapd; Nfhzce;jk; L#hpaidg; 

nghWj;JxUkhwhntf;luhFk; ,J midj;Jf; Nfhs;fSf;Fk; nghUe;Jk;.,d;Dk; 
nrhy;tnjd;why; ,e;jNfhzce;jkhwhj; jd;ikjhd; nfg;shpd; ,uz;lhk; 
tpjpiaVw;gLj;JfpwJ.  
 

• m1kw;Wk; m2epiwfs; Gs;spepiwfs; vd;wmDkhdj;jpd; 

mbg;gilapNyNa 1 2

2

Gm m
F r

r
= rkd;ghLgad;gLj;jg;gLfpwJ. #hpadpd; <h;g;Gtpirapd; 

fhuzkhfGtpahdJ #hpaidr; Rw;wptUfpwJvDk;NghJehk; #hpaidAk; GtpiaAk; 
Gs;spepiwfshffUJfpNwhk;. #hpaDf;Fk; Gtpf;Fk; ,ilNacs;snjhiytpidmtw;wpd; 
tpl;lj;Jld; xg;gpLk; NghJmtw;iwGs;spepiwfshffUJtjpy; jtwpy;iy. xOq;fw;wkw;Wk; 
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ePl;bf;fg;gl;Ls;sxg;gpLk; NghJmtw;iwGs;spepiwfshffUJtjpy; jtwpy;iy. xOq;fw;wkw;Wk; 
ePl;bf;fg;gl;Ls;sgug;Gila(Irregular and extended) nghUs;fSf;Fgad;gLj;j 
,ayhJ.mg;gbg;gl;lnghUs;fSf;F ,ilNacs;s<h;g;Gtpirapd; fzf;fPl;LKiwfiscah; 
tFg;Gfspy; fw;Nghk;.  

 

• xNuxUrpwg;GNeh;tpy; kl;Lk; ,U nghUs;fs; kpfmUfpy; 
,Ue;jhYk;>Gs;spepiwvd;wmDkhdj;ijgad;gLj;jyhk;l.  

 
rPuhdmlh;j;jpAk; epiwM Kk; 

cilacs;sPlw;wNfhsj;jpw;Fk;>mf;Nfhsj;jpw;FntspNacs;sGs;spepiwmf;Fk; 
,ilNacs;s<h;g;gpay; tpiriafzf;fpLk; NghJ> ,it ,uz;Lk; Fiwe;jnjhiytpy; 
cs;sNghJk; Nfhsj;ijGs;spepiwvdfUjp<h;g;gpay; tpirrkd;ghl;ilgad;gLj;jyhk;. 
cs;sPlw;wNfhsj;jpw;FgjpyhfepiwMcilaGs;spepiwahdJmf;Nfhsj;jpd; ikag;Gs;spapy; 
cs;sjhff; fUJNthk;. gpd;G ,t;tpUGs;spepiwfSf;Fk; ,ilNacs;s<h;g;gpay; 
tpiriafzf;fplyhk;. ,e;jkjpg;Gcs;sPlw;wNfhsj;jpw;Fk; Gs;spepiwf;Fk; 
,ilNaahd<h;g;gpay; tpirf;Frkk; MFk;. cs;sPlw;wNfhsj;jpd; nkhj;jepiwAk; mjd; 
ikag;Gs;spapy; ,Ug;gJNghyNjhd;Wk;.  
 
ek;ikftuf;$bakw;nwhUKbTk; cs;sJ. epiwMcilacs;sPlw;wNfhsk; xd;iwfUJNthk;. 

cs;sPlw;wNfhsj;jpd; cl;Gwk; epiwm I itg;Nghk;. epiwmczUk;.<h;g;gpay; tpirRopMFk;. 
,jw;fhdtpsf;fj;ijcah; tFg;Gfspy; fw;Nghk;.  
 
ed;FgOj;jkhq;fdp>kuj;jpypUe;JfPNotpOtjw;Fk;>epyhGtpiaRw;Wtjw;Fk; fhuzk; xNu<h;g;gpapy; 
tpirjhd; vd;Wtpsf;fpaNj<h;g;gpay; tpjpapd; ntw;wpahFk;.  
 
epA+l;ldpd; vjph;j;jfT ,Ukbtpjp:  
 
epA+l;ld; xUvspikahdfzf;fPl;Lf;fhfNfhs;fs; tl;lg;ghijapy; ,aq;FtjhffUjpdhh;. 
rMuKilatl;lg;ghijapy; ,aq;fpdhy; ikag;Gs;spiaNehf;fpnray;gLk; ikaNehf;FKLf;fk;  

  
2

v
a

r
=  

,q;Fv–jpirNtfk; kw;Wk; r–tl;lg;ghijapd; ikag;Gs;spapypUe;JNfhspd; J}uk; MFk;.  
 
njhpe;jmsTfs; rkw;Wk; TMfpatw;wpd; mbg;gilapy; jpirNtfk;  
 

2 r
a

T


=  

,q;FTvd;gJNfhspd; Rw;Wf;fhyk; MFk;. v d; kjpg;ig 

   

2

2

2

2

4

r

rT
a

r T




 
 
 = = −  

,e;ja– d; kjpg;igepA+l;ld; ,uz;lhk; tpjpF = ma rkd;ghl;by; gpujpapl 
,q;Fmvd;gJNfhspd; epiwMFk;.  

   
2

2

4 mr
F

T


= −  

nfg;sh; %d;whk; tpjpg;gb 

   
3

2

r
k

T
= (khwpyp) 

   
2 2

r k

T r
=  
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tpirf;fhdrkd;ghLgpujpaplekf;F<h;g;gpay; tpjpf;fhdrkd;ghLfpl;Lk;  
2

2

4 mk
F

r


=  

,t;tpirahdJfth;r;rptpirvd;gijAk; tpirahdJikaj;ijNehf;fpnray;gLk; vd;gijAk; 
vjph;f;Fwpczh;j;JfpwJ. Nfhspd; epiw m MdJntspg;gilahfte;Js;sJ. Mdhy; epA+l;ld; 
jdJ %d;whk; tpjpg;gbGtpahdJ #hpadhy; <h;f;fg;gLfpwJvdpy; #hpaDk; Gtpahy; 
<h;f;fg;gl;lNtz;Lk; vdcWjpahfek;gpdhh;. vdNt #hpadpy; epiwM Kk; ntspg;gilahf 

,lk;ngwNtz;Lk; vdepA+l;ld; fUjpdhh;. MfNtjd; cs;czh;tpd;gb 24 k f;FgjpyhfGM 
vdrkd;ghl;by; gpujpapl;lhh;. mjd;%yk; <h;g;gpay; tpjprkd;ghL 

  
2

F m
GM

r
= −  

vdg; ngwg;gl;lJ. 
 
<h;g;gpay; tpirahdJfth;r;rpvd;gijvjph;f;FwpkPz;Lk; ekf;Fczh;j;Jfpd;wJ. 
Nkw;$wpatpthjj;jpy;>Nfhs; tl;lg;ghijapy; ,aq;FfpwJvdehk; vLj;Jnfhz;Nlhk;. Mdhy; 
Nfhs;fs; #hpaid ePs;tl;lg;ghijapy; Rw;wptUfpd;wdvd;gNjcz;ikahFk;. MapDk; 
Nfhs;fspd; ghijahdJ>tl;lg;ghijapypUe;JrpwpjsNtkhWgl;Lcs;sd. NkYk; 
ngUk;ghyhdNfhs;fspd; ghijfpl;lj;jl;ltl;lkhfNtcs;sJvd;gjhy; Nkw;fz;lfUJNfhs; 
rhpNa 

 
Gtpf;Fk; epyTf;Fk; ,ilNacs;snjhiyTkw;Wk; Gtpapd; Muk; Mfpatw;wpd; 
kjpg;Gfspd; %yk; Nkw;fz;lfzf;fPLmike;Js;sJ.  
 
2400 Mz;LfSf;FKd;dh; fpNuf;f E}yfh; (vul;Nlh];jdP];) (Eratosthenis) Gtpapd; 
Muj;ijfzf;fpl;lhh;. mNjNghyfpNuf;fthdpay; mwpQh; `pg;ghh;f;f]; Gtpf;Fk; 
epyTf;Fk; ,ilNacs;snjhiyitf; fz;lwpe;jhh;.  
 
Rthurpakhdtp~ak; vd;dntd;why; ,j;njhiyTfisf; fzf;fpl ,t;thdtpay; 
mwpQh;fs; gad;gLj;jpatbtpay; kw;Wk; Kf;Nfhztpay; ,d;Wehk; 
cah;epiygs;sptFg;GfspNyNafw;fpNwhk;. thdpay; gFjpapy; ,Jgw;wpatptguq;fs; 
jug;gl;Ls;sd.  

 
<h;g;gpay; khwpyp:  

 
<h;g;gpay; khwpyp‘G’apd; kjpg;G><h;g;gpay; tpjpapy; Kf;fpagq;fhw;WfpwJ. #hpaDf;Fk; Gtpf;Fk; 
,ilNacs;s<h;g;Gtpirkpfmjpfkhf ,Ug;gJk;>epiwFiwthdkpfr;rpwpanghUs;fSf;F 
(vLj;Jf;fhl;lhf ,U kdpjh;fSf;fpilNaahd) tpirGwf;fzpf;fj;jf;fmstpy; kpff;Fiwthf 
,Ug;gjd; fhuzj;ijG d; kjpg;Gtpsf;FfpwJ.  

 
Gtpgug;gpy; cs;sepiwmczUk; tpir 

  
2
E

E

GM m
F

R
= −  

,q;FME–Gtpapd; epiw>m–nghUspd; epiw>RE–Gtpapd; Muk; MFk;.  
 
epA+l;ld; ,uz;lhk; tpjpg;gb>F = - mg, 
,jidxg;gpl> 

 

2

2

E

E

E

GM m
mg

R

GM
g

R

− = −

=
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Gtpapd; ikaj;jpypUe;Jrnjhiytpy; cs;sepiwMczUk; tpir 

   
2

F EGM M

r
= −  

GMEapd; kjpg;igNkNycs;srkd;ghl;by; gpujpapl> 

   
2

2
E

R
F gM

r
= −   

,jd; %yk; ekf;Fj; njhptJvd;dntd;why;>g ,d; kjpg;Gnjhpe;jhNytpiriavspjpy; 

fzf;fplyhk;. ,jw;F‘G’ ,d; kjpg;GNjit ,y;iy.  
 

1798y; n`d;wpfhtz;b~; KWf;FjuhR(Torsion balance) fUtpapd; %yk; G = 6.75 × 
10-11 N m2 kg-2vdf; fz;lwpe;jhh;. ,d;WetPdnjhopy;El;gj;jpd; %yk; G ,d; 

kjpg;Gkpfj; Jy;ypakhffz;lwpag;gl;Ls;sJ. jw;NghJG = 6.67259 × 10-11 N m2 kg-

2vd;wkjpg;GVw;Wf; nfhs;sg;gl;Ls;sJ.  

 
<h;g;GGyKk;><h;g;Gjd;dpiyMw;wYk;  
<h;g;Gg;Gyk;:  
 
mbg;gilapy; ,U nghUs;fSf;F ,ilahd ,iltpidNatpirMFk;. ,e;jcwtpd; 
jd;ikiag; nghWj;JtpirahdJ (1) njhLtpir(2) njhlhtpirvd ,Utifg;gLk;.  

 
,UnghUs;fs; xd;Wld; xd;Wnjhl;Lf; nfhz;bUf;Fk; NghJVw;gLk; tpirnjhLtpirMFk;. 
tpiriaVw;gLj;Jk; fhuzpAk; nghUSk; xd;Wf;nfhd;WnjhLtjd; %yk; Vw;gLk; 
njhLtpirahy; nghUspd; ,af;fkhdJVw;gLfpwJ.  
 
#hpaid GtpRw;wptUtijfUJNthk;. #hpaDk; GtpAk; xd;iwxd;Wnjhltpy;iyvd;whYk; 
mitxd;iwnahd;W ,iltpidGhpfpd;wd. mjd; fhuzkhfGtpahdJ#hpadpd; 
<h;g;Gtpiriaczh;fpwJ. ,t;tif<h;g;GtpirxUnjhlhtpirMFk;.  
 
GtpapypUe;Jkpfmjpfj; njhiytpy; #hpad; cs;sNghJk; ,uz;Lk; xd;Wf;nfhd;W 
,iltpidGhpfpd;wdvd;gJekf;Ftpag;ghfNjhd;Wk;. ek;khy; 
Neubahfghh;f;fNthmy;yJczuNthKbtjhy; js;Sjy; ,Oj;jy; Nghd;wnjhLtpirfspd; 
typikiaek;khy; fzf;fplKbAk;. Mdhy; ntt;NtWnjhiyTfspy; nray;gLk; 
njhlhtpirapd; typikiavt;thWfzf;fpLtJ? njhlhtpirapd; typikiaGhpe;Jnfhs;sTk; 
kw;Wk; fzf;fplTk;><h;g;Gg; Gyk; vd;wfUj;JmwpKfg;gLj;jg;gLfpwJ.  
 
epiw‘m2’kPJepiw‘m1’Vw;gLj;Jk; <h;g;gpay; tpir 

  1 2
21

2

Gm m
F r

r
=  

,q;F r vd;gJepiwm1kw;Wk; m2 it ,izf;Fk; NfhLtopNanray;gLk; myFntf;lh; MFk;.  

epiwm1ypUe;Jrnjhiytpy; cs;sGs;spapy; <h;g;GGyr;nrwpT 1( )E vd;gJ‘XuyFepiwapdhy; 

czug;gLk; <h;g;Gtpir”vdtiuaWf;fg;gLfpwJ. <h;g;Gyr;nrwpthdJ
21

2

F

m
vd;wtpfpjj;jhy; 

Fwpf;fg;gLfpwJ. 

,q;Fepiwm2kPJnray;gLk; tpir 21F MFk;.  

vdNt
21

1

2

F
E

m
= gpujpapl 

  1
1

2

Gm
E r

r
=  
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<h;g;Gyr;nrwpT (,dpNky; <h;g;GGyk; vd;Wmiof;fg;gLk;) xUntf;lh; 1E MFk;. ntf;lh; ,d; 

jpirepiwm1 I Nehf;fpmikAk;. NkYk; ,Jepiwm2itr; rhh;e;jJmy;y.  
 
nghJthf>epiwM My; rnjhiytpy; Vw;gLk; <h;g;GGyk;>gpd;tUkhWFwpf;fg;gLfpwJ 

    
2

Gm
E r

r
=  

<h;g;GGyk; nray;gLk; gFjpapy; cs;sGs;spP apy; epiw‘m’itf;fg;gLfpwJ. 
epiw‘m’MdJ<h;g;GGyk; Eiaczh;tjhy; xU<h;g;GtpirVw;gLfpwJ.  
 
epiwM My; epiwmczUk; <Hg;Gtpirgpd;tUkhWvOjg;gLfpwJ.  

mF mE=  
,e;jr; rkd;ghl;ilepA+l;ldpd; ,uz;lhk; tpjprkd;ghl;NlhLxg;gpLk; NghJ>ekf;Ffpilg;gJ.  

   
ma mE

a E

=

=
 

 
mjhtJxUGs;spapy; ,Uf;Fk; <h;g;GGykhdJmg;Gs;spapy; cs;sxUJfs; czUk; 

KLf;fj;jpw;Frkk; MFk;. Mdhy; vz;kjpg;Gk; jpirAk; xd;whfmike;jhYk; akw;Wk; EMfpa 

,uz;Lk; ntt;NtW ,aw;gpay; msTfs; MFk;. <h;g;GGyk; E vd;gJ %y epiwapd; (Source 

mass) fhuzg; gz;G. KLf;fk; a vd;gJ<h;g;GGyk; Ey; itf;fg;gl;Ls;sNrhjidepiwczUk; 
tpisTg; gz;ghFk;.  
 
xd;iwnahd;Wnjhlhj ,U epiwfspilNaeilngWk; ,iltpidia“<h;;g;Gg;Gyk;”vd;wfUj;jpy; 
%yk; ,g;NghJehk; tpsf;fKbAk;.  
 

1. epiwM id tpl;Ltpyfpr; nry;y<h;g;Gg;Gyj;jpd; typikFiwAk;. njhiyTrmjpfhpf;Fk; 

NghJ Eapd; vd;kjpg;GFiwAk;. Gs;spfs; P, Q kw;Wk; R y; 

<h;g;GGykhdJ p Q RE E E  vdvOjyhk;. Gs;spfs; P, Q kw;Wk; 

Rf;fhdtpirntf;lh;fspd; ePsq;fisxg;gpLtjd; %yk; ,jidGhpe;Jnfhs;syhk;.  
 

2. <h;g;gpay; tpiriafzf;fpLtjw;fhf“<h;g;Gg; Gyk;”vd;wfUj;JmwpKfg;gLj;jg;gl;lJ. 
gpd;G<h;g;GGyk; xU,aw;gpay; msTvd;Wk; mJntspapy; (Space) Mw;wiyAk; 
ce;jj;ijAk; ngw;Ws;sJvd;Wk; fz;lwpag;gl;lJ.  

 
,d;Dk; nrhy;yg;Nghdhy; kpd;D}l;lq;fs; 
,aq;Ffpd;wKiwiaGhpe;Jnfhs;sGyf;nfhs;ifahdJjtph;f;fKbahjxd;whftpsq;fpwJ.  
 

3. <h;g;GGyj;jpd; myFepA+l;ld; /fpNyhfpuhk; (N/kg) my;yJms-2 
 
<h;g;GGyj;jpd; Nkw; nghUe;Jjy; jj;Jtk;  
 

m1, m2, …..mnepiwAila‘n’ Jfs;fspd; epiyntf;lh;fs; KiwNa 1 2 3, , ...r r r vd;f. Gs;spapy; 

njhFgad; <h;g;Gg;GykhdJjdpj;jdpepiwfshy; vw;gLk; jdpj;jdp<h;g;Gg; Gyj;jpd; ntf;lh; 
$LjYf;Frkk;. ,j;jj;Jtk; <h;g;GGyq;fspd; Nkw;nghUe;Jjy; jj;Jtk; vdg;gLk;. 

 

   = 1 2 .... nE E E E= + +nkhj;jk ;  

   = 2
1 2

2 2 2
1 2

1
... n

n

n

Gm Gm Gm
r r r

r r r
= − − − −  
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2
1

n

i
i

i i

Gm
r

r=

= −  

jdpj;jdpepiwfSf;Fgjpyhfnjhlh;r;rpahfgutpAs;snkhj;jepiwM – I fUjpdhy; Gs;spP apy; 
<h;g;GGyj;ijnjhifaPl;LKiwapy; (integration method) fzf;fplyhk;.  
 
<h;g;GepiyMw;wy; (Gravitational Potential Energy):  
 
epiyMw;wy; gw;wpafUj;Jk; ,aw;gpay; rhh;e;jmjd; nghUs; gw;wpAk; Kd; ghlq;fspy; 
fw;Ws;Nshk;. <h;g;gpay; tpirxUMw;wy; khw;whtpirahFk;. vdNt ,e;jMw;wy; khw;whtpirapd; 
Gyj;Jld; njhlh;Gila<h;g;GepiyMw;wiyehk; gpd; tUkhWtiuaiwnra;ayhk;.  
 
m1kw;Wk; m2vd;w ,U epiwfs; Muk;gj;jpy; r’njhiytpy; cs;sd. 

m1epiwahdJepiyahfcs;sJvd;f. epiwm2 I r’ 
epiyapy;,Ue;Jrepiyf;Ffhl;bAs;sgbefh;j;jNtiynra;aNtz;Lk;.  
 
epiwm2 I kpfr; 

rpwpanjhiyT dr mjhtJ r ypUe;J r dr+ efh;j;jntspapUe;JNtiynra;ag;glNtz;Lk;.  

 
,e;jkpfr;rpwpaNtiy gpd; tUkhWvOjg;gLfpwJ.  

   .extdW F dr=  
,e;jNtiyahdJ<h;g;gpay; tpirf;Fvjpuhfnra;ag;gl;Ls;sJ. vdNt<h;g;gpay; tpir 

   1 2
2

ext G

Gm m
F F

r
= =  

gpujpapl 

  1 2
2

.
Gm m

dW r dr
r

=  

vd;gijehk; mwpNthk;.  
 

   1 2
2

.( )
Gm m

dW r dr r
r

 =  

(,q;F .r r  = 1. Vndd;why; r xUmyFntf;lh;) 

   1 2
2

Gm m
dW dr

r
 =  

r’ y; ,Ue;JJfisrf;F ,lk; ngaur; nra;jnkhj;jNtiy 

    1 2
2

' '

r r

r r

Gm m
W dW dr

r
= =   

   1 2

'

r

r

Gm m
W

r

 = − 
 

 

   1 2 1 2

'

Gm m Gm m
W

r r
= − +  

   W = U(r) – U(r’) 

,q;F 1 2( )
Gm m

U r
r

=  

,e;jNtiy(W) ahdJm1kw;Wk; m2epiwfs; KiwNarkw;Wk; r’ njhiytpy; 
cs;sNghJmt;tikg;gpd; <h;g;GepiyMw;wy;fspd; NtWghl;iljUfpwJ.  
 
epiy1 :vdpy;  
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<h;g;gpay; tpirxUfth;r;rptpirvd;gjhy; epiwm2epiwm1 my; ftug;gLfpwJ. 

vdNtepiwm2I>rypUe;Jr’f;Fefh;j;jntspg;Gwj;jpypUe;JNtiynra;aNtz;baNjit ,y;iy. 
,q;Fmikg;ghdJjdJMw;wiynrytopj;JNtiynra;fpwJ. 
vdNtnra;ag;gl;lNtiyvjph;f;FwpngWk;.  
 
epfo;T 2 : r <r’vdpy;  
r ypUe;Jr’ f;Fm2epiwiaefh;j;j<h;g;Gtpirf;FvjpuhfNtiynra;aNtz;Lk;. 
vdNtntspg;Gwj;jpypUe;JNtiyahdJnra;ag;glNtz;Lk;. 
MfNtnra;ag;gl;lNtiyNeh;f;Fwpkjpg;igg; ngWfpwJ.  
 
“epiyMw;wy; khWghL”vd;gNj ,aw;gpaypy; Kf;fpaj;Jtk; cilaJ. 
jw;NghJ<h;g;GepiyMw;wiyed;FtiuaWf;fxUMjhug;Gs;spiaNjh;e;njLg;Nghk;.  
  me;jMjhug; Gs;sp r = Kbtpy; vd;f.  
,jd; gb ,uz;lhk; gFjpRopMFk;.  
vdNt 

   1 2 0
Gm m

W
r

= +  

rnjhiytpy; mike;jepiwfs; m1kw;Wk; m2cilamikg;gpd; 

<h;g;GepiyMw;wyhdJ>epiwm1epiyahfcs;sNghJ>epiwm2 it rnjhiytpypUe;JKbtpyhj; 
njhiyTf;Fnfhz;Lnry;ynra;jNtiyf;Frkk; vdehk; tiuaWf;fyhk; 

MfNt<h;g;GepiyMw;wy; vd 1 2( )
Gm m

U r
r

= Fwpf;fg;gLfpwJ.  

 
rnjhiytpy; mike;jepiwfs; m1kw;Wk; m2cilamikg;gpd; <h;g;GepiyMw;wyhdJ>Kbtpyhj; 

njhiyTkw;Wk; rnjhiytpy; ,e;jepiwfspd; 
mikg;Gcs;sNghJngw;Ws;s<h;g;GepiyMw;wy;fspd; NtWghl;bw;Frkk; vd;gJk; 
Fwpg;gplj;jf;fJ.  
 
mjhtJ ( ) ( ) ( )U r U r U= −   

Mdhy; ,q;F ( ) 0U  = vdMjhug;Gs;spiaehk; Njh;e;njLj;Jcs;Nshk;.  

 
<h;g;GepiyMw;wyhdJvg;nghOJk; vjph;f; Fwpkjpg;GngWk;. Vnddpy; Kbtpyhj; 
njhiytpypUe;Jepiwfs; (mikg;G) xd;iwnahd;WnkJthfneUq;fptUk;NghJmikg;ghy; 
Ntiynra;ag;gLfpwJ.  
 
<h;g;GepiyMw;wy; U(r) d; myF [{y; (joule).NkYk; ,J ];Nfyhh; msTMFk;. 
<h;g;GepiyMw;wyhdJepiwfisAk; mtw;Wf;F ,ilNaahdnjhiytpidAk; rhh;e;jJ.  
 
Gtpapd; gug;Gf;FmUNf<h;g;GepiyMw;wy;  
 
GtpapypUe;Jcauj;jpw;Fnfhz;Lnry;yg;gl;lepiwm ,y; epiyMw;wy; 

‘mgh’Nrkpf;fg;gl;Ls;sJvd;gijtpthjpj;Js;Nshk;. ,r;rkd;ghl;il><h;g;GepiyMw;wy; topNaAk; 
jUtpf;fyhk;.  
 
Gtpikaj;jpypUe;Jrnjhiytpy; cs;sepiwmkw;Wk; GtpiaAk; Nrh;j;JxUmikg;ghff; 
fUJNthk;.  
,e;jmikg;gpd; <h;g;GepiyMw;wy;  
 
,r;rkd;ghl;il><h;g;GepiyMw;wy; topNaAk; jUtpf;fyhk;.  
 
Gtpikaj;jpypUe;Jrnjhiytpy; cs;sepiwmkw;Wk; GtpiaAk; Nrh;j;JxUmikg;ghff; 
fUJNthk;.  
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,e;jmikg;gpd; <h;g;GepiyMw;wy;  

   e
GM m

U
r

= −  

,q;Fr = Re + h NkYk; ReGtpapd; Muk; MFk;. 

   
e(R )

eM m
U G

h
= −

+
 

fPo;f;fz;lthWkhw;wpmikf;fyhk;.  

    
e eR (1 / R )

eM m
U G

h
= −

+
 

    1
e

e

(1 / R )
R

e
M m

U G h
−= − +  

,q;Fh<<RevdNt 

<UWg;Gj; Njw;wj;ij(Binomial theorem) gad;gLj;jptphpTgLj;jpgpd;Gcah; 
mLf;FcWg;GfisGwf;fzpj;jhy;>ehk; ngWtJ 

  
e e

1
R R

e
M m h

U G
 

= − − 
 

 

Gtpapd; gug;gpy; epiwmcs;sNghJ> 

  e

e

R
R

e
M m

G mg=  

vd;gJehk; mwpe;jNj> 
gpujpapl 
 U = -mgRe + mgh  
 
Nkw;fz;lrkd;ghl;by; Kjy;Nfhit(first term)cauk; h I rhh;e;jJmy;y. 

cjhuzkhf>h1cauj;jpy; ,ue;Jh2cauj;jpw;FnghUs; vLj;Jr; nry;yg;gLfpwJvd;f.  

h1 cauj;jpy; <h;g;GepiyMw;wy;  

 U(h1) = - mgRe + mgh1 
h2cauj;jpy; <h;g;GepiyMw;wy;  

 U(h2) = -mgRe + mgh2 
 

h1kw;Wk; h2 ,ilNa<h;g;GepiyMw;wy; NtWghL 

  U(h2) – U(h1) = mg (h2 – h1)  
 
cs;smgReNfhit><h;g;GepiyMw;wy; khWghLfhz;gjpy; vt;tpjkhw;wj;ijAk; Vw;gLj;jtpy;iy. 
vdNtrkd;ghLKjy; NfhitiaGwf;fzpf;fyhk;. my;yJRopvdvLj;Jf; nfhs;syhk;. 
MfNtGtpgug;gpypUe;Jhcauj;jpy; cs;sepiwm ,y; Nrkpf;fg;gl;Ls;s<h;g;GepiyMw;wy; U = 
mghvd $wyhk;.  
 Gtpg;gug;gpy; h = 0>vd;gjhy; U = 0 
 
,q;Fehk; ftdpf;fNtz;baJepiw‘m’ I Gtpgug;gpy; ,Ue;Jehk; ‘h’cauk; 

cah;j;jnra;jNtiyNa‘mgh’MFk;. ,e;jNtiyepiw‘m’ ,y; 

<h;g;GepiyMw;wyhfNrkpf;fg;gl;Ls;sJ. cz;ikapy; ‘mgh’vd;gJepiw‘m’kw;Wk; 
GtpiaNrh;;j;j<h;g;GepiyMw;wy; MFk;. MapDk; ,e;j‘mgh’ I epiw‘m’ ,d; 

<h;g;GepiyMw;wyhfNtvLj;Jf; nfhs;fpNwhk; Vnddpy; epiw‘m’cauk; 

‘h’f;Fnry;Yk;NghJGtpepiyahfNtcs;sJ.  
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<h;g;Gjd;dpiyMw;wy; (Gravitational Potential) V(r) 
 

<h;g;GGyk; EahdJ>mg;Gyj;ijcUthf;Fk; epiw‘m’ I 

kl;LNkrhh;e;Js;sJvdtpsf;fg;gl;Ls;sJ. ,JxUntf;lh; msthFk;. ,NjNghy; epiw‘m’ I 
kl;LNkrhh;e;j<h;g;Gjd;dpiyMw;wy; vd;w ];Nfyhh; msitAk; ehk; tiuaWf;fyhk;.  
 
xUepiwapypUe;Jrnjhiytpy; cs;sGs;spapy; 
<h;g;Gjd;dpiyMw;wyhdJ>xuyFepiwiaKbtpyhj; njhiytpypUe;Jmg;Gs;spf;Fnfhz;L tur; 
nra;jNtiyMFk;. ,JV(r)vdFwpf;fg;gLk;. NkYk; r njhiytpy; cs;sGs;spapy; 
<h;g;Gjd;dpiyMw;wy; vd;gJmg;Gs;spapy; xuyFepiwf;fhd<h;g;GepiyMw;wYf;Fr; rkk; vd;Wk; 
tiuaWf;fyhk;. <h;g;Gjd;dpiyMw;wy; xU];Nfyhh; msT. ,jd; myFJ/kg.  

 
<Hg;GepiyMw;wypUe;J<h;g;Gjd;dpiyMw;wiyehk; tiuaWf;fKbAk;.  
rnjhiytpy; mike;j ,Uepiwfs; m1kw;Wk; m2fisfUJNthk;. ,t;tikg;gpd; 

<h;g;GepiyMw;wy; 1 2( )
Gm m

V r
r

= −  

 
epiwm2I xuyFepiw(m2 = 1 kg) vdf; nfhz;Lepiwm1 My; VNjDk; xUGs;spP apy; Vw;gLk; 
<h;g;Gjd;dpiyMw;wy; kjpg;gpidngwyhk;.  

 
r njhiytpy; epiwm1 My; Vw;gLk; <h;g;Gjd;dpiyMw;wy;  

  1( )
Gm

V r
r

= −  

<h;g;GtpirAk; <h;g;GGyKk; ntf;lh; msTfs;.  
 
<h;g;GtpirAk; <h;g;GGyKk; ntf;lh; msTfs;. <h;g;GepiyMw;wYk; <h;g;Gjd;dpiyMw;wYk; 
];Nfyhh; msTfshFk;. ntf;lh; msTfistpl ];Nfyhh; msTfisgad;gLj;jpJfs;fspd; 
,af;fj;ijgFj;jha;Tnra;jy; vspjhFk;. cjhuzkhfMg;gps; fPNotpOtijfUJNthk;.  
 
Gtpapd; <h;g;Gtpirapd; fhuzkhf<h;f;fg;gl;LMg;gps; jhdhffPNotpOtijfhl;LfpwJ. 
<h;g;Gjd;dpiymw;wy; V(r)JizAld; ,jidtpsf;fKbAk;.  
 
Gtpg;gug;gpypUe;Jhcauj;jpy; cs;sGs;spapy;  
 
<h;g;Gjd;dpiyMw;wy;  

  ( )
( )

e
GM

V r R h
R h

= + = −
+

 

Gtpg;gug;gpy; <h;g;Gjd;dpiyMw;wy;  

   ( ) e
GM

V r R
R

= = −  

Nkw;fz;lrkd;ghLfspypUe;J 
   ( ) ( )V r R V r R h=  = +  

Gtpg;gug;Gf;FmUNfhcauj;jpy; <h;g;GepiyMw;wy; mghvd;gijehk; Kd; gFjpapy; 

tpthjpj;Njhk;. mg;Gs;spapy; <h;g;Gjd;dpiyMw;wy; V(h) = U(h) / m = gh. Gtpapd; gug;gpy; 

hRopvd;gjhy; Gtpg;gug;gpy;<h;g;Gjd;dpiyMw;wy; RopMFk;. vdNtjhd; 
Mg;gpshdJmjpf<h;g;Gjd;dpiyMw;wy; cs;sgFjpapypUe;JFiwe;j<h;g;Gjd;ikMw;wy; 
cs;sgFjpiaNehf;fptpOfpwJ. nghJthfepiwahdJ<h;g;Gjd;dpiyMw;wy; 
kpFe;jgFjpapypUe;J<h;g;Gjd;dpiyMw;wy; Fiwe;jgFjpf;Fr; nry;Yk;.  
 
Gtpapd; <h;g;GKLf;fk;:  
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nghUs;fs; Gtpapd; kPJtpOk;NghJ> ,it GtpapidNehf;fpKLf;fkiltijfhz;fpNwhk;. 
epA+l;ld; ,uz;lhk; tpjpg;gbGwtpirnray;gl;llhy; kl;LNKxUnghUs; KLf;fkilAk; 
vdmwpNthk;. ,q;FGtpapd; <h;g;Gtpirahy; nghUs;fs; KLf;fkilfpd;wd. Gtpapd; mUNf 
,t;tpirmidj;JnghUs;fs; kPJk; khwhjKLf;fj;ijVw;gLfpwJ. 
NkYk;,k;KLf;fkhdJnghUs;fspd; epiwfisrhh;e;jJmy;y. 
Gtpgug;Gf;FmUNfcs;sepiwmkPJGtpapdhy; Vw;gLk; <h;g;Gtpir 

    
2

e

e

GmM
F r

R
= −  

,e;j<h;g;GtpiriaepA+l;ldpd; ,uz;lhk; tpjpAld; rkg;gLj;j 

    
2

e

e

GmM
ma r

R
= −  

vdNt>KLf;fk;  

    
2

e

e

GM
a r

R
= −  

Gtpg; gug;Gf;FmUNfcs;snghUSf;FGtpapd; <h;g;GGyj;jhy; Vw;gLk; KLf;fkhdJ><h;g;GKLf;fk; 
vdg;gLfpwJ. ,Jgvd;wFwpaPl;lhy; Fwpf;fg;gLfpwJ.  
 
<h;g;GKLf;fj;jpd; vz; kjpg;G 

   
2

e

e

GM
g g

R
= =  

,r;rkd;ghl;bypUe;J<h;g;gpd; KLf;fkhdJKLf;fkilAk; nghUspd; 
epiwiarhh;e;jjy;yvdmwpfpd;Nwhk;. g d; kjpg;ghdJGtpapd; epiwiaAk; Muj;ijAk; 
rhh;e;Js;sJ. “GtpapidNehf;fptpOk; midj;JnghUs;fSk; 
rkkhfKLf;fkilfpwJ”vd;gijfypypNah 400 Mz;LfSf;FKd;NggyMa;Tfs; %yk; 
fz;lwpe;jhh;.  
 
Gtpapd; G+kj;jpaNuifgFjpapy; <h;g;gpd; KLf;fk; g = 9.8 m s-2vdfz;lwpag;gl;Ls;sJ.  
 
Fj;Jauk;>Mok; kw;Wk; FWf;Ff;NfhLMfpatw;iwr; rhh;e;J<h;g;gpd; KLf;fk; khWgLjy;  
 
Gtpgug;gpypUe;Jhcauj;jpy; cs;sepiwm I fUJNthk;. Gtpapd; <h;g;Gtpirahy; mg;nghUs; 
czUk; KLf;fk;  

 
2

e

'
(R )

GM
g

h
=

+
 

 2

2

e

'

1
R

e

GM
g

h
R

=
 
+ 

 

 

 

2

2
e

' 1
R

e

GM h
g

R

−
 

= + 
 

 

 
h<<Revdpy; <UWg;GNjw;wj;jpidgad;gLj;jpgpd;Gcah; mLf;Ffisg; Gwf;fzpj;Jg; 
gpd;tUkhWvOjyhk;.  

   
2

e

' 1 2
R

e

GM h
g

R

 
= − 

 
 

   
e

' 1 2
R

h
g g

 
= − 

 
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,jpypUe;Jg’ < g vdehk; fhz;fpNwhk;. ,jd; nghUs; Fj;Jauk; hmjpfhpf;Fk; 

NghJ<h;g;GKLf;fk; gFiwfpwJvd;gjhFk;.  
 
Moj;ijg; nghWj;JgkhWgLjy;:  
 
Gtpapd; Mo; Ruq;fk; xd;wpy; cjhuzkhf> (nea;Ntypepyf;fhpr; Ruq;fk;) dMoj;jpy; 

epiwmcs;sJvd;f.  
 
Ruq;fj;jpd; Mok; dvd;f. dMoj;jpy; g’kjpg;igfzf;fplfPo;f;fz;lfUj;Jfisftdj;jpy; 

nfhs;Nthk;. epiwmilAk; KLf;fj;jpy; Gtpapd; (Re – d) f;FNkNycs;sGtpapd; gFjpahdJ 
,e;jKLf;fj;jpw;FVJk; gq;fspg;Gnra;tjpy;iy. Ke;ijagFjpapy; ep&gpf;fg;gl;lKbtpd;gb> 
 

d Moj;jpy; <h;g;gpd; KLf;fk;  

   
2

e

'
'

(R )

GM
g

d
=

−
 

(Re – d) cilaGtpgFjpapd; epiwM’MFk;.Gtpapd; mlh;j;jpρ rPuhfmidj;JgFjpapYk; 

rPuhf(uniform) cs;sJvdf; fUjpNdhk;. vdpy;> 

    
M

V
 =  

,q;FM–Gtpapd; epiwkw;Wk;  
V–Gtpapd; gUkd; MFk;  
NkYk; mlh;j;jprPuhfcs;sjhy;  

   
'

'

M

V
 =  

'

'

M M

V V
= MfNt ' '

M
M V

V
=  

3

3

4
' (Re )

4 3
3

e

M
M d

R




 
  = −  

  
 

 

3
e3

' (R )
e

M
M d

R
= −  

gpupjpapLf.  

  
3

e3 2
e

1
' (R ) .

(R )
e

M
g G d

R d
= −

−
  

   
e

e

3

R 1
R

'
e

d

g GM
R

 
− 

 =  

   e

2

1
R

'
e

d

g GM
R

 
− 

 =  

vdNt
e

' 1
R

d
g g

 
= − 

 
 

,q;Fk; g’ < g. 
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Mok; mjpfhpf;Fk; NghJg’kjpg;GFiwfpwJ. vdNtGtpapd; Nkw;gug;gpy; <h;g;gpd; KLf;fk; 
ngUkkhf ,Uf;fpwJ. Mdhy; gug;Gf;FcaNunrd;whNyhmy;yJGtpapd; 
Moj;jpw;Fnrd;whNyh<h;g;gpd; KLf;fk; FiwAk;.  
 
FWf;Ff;Nfhl;ilg; (Latitude)nghUj;JgkhWjy;:  
 
RoYk; Fwpg;ghaj;jpy; ,aq;Fk; nghUs;fspd; ,af;fj;ijehk; gFj;jhAk; 
NghJikatpyf;FtpiriaAk; ehk; fUj;jpy; nfhs;sNtz;Lk;. 
nghJthfG+kpapidepiykf;Fwpg;ghakhffUJNthk;. Mdhy; cz;ikapNyNaG+kpxURoYk; 
Fwpg;ghak;. Vnddpy; G+kpahdJjdJmr;irg;gw;wpRoy;fpwJ. vdNtGtpg;gug;gpy; xUnghUs; 
cs;sNghJ>m Jika tpyf;FtpirapidczUfpwJ. mt;tpirahdJGtpapd; 

FWf;Ff;Nfhl;Lkjpg;igrhh;e;Js;sJ. GtpRoytpy;iyvdpy; nghUspd; kPjhdtpirmgMFk;. 
Mdhy; GtpRow;rpapd; fhuzkhfnghUs; $Ljyhfikatpyf;Ftpirapidczh;fpwJ.  
 
ikatpyf;Ftpir= mω2R’  
  R’ = R cos λ 
,q;Fλ vd;gJFWf;FNfhl;bd; kjpg;G 
nghUspd; kPJgf;Fvjph;jpirapy; nray;gLk; ikatpyf;FKLf;fj;jpd; $W  

 
2 2 2'cos cosPQa R R   = =   

Vnddpy; R’ = R cos λ  
vdNtg’ = g – ω2 R cos2 λ 
Gtpikaf;Nfhl;by; λ = 0, vdNt g’ = g – ω2 R. Gtpikaf;Nfhl;by; <h;g;gpd; KLf;fk; g MdJ 
rpWkk; MFk;.  
JUtg;gFjpapy; λ= 90˚vdNt>g’ = g 
MfNt JUtg; gFjpapy; <h;g;gpd; KLf;fk; ngUkk; MFk;.  
 
tpLgLNtfk; kw;Wk; Rw;wpaf;fNtfk;  
 
gpugQ;rj;jpy; ngUksTfhzg;gLk; jdpkq;fs; i`l;u[d; kw;Wk; P̀ypak; MFk;. Mdhy; 
Gtpapd; tspkz;lyj;jpy; iel;u[Dk; Mf;rp[DNkmjpfmstpy; cs;sd. Gtpapd; 
tspkz;lyj;jpy; i`l;u[Dk; `PypaKk; kpff;Fiwthf ,Uf;ffhuzk; ahJ? ,jid 
,g;gFjpapy; Muha;Nthk;.  
 
nghUnshd;iwNky;Nehf;fpvwpe;jhy; Fwpg;gpl;lcauk; mile;Jgpd;GfPo;Nehf;fptpOk;. ,jidf; 
fhZk; NghJxUnghUisvd;dNtfj;jpy; nrq;Fj;jhfvwpe;jhy;>mg;nghUs; Gtpg;gug;gpw;FkPz;Lk; 
tuhky;>Gtpapd; <h;g;gpypUe;Jjg;gpr; nry;Yk; vd;wNfs;tpvOfpwJ.  
 
tpOk;.,jidf; fhZk; NghJxUnghUisvd;dNtfj;jpy; nrq;Fj;jhfvwpe;jhy;>mg;nghUs; 
Gtpg;gug;gpw;FkPz;Lk; tuhky;>Gtpapd; <h;g;gpypUe;Jjg;gpr; nry;Yk; vd;wNfs;tpvOfpwJ.  
 
Gtpg;gug;gpy;epiwMcilaxUnghUisfUJNthk;. Muk;gNtfk; viapy; nghUs; 
Nky;Nehf;fpvwpag;gLfpwJvdpy;  
nghUspd; Muk;gnkhj;jMw;wy;  

  
21

2
E

i i

E

GM
E Mv

R
= −  

,q;FME - Gtpapd; epiw: RE - Gtpapd; Muk;. NkYk; E

E

GMM

R

−
vd;gJepiwM d; 

<h;g;GepiyMw;wy; MFk;.  
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nghUs; Gtpiatpl;LtpyfpntFJ}uk; nrd;Wtpl;lJvdpy; mj;njhiyitKbtpyhj; 

njhiyTvdfUJf. ,e;epiyapy; <h;g;GepiyMw;wy; Rop[ ( ) 0]U  = MFk;. NkYk; ,af;fMw;wYk; 

Rop. vdNtnghUspd; nkhj;jMw;wYk; RopahfpwJ.  

   0fE =  

Mw;wy; khwhtpjpapd; gb 

   i fE E=  

 
gpujpapl 
Nfhspd; <h;g;gpay; Gyj;jpypUe;JtpLgl;Lj; jg;gpr; nry;y>nghUs; vwpag;glNtz;barpWkNtfk; 
vevd;f. vdNtvigjpyhfvevdgpujpapl 

21
0

2
E

i

E

GMM
Mv

R
− =  

   21

2
E

i

E

GMM
Mv

R
−  

2
E

E

GM
g

R
= rkd;ghl;ilgad;gLj;jpdhy;  

    2 2
e E

v gR=  

    2
e E

v gR=  

Nkw;fz;lrkd;ghl;bypUe;JtpLgLNtfkhdJ<h;g;gpd; KLf;fk;>Gtpapd; Muk; Mfpa ,U 
fhuzpfisrhh;e;Js;sJvd;gijmwpfpNwhk;. tpLgLNtfkhdJnghUspd; epiwapidrhh;e;jJmy;y. 
g (9.8 ms-2) kw;Wk; Re = 6400 km kjpg;GfisgpujpaplGtpapd; tpLgLNtfk; Ve = 11.2 kms-1MFk;. 
tpLgLNtfk; nghUs; vwpag;gLk; jpiriarhh;e;jJmy;y. 
nrq;Fj;jhfNthmy;yJfpilkl;lkhfNthmy;yJFwpg;gpl;lNfhzj;jpy; nghUs; 
vwpag;gl;lhNyhGtpapd; <h;g;GtpirapypUe;JtpLgl;Lnry;tjw;fhdtpLgLNtfk; khwhJ. 
,Jfhl;lg;gl;Ls;sJ.  
 
i`l;u[d; kw;Wk; `Pypak; Nghd;wNyrhd %yf;$Wfs; 
Gtpg;gug;igtpl;Ljg;gpnry;Ytjw;FNghJkhdNtfk; nfhz;Ls;sd. Mdhy; iel;u[d; kw;Wk; 
Mf;]p[d; Nghd;wfdkhd %yf;$Wfs; jg;gpr; nry;yNghJkhdNtfk; cilaitmy;y. 
(thAf;fspd; ,af;ftpay; nfhs;ifiatpthjpf;Fk; NghJi`l;u[d; kw;Wk; P̀ypak; 
mZf;fspd; Ntfj;ijGtpapd; tpLgLNtfj;Jld; xg;gPLnra;Jghh;g;Nghk;) 
 
Jizf; Nfhs;fs; - Rw;wpaf;fNtfKk; Rw;Wf;fhyKk;  
 
ehk; tho;tJetPdAfk;. cyfpd; vg;gFjpapy; cs;sth;fSlDk; 
njhlh;Gnfhs;tjw;fhdmjpetPdnjhopy;El;gfUtpfs; ek;kpilNacs;sd. 
,k;Kd;Ndw;wj;jpw;Ffhuzk; #hpa FLk;gmikg;igehk; ed;FGhpe;jnfhz;lNjMFk;. 
Gtpapidtyk; tUk; Jizf;Nfhs;fNsjw;NghJnra;jpj; njhlh;Gf;FnghpJk; cjTfpd;wd. 
#hpaidf; Nfhs;fs; Rw;WtJNghyJizf;Nfhs;fs; Gtpiar; Rw;wptUfpd;wd. vdNtnfg;shpd; 
tpjpfs; kdpjd; cUthf;fpanraw;ifj; Jizf;Nfhs;fSf;Fk; nghUe;Jfpd;wd. 
epiwMcilaJizf;Nfhs; Gtpiar; Rw;wptUtjw;Fj; NjitahdikaNehf;FtpiriaGtpapd; 
<h;g;GtpirjUfpwJ.  

   
2

2( ) ( )
E

E

Mv GMM

RE h R h
=

+ +
 

    2

( )
E

E

GM
v

R h
=

+
 

    
( )

E

E

GM
v

R h
=

+
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cauk; hmjpfhpf;Fk; NghJ>Jizf;Nfhspd; Rw;wpaf;fNtfk; FiwAk;.  
 
Jizf;Nfhspd; Rw;Wf; fhyk; :  
 
xUKOr; Rw;wpd; NghJJizf;Nfhs; flf;Fk; njhiyT2  (RE + h) f;Fr; rkk;. NkYk; xU 

KO Rw;Wf;FMFk; fhymsNtJizf;Nfhspd; Rw;Wf;fhyk; TMFk;. 
 

Rw;wpaf;fNtfk;
2 ( )

E
R h

v
T

 +
= =
fle;j njhiyT

fhyk;
 

ypUe;Jvf;Fgpujpapl 

    
2 ( )

( )
E E

E

GM R h

R h T

 +
=

+
 

    3/ 22
( )

E

E

T R h
GM


= +  

,UGwKk; ,UkbvLf;f 

   
2

2 34
( )E

E

T R h
GM


= +  

 

,q;Fkhwpyp= 
24

E
GM


vd;gJxUkhwpyp. vdNt ,ijcvd;f.  

 T2 = c (RE + h)3 

Nfhs;fspd; ,af;fk; gw;wpanfg;sh; tpjpapy; $wg;gl;Ls;sfhyk; kw;Wk; 
njhiyTf;fhdnjhlh;gpidNaGtpapidr; Rw;Wk; Jizf;NfhSk; nfhz;Ls;sJvd;gijehk; 
mwpayhk;. Gtpf;FmUNfRw;Wk; Jizf;NfhSf;FGtpapd; Muk; REcld; xg;gpLk; NghJhkpfr; 
rpwpaJvd;gjhy; h Gwf;fzpf;fj;jf;fJ. vdNt 

  
2

2 34
E

E

T R
GM


=  

  
2

2 4
E

T R
g


=  

,q;F 2
E

E

GM
g

R
=  

   2 E
R

T
g

=  

RE = 6.4 106 m kw;Wk; g = 9.8 m/s2, kjpg;Gfis gpujpapl  
 
Jizf;Nfhspd; Row;rp fhyk; 85T  epkplq;fs; vdg; ngwg;gLfpwJ.  
 
Gtpia Rw;Wk; Jizf;Nfhspd; Mw;wy;  
 
Gtpg;gug;gpypUe;J h cauj;jpy; Gtpapidr; tyk; tUk; Jizf;Nfhspd;; nkhj;j Mw;wy; 
fPo;f;fz;l Kiwapy; fzf;fplg;gLfpwJ. Jizf;Nfhspd; nkhj;j Mw;wy; mjd; ,af;f Mw;wy; 
kw;Wk; epiy Mw;wypd; $l;Lj;njhifahFk;.  
Jizf;Nfhspd; epiy Mw;wy;  

    
( )

s E

E

GM M
U

R h
= −

+
 

,q;F Ms– Jizf;Nfhspd; epiw> 
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ME - Gtpapd; epiw> 
RE - Gtpapd; Muk;.  
Jizf;Nfhspd; ,af;f Mw;wy;  

    21
.

2
s

K E M v=  

,q;F v vd;gJ Jizf;Nfhspd; Rw;wpaf;f Ntfk; NkYk; ,jd; kjpg;G  
,k;kjpg;ig gpujpapl  

   
( )

E

E

GM
v

R h
=

+
 

Jizf;Nfhspd; ,af;f Mw;wy;  

  
1

.
2 ( )

E s

E

GM M
K E

R h
=

+
 

vdNt Jizf;Nfhspd; nkhj;j Mw;wy;  

   
1

2 ( ) ( )
E s s E

E E

GM M GM M
E

R h R h
= −

+ +
 

   
2( )

s E

E

GM M
E

R h
=−

+
 

,q;Fvjph;f;FwpahdJJizf;Nfhs; GtpAld; gpizf;fg;gl;Ls;sJvd;gijAk; Jizf;Nfhs; 
Gtpapd; <h;g;GGyj;jpypUe;Jjg;gpr; nry;y ,ayhJvd;gijAk; vLj;Jf;fhl;LfpwJ.  
 
Kbtpy; kjpg;ig(∞) neUq;Fk; NghJ>nkhj;jMw;wy; RopianeUq;Fk;. ,jd; nghUs; 
vd;dntd;why;>Jizf;NfhshdJGtpapd; <h;g;GGyj;jpd; jhf;fj;jpypUe;JKw;wpYk; tpLgl;Ls;sJ. 
NkYk; kpfmjpfnjhiyTcs;sNghJJizf;Nfhs; GtpAld; gpizf;fg;gltpy;iyvd;gjhFk;.  
 
Gtpepiyj;Jizf; Nfhs; kw;Wk; JUtj;Jizf;Nfhs;:  
 
Gtpapidr; Rw;wptUk; Jizf;Nfhs;fspd; Rw;Wfhyq;fs; mtw;wpd; Rw;Wg;ghijMuj;ijg; 
nghWj;Jmikfpd;wd. Rw;Wfhyk; 24 kzp Neuk; cilaJizf;Nfhspd; 
Rw;Wg;ghijMuj;ijfzf;fpLNthkh?  
 
nfg;shpd; %d;whk; tpjpiag; gad;gLj;jp ,e;jRw;Wg; ghijapd; Muj;ijfzf;fplyhk;.  

   ( )
2

32 4
E

E

T R h
GM


= +  

   
2

3

2
( )

4
E

E

GM T
R h


+ =  

   

1/32

24
E

E

GM T
R h


 

+ =  
 

 

Gtpapd; epiw>Muk; kw;Wk; Rw;Wf;fhyk; T (= 24 kzp= 86400 tpdhbfs;) Mfpatw;wpd; 

kjpg;Gfisgpujpapl;L>fzf;fplh d; kjpg;G 36>000 kmvdf; fpilf;fpwJ. 

,t;tifJizf;Nfhs;fs; Gtpepiyj; Jizf;Nfhs;fs; (geo-statinary satellites) vdg;gLfpd;wd. 
Vndd;why; GtpapypUe;Jghh;f;Fk; NghJ ,it epiyahf ,Ug;gJNghyj; Njhd;Wk;.  
 
,e;jpahnra;jpnjhlh;Gf;Fg; gad;gLj;Jk; Gtpepiyj; Jizf;Nfhs;fshd,d;rhl; 
(INSAT)tifJizf;Nfhs;fs; mbg;gilapy; Gtpepiyj; Jizf;Nfhs;fNs. Gtpapd; 

gug;gpypUe;J500Kjy; 800 kmcauj;jpy;  

Gtpapidtlf;F–njw;Fjpirapy; kw;nwhUtifJizf;Nfhs;fs; Rw;wptUfpd;wd. Gtpapd; tl–
njd; JUtq;fs; Nky; nry;Yk; Rw;Wg;ghijapy; GtpapidRw;wptUk; ,t;tifJizf;Nfhs;fs; 
JUtj; Jizf;Nfhs;fs; vdg;gLfpd;wd. JUtj;Jizf;Nfhs;fspd; Row;rpfhyk; 100 
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epkplq;fs;. vdNtxUehspy; gyKiwGtpapidRw;wptUfpd;wd. xURw;wpd;NghJGtpapd; 
tlJUtk; Kjy; njd; JUtk; tiuxUrpwpaepyg;gug;ig(Strip of area) fle;Jnry;Yk;. mLj;Jj; 
Rw;wpd; NghJNtWepyg;gug;GgFjpNky; fle;Jnry;Yk;. Vndd;why; Kjy; Rw;Wfhymstpy; 
GtpahdJxUrpwpaNfhzmsTRod;W ,Uf;Fk;. ,t;thWmLj;jLj;jRw;Wfspd; %yk; 
JUtJizf;NfhshdJGtpapd; KO epyg;gug;igAk; flf;fKbAk;.  
 
vilapd;iknghUspd; vil:  
 
Gtpapy; cs;sxt;nthUnghUSk;>Gtpapd; <h;g;Gtpirahy; ftug;gLfpd;wd. 
‘m’epiwcilanghUspd; kPJnray;gLk; <h;g;gpay; tpirmgMFk;. 
,t;tpirahdJvg;nghOJNkfPo;Nehf;fpAk;>Gtpapd; ikak; Nehf;fpAk; nray;gLk;. jiuapd; Nky; 
ehk; epw;Fk; NghJ>ek;kPJ ,U tpirfs; nray;gLfpd;wd.  
 
xd;W>fPo;Nehf;fpnray;gLk; <h;g;Gtpirkw;nwhd;Wjiuapdhy; ek;;kPJnrYj;jg;gLk; 
Nky;Nehf;fpanrq;Fj;Jtpir. ,t;tpirNaek;ikxa;Tepiyapy; itj;jpUf;fpwJ. xUnghUspd; 

vilW MdJfPo;Nehf;fpatpirahFk;. ,e;jvilapd; vz; kjpg;ghdJmg;nghUisjiuiag; 

nghWj;Jxa;T–
epiyapNyhmy;yJkhwhjjpirNtfj;jpNyhitj;jpUf;fnrYj;jNtz;baNky;Nehf;fpatpirapd; 
vz; kjpg;Gf;Frkk; MFk;. vilapd; jpirAk;>GtpaPh;g;Gtpirapd; jpirapNyNaFwpf;fg;gLfpwJ. 
vdNtxUnghUisjiuapy; xa;Tepiyapy; 
itj;jpUf;fjiuahdJ‘mg’msTs;stpiriaNky;Nehf;fpnrYj;JfpwJ.  
 
vdNtvilapd; vz; kjpg;GW = N = mg MFk;. vilapd; vz; kjpg;GmgMf 
,Ue;jhYk;>vilAk; nghUspd; kPJnray;gLk; <h;g;GtpirAk; xd;wy;yvd;gijehk; ftdj;jpy; 
nfhs;sNtz;Lk;.  
 
kpd; cah;j;jpfspy; Njhw;wvil:  
 
kpd; cah;j;jp ,aq;fMuk;gpf;Fk; NghJk;>epWj;jg;gLk; NghJk; kpd; cah;j;jpapDs; ,Ug;gth;fs; 
xUFYq;fiy(Jerk) czh;thh;fs;. Vd; mt;thWepfo;fpwJ? ,e;jepfo;ittpsf;Ftjw;F>vilapd; 
fUj;jhf;fj;ijGhpe;Jnfhs;Sjy; Kf;fpakhdxd;whFk;. fPo;;f;fz;l #oy;fspy; xUkdpjh; kpd; 
cah;j;jpapy; epw;fpd;wdhh; vd;f.  
 
kpd; cah;j;jpapy; epw;Fk; kdpjh; kPJ ,U tpirfs; nray;gLfpd;wd.  
 

1. fPo;Nehf;fpnray;gLk; <h;g;Gtpir. ehk; nrq;Fj;JjpirapidNeh; 

mr;RjpirvdvLj;Jf;nfhz;lhy;>me;jkdpjh; kPJnray;gLk; <h;g;gpay; tpir GF mg j−  

 
2. kpd; cah;j;jpapd; jsj;jpdhy; kdpjh; kPJnrYj;jg;gLk; 

Nky;Nehf;fpanrq;Fj;JtpirN N j=  

 
epfo;T(i)kpd; cah;j;jpxa;Tepiyapy; cs;sNghJ 
 
kdpjhpd; KLf;fk; RopMFk;. vdNtkdpjh; kPJnray;gLk; nkhj;jtpirAk; RopahFk;. epA+l;ldpd; 
,uz;lhk; tpjpg;gb 

   0GF N+ =  

   0mg j N j− + =  
ntf;lh; $Wfisxg;gpl;lhy; ehk; ngWtJ 

N – mg = 0 (my;yJ)N = mg  
vdNtvilW = N vd;gjhy;kdpjhpd; Njhw;wvilmthpd; cz;ikvilf;Fr; rkk;.  
 
epfo;T(iii)kpd;cah;j;jpNky;Nehf;fpKLf;fg;gLk; NghJ 
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Nky; Nehf;fpaKLf;fj;Jld; ( )a a j= kpd; cah;j;jp ,aq;FfpwJvdpy; jiuiag; nghWj;J 

(epiykf; Fwpg;ghak;) epA+l;ldpd; ,uz;lhk; tpjpiagad;gLj;jpdhy;>ekf;Ffpilg;gJ 
 
gad;gLj;jpdhy;>ekf;Ffpilg;gJ 

   GF N ma+ =  
Nkw;fz;lrkd;ghl;ilnrq;Fj;Jjpirapd; myFntf;lh;fisgad;gLj;jpvOJNthk;.  

  mg j N j ma j− + =  
ntf;lh; $Wfisxg;gpl 
  N = m (g + a) 
vdNtkdpjhpd; Njhw;wvilmthpd; cz;ikviliatplmjpfk;.  
 
epfo;T(iv)kpd; cah;j;jpfPo;Nehf;fpKLf;fg;gLk; NghJ 
 

kpd; cah;j;jpahdJfPo;Nehf;fpaKLf;fj;Jld; ( )a a j= − ,aq;FfpwJvdpy; epA+l;ldpd; ,uz;lhk; 

tpjpiagad;gLj;jpehk; ngWtJ 

   GF N ma+ =  
Nkw;fz;lrkd;ghl;ilnrq;Fj;Jjpirapd; myFntf;lh;fisgad;gLj;jpvOJNthk;.  
 
myFntf;lh;fisgad;gLj;jpvOJNthk;.  

   mg j N j ma j− + = −  
ntf;lh; $Wfis ,UGwKk; xg;gplehk; ngWtJ 
   N = m(g-a) 
vdNtkdpjhpd; Njhw;wvil{W = N = (m(g-a)} mthpd; cz;ikviliatplFiwT.  
 
jhNdfPNotpOk; nghUs;fspd; vilapd;ik:  
 
jhNdfPNotpOk; nghUs;fs; <h;g;gpay; tpiriakl;LNkczh;fpd;wd. jilapd;wpjhNdtpOtjhy; 
mitve;jgug;GlDk; njhlh;G ,y;yhky; cs;sd. (fhw;wpd; cuha;TtpirGwf;fzpf;fg;gLfpwJ). 
vdNtnghUspd; kPjnray;gLk; nrq;Fj;JtpirRopahFk;. nghUspd; fPo;Nehf;fpaKLf;fk; Gtpapd; 
<h;g;GKLf;fj;jpw;Fr; rkk;. mjhtJa = g vdNtrkd;ghL ,Ue;J 
   / N = m (g – g) = 0 
,jidNavilapd;ikepiyvd;fpNwhk;. kpd; cah;j;jpfPo; Nehf;fpaKLf;fk; (a = g) y; 
tpOk;NghJ>kpd; cah;j;jpapd; cs;Ns ,Uf;Fk; kdpjh; 
vilapd;ikepiyiamy;yJjhdhfNtfPNotpOk; epiyiaczh;thh;.  
 
tpz;ntspf; fyj;jpy; vilapd;ik:  
 
GtpiaRw;wptUk; tpz;ntspf;fyj;jpy; cs;stpz;ntsptPuh;fs; kPJvt;tpj<h;g;gpay; tpirAk; 
nray;glhJvd;wxUjtwhdfUj;JepyTfpwJ. cz;ikapy; Gtpapd; gug;Gf;FmUNfGtpapidtyk; 
tUk; tpz;ntspfyk; Gtpapd; <h;g;Gtpirf;Fcl;gLk;l. mNj<h;g;gpay; 
tpiriatpz;ntspfyj;jpy; cs;stpz;ntsptPuh;fSk; czh;thh;fs;. ,jd; fhuzkhfmth;fs; 
fyj;jpd; jiu kPJvt;tpjtpiriaAk; nrYj;JtJ ,y;iy. vdNtfyj;jpd; jiuAk; mth;fs; 
kPJvt;tpjnrq;Fj;JtpiriaAk; nrYj;JtJ ,y;iy. MfNttpz;ntspfyj;jpy; cs;stPuh;fs; 
vilapd;ikepiyapy; cs;sdh;. tpz;ntsptPuh;fs; kl;Lky;y. tpz; fyj;jpy; 
cs;smidj;JnghUs;fSk; vilapd;ikepiyapy; cs;sd. ,jidjhdhffPNotpOk; 
epiyAld; xg;gplyhk;.  
 
thdpay; gw;wpambg;gilf; fUj;Jfs;:  
 
kdpjFytuyhw;wpy; Njhd;wpakpfg; gioamwptpay; gphpTthdpay; MFk;. Kw;fhyj;jpy; 
,aw;gpaypy; ,Ue;Jgphpj;Jg; ghh;f;fKbahjgFjpahfthdpay; ,Ue;jJ. 16 Mk; E}w;whz;Ltiu 
,aw;gpaypy; thdpaypd; gq;fspg;Gkpfmjpfk;. `pg;ghh;f;f];>mhp];lhh;f];>jhykp>Nfhgh;epf]; 
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kw;Wk; ilNfhgpuhN` MfpNahh;fshy; gy E}w;whz;Lfshfjpul;lg;gl;lthdpay; juTfspd; 
mbg;gilapy; jhd; nfg;sh; tpjpfSk; epA+l;ldpd; <h;g;gpay; tpjpfSk; 
cUthf;fg;gl;ld>cWjpnra;ag;gl;ld. ilNfhgpuhN` - tpd; thdpay; juTfs; 
cjtpapd;wpnfg;sh; tpjpfs; cUthfp ,Uf;fhJ. nfg;sh; tpjpfspd; cjtpapd;wpepA+l;ld; 
<h;g;gpay; tpjpiacUthf;;fp ,Uf;fKbahJ.  
 
ghlMuk;gj;jpy; Nfhgh;epf]pd; #hpa ikaf; nfhs;ifahdJjhykpapd; Gtpikaf; 
nfhs;iff;Fgjpyhfmike;jJvdg;ghh;j;Njhk;. vdNtGtpikaf; Nfhl;ghl;bd; Fiwfisehk; 
gFj;jha;e;Jtpsf;FtJKf;fpakhdjhFk;.  
 
Gtpikaf; nfhs;ifAk; - #hpaikaf; nfhs;ifAk;:  
 
njhlh;e;Jrpykhjq;fSf;F ,utpy; ntWq;fz;fshy; Nfhs;fspd; 
,af;fq;fiscw;WNehf;fpNdhk; vdpy; Nfhs;fs; fpof;Fjpirapy; 
gazpj;Jgpd;Ggpd;Ndhf;fpNkw;Fjpirapy; ,aq;fpkPz;Lk; fpof;Fjpirapy; gazpg;gijfhzyhk;. 
,jw;F“Nfhs;fspd; gpd;Ndhf;F ,af;fk;”(Retro grade motion) vd;Wngah;. nrt;thapd; 
gpd;Ndhf;F ,af;fj;ijfhzyhk;.  
 
Xh; Mz;Lfhyj;jpw;Fnrt;tha; Nfhspd; ,af;fj;ijcw;WNehf;Fk; NghJmJKjypy; 
fpof;FjpirNehf;fp(gpg;uthpKjy; [{d;) nry;Yk;. gpd;Ggpd;Ndhf;fp ([{iy>Mf];L>nrg;lk;gh;) 
nry;Yk;. gpwFmf;Nlhgh; Kjy; kPz;Lk; fpof;Fjpirapy; nry;fpwJ. Kw;fhyj;jpy; thdpay; 
mwpQHfs; fz;Zf;FGydhFk; midj;JNfhs;fspd; gpd;Ndhf;F 
,af;fj;ijgjpTnra;Jmjidtpsf;fKaw;rpnra;jdh;. #hpad; kw;Wk; midj;JNfhs;fSk; 
Gtpiaikakhff; nfhz;Ltl;lg;ghijapy; Rw;wptUfpd;wdvdmhp];lhl;by; $wpdhh;. 
mt;thWtl;lg;ghijapy; Nfhs;fs; ,aq;fpdhy; FWfpafhyj;jpw;FVd; Nfhs;fs; gpd;Ndhf;fp 
,aq;Ffpd;wd? vd;gijtpsf;fKbatpy;iy. 
 
vdNtjhykp ,e;jGtpikaf; Nfhl;ghby;”ngUtl;lj;jpd; Nky; mikAk; 
rpWtl;lr;Row;rp”(Epicycle) vd;wfUj;jpidKd;nkhope;jhh;. ,f;fUj;jpd;gb>Gtpapidf; Nfhs; 
tl;lg; ghijapy; Rw;Wk; mNjNtisapy; kw;Wk; xUtl;lg;ghij ,af;fj;jpw;Fk; cs;shFk;. 
mjw;FngUtl;lj;jpd; Nky; mikAk; rpWtl;lRow;rpvdg; ngah;. tl;lg;ghijapy; 
GtpapidRw;Wk; ,af;fj;ijAk;>ngUtl;lj;jpd; Nky; mikAk; rpWtl;l ,af;fj;ijAk; 
xd;wpizf;Fk; NghJGtpapidxUnghUj;JNfhs;fsgpd;Nehf;fpnry;tJNghyNjhd;Wk; 
,af;fj;ijjUfpwJ. mhp];lhl;bypd; Gtpikaf; fUj;Jld; ,af;fj;ijjhykp ,izj;jhh;.  
 
Mdhy; jyhkpapd; ,e;jrpWtl;lr; Row;rptpsf;fkhdJkpfTk; fbdkhf ,Ue;jJ. 15Mk; 
E}w;whz;by; Nghye;Jehl;Lthdpay; mwpQh; Nfhgh;epf;f];> ,e;jrpf;fiyvspaKiwapy; jPh;f;Fk; 
tpjkhf #hpa ikaf; nfhs;ifiaKd;nkhope;jhh;. ,f;nfhs;ifg;gb> #hpa FLk;gmikg;gpd; 
ikak; #hpaNd. midj;JNfhs;fSk; #hpaidr; Rw;wptUfpd;wd. Gtpapidr; 
rhh;e;JNfhs;fspd; rhh;G ,af;fj;jpd; fhuzkhfNfhs;fs; “gpd; Nehf;fpnry;tJNghd;w 
,af;fj;ij”(Retrograde motion) ngWfpd;wd. #hpa ikaf; nfhs;ifapd; mbg;gilapy; 
Nfhs;fspd; ,e;jgpd;Nehf;fpnry;tJNghd;w ,af;fk; fhl;lg;gl;Ls;sJ.  
 
GtpahdJnrt;tha; Nfhistpltpiuthf #hpaid Rw;wptUfpwJ. Gtpf;Fk; nrt;tha;NfhSf;Fk; 
,ilNaahdrhh;G ,af;fj;jpd; (Relative motion) fhuzkhf[{iyKjy; mf;Nlhgh; 
tiunrt;tha; Nfhs; gpd;Nehf;fpnry;tJNghyNjhd;WfpwJ. ,NjNghygpwNfhs;fspd; gpd;Ndhf;F 
,af;fq;fisAk; Nfhgh; epf]pd; #hpa ikaf; nfhs;ifahy; tpsf;fKbe;jJ. ,e;jvspikj; 
jd;ikapd; fhuzkhfNt #hpa ikaf; nfhs;ifGtpikaf; 
nfhs;iff;Fgjpyhfgbg;gbahfVw;Wf; nfhs;sg;gl;lJ. 
,aw;ifepfo;TfSf;Fxd;Wf;FNkw;gl;ltpsf;fq;fs; jug;gLk; 
NghJ>vspikahdtpsf;fNkmy;yJkhjphpNanghJthfVw;Wf;nfhs;sg;gLk;. 
Nkw;$wpafUj;Jkl;Lky;yhJ>jhykpapd; nfhs;iff;FgjpyhfNfhgh;epf]; nfhs;ifVw;Wf; 
nfhs;sg;gl;ljw;fhdtphpthdtpsf;fj;ijthdpay; E}y;fspy; fhzyhk;.  
 
nfg;shpd; %d;whk; tpjpAk; thdpay; njhiyTfSk;:  
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nfg;sh; jdJ %d;WtpjpfisAk; jUtpg;gjw;FilNfhgpuhN`tpd; thdpay; 
juTfisKOikahfg; gad;gLj;jpdhh;. jdJ %d;whk; tpjpapy; #hpaDf;Fk; NfhSf;Fk; 
,ilNaahdnjhiyTf;Fk;>Nfhspd; Rw;Wf; fhyj;jpw;Fk; cs;snjhlh;gpidjUtpj;jhh;. thdpay; 
mwpQh;fs; tbtpay; kw;Wk; Kf;Nfhztpaypd; cjtpAld; xUNfhSf;Fk; #hpaDf;Fk; 
,ilNacs;snjhiytpidGtpf;Fk; #hpaDf;Fk; ,ilNacs;snjhiytpd; (thdpay; myF) 
klq;fhff; fz;lwpe;jhh;fs;. ,q;F #hpadpypUe;J Gjd; kw;Wk; nts;spapd; 
njhiyTfz;lwpag;gl;ltpjj;ijfhz;Nghk;. Gjd; kw;Wk; nts;spNfhs;fs; cs; Nfhs;fs; 
vdg;gLfpd;wd. G+kpapypUe;Jghh;f;Fk;NghJ #hpaDf;Fk; nts;spf; NfhSf;Fk; 
,ilNacs;smjpfgl;rNfhzk; 46˚MFk;. mNjNghyGjd; NfhSf;Fk; #hpaDf;Fk; 

,ilNacs;smjpfgl;rNfhzk; 22.5˚ MFk;.  
 
Gtpiag; nghWj;Jnts;spf;Nfhs; ngUkePl;rpepiyapy; (46˚)cs;sNghJ> 
#hpaDf;Fk;>nts;spf;Fk; cs;sNfhl;Lf;Fk;>nts;spf;Fk; G+kpf;Fk; cs;sNfhl;Lf;Fk; 
,ilNacs;sNfhzk; 90˚MFk;. ,jd; %yk; Gtpf;Fk; #hpaDf;Fk; 

,ilNacs;snjhiyTfhzyhk;. Gtpf;Fk; #hpaDf;Fk; cs;snjhiyTxUthdpay; myF(1 
AU)vd;WvLj;Jf; nfhs;syhk;.  
 
jphpNfhzkpjpnfhs;ifg;gbcs;snrq;NfhzKf;Nfhzj;jpy;  

    sin
r

R
 =  

,q;FR = 1 AU 

  sin (1 )(sin46 )r R AU= =   

sin 46˚ = 0.72vd;gjpypUe;Jnts;sp #hpadpypUe;J 0.72 AUnjhiytpy; 

cs;sJvdfzf;fplg;gl;lJ. ,NjNghy; θ = 22.5˚vdgpujpapl;LGjDf;Fk; #hpaDf;Fk; 

cs;snjhiyT0.38 AUvdfzf;fplg;gl;lJ. ntspf;Nfhs;fshdnrt;tha; kw;Wk; tpahod; 
Nghd;wNfhs;fspd; njhiythdJrw;WkhWgl;lKiwapy; fz;lwpag;gl;ld. #hpaDf;Fk; 
Nfhs;fSf;Fk; cs;snjhiyTfs; jug;gl;Ls;sd.  

ntt;NtWNfhs;fSf;fhd
3

2

a

T
 

 
Nfhs;fs; Rw;Wg;ghijMuk; 

(a) 
Rw;Wf;fhyk; T 

(ehl;fs;) 
A3/T2 

Gjd;  0.389 AU 87.77 7.64 
nts;sp 0.724 AU 224.70 7.52 
Gtp 1,000 AU 365.25 7.50 
nrt;tha; 1.524 AU 686.98 7.50 
tpahod; 5.200 AU 4332.62 7.49 
rdp 9.510 AU 10,759.20 7.40 
 
,jpypUe;Jnfg;sh; tpjpiar; rhpghh;f;fcah;epiyg; gs;spapy; fw;Fk; tbtpay; kw;Wk; 
Kf;Nfhztpay; fUj;Jf;fNsNghJkhditvd;gJed;FnjhpfpwJ.  
 
Gtpapd; Muj;ijmsj;jy;:  
 
fp.K. 225 y; mNyf;]hz;lhpah(Alexandria) tpy; tho;e;jfpNuf;f E}yfh; vul;Nlh];jdP]; 

(“EratosThenes”) Gtpapd; Muj;ijKjd; Kjypy; mse;jhh;. jw;NghJetPdKiwapy; 
fz;lwpag;gl;lkjpg;Gld; xg;gpl ,k;kjpg;Gfpl;lj;jl;lJy;ypakhfmike;Js;sJ. vul;Nlh];jdP]; 
gad;gLj;jpafzf;fPl;Lf;FNjitahdfzpjk; ,d;Wcah;epiytFg;gpy; nrhy;ypj; jug;gLfpwJ. 
Nfhil #hpa jpUg;GKfepiyapy; (#hpad; jd; ,af;fjpiriakhw;Wk; ehs;) (Solstice) 
ez;gfypy; ird; (Syene)efhpy; #hpa xspepoy; Vw;gLj;jhijf; fz;lhh;. mNjNeuj;jpy; 
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irnad; efhpypUe;J 500 iky; njhiytpy; cs;smnyf;]hz;l;hpahefhpy; nrq;Fj;Jj; 
jpirf;F7.2˚rha;thf #hpa xspepoy; tpOfpwJvdf; fz;lhh;.  
vdf; fz;lhh;. 
7.2 bfphpNtWghLVw;glf; fhuzk; Gtpapd; Nkw;gug;Gtise;Jfhzg;gLtNjvdczh;e;jhh;.  
 

,e;jNfhzk; 
1

7.2
8

 = Nubad;  

ird; kw;Wk; mnyf;rhz;bhpahefUf;F ,ilNaahdtl;ltpy;ypd; ePsk; Svd;f.  
NkYk; Gtpapd; Muk; Rvdpy;  
 
   S = Rθ = 500 iky;  

Gtpapd; Muk; 
500

R


=  iky;  

500

1

8

R =
 
 
 

iky;  

R = 4000 iky;  
1 iky; = 1.609 km. vdNtmth; Gtpapd; Muk; R = 6436 km vdf; fzf;fpl;lhh;. tpag;gspf;Fk; 

tz;zk; ,k;kjpg;Gjw;NghJfz;lwpag;gl;lkjpg;ghd6378 km f;FkpfmUNfcs;sJ.  
 
3Mk; E}w;whz;by; fpNuf;fehl;Lthdpay; mwpQH `pg;ghh;f;f]; Gtpf;Fk; epyTf;Fk; 
cs;snjhiytpidfz;lwpe;jhh;.  
 
tpag;G+l;Lk; thdpay; cz;ikfs;:  
 

1. re;jpufpufzk; kw;Wk; Gtpapd; epoypd; Muk; mstpLjYk; :  
 
2018 [dthp 31>md;W KO re;jpufpufzk; eilngw;wijjkpofk; cl;glgy ,lq;fspy; 
cw;WNehf;fpgjpTnra;ag;gl;lJ. epyhGtpapd; epoiyf; flf;Fk;NghJ> ,g;Gtpepoypd; 
Muj;ijmstPLnra;ayhk;.  
 
Gtpapd; fUepoy; gFjpapy; epyhcs;sNghJrptg;Gepwj;jpy; epyhnjhpAk;. Gtpapd; fUepoy; 
gFjpapidtpl;LepyhntspNawpaclNdmJgpiwepyTNghyNjhd;Wk;. 
mt;thWepyhntspNaWk; NghJGtpfUepoypd; Njhw;wMuk; kw;Wk; epyhtpd; Njhw;wMuk; 
Mfpatw;iwmsf;fyhk;. gpd;Gmtw;wpd; jfTfzf;fplyhk;.  
 
epow;glj;jpy; Gtpapd; fUepoypd; Njhw;wMuk; (apparent radius) = Rs = 13.2 cm 
epow;glj;jpy; epyhtpd; Njhw;wMuk; (apparent redius) = Rm = 5.15 cm 

,e;jMuq;fspd; jfT 2.56s

m

R

R
  

Gtpapd; fUepoypd; Muk; Rs = 2.56 × Rm 
epyhtpd; Muk; Rm = 1737 km 
GtpfUepoypd; Muk;  

  2.56 1737 4446
s

R km km=    

Muj;jpd; rhpahdmsT= 4610 km 
 

fzf;fPl;by; rjtPjg; gpio 

  
4610 4446

100 3.5%
4610

−
=  =  

cah;jpwd; njhiyNehf;fp %yk; glq;fs; vLf;fg;gl;lhy; gpioapd; msTFiwAk;. 
vspafzpjnray;ghl;bd; %yk; ,e;jfzf;fPLnra;ag;gl;Ls;sJvd;gJftdpf;fj;jf;fJ.  
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re;jpufpufzj;jpd; NghJepyhtpd; kPJtpOk; Gtpapd; epoypd; 
tbtj;ijcw;WNehf;fpGtpahdJNfhsftbtKilaJvdthdpay; mwpQHfs; 
ntFfhyj;jpw;FKd;Ngep&gpj;jdh;.  

 
2. xt;nthUkhjKk; #hpa fpufzk; kw;Wk; re;jpufpufzk; ,uz;LNkNjhd;Wtjpy;iyVd;?  

KO epyTehspd; NghJepytpd; Rw;Wg;ghijAk; Gtpapd; Rw;Wg;ghijAk; xNujsj;jpy; 
mike;jhy; re;jpufpufzk; Njhd;Wk;. mNjNghy; mkhthirmd;Wk; mike;jhy; #hpa 
fpufzk; Njhd;Wk;. Mdhy; epyhtpd; Rw;WghijahdJGtpapd; 
Rw;Wg;ghijj;jsj;jpypUe;J5˚rha;e;Jfhzg;gLfpwJ. ,e;j5˚rha;Tcs;sjhy;>Mz;bd; 
xUFwpg;gpl;lfhyj;jpy; kl;LNk #hpad;>Gtpkw;Wk; epyTMfpaitxNuNeh;Nfhl;by; 
mikfpd;wd. mt;thWmikAk; nghOJkl;LNk ,k;%d;wpd; epiyapidg; 
nghWj;Jre;jpufpufzNkhmy;yJ #hpa fpufzNkhVw;gLk;.  
 

3. Gtpapy; gUtfhyq;fs; Njhd;WtJVd;?  
#hpaid GtpePs;tl;lg;ghijapy; Rw;WfpwJ. vdNt #hpaDf;Fmz;ikapy; 
Gtpcs;sNghJNfhilfhyKk; Nra;ikapy; cs;sNghJFsph;fhyKk; 
Njhd;WfpwJ”vd;gJjtwhdfUj;jhFk;. cz;ikapy; GtpahdJ #hpaid 23.5˚ 
Nfhzrha;Tld; Rw;wptUtjhNyNagUtfhyq;fs; Njhd;Wfpd;wd.  
23.5˚rha;tpd; fhuzkhfGtpapd; tlNfhsg;gFjp#hpaDf;F ntFnjhiytpy; 
cs;sNghJ>Gtpapd; njd;Nfhsg;gFjp #hpaDf;F mUfpy; mikAk;. 
vdNttlNfhsg;gFjpapy; Fsph;fhykhfcs;sNghJ>njd;Nfhsg;gFjpapy; Nfhilfhykhf 
,Uf;Fk;.  
 

4. tpz;kPdpd; Njhw;w ,af;fKk; Gtpapd; Row;rpAk;:  
 
,uTNeuq;fspy; tpz;kPd;fs; efh;tJNghJNjhd;Wtijcw;WNehf;Ftjd; %yk; 
Gtpjd;idj;jhNdRoy;fpwJvdep&gpf;fyhk;. Gtpapd; 
jw;Row;rpfhuzkhfNtJUttpz;kPidkw;wtpz;kPd;fs; tl;lg;ghijapy; 
Rw;wptUtJNghyNjhd;WfpwJ 

 
Gtpapd; Row;rpmr;Rf;FNeuhf Jut tpz;kPd; mike;Js;sjhy; mt;tpz;kPd; 
epiyahdjhfNjhd;WfpwJ. Nghyhhp]; tpz;kPd; (Polaris) JUttpz;kPd; MFk;.  
 
thdpay; kw;Wk; <h;g;gpaypy; rkPgj;jpatsh;r;rpfs;:  
 
19 Mk; E}w;whz;LtiuthdpayhdJntWk; fz;fshy; my;yJnjhiyNehf;fp%yk; 
cw;WNehf;fg;gLjiyrhh;e;J ,Ue;jj. 19 Mk; E}w;whz;bd; Kbtpy; kpd;fhe;jmiyfspd; 
epwkhiyfz;lwpag;gl;lTld; gpugQ;rj;ijg; gw;wpaekJGhpjy; ngUkstpy; mjpfhpj;jJ. 19 Mk; 
E}w;whz;bd; ,Wjpapy; Vw;gl;l ,e;jtsh;r;rpahy; epA+l;ldpd; <h;g;gpay; tpjpahy; rpyepfo;Tfs; 
kw;Wk; Kuz;ghLfistpsf;fKbatpy;iyvdfz;lwpag;gl;lJ. <h;g;gpay; Jiwapy; 20 Mk; 
E}w;whz;bd; kpfr; rpwe;jnfhs;iffspy; xd;whd“nghJrhh;gpay; jj;Jtk;”My;gh;l; Id;];Bdhy; 
cUthf;fg;gl;lJ.  
 
,Ughjk; E}w;whz;by; thdpaYk; <h;g;gpaYk; xd;wpize;jd. NkYk; 
gyklq;Ftsh;r;rpmile;jd. tpz;kPd; Njhw;wKk; kiwTk; 
vt;thWvw;gLfpwJvd;gJed;FGhpe;Jnfhs;sg;gl;lJ. thd; ,aw;gpay; kw;Wk; <h;g;gpay; 
Jiwfspy; ,e;jpa ,aw;gpay; mwpQH;fs; Kf;fpagq;fspg;Gfs; mspj;jpUf;fpd;wdh;. 
fUe;Jiskw;Wk; tpz;kPdpd; kiwTgw;wpanfhs;ifapidRg;gpukzpad; re;jpuNrfh; 
cUthf;fpdhh;. ,jw;fhf 1983 ,y; Nehgy; ghpRngw;whh;. ,e;jpathdpay; mwpQHfspy; 
Fwpg;gplj;jf;ftuhdNkf;ehl; rhfh(Meghanadsaha) tpz;kPd;fspy; eilngWk; 

madpahf;fj;jpw;Fchparkd;ghl;ilfz;Lgpbj;jhh;. ,J‘rhfhtpd; madpahf;fr; 
rkd;ghL”vdg;gLk;. ,r;rkd;ghLtpz;kPd;fistifg;gLj;jcjTfpwJ. mky; Fkhh; nrsj;hp(Amal 
kumar Ray - Choudhuri) cUthf;fpa“uha; - nrsj;hprkd;ghLk;”<h;g;gpay; 
Jiwf;Fkpfrpwe;jgq;fspg;ghFk;. ,d;ndhUKf;fpa ,e;jpathdpaw;gpayuhdn[ae;j; tp. eh;ypfh; 
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(Jayand V. Narlikar) thdpaw;gpaypy; Kd;Ndhbahdgygq;fspg;Gfisje;Js;shh;. NkYk; 
thdpay; kw;Wk; thdpaw;gpay; gw;wpaMh;tj;ijj; J}z;Lk; E}y;fs; gyvOjpAs;shh;.  
 
IUCAA (Inter University Center for Astronomy and Astrophysics)vd;wMuha;r;rpepWtdk; 
Nguhrphpah; n[ae;j; tp. eh;ypfuhy; Muk;gpf;fg;gl;lJ. ,e;epWtdk; %yk; thdpay; kw;Wk; 
<h;g;gpay; Jiwfspy; gy;NtWMa;Tfs; eilngw;WtUfpd;wd. khzth;fs; ,j;Jiwfspy; 
Vw;gl;Ls;stsh;r;rpfs; gw;wp E}yfk; nrd;WNkYk; mwpe;Jnfhs;sNtz;Lk;.  
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11TH,aw;gpay; 
myF 7 

gUg;nghUspd; gz;Gfs;Properties of Matter  
 

mwpKfk;:  
 
cyfj;jpy; cs;s goikahd mizfspy; xd;W jpUr;rpapy; mike;Js;s fy;yiz MFk;. 
fy;yiz fhtphp Mw;wpd; FWf;Nf ghrdj;jpw;fhf fl;lg;gl;lJ. fhtphp Mw;wpy; mjpf nts;sg; 
ngUf;fpd;NghJ ePhpd; Ntfk; nghJthf kpf mjpfkhf ,Uf;Fk;. fy;yizapd; 
cWjpj;jd;ikAk;> mjd; gad;ghLk;> ,jid 2 Mk; E}w;whz;bNyNa tbtikj;j jkpoh;fspd; 
cs;Szh;Ts;s mwptpay; Ghpjiy ntspg;gLj;JfpwJ. Kw;fhyj;jpd; mwpTg; G+h;tkhd 
fl;Lkhdq;fSf;F kw;nwhU cjhuzk;  vfpg;jpy; cs;s gpukpLfs; MFk;. jw;fhyj;jpy; cyfk; 
KOtJk; Nkk;ghyq;fs; kw;Wk; ghyq;fs; Vuhskhf cs;sd. fduf thfdq;fspd; 
,af;fj;jhy;> ghyq;fs; vg;nghOJk; jifTf;F cl;gLfpd;wd. jFjpahd nghUs;fisf; 
nfhz;L Kiwahf tbtikf;ftpy;iy vdpy; ghyq;fs; kw;Wk; Nkk;ghyq;fs; cWjpahf 
,Uf;fhJ. gUg;nghUspd; gy;NtW tbtq;fis (jpz;kk;> jputk; kw;Wk; thA) Ghpe;J 
nfhs;tjd; %yk; kdpj ehfhPf tsh;r;rp mike;Js;sJ.  
 
gUg;nghUspd; gz;Gfisf; fw;gJ> xU Fwpg;gpl;l gad;ghl;bw;fhf ve;j xU nghUisAk; 
Njh;T nra;a kpfTk; Njitahd xd;whFk;. cjhuzkhf> njhopy;El;gj;jpy; tpz;ntsp 
gad;ghLfspy; gad;gLj;Jk; nghUs;fs; vil FiwthdjhfTk; Mdhy; cWjpahdjhfTk; 
,Uf;f Ntz;Lk;. nraw;if kdpj cWg;G khw;Wk; epfo;Tfspy; gad;gLj;jg;gLk; nghUs;fs; 
jpR ,zf;fkhdjhf ,Uf;f Ntz;Lk;. kUj;Jtj;jpy; fjphpaf;f rpfpr;ir Kiwfspy; 
jpRf;fSf;F khw;whf nraw;if cly; jputq;fs; gad;gLj;jg;gLfpd;wd. gha;kq;fs; 
caTg;nghUshfg; gad;gl mit rpy gz;Gfisf; nfhz;bUf;f Ntz;Lk;. ,e;j Nghpayhd 
gz;Gfs;> gUg;nghUSf;F cs;NsNa eilngWk; Ez;zpa epfo;Tfshy; KbT 
nra;ag;gLfpwJ. ,e;j myF jpz;kq;fs; kw;Wk; gha;kq;fsp;d; gz;Gfs; kw;Wk; gUg;nghUspd; 
nray;ghl;ilf; ifahSk; tpjpfis tpsf;FfpwJ.  
 
gUg;nghUspd; gy;NtW epiyfspd; Ez;zpa Ghpjy;:  
 
gUg;nghUspd; gy;NtW tbtq;fshd jpl czT> jputkhd ePh; kw;Wk; ehk; Rthrpf;Fk; fhw;W 
Mfpait fle;j gy;yhapuk; Mz;Lfshf md;whl tho;f;if Kiwapy; ghpr;rakhf ,Ue;jhYk; 
jpz;kq;fs;> jputq;fs; kw;Wk; thAf;fspd; Ez;zpa Ghpjy; 20 Mk; E}w;whz;bNyNa 
epWtg;gl;lJ. mz;lj;jpy; cs;s midj;Jk; mZf;fshy; Mdit. mt;thW ,Uf;f>Vd; xNu 
nghUs; %d;W epiyfspy; cs;sJ? cjhuzkhf ePuhdJ jplkhd gdpf;fl;b> jputkhd ePH; 
kw;Wk; thA epiyapy; ePuhtp Mfpa %d;W epiyfspy; cs;sJ. gdpf;fl;b> ePh; kw;Wk; ePuhtp 
Mfpait xNu tifahd mZf;fshy; cUthfpd;wd. mjhtJ ,U i`l;u[d; mZf;fs; 
kw;Wk; xU Mf;]p[d; mZ Nrh;e;J xU ePh; %yf;$W cUthfpwJ. ,e;j ,aw;ifapd; moif 
Ez;zpa kl;lj;jpy; Muha ,aw;gpay; ekf;F cjTfpwJ. mZf;fs; my;yJ %yf;$WfSf;F 
,ilNa cs;s njhiythdJ mJ jpz;kk;> jputk; my;yJ thA Mfpatw;wpy; ve;j 
epiyapy; cs;sJ vd;gijj; jPh;khdpf;fpwJ.  
 
jpz;kq;fs;:  
 
jpz;kq;fspy; mZf;fs; my;yJ %yf;$Wfs; ,Wf;fkhf nghUj;jg;gl;Ls;sd. jpz;kk; 
cUthFk;NghJ mZf;fs; gy;NtW tifahd gpzg;Gfs; %yk; xd;whf gpizf;fg;gl;Ls;sd. 
mZf;fSf;F ,ilNa cs;s ,iltpid fhuzkhf mit xU Fwpg;gpl;l mZtpil 
njhiytpy; jhq;fshfNt epiy nfhz;Ls;sd. gpizf;fg;gl;l epiyapy; cs;s mZf;fspd; 
,e;j epiyahdJ mZf;fspd; eLepiy vdg;gLk;.  
 
jputq;fs;: 
 
jpz;kg;nghUSf;F ntg;gk; Nghd;w ve;j Gw Mw;wYk; mspf;fg;glhj NghJ mZf;fSf;F 
,ilNa cs;s gpizg;gpd; fhuzkhf mJ njhlh;e;J jpz;kkhfNt ,Uf;Fk;. 
ntg;gg;gLj;jpdhy; jpz;kj;jpy; cs;s mZf;fs; ntg;g Mw;wiyg; ngw;W mtw;wpd; 
eLepiyfis nghWj;J mjph;TWfpd;wd. jpz;kkhdJ mjd; cUFepiyf;F Nky; 
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ntg;gg;gLj;jg;gl;lhy;> ntg;g Mw;wy; mZf;fspd; gpizg;ig Kwpj;JtpLk; kw;Wk; ,Wjpahf 
mZf;fs; NghJkhd Mw;wiyg; ngw;W Rw;wpj; jphpAk;. ,e;epiyapYk; %yf;$WfSf;F 
(my;yJ mZf;fSf;F) ,ilNa cs;s tpirfs; Kf;fpakhdjhf mikfpd;wd. Mdhy; 
%yf;$Wfs; NghJkhd Mw;wiyf;nfhz;L efh;tjhy; ,jd; tbtk; ,aq;ff; $bajhf 
MfpwJ.  
 
thAf;fs;:  
 
xU jputkhdJ khwh mOj;jj;jpy; mjd; nfhjpepiyf;F ntg;gg;gLj;jg;gl;lhNyh> my;yJ xU 
khwh ntg;gepiyapy; mjd; mOj;jk; Fiwf;fg;gl;lhNyh mJ thAthf khWk;. jputkhdJ 
thAthf khWk; ,e;jr; nray; Kiw Mtpahjy; vdg;gLk;. thA %yf;$Wfs; kpfTk; tYtw;w 
gpizg;Gfisf; nfhz;bUf;Fk; my;yJ gpizg;GfNs ,Uf;fhJ. vdNt thAthdJ mjd; 
nfhs;fydpd; tbtj;jpw;F ,zq;fp tphptile;J nfhs;fyid epug;Gk;. jpz;kj;jpypUe;J jputk; 
kw;Wk; jputj;jpypUe;J thA epiyf;F Gw Mw;wy; khWghl;Lld; epiykhw;wk; miltijg; jpl;l 
tiuglkhf fhz;gpf;fg;gl;Ls;sJ.  
 
gUg;nghUspd; %d;W ,ay;G epiyfSld; (jpz;kk;> jputk; kw;Wk; thA) Nrh;j;J 
mjPj #o;epiyfspy;> gUg;nghUshdJ gpw epiyfshd gpsh];kh> Ngh]; - Id;];Bd; 
thAg;gz;G Mfpa epiyfspYk; cs;sJ. $Ljy; epiyfshd Fthh;f; - FSthd; 
gpsh];kh Nghd;w epiyapYk; cs;sjhff; fUjg;gLfpwJ. mz;lj;jpy; cs;s 
mZf;fshy; Md gUg;nghUspd; ngUk;gFjpahdJ ntg;g gpsh];khthf> mhpjhd 
tpz;kPd; jpus; kw;Wk; mlh;j;jpahd tpz;kPd;fisf; nfhz;Ls;sJ.  
 
epA+l;ldpd; ,ae;jputpaiyf; fw;gjpy; (njhFjp 1) ehk; nghUs;fisg; Gs;sp epiwfshfNth 
my;yJ xOq;fhd jpz;kg; nghUs;fshfNth (Gs;sp epiwfspd; njhFg;G) fUjpNdhk;. ,it 
,uz;LNk ,yl;rpa khjphpfs;. jpz;kg; nghUs;fspy;> nghUs;fspd; tbtj;jpy; Vw;gLk; 
khw;wq;fs; Gwf;fzpf;fj;jf;f mstpw;F kpff;Fiwthf ,Uf;Fk;. cz;ikahd nghUs;fspy;> 
nghUspd; kPJ xU tpir nrYj;jg;gl;lhy;> cUf;FiyT Vw;gLk;. cUf;Fiytpf;Fk; tpir 
nrYj;jg;gl;lhy; nghUs;fs; vt;thW khw;wkilAk; vd;gij mwpe;J nfhs;s Ntz;baJ kpf 
Kf;fpakhFk;.  
 
nghUs;fspd; kPl;rpg;gz;G:  
 
xU jpz;kg;nghUspy; mZf;fSf;F ,ilNa cs;s tpirfshdJ ,uz;L my;yJ mjw;F 
Nkw;gl;l mZf;fis xd;whfg; gpizj;Js;sJ> kw;Wk; mZf;fs; cWjpr; rkepiyf;fhd 
,lq;fspy; mike;jpUf;Fk;. nghUspd; kPJ cUf;Fiytpf;Fk; tpir nray;gLk; NghJ> 
mZf;fs; neUf;fkilfpd;wd my;yJ tpyf;fkilfpd;wd. cUf;Fiytpf;Fk; tpir 
ePf;fg;gl;lTld; mZf;fSf;F ,ilNaahd fth;r;rp my;yJ tpyf;F tpir mZf;fis mjd; 
rkepiyfSf;F kPsf; nfhz;L tUk;. xU nghUshdJ cUf;Fiytpf;Fk; tpir 
ePf;fg;gl;lTld; mjd; njhlf;f tbtk; kw;Wk; mstpid kPsg;ngw;why; mJ kPl;rpg;nghUs; 
MFk;. kw;WK; ,g;gz;G kPl;rpg;gz;G (Elasticity) vdg;gLk;. nghUspd; msT my;yJ tbtj;ij 
khw;wpa tpir cUf;Fiytpf;Fk; tpir vdg;gLk;.  
 
vLj;Jf;fhl;Lfs;: ,ug;gh;> cNyhfq;fs;> v/F fapWfs;.  
 
kPl;rpaw;w gz;G (Plasticity): 
 
xU nghUshdJ cUf;Fiytpf;Fk; tpir ePf;fg;gl;lTld; jdJ njhlf;f tbtk; kw;Wk; 
msit kPsg; ngw;tpy;iy vdpy; mg;nghUs; kPl;rpaw;w nghUs; MFk;. ,g;gz;G kPl;rpaw;w 
gz;G vdg;gLk;.  
 
vLj;Jf;fhl;L: fz;zhb  
 
jifT kw;Wk; jphpG (Stress and strain):  
 
jifT:  
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xU tpir nrYj;jg;gl;lhy; mZf;fs; my;yJ %yf;$Wfspd; rhh;G epiyfspy; Vw;gLk; 
khw;wj;jpdhy; nghUspd; msT my;yJ tbtk; my;yJ ,uz;Lk; khwyhk;. ,e;j 
cUf;Fiyit ntWk; fz;zhy; fhz ,ayhtpl;lhYk; mg;nghUspDs; cUf;FiyT 
,Uf;Fk;. xU nghUs; cUf;Fiytpf;Fk; tpirf;F cl;gLj;jg;gl;lhy;> kPs;tpir vdg;gLk; 
mftpir mjDs; cUthfpwJ. xuyF gug;gpy; nray;gLk; tpir jifT vdg;gLk;.  

   jifT 
F

A
 = =

tpir

gug; G
 

jiftpd; SI myF Nm-2my;yJ gh];fy; (Pa) kw;Wk; mjd; ghpkhzk; (ML-1T-2] MFk;. 

jifT xU nld;rh; (Tensor) MFk;.  
 
1. ePl;rpj;jifT kw;Wk; rWf;Fg;ngah;r;rpj; jifT (Longitudinal stress and shearing stress):  
XU ngUisf; fUJNthk;. gy tpirfs; mikg;gpy; (nghUspy;) nray;gl;lhy; epiwapd; 
ikak; khwhky; ,Uf;Fk;. vdpDk; ,e;j tpirfshy; nghUs; cUf;Fiye;J mjdhy; 
mftpirfs; Njhd;Wfpd;wd. nghUspd; FWf;Fntl;Lg;gug;G ∆A vd;f. cUf;Fiytpd; 

fhuzkhf ∆A ,d; ,U gf;fq;fspYk; cs;s nghUspd; gFjp F kw;Wk; F− vd;w 

mftpirfis xd;Wf;nfhd;W nrYj;Jfpd;wd. tpiria ∆A gug;gpw;F nrq;Fj;jhf Fn kw;Wk; 

∆A gug;gpd; njhLtiu jpirapy; Ft vd;w ,U $Wfshfg; gFf;fyhk;. gug;gpd; topNa 

nrq;fj;Jj;jifT my;yJ ePl;rpj;jifT (σn) MdJ.  

   n
n

F

A
 =


  

vd tiuaWf;fg;gLfpwJ. ,JNghd;Nw gug;gpd; topNa njhLtiu jifT my;yJ rWf;Fg; 
ngah;r;rpj; jifT (σt) 

   t
t

F

A
 =


 

 
vd tiu aWf;fg;gLfpwJ.  
 
ePl;rpj;jiftpid ,Otpirj;jifT kw;Wk; mKf;fj;jifT vd ,U tifahfg; gphpf;fyhk;.  
1. ,Otpirj;jifT (Tensile stress):  

∆A ,d; ,U gf;fq;fspYk; mftpirfs; xd;iwnahd;W ,Of;fyhk;. mjhtJ mJ 
rkkhd vjpnujpuhd tpirfshy; ,Of;fg;gLfpwJ. ,e;j ePl;rpj;jifT ,Otpirj;jifT 
vd miof;fg;glfpwJ.  
 

2. mKf;fj;jif (Compressive stress):  
 
∆A ,d; ,U gf;fq;fspYk; nray;gLk; tpirfs; xd;iwnahd;W js;spdhy;> mjhtJ 

mjd; ,U KidfspYk; rkkhd vjpnujpuhd tpirfshy; js;sg;gLfpwJ vd;why; ∆A 
mJ mOf;fj;jpw;F cl;gLfpwJ. jw;NghJ ePl;rpj;jifthdJ mKf;fj;jifT vd 
miof;fg;gLfpwJ.  
 

3. gUkj; jifT (Volume stress):  
 
xU nghUspd; kPJ mjd; gug;gpy; cs;s midj;Jg; gFjpfspYk; gug;gpw;Ff; Fj;jhf 
tpirfs; nray;gl;lhy; Nkw;gug;gpy; tpirapd; msthdJ gug;gpw;F Neh;jftpy; mikfpwJ. 
cjhuzkhf> xU jpz;kg; nghUshdJ xU gha;kj;jpy; %o;fpdhy;> nghUspd; kPJ 
nray;gLk; mOj;jk; P vdpy; ve;j xU gug;G ∆A ,y; nray;gLk; tpir  

  F = P ∆ A  
,q;F>F MdJ gug;gpw;F nrq;Fj;jhf cs;sJ. vdNt> XuyF gug;gpy; nray;gLk; tpir 
gUkj;jifT vdg;gLfpwJ.  
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v

F

A
 =  

,J mOj;jj;jpw;Fr; rkkhFk;.  
 
jphpG (Strain):  
jphpG vd;gJ tpir nray;gLj;jg;gl;lhy; xU nghUs; ePl;lg;gLk; my;yJ cUf;FiyAk; 
msthFk;. nghUspd; mstpy; rpwpa khw;wk; Vw;gLtij jphpG ifahs;fpwJ. mjhtJ 
cUf;FiyAk; msit jphpG mstpLfpwJ. cjhuzkhf> xU ghpkhz epfo;tpy lePsKs;s 

xU fk;gpiaf; fUJf. mJ ∆lePsk; ePl;lg;gl;lhy;  

  jphpG 
l

l
 
= =

ghpkhz khw; wk;

cz;ikahd ghpkhzk;
 

,J ghpkhzkw;w kw;Wk; myF mw;w msT MFk;. jphpghdJ %d;W tiffshf 
tifg;gLj;jg;gLfpwJ.  
 
ePl;rpj;jphpG (Longitudinal strain):  
lvd;w ePsk; nfhz;l xU fk;gpahdJ rkkhd> vjpnujph; jpirfspy; nray;gLk; tpirfshy; 
,Of;fg;gLk; NghJ> mjd; ePl;rpj;jphpG  
 

  1

l

l
 
= =
fk; gpapy; mjpfhpf; Fk; ePsk;

fk; gpapd; cz;ikahd ePsk;
 

 ePl;rpj;jphpG ,U tifg;gLfpwJ.  
1.  

i.,Otpirj;jphpG (Tensile strain): ,ay;ghd mstpypUe;J ePsk;   
  mjpfhpf;fg;gl;lhy; mJ ,Otpirj;jphpG vdg;gLk;.  
ii. mKf;fj;jphpG (Compressive strain):,ay;ghd mstpypUe;J  
   ePsk; Fiwf;fg;gl;lhy; mJ mKf;fj;jphpG vdg;gLk;.  
 

2. rWf;Fg; ngah;r;rpj;jphpG (Shearing strain): 
 
xU fd rJuj;ijf; fUJf. nghUshdJ ,lg;ngah;r;rp kw;Wk; Row;rp rkepiyapy; 
cs;sjhff; fUJNthk;. ,y; fhl;bAs;sthW fdrJuk; cUf;FiyAkhW AD topNa F 
vd;w njhLtpay; tpiria nrYj;JNthk;. vdNt rWf;Fg;ngah;r;rpj;jphpG my;yJ 

rWf;Fg;ngah;r;rp ( )
s
  

   
'

tan
s

AA x

BA h
 = = =  

rpwpa Nfhz kjpg;gpw;F> tan   
vdNt rWf;Fg;ngah;r;rpj; jphpG my;yJ rWf;Fg; ngah;r;rp  

  
s

x

h
 = = =  rWf;Fg; ngah;r;rp Nfhzk;  

 
gUkj;jphpG (Volume strain): 
xU nghUshdJ gUkj;jifTf;F cl;gLj;jg;gl;lhy; mjd; gUkd; khWk;. nghUspd; njhlf;f 
gUkd; jifTf;F Kd; V vdTk; jiftpdhy; ,Wjp gUkd; V + ∆V vdTk; nfhs;f. gUkdpy; 
Vw;gLk; rpwpa khWghl;il mstpLk; gUkj; jphpit fPo;fz;lthW Fwpg;gplyhk;.  
 

   gUkj;jphpG> v

V

V
 
=  

kPl;rp vy;iy (Elastic Limit):  
cUf;Fiytpf;Fk; tpirfs; ePf;fg;gl;l gpwF nghUshdJ mjd; njhlf;f msT kw;Wk; 
tbtj;ij kPsg; ngwf;$ba jiftpd; ngUk kjpg;G kPl;rp vy;iy vdg;gLk;.  
 



 

30 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

cUf;Fiytpf;Fk; tpir kPl;rp vy;iyia tpl mjpfkhdhy;> nghUshdJ epue;ju 
cUf;Fiyit milAk;. cjhuzkhf> ,ug;gh; gl;il kpf mjpfkhf ,Of;fg;gl;lhy; mjd; 
kPl;rpg;gz;ig ,of;fpwJ. mjd; msT khwptpLtjhy; kPz;Lk; gad;gLj;j jFjpaw;wjhfpwJ.  
 
`{f; tpjp kw;Wk; mjd; Nrhjid Kiw rhpghh;g;G  
 
`{f;tpjp: "rpwpa mstpyhd cUf;Fiytpw;F> jifT kw;Wk; jphpG xd;Wf;nfhd;W 
Neh;tpfpjj;jpy; cs;sJ'. ,jid O vd;w epiyahd Gs;spapy; njhq;ftplg;gl;l L ePsKk;>A 
vd;w rPuhd FWf;F ntl;Lg;gug;Gk; nfhz;l xU nky;ypa fk;gpia ePl;rpailar; (RUs;tpy; 
Nghd;W ePl;rpailAk;) nra;tjd; %yk; vspikahfr; rhpghh;f;fyhk;. fk;gpapd; kw;nwhU 
Kidapy; xU jl;L kw;Wk; xU FwpKs; ,izf;fg;gl;Ls;sd. fk;gpapy; cUthFk; ePl;rp xU 
nth;dpah; msTNfhy; mikg;gpidg; gad;gLj;jp mstplg;gLfpwJ. NrhjidapypUe;J 
nfhLf;fg;gl;l F vd;w xU gStpw;F fk;gpapy; cUthd ePl;rp ∆ L MdJ mjd; njhlf;f ePsk; 

L w;F Neh;tpfpjj;jpYk; mjd; FWf;Fntl;Lg; gug;gpw;F (A) vjph;tpfpjj;jpYk; cs;sJ. F I X– 
mr;rpYk;>∆L - I Y– mr;rpYk; nfhz;L xU tiuglk; tiuag;gLfpwJ. mJ fhl;bAs;sthW 
Mjpg;Gs;sp topNa nry;Yk; xU Neh; NfhlhFk;.  
 
vdNt> 
   ∆L (rha;T) F 
 V = AL vd;w gUkdhy; ngUf;fTk;> tFf;fTk; nra;a  

   F (rha;T) = 
AL

L
AL

  

  khw;wpaikf;f ehk; ngWtJ  

   
F L L

A L

 
= 
 rha;T

 

 vdNt>
F L

A L

  
 

 

 
rkd;ghLfs; kw;Wk; xg;gpl ehk; ngWtJ  
      
mjhtJ kPl;rp vy;iyapy; jifthdJ jphpGf;F Neh;tpfpjj;jpy; cs;sJ.  
 
jifT – jphpG tptug;glk; (Stress – Strain Profile):  
jifT – jphpG tptug;glk; vd;gJ xt;nthU gS kjpg;gpw;Fk; jifT kw;Wk; jphpG 
mstplg;gl;L jphpia X– mr;rpYk;> jifit Y– mr;rpYk; nfhz;L tiuag;gl;l xU tiuglk; 

MFk;. nghUs;fspd; kPl;rpg;gz;Gfis jifT – jphpG tptug;glj;jpypUe;J gFg;gha;T 
nra;ayhk;.  
 
1. gFjp OA 

 
,e;jg; gFjpapy; jifthdJ jphpGf;F Neh;j;jftpy; ,Uf;Fk; tifapy; jifthdJ kpfTk; 
Fiwthf cs;sJ. mjhtJ `_f; tpjpf;F cl;gLfpwJ. Gs;sp A MdJ tpfpj vy;iy 

vdg;gLk;. Vndd;why; ,e;j Gs;spf;F Nky; `_f; tpjp nghUe;jhJ. OA Nfhl;bd; rha;T 
fk;gpapd; aq; Fzfk; MFk;.  
 

2. gFjp AB 
jifthdJ kpf Fiwthd msT mjpfhpf;fg;gl;lhy; ,e;jg; gFjp milag;gLfpwJ. ,e;jg; 
gFjpapy; jifthdJ jphpGf;F Neuj;jftpy; ,y;iy. Mdhy;> ePl;rp tpir ePf;fg;gl;lhy; 
fk;gpahdJ mjd; njhlf;f ePsj;jpw;Fj; jpUk;Gk;. ,e;jg; gz;G B Gs;spapy; KbtilfpwJ. 

vdNt B Gs;sp tpisTg;Gs;sp (kPl;rp vy;iy) vdg;gLk;. jifT – jphpG tiuglj;jpy; 
OBA MdJ nghUspd; (,q;F fk;gp) kPl;rpg;gz;igf; Fwpf;fpwJ.  



 

31 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

 
3. gFjp BC 

fk;gpahdJ Gs;sp (B) f;F (kPl;rp vy;iy) Nky; ePl;lg;gLkhdhy;> jifT mjpfhpf;fpwJ 
kw;Wk; fk;gpahdJ ePl;rp tpir ePf;fg;gLk; NghJ jdJ Muk;g ePsj;ij kPz;Lk; ngwhJ.  

 
4. gFjp CD:  

jifthdJ C f;F mg;ghy; mjpfhpf;fg;gl;lhy;>jphpG kpf tpiuthf mjpfhpj;J Gs;sp D I 
milAk;. D f;F mg;ghy; fk;gpahdJ ve;j gSTk; Nrh;f;fg;glhkNyNa ePz;L nfhz;Nl 

nrd;W Gs;sp E ,y; KwpfpwJ. ve;j ngUkj;jiftpw;F (,q;F D) mg;ghy; fk;gp 

KwptilfpwNjh me;j jifT KwpTj;jifT my;yJ ePl;rp typik (tensile strength) 
vdg;gLk;. mjw;Fhpa Gs;sp (D) KwpTg;Gs;sp vdg;gLk;. BCDE gFjp fk;gpg; nghUspd; 
kPl;rpaw;wj; jd;ikiaf; Fwpf;fpwJ.  

 
kPl;rpf;Fzfq;fs; (Moduli of elasticity):  
`{f; tpjpapypUe;J xU nghUspy; jifahdJ kpfr;rpwpa cUf;Fiytpd; NghJ njhlh;Gila 
jphpGf;F Neh;tpfpjj;jpy; cs;sJ. ,g;ghlg;gFjpapy; ehk; nfhLf;fg;gl;l nghUspd; 
kPl;rpf;Fzfj;ij tiuaWf;fyhk;. %tif kPl;rpf;Fzfq;fs; cs;sd.  
  
1. aq; Fzfk;  
2. gUkf; Fzfk;  
3. tpiwg;Gf; Fzfk; (my;yJ rWf;Fg; ngah;r;rpf; Fzfk;)  
 
aq; Fzfk; (Young's modulus):  
 
xU fk;gpahdJ ePl;bf;fg;gl;lhy; my;yJ mKf;fg;gl;lhy; ,Otpirj; jift (my;yJ 
mKf;fj;jifT) kw;Wk; ,Otpirj;jphpT (my;yJ mKf;fj;jphpG) Mfpatw;Wf;F ,ilNa 
cs;s tpfpjk; aq; Fzfk; vd tiuaWf;fg;gLfpwJ.  
 

  Y = 
,Otpirj; jifTmy;yJmKf; fj;jifT 

,Otpirj;jphpT my;yJ mKf; fj;jphpG
 

  Y = t cor Y
E

 


=  

aq; Fzfj;jpd; myF jiftpd; myNf MFk;. Vndd;why; jphpGf;F myF ,y;iy. vdNt 
aq; Fzfj;jpd; SI myF Nm-2 my;yJ gh];fy;.  
 
kPl;rp vy;iyf;Fs; jiftpdhy; A, B kw;Wk; C vd;w fk;gpfspy; cUthd ePl;rpj;jphpGfs; 
glj;jpy; fhl;lg;gl;Ls;sJ. rkkhd gS nrYj;jg;gl;ljhff; nfhz;L fk;gpg; nghUs;fspd; 
kPl;rpg; gz;Gfis tpthjpf;fTk;. kPl;rpf; Fzfq;fis VWthpirapy; vOJf.  
 

    
jPh;T:  
,q;F kPl;rpf; FzfkhdJ aq; Fzfk; MFk;. ePl;rpapd; fhuzkhf jifT ,Otpirj; 
jifthfTk; jphpG ,Otpirj; jphpghfTk; cs;sd.  
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kPl;rp vy;iyf;Fs; jifthdJ jphpGf;f Neh;tpfpjj;jpy; cs;sJ (`{f; tpjpf;F cl;gl;L) 
Mifahy; tiuglk; Neh;f;Nfhlhf cs;sJ. vdNt kPl;rpf;Fzfj;ij (,q;F aq; Fzfk;) 
Neh;f;Nfhl;bw;F rha;T vLg;gjd; %yk; fhzf;fplyhk;. rha;itf; fzf;fpl ehk; ngWtJ  
 
A apd; rha;T >B apd; rha;T >C apd; rha;T ,jd; %yk; mwpag;gLtJ> 

A apd; aq; Fzfk; <B apd; aq; Fzfk; <A apd; aq; Fzfk; 
 
,q;F rha;T mjpfkhf ,Ug;gpd; jphpG Fiwthf (ePsj;jpy; rpwpa khw;wk;) ,Uf;Fk;. nghUs; 
mjpf tpiwg;ghf ,Uf;Fk;. vdNt> fk;gp A - ,d; kPl;rpg;gz;G MdJ> fk;gp B kw;Wk; fk;gp C 
- ,d;> kPl;rpg;gz;igtpl mjpfkhfTk; ,Uf;Fk;. ,e;j cjhuzj;jpypUe;J ehk;Ghpe;J nfhs;tJ 
aq; Fzfk; vd;gJ jpz;kg; nghUs; jdJ ePsj;ij khw;w Vw;gLj;Jk; jilapd; msthFk;.  
 
10m ePsKs;s xU fk;gpahdJ 1.25 × 10-4 m2 FWf;Fntl;Lg; gug;igf; nfhz;Ls;sJ. mJ 5 
kg gStpw;F cl;gLj;jg;gLfpwJ. fk;gpg; nghUspd; aq; Fzfk; 4 ×1010 Nm-2 vdpy; fk;gpapy; 

cUthd ePl;rpiaf; fzf;fpLf. (g = 10 ms-2 vdf; nfhs;f)  
 
jPh;T:  

   
F L

Y
A L


=   

  vdNt> cUthd ePl;rp  

  
F L

L
A Y

    =   
   

 

   = 4

4 10

50 10
10

1.25 10 4 10
m

−
−

   
= =       

 

 
gUkf; Fzfk; (Bulk modulus):  
 
gUkj;jifTf;Fk; gUkj;jphpGf;Fk; ,ilNa cs;s tpfpjNk gUkf; Fzfk; vd 
tiuaWf;fg;gLfpwJ.  

 K = 
nrq; Fj;J jifT my;yJ mOj;jk;

gUkj; jphpG 
 

nrq;Fj;Jj; jifT my;yJ mOj;jk;  

  n
n

F
p

A
 = =


 

gUkj;jphpG 
v

V

V
 

=  

vdNt gUkf; Fzfk;  
 

  n

v

P
K

V

V





= =−

  

rkd;ghL ,y; cs;s vjph;f;Fwpapd; nghUshdJ nghUspd; kPJ mOj;jk; nray;gl;lhy; mjd; 
gUkd; FiwfpwJ vd;gijf; Fwpf;fpwJ. NkYk; rkd;ghL Fwpg;gJ ahnjdpy; xU nghUs; 
rpwpa gUkf; Fzf kjpg;igf; nfhz;bUe;jhy; mJ vspjhf mKf;fg;glyhk;. khwhf> 
gUkf;Fzfk; vd;gJ jpz;kg; nghUs;fs; mtw;wpd; gUk khw;wj;ij vjph;f;Fk; msthFk;. 
cjhuzkhf>thAf;fs; jpz;kg;nghUs;fistpl vspjhf mKf;fg;glyhk; vd;gij ehk; 
mwpNthk;. mjd; nghUs; thAf;fs; jpz;kg;nghUs;fSld; xg;gpl Fiwthd gUkf;Fzf 
kjpg;igf; nfhz;Ls;sd vd;gjhFk;. K ,d; SI myF mOj;jj;jpd; myNf MFk;. mjhtJ 

Nm-2 my;yJ Pa (gh];fy;)  
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mKf;fj;jd;ik (Compressibility): 
 
gUkf;Fzfj;jpd; jiyfPo; 'mKf;fj;jd;ik" vdg;gLk;. mJ xuyF mOj;j cah;Tf;F 
gUkdpy; Vw;gLk; rpwpa khw;wk; vd tiuaWf;fg;gLfpwJ.  
 
kpjptz;bapd; laUf;F fhw;W epug;gpa cld;mJ NghJkhd msT cs;sjh vd ehk; 
mjid mOj;jpg; ghh;f;fpNwhk;. cz;ikapy; ,q;F Nrhjpj;Jg;ghh;g;gJ fhw;wpd; 
mKf;fj;jd;ikNa MFk;. lauhdJ mjd; vspjhd cUSjYf;F Fiwthf 
mKq;Ftjhf ,Uf;f Ntz;Lk;.  
 
cz;ikapy; kjptz;bapy; ,yFthf gazk; nra;a gpd;gf;f lah; Kd;gf;f laiutpl 
Fiwthf mKq;Ftjhf ,Uj;jy; Ntz;Lk;.  
mKf;fj;jd;ik:  

  
1 v

n

V

VC
K P






= = =−


 

thAf;fs; jpz;kq;fis tpl Fiwthd gUkf; Fzfj;ijf; nfhz;bUg;gjhy; thAf;fspd; 
mKf;fj;jd;ik kpf mjpfk;.  
 
vLj;Jf;fhl;L:  
100 cm gf;fj;ijf; nfhz;l xU cNyhf fdrJuk; mjd; KO gf;fq;fspYk; nray;gLk; 

rPuhd nrq;Fj;J tpirf;F cl;gLj;jg;gLfpwJ. mOj;jk; 106gh];fy;. gUkd; 1.5 × 10-5m3vd;w 
msT khWghL mile;jhy;> nghUspd; gUkf;Fzfj;ijf; fzf;fpLf.  
 
jPh;T:  
 tiuaiwg;gb> 

   

F
VAK P

V V

V

= =
 

 

   
6

10 2

5

10 1
6.67 10

1.5 10
K Nm

−
−


= = 


 

 
tpiwg;Gf; Fzfk; my;yJ rWf;Fg; ngah;r;rpf; Fzfk; (The rigidity modulus or shear 
modulus):  
 
rWf;Fg; ngah;r;rpj; jiftpw;Fk; rWf;Fg; ngah;r;rpj jphpGf;Fk; cs;s tpfpjk; tpiwg;Gf;Fzfk; 
vd tiuaWf;fg;gLfpwJ.  

   R
 =

rWf; Fg; ngah; r; rp jifT

rWf;Fg; ngah; r; rpf; Nfhzk; my;yJ rWf;Fg; ngah; r; rpj; jphpG
 

 

  t
s

F

A
 = =


njhLtiu tpir

mt;tpir nrYj;jg; gl; l gug; G
 

vdNt tpiwg;Gf;Fzfk;  

   

t t

s
R

s

F F

A A
x

h


 

 = = =  
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NkYk; rkd;ghL Fwpg;gJ> xU nghUshdJ Fiwe;j msT tpiwg;Gf;Fzfj;ijf; 
nfhz;bUe;jhy; mjid vspjhf KWf;fyhk;. cjhuzkhf> xU fk;gpiaf; fUJf mjid θ 
Nfhzk; KWf;fpdhy; xU kPs; jpUg;G tpir cUthfpwJ.  
 
mjhtJ  
 
       

jpUg;G tpir mjpfnkdpy;> fk;gpia mjpf Nfhz msTf;F KWf;f ,aYk; 
(rWf;Fg;ngah;r;rpf; Nfhzk; θ mjpfk;). tpiwg;Gf;Fzfk; rWf;Fg;ngah;r;rpf; Nfhzj;jpw;F 
vjph;tpfpjj;jpy; njhlh;Gilajhf ,Ug;gjhy;> tpisg;Gf;Fzfk; rpwpjhf cs;sJ. 
tpiwg;Gf;Fzfj;jpd; SI myF mOj;jj;jpd; myfhFk;. mjhtJ>Nm-2my;yJ gh];fy;. 
,f;nfhs;ifia rhptug; Ghpe;Jnfhs;Sk; tifapy;> rpy Kf;fpakhd nghUs;fspd; 
kPl;rpf;Fzfq;fs; jug;gl;Ls;sd.  
rpy nghUs;fspd; kPl;rpf;Fzfq;fs; Nm-2 ,y;  

 
nghUs; aq; Fzfk; (Y) 

(1010Nm-2) 
gUkf;Fzfk; (K) 

(1010N m-2) 

tpiwg;Gf; Fzfk; 
my;yJ rWf;Fg; 

ngah;r;rpf;Fzfk; (ηg) 
(1010Nm-2) 

v/F  20.0 15.8 8.0 
mYkpdpak; 7.0 7.0 2.5 
jhkpuk; 12.0 12. 4.0 
,Uk;G 19.0 8.0 5.0 
fz;zhb 7.0 3.6 3.0 
 
0.20 m gf;fj;ijf; nfhz;l xU cNyhf fdrJuk; 4000 N rWf;Fg;ngah;r;rp tpirf;F 

cl;gLj;jg;gLfpwJ. Nkw;gug;G mbg;gug;igg; nghWj;J 0.50 cm ,lg;ngah;r;rp milfpwJ. 
cNyhfj;jpd; rWf;Fg; ngah;r;rpf; Fzfj;ijf; fzf;fpLf.   
jPh;T  
,q;F L = 0.20, F = 4000 N, x = 0.50 cm = 0.005 m  
kw;Wk; gug;G A = L2 = 0.04 m2 
vdNt rWf;Fg; ngah;r;rpf; Fzfk;  

  6 24000 0.20
4 10

0.04 0.005
R

F L
Nm

A x
 −=  =  =   

 
gha;nrha; tpfpjk;:  
ehk; xU fk;gpia ePl;rpailar; nra;tjhff; fUjpdhy; mjd; ePsk; mjpfhpf;fpwJ. (ePl;rp). 
Mdhy; tpl;lk; FiwfpwJ (FWf;fk;)  mJNghd;Nw ehk; xU ,ug;gh; gl;ilia ePl;rpailar; 
nra;jhy; (ePl;rp) mJ Fwpg;gplj;jf;f msT nky;ypajhfpwJ (FWf;fk;). mjhtJ nghUspd; xU 
jpirapyhd rPh;FiyT kw;nwhU jpirapy; rPh;Fiyit cUthf;FfpwJ. ,jid mstpl 
gpugQ;r ,aw;gpayhsh; v];.b. gha;nrha; vd;gth; gha;nrha; tpfpjk; vd miof;fg;gLk; xU 
tpfpjj;ij Kd;nkhope;jhh;. 'Xg;Gikf; FWf;fj;jpw;Fk; (gf;fthl;Lj;jphpG) xg;Gik 
tphpthf;fj;jpw;Fk; (eps;thl;Lj;jphpG) ,ilNa cs;s tpfpjk;" vd mJ tiuaWf;fg;gLfpwJ. 
mjd; FwpaPL μ MFk;.  

 gha;]d; tpfpjk;  =
gf; fthl; Lj; jphpG

esP thl; Lj;jphpG 
 

L ePsKk; D tpl;lKk; nfhz;l xU fk;gpapy; nrYj;jg;gl;l tpirapdhy; fk;gp ePl;rpaile;jhy;> 

ePs mjpfhpg;G lvdTk; tpl;lj;jpy; FiwT d vdTk; nfhz;lhy;> 
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d
L dD

l l D
 =− =−   

vjph;f;FwpahdJ ePsthl;by; ePl;rpAk;> gf;fthl;by; FWf;fKk; cs;sijf; Fwpf;fpwJ. NkYk; 
,J rk ghpkhzq;fisf; nfhz;Ls;s msTfspd; tpfpjkhFk;. vdNt gha;nra;tpfpjk; 
myfw;wJ kw;Wk; ghpkhzkw;wJ (ghpkhzkw;w vz;) MFk;. rpy nghUs;fspd; gha;nrha; tpfpj 
kjpg;Gfs; nfhLf;fg;gl;Ls;sd.  
 
 
rpy nghUs;fspd; gha;nrha; tpfpjq;fs;:  
 
 

nghUs; gha;nrha; tpfpjq;fs; 
,ug;gh; 0.4999 
jq;fk;  0.42 – 0.44 
jhkpuk; 0.33 
JUg;gpbf;fhj v/F 0.30 – 0.31 
v/F  0.27 – 0.30 
thh;g;G ,Uk;G 0.21 – 0.26 
fhd;fphPl; 0.1 – 0.2 
fz;zhb 0.18 – 0.3 
Eiu gQ;R 0.10 – 0.50 
jf;if  0.0 

 
 
kPl;rp Mw;wy; (Elastic energy):  
xU nghUis ePl;rpailar; nra;jhy; kPs;tpirf;F (mftpir) vjpuhf Ntiy nra;ag;gLfpwJ. 
nra;ag;gl;l ,e;j Ntiy nghUspDs; kPl;rp Mw;wyhf Nrkpf;fg;gLfpwJ. ePl;lg;glhj epiyapy; 
L ePsKk; A FWf;Fntl;Lg; gug;Gk; nfhz;l xU fk;gpiaf; fUJf. xU tpir lvd;w ePl;rpia 
cUthf;Ftjhff; nfhs;f. fk;gpapd; kPl;rp vy;iy jhz;lg;gltpy;iy vdTk; Mw;wypy; ,og;G 
,y;iy vdTk; nfhs;f. vdNt F vd;w tpirapdhy; nra;ag;gl;l Ntiy fk;gp ngw;Ws;s 
Mw;wYf;F rkkhFk;.  
fk;gpahdJ dl msT ePl;rpailAk; NghJ nra;ag;gLk; Ntiy  

   dW = Fdl 
O Kjy; l tiu fk;gp ePl;rpaila nra;ag;gl;l Ntiy  

  W = 
l

o
Fdl  

aq; Fzfj;jpypUe;J 

  
F L YAl

Y F
A l L

=   =  

    W = 
l

o

YAl
dl

L  

njhifaplypy; lvd;gJ ntw;W khwp (dummy variable) vd;gjhy; ehk; l vd;gij (vy;iyfspy; 
my;y) vd khw;w 

  
2 2

1 1

0 0

' ' 1 1
'

2 2 2 2

YAl YA l YA l YAl
W dl l Fl

L L L L

   = = = = =   
  

   

   W = 
1

2
Fl =kPl;rp epiy Mw;wy;     

XuyF gUkdpy; cs;s Mw;wyhdJ Mw;wy; mlh;j;jp vdg;gLk;.  
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Mw;wy; mlh;j;jp  

  

1

2
Fl

u
AL

= =
klP ; rp epiy Mw; wy;

gUkd;
 

  
1 1

2 2

F l

A L
=  (jifT× jphpG)  

 
2 m ePsKk; 10-6m2 FWf;F ntl;Lg; gug;Gk; nfhz;l xU fk;gpapy; 980 N gS 
njhq;ftplg;gl;Ls;sJ.  
i. fk;gpapy; cUthd jifT  

ii. jphpG kw;Wk;  
iii. Nrkpf;fg;gl;l Mw;wy; Mfpatw;iwf; fzf;fpLf.  

nfhLf;fg;gl;lJ. Y = 12 × 1010 Nm-2 
jPh;T:  

i. jifT 7 2

6

980
9810

10

F
Nm

A

−
−= =   

ii. jphpG 
7

3

10

98 10
8.17 10

12 10Y

−
= = 


jphpG

 

(myfw;wJ)  
iii. gUkd; 2 × 10-6 m3 
 

  Mw;wy; 
1

2
=  (jifT ×jphpG) × gUkd;   

  7 3 61
(98 10 ) (8.17 10 ) 2 10 8

2
− −     = [{y;  

 
kPl;rpg;gz;gpd; gad;ghLfs;:  
nghUs;fspd; ,ae;jputpay; gz;Gfs; md;whl tho;tpy; Kf;fpa gq;F tfpf;fpwJ. mtw;wpy; 
xd;whd kPl;rpg;gz;G fl;blq;fspd; J}z;fs; kw;Wk; tpl;lq;fspd; fl;Lkhd tbtikg;ig KbT 
nra;fpwJ. fl;Lkhdg; nghwpapaiyg; nghUj;jtiu xU tbtikg;G jhq;ff;$ba jiftpd; 
msthdJ Kjd;ikahd ghJfhg;Gj; fhuzpahFk;. xU ghykhdJ mjd; kPJ nry;Yk; 
Nghf;Ftuj;jpd; gS> fhw;wpd; tpir kw;WK; ghyj;jpd; vil Mfpatw;iw jhq;Fk; tifapy; 
tbtikf;fg;gl Ntz;Lk;. kPl;rpg;gz;G my;yJ tpl;lq;fspd; tisT vd;gJ fl;blq;fs; kw;Wk; 
ghyq;fspd; cWjpj;jd;ikapy; Kf;fpa gq;fhw;WfpwJ. cjhuzkhf nfhLf;fg;gl;l xU 
gStpw;F tpl;lj;jpd; tisitf; Fiwf;f mjpf aq; Fzfk; (Y) kjpg;Gs;s nghUisg; 
gad;gLj;j Ntz;Lk;. v/fpd; aq; Fzfk; mYkpdpak; my;yJ jhkpuj;ij tpl mjpfkhFk; 
vdj; njspthfpwJ. ,Uk;G> v/Ff;F mbj;jgbahf cs;sJ. v/F fduf ,ae;jpuq;fis 
tbtikf;fTk;> ,Uk;Gf;fk;gpfs; fl;blq;fs; fl;Ltjw;Fk; mjpfkhf gad;gLj;jg;gLtjw;F 
,JNt fhuzkhFk;.  
 
v/if tpl ,ug;gh;jhd; mjpf kPl;rpAilaJ vd;W ehk; jtwhf epidj;Jf; 
nfhz;bUf;fpNwhk;. vJ mjpf kPl;rpg;gz;G cilaJ? ,ug;guh? v/fh? cz;ikapy; 
v/Fjhd; mjpf kPl;rpg;gz;G cilaJ. v/F kw;Wk; ,ug;gh; ,uz;bd; kPJk; rkkhd 
mOj;jj;ij (stress) nfhLj;jhy; v/F Fiwthd jphpigNa milAk;. vdNt aq; 
kPl;rpf;Fzfk; v/Ff;Fj;jhd; mjpfk;. aq; kPl;rpf;Fzfk; ve;jg; nghUSf;F mjpfNkh 
mJNt mjpf kPl;rpg;gz;G (elacstic) cilaJ. vdNt v/F ,ug;giu tpl mjpf 
kPl;rpj;jd;ik nfhz;lJ.  
 
gha;kq;fs; (Fluids):  
 
mwpKfk;:  
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cyfj;jpy; midj;J ,lq;fspYk; gha;kq;fs; fhzg;gLfpwJ. Gtp %d;wpy; ,uz;L gq;F 
ePiuAk;> %d;wpy; xU gq;F epyg;gFjpiaAk; nfhz;Ls;sJ. ,jidj; jtpu GtpahdJ fhw;why; 
#og;gl;Ls;sJ. gha;kq;fs; jpz;kg;nghUs;fspy; ,Ue;J khWgl;lit. jpz;kj;ijg;Nghy; 
my;yhky; gha;kk; tiuaWf;fg;gl;l Ra tbtj;ijf; nfhz;bUf;fhJ. gha;kq;fspy;> jputk; 
epiyahd gUkidf; nfhz;Lk; thAthdJ nfhs;fydpd; KO gUkid epug;gpAk; cs;sd.  
 
gha;kj;jpd; mOj;jk;:  
gha;kk; vd;gJ mjd;kPJ Gwtpir nrYj;jg;gl;lhy; ghaj; njhlq;Fk; nghUshFk;. mJ 
nrYj;jg;gl;l tpirf;F kpff;Fiwe;j vjph;g;igNa mspf;fpwJ. Fiwthd gug;gpy; tpir 
nray;gl;lhy; mjd; jhf;fk; mjpfkhfTk;> mjpfkhd gug;gpy; FiwthfTk; ,Uf;Fk;. ,e;j 
fUj;jhdJ mOj;jk; vdg;gLk; xU msit cWjpg;gLj;JfpwJ. xU nghUshdJ xa;tpy; 
cs;s xU gha;kj;jpy; (ePh;) %o;fpAs;sjhff; fUJf. ,e;Neh;tpy; gha;kk; nghUspd; 
Nkw;gug;gpy; xU tpiria nrYj;Jk;. ,e;j tpir vg;NghJk; nghUspd; gug;gpw;F nrq;Fj;jhf 
cs;sJ. A vd;w Nkw;gug;gpy; nray;gLk; nrq;Fj;J tpirapd; vz;kjpg;G F vdpy;> XuyF 
gug;gpy; nray;gLk; tpirNa mOj;jk; vd tiuaWf;fg;gLfpwJ.  

    
F

P
A

=  

mOj;jk; xU ];Nfyh; msthFk;. mjd; SI myF kw;Wk; ghpkhzq;fs; KiwNa Nm-2 

my;yJ gh];fy; (Pa) kw;Wk; MFk;. mOj;jj;jpd;  kw;nwhU nghJthd myF 'atm' vdf; 
Fwpf;fg;gLk; fhw;wOj;jk; MFk;. mJ fly; kl;lj;jpy; fhw;W kz;lyj;jpd; mOj;jk; vd 
tiuaWf;fg;gLfpwJ. mjhtJ>1 atm = 1.013 ×105 Pa or Nm-2 mOj;jj;ijj; jtpu NtW ,U 
gz;gsTfshd mlh;j;jp kw;Wk; xg;glh;;j;jp MfpaitAk; gha;kq;fspd; ,ay;ig tpthpf;f 
gaDs;sjhf cs;sd.  
 
gha;kj;jpd; mlh;j;jp:  
xU gha;kj;jpd; mlh;j;jp vd;gJ mjd; XuyF gUkDf;fhd epiw vd tiuaWf;fg;gLfpwJ. 
'V' gUkidf; nfhz;L m epiwAs;s gha;kj;jpd; mlh;j;jp ρ= m/V. ,jd; SI myF kw;Wk; 

ghpkhzk; KiwNa kgm-3 kw;Wk; [ML-3] MFk;. ,J xU Neh;f;Fwp kjpg;Gs;s ];Nfyh; 

msthFk;. ngUk;ghYk; jputk; mKf;fg;gl ,ayhj xd;W vd;gjhy; fhw;wOj;jj;jpy; (1 atm 
mOj;jj;jpy;) mjd; mlh;j;jp Vwf;Fiwa khwpyp MFk;. thAf;fspy; mOj;jj;ijr; rhh;e;J 
mlh;j;jpfspy; khWghLfs; cs;sd.  
 
xg;glh;j;jp (Relative density or specific gravity):  
 
xU nghUspd; xg;glh;j;jp vd;gJ me;jg; nghUspd; mlh;j;jpf;Fk; 4°C y; ePhpd; mlh;j;jpf;Fk; 
,ilNa cs;s tpfpjk; vd tiuaWf;fg;gLfpwJ. ,J xU ghpkhzkw;w Neh;f;Fwp kjpg;Gs;s 
];Nfyh; msthFk;. cjhuzkhf> ghjurj;jpd; mlh;j;jp 13.6 ×103 kgm-3. 

 mjd; xg;glh;j;jp 
3 3

3 3

13.6 10
13.6

1.0 10

kgm

kgm

−

−


=


 

xU jpz;kf;Nfhsk; 1.5 cm MuKk; 0.038 kg epiwAk; nfhz;Ls;sJ. jpz;kf; Nfhsfj;jpd; 
xg;glh;j;jpiaf; fzf;fpLf.  
jPh;T:  
  Nfhsj;jpd; Muk; R = 1.5 cm  
  epiw   m = 0.038 kg  

  Nfhsfj;jpd; gUkd; V = 34

3
R  

     2 3 5 34
(3.14) (1.5 10 ) 1.413 10

3
m

− −=    =   

  vdNt> mlh;j;jp  
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3

5 3

0.038
2690

1.413 10

m kg
kg m

V m
 −

−= = =


 

  vdNt> Nfhsfj;jpd; xg;glh;j;jp  

     
2690

2.69
1000

= =  

 
Xa;tpy; cs;s gha;kj;jk;gj;jpdhy; mOj;jk;:  
 
kiykPJ VWk; xU kiyNaw;w tPuh; cauj;ijg; nghWj;J fhw;wpd; mOj;jk; Fiwtij czu 
,aYk;. ePr;ry; Fsj;jpy; Fjpf;Fk; xUth; ePug;gug;Gf;F fPNo Mokhf nry;Yk;NghJ ePhpd; 
mOj;jk; mjpfhpg;gij czh;fpwhh;. ,e;j ,U Neh;TfspYk;> kiyNaw;w tPuh; kw;Wk; ePr;ry; 
tPuh; vjph;nfhz;l mOj;jkhdJ epiyahf cs;s gha;kq;fspd; ePh;k epiy mOj;jkhFk;. ePhpd; 
Moj;ijg; nghWj;J mOj;jk;l mjpfhpg;gijg; GHpe;Jnfhs;s cUis tbtpy; cs;s A 
FWf;Fntl;Lg;gug;G nfhz;l ePh; khjphpiaf; fUJf. 
 
h1kw;Wk; h2 vd;git KiwNa cUisapd; kl;lk; 1 kw;Wk; 2 Mfpaitfs; fhw;W – ePh; 
,ilg;gFjpapypUe;J cs;s Moq;fs; vd;f. kl;lk; 1 ,y; nray;gLk; fPo;Nehf;fpa tpir 

F1vdTk; Nky;Nehf;fpa tpir F2vdTk; nfhs;f. vdNt F1 = P1 A kw;Wk; F2 = P2A  
ePH; khjphpapd; epiw m vdf; fUJf. rkepiyapy; nkhj;j Nky;Nehf;fpa tpir (F2) MdJ 

nkhj;j fPo;Nehf;fpa tpirahy; (F1 + mg), rkd; nra;ag;gLfpwJ. khwhf> fPo;Nehf;fp nray;gLk; 
GtpaPh;g;G tpirahdJ tpirapd; NtWghL F2- F1 My; rkd; nra;ag;gLfpwJ.  

   F2 – F1 = mg = FG 
,q;F m vd;gJ khjphpapy; cs;s ePhpd; epiw. ePhpd; mlh;j;jp ρvdpy;> khjphpapy; cs;s ePhpd; 
epiw  
   m = ρV = ρA (h2 – h1) 
   V = A (h2 – h1)  
 
  
vdNt GtpaPh;g;G tpir  
  FG = ρA (h2 – h1)g  
W ,d; kjpg;ig rkd;ghL ,y; gpujpapl  

 F2 = F1 + mg   P2A = P1A = ρA (h2 – h1)g 
 ,U Gwq;fspYk; A I ePf;f  

  P2 = P1 + ρ(h2 – h1)g  
 
    
ehk; kl;lk; 1 I ePhpd; Nkw;gug;gpYk; mjhtJ fhw;W – ePH; ,ilg;gFjp> kl;lk; 2 I 
Nkw;gug;gpw;F fPNo h Moj;jpYk; Njh;T nra;jhy; h1kjpg;G RopahFk; (h1 = 0) kw;Wk; P1 

fhw;wOj;jj;jpd; kjpg;igg; ngWfpwJ. PaNkYk; h Moj;jpy; mOj;jk; (P2) MdJ P vd;w 
kjpg;igg; ngWk;. ,e;j kjpg;Gfis rkd;ghL ,y; gpujpapl  
   P = Pa + ρgh 
,jd; nghUshdJ>h Moj;jpy; cs;s mOj;jk; ePhpd; Nkw;gug;gpy; cs;s mOj;jj;ij tpl 

mjpfkhFk;. ,q;F Pavd;gJ fhw;wOj;jk; kw;Wk; mjd; kjpg;G 1.013  × 105 Pa MFk;.  
fhw;wOj;jk; Gwf;fzpf;fg;gl;lhy;> 
   P = ρgh 
nfhLf;fg;gl;l jputj;jpw;F khwpyp ρ kw;Wk; g kjpg;Gk; khwpyp> vdNt gha;kj; jk;gj;jpdhy; 
cUthFk; mOj;jkhdJ ePh;kj;jk;gj;jpd; cauk; my;yJ nrq;Fj;Jj;njhiyTf;F Neh;j;jftpy; 
cs;sJ. mOj;jj;ij eph;zak; nra;a gha;kj;jk;gj;jpd; cauNk Kf;fpakhFk; kw;Wk; 
nfhs;fydpd; FWf;Fg; gug;G my;yJ mbg;gug;G my;yJ tbtk; Mfpatw;iwr; rhuhJ 
vd;gijf; Fwpf;fpwJ.  
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xa;tpy; cs;s jputj;ijg; gw;wpf; $wpdhy; xNu fpilkl;lj;jpy; cs;s midj;Jg; 
Gs;spfspYk; (rk Moj;jpy;) jput mOj;jk; rkkhf cs;sJ. ,e;j $w;iw 'ePh;k epiyapay; 
Kuz;ghL' vdg;gLk; A, B kw;Wk; C Mfpa khWgl;l tbtq;fisf; nfhz;l %d;W 
fyd;fisf; fUJNthk;. ,e;j fyd;fs; mbg;gFjpapy; xU fpilj;js Foha; %yk; 
,izf;fg;gl;Ls;sd. ,it xU jputj;jhy; (ePh;) epug;gg;gl;lhy; fyd;fs; khWgl;l gUkDs;s 
ePiuf; nfhz;bUe;jhYk; rk mstpyhd ePhpd; kl;lj;ijf; nfhz;bLs;sd. Vndd;why; 
xt;nthU fydpd; mbg;gFjpapy; cs;s jputk; rkkhd mOj;jj;ij czh;fpwJ.  
 
xU ,lj;jpy; cs;s tspkz;ly mOj;jk; vd;gJ me;j ,lj;jpw;F Nky; cs;s 
fhw;wpdhy; xuyF Nkw;gug;gpy; nrYj;jg;gLk; GtpaPh;g;G tpir MFk;. ,J cauk; 
kw;Wk; thdpiy fhw;wpd; mlh;j;jp Mfpatw;iw rhh;e;J khWfpwJ. cz;ikapy; cauk; 
mjpfhpf;Fk; NghJ fhw;wOj;jk; FiwfpwJ.  
cauj;ijg; nghWj;J fhw;wOj;jk; FiwtJ md;whl tho;tpy; tpUk;gj;jfhj 
tpisitf; nfhz;Ls;sJ. cjhuzkhf> kpf caukhd ,lq;fspy; rikg;gjw;F ePz;l 
Neuk; MfpwJ. fhw;wOj;jj;jpw;Fk; ,uj;j mOj;jj;jpw;Fk; ,ilNa mjpf NtWghL 
fhuzkhf cauk; mjpfKs;s ,lq;fspy; %f;fpy; ,uj;jk; tbjy; kw;nwhU nghJthd 
epfo;thFk;.  
Gtpg;gug;gpy; fly; kl;lj;jpy; mjd; kjpg;G 1 atm MFk;.  
  
gh];fy; tpjp kw;Wk; mjd; gad;ghLfs;:  
gpuQ;R mwptpay; mwpQh; gpnsa;]; gh];fy; vd;gth; xa;tpy; cs;s xU gha;kj;jpy; rk 
cauj;jpy; cs;s midj;J Gs;spfspYk; mOj;jk; rkkhf cs;sJ vd fz;lwpe;jhh;. 
gh];fy; tpjpapd; $w;whdJ 'xU jputj;jpy; cs;s xU Gs;spapy; mOj;jk; khwpdhy; me;j 
khWghL kjpg;G Fiwahky; jputk; KOtjw;Fk; gug;gg;gLfpwJ.  
 
gh];fy; tpjpapd; gad;ghL  
ePhpay; J}f;fp  
gh];fy; tpjpapd; xU nray;Kiw gad;ghL> Fiwthd tpiriaf; nfhz;L mjpf 
gSitj;J}f;f gad;gLk; ePhpay; J}f;fp (Hydraulic lift) MFk;. ,J xU tpirg;ngUf;fp> ,J 

A kw;Wk; B vd;w xd;Wld; xd;W fpilkl;lf; Fohahy; ,izf;fg;gl;L jputj;jhy; epug;gg;gl;l 

xU cUisfisf; nfhz;Ls;sJ mtw;wpDs; A1kw;Wk; A2(A2> A1) FWf;Fntl;Lg;gug;Gfs; 
nfhz;l cuha;tw;w gp];ld;fs; nghUj;jg;gl;Ls;sd. rpwpa gp];ldpd; kPJ fPo;Nehf;fpa tpir 
F nrYj;jg;gLtjhff; nfhz;lhy; ,e;j gp];lDf;F fPo; cs;s jputj;jpd; mOj;jk; 

1

1

,
F

P where P
A

 
= 

 
vd;w kjpg;gpw;F mjpfhpf;fpwJ. Mdhy; gh];fy; tpjpg;gb> ,e;j 

mjpfhpf;fg;gl;l mOj;jk; midj;J jpirfspYk; kjpg;G Fiwahky; gug;gg;gLfpwJ. vdNt 
gp];ld; B - ,d; kPJ xU mOj;jk; nrYj;jg;gLfpwJ. gp];ld; B– ,d; kPJ Nky;Nehf;fp tpir  

   1 2
2 2 2 2 1

1 1

F A
F P A A F F

A A
=  =   =   

vdNt rpwpa gp];ld; A - ,d; kPJ cs;s tpiria khw;Wtjd; %yk; gp];ld; B– ,d; 

kPJs;s tpirahdJ 2

1

A

A
vd;w fhuzpapd; msTf;F cah;j;jg;gLfpwJ. ,e;j fhuzp ePhpay; 

J}f;fpapd; ,ae;jpu ,yhgk; vdg;gLk;.  
 
XU ePhpay; J}f;fpapd; ,U gp];ld;fs; 60 cm kw;Wk; 5 cm tpl;lq;fisf; nfhz;Ls;sd. rpwpa 

gp];ld; kPJ 50 N tpir nrYj;jg;gl;lhy; nghpa gp];ld; nrYj;Jk; tpir ahJ?  
jPh;T:  
 gp];ld;fspd; tpl;lq;fs nfhLf;fg;gl;Ls;sjhy; gp];ldpd;  Muq;fisf; fzf;fplyhk;.  

   
2

D
r =  
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 rpwpa gp];ldpd; gug;G 

2

2
1

5
(2.5)

2
A   = = 

 
 

 nghpa gp];ldpd; gug;G>

2

2
2

60
(30)

2
A   = = 

 
  

 

   
2

2
2 1

1

30
(50 ) 7200

2.5

A
F F N N

A

 =  =  = 
 

   

50 N tpiria nrYj;jp 7200 N tpiriag; ngwyhk;. NkYk; me;j msT gSit 
cah;j;jyhk;.  
 
kpjf;Fk;jd;ik (Buoyancy):  
xU nghUshdJ xU gha;kj;jpy; gFjpahfNth my;yJ KOtJkhfNth %o;fpapUe;jhy; mJ 
xU Fwpg;gpl;l msT gha;kj;ij ,lk;ngaur; nra;fpwJ. ,lk;ngah;e;j gha;kk; nghUspd; kPJ 
Nky;Nehf;fpa tpiriar; nrYj;JfpwJ. xU gha;kj;jpy; %o;fpAs;s xU nghUspd; vilia 
vjph;f;Fk; gha;kj;jpdhy; cUthf;fg;gLk; Nky;Nehf;fpa tpir kpjg;Gtpir vdg;gLk;. ,e;epfo;T 
kpjf;Fk; jd;ik vdg;gLk;.  
 
Mh;f;fpkpb]; nfhs;if:  
 
  ,jd; $w;whdJ> nghUnshd;W xU gha;kj;jpy; gFjpahfNth my;yJ 
KOtJkhfNth %o;fpapUe;jhy; mJ ,lk;ngaur; nra;j gha;kj;jpd; vilf;F rkkhd 
Nky;Nehf;fpa ce;J tpiria mJ czh;fpwJ kw;Wk; ce;J tpirahdJ ,lk; ngah;e;j jput 
<h;g;G ikak; topahf nray;gLfpwJ.  
ce;J tpir my;yJ kpjg;G tpir = ,lk; ngah;e;j jputj;jpd; vil  
 
kpjj;jy; tpjp (Law of Floatation):  
 
glFfs;> fg;gy;fs; kw;Wk; rpy kug;nghUs;fs; ePhpd; Nkw;gFjpapy; ,aq;FtJ ed;F mwpe;j 
xd;whFk;. mit kpjf;fpwJ vdyhk;. gha;kj;jpd; Nky; kl;lq;fSf;F cah;fpwepw;Fk; xU 
nghUspd; jd;ik kpjj;jy; vd tiuaWf;fg;gLfpwJ. 'nghUspd; %o;fpa gFjp 
,lk;ngaur;nra;j jputj;jpd; vil> nghUspd; vilf;F rkkhdhy; me;jg; nghUs; 
mj;jputj;jpy; kpjf;Fk;" vd;gJ kpjj;jy; tpjpahFk;.  
 
cjhuzkhf>300 kg vilAs;s (Vwj;jho 3000 N) xU kuj;jhyhd nghUs; ePhpy; kpjf;Fk; 
NghJ 300 kg (Vwj;jho 3000 N) ePiu ,lk;ngaur; nra;fpwJ.  
 
xU nghUs; kpje;jhy; ,lk;ngah;e;j gha;kj;jpd; gUkd; %o;fpa nghUspd; gUkDf;F 
rkkhf cs;sJ> kw;Wk; %o;fpa nghUspd; gUkdpd; rjtPjk; nghUspd; mJ kpjf;Fk; 
gha;kj;jpd; mlh;jpiag; nghUj;j xg;glh;j;jpf;f rkkhFk;. cjhuzkhf 0.9 gcm-3 

mlh;j;jp nfhz;l xU gdpf;fl;b 1.0gm-3 mlh;j;jp nfhz;l J}a ePhpy; kpje;jhy;> ePhpy; 
%o;fpa nghUspd; gUkdpd; rjtPjkhdJ  
khwhf> mNj gdpf;fl;b 1.3 gcm-3, mlh;j;jp nfhz;l fly; ePhpy; kpje;jhy;> fly; ePhpy; 

%o;fpa nghUspd; gUkdpd; rjtPjkhdJ 
3

3

0.9
100% 69.23%

1.3

gcm

gcm

−

−  = kl;LNk.  

 
 
 
vLj;Jf;fhl;L  
xU kuj;jhyhd fd rJuk; ePhpy; 300 g epiwia mjd; Nkw;gFjpapd; ikaj;jpy; jhq;FfpwJ. 

epiwahdJ ePf;fg;gl;lhy;> fd rJuk; 3 cm caUfpwJ. fdrJuj;jpd; gUkidf; fzf;fpLf.  
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jPh;T:  
fdrJuj;jpd; xt;nthU gf;fKk; lvd;f. 3 cm Moj;jpw;F fdrJuk; epug;Gk; gUkd;  

   V = (3cm) × P = 3P cm3 

 
 kpjj;jy; tpjpg;gb  
   Vρg = mg Vρ = m  

   2 3 3(3 10 ) (1000 ) 300 10P m kgm kg
− − −   =   

   
3

2 2 2 4 2

2

300 10
100 10

3 10 1000
l m l m

−
−

−


=  = 

 
 

   210 10 10l m cm
−=  =  

vdNt fd rJuj;jpd; gUkd; V = l3 = 1000 cm3 
 
ePh; %o;fpf;fg;gy;fs; mjd; kpjf;Fk; jd;ikiaf; fl;Lg;gLj;Jtjd; %yk; ePHpd; 
Moj;jpw;F %o;fyhk; my;yJ caNu tuyhk;. ,jid mila> ePh;%o;fpf; fg;gy;fs; 
ePH; my;yJ fhw;wpdhy; epug;gf;$ba epiyg;gLj;Jk; njhl;bfisf; nfhz;Ls;sd. 
epiyg;gLj;Jk; njhl;bfs; fhw;wpdhy; epug;gg;gl;lhy; Rw;Wg;Gw ePiutpl 
ePh;%o;fpf;fg;gypd; nkhj;j mlh;j;jpahdJ Fiwe;J mJ Nkw;gug;gpw;F tUk; (Neh; 
kpjf;Fk; jd;ik). fhw;iw ntspNaw;wp njhl;bfspy; ePiu epug;gpdhy; ePh;%o;fpf;fg;gypd; 
nkhj;j mlh;j;jp Rw;Wg;Gw ePiutpl mjpfkhfp fg;gy; %o;Fk; (vjph; kpjf;Fk; jd;ik). 
ePh;%o;fpf; fg;giy ve;j xU Moj;jpYk; epiyepWj;j> njhl;bfs; fhw;W kw;Wk; ePuhy; 
epug;gg;gLfpd;wd (eLepiy kpjf;Fk; jd;ik)  
 
kpjf;Fk; nghUs;fSf;F vLj;Jf;fhl;Lfs;:  
 
1. xUth; Mw;WePiutpl fly; ePhpy; kpf vspjhf ePe;jyhk;.  
2. gdpf;fl;b ePhpy; kpjf;fpwJ.  
3. fg;gy; v/fpdhy; cUthf;fg;gLfpwJ. Mdhy; mjd; cg;gFjpapy; FopT 

Vw;gLj;jg;gLtjhy; kpjf;fr; nra;ag;gLfpwJ.  
 

ghFepiy (Viscosity): 
 
mwpKfk;:  
xa;tpy; cs;s gha;kq;fspd; jd;ik Fwpj;J tpthjpf;fg;gl;lJ. khWgl;l gz;Gfspy; gha;k 
,af;fj;jpd; jhf;fj;ij NkYk; tpthjpg;gjd; %yk; ntspf;nfhzuyhk;. xU gha;kj;jpd; ,af;fk; 
rpf;fyhd epfo;thFk;. Vndd;why; mJepiy> ,af;f kw;Wk; <h;g;G Mw;wiyf; nfhz;L cuha;it 
Vw;gLj;jp ghfpay; tpirfisj; Njhw;Wtpf;fpwJ. vdNt tpthjj;ij vspikahf;f xU ,yl;rpa 
jputj;jpd; Neh;itf; fUjyhk;. xU ,yl;rpa jputj;jpd; Neh;itf; fUjyhk;. xU ,yl;rpa 
jputkhdJ mKf;f ,ayhjJ (mjhtJ gUkf;Fzfk; Kbtpyp) kw;Wk; mjDs; 
rWf;Fg;ngah;r;rp tpirfs; ,Uf;fhJ (mjhtJ ghfpay; vz; Rop)  
 
ngUk;ghyhd gha;kq;fs; ,af;fj;ij vjph;f;fpd;wd. xU gha;kk; xU jpz;kj;ijr; jputkhdJ 
mKf;f ,ayhjJ (mjhtJ gUkf;Fzfk; Kbtpyp) kw;Wk; mjDs; rWf;Fg; ngah;r;rp tpirfs; 
,Uf;fhJ (mjhtJ ghfpay; vz; Rop) ngUk;ghyhd gha;kq;fs; ,af;fj;ij vjph;f;fpd;wd. xU 
gha;kk; xU jpz;kj;ijr; rhh;e;J ,aq;fpdhy; my;yJ ,U gha;kq;fs; xd;Wf;nfhd;W rhh;G 
,af;fj;ijf; nfhz;bUe;jhy; epiyahd gug;gpy; xU cuha;T tpir nray;gLfpwJ. ,e;j gha;k 
,af;fj;jpd; vjph;g;ghdJ xU jpz;kg; nghUs; xU gug;gpy; ,aq;Fk; NghJ cUthFk; cuha;T 
tpiriag; Nghd;wJ MFk;. ,aq;Fk; gha;k VLfSf;F ,ilNa Njhd;Wk; mf cuha;T 
ghFepiy MFk;. vdNt ghFepiyahdJ xU gha;kj;jpd; VLfSf;fpilNa cs;s rhh;G 
,af;fj;ij vjph;f;Fk; gha;kj;jpd; gz;G ghFepiy vd tiuaWf;fg;gLfpwJ.  
 
ghF epiyf;fhd fhuzk;:  
 
mUfpy; mike;Js;s ,U VLfisf; nfhz;l xU jputk; xU fpilkl;l gug;gpy; gha;tjhff; 
nfhs;f. Nky; VlhdJ fPo; Vl;il KLf;f Kw;gLk;. mijj; njhlh;e;J fPo; VL Nky; Vl;il 
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jLf;f Kw;gLk;. ,jd; tpisthf xU gpd;Ndhf;fpa njhLtiu tpir Njhd;WfpwJ. ,J rhh;G 
,af;fj;ijf; Fiyf;Fk;. ,JNt gha;kq;fspd; ghfpay; jd;ikf;fhd fhuzkhFk;.  
 
ghfpay; vz; (Coefficient of viscosity): 
 
xU epiyahd fpilkl;l Vl;bd; kPJ xU jputk; rPuhfg; gha;tjhff; nfhs;f xU epiyahd 
Vl;by; ,Ue;J njhiythfr; nrd;why; VLfspd; Ntfq;fs; rPuhf mjpfhpf;fpwJ. A kw;Wk; B 
vd;w ,U ,izahd VLfisf; fUJf. epiyahd Vl;bypUe;J x kw;Wk; x + dx njhiytpy; 
mUfhikapy; cs;s VLfspd; jpirNtfq;fs; KiwNa v kw;Wk; v + dv vdf; nfhs;f.  
,U VLfSf;fpilNa njhLtiuj; jpirapy; nray;gLk; ghFepiy tpir F MdJ epA+l;ld; 
Kjy; tpjpapd; %yk; mwpag;gLfpwJ. ,e;j tpirahdJ  
i. jputj;jpd; gug;G A kw;Wk;  

ii. jpirNtfr; rhpT 
dv

dx
Mfpatw;wpw;F Neh;tpfpjj;jpy; cs;sJ.  

  F A kw;Wk; 
dv

F
dx

  

   
dv

F A
dx

 =−  

 
,q;F tpfpj khwpyp  jputj;jpd; ghfpay; vz; vdg;gLk;. vjph;f;FwpahdJ tpir cuha;Tj; 

jd;ik nfhz;lJ kw;Wk; mJ rhh;G ,af;fj;ij vjph;f;fpwJ vd;gijf; Fwpf;fpwJ. ghfpay; 
vz;zpd; ghpkhzk;  
[ML-1T-1]MFk;.  
 
ghFepiyahdJ cuha;itg; Nghd;wjhFk;. nghUspd; ,af;f Mw;wy; ntg;g Mw;wyhf 
ntspg;gLfpwJ.  
 
2.5 × 10-4m2gug;Gs;s xU cNyhfj;jl;L 0.25 × 10-3m jbkkhd tpsf;nfz;nza; Vl;bd;kPJ 

itf;fg;gl;Ls;sJ. jl;il 3 × 10-2ms-1, jpirNtfj;jpy; efh;j;j 2.5 N tpir Njitg;gl;lhy;> 
tpsf;nfz;nzapd; ghfpay; vz;izf; fzf;fpLf. nfhLf;fg;gl;lit.  
 A = 2.5 × 10-4 m2, dx = 0.25 × 10-3m,  
 F = 2.5 N and dv = 3 × 10-2 ms-1 
jPh;T  

  
dv

F A
dx

=   

 vz; kjpg;gpy;>
F dx

A dv
 =  

  
3

4 2 2 1

(2.5 ) (0.25 10 )

(2.5 10 ) (3 10 )

N m

m ms

−

− − −


=

 
 

  = 0.083 × 103 Nm-2s 
 
thpr;rPh; Xl;lk; (Streamlined flow):  
 
gha;kq;fspd; Xl;lk; khWgl;l tiffspy; cs;sd mJ rPuhd my;yJ thpr;rPh; Xl;lk;> rPuw;w 
my;yJ Row;rp Xl;lk;> mKf;f ,aYkl; my;yJ mKf;f ,ayhj Xl;lk;> ghfpay; Xl;lk; 
my;yJ ghfpayw;w Xl;lkhf ,Uf;fyhk;. cjhuzkhf> xU Mw;wpy; mikjpahfr; nry;Yk; 
ePhpd; Xl;lj;ijf; fUJf. cw;W Nehf;fpdhy; Mw;wpd; ntt;NtW ,lq;fspy; ePhpd; jpirNtfk; 
khWgl;Ls;sij mwpayhk;. mJ Mw;wpd; eLg;gFjpapy; NtfkhdjhfTk;> mjd; 
fiuNahuq;fspy; nkJthdjhfTk; cs;sJ. vdpDk; ve;j xU Gs;spapYk; ePH;kj;Jfspd; 
jpirNtfk; khwpyp MFk;. GhpjYf;fhf> Mw;wpy; eLg;gFjpapy; Jfspd; jpirNtfk; tpdhbf;F 4 
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kPl;lh; ,Ug;gjhff; fUJf. vdNt ,e;jg; Gs;spiaf; flf;Fk; midj;Jj; Jfs;fspd; 
jpirNtfq;fSk; mNj kjpg;igg; ngWk;. ,JNghd;Nw> fiuNahuj;jpy; ghAk; ePh;kj;Jfspd; 
jpirNtfk; tpdhbf;F 0.5 kPl;lh; vdpy; mjidg; gpd; njhlUk; midj;J ePh;kj;Jfs;fspd; 
jpirNtfq;fSk; mNj kjpg;igg; ngWk;.  
 
xU jput Xl;lj;jpy;> xU Gs;spapd; topNa nry;Yk; xt;nthU jputj;JfSk; mjw;F Kd;dh; 
nrd;w Jfs;fspd; ghijapNyNa mNj jpirNtfj;jpy; ,aq;fpdhy; me;j jput Xl;lkhdJ 
thpr;rPh; Xl;lk; vdg;gLk;. ,jid rPuhd Xl;lk; my;yJ mLf;FKiw Xl;lk; (Laminar 
flow)vdTk; Fwpg;gplyhk;. ,aq;Fk; ghakj;Jfs; Nkw;nfhs;Sk; tisthdghij thpr;rPh; 
vdg;gLfpwJ. ve;j xU Gs;spapYk; mjd; njhLNfhlhdJ me;jg;Gs;spapy; gha;k Xl;lj;jpd; 
jpiriaf; nfhLf;fpwJ. ,jid ,t;thW miog;gjw;Ff; fhuzk; ,J xU ePh; Xil my;yJ 
,yl;rpa epiyapy; cs;s Mw;iyg; Nghd;W cs;sNj MFk;.  
 
ePh;k Xl;lj;jpd; jpirf;F nrq;Fj;jhd ve;j xU FWf;Fntl;L gug;gpYk; xNu jpirNtfj;ijf; 
nfhz;l rPuhd thpf; fw;iwiaf; fUjpdhy; me;j fw;iw foha; tbt Xl;lk; (tube of flow) 
vdg;gLk;. Foha; tbt Xl;lj;jpy; cs;s ve;j xU ePh;kj;JfSk; mjd; ,af;fk; KOtjw;Fk; 
FohapDs;NsNa vg;NghJk; ,Uf;Fk; kw;Wk; kw;w Foha; jputj;Jld; fyf;fhJ vd;gij 
Kf;fpakhf ftdpf;f Ntz;Lk;. Foha; tbt Xl;lj;jpd; mr;R vg;NghJk; thpr;rPh; xl;lj;ijj; 
jUk;. thpr;rPh; xl;lq;fs; vg;NghJk; gha;kj;Jfs;fspd; ,af;fg; ghijfisf; Fwpf;fpd;wd. 
gha;kj;jpd; Xl;lk; khWepiyj; jpirNtfk; vdg;gLk; xU Fwpg;gpl;l jpirNtfk; tiu thpr;rPuhf 
cs;sJ. ,jd; nghUs;> khWepiyj; jpirNtfj;jpw;Ff; Fiwthd Ntfj;jpy; ghAk;NghJ 
thpr;rPh; Xl;lj;ijg; ngwyhk;.  
 
Row;rp Xl;lk; (Turbulent flow):  
 
,aq;Fk; gha;kj;jpd; Ntfk; khWepiyj; jpirNtfj;ij (Vc) tpl mjpfkhdhy; ,af;fkhdJ 
Row;rp Xl;lkhfpwJ. ,e;Neh;tpy; xt;nthU JfspYk; jpirNtfkhdJ vz;kjpg;gpYk;> 
jpirapYk; khWtjhy; jdpg;gl;l Jfs;fs; thpr;rPh; Xl;lj;jpy; ,aq;fhJ. vdNt Row;rp 
Xl;lj;jpy; Jfs;fspd; ghij XOq;fw;wjhf khwp Roy; Xl;lk; my;yJ Roy; vdg;gLk; 
tl;lq;fspy; ,aq;Fk;. (m) kw;Wk; (M) xU glfpd; my;yJ fg;gypd; gpd;GwKs;s ePhpd; xl;lk; 
kw;Wk; Mfpait Row;rp Xl;lj;jpw;Fr; rpy vLj;Jf;fhl;Lfs; MFk;. ,U tifahd ,af;fj;jpd; 
NtWghl;bid xU mfd;w Fohapy; ghAk; ePhpDs; mjd; mr;rpd; topNa xU Jis %yk; 
ikia nrYj;Jtd; %yk; vspjhf tpsf;fyhk;. gha;kj;jpd; jpirNtk; Fiwthf cs;sNghJ 
ik Neh;f;Nfhl;Lg; ghijapy; nry;Yk;. khwhf jpirNtfkhdJ xU Fwpg;gpl;l kjpg;igtpl 
mjpkhdhy; ikahdj gutp xOq;fw;w ,af;fj;ijf; fhl;Lk;. vdNt ,af;fkhdJ Row;rp 
Xl;lkhf khWfpwJ. tise;J nespe;J nry;Yk; ,af;fj;jpdhy; Roy; xl;lk; cUthfp mjd; 
tpisthf mjpf Mw;wy; mopf;fg;gLfpwJ.  
 
nudhy;L vz;:  
 
xU gha;kj;jpd; Xl;lk; mjd; jpirNtfk; khWepiyj; jpiNtfj;ij (Vc) tpl Fiwthf 
,Ug;gpd; rPuhd my;yJ mLf;FKiw Xl;lkhf cs;sJ. ,y;iynadpy; Xl;lk; Row;rp Xl;lkhf 
khWfpwJ vd;gij ehk; mwpe;J nfhz;Nlhk;. M];Nghh;d; nudhy;L (1842 – 1912) vd;gth; 
gha;k Xl;lj;jpd; jd;ikia mJ thpr;rPh; my;yJ Row;rp Xl;lk; vd mwpe;J nfhs;s xU 
rkd;ghl;il tbtikj;jhh;.  

   c

vD
R




=  

nudhy;L vz; vdg;gLk; ,J xU ghpkhzkw;w vz; MFk;. ,J Rc my;yJ K vd;w 

FwpaPl;lhy; Fwpg;gplg;gLfpwJ. rkd;ghl;by; ρvd;gJ gha;kj;jpd; mlh;j;jp>v vd;gJ ,aq;Fk; 

gha;kj;jpd; jpirNtfk;>D vd;gJ gha;kk; nry;Yk; Fohapd; tpl;lk; kw;Wk;  vd;gJ ghfpay; 
vz; Mfpatw;iwf; Fwpf;fpd;wd. ve;j myF KiwapYk; Rc xNu kjpg;igf; nfhz;bUf;Fk;.  
 
jputj;jpd; Xl;lj;ij Ghpe;J nfhs;s> nudhy;L Rc kjpg;ig fPo;f;fz;lthW fz;wpe;jhh;.  

t.vz; nudhy;L vz; Xl;lk; 
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1. Rc< 1000 thpr;rPh; Xl;lk;  

2. 1000 < Rc 2000 rPuw;w xl;lk;  

3. Rc> 2000  Row;rp Xl;lk;  

 
vdNt nudhy;L vz; Rc vd;gJ xU cUis tbt Fohapd; topNa nry;Yk; gha;kj;jpd; 
Xl;lk; thpr;rPh; Xl;lkh my;yJ Row;rp Xl;lkh vd KbT nra;af;$ba xU Kf;fpakhd khwp 
MFk;. cz;ikapy;> Row;rp Xl;lk; njhlq;Fk; Rc ,d; khWepiy kjpg;G tbtpayhf xNu 
khjphpAs;s xllq;fSf;F rkkhd kjpg;igf; nfhz;Ls;sJ. cjhuzkhf khWgl;l mlh;j;jpfs; 
kw;Wk; ghfpay; vz;fs; kjpg;Gs;s ,U jputq;fs; (vz;nza; kw;Wk; ePH;) rk tbtk; kw;Wk; 
msTfisf; nfhz;l ,U Foha;fs; topNa nrd;why;> xNu Rc kjpg;gpy; row;rp Xl;lk; 
njhlq;FfpwJ. Nkw;fz;l fUj;jpypUe;J xw;Wik tpjpiag; ngwyhk;. mjd; $w;whdJ> ,U 
tbtpay; uPjpahf xNu khjphpahd gha;k xl;lq;fs; ,Ue;jhy; mit ,uz;Lk; xNu nudhy;L 
vz;izf; nfhz;bUf;Fk; tiu mbg;gilapy; xd;Wf;nfhd;W rkkhdjhFk;. njhopy;El;g 
gad;ghLfspy; xw;Wik tpjp Kf;fpa gq;fhw;WfpwJ. fg;gy;fs;> ePh;%o;fp fg;gy;fs;> 
ge;jaf;fhuh;fs; kw;Wk; tpkhdq;fspd; tbtq;fs; mtw;wpd; Ntfk; ngUk kjpg;igg; ngWk; 
tifapy; tbtikf;fg;gLfpd;wd.  
 
Kw;Wj;jpirNtfk; (Terminal Velocity):  
 
Kw;Wj;jpirNtfj;ijg; Ghpe;Jnfhs;s> xU mjpf ghFepiy nfhz;l ePz;l gha;kj;jk;gj;jpy; 
xU rpwpa cNyhff; Nfhsk; xa;T epiyapypUe;J jhNd tpOtjhff;fUJf. Nfhsj;jpd; kPJ  
1. nrq;Fj;jhf fPo;Nehf;fp nray;gLk; Nfhsj;jpd; kPjhd GtpaPh;g;G tpir  
2. kpjf;Fk; jd;ik fhuzkhf Nky;Nehf;fp ce;J tpir U kw;Wk;  
3. Nky;Nehf;fp nray;gLk; ghfpay; tpir (ghfpay; tpir vg;NghJk; Nfhsj;jpd; ,af;fj;jpw;F 

vjph;jpirapy; nray;gLk;) Mfpa tpirfs; nray;gLfpd;wd.  
njhlf;fj;jpy; Nky;Nehf;fp tpirahdJ> fPo;Nehf;fp tpiria tpl Fiwthf cs;sjhy; Nfhsk; 
fPo;Nehf;fpa jpirapy; KLf;fkilfpwJ. Nfhsj;jpd; jpirNtfk; mjpfhpj;jhy; ghfpay; tpirAk; 
mjpfhpf;fpwJ. xU fl;lj;jpy; fPo;Nehf;fpa epfu tpir Nky;Nehf;fpa tpiria rkd;gLj;Jtjhy; 
Nfhsj;jpd; kPjhd njhFgad; tpir RopahfpwJ. Nfhsk; jw;NghJ khwh jpirNtfj;Jld; 
,aq;FfpwJ.  
 
xU ghFepiy Clfj;jpd; topNa jhNd tpOk; xU nghUshdJ milAk; ngUk; khwh 
jpirNtfk; Kw;Wj;jpirNtfk; (VT) vdg;gLk;. jpirNtfj;ij Y– mr;rYk; fhyj;ij X 
mr;rpYk; nfhz;L xU tiuglk; tiuag;gl;Ls;sJ.  
 
NfhsfkhdJ njhlf;fj;jpy; KLf;fkilfpwJ kw;Wk; rpwpJ Neuj;jpy; mJ khwh kjpg;Gs;s 
Kw;Wj;jpirNtfj;ij (VT) milfpwJ vd tiuglj;jpypUe;J njspthfpwJ.  
 
Kw;Wj;jpir Ntfj;jpw;fhd Nfhit:  
 
η ghfpay; vz; nfhz;l mjpf ghFepiyAs;s jputj;jpd; topNa r MuKs;s Nfhsk; xd;W 

tpOtjhff; fUJf. Nfhsg;nghUspd; mlh;j;jp ρvdTk; gha;kj;jpd; mlh;j;jp σvdTk; nfhs;f.  
 
Nfhsj;jpd; kPJ nray;gLk; GtpaPh;g;G tpir  

34

3
FG mg r g = =  (fPo;Nehf;fpa tpir)  

Nky;Nehf;fpa ce;J tpir 34

3
U r g =  (Nky;Nehf;fpa tpir)  

vtKw;Wj;jpirNtfj;jpy; ghfpay; tpir  

   6
t

F rv=  

(fPo;Nehf;fpa tpir)  
jw;NghJ> fPo;Nehf;fpa epfu tpir Nky;Nehf;fpa tpirf;F rkkhFk;.  
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   3 34 4
6

3 3
t

FG U F r g r g rv    − =  − =  

   
2

22 ( )

9
t t

r
v g v r

 

−

=     

,q;F ftdpf;f Ntz;baJ> Nfhsj;jpd; Kw;Wj; jpirNtfk; mjd; Muj;jpd; ,Ukbf;F 
Neh;j;jftpy; cs;sJ. ρI σtpl mjpfnkdpy;>(ρ – σ)MdJ vjph;f;Fwp kjpg;igg; ngWtjhy; 
Kw;Wj;jpirNtfk; vjph;f;FwpahfpwJ. mjdhy; jhd; ePH; my;yJ ve;j jputj;jpd; topahfTk; 
fhw;Wf;Fkpopfs; Nky;Nehf;fp vOfpwJ. thdj;jpy; Nkfq;fs; Nky;Nehf;fpa jpirapy; 
efUtjw;Fk; ,JNt fhuzkhFk;.  
 
];Nlhf; tpjp kw;Wk; mjd; gad;ghLfs;:  
ghFepiy Clfj;jpd; topNa xUnghUs; tPo;e;jhy; mjDld; cldbahf njhLjypy; cs;s 
gha;k Vl;il mJ ,Of;Fk;. ,J jputj;jpd; ntt;NtW VLfSf;F ,ilNa rhh;G ,af;fj;ij 
cUthf;FfpwJ. ];Nlhf; ntt;NtW gha;kq;fspy; rpwpa Nfhsg;nghUs;fspd; ,af;fj;jpw;fhd 
gy Nrhjidfs; nra;J>r MuKs;s Nfhsg;nghUspd; kPJ nray;gLk; ghfpay; tpir F MdJ.  

 1. Nfhsj;jpd; Muk; (r) 
 2. Nfhsj;jpd; jpirNtfk; (v) kw;Wk;  
 3. jputj;jpd; ghfpay; vz;   
Mfpatw;iwr; rhh;e;jJ vd;w Kbitg; ngw;whh;.  

vdNt ,x y z x y z
F r v F k r v   = ,q;F k vd;gJ xU ghpkhzkw;w khwpyp  

ghpkhzq;fisg; gad;gLj;jp> Nkw;nfhz;l rkd;ghl;il ,t;thW vOjyhk;.  

  -2 -1 -1 x y -1 2[MLT ] = k[ML T ]  × [L]  [LT ]  

 
jPh;T fhz>x = 1, y = 1 kw;Wk; z = 1 vdNt F = kη rv 
 
Nrhjid %yk; k = 6  vd ];Nlhf; fz;lwpe;jhh;.  
   6F rv=  
,e;j njhlh;G ];Nlhf; tpjp vdg;gLk;.  
 
];Nlhf; tpjpapd; nray;Kiwg; gad;ghLfs;:  
kioj;Jspfs; mstpy; rpwpajhfTk;> mjd; Kw;Wj;jpirNtfq;fs; FiwthfTk; cs;sjhy; 
mit Nkf tbtpy; fhw;wpy; kpjf;fpd;wd. mit mstpy; nghpjhFk;NghJ mtw;wpd; 
Kw;Wj;jpirNtfq;fs; mjpfhpj;J kioahf fPNo tpOfpd;wd  
 
,e;j tpjp fPo;f;fhz;gtw;iw tpsf;FfpwJ.  
1. Nkfq;fspd; kpjj;jy;  
2. rpwpa kioj;Jspfistpl nghpa kioj;Jspfs; ek;ik mjpfkhf jhf;Ffpd;wd.  
3. ghuh#l; cjtpAld; fPopwq;Fk; xUth; khwh Kw;Wj;jpirNtfj;ij ngWfpd;whh;.  

 
gha;nrha; rkd;ghL (Poiseuille's equation):  
g;tha; nrha; xU Ez;Foha; topNa jputj;jpd; rPuhd Xl;lj;ij gFg;gha;T nra;jhh;. mth; 
Ez;Foha; topahf xU nehbapy; ghAk; jputj;jpd; gUkDf;fhd rkd;ghl;ilf; jUtpj;jhh;.  
 
mtuJ fUj;jpd;gb rkd;ghl;ilj; jUtpf;f fPo;f;fhZk; epge;jidfisf; fUj;jpy; nfhs;s 
Ntz;Lk;.  

• Fohapd; topNa jputj;jpd; Xl;lk; thpr;rPh; Xl;lkhf ,Uf;f Ntz;Lk;. 
• Foha; fpilkl;lkhf Gtp<h;g;Gtpir ePh;k Xl;lj;ijg; ghjpf;fhjthW ,Uf;f Ntz;Lk;.  
• Fohapd; Rtiuj; njhLk; ePh;k VL xa;tpy; ,Uf;f Ntz;Lk;.  
• Fohapd; ve;j FWf;Fg;gug;gpYk; mOj;jk; rPuhf ,Uf;f Ntz;Lk;.  
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ghpkhzg;gFg;gha;it gad;gLj;jp ehk; g;tha;nrha; rkd;ghl;ilj; jUtpf;fyhk;. fpilkl;lkhf 
cs;s Ez; Fohapd; topNa xU jputk; rPuhf gha;tjhff; fUJf. Ez; FohapypUe;J xU 

nehbapy; ntspNaWk; jputj;jpd; gUkd; 
V

v
t

 =  
 

vdf; nfhs;f. mJ  

1. jputj;jpd; ghfpay; vz; (η) 
2. Fohapd; Muk; (r) kw;Wk; 

3. mOj;jr;rhpT 
P

l

 
 
 

Mfpatw;iwr; rhh;e;jJ  

,q;F k vd;gJ xU ghpkhzkw;w khwpyp 
vdNt  

   
c

a b P
v r

l
    

 
   

   
c

a b P
v k r

l
  =  

 
 

kw;Wk; 

  
3 1[ ] [ ],

dP
v L T

dx

−  = = = 
 

gUkd; mOj;jk;

Neuk; njhiyT
 

 2 2 1 1[ ],[ ] [ ]ML T ML T− − − −=  kw;Wk; [ ] [ ]r L=  

rkd;ghL ,y; gpujpapl  

   3 1 1 1 2 2[ ] [ ] [ ] [ ]a b
LT ML T L ML T c

− − − − −=  

   0 3 1 2 2a c a b c a c
M L T M L T

− + − + − − −=   
vdNt M, L, kw;Wk; T ,d; mLf;Ffis ,UGwKk; rkg;gLj;j  

   a + c = 0, -a + b – 2c = 3, kw;Wk; -a – 2c = -1  
a, b kw;Wk; c Mfpa njhpahj kjpg;Gfs; cs;sd. %d;W rkd;ghLfisj; jPh;T fhz ehk; 
ngWtJ  
  a = -1, b = 4, kw;Wk; c = 1 
vdNt rkd;ghL MdJ> 

    v = 
1

1 4 P
k r

l
−  

 
 

 

Nrhjid %yk; K - ,d;; kjpg;G ,
8


vd fhzg;gl;lJ. vdNt> 

   v = 
4

8

r P

l




 

Nkw;fz;l rkd;ghL FWfpa Foha; my;yJ Ez;Foha; topNa nry;Yk; ePh;k Xl;lj;jpw;Nf 
nghUe;Jk;. ,r;rkd;ghL g;tha;nrha; rkd;ghL vdg;gLk;. ,e;j njhlh;ghdJ khWepiyj; 
jpirNtfj;ij (Vc) tpl Fiwthd jpirNtfk; nfhz;l gha;kq;fSf;F ed;F nghUe;Jfpd;wJ.  

 
ghFepiyapd; gad;ghLfs;  
ghFepiyapd; Kf;fpaj;Jtj;ij fPo;f;fhZk; cjhuzq;fspy; ,Ue;J Ghpe;J nfhs;syhk;.  
 
1. fduf ,ae;jpuq;fspd; ghfq;fspy; catpahfg; gad;gLk; vz;nza; mjpf ghfpay; 

vz;izf; nfhz;bUf;f Ntz;Lk;. nghUj;jkhd catpiaj; Njh;T nra;a mjd; 
ghFepiyiaAk;> mJ ntg;gepiyiag; nghWj;J vt;thW khWghLfpwJ vd;gijAk; 
mwpe;jpUf;f Ntz;Lk;.  
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(Fwpg;G: ntg;gepiy cah;e;jhy; jputj;jpd; ghFepiy Fiwfpd;wJ) NkYk; fhh; 
,ae;jpuq;fspy; (,yFuf ,ae;jpuk;) gad;gLk; Fiwe;j ghFepiyAs;s vz;nza;fisj; 
Njh;T nra;aTk; ,J cjTfpwJ.  
 

2. rpy fUtpfspd; ,af;fj;jpw;F <ug;gj;ijf; nfhLf;f mjpf ghFepiy nfhz;l jputk; 
gad;gLj;jg;gLfpwJ kw;Wk; mJ ePhpay; jLg;gpfspy; (Hydraulic brakes) jLg;gp 
vz;nza;ahf gad;gLfpwJ.  
 

3. jkdpfs; kw;Wk; ,uj;jf; Foha;fs; topNa ,uj;j Xl;lk; ePh;kj;jpd; ghFepiyiar; rhh;e;jJ.  
4. xU vyf;l;uhdpd; kpd;D}l;lj;ijf; fhz kpy;ypfd; vz;nza;j; Jsp Ma;it Nkw;nfhz;lhh;. 

mth; ghFepiy gw;wpa mwpit kpd;D}l;lj;ijf; fzf;fpl gad;gLj;jpdhh;.  
 
gug;G ,Otpir  
%yf;$WfSf;F ,ilNa cs;s tpirfs;:  
mlh;j;jp> gug;G ,Otpir Nghd;w ,aw;gz;Gfs; fhuzkhf ntt;ntW jputq;fs; xd;whff; 
fyg;gjpy;iy. vLj;Jf;fhl;lhf ePUk;> kz;nzz;izAk; xd;whf fyg;gjpy;iy. ghjurk; 
fz;zhbapy; xl;Ltjpy;iy. Mdhy; epuhdk; fz;zhbapy; xl;Lk;. ePuhdJ jz;Lfs; topahf 
,iyfs; tiu NkNyWk;. mit ngUk;ghYk; jputq;fspd; Nkw;gug;GfSld; njhlh;G 
nfhz;litahf ,Uf;fpd;wd. jputq;fSf;F tiuaWf;fg;gl;l gUkd; cz;L. vdNt mtw;iw 
nfhs;fydpy; Cw;Wk;NghJ mit jiftw;w Nkw;gug;igg; ngWfpd;wd. vdNt Nkw;gug;ghdJ 
$Ljyhf Mw;wiyg; ngWfpwJ. ,J Nkw;gug;G Mw;wy; vdg;gLfpwJ. Nkw;fz;l epfo;Tf;F 
fhuzk; gug;G ,Otpir vd;w gz;ghFk;. yhg;y]; kw;Wk; fh]; vd;w mwpQh;fs; gug;G 
,Otpir kw;Wk; ntt;NtW #o;epiyfspy; jputj;jpd; ,af;fk; gw;wpa Nfhl;ghLfis 
cUthf;fpdh; 
 
ePh;k %yf;$Wfs; jplg;nghUspy; cs;sJ Nghy; ,Wfg; gpizf;fg;gl;bUg;gjpy;iy. vdNt 
mit vspjhf efUfpd;wd. xU jputj;jpy; cs;s xNu tifahd ePu;k %yf;$WfSf;fpilNa 
Vw;gLk; tpirahdJ xhpdf;fth;r;rp tpir (Cohesive force) vdg;gLfpwJ. xU ePh;kkhdJ 
jplg;nghUisj; njhLk;NghJ jput kw;Wk; jplg;nghUs; %yf;$Wfs; Ntwpdf; fth;r;rp tpir 
(adhesive force) vd;w fth;r;rp tpiriag; ngWfpd;wd.  
 
,t;tifahd %yf;$WfSf;F ,ilg;gl;l tpirahdJ 10-9 (mjhtJ 10Å) vd;w 
FWe;njhiyTf;F kl;LNk nray;gLk;. midj;J jpirfspYk; ,t;tifahd %yf;$wpil 
tpirfs; nray;gLk; njhiythdJ fth;r;rpg;Gyk; (Sphere of influence) vdg;gLfpwJ. 
,g;Gyj;jpw;F mg;ghYs;s tpirfs; Gwf;fzpf;fg;gLfpd;wd.  
 
xU jputj;jpy; A, B kw;Wk; C vd;w %d;W NtWgl;l %yf;$Wfisf; fUJf. A vDk; 
%yf;$whdJ midj;J jpirfspYk; cs;s vy;yh %Yf;$WfSlDk; ,iltpid Ghptjhy; 
A czUk; njhFgad; tpir RopahFk;. B vd;w %yf;$whdJ> ehd;fpy; %d;W ghfk; 

jputj;jpd; Nkw;gug;Gf;Ff; fPNoAk;> ehd;fpy; xU ghfk; fhw;wpYk; cs;sd. B f;F fPo;gFjpapy; 
mjpf %yf;$Wfs; ,Ug;gjhy; mJ fPo;Nehf;fpa njhFgad; tpiriag; ngWfpwJ. ,NjNghy; 
C vd;w %yf;$W jputj;jpd; Nkw;gug;gpy; cs;sjhy; (mjhtJ Nkw;ghjp fhw;wpYk;> fPo;ghjp 
jputj;jpYk;) mjpfgl;r fPo;Nehf;F tpiriag; ngWfpwJ. Vnddpy; mjpfkhd jput 
%yf;$Wfs; fPo;g;gFjpapy; cs;sd. vdNt %yf;$W vy;iyf;Fs; cs;s jput %yf;$Wfs; 
midj;Jk; C %yf;$Wld; ,iltpid GHpe;J fPo;Nehf;fpa tpiria czh;fpwJ vd;gJ 
njspthfpwJ.  
 
cl;gFjpapDs; ,Uf;Fk; ve;j %yf;$iwAk; jputj;jpd; Nkw;gug;Gf;Ff; nfhz;Ltu xhpdf; 
fth;r;rp tpirf;F vjpuhf Ntiy nra;a Ntz;bAs;sJ. ,t;NtiyahdJ %Yf;$Wfspy; 
epiyahw;wyhf Nrkpf;fg;gLfpwJ. vdNt> jput Nkw;gug;gpy; cs;s %yf;$Wfs; 
cl;gFjpapDs; cs;s %yf;$Wfis tpl mjpf epiyahw;wiyg;ngw;Ws;sd. Mdhy; xU 
mikg;G rkepiyapy; ,Uf;f Ntz;Lkhapd; mjd; epiyahw;wy; (gug;g Mw;wy;) rpWkkhf 
,Uf;f Ntz;Lk;. vdNt cWjpr;rkepiyapy; ,Uf;f jputkhdJ rpWk vz;zpf;ifapyhd 
%yf;$Wfisg; ngw KaYk;. NtW tifapy; $wNtz;Lkhapd; jputkhdJ rpWk 
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Nkw;gug;gpidg; ngw KaYk;. jputj;jpd; ,e;j gz;ghdJ gug;G ,Otpiria 
cz;lhf;Ffpd;wJ.   
 
gug;G ,Otpirf;F vLj;Jf;fhl;Lfs;:  
ePh; G+r;rpfs; (Water bugs) kw;Wk; ePh; jhz;bg;G+r;rpfs; (Water striders) ePhpd; Nkw;gug;gpy; 
elf;fpd;wd ePH;k %yf;$Wfs; cs;Nehf;fp ,Of;fg;gLtjhy; ePhpd; Nkw;gug;ghdJ kPl;rpAs;s 
my;yJ ,Oj;Jf;fl;lg;gl;l glyj;ijg; Nghd;W nray;gLfpwJ. ,J ePh; G+r;rpfspd; vilia 
rkd; nra;J mit ePhpd; Nkw;gug;gpy; elf;f cjTfpwJ. ,e;j epfo;it gug;G ,Otpir vd 
miof;fpd;Nwhk;. tz;zk; G+Rk; J}hpifapd; Kbfs; ePhpypUe;J ntspNa vLj;jhy; xd;whf 
xl;bf;nfhs;fpd;wd. ,jd; fhuzk; mtw;wpy; cUthd ePh; nky;NyLfs; xU rpWk gug;gpw;F 
RUq;f KidtjhFk;.  
 
ePhpd; Nkw;gug;gpy; CrpahdJ kpjj;jy;:  
caT vz;nza; jltg;gl;l v/F Crpia xU xl;Lk; jhs; kPJ itj;J ePhpd; Nkw;gug;gpy; 
nkJthf itf;fTk;. xl;Lk; jhs; ePhpDs; tpiuthf %o;Fk;> Mdhy; CrpahdJ kpje;J 
nfhz;NlapUf;Fk;. kpjf;Fk; CrpahdJ ePhpy; rpwpJ jho;it Vw;gLj;JfpwJ. tisTg;gug;gpd; 
gug;G ,Otpirahy; tpirfs; F, ,y; fhl;bAs;sthW rha;thf cs;sd. ,t;tpU tpirfspd; 
nrq;Fj;Jf;$Wfs; Crpapd; viliar; rkd;nra;Ak;. jw;NghJ ePhpy; rpwpJ jput Nrhg;igf; 
fyf;fTk;. ,g;NghJ Crp %o;Ftijf; fhzyhk;.  
 
xU gpsh];bf; jhis vLj;J mjpy; xU rpW gFjpia glF tbtj;jpy; ntl;b vLf;fTk; 
$h;Kid nfhz;l Kd;gFjpAk;> ntl;Lg;gFjp (Notch) nfhz;l gpd;gFjpAk; ,Ug;gJ ed;W. 
ntl;Lg;gFjpapy; rpWJz;L fw;G+uj;ij itf;fTk;. glif ePhpy; nkJthf tpLtpj;jhy;> fw;G+uk; 
fiuAk;NghJ glfhdJ Kd;Ndhf;fpr; nrYj;jg;gLtijf; fhzyhk;. fw;G+uk; fiuAk;NghJ gug;G 
,Otpir Fiwf;fg;gl;L ntl;Lg;gFjpf;F mUfpy; gug;G ,Otpirapy; khWghL cz;lhfpwJ. 
,jdhy; glfpd; gpd;gFjpapy; cs;s ePh; gpd;Ndhf;fpg; gha;e;J glF Kd;Ndhf;fp ,aq;FfpwJ.  
 
gug;G ,Otpiria ghjpf;Fk; fhuzpfs;:  
nfhLf;fg;gl;l jputj;jpd; gug;G ,OtpirahdJ fPo;;fz;l #oy;fspy; khWgLfpwJ.  
1. khRg;nghUs;fs; fye;jpUg;gJ my;yJ fyg;glk; Nrh;e;jpUf;Fk; msitg; nghWj;J gug;G 

,Otpiriag; ghjpf;fpwJ.  
 

2. fiu nghUs;fs; fye;jpUg;gJk; gug;G ,Otpirapd; kjpg;igg; ghjpf;fpwJ. cjhuzkhf 
mjpf fiujpwd; nfhz;l Nrhbak; FNsiuL ePhpy; fiue;Js;sNghJ ePhpd; gug;G 
,Otpiria mjpfhpf;fpwJ. Mdhy; Fiwthff; fiuAk; gpdhapy; my;yJ Nrhg;Gf; 
fiuryhdJ ePhpy; fyf;fg;gLk; NghJ ePhpd; gug;G ,O tpiriaf; Fiwf;fpwJ.  
 

3. kpd;D}l;lkhdJ gug;G ,Otpiria ghjpf;Fk;> xU jputkhdJ kpd;D}l;lg;gLk; NghJ 
gug;G ,Otpir FiwfpwJ. kpd;D}l;lg;gLk; NghJ ntspg;Gw tpir jputg;gug;gpd; kPJ 
nray;gl;L jput Nkw;gug;ghdJ mjpfhpf;fg;gl;L gug;G ,Otpirapd; RUq;Fk; jd;ikf;F 
vjpuhfr; nray;gLk; vdNt gug;G ,Otpir FiwAk;.  
 

4. ntg;gepiyahdJ ePh;kj;jpd; gug;g ,Otpiria khw;Wtjpy; Kf;fpa gq;fhw;WfpwJ. 
ntg;gepiy mjpfhpf;Fk;NghJ gug;G ,Otpir Neh;g;Nghf;fpy; FiwfpwJ. xU rpwpa 
ntg;gepiy neLf;fj;jpw;F t°C ,y; gug;G ,OtpirahdJ Tt = T0 (l – αt) ,q;F T0 vd;gJ 

0°C ntg;gepiyapy; gug;G ,Otpir kw;Wk; α vd;gJ gug;G ,Otpir ntg;gepiy vz;. 
khWepiy ntg;gepiyapy; vz;. khWepiy ntg;gepiyapy; gug;G ,Otpir Rop. 
Vnddpy; jputj;jpw;Fk; thATf;Fk; cs;s ,ilg;gFjp kiwfpwJ. cjhuzkhf ePhpd; 
khWepiy ntg;gepiy 374°C vdNt> me;j ntg;gepiyapy; ePhpd; gug;G ,Otpir 
RopahFk;. thz;lh;thy; vd;gth; gug;G ,Otpirf;Fk; khWepiy ntg;gepiyf;Fk; cs;s 
Kf;fpa njhlh;ig ghpe;Jiuj;jhh;.  

   

2

3

0 1t

c

t
T T

t

 
= − 

 
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nghJikg;gLj;j  

   0 1

n

t

c

t
T T

t

 
= − 

 
 

 
,J kpfr;rhpahd kjpg;igf; nfhLf;fpwJ. ,q;F ntt;NtW jputq;fSf;F n khWgLfpwJ. t 
kw;Wk; tc vd;git jdpntg;gepiyapy; (nfy;tpd; mstpy;) KiwNa ntg;gepiy kw;Wk; 
khWepiy ntg;gepiyiaf; Fwpf;fpwJ.  
 
gug;G Mw;wYk; gug;G ,OtpirAk;:  
gug;G Mw;wy;:  
 
xU nfhs;fydpYs;s khjphp jputk; xd;iwf; fUJf. jputj;jpd; cl;gFjpapy; cs;s 
%yf;$whdJ midj;J jpirfspYk; cs;s %yf;$Wfshy; ,Of;fg;gLk;. jput Nkw;gug;gpy; 
cs;s %yf;$whdJ mjw;F fPNo cs;s gpw %yf;$Wfshy; kl;LNk ,Of;fg;gLtjhy; epfu 
fPo; Nehf;fpa tpiriag; ngWk;. ,jd; tpisthf jputj;jpd; Nkw;gug;G KOtJk; cs;Nehf;fp 
,Of;fg;gLk;. vdNt jput Nkw;gug;ghdJ rpWk Nkw;gug;igg; ngw KaYk;. Nkw;gug;gpid 
mjpfhpg;gjw;fhf cl;gFjpapy; ,Ue;J rpy %yf;$Wfs; Nkw;gug;gpw;F nfhz;Ltug;gLfpd;wd. 
,jd; fhuzkhf> fth;r;rp tpirf;F vjpuhf Ntiy nra;ag;gLfpwJ. ,t;thwhf jput 
Nkw;gug;gpy; cs;s %yf;$Wfs; kw;w %yf;$Wfistpl mjpf epiyahw;wiyg; ngw;Ws;sd. 
,J gug;G Mw;wy; vdg;gLk;. NtW tpjkhff;$w> gug;G ,Otpirf;F vjpuhf jputj;jpd; xuyF 
gug;gpd; Nkw;gug;ig mjpfhpf;fr; nra;ag;gLk; Ntiy jputj;jpd; gug;G Mw;wy; vd 
miof;fg;gLfpwJ.  

  gug;G Mw;wy; =
Nkw; gug;ig mjpfhpf; fr; nra;ag; gLk; Ntiy 

Nkw; gug; gpd; mjpfhpg; G 
 

    = 
W

A
 

,J Jm-2my;yJ Nm-1vd;w myfhy; Fwpf;fg;gLfpwJ.  
 
gug;G ,Otpir:  
jputj;jpd; XuyF gpug;gpw;fhd Mw;wy; gug;G ,Otpir vd tiuaWf;fg;gLfpJ.  

  T = 
F

l
 

T ,d; SI myF kw;Wk; ghpkhzk; KiwNa Nm-1kw;Wk; MT-2 MFk;.  
 
gug;G ,Otpirf;Fk; gug;G Mw;wYf;Fk; ,ilNaahd njhlh;G:  
ABCD vd;w nrt;tfr;rl;lk; Nrhg;Gf; fiurypDs; cs;sjhff; fUJf. AB vd;gJ efuf;$ba 
fk;gpahff; nfhs;f. gug;G ,Otpirapd; fhuzkhf Nrhg;Gg; glykhdJ AB – I cs;Nehf;fp 

,Of;Fk;. gug;G ,Otpirapdhy; Vw;gl;l tpir F kw;Wk; AB ,d; ePsk; l vdpy;  
   F = (2T)l 
,q;F 2 vd;w vz; glyj;jpd; ,U gug;Gfisf; Fwpf;fpwJ. A'B' vd;w Gjpa epiyf;F AB 
vd;w fk;gp ∆x njhiyT efh;j;jg;gLtjhff; nfhs;f. gug;G mjpfhpg;ghy; gug;G ,Otpirapd; 
fhuzkhf cs;Nehf;fpa tpirf;F vjpuhf Ntiy nra;ag;gl Ntz;Lk;.  
nra;ag;gl;l Ntiy = tpir × njhiyT  

     = (2Tl) (∆x)  
glyj;jpd; gug;gpy; mjpfhpg;G  
   ∆A = (2l) (∆x) = 2l∆x  
Mifahy;  

 gug;G Mw;wy; = 
nra;ag; gl; l Ntiy 

Nkw; gug; gpd; mjpfhpg; G
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2

2

Tl x
T

l x


=


 

vdNt> xuyFg; gug;gpw;fhd gug;G Mw;wyhdJ vz;zstpy; gug;G ,Otpirf;Fr; rkkhFk;. 
   
  
jputj;JspahdJ xNu xU Nkw;gug;ig kl;LNk nfhz;bUf;Fk; vd;gij epidtpy; 
nfhs;f. vdNt r MuKs;s Nfhs tbt jputj;Jspapd; Nkw;gug;G 4 r2MFk;. Mdhy; 
FkpopahdJ Nkw;gug;Gfisf; nfhz;Ls;sjhy; Nfhs tbt Fkpopapy; nkhj;j 
Nkw;gug;G 2 × 4 r2f;Fr; rkkhFk;.  

  
xU Nrhg;Gf;Fkpopapd; glyj;jpd; gug;ig 50 cm2 ypUe;J 100 cm2 f;F mjpfhpf;f nra;ag;gl;l 

Ntiy 2.4 × 10-4 J vdpy; Nrhg;Gf; fiurypd; gug;G ,Otpiriaf; fzf;fpLf.  
jPh;T:  
Nrhg;Gf; FkpopahdJ xU Nkw;gug;Gfisf; nfhz;bUg;gjhy; Nkw;gug;gpy; Vw;gl;l mjpfhpg;G  
   ∆A = A2 – A1 
   = 2 (100 – 50) × 10-4m2 = 100 × 10-4 m2 
 vdNt nra;ag;gl;l Ntiy  
   W = T × ∆A   T =  

   
4

2 1

4 2

2.4 10
2.4 10

100 10

W J
Nm

A m

−
− −

−


= = 

 
 

 
Nrh;Nfhzk; (Angle of contact): 
ePh;kj;jpd; Nkw;gug;G xU jpz;kg;nghUis njhl;Lf; nfhz;bUe;jhy; njhL Gs;spapy; ePh;kj;jpd; 
gug;G rw;W tise;jpUf;Fk;. jputj;jpd; Nkw;gug;G tise;jpUf;Fk; Nghnjy;yhk; ,U 
Clfq;fSf;F (jpl – jput ,ilg;gFjp) ,ilg;gl;l NfhzkhdJ cUthfpwJ.  
 
cjhuzkhf xU fz;zhbf; Foha; glj;jpy; fhl;bAs;sthW mjd; gf;fq;fs; Neh;Fj;jhf 
,Uf;FkhW ePhpDs; itf;fg;gl;lhy; ePH;> fz;zhbf;fohapDs; Nky;Nehf;fp ,Of;fg;gLtijf; 
fhzyhk;. ,NjNghy; ePUf;Fg; gjpyhf> fz;zhbf; Fohia ghjurj;jpy; itj;jhy; Nkw;gug;G 
tise;jpUf;Fk;. Mdhy; ,g;NghJ tisthdJ mkpope;J ,Uf;Fk;. njhLk; Gs;spapy; jput 
Nkw;gug;gpw;F tiuag;gl;l njhLNfhl;bw;Fk; jplg;nghUspd; gug;gpw;Fk; ,ilg;gl;l NfhzkhdJ 
Nrh;Nfhzk; θvdg;gLk;. (fpNuf;f vOj;jhd ,jid 'jPl;lh" vd thrpf;fTk;)  
 
,k;kjpg;ghdJ xt;nthU jpl kw;Wk; jput Nrhbfspd; ,ilg;gFjpiag; nghWj;J khWgLfpwJ. 
xU jputkhdJ jplg;nghUspd; Nky; glh;tJk; my;yJ Jspfshf cUthtJk; ,k;kjpg;igg; 
nghUj;Nj mikfpwJ.  
 
njhLk;Gs;sp O- itg; nghWj;J jput – thA> jpl – thA kw;Wk; jpl – jput 
,ilg;gFjpfisf; fUJNthk;. ,ilg;gFjpfspd; gug;G ,Otpirfs; fhz;gpf;fg;gl;Ls;sthW 
KiwNa Tla, Tsa kw;Wk; Tsl MFk;.  
ePh;kkhdJ rkepiyiag; nghWj;J epiyahf ,Ug;gpd; ,k;%d;W ,ilg;gFjpfSf;F ,ilNa 
cs;s gug;G ,OtpirfSk; rkepiyapNyNa ,Uf;Fk;. vdNt> 

  cos cos sa sl
sa la sl

la

T T
T T T

T
  −

= +  =  

Nkw;fz;l rkd;ghl;bypUe;J> %tifahd Neh;Tfs; fPNo tpthjpf;fg;gl;Ls;sd.  

1. Tsa> Tslkw;Wk; Tsa – Tsl> 0 vdpy; ePH – gpsh];bf; ,ilg;gFjp) Nrh;Nfhzk; θ MdJ 

FWq;Nfhzk; (θ kjpg;G 90°I tplf;Fiwg;G) kw;Wk; cosθNeh;f;Fwp kjpg;GilaJ.  
 

2. Tsa< Tslkw;Wk; Tsa – Tsl< 0 vdpy; (ePh; - ,iy ,ilg;gFjp) Nrh;Nfhzk; tphpNfhzkhFk;. 

(θkjpg;G 180° I tplf;FiwT) kw;Wk; cos θvjph;f;Fwp kjpg;GilaJ.  
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3. Tsa> Tla + Tslvdpy; mq;Nf rkepiy ,y;yhky; ePH;kkhdJ jplg;nghUspd; Nky; guTk;.  
 
vdNt jpl – jput ,ilg;gFjpfSf;F ,ilNa cs;s Nrh;NfhzkhdJ ek; md;whl tho;tpy; 
Kf;fpag; gad;ghLfisf; nfhz;Ls;sJ. vLj;Jf;fhl;lhf> Nrhg;Gk;> ryitj;J}Sk; <ukhf;Fk; 
fhuzpfs;.  
mit xU ePh;kf;fiurypy; Nrh;f;fg;gl;lhy; mit Nrh;Nfhzj;ij Fiwf;f KaYk;. mjdhy; 
Jzpfspy; ed;whf CLUtp mOf;if mfw;Wk;. kw;nwhU tifapy; ePh; Gfh th;zq;fs; 
fl;blj;jpd; ntspg;Gwk; G+rg;gLfpd;wd. mit kio nga;Ak;NghJ ePUf;Fk; th;zk; G+rg;gl;l 
gug;gpw;Fk; ,ilNa cs;s Nrh;Nfhzj;ij mjpfhpf;Fk;.  
 
jputj;Jsp> Nrhg;Gf;Fkpop kw;Wk; fhw;Wf; Fkpopf;F cs;Ns kpif mOj;jk;  
 
,jw;F Kd;dh; tpthjpj;jthW> jputj;jpd; Nkw;gug;G xU jpz;kj;ijj; njhLk;NghJ tisthf 
,Uf;fpwJ. jput – fhw;W my;yJ jput – thA ,ilg;gFjpapd; jd;ikiag; nghWj;J 
,ilg;gFjpapy; gug;G ,Otpirapd; vz;kjpg;G khWgLfpwJ. khwhf> gug;G ,Otpirapd; 
fhuzkhf Nkw;fz;l ,ilg;gFjpfs; Mw;wiyg; ngw;Ws;sd. Fwpg;gpl;l gUkDf;F 
Nkw;gug;ghdJ kpff; Fiwe;j gug;Gld; rpWk Mw;wiyf; nfhz;bUf;Fk;. ,e;j fhuzj;jhy; 
jputj;JspahdJ Nfhs tbitg; ngWfpwJ. (rpwpa Muj;jpw;F) xU ePh;kj;jpd; Nkw;gug;G 
tise;jpUe;jhy;> jputj;jpd; cs; kw;Wk; ntspg;Gw Nkw;gug;GfspilNa mOj;j NtWghL 
,Uf;Fk;.  
 
1. ePh;kj;jpd; Nkw;gug;G rkjskhf ,Ug;gpd;> gug;G ,Otpirahy; cUthFk; tpirfs; (T, T) 

ePh;k Nkw;gug;gpd; njhLNfhl;bd; topNa vjpnujpuhfr; nray;gLk;. vdNt %yf;$wpd; kPjhd 
njhFgad; tpir RopahFk;. rkjs ePh;kg;gug;gpy; jputg;gf;fj;jpd; mOj;jkhdJ 
thAg;gf;fj;jpd; mOj;jj;jpw;F rkkhFk;.  
 

2. ePh;kj;jpd; Nkw;gug;G tise;J fhzg;gl;lhy; ePh;k Nkw;gug;gpYs;s xt;nthU %yf;$Wk; 
Nkw;gug;gpd; njhLNfhl;bd; topNa gug;G ,Otpirapd; fhuzkhf (FT, FT) vd;w 
tpirfis czUk;. tpirfis ,U nrt;tff; $Wfshfg; gphpf;f> fpilj;jsf;$Wfs; 
xd;iw xd;W rkd; nra;ag;gl;L> nrq;Fj;Jf; $Wfs; $l;lg;gLfpd;wd. vdNt gug;gpw;F 
nrq;Fj;jhfr; nray;gLk; njhFgad; tpirahdJ ePh;kj;jpd; tise;j gug;gpd; kPJ 
nray;gLfpwJ. ,jdhy; xU Ftpe;j Nkw;gug;gpd; kPJ nray;gLk; njhFgad; tpirahdJ 
tisT ikaj;ij Nehf;fp cs;Nehf;fpAk;> xU Fope;j Nkw;gug;gpd; kPJ nray;gLk; 
njhFgad; tpirahdJ tisT ikaj;ij Nehf;fp ntspNehf;fpAk; nray;gLk;. vdNt 
xU ePh;kj;jpd; tise;j Nkw;gug;G rkepiyapy; ,Uf;f> Fope;j gf;fj;jpd; tpirahdJ 
Ftpe;j gf;fj;jpd; tpiria tpl mjpfkhf ,Uf;Fk;.  
 

Fkpop kw;Wk; ePh;kj;JspapDs; kpifaOj;jk;:  
rpWFkpopfSk; ePh;kj;Jfs;fSk; gug;G ,Otpirfspd; fhuzkhf Nfhstbitg; ngWfpd;wd. 
ePh;kj; Jsp> Fkpop Mfpatw;wpy; cs;s mOj;jk; ntsp mOj;jj;ij tpl mjpfk;.  
 
1. ePh;kj;jpYs;s fhw;Wf; FkpopapDs; kpifaOj;jk;  
 
R Muk; nfhz;l fhw;Wf; Fkpop xd;W T vd;w gug;G ,Otpiriaf; nfhz;Ls;s ePH;kkj;jpDs; 

,Ug;gjhff; fUJf. P1kw;Wk; P2vd;gd KiwNa Fkpopapd; ntspg;Gw kw;Wk; cl;Gw 

mOj;jkhFk;. ,g;NghJ FkpopapDs; kpifaOj;jk;∆P = P2 – P1MFk;.  
fhw;Wf;FkpopapDs; kpifaOj;jj;ijf; fzf;fpl> mjd; kPJ nray;gLk; tpirfisf; 
fUJNthk;. miuf;Nfhs tbt Fkpopapy; tpirfisf; fUJk;NghJ ekf;Ff; fpilg;gJ.  
 

1. 2 R  ePsKs;s tpspk;igr; Rw;wp tyg;Gwkhf gug;G ,Otpirapd; fhuzkhf nray;gLk; 

tpirahdJ FT = 2 RT  

2. 2
R  FWf;Fntl;Lg; gug;gpy; tyg;Gwkhf nray;gLk; ntspg;Gw mOj;jkhd P1My; 

cUthd tpir 
1

2
1PF P R=  
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3. P2vDk; cl;Gw mOj;jj;jpdhy; Vw;gLk; ,lg;Gwkhf nray;gLk; tpir 
2

2
2PF P R=  

,t;tpirfspd; nray;ghl;lhy; fhw;Wf; Fkpop rkepiyapy; ,Ug;gjhy;  

  
2 1P PF FT F− +  

  2 2
2 12P R RT P R  = +  

  2
2 1( ) 2P P R RT  − =  

kpifaOj;jk; 2 1

2T
P P P

R
 = − =  

 
Nrhg;Gf; FkpopapDs; kpifaOj;jk; 
 
R MuKk; Tgug;G ,OtpirAk; nfhz;l Nrhg;Gf; Fkpop xd;iwf; fUJf. Nrhg;Gf; Fkpopf;F 
fhw;Wld; njhLk; ,Ugug;Gfs;> Fkpopapd; cl;Gwk; xd;Wk;> ntspg;Gwk; kw;nwhd;Wk; cs;sd. 
vdNt gug;G ,Otpirahy; Vw;gLk; tpir 2 2 RT  Nrhg;Gf; Fkpopapd; kPJ nray;gLk; 
gy;NtW tpirfshtd> 
 

1. gug;G ,Otpirapdhy; tyg;Gwkhf nray;gLk; tpir 4
T

F RT=  

2. ntspg;Gw mOj;jj;jpdhy; tyg;Gwkhf nray;gLk; tpir 
1

2
1PF P R=  

3. cl;Gw mOj;jj;jpdhy; ,lg;Gwkhf nray;gLk; tpir 
2

2
2PF P R=  

FkpopahdJ rkepiyapy; cs;sjhy;  

   
2 1P T PF F F= +  

   2 2
2 14P R RT P R  = +  

   2
2 1( ) 4P P R RT  − =  

   2 1

4T
P P P

R
 = − =  

 
kpifaOj;jk; 
ePh;kj;JspapDs; kpifaOj;jk;  
 
R MuKk; T gug;G ,OtpirAk; nfhz;l ePh;kj;Jsp xd;wpidf; fUJf.  
 
ePh;kj;Jspapd; Nky; nray;gLk; gy;NtW tpirfshtd 

1. gug;G ,Otpirapdhy; tyg;Gwkhf nray;gLk; tpir 2
T

F RT=  

2. ntspg;gw mOj;jj;jpdhy; tyg;Gwkhf nray;gLk; tpir 
1

2
1PF P R=  

3. cl;Gw mOj;jj;jpdhy; ,lg;Gwkhf nray;gLk; tpir 
2

2
2PF P R=  

ePh;kj;Jsp rkepiyapy; cs;ssjhy;  

  
2 1P T PF F F= +  

  2 2
2 12P R RT P R  = +  

  2
2 1( ) 2P P R RT  − =  

kpifaOj;jk;  

  2 1

2T
P P P

R
 = − =  

vLj;Jf;fhl;L:  
xg;glh;j;jp 0.8 nfhz;l 4 mm cauKs;s vz;nza; jk;gj;jpdhy; 2.0 cm MuKs;s Nrhg;Gf; 
Fkpopapd; kpifaOj;jk; rkg;gLj;jg;gl;lhy;> Nrhg;Gf;Fkpopapd; gug;G ,Otpiriaf; fhz;f. 



 

53 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

 
jPh;T:  
 Nrhg;Gf; FkpopapDs; kpifaOj;jk; 

   ∆P = P2– P1 = 
4T

R
 

  
ePh;kj;Jspfs; Muk; rpwpajhf ,Ue;jhy; ePH;kj;JspapDs; kpifaOj;jk; mjpfkhf 
,Uf;Fk;. cl;GwKs;s ,k;kpifaOj;jj;jpd; fhuzkhfNt rpW gdpj;JspfshdJ 
jpz;kq;fs; Nghy cWjpahf cs;sd.  
gdpr;rWf;F tpisahLk; xUth;> gdpf;fl;bapd; Nky; rWf;fpr; nry;Yk;NghJ> $uhd 
cNyhd rWf;Fku Kidfshy; Vw;gLk; mOj;jj;jpdhy; gdpf;fl;bahdJ rpwpJ 
cUFk;. Mdhy; gdpj;Jspfs; cWjpahd ge;J jhq;fpfisg; Nghy; nray;gl;L mth; 
nkd;ikahf rWf;fpr; nry;tjw;F cjTfpd;wd.  

Mdhy; 2 1

4T
P P P gh gh

R
  = − =  =  

gug;G ,Otpir  

 
3 2(800)(9.8)(4 10 )(2 10 )

4 4

ghR
T

 − − 
= =  

gug;G ,Otpir 2 115.68 10T Nm
− −=   

 
Ez;Gio EioT (Capillarity):  
yj;jPd; nkhopapy; Nfg;gps;sh (capilla) vd;gjd; mh;j;jk; Kb vd;gjhFk;. Foha;fs; KbasT 
nky;ypajhf ,Ue;jhy; jputk; NkNyWtJ mjpfkhf ,Uf;Fk;. kpfr;rpwpa tpl;lk; nfhz;l 
Foha; Ez;Giof;Foha; vdg;gLk;. ,UGwKk; jpwe;j fz;zhb Ez;Giof;Foha; xd;iw ePhpy; 
Neh;f;Fj;jhf mkpo;j;Jk;NghJ ePuhdJ FohapDs; Nky;Nehf;fp VWfpwJ. Fohapy; ePhpd; kl;lk; 
ntspapy; cs;s kl;lj;ijtpl mjpfkhf ,Uf;Fk;. Ez;Giof;Fohia ghjurj;jpy; 
mkpo;j;jpdhy; ghjurKk; FohapDs; fPo;Nehf;fp ,wq;Fk;. mjhtJ Fohapy; ghjurj;jpd; kl;lk; 
ntspapYs;s kl;lj;ijtpl Fiwthf ,Uf;Fk;. ePh;kKk; jplg;nghUSk; re;jpf;Fk; ,lj;jpy; 
Nrh;Nfhzk; MdJ 90° I tpl Fiwthf ,Ue;jhy; Ez;Gio Vw;wk; Vw;gLk;. khwhf> ePh;kKk;> 

jplg;nghUSk; re;jpf;Fkplj;jpy; Nrh;NfhzkhdJ 90°I tpl mjpfkhf ,Ue;jhy; Ez;Gio 
,wf;fk; cz;lhFk;. xU Neh;Fj;jhd Fohapy; ePH;kk; NkNyWtJ my;yJ fPopwq;FtJ 
Ez;Gio EioT my;yJ Ez;Gior; nray;ghL vdg;gLk;. Ez;Giof;Fohapd; tpl;lj;ijg; 
nghWj;J ePh;kk; khWgl;l cauq;fSf;F NkNyWk; my;yJ fPopwq;Fk;.  
  
Ez;GioNaw;wk; kw;Wk; ,wf;fk; :  
 
Nrh;Nfhzk; typik eidAk; 

msT 
gpiwj;jsk; Ez;Giof;Fohapy; 

ePh;k cah;T my;yJ 
jho;T 

xhpdf; 
fth;r;rp 
tpir 

Ntwpdf; 
fth;r;rp 
tpir 

θ = 0 (A) typik 
Fd;wpaJ 

typik 
kpf;fJ 

KOtJkhf 
eidAk; 

rkjsk; cauTkpy;iy 
fPopwq;fTkpy;iy 

θ< 90 (B) typik 
Fd;wpaJ 

typik 
kpf;fJ 

mjpfk; Fope;J ePh;kk; NkNyWk; 

θ> 90(C) typik 
kpf;fJ 

typik 
Fd;wpaJ 

FiwT  Ftpe;J ePh;kk; fPopwq;Fk; 

 
Ez;Gio Eiotpd; nray;Kiwg; gad;ghLfs;:  

• Ez;GioNaw;wj;jpd; fhuzkhf kz; tpsf;fpYs;s vz;nzahdJ jphpapy; NkNy 
Vw;fpwJ. ,NjNghy; jhtuj;jpy; ,iyfSf;Fk; fpisfSf;Fk; NthpypUe;J caph;rhW 
(sap) NkNyWfpwJ.  
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• cwpQ;R jhshdJ ikia cwpQ;RfpwJ.  
 

• fz;fspypUe;J fz;zPh; njhlh;e;J tba Ez;Gior; nray;ghL NjitahdjhFk;.  
 

• Nfhilf;fhyq;fspy; gUj;jp Milfs; tpUk;gp mzpag;gLfpd;wd. Vnddpy; gUj;jp 
MilfspYs;s Ez;zpa Jthuq;fs; tpah;itf;F Ez;Giof; Foha;fshf 
nray;gLfpd;wd.  
 

Ez;GioNaw;w Kiwapy; gug;G ,Otpiriaf; fhzy;:  
jputKk;> fhw;Wk; re;jpf;Fkplj;jpy; cs;s tise;j gug;gpd; kPJ Vw;gLk; mOj;j NtWghNl 
jputkhdJ Ez;Giof;Fohapy; NkNyWtjw;Ff; fhuzkhf mikfpwJ (<h;g;gpd; tpisitg; 
Gwf;fzpf;f). kpf Ez;zpa Foha;fspy; Ez;GioNaw;wkhdJ mjpfkhf cs;sJ. 
,e;epfo;thdJ gug;G ,Otpirapd; ntspg;ghlhFk;. Ez;GioNaw;wj;jpw;Fk; (h) gug;G 

,Otpirf;Fk; (T) cs;s njhlh;igg; ngw Ez;Giof;Foha; xd;W nfhs;fydpYs;s ePhpy; 
mkpo;j;jp itj;jpUg;gjhff; fUJf. Ez;Giof;Fohapy; ePuhdJ gug;G ,Otpirapd; fhuzkhf 
h cauj;jpw;F NkNyWfpwJ.  
 
gug;G ,Otpirapd; fhuzkhf Vw;gLk; tpir FTMdJ njhLk;Gs;spapy; njhLNfhl;bd; topNa 

fPo;Nehf;fpAk;> mjd; vjph;tpir Nky;Nehf;fpAk; nray;gLfpd;wd. gug;G ,Otpir T MdJ ,U 
$Wfshfg; gphpf;fg;gLfpwJ.  
 1. fpilj;jsf;$W T sinθkw;Wk;  
 2. nrq;Fj;Jf;$W T sinθgpiwj;jsj;jpd; Rw;wsT KOtJk;   Nky;Nehf;fp 
nray;gLfpwJ.  
 
nkhj;j Nky;Nehf;fpa tpir :  
   
,q;F θ vd;gJ Nrh;Nfhzk;>r vd;gJ Fohapd; Mukhk; ρvd;gJ ePhpd; mlh;j;jp kw;Wk; h 
vd;gJ Fohapy; ePh; NkNyWk; cauk; vdpy;  
1. fpilj;jsf;$W T sin θkw;Wk;  
2. nrq;Fj;Jf;$W T cos θgpiwj;jsj;jpd; Rw;wsT KOtJk; Nky;Nehf;fp nray;gLfpwJ.  

  = (T cosθ) (2 r) = 2 r Tcos θ 
,q;F θ vd;gJ Nrh;Nfhzk; r vd;gJ Fohapd; MukhFk;. ρvd;gJ ePhpd; mlh;j;jp kw;Wk; h 
vd;gJ Fohapy; ePh; NkNyWk; cauk; vdpy;  
 

  2 2 3 2 32 1

3 3
v r h r r r V r h r     = +  −  = + 

 
 

Nky;Nehf;fpa tpirahdJ ePHpd; Nkw;gug;gpw;F NkNy Fohapy; VwpAs;s ePh;kj;jk;gj;jpd; 
viliar; rkd; nra;fpwJ.  
vdNt> 

  2

1

1 3
2 cos

3 2cos

r h r g

r r h r g T


   



 +    = =  = 
 

 

Ez;Giof; FohahdJ kpf Ez;zpajhf r Muk; nfhz;bUg;gpd; (kpff; Fiwthd Muk;) 

cauk; cld; xg;gpl 
3

r
MdJ Gwf;fzpf;fj;jf;fJ. vdNt  

   
2cos

r gh
T




=  

h cauj;jpw;F NkNyWk; NghJ  
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2 cos 1T

h h
r g r




=    

Ez;Gio Vw;wkhdJ (h) Fohapd; Muj;jpw;F (r) vjph;j;jftpy; cs;sJ vd;gij ,J 
Fwpf;fpwJ. Fohapd; Muk; Fiwa Ez;GioNaw;wk; mjpfkhFk;.  
Ez;Giof; Foha; xd;wpy; ePh; 2.0 cm cauj;jpw;F NkNyWfpwJ. ,f;Fohapd; Muj;ijg;Nghy; 
%d;wpd; xU gFjp MuKila kw;nwhU Ez;Giof; Fohapy; ePh; ve;j mstpw;F NkNyWk;? 
  
 
jPh;T:  

rkd;ghL ,Ue;J 
1

h hr
r

  =khwpyp 

r1kw;Wk; r2MuKila ,U Ez;Giof; Foha;fs; jputj;jpy; mkpo;e;Js;sNghJ Ez;GioNaw;w 

caukhdJ KiwNa h1kw;Wk; h2vdpy;> 

  h1r1 = h2r2 = khwpyp  

  
2

21 1
2 2

2

(2 10 )
6 10

3

h r m r
h h m

rr

−
− 

 = =  =   

 
vLj;Jf;fhl;L:  
Nrhlh iyk; fz;zhbf;Fk; ghjurj;jpw;Fk; ,ilNa Nrh;Nfhzk; 140°xU fpz;zj;jpYs;s 

ghjurj;jpy; 2 mm MuKila ,Nj fz;zhbahy; Md Ez;Giof;Foha; mkpo;j;jp 
itf;fg;gl;Ls;sJ. jputj;jpd; ntspg;Gw Nkw;gug;igg; nghWj;J Fohapy; ghjurj;jpd; kl;lk; 
vt;tsT FiwAk;?  
  ghjurj;jpd; gug;G ,Otpir T = 0.456 Nm-1 
  ghjurj;jpd; mlh;j;jp ρ = 13.6 × 103 kg m-3 
jPh;T:  
Ez;Gio ,wf;fk; 

 
1

3 3 2

2 cos 2 (0.465 )(cos140 )

(2 10 )(13.6 10 )(9.8 )

T Nm
h

r g m ms




−

− −

 
= =

 
  

fz;zhbf; Fohapy; ghjur kl;lk; fPopwq;FfpwJ vd;gij vjph;f;Fwp fhl;LfpwJ.  
 
gug;G ,Otpirapd; gad;ghLfs;:  
 

• nfhRf;fs; ePhpd; Nkw;gug;gpy; Kl;ilfis ,Lfpd;wd. ePhpd; gug;G ,Otpiriaf; Fiwf;f 
rpwpJ vz;nza; Cw;wg;gLfpwJ. ,J ePhpd; Nkw;gug;gpYs;s kPl;rpg;glyj;ij cilj;J 
tpLtjhy; nfhR Kl;ilfs; ePhpDs; %o;fr; nra;J mopf;fg;gLfpd;wd.  
 

• Ntjpg; nghwpahsh;fs;> ePh;kj;Jspfs; tbikf;fg;gl;l tbtj;jpy; mike;J gug;gpy; xNu 
rPuhf xl;bf;nfhs;SkhW mjd; gug;G ,Otpiria El;gkhd msTf;F rhp nra;aNtz;Lk;. 
,J jhdpaq;fp thfdq;fs; kw;Wk; myq;fhug; nghUs;fSf;F th;zk; G+rg; gad;gLfpwJ.  
 

• Jzpfisj; Jitf;Fk;NghJ nte;ePhpy; ryitj;J}is Nrh;g;gjhy; ePhpd; gug;G ,Otpir 
Fiwf;fg;gl;L mOf;Fj;Jfs;fs; vspjpy; ePf;fg;gLfpd;wd. 
 

• ePH; xl;lhj Jzpfs; jahhpf;Fk; NghJ ePh; Xl;lhj nghUshdJ (nkOF) JzpAld; 
Nrh;f;fg;gLfpwJ. ,J Nrh;Nfhzj;ij mjpfhpf;fpwJ.  
 

ngh;ndsypapd; Njw;wk;:  
njhlh;khwpypr; rkd;ghL:  
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xU Fohapd; topNa nry;Yk; ePh;k epiwapd; tPjj;ij mwpa ePh;kk; gha;tJ rPuhf ,Ug;gjhff; 
fUjNtz;Lk;. ePh;kk; gha;tJ rPuhf ,Uf;f Ntz;Lnkddpy; ghAk; ePh;kj;jpd; xt;nthU 
Gs;spapYk; jpirNtfkhdJ Neuj;ijg; nghWj;J khwpypahf mika Ntz;Lk;. ,e;j 
epge;jidapy; ePh;kj;jpd; Xl;lkhdJ thpr;rPh; Xl;lkhf mikAk;.  
 
rPuw;w FWf;F ntl;Lg;gug;G a1kw;Wk; a2mjhtJ a1> a2nfhz;l AB vd;w Fohiaf; fUJf. 
ghFepiyaw;w mKf;f ,ayhj ePh;kk; rPuhf v1kw;Wk; v2vd;w jpirNtfj;jpy; KiwNa a1kw;Wk; 

a2gug;Gf;f topNa gha;e;J nry;fpwJ.  

∆t vd;w fhy mstpy; A vd;w gFjpapd; topNa nry;Yk; ePh;kj;jpd; epiw m1vdpy; m1 = 
(a1v1∆t) ρ 
∆t  vd;w fhy mstpy; B vd;w gFjpapd; topNa nry;Yk; ePh;kj;jpd; epiw m2vdpy;>m2 = 
a2v2∆t) ρ 
mKf;f ,ayhj ePh;kj;jpy; epiw khwhJ m1 = m2 
    a1v1∆t ρ = a2v2 ∆t ρ  
    a1v1 = a2v2  av = khwpyp  
,JNt njhlh;khwpypr; rkd;ghL vdg;gLk;. ,J> ghAk; gha;kq;fspd; epiwahdJ khwhky; 
,Ug;gijf; fhl;LfpwJ. nghJthf av = khwpyp> ,jd; nghUs; gUkg;ghak; my;yJ ghAk; 
tPjk; Foha; KOtJk; khwpyp vd;gjhFk;. khwhf FWf;Fntl;Lg;gug;G Fiwthf ,Ug;gpd; 
gha;kj;jpd; jpirNtfk; mjpfkhf ,Uf;Fk;.  
 
vLj;Jf;fhl;L:  
xU rhjhuz kdpjDf;F ngUehb topahf ,uj;jk; nry;Yk; Ntfk; 0.33ms-1. (Muk; r = 0.8 
cm) ngUehbapy; ,Ue;J 0.4 cm Muk; nfhz;l 30 vz;fs; cs;s ngUk; jkdpfSf;F 
,uj;jk; nry;fpwJ. jkdpfspd; topNa nry;Yk; ,uj;jj;jpd; Ntfj;ijf; fzf;fpLf.  
 
jPh;T:  

   
2 2

1 1 2 2 1 1 2 230 30a v a v r v r v =  =   

  

2 22
1

2 1 2 2
2

1 1 0.8 10

30 30 0.4 10

r m
v v v

r m

−

−

   
=  =      

 

   × (0.33 ms-1) 
   v2 = 0.044 ms-1 

 
ePh;kq;fspd; mOj;j> ,af;f kw;Wk; epiy Mw;wy;:  
rPuhfg; ghAk; ePh;kj;jpw;F %tifahd Mw;wy;fs; cz;L. mit 1. ,af;f Mw;wy; 2. epiy 
Mw;wy; kw;Wk; 3. mOj;j Mw;wy; MFk;.  
 

1. ,af;f Mw;wy; : m epiwAk; v jpirNtfKk; nfhz;l ePh;kj;jpd; ,af;f  

 Mw;wyhdJKE = 
1

2
mv2 

xuyF epiwf;fhd ,af;f Mw;wy; = 

2

2

1
12
2

mv
KE

v
m m

= =  

   

2

2 2

1
1 12
2 2

mv
KE m

v v
V V

 = = = 
 gUkd;

 

    
2. epiy Mw;wy;: jiukl;lj;jpypUe;J h cauj;jpYs;s m epiw nfhz;l ePH;kj;jpd; 

epiyahw;wy;  
    PE = mgh  
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XuyF epiwf;fhd epiyahw;wy;  

   
PE mgh

gh
m m

= =  

,NjNghy; xuyF gUkDf;fhd epiyahw;wy;  

  
PE mgh m

gh gh
V V

 = = = = 
 gug; G

 

 
3. mOj;j Mw;wy; ePh;kj;jpd; kPJ mOj;jj;ijr; nrYj;Jtjhy;  

 mOj;jk; = 
tpir

gug; G
tpir ×mOj;jk; gug;G  

( ) ( )F d PA d P A d =  =   

F d W PV  = = =mOj;j Mw;wy;  

vdNt mOj;j Mw;wy; Ep = PV  
xuyF epiwf;fhd mOj;j Mw;wy;  

   
pE PV P P

mm m

V


= = = =  

,NjNghy; xuyF gUkDf;fhd mOj;j Mw;wy;  

   pE PV
P

V
= = =
gUkd;

 

 
ngh;ndsypapd; Njw;wKk; mjd; gad;ghLfSk;:  
1738 Mk; Mz;L Rtp]; ehl;L mwptpay; mwpQh; Nldpay; ngh;ndsyp vd;gth; ntt;NtW 
FWf;Fntl;Lg; gug;Gs;s Foha;fs; topNa nry;Yk; ePh;kj;jpd; thpr;rPh; Xl;lj;jpw;fhd njhlh;ig 
tFj;jhh;. Mw;wy; khwh tpjpapd; mbg;gilapy; mth; ePh;kj;jpd; thpr;rPh; Xl;lj;jpw;fhd 
njhlh;igj; jUtpj;jhh;.  
 
ngh;ndsypapd; Njw;wk;:  
ngh;ndsypapd; Njw;wj;jpd;gb thpr;rPh; Xl;lj;jpy; cs;s mKf;f ,ayhj> ghFepiyaw;w> 
XuyF epiwAs;s ePh;kj;jpd; mOj;j Mw;wy;> ,af;f Mw;wy; kw;Wk; epiyahw;wy; Mfpatw;wpd; 
$l;Lj;njhif khwpypahFk;. fzpjKiwg;gb  

   
21

2

P
v gh


+ + =khwpyp 

,JNt ngh;nsypapd; rkd;ghlhFk;.  
ep&gpj;jy;  
AB vd;w Fohapd; topahf ePh;kk; gha;tjhff; nfhs;Nthk;. ,q;F V vd;gJ Kid A topahf 

t fhyj;jpy; EioAk; ePh;kj;jpd; gUkd; vdpy;> Kid B topahf mNj fhyj;jpy; ntspNaWk; 

ePh;kj;jpd; gUkDk; V MFk;.  

aA, vAkw;Wk; P vd;git A y; KiwNa Fohapd; FWf;Fntl;Lg;gug;G> ePh;k jpirNtk; kw;Wk; 
ePh;k mOj;jk; vdf; nfhs;f.  
  A ,y; cs;s ePh;kk; nray;gLj;Jk; tpir  

    FA = PAaA 
  t fhy mstpy; ePh;kk; fle;j njiyT  

   d = VAt 
vdNt nra;ag;gl;l Ntiy  
   W = FAd = PAaAvAt  
Mdhy; aAvAt = aAd = V, A ,y; EioAk; ePh;kj;jpd; gUkdhFk;. vdNt nra;ag;gl;l 

NtiyahdJ A ,y; mOj;j Mw;wyhf ,Uf;Fk;.  

    W= FAd = PAV  
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A ,y; XuyF gUkDf;fhd mOj;j Mw;wy;  

    A
A

P V
A P

V
= = =
mOj;j Mw; wy;

gUkd;
 

A ,y; XuyF epiwf;fhd mOj;j Mw;wy;  =   

   A A A
P V P P

A
mm

V


= = = =
mOj;j Mw; wy;

epiw
   

,q;F m vd;gJ nfhLf;fg;gl;l Neuj;jpy; A ,y; EioAk; ePh;kj;jpd; epiw. vdNt A ,y; 
ePh;kj;jpd; mOj;j Mw;wy;  

   PA A A

m PA
E P V P V m

m 
 = =  = 
 

 

A ,y; ePh;kj;jpd; epiyahw;wy;   
   PEA = mghA,  
A ,y; ePh;k Xl;lj;jpd; fhuzkhf ePh;kj;jpd; ,af;f Mw;wy;  

     21

2
A A

KE mv=  

vdNt A ,y; ePh;k Xl;lj;jpdhy; nkhj;j Mw;wy;  

  EA = EPA + KEA + PEA 

  21

2
A

A A A

P
E m mv mgh


= + +  

,NjNghy; aB, vB, kw;Wk; PBvd;git KiwNa B ,y; Fohapd; FWf;Fntl;Lg;gug;G> ePh;k B ,y; 
nkhj;j Mw;wy;  

   
21

2
B

B B B

P
E m mv mgh


= + +  

Mw;wy; khwh tpjpapypUe;J  
    EA = EB 

  
2 21 1

2 2
A B

A A B B

P P
m mv mgh m mv mgh
 
+ + = + +  

  2 21 1

2 2
A B

A A B B

P P
v gh v gh

 
+ + = + + khwpyp 

NkNy cs;s rkd;ghl;il ,t;thWk; vOjyhk; 

    
21

2

P v
h

g g
+ + = khwpyp  

NkNy cs;s rkd;ghlhdJ Mw;wy; khwh tpjpapd; tpisthFk;. cuha;tpdhy; Mw;wy; ,og;G 
Vw;glhjtiu ,r;rkd;ghL nka;ahdjhFk;. Mdhy; ,q;F> ePh;kj;jpd; VLfs; ntt;NtW 
jpirNtfq;fspy; nry;tjhy; mtw;wpw;fpilNa Vw;gLk; cuha;T tpirapdhy; Mw;wy; ,og;G 
cUthfpwJ. ,j;jifa Mw;wy; ,og;ghdJ nghJthf ntg;g Mw;wyhf khw;wg;gLfpwJ. vdNt 
ngh;ndsyp njhlh;ghdJ> Rop ghFepiyAs;s my;yJ ghFepiyaw;w ePH;kq;fSf;F kl;LNk 
nghUe;Jk;. Fwpg;ghf ePh;kkhdJ fpilj;jsf;Foha; topNa ntspNawpdhy;  

   
21

2

P v
h O

g g
=  + = khwpyp 

 
ngh;ndsyp Njw;wj;jpd; gad;ghLfs;:  
#iwf;fhw;wpy; $iufs; J}f;fp vwpag;gLjy;:  
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Kw;fhyq;fspy; tPLfs; my;yJ Fbirfspd; Nkw;$iufs; cs;sthW rha;thf 
tbtikf;fg;gl;ld. mwptpay; fhuzk; vd;dntdpy; ngh;ndsypapd; jj;Jtj;jpd;gb tPLfs; 
#iwf;fhw;W my;yJ Gaypy; ,Ue;J ghJfhf;fg;gLfpd;wd.  
 
Gay;fhw;W tPRk;NghJ kw;w gFjpfSf;F Nrjk; Vw;glhtz;zk; Fbirfspd; $iufs; J}f;fp 
vwpag;gLk;. ngh;ndsypapd; Njw;wg;gb mjpNtfkhf tPRk; fhw;whdJ $iuf;FNkNy P1vd;w 

Fiwe;j mOj;jj;;ij Vw;gLj;JfpwJ. $iuf;F fPNoAs;s P2vd;w mOj;jk; mjpfkhFk;. vdNt 

,e;j mOj;j NtWghL (P2 – P1) Nky;Nehf;fpa ce;J tpiria cUthf;fp $iu NknyOk;gp 
fhw;Wld; Nrh;e;J J}f;fp vwpag;gLfpwJ.  
 
tpkhd ,wf;if cah;j;jy; (Aerofoil lift): 
thD}h;jpapd; ,wf;iffshdJ> Nky;gFjp fPo;gFjpiatpl mjpfkhf tise;Jk;> Kd;gFjpapd; 
Kid gpd;gFjp Kidiatpl mfykhfTk; ,Uf;FkhW tbtikf;fg;gl;Ls;sd. thD}h;jp 
,aq;Fk; NghJ ,wf;ifapd; fPOs;s fhw;iwtpl ,wf;ifapd; Nky;gFjpapy; cs;s fhw;W 
cs;sthW Ntfkhf efUfpwJ.  
 
ngh;ndsypapd; jj;Jtg;gb ,wf;ifapd; fPo;gFjpapy; cs;s mOj;jkhdJ> Nky;gFjpiatpl 
mjpfkhf ,Ug;gjhy; rf;jp tha;e;j cah;j;jy; vdg;gLk; Nky;Nehf;fpa ce;Jtpir nray;gl;L 
mJ thD}h;jpia Nky;Nehf;fp caur; nra;fpwJ. 
 
Gd;rd; RluLg;G  
Gd;rd; RluLg;gpy; vhpthA Ez;Jisapd; topahf mjpf jpirNtfj;Jld; ntsptUfpwJ. 
,jdhy; Fohapd; cs;s mOj;jk; FiwfpwJ. vdNt ntspf;fhw;whdJ Ntfkhf mLg;gpDs; 
fhw;Wj; jpwg;gpd; topNa Eioe;J vhpthATld; fye;J cs;sthW ePyepwr; Rliuj; jUfpwJ.  
 
ntd;Rhpkhdp (Venturimeter): 
 
,f;fUtpahdJ> xU Fohapd; topNa nry;Yk; mKf;f ,ayhj ePh;kk; ghAk; tPjj;ij (my;yJ 
ghAk; Ntfk;) mstpl cjTfpwJ.,J ngh;ndsypapd; Njw;wj;jpd; mbg;gilapy; nray;gLfpwJ. 
,J A kw;Wk; A vd;w ,U mfd;w Foha;fisf; nfhz;Ls;sJ (FWf;F ntl;Lg; gug;G A) 

mit B vd;w FWfyhd (FWf;Fntl;Lg;gug;G a) Foha; %yk; ,izf;fg;gl;Ls;sd. U tbt 
mOj;jkhdpahdJ ,t;tpU mfd;w kw;Wk; FWfyhd Foha;fSf;fpilNa cs;sthW 
,izf;fg;gl;Ls;sJ. mOj;jkhdpapy; cs;s jputj;jpd; mlh;j;jp 'ρm' A ,y; cs;s mfykhd 

gFjpapYs;s gha;kj;jpd; mOj;jk; P1vd;f. 'ρ' mlh;j;jpAld; 'v1' jpirNtfj;jpy; gha;kk; 

FohapDs;Ns gha;tjhy; FWfyhd gFjpapy; mjd; Ntfk; 'v2'. vd mjpfhpf;fpwJ vdf; 

fUJf. ngh;ndsypapd; Njw;wg;gb ,e;j Ntf mjpfhpg;ghdJ B ,y; cs;s FWfpa gFjpapy; 

gha;kj;jpd; mOj;jkhd P2itf; Fiwf;fpwJ. vdNt A f;Fk;>B f;Fk; ,ilNa cs;s mOj;j 

NtWghlhdJ (∆P = P1 – P2) mOj;jkhdpapy; cs;s jputj;jpd; cau NtWghl;lhy; 
mstplg;gLfpwJ.  
  njhlh;khwpypr; rkd;ghl;bd;gb 
  

  1 2Av av=   

mjhtJ 

   2 1

A
v v

a
=    

ngh;ndsypapd; rkd;ghl;ilg; gad;gLj;j  

   
22 2

1 2
1 2 2 1

1

2 2 2

v v A
P P P v

a
    + = + +  

 
  

Nkw;fz;l rkd;ghl;bypUe;J mOj;j NtWghlhdJ  

  
2 2 2
1

2

( )
1 2

2

v A a
P P P

a
 −

 = − =  
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vdNt mfd;w Fohapd; A Kidapy; jput Xl;lj;jpd; Ntfk;  

   
2 2

2
1 12 2 2 2

2( ) 2( )

( ) ( )

P a P a
v v

A a A a 
 

=  =
− −

 

kw;Wk; xU tpdhbapy; A d; topahfg; gha;e;J nry;Yk; jputj;jpd; gUkd;  

  V = Av1 = A
2

2 2 2 2

2( ) 2( )

( ) ( )

P a P
aA

A a A a 
 

=
− −

   

gpw gad;ghLfs;:  
ngh;ndsypapd; Njw;wkhdJ> Kf;fpakhf jhdpaq;fp thfdq;fspy; fhh;GNul;lh;> tbfl;b 
gk;Gfs;> njspg;ghd;fs; Mfpatw;iw tbtikf;fg; gad;gLfpwJ. cjhuzkhf fhh;GNul;lhpy; 
Foha;Kid (Nozzle) vdg;gLk;. Ez;zpa Jisapd; topahf fhw;whdJ kpf Ntfkhf 
cs;Ns tUfpwJ. ,e;Neh;tpy; Ez;zpa fOj;Jg;gFjpapy; mOj;jk; Fiwf;fg;gl;L> ngl;Nuhy; 
my;yJ vhpnghUs; cs;spOf;fg;gl;lTld; fydpy; gw;witg;Gf;F rhpahd mstpy; fhw;Wk; 
vhpnghUSk; fyf;fg;gLfpwJ. 
 
xU rpye;jp tiy ehk; vz;Ztij tpl kpfTk; tYthdjhFk;. rpye;jp tiyapd; 
xU jdp E}yhdJ mjd; epiyiatpl gy Mapuk; klq;F epiw nfhz;l gwf;Fk; 
g+r;rpfisj; jLf;f ,aYk;.rpye;jp tiyapd; aq;Fzfk; Njhuhakhf 4.5 × 109 N m-2. 
,e;j kjpg;ig kuf;fl;ilapd; aq; Fzf kjpg;Gld; xg;gpLf.  
 
 
 

• xU nghUspd; mZf;fSf;F ,ilNa cs;s tpir mZtpil tpir kw;Wk; nghUspd; 
%yf;$WfSf;F ,ilNa cs;s tpir %yf;$wpil tpir MFk;.  

• `{f; tpjp kPl;rp vy;iyf;Fs; jifthdJ jphpGf;F Neh;j;jftpy; cs;sJ. 

• XuyF gug;gpy; nray;gLk; tpir jifT MFk;. xU nghUspd; FWf;F ntl;Lg;gug;G A 

kw;Wk; nrYj;jg;gl; tpir F vdpy; jiftpd; vz; kjpg;G F/A. ,Otpir my;yJ 
mKf;fj;jifT ,uz;ilAk; xNu thh;j;ijapy; ePl;rpj;jifT vdf; $wyhk;. 

• xU cUisapd; ePs khWghl;bw;Fk; mjd; njhlf;f ePsj;jpw;Fk; ,ilNa cs;s jfT 
∆L/L MdJ ePl;rpj;jphpG vdg;gLk;.  

• kPl;rp vy;iyf;Fs; ePl;rpj; jifTf;Fk; ePl;rpj;jphpGf;Fk; ,ilNa cs;s tpfpjk; fk;gpg; 
nghUspd; aq;Fzfk; vdg;gLk;.  

• kPl;rp vy;iyf;Fs; gUkj;jiftpw;Fk; gUkj;jphpGf;Fk; ,ilNa cs;s tpfpjk; gUkf;Fzfk; 
vdg;gLk;.  

• kPl;rp vy;iyf;Fs; rWf;Fg;ngah;r;rpj; jiftpw;Fk; rWf;Fg;ngah;r;rpj; jphpGf;Fk; ,ilNa 
cs;s tpfpjk; tpiwg;Gf;Fzfk; vdg;gLk;.  

• gha;nrha; tpfpjk; = gf;fthl;Lj;jphpG / ePsthl;Lj;jphpG  

• XuyF gUkdpy; fk;gpapy; Nrkpf;fg;gl;l kPl;rp epiy Mw;wy; U = 
1

2
×jifT × jphpG 

=
1

2
×Y×(jphpG) 2 ,q;F Y vd;gJ nghUspd; aq;Fzfk; MFk;.  

• A vd;w Nkw;gug;gpy; nray;gLk; nrq;Fj;j tpir F vdpy; mOj;jkhdJ XuyF gug;gpy; 
nray;gLk; tpir vd tiuaWf;fg;gLfpwJ.  

• ePh;kg;gug;gpypUe;J h Moj;jpy; nkhj;j mOj;jkhdJ P = Pa + ρgh, ,q;F vd;gJ 

fhw;wOj;jk;> kw;Wk; mjd; kjpg;G 1.013 × 105Pa MFk;.  

• gh];fy; tpjpg;gb xa;tpy; cs;s gha;kj;jpy; xNu cauj;jpy; cs;s midj;Jg; 
Gs;spfspYk; mOj;jk; rkkhFk;.  

•  

• kpjg;G tpjpapd;gb xU nghUspd; %o;fpa gFjp ntspNaw;Wk; jputj;jpd; vil nghUspd; 
vilf;F rkkhfNth my;yJ mjpfkhfNth ,Ue;jhy;> nghUshdJ mj;jputj;jpy; kpjf;Fk;.  
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• xU ePh;kj;jpd; ghfpay; vz; vd;gJ ePh;kj;jpd; XuyF gug;gpy; ePh;k ,af;fj; jpirf;F 
nrq;Fj;jpirapy; XuyF jpirNtfr; rhpitf; nfhz;Ls;s ePh;kj;jpd; njhLtiuj;jpirapy; 
nray;gLk; ghfpay; tpir MFk;.  

• xU ePh;k Xl;lkhdJ xU Gs;spiaf; fle;J nry;Yk; xt;nthU ePh;kj;JfSk; xNu 
ghijapy; mjw;F Kd; fle;j Jfspd; Ntfj;jpNyNa fle;jhy; me;j xl;lk; thpr;rPh; Xl;lk; 
vdg;gLk;.  

• gha;k Xl;lj;jpy; jpirNtfkhdJ khWepiyj; jpirNtfj;ijj; jhz;bdhy; xl;lkhdJ 
row;rp Xl;lkhf khWfpwJ.  

• xU cUis tbt Fohapd; topNa gha;k Xl;lk; thpr;rPuh my;yJ Row;rp Xl;lkh vd 
KbT nra;tjhy; nudhy;L vz; Kf;fpaj;Jtk; ngWfpwJ.  

• ];Nlhf; rkd;ghL F = 6 av ,q;F a MuKs;s Nfhsj;jpd; kPJ nray;gLk; ghfpay; tpir 

F kw;Wk; v MdJ Nfhsj;jpd; Kw;Wj;jpirNtfk; MFk;.  
 

• xU ePh;kj;jpd; gug;G ,OtpirahdJ ePh;kg; gug;gpy; tiuag;gl;l xuyF ePsKs;s fw;gidf; 
Nfhl;bd; topNa Nfhl;bw;F nrq;Fj;jhf> gug;gpw;F ,izahfr; nray;gLk; ,Otpir vd 
tiuaWf;fg;gLfpwJ.  
 

• jputk; kw;Wk; jpz;kg;nghUs; jputj;jpDs;Ns re;jpf;Fk; Gs;spapy; tiuag;gl;l 
njhLNfhLfSf;F ,ilNa cs;s Nfhzk; jplk; kw;Wk; jput Nrhbapd; Nrh;Nfhzk; 
vdg;gLk;.  
 

• nfhLf;fg;gl;l xU Gs;spapy; fle;J nry;Yk; xt;nthU gha;kj;Jfspd; jpirNtfKk; 
fhyj;ijg; nghWj;J khwhky; ,Ug;gpd; gha;k Xl;lk; rPuhd Xl;lk; vdyhk;.  
 

• a1 v1 = a2 v2vd;w rkd;ghL xU Fohapd; topNa nry;Yk; gha;kj;jpw;fhd njhlh;khwpypr; 
rkd;ghL vdg;gLk; kw;Wk; gha;k Xl;lj;jpy; gha;kj;jpd; epiw kwhky; cs;sjd; fhuzkhf 
mikfpwJ. mjd;gb> xU thpr;rPh; Xl;lj;jpy; cs;s mKf;f ,ayhj. ghFepiyaw;w 
gha;kj;jpd; XuyF epiwf;fhd mOj;j Mw;wy;> ,af;f Mw;wy; kw;Wk; epiw Mw;wy; 
Mfpatw;wpd; $l;Lj;njhif khwpypahFk;. mjhtJ P/ρ + v2/v + gh = khwpyp.  
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11TH,aw;gpay; 

njhFjp– 2 
myF– 8 

 
ntg;gKk; ntg;g ,af;ftpaYk; (Heat and Thermodynamics)  

ntg;gk; kw;Wk; ntg;gepiy:  
mwpKfk;:  
 
ntg;gepiy kw;Wk; ntg;g ,t;tpuz;Lk;> md;whl tho;tpy; kpf Kf;fpag; gq;fhw;Wfpd;wd. 
midj;J caphpdq;fSk; rhptu nray;gLtjw;F mtw;wpd; cly; ntg;gepiyia xU 
Fwpg;gpl;l mstpy; guhkhpj;jy; mtrpakhFk;. cz;ikapy; caphpdq;fs; tho;tjw;Fj; 
Njitahd ntg;gepiyia #hpaNd jUfpwJ. ,aw;ifiag; GHpe;J nfhs;tjw;F kpfTk; 
mbg;gilahdJ ntg;gepiy kw;Wk; ntg;gj;ijg; gw;wpa GhpjyhFk;. ntg;gepiy> ntg;gk; 
Nghd;wtw;iw tpsf;Fk; ,aw;gpaypd; xU gphpNt ntg;g ,af;ftpay;> ,e;j myfpy; 
toq;fg;gl;Ls;s fUj;Jf;fs; ntg;gk;> Fsph;r;rp kw;Wk; ntg;gepiyia ntg;gj;jpypUe;J 
NtWgLj;jpg; gh;g;gjw;F JizGhpAk;. ntg;g ,af;ftpaypy; cs;s ntg;gk; kw;Wk; ntg;gepiy 
,t;tpuz;Lk; xd;Wld; xd;W neUq;fpaj; njhlh;Gila ntt;NtW ,aw;gpay; msTfshFk;.  
 
ntg;gj;jpd; cl;fUj;J  
Fiwe;j ntg;gepiyapYs;s nghUspd; kPJ> mjpf ntg;gepiyapYs;s nghUis itf;Fk; 
NghJ> mjpf ntg;gepiyapYs;s nghUspypUe;J Fiwe;j ntg;gepiyAs;s nghUSf;F 
jd;dpr;irahf Mw;wy; ghpkhw;wk; vw;gLk;. ,t;thw;wYf;F ntg;g Mw;wy; my;yJ ntg;gk; vd;W 
ngah;. ,t;thw;wy; ghpkhw;w epfo;Nt ntg;gg;gLj;Jjy; vd;W miof;fg;gLk;. ,e;j 
ntg;gg;ghpkhw;wj;jpdhy; rpy Neuq;fspy; nghUspd; ntg;gepiy caUk; my;yJ khw;wk; 
Vw;glhky; mNj ntg;gepiyapNyNa ePbf;Fk;.  
 
ntg;gk; vd;gJ Mw;wy; msT vd;w jtwhd Ghpjy; rpy Neuq;fspy; Vw;gLtJz;L. ",J 
kpfTk; ntg;gkhd jz;zPh;; ",J ntg;gk; Fiwe;j jz;zPh;" Nghd;wit nghUsw;w 

thf;fpaq;fshFk;. Vnddpy;> ntg;gk; vd;gJ xU msT my;y; mJ cah; ntg;gepiyapYs;s 
nghUspypUe;J Fiwe;j ntg;gepiy cs;s nghUSf;f ghAk; ghpkhw;w Mw;wyhFk;. 
ntg;gg;gLj;Jk; epfo;T KbTw;wg; gpd;dh; ntg;gk; vd;w thh;j;ijia ehk; gad;gLj;jf;$lhJ. 
ntg;gk; vd;gJ ghpkhw;wkilAk; Mw;wiy Fwpf;FNkad;wp nghUspy; Nrkpj;Jitf;fg;gl;Ls;s 
Mw;wiyf; Fwpf;fhJ.  
 
 
vLj;Jf;fhl;L:  
a. ,e;j Vhpapy; mjpf kio cs;sJ.  

b. Ftisapy; cs;s #lhd NjePhpy; mjpf ntg;gk; cs;sJ.  
,t;tpuz;L $w;Wfspy; cs;s jtW vJ?  
jPh;T:  
kionghopAk; NghJ> Nkfq;fspypUe;J Vhp jz;zPiug; ngWfpwJ. kio nghoptJ epd;wTld; 
Vhp Kd;G ,Ue;jij tpl mjpfj; jz;zPiug; ngw;wpUf;Fk;. ,q;F kio vd;gJ 
Nkfq;fspypUe;J jz;zPiug; ngWk; xU nrayhFk;. kio nghoptJ xU msT my;y. khwhf 
kio Nkfq;fs; jz;zPuhf khw;wkile;J Vhpf;F nry;tijf; Fwpf;Fk;. vdNt Vhpapy; mjpf 
kio cs;sJ vd;W $WtJ jtwhFk;. khwhf Vhpapy; mjpfj; jz;zPh; cs;sJ vd;W 
$WtNj nghUj;jkhdjhFk;.  
 
Ftisapy; cs;sNjePh; ntg;gg;gLj;Jtjhy; mLg;gpypUe;J ntg;gj;ijg; ngWfpwJ. NjePiu 
,wf;fp itj;jTld; mJ Kd;gpUe;jijtpl mjpf mf Mw;wiyg; ngw;wpUf;Fk;. ntg;gk; 
vd;gJ cah; ntg;gepiyapYs;s nghUspypUe;J>Fiwe;j ntg;gepiyapYs;s nghUSf;F 
Mw;wy; nry;tijf; Fwpf;fpwJ. ntg;gk; XH; msT my;y. vdNt Ftisapy; cs;s NjePhpy; 
mjpf ntg;gk; cs;sJ vd;W $Wtij tp Ftisapy; cs;s NjePh; mjpf #lhf cs;sJ 
vd;gNj nghUj;jkhdjhFk;.  
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Ntiyapd; cl;fUj;J:  
 
cq;fspd; ,uz;L cs;sq;iffisAk; xd;Wld; xd;W Nja;f;Fk;NghJ> mtw;wpd; ntg;gepiy 
cah;tij fhzyhk;. cq;fs; cs;sq;iffspd; kPJ xU Ntiy nra;ag;gLfpwJ. me;j 
nra;ag;gl;l Ntiyahy;jhd; ntg;gepiy cah;e;Js;sJ. jw;NghJ cq;fs; cs;sq;iffis 
fd;dj;jpd; kPJ itf;Fk;NghJ> fd;dj;jpd; ntg;gepiy cah;tijf; fhzyhk;. Vndd;why; 
cs;sq;iffspy; ntg;gepiy fd;dj;jpy; ntg;gepiyia tpl mjpfk;. mjdhy; ntg;gk; 
cs;sq;ifapypUe;J fd;dj;jpw;F gha;fpwJ. NkNy $wg;gl;l vLj;Jf;fhl;bypUe;J ehk; mwptJ 
vd;dntd;why; cs;sq;iffspd; ntg;gepiy cah;e;jJ nra;ag;gl;l Ntiyapdhy;> fd;dj;jpd; 
ntg;gepiy cah;e;jJ cs;sq;iffspypUe;J> fd;dj;jpw;F ntg;gk; ghpkhw;wg;gl;ljhy;> jhd; 
,it fhl;lg;gl;Ls;sd.  
 
mikg;G xd;wpd; kPJ Ntiy nra;ag;gLk; NghJ rpy Neuq;fspy;> mikg;gpd; ntg;gepiy 
caUk;.  
 
my;yJ rpy Neuq;fspy; mNj epiyapy; ePbf;Fk;. ntg;gj;ijg; NGhd;Nw NtiyAk; xU msT 
my;y. mJ Mw;wiy ghpkhw;Wk; xU nrayhFk;. vdNt ,e;jg;nghUs; mjpf Ntiyiag; 
ngw;Ws;sJ my;yJ Fiwe;j Ntiyiag; ngw;Ws;sJ Nghd;w thf;fpaq;fisg; 
gad;gLj;jf;$lhJ.  
 
mikg;G> #oypd; kPJ xU Ntiyiar; nra;J mr;#oYf;F Mw;wiy khw;wk; nra;Ak; my;yJ 
#oy;> mikg;gpd; kPJ xU Ntiyia nra;J me;j mikg;gpw;F Mw;wiy khw;wk; nra;Ak;. 
vdNt xU nghUspypUe;J kw;nwhU nghUSf;F Ntiy %ykhf Mw;wiy khw;Wtjw;F 
mt;tpuz;L nghUs;fSk; ntt;NtW ntg;gepiyapy; ,Uf;f Ntz;ba mtrpakpy;iy.  
 
ntg;gepiyapd; cl;fUj;J:  
ntg;gepiy vd;gJ nghUnshd;wpd; #Ljd;ik my;yJ Fsph;j;jd;ikiaf; Fwpg;gjhFk;. #lhf 
cs;s nghUnshd;wpd; ntg;gepiy cah;e;j kjpg;igg; ngw;wpUf;Fk;. ,uz;L nghUs;fs; 
ntg;gj; njhlh;gpy; cs;s NghJ mitfSf;fpilNa ghAk; ntg;gj;jpd; jpiria ntg;gepiy 
jPh;khdpf;fpwJ.  
 
 
ntg;gepiyapd; SI myF nfy;tpd; (K) 
 
Fwpg;G: ntg;g ,af;ftpaypYk; mOj;j myF thAf;fspd; ,af;ftpaw; nfhs;if ,uz;bYk;> 
ehk; ve;j fzf;fPl nra;Ak; NghJ> ntg;gepiyia nfy;tpd; myfpy; kl;LNk gad;gLj;j 
Ntz;Lk;.  
eilKiwapy; nry;rpa]; (°C) kw;Wk; /ghud;`Pl; (°F) vd;w msTfs; gad;gLj;jg;gLfpd;wd.  

ntg;gepiykhdpiaf nfhz;L (Thermometer) nghUspd; ntg;gepiyia mse;jwpayhk;.  
xU ntg;gepiy mstpLk; KiwapypUe;J kw;nwhU ntg;gepiy mstpLk; Kiwf;F 
khw;Wtjw;fhd fzf;fPl;L Kiwfs; nfhLf;fg;gl;Ls;sd.  
 
gUg;nghUspd; ntg;gg;gz;Gfs;:  
ghapy; tpjp> rhh;y]; tpjp kw;Wk; ey;ypay;G thA tpjp:  
 
gUkd; V nfhz;l nfhs;fydpy; Fiwe;j mOj;jj;jpy; (mlh;j;jp) cs;s thA xd;wpidf; 
nfhz;L epfo;j;jg;gl;l NrhjidapypUe;J gpd;tUk; KbTfs; fpilf;fpd;wd.  
 

• khwh ntg;gepiyapYs;s thA xd;wpd; mOj;jk;> mjd; gUkDf;F 

vjph;tpfpjj;jpypUf;Fk; 
1

P
v

  
 

,jid ,uhgh;l; ghapy; (Robert Boyle) vd;gth; (1627 – 

1691) fz;lwpe;jhh;. vdNt ,t;tpjp ghapy;tpjp vd miof;fg;gLfpwJ.  
 
ntg;gepiyia xU mstpLk; KiwapypUe;J kw;nwhU mstpLk; Kiwf;F khw;Wtjw;fhd 
topKiw  
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mstpLk; Kiw  nfy;tpd; Kiwf;F  nfy;tpd; KiwapypUe;J kw;w 

Kiwf;F  
nry;rpa]; K = °C + 273.15 °C = K – 273.15  
ghud;̀ Pl;  K = (°F + 459.67) ÷ 1.8 °F = (K 1.8) – 459.67  
mstpLk; Kiw  ghud;̀ Pl; Kiwf;F  ghud;̀ Pl; KiwapypUe;J kw;w 

Kiwf;F  
nry;rpa]; °F = (1.8 × °C) + 32 °C = (°F – 32) ÷ 1.8  
mstpLk; Kiw  nry;rpa]; Kiwf;F  nfy;tpd; KiwapypUe;J kw;w 

Kiwf;F  
ghud;̀ Pl;  °C = (°F – 32) ÷ 1.8 ° F = (1.8 ×°C) + 32  
 

• khwh mOj;jj;jpypUe;J thA xd;wpd; gUkd;> mjd; ntg;gepiyf;F (nfy;tpd;) 
Neh;j;jftpypUf;Fk;.V T  

• ,jid [hf;]; rhh;y]; (Jacques Charles) (1743-1823) vd;gth; fz;lwpe;jhh;. vdNt 
,t;tpjp rhh;y]; tpjp vd;W miof;fg;gLfpwJ. ,t;tpuz;L tpjpfisAk; 
xd;wpizf;Fk;NghJ gpd;tUk; rkd;ghL fpilf;Fk;  
 PV = CT ,q;F C vd;gJ Neh;f;Fwp nfhz;l khwpypahFk;.  
 

,e;j Neh;f;Fwp khwpyp C nfhs;fydpYs;s Jfs;fspd; vz;zpf;iff;F Neh;tpfpjj;jpy; ,Uf;Fk; 

vd;gij gpd;tUk; tpthjj;jpd; %yk; mwpayhk;. xj;j gUkd; V, mOj;jk; P kw;Wk; 

ntg;gepiy T, nfhz;l xNu tifahd thAthy; ,t;tpuz;L nfhs;fyd;fSk; 

epug;gg;gl;Ls;sd vd;f. ,uz;L nfhs;fydpYk; cs;s thA NkNy Fwpg;gpl;Ls;s PV = CT 
vd;w rkd;ghl;bd; gb nray;gLk;. ,t;tpuz;L  
 
jdpj;jdpahd nfhs;fyidAk; fhl;bAs;sthW xNu mikg;ghff; fUjpdhy; mt;thAtpd; 
mOj;jk; kw;Wk; ntg;gepiy XNu kjpg;gpidg; ngWk; Mdhy; gUkDk; kw;Wk; ntg;gepiy 
Jfs;fspd; vz;zpf;ifAk; ,uz;L klq;fhFk;.  
MfNth thAtpd; gUkd; 2V kw;Wk; Jfs;fspd; vz;zpf;if 2C. vdNt ey;ypay;T thAr; 

rkd;ghL 
(2 )

2
P V

C
T

= . ,r;rkd;ghL ekf;F czh;j;JtJ vd;dntd;why; Neh;f;Fwp khwpyp C 

fz;bg;ghf thAtpYs;s Jfs;fspd; vz;zpf;ifia rhh;e;jpUf;Fk; vd;gjhFk;. NkYk; ,jd; 

ghpkhzk; 1PV
JK

T

−  =  
,e;j Neh;f;Fwp khwpyp C I Jfs;fspd; vz;zpf;if (N) apd; k klq;F 

vd vOjyhk;. ,q;F k vd;gJ nghJ khwpypahd Nghy;l;];nkd; khwpypahFk;. (1.381 × 10-23 
JK-1) 
   PV = NkT  
rkd;ghL I Nkhy;fspd; mbg;gilapYk; vOjyhk;.  
 
thA xd;W μ Nkhy;fs; nfhz;l Jfs;fisg; ngw;wpUe;jhy;> mt;thAtpYs;s 
nkhj;jj;Jfs;fspd; vz;zpf;ifia gpd;tUkhW Fwpg;gplyhk;.  
    N = μ NA 

,q;F NA vd;gJ mtfhl;Nuh vz; (6.023 × 1023 mol-1) MFk;. rkd;ghL ,y; cs;s N ,d; 

kjpg;ig gpujpapLk;NghJ PV = μ NAkT vdf;fpilf;Fk;. ,q;F NAk = R vd;gJ nghJ 

thAkhwpyp vd miof;fg;gLk;. ,jd; kjpg;G 8.314 J /mol. K. 
vdNt μ Nkhy; nfhz;l ey;ypay;G thA xd;wpd; thAr; rkd;ghl;il gpd;tUkhW vOjyhk;.  
 
,r;rkd;ghl;bw;F ey;ypay;G thAtpd; epiyr;rkd;ghL (equation of state) vd;W ngah;. 
,r;rkd;ghL rkepiyapYs;s ntg;g ,af;ftpay; mikg;G xd;wpd; mOj;jk;> gUkd; kw;Wk; 
ntg;gepiyia xd;Wld; xd;W njhlh;GgLj;JfpwJ.  
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vLj;Jf;fhl;L  
8 km njhiytpypUe;J kpjptz;bapd; %yk; gs;spf;F tUk; khztpapd;> kpjptz;bapd; 

rf;fuj;jpd; fhw;wOj;jk; 27°C ,y; 240 kPa. mk;khztp gs;spia mile;jTld; rf;fuj;jpd; 

ntg;gepiy 39°C vdpy; rf;fuj;jpd; fhw;wOj;jj;jpd; kjpg;gpidf; fhz;f.  
 
jPh;T:  
rf;fuj;jpy; cs;s fhw;wpid ey;ypay;G thAthff; fUjpdhy;> thA %yf;$Wfspd; 
vz;zpf;ifAk; rf;fuj;jpd; gUkDk; ,q;F khwpypahFk;. vdNt 27°C ntg;gepiyapYs;s thA 

%yf;$Wfs; P1V1 = NkT1,yl;rpa thAr; rkd;ghl;ilAk;>39°C ntg;gepiyapYs;s thA 

%yf;$Wfs; P2V2 = NkT2vd;w ,yl;rpa thAr; rkd;ghl;ilAk; epiwT nra;Ak;.  
 
,q;F T1 kw;Wk; T2 vd;gJ nfy;tpd; ntg;gepiy MFk;.  
 
  V1 = V2 = V  

  1 1

2 2

PV NkT

PV NkT
=  

  1 1

2 2

P T

P T
=  

  2
2 1

1

T
P P

T
=  

 3
2

312
240 10 249.6

300

K
P Pa kPa

K
=   =  

   
vLj;Jf;fhl;L  
37°C cly; ntg;g epiyAila kdpjnuhUth; Rthrpf;Fk; NghJ> mthpd; EiuaPuypy; 5.5 
ypl;lh; fhw;W 1 tsp kz;ly mOj;jj;jpy; (1 atm = 101 kPa) cs;Ns nry;fpwJ. kdpjhpd; 
EiuaPypy; cs;s Mf;]p[d; %yf;$Wfspd; vz;zpf;ifiaf; fzf;fpLf. (Fwpg;G : fhw;wpy; 
21% Mf;rp[d; cs;sJ)  
jPh;T:  
EiuaPuypy; cs;s fhw;iw Xh; ey;ypay;G thAthff; fUjp> ey;ypay;G thAr; rkd;ghl;ilg; 
gad;gLj;jp thA %yf;$Wfspd; vz;zpf;ifiaf; fzf;fplyhk;.  
 
   PV = NkT  
,q;F thAtpd; gUkd; ypl;lhpy; nfhLf;fg;gl;Ls;sJ. xU ypl;lh; vd;gJ 10 cm gf;f msT 
nfhz;l fdrJuf; nfhs; fydpd; gUkDf;Fr; rkk; vdNt> 
   
 1 ypl;lh; = 10 cm × 10 cm × 10 cm = 10-3 m3 

   
5 3 3

23 1

1.01 10 5.5 10

1.38 10 310

PV Pa m
N

kT JK K

−

− −

  
= =

 
 

  N = 1.29 × 1023%yf;$Wfs;  
 
fzf;fplg;gl;l N kjpg;gpy; 21% kl;LNk Mf;]p[d; %yf;$WfshFk;. vdNt nkhj;j 
Mf;]p[d; %yf;$Wfspd; vz;zpf;if  

  = 1.29 × 1023× 
21

100
 

Mf;]p[d; %yf;$Wfspd; vz;zpf;if = 2.7 × 1022 %yf;$Wfs;  
 
vLj;Jf;fhl;L:  
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xU Nkhy; msTs;s VNjDk; xU thAtpd; gUkid gbj;ju ntg;gepiy kw;Wk; mOj;jj;jpy; 
(SPT) fhz;f. NkYk; mNj %yf;$Wfspd; gUkid miwntg;gepiy (300K) kw;Wk; xU 
tspkz;ly mOj;jj;jpy; (1 atm) fzf;fpLf.  

gbj;ju ntg;gepiy kw;Wk; mOj;jj;jpy;> ntg;gepiy (T = 273 K my;yJ 0°C) kw;Wk; 

mOj;jk; ( P = 1 atm my;yJ 101.3 kPa)  

ey;ypay;G thAr;rkd;ghl;il ,q;F gd;gLj;Jk; NghJ 
RT

V
P


=  

 
,q;F 1mol=  kw;Wk; R = 8.314 J/mol.K. ,k;kjpg;Gfis rkd;ghl;by; gpujpapLk; NghJ  

   
5 2

(1 )(8.314 )(273 )

1.013 10

J
mol K K

molV
Nm

−=


 

   = 22.4 × 10-3 m3 
ehk; mwpe;j gb 1 ypl;lh; (L) = 10-3 m3. 

,jpypUe;J 1 Nkhy; msTs;s ve;j xU ey;ypay;G thAtpd; gUkd; 22.4 ypl;lh; vd ehk; 
mwpe;J nfhs;syhk;.  

miw ntg;gepiyapy; xU Nkhy; msTs;s thAtpd; gUkidf;fhd 22.4 ypl;liu 
300

273

K

K
  

My; ngUf;f Ntz;Lk;. mt;thW fzf;fpLk; NghJ> thAtpd; gUkd; 24.6 ypl;lh; 
vdf;fpilf;Fk;.  
 
vLj;Jf;fhl;L:  
cdJ tFg;giwapy; cs;s fhw;wpd; epiwia ,ay;G ntg;gepiy kw;Wk; mOj;jj;jpy; (NTP) 
fzf;fpLf. ,q;F ,ay;G ntg;gepiy vd;gJ miw ntg;gepiyiaAk;> ,ay;G mOj;jk; 
vd;gJ xU tsp kz;ly mOj;jj;ijf; (1 atm) Fwpf;Fk;.  
 
jPh;T:  
tFg;giw xd;wpd; ruhrhp msT KiwNa 6m ePsk;>5 m mfyk; kw;Wk; 4 m caukhFk;. 

vdNt miwapd; gUkd; V = 6 × 5 × 4 = 120m3 MFk;. ,g;gUkdpy; cs;s Nkhy;fspd; 
vz;zpf;ifiaf; fzf;fpl Ntz;Lk;.  
miw ntg;gepiyapYs;s (300K) xU Nkhy; thAtpd; gUkd; 24.6 ypl;lh;. vdNt> 
 %yf;$Wfspd; vz;zpf;if  

  
3

3 3

120
4878

24.6 10

m
mol

m
 −= 


 

 
fhw;wpy; 21% Mf;]p[d;>78% iel;u[d; kw;Wk; 1% Mh;fhd;> i`l;u[d;> `Pypak; kw;Wk; 

nrdhd; Nghd;w thaf;fspd; fyit cs;sJ. fhw;wpd; %yf;$W epiw 29 gmol-1 vdNt 

miwapy; cs;s fhw;wpd; nkhj;j epiw m = 4878 × 29 = 141.4 kg MFk;.  
 
ntg;g Vw;Gj;jpwd; kw;Wk; jd;ntg;g Vw;Gj;jpwd; (Hat capacity and specific heat capacity)  
 
27°C ntg;gepiyapYs;s ePH; kw;Wk; vz;iz ,t;tpuz;ilAk; rk mstpy; vLj;Jf;nfhz;L 

50°C ntg;gepiyia milAk; tiu ,t;tpuz;ilAk; ntg;gg;gLj;jTk;. 50°C ntg;gepiyia 
miltjw;fhd Neujijj; jdpj;jdpNa fz;lwpaTk;. ,t;tpuz;L Neuq;fSk; epr;rak; xd;whf 
,Uf;fhJ. vz;izAld; xg;gpLk;NghJ ePh; mjpf Neuj;ij vLj;Jf;nfhs;Sk;. ,jpypUe;J 50°C 
ntg;gepiyia mila vz;iziatpl ePUf;F mjpf ntg;gk; Njit vd;gij ehk; mwpayhk;. 
,g;NghJ ,uz;L klq;F ePhpid vLj;Jf;nfhz;L mjd; ntg;gepiy 50°C milAk; tiu 
ntg;gg;gLj;jp mjw;fhd Nej;ij fz;lwpAk; NghJ> mJ Vw;fdNt fz;lwpag;gl Neujijg; 
Nghd;W ,Uklq;fhf ,Ug;gijAk; ehk; mwpayhk;.  
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nfhLf;fg;gl;l nghUspd; ntg;gepiy>T apypUe;J T + ∆T Mf cah;j;j Njitg;gLk; ntg;gj;jpd; 
msNt 'ntg;g Vw;Gj;jpwd;" vd tiuaWf;fg;gLfpwJ.  

  ntg;g Vw;gj;jpwd; S =
Q

T




 

xU fpNyhfpuhk; epiwAila nghUspd; ntg;gepiyia xU nfy;tpd; my;yJ 1°C cah;j;j 
Njitg;gLk; ntg;gj;jpd; msNt> jd; ntg;g Vw;Gj;jpwd; vd tiuaWf;fg;gLfpwJ.  
  Q = ms∆T 

  vdNts = 
1 Q

m T

 =   
 

,q;F s vd;gJ nghUspd; jd;ntg;g Vw;Gj;jpwdhFk;. ,jd; kjpg;G nghUspd; jd;ikiar; 
rhh;e;jNjad;wp msit rhh;e;jjy;y.  
  ∆Q = ntg;gj;jpd; msT 
  ∆T = ntg;gepiy khw;wk;  
  m = nghUspd; epiw  
 
jd;ntg;g Vw;Gj;jpwd; SI myF J kg-1 K-1MFk;. ntg;g Vw;Gj;jpwd;> jd; ntg;g Vw;Gj;jpwd;> jd; 
ntg;g Vw;Gj;jpwd; ,uz;Lk; Neh;f;Fwp nfhz;l msTfs; MFk;.  
 
ePhpd; jd;ntg;g Vw;Gj;jpwd; ngUk kjpg;igg; ngw;Ws;sij mwpayhk;. ,jd; fhuzkhfj;jhd; 
kpd; cw;gj;jp epiyaq;fs; kw;Wk; mZf;fU ciyfspYk; ePhpid Fsp&l;bahf 
(Coolant)gad;gLj;JfpNwhk;.  
 
rpy nghJthd nghUs;fspd; jd;ntg;g Vw;Gj;jpwd; (20°C ntg;gepiy kw;Wk; 1 atm 
mOj;jj;jpy;)  
 

 

 
 
ntg;g Vw;Gj;jpwd; my;yJ jd;ntg;g Vw;Gj;jpwd; vd;gJ nghUs;fspy; nghjpe;Js;s 
ntg;gj;jpd; msitf; Fwpg;git my;y. Vnddpy; ntg;gk; vd;gJ cah; ntg;g 
epiyapYs;s nghUspypUe;J Fiwe;j ntg;gepiy cs;s nghUSf;F ghAk; xU 
ghpkhw;w Mw;wyhFk;. vdNt ntg;g Vw;Gj;jpwd; vd;gijtpl mf Mw;wy; Vw;Gj;jpwd; 
vd;gNj rhpahd gjkhFk; Mdhy; neLq;fhykhf ,t;thh;j;ijfs; tof;fj;jpy; 
cs;sjhy; mtw;iw mg;gbNa ehk; gad;gLj;JfpNwhk;.  
 
 
xU epiwAila ,uz;L ntt;NtW nghUs;fis xNu tPjj;jpy; ntg;gg;gLj;Jk; 
NghJ>Fiwe;j jd;ntg;g Vw;Gj;jpwDila nghUspd; ntg;gepiy Ntfkhf 
mjpfhpf;Fk;. ,NjNghd;W mtw;iw Fsph;tpf;Fk; NghJk;> Fiwe;j jd;ntg;g 
Vw;Gj;jpwDila nghUs; Ntfkhf Fsph;tilAk;  
 

nghUs; jd; ntg;g Vw;Gj;jpwd; (Jkg-

1K-1) 
fhw;W 1005 
<ak; 130 
jhkpuk; 390 
,Uk;G (v/F) 450 
fz;zhb 840 
mYkpdpak; 900 
kdpj cly; 3470 
ePh; 4186 
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thAf;fspd; gz;Gfisg;gw;wp gbf;Fk;NghJ> Nkhyhh; (%yf;$W) jd;ntg;g Vw;Gj;jpwd; (molar 
specific heat capacity) eilKiwapy; gad;gLj;jg;gLfpwJ. Nkhyhh; (%yf;$W) jd;ntg;g 
Vw;Gj;jpwid gpd;tUkhW tiuaiw nra;ayhk;. xU Nkhy; msTs;s nghUspd; 
ntg;gepiyia 1K my;yJ 1°C cah;j;Jtjw;Fj; Njitg;gLk; ntg;g Mw;wypd; msNt 
Nkhyhh; (%yf;$W) jd;ntg;g Vw;gj;jpwd; vdg;gLk;. ,jidg; gpd;tUkhW vOjyhk;.  

    
1 Q

C
T

 =   
 

 
,q;F C vd;gJ nghUspd; Nkhyhh; (%yf;$W) jd;ntg;g Vw;gj;jpwidf; Fwpf;fpwJ. NkYk; μ 
vd;gJ nghUspy; cs;s %yf;$Wfspd; Nkhy; vz;zpf;ifiaf; Fwpf;Fk;.  
 
Nkhyhh; (%yf;$W) jd;ntg;g Vw;Gj;jpwdpd; myF J mol-1 K-1MFk;. ,JTk; xU Neh;f;Fwp 
nfhz;l msthFk;.  
 
jpl> jput kw;Wk; thAf;fspd; ntg;g tphpT:  
 
ntg;gepiy khw;wj;jpdhy; nghUs;fspd; tbtk;> gug;G kw;Wk; gUkdpy; Vw;gLk; khw;wNk ntg;g 
tphpT vdg;gLk;.  
 
nghUs;fspd; %d;W epiyfSk; (jpl> jput kw;Wk; thA) ntg;gg;gLj;Jk;NghJ tphptilAk;. 
jplg;nghUnshd;iw ntg;gg;gLj;Jk;NghJ mjd; mZf;fs; mtw;wpd; rkepiyg; Gs;spiag; 
nghUj;J Ntfkhf mjph;tilfpd;wd. kw;w nghUs;fSld; xg;gpLk; NghJ jplg;nghUs;fspd; 
mstpy; Vw;gLk; khw;wk; FiwthdjhFk;. ,uapy; tz;bfspd; ,Ug;gg;ghijfspy; rpy 
,lq;fspy; rpwpa ,ilntsp tplg;gl;bUf;Fk;. Vnddpy; Nfhil fhyq;fspy; ,Ug;Gg;ghij 
tphptilAk;. mt;thW ntg;gepiy khw;wq;fspd; NghJ vspjhf tphptilaTk;> RUq;fTk; Vw;w 
tifapy; ghyq;fspYk;> ,Ug;Gg;ghijfspYk; tphptilAk; ,izg;Gfs; fhzg;gLk;.  
 
jputq;fspd; %yf;$wpil tpir> jplg;nghUs;fspd; %yf;$wpil tpiria tplf; Fiwthf 
,Uf;Fk;. vdNt mit jplg;nghUs;fistpl mjpfkhf tphptilAk;. ,e;jg; gz;gpd; 
mbg;gilapy;jhd; ghjur ntg;gepiykhdp nray;gLfpwJ.  
 
thA %yf;$Wfisg; nghUj;jtiu mtw;wpd; %yf;$wpiltpir fpl;lj;jl;l Gwf;fzpf;Fk; 
mstpNyNa ,Uf;Fk;. vdNt mit jplg;nghUs;fistpl kpf mjpfkhf tphptilAk;. 
vLj;Jf;fhl;lhf #lhd fhw;W milf;fg;gl;Ls;s gY}d;fspy; cs;s fhw;W %yf;$Wfis 
ntg;gg;gLj;Jk; NghJ mit tphptile;J mjpf ,lj;ij milj;Jf;nfhs;Sk;.  
 
ntg;gepiy cah;thy; nghUs;fspd; ghpkhzj;jpy; Vw;gLk; mjpfhpg;Ng ntg;gtphpT vdg;gLk;.  
 
ePsj;jpy; Vw;gLk; tphpT ePs; tphpT (Linear expansion) vd miof;fg;gLk;. ,NjNghd;W gug;gpy; 

Vw;gLk; tphpT gug;G tphpT (Area expansion) vdTk;> gUkdpy; Vw;gLk; tphpT gUk tphpT 

(Volume expansion) vdTk; miof;fg;gLk;.  
 
ePs; tphpT:  

jplg;nghUs;fspy;>∆T vd;w rpW ntg;gepiy khw;wj;jhy; ePsj;jpy; Vw;gLk; rpW khw;wk; 
L

L

 
 
 

> 

ahdJ ∆T f;F Neh;tpfpjj;jpy; ,Uf;Fk;.  
 
 

  
L

L
T

L


=   

vdNt
L

L

L T
 

=

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,q;F αLePs; tphpTf;Fzfk;  

 ∆L = ePsj;jpy; Vw;gLk; khw;wk;  
  L = njhlf;f ePsk;  
 ∆L = ntg;gepiyapy; Vw;gl;l khw;wk;  
 
vLj;Jf;fhl;L:  
gpuhd;]; ehl;bYs;s ,Uk;ghy; nra;ag;gl;l <gps; NfhGuj;jpd; cauk; fpl;ljl;l 300 m MFk;. 

gpuhd;]; ehl;bd; Fsph;fhyj;jpd; ntg;gepiy 2°C kw;Wk; Nfhilf;fhyj;jpd; ruhrhp ntg;gepiy 
25°C ,t;tpuz;L gUt epiyfSf;fpilNa <gps; NfhGuj;jpd; cauj;jpy; Vw;gLk; khw;wj;ijf; 

fzf;fpLf. ,Uk;gpd; ePs; tphpTf; Fzfk; α= 10 ×10-6 per°C  
jPh;T:  

 
L

L
T

L


=   

 
L

L L T =     

,Wf;fkhd %lg;gl;Ls;s fz;zhbf;Ftisapd; %bia vspjhfj;jpwf;f> mjid 
#lhd jz;zPhpy; mUNf rpwpJ Neuk; itj;jpUf;f Ntz;Lk;. gpd;dh; mjid 
vspjhfj; jpwf;fyhk;. Vnddpy; fz;zhbf; Ftisapd; %bapd; ntg;g tphpT 
fz;zhbiatpl mjpfkhf ,Ug;gjhFk;.  
Ntfitf;fg;gl;l #lhd Kl;ilia Fsph;e;j jz;zPhpy; Nghl;L mjd; xl;bid 
chpj;jhy; mJ Kl;ilapypUe;J vspjhf gphpe;J tUk;. Vnddpy; Kl;il kw;Wk; XL 
xt;nthd;Wk; ntt;NtW ntg;gtphpitg; ngw;wpUg;gjhFk;.  

∆T = 10 × 10-6× 300 × 23 = 0.69 m = 69 cm 
 
gug;G tphpT:  

∆T vd;w rpwa ntg;gepiy khw;wj;jhy; nghUspd; gug;gpy; Vw;gLk; gug;Gj;jphpG 
A

A

 
 
 

 MdJ 

∆T f;F Neh;tpfpjj;jpy; ,Uf;Fk;. ,jidg; gpd;tUkhW Fwpg;gplyhk;.  

  
A

A
T

A


=   

vdNt>
A

A

A T
 

=


 

 ,q;F αAgug;G tphpTf; Fzfk;  

 ∆A = gug;gpy; Vw;gLk; khw;wk;  
 A  =njhlf;fg; gug;G  
 ∆T = ntg;gepiyapy; Vw;gl;l khw;wk;  
 
gUk tphpT:  
∆T vd;w rpwpa ntg;gepiy khw;wj;jpdhy;> nghUspd; gUkdpy; Vw;gLk; gUkj;jphpG 

V

V

 
 
 

MdJ ∆T f;F Neh;tpfpjj;jpy; ,Uf;Fk;.  

 

  
V

v T
V


=   

vdNt>
v

V

V L
 


 

,q;F αv = gUk tphpTf; Fzfk;  

∆ V = gUkdpy; Vw;gLk; khw;wk;  
V = njhlf;fg;gUkd;  
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∆T = ntg;gepiyapy; Vw;gl;l khw;wk;  
jplg;nghUs;fspd; ePs; tphpT> gug;G kw;Wk; gUk tphpTf; Fzq;fspd; myF °C-1my;yJ K-1 
  
nfhLf;fg;gl;l nghUSf;F  

L

L
T

L


=   (ePs; tphpT)  

2
L

A
T

A


   (gug;G tphpT   2 ×ePs; tphpT)  

3
L

V
T

V


   (gUk tphpT = 3 ×ePs; tphpT)  

 
ePhpd; Kuz;gl;l tphpT(Anomalous Expansion of Water): 
rhjhuz ntg;gepiyfspy; jputq;fis ntg;gg;gLj;Jk;NghJ tphptilAk; kw;Wk; Fsph;tpf;Fk; 
NghJ RUq;Fk;. Mdhy; ePh; ,jw;F Kuzhd xU gz;igg; ngw;Ws;sJ. 0°C Kjy; 4°C tiu 
ntg;gg;gLj;Jk;NghJ jz;zPh; RUq;FfpwJ. jz;zPiu miw ntg;gepiyapypUe;J Fsph;tpf;Fk; 
NghJ 4°C ntg;gepiyia milAk; tiu mjd; gUkd; FiwAk;. 4°C ntg;gepiyf;Ff; fPNo 
mjidf; Fsph;tpf;Fk; NghJ mjd; gUkd; mjpfhpf;Fk;. NkYk; mjd; mlh;j;jp FiwAk;. 
mjhtJ ntg;gepiyapy; ePh; ngUk mlh;j;jpiag; ngWk;. ePhpd; ,e;jj;jd;ikNa ePhpd; 
Kuz;gl;l tphpT vd miof;fg;gLfpwJ. 
 
Fsph; ehLfspy;> Fsph;fhyj;jpd; NghJ Vhpfspd; Nkw;gug;G ntg;gepiy mjd; mbg;Gw 
ntg;gepiyia tpl Fiwe;J fhzg;gLk; fhl;lg;gl;Ls;sJ. Vnddpy; jpl ePhpd; (gdpf;fl;b) 
mlh;j;jp rhjhuz ePhpd; mlh;j;jpiatplf; FiwT>4°C ntg;gepiyf;Fk; fPNo ciwe;j ePh; 
(gdpf;fl;b) rhjhuz ePhpd; NkNy kpje;J VHpfspd; Nkw;gug;gpw;F tUk;. ,jw;Ff;fhuzk; ePhpd; 
Kuz;gl;l tphpthFk;. Vhpfs; kw;Wk; Fsq;fspd; Nkw;gug;G ciwe;J gdpf;fl;bfshy; 
%lg;gl;bUg;gpDk;> mbapy; cs;s ePH; ciwahky; ,Ue;J ePh;tho; caphpdq;fisf; fhf;Fk;.  
 
epiy khw;wk;:  
nghJthf midj;Jg; nghUs;fSk; jpl> jput kw;Wk; thA vd;w %d;W epiyfspy; 
fhzg;gLk;. ntg;gg;gLj;Jk; NghJ my;yJ Fsph;tpf;Fk; NghJ nghUs;fs; xU epiyapypUe;J 
kw;nwhU epiyf;F khw;wkilAk;  
 
vLj;Jf;fhl;L:  
 

1. cUFjy; (jpl epiyapypUe;J jput epiyf;F)  
2. Mtpahjy; (jput epiyapypUe;J thA epiyf;F)  
3. gjq;fkhjy; (jpl epiyapypUe;J Neubahf thA epiyf;F)  
4. ciwjy; (jput epiyapypUe;J jpl epiyf;F)  
5. RUq;Fjy; (thA epiyapypUe;J jput epiyf;F)  

 
cs;Siw ntg;g Vw;Gj;jpwd; (Latent Heat Capacity):  
 
ghj;jpuk; xd;wpYs;s ePhpid ntg;gg;gLj;Jk; NghJ mjd; nfhjpepiyahd 100°C 
ntg;gepiyia milAk; tiu> mjd; ntg;gepiy caUk;. mjd;gpd;G nkhj;j ePUk; MtpahFk; 
tiu mjd; ntg;gepiy khwhky; epiyahf ,Uf;Fk;. ,e;j epfo;tpd; NghJ ntg;gk; 
njhlh;r;rpahf ePUf;F gha;fpwJ. ,Ug;gpDk; mjd; ntg;gepiy> nfhjpepiyiatpl 
mjpfhpf;fhky; mNj epiyapy; ePbf;fpwJ ,JNt cs;Siw ntg;g Vw;Gj;jpwdpd; ,ay;ghFk;.  
XuyF epiwAila nghUspd; epiyia khw;Wtjw;Fj; Njitg;gLk; ntg;gj;jpd; Mw;wypd; 
msNt> nghUspd; cs;Siw ntg;g Vw;Gj;jpwd; vd tiuaWf;fg;gLfpwJ.  
 
   Q = m × L  

vdNt>  
Q

L
m

=  
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,q;F>L = nghUspd; cs;Siw ntg;g Vw;Gj;jpwd;  

  Q = ntg;gj;jpd; msT  

  m = nghUspd; epiw  
  cs;Siw ntg;g Vw;Gj;jpwdpd; SI myF  
  J kg-1MFk;  
 
epiykhw;wj;jpd; NghJ ntg;gj;ijf; nfhLf;fNth my;yJ ePf;fNth Neh;e;jhYk;> mjd; 
ntg;gepiy khwhky; njhlh;e;J mNj epiyapy; ePbf;Fk;.  
 

• jpl – jput epiy khw;wj;jpw;fhd cs;Siw ntg;gk;> cUFjypd; cs;Siw ntg;gk; 
(Latest heat of fusion (L1) vd miof;fg;gLk;.  
 

• jput– thA epiy khw;wj;jpw;fhd cs;Siw ntg;gk;> Mtpahjypd; cs;Siw ntg;gk; 
(Latest heat of vaporisation) (Lv)  

• jpl – thA epiy khw;wj;jpw;fhd cs;Siw ntg;gk;> gjq;fkhjypd; cs;Siw ntg;gk; 
(Latest heat of sublimation) Ls)  
 

Kg;Gs;sp (Triple point):: 
nfhLf;fg;gl;l nghUnshd;wpd; %d;W epiyfSk; (jpl> jput kw;Wk; thA) ntg;g ,af;fr; 
rkepiyapy; cs;sNghJ> mg;nghUspd; ntg;gepiy kw;Wk; mOj;jNk nghUspd; Kg;Gs;sp vd 
miof;fg;gLfpwJ.  
 
ePhpd; Kg;Gs;sp 273.1 K kw;Wk; gFjp Mtp mOj;jk; (Partial vapour pressure) 611.657 
gh];fyhFk;.  
 
 
ntg;g mstPl;bay;:  
ntg;g ,af;ftpay; mikg;g xd;wpid ntg;gg;gLj;Jk;NghJ> mt;tikg;gpypUe;J ntspg;ggLk; 
ntg;gj;ij my;yJ mt;tikg;gpdhy; cl;ftug;gLk; ntg;gj;ij msf;Fk; xU nraNy ntg;g 
mstPl;bay; vd miof;fg;gLk;. cah; ntg;g epiyapYs;s nghUnshd;iw Fiwe;j 
ntg;gepiyapYs;s nghUnshd;Wld; Nrh;j;Jitf;Fk; NghJ> cah; ntg;gepiyapYs;s nghUs; 
,oe;j ntg;gk;> Fiwe;j ntg;gepiyapYs;s nghUs; Vw;Wf;nfhz;l ntg;gj;jpw;F rkkhFk;. 
#oYf;F vt;tpjkhd ntg;gKk; flj;jg;glhJ. ,jidf; fzpj Kiwapy; gpd;tUkhW 
Fwpg;gplyhk;.  
  Qvw;G= -Q,og;G 

  QVw;G+ Q,og;G= 0 
 
Vw;fg;gl;l ntg;gk; my;yJ ,oe;j ntg;gj;ij ntg;gkhdpiaf; (Calorimeter) nfhz;L 
msf;fyhk;. nghJthf ntg;gkhdp vd;gJ fhl;bAs;sthW ePh; epug;gg;gl;l ntg;gfhg;gPL 
nra;ag;gl;l nfhs;fydhFk;.  
 
cah; ntg;gepiyapYs;s (T1) khjphp nghUs; xd;wpid> miw ntg;gepiyapy; (T2) 
ntg;gkhdpapy; cs;s ePhpy; %o;fitf;f Ntz;Lk;. rpwpJ Neuj;jpw;Fg;gpd;dh; ePH; kw;Wk; 
ntg;gkhdp ,uz;Lk; Tf vd;w ,Wjp ntg;gepiyia milAk;. ntg;gkhdp fhg;gplg;gl;Ls;sjhy;> 
cah; ntg;gepiy khjphp nghUs; ,oe;j ntg;gKk;. Fiwe;j ntg;gepiy ePh; Vw;Wf;nfhz;l 
ntg;gKk; rkkhFk;  
  QVw;G  = - Q,og;G  

FwpaPl;L kuig ,q;F ftdpf;f Ntz;Lk;. ntg;g ,og;G vjph;f;FwpapYk;> ntg;g Vw;G 
Neh;f;FwpapYk; Fwpg;gplg;gl;Ls;sd.  
  QVw;G = m2s2 (Tf – T2)  
  Q,og;G =m1s1 (Tf – T1) 
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,q;F s2 kw;Wk; s1 vd;git KiwNa ePh; kw;Wk; khjphpg; nghUspd; jd; ntg;g 
Vw;gj;jpwd;fshFk;.  
vdNt> 
  m2s2 (Tf – T2) = -m1s1 (Tf  - T1)  
  m2s2Tf – m2s2T2 = m1s1Tf + m1s1T1 
  m2s2Tf – m1s1Tf = m2s2T2 + m1s1T1 

 ,Wjp ntg;gepiy 1 1 1 2 2 2

1 1 2 2

f

m s T m s T
T

m s m s

+
=

+
 

vLj;Jf;fhl;L:  
50°C ntg;gepiyapYs;s 5L ePh;>30°C ntg;gepiyapYs;s 4L ePUld; fyf;fg;gLfpwJ. ePhpd; 
,Wjp ntg;gepiy vd;d? ,q;F ePhpd; jd; ntg;g Vw;Gj;jpwd; 4184 J kg-1 K-1vd;f.  
 
jPh;T:  
 gpd;tUk; rkd;ghl;il ehk; gad;gLj;jyhk;.  

   1 1 1 2 2 2

1 1 2 2

f

m s T m s T
T

m s m s

+
=

+ +
 

 m1 = 5L = 5kg kw;Wk; m2 = 4L = 4kg, s1 = s2 
  
NkYk; T1 = 50°C = 323 K kw;Wk; T2 = 30°C = 303 K  
vdNt 

 1 1 2 2

1 2

5 323 4 303
314.11

5 4
f

m T m T
T K

m m

+  + 
= = =

+ +
 

 Tf = 314.11 K – 273 K   41°C  
50°C kw;Wk; 30°C ntg;gepiyfspy; cs;s rk msT ePhpid (m1 = m2) xd;Wld; xd;W 
fyf;Fk;NghJ> ,Wjp ntg;g epiy ,t;tpuz;L ntg;gepiyfspd; ruhrhpahFk;.  

  1 2 323 303
313 40

2 2
f

T T
T K C

+ +
= = = =   

xNU ntg;gepiyapy; (30°C) cs;s ,uz;L ePh; khjphpfis xd;Wld; xd;W fyf;Fk;NghJ 

mtw;wpd; ,Wjp ntg;gepiyAk; 30°C MFk;. ,jpypUe;J ehk; mwpe;J nfhs;tJ vd;dntd;why; 
,t;tpuz;L ePH; khjphpfSk; ntg;gr;rkepiyapy; cs;sd. vdNt ,uz;bw;Fk; eLNt vt;tpjkhd 
ntg;gg;ghpkhw;wKk; eilngwtpy;iy vdg;gjhFk;.  
 
thAf;fs; my;yJ jputq;fis xd;Wld; xd;W fyf;Fk; NghJ mf;fyitapd; 
,Wjpr;rkepiy ntg;gepiy mg;nghUs;fspd; epiwfs;> jd; ntg;g Vw;Gj;jpwd;fs; 
kw;Wk; ntg;epiyfisr; rhh;e;jpUf;Fk; vd;gij ,q;F epidtpy; nfhs;s Ntz;Lk;. 
NkYk; rk msTs;s xNu nghUs;fis xd;Wld; xd;W fyf;Fk;NghJ kl;LNk ,Wjp 
ntg;g epiyahdJ jdpj;jdp ntg;gepiyfspd; ruhrhp kjpg;gpw;F rkkhFk;.  
  
ntg;g khw;wk;: (Heat Transfer):  
 
ehk; mwpe;jgb ntg;gk; vd;gJ xUtif ghpkhw;w Mw;wyhFk;. mt;thw;wy; ntg;gepiy 
NtWghl;bd; fuzkhf xU nghUspypUe;J kw;nwhU nghUSf;F khw;wg;gLk;. ntg;g khw;wk; 
%d;W topfspy; eilngWk; mit ntg;gf;flj;jy;> ntg;gr; rydk; kw;Wk; ntg;gf;fjph;tPr;R 
MFk;.  
 
ntg;gepiy NtWghl;bd; fhuzkhf nghUs;fSf;fpilNa Neubahf ntg;gkhw;wk; Vw;gLk; 
epfo;r;rpf;F ntg;gf;flj;jy; vd;W ngah;. ,uz;L nghUs;fis xd;Wld; xd;W 
njhl;Lf;nfhz;bUf;FkhW itf;Fk;NghJ> cah; ntg;gepiyapYs;s nghUspypUe;J> Fiwe;j 
ntg;gepiy cs;s nghUSf;F ntg;gk; khw;wg;gLfpwJ. ntg;gj;ij vspjhfj; jd; topNa 
fle;J Nghf mDkjpf;Fk; nghUs;fSf;F ntg;gf;flj;jpfs; vd;W ngah;.  
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ntg;gf; flj;Jj;jpwd; (Thermal Conductivity):  
 
ntg;gj;ijf; flj;Jk; jpwDf;F ntg;gf;flj;Jj;jpwd; vd;W ngah;.  
 
khwhepiy epge;jidapy; xuyF ntg;gepiy NtWghl;by;> xuyF jbkd; nfhz;l nghUspd; 
topNa xuyF gug;gpw;Fr; nrq;Fj;jhf cs;s jpirapy; flj;jg;gLk; ntg;gj;jpd; msNt> 
nghUspd; ntg;gf;flj;Jj;jpwd; vd miof;fg;gLfpwJ.  
 
khwhepiyapy;> ntg;gf;flj;J tPjk; Q, ntg;gepiy NtWghL ∆T kw;Wk; FWf;F ntl;Lg;gug;g 
A Mfpatw;Wf;F Neh;j;jftpYk;> flj;jpapd; ePsj;jpw;F (L) vjph;j;jftpYk; ,Uf;Fk;. ntg;gk; 
flj;Jk; tPjj;ij gpd;tUkhW Fwpg;gplyhk;.  

    
Q KA T

t L


=  

,q;F K vd;gJ ntg;gf;flj;jy; vz; MFk;.  

(,jid nfy;tpd; ntg;g epiy K vdj; jtwhfg; Ghpe;Jnfhs;sf;$lhJ)  
ntg;gf;flj;Jj;jpwdpd; SI myF Js-1 m-1 K-1my;yJ Wm-1 K-1 
  
khwhepiy (Steady state): 
ve;j epiyapy;> midj;J ,lq;fspYk; ntg;gepiy xU khwh kjpg;gpid milfpwNjh 
kw;Wk; ve;j ,lj;jpypUe;Jk; vt;tpjkhd ntg;gKk; ghpkhw;wg;glhky; cs;sNjh 
me;epiyNa khwh epiy vd miof;fg;gLfpwJ.  
 
 
nghJthf nghUs;fspd; ntg;gf;flj;Jj;jpwd; (W m-1 K-1) ,y; 1 atm  
 

nghUs; ntg;gf;flj;Jj;jpwd; nghUs; ntg;gf;flj;Jj;jpwd; 
ituk; 2300  0.2 
nts;sp  420 kuf;fl;il 0.17 
jhkpuk; 380 `Pypak; 0.152 
mYkpdpak;  200 nkd;ikahd 

,ug;gh; 
0.042 

v/F  40 jz;zPh;  0.56 
gdpf;fl;b  2 fhw;W 0.023 
fz;zhb  0.84   
nrq;fy;  0.84   

 
ntg;gf;flj;Jj;jpwd; nghUspd; jd;ikiar; rhh;e;jJ. vLj;Jf;fhl;lhf nts;sp kw;Wk; 
mYkpdpak; cah;e;j ntg;gf; flj;Jj;jpwidg; ngw;Ws;sjhy; mit rikay; ghj;jpuq;fs; 
nra;ag;gad;gLfpd;wd.  
 
ntg;gr; rydk; (Convection):  
 
jputq;fs; kw;wk; thAf;fs; Nghd;w gha;kq;fspy; cs;s %yf;$Wfs; cz;ikahd efh;tpdhy; 
ntg;g Mw;wy; khw;wg;gLk; epfo;T ntg;gr;rydk; vd miof;fg;gLfpwJ. ,e;j ntg;gr;rydj;jpy; 
%yf;$Wfs; vt;tpj fl;Lg;ghbd;wp xU ,lj;jpypUe;J kw;nwhU ,lj;jpw;F efh;fpd;wd. 
,e;epfo;T ,aw;ifahfNth my;yJ Gwtpir fhuzkhfNth Vw;glyhk;.  
 
rikay; ghj;jpuj;jpy; nfhjpf;Fk; jz;zPh; ntg;gr;rydj;jpw;F xU rpwe;j cjhuzkhFk;. 
ghj;jpuj;jpd; mbapy; cs;s jz;zPh; mjpf ntg;gj;ijg; ngw;W mjd; fhuzkhf tphptile;J 
mlh;j;jp FiwAk;. ,e;j Fiwe;j mlh;j;jpapd; fhuzkhf %yf;$Wfs; Nkw;gug;ig Nehf;fpr; 
nry;Yk;. mNj Neuj;jpy; Nkw;gug;gpYs;s %yf;$Wfs; Fiwe;j ntg;g Mw;wiyg;ngWtjhy; 
mtw;wpd; mlh;j;jp mjpfkhf ,Uf;Fk;. vdNt mit ghj;jpuj;jpd; mbg;gf;fj;jpw;F tUk;. 
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,e;epfo;T njhlh;e;J eilngWk;. ,t;thW %yf;$Wfs; NkYk;. fPOk; efh;tij ntg;gr;ryd 
Xl;lk; (Convection current)vd;W miof;fpd;Nwhk;. miw xd;wpid ntJntJg;ghf itf;f 
ehk; miwr;#Nlw;wpiag; gad;gLj;JfpNwhk;. #Nlw;wpf;F mUNf cs;s fhw;W %yf;$Wfs; 
ntg;gkile;J tphptilAk; mjdhy; mtw;wpd; mlh;j;jp Fiwe;J miwapd; Nkw;gFjpf;Fr; 
nry;Yk;. mNj Neuj;jpy; mlh;j;jp mjpfKs;s Fsph;e;j fhw;W mbg;gFjpf;F tUk;. ,t;thW 
Vw;gLk; fhw;W %yf;$Wfspd; njhlh; Row;rpNa> ntg;gr;ryd Xl;lk; vd miof;fg;gLfpwJ.  
 
ntg;gf;fjph; tPr;R:  
#lhf cs;s rikf;Fk; mLg;G xd;wpd; mUNf ekJ iffis ePl;bdhy; ntg;gj;ij 
czuyhk;. ,q;F #lhf cs;s mg;nghUisj; njhlhkNyNa ehk; ntg;gj;ij czh;fpNwhk;. 
Vnddpy; ,q;F #lhf cs;s rikf;Fk; mLg;gpypUe;J ntg;gkhdJ ntg;gf;fjph;tPr;R %yk; 
ekJ iffSf;F tUfpwJ. #hpadpypUe;Jk; ntg;g Mw;wiy ehk; ,Nj Kiwapy;jhd; 
ngWfpNwhk;. ,f;fjph;tPr;R ntw;wplj;jpd; topNa gazpj;J Gtpia milfpwJ. ve;j tpjkhd 
Clfj;jpd; cjtpAk; ,d;wp xU nghUspypUe;J kw;nwhU nghUSf;F Mw;wiy khw;WtJ 
fjph;tPr;rpd; xU rpwg;Gg; gz;ghFk;. Mdhy; ntg;gf;flj;jy; kw;Wk; ntg;gr;rydk; 
,t;tpuz;bYk; ntg;g Mw;wiy khw;wk; nra;tjw;F Clfk; mtrpak; vd;gij ftdpf;fTk;.  
 
ntg;gf;fjph;tPr;R vd;gJ  
 
xU nghUspypUe;J kw;nwhU nghUSf;F kpd;fhe;j miyfspdhy; ntg;gk; guTk; epfo;T 
MFk;.  
1. #hpadpypUe;J tUk; #hpaf; fjph;tPr;R Mw;wy;  
2. miw #Nlw;wpapypUe;J tUk; ntg;gf;fjph;tPr;R  
 
gfy; Neuq;fspy;> #hpaf;fjph;fs; fly; ePiutpl Ntfkhf epyj;ij #Nlw;Wk; 
,jw;Ff;fhuzk; epyj;jpd; Fiwthd jd;ntg;g Vw;Gj;jpwd; MFk;. ,jd; tpisthf 
epyg;gug;gpy; cs;s fhw;W tphptile;J mjd; mlh;j;jp Fiwe;J NkNy nrd;WtpLk;. 
mNj Neuj;jpy; flw;gug;gpYs;s Fsph;e;j fhw;W epyj;ij Nehf;fp tPRk; ,jidNa 
fly; fhw;W (sea breese) vd;W miof;fpd;Nwhk;. ,uT Neuq;fspy; flw;gug;ig tpl 
epyg;gug;G Ntfkhf Fsph;r;rp milAk; (epug;gug;gpd; Fiwe;j jd;ntg;g Vw;Gj;jpwd;) 
,jd; tpisthf flw;gug;gpYs;s fhw;W tphptile;J mjd; mlh;j;jp Fiwe;J NkNy 
nrd;WtLk;. mNj Neuj;jpy; epyg;gug;gpYs;s mlh;j;jp mjpfkhd Fsph;e;jfhw;W fliy 
Nehf;fp tPRK; ,jidNa epyf;fhw;W (land breeze) vd;W miof;fpd;Nwhk;.  
 
nghJthf ntg;gepiy gUg; nghUs;fSld; kl;LNk (jpl> jput kw;Wk; thA) 
njhlh;GilaJ vd;w nghJf;fuj;J cs;sJ. Mdhy; ntg;gf;jph;tPr;Rk; xU ntg;g 
,af;ftpay; mikg;ghFk;. ,jw;F ed;F tiuaWf;fg;gl;l ntg;gepiyAk;> mOj;jKk; 
cz;L. #hpadpypUe;J tUk; fl;GydhFk; fjph;tPr;rpd; ntg;gepiy 5700 K. ,jid 
Gtp fpl;lj;jl;l 300K ntg;gepiyAs;s mfr;rptg;G fjph;tPr;rhy; ntspf;F (Space) 
kPz;Lk; ckpo;fpwJ.  
 
epA+l;ldpd; Fsph;T tpjp:  
epA+l;ldpd; Fsph;T tpjpapd;gb nghUnshd;wpd; ntg;g ,og;G tPjk;> mg;nghUSf;Fk; 
#oYf;Fk; cs;s ntg;gepiy NtWghl;bw;F Neh;tpfpjj;jpy; ,Uf;Fk;.  

   ( )
s

dQ
T T

dt
 − −  

Neuj;ij nghUj;J ntg;gk; njhlh;e;J Fiwe;J nfhz;Nl nry;tij vjph;f;Fwp fhl;LfpwJ.  
 ,q;F. T = nghUspd; ntg;gepiy  
  Ts = #oypd; ntg;gepiy  
fhl;lg;gl;Ls;s tiuglj;jpypUe;J njhlf;fj;jpy; Fsph;T tPjk; mjpfkhfTk; gpd;dh; ntg;gepiy 
Fiwaf;Fiwa FiwthfTk; cs;sij njspthf czuyhk;.  
m epiwAk;>s jd;ntg;g Vw;Gj;jpwDk; cs;s nghUnshd;iwf; fUJ. mjd; ntg;gepiy T 
vd;f. #oypd; ntg;gepiyia Ts vd;f. dt vd;w rpwpa Neu ,ilntspapy; Vw;gl;l 

ntg;gepiyf;FiwT dT vdpy; ntg;g ,og;gpd; msT  
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   dQ = msdT 
rkd;ghL ,UGwKk; dt my; tFf;f  

  
0 0

t

s

dT a
dt

T T ms

dQ msdT

dt dt


=−

−

=

 
 

epA+l;ldpd; Fsph;T tpjpapypUe;J  

  ( )
s

dQ
T T

dt
− −  

  
0 0

( )

t

s

s

dT a
dt

T T ms

dQ
a T T

dt


=−

−

=− −

 
 

,q;F a vd;gJ Neh;f;Fwp khwpyp. 
rkd;ghLfs; kw;Wk; ,Ue;J  

  -a (T – Ts) = ms 
dT

dt
 

  
s

dT a
dt

T T ms
=

−
 

rkd;ghL ,d; ,UGwKk; njhifg;gLj;Jf.  
 

 
0 0

t

s

dT a
dt

T T ms


=−

−   

 In (T – Ts) = - 1

a
t b

ms
+  

,q;F b1xU khwpypahFk;. ,uz;L gf;fKk; mLf;Ff; FwpaPL vLj;jhy; ekf;f fpilg;gJ  

  2

a
t

ms
s

T T b e= +  

,;q;F b2 = eb1 = xU khwpyp  
 
vLj;Jf;fhl;L:  
27°C ntg;gepiy cs;s miw xd;wpy; cs;s #lhd ePh; 92°C ypUe;J 84°C ntg;gepiyf;F 
Fsph; 3 epkplq;fis vLj;Jf;nfhs;fpwJ. mNj ePH; 65°C ypUe;J 60°C ntg;gepiyf;Ff; 
Fiwa vLj;Jf;nfhs;Sk; Neuj;ijf; fzf;fpLf.  
3 epkplq;fspy; #lhd ePhpd; ntg;gepiy 8°C Fiwe;Js;sJ. 92°C kw;Wk; 84°C ,d; ruhrhp 
ntg;gepiy 88°C ,J miw ntg;gepiyiatpl 61°C mjpfkhf cs;sJ. rkd;ghL 
gadg;Lj;jpdhy;  

 
s

dT a
dt

T T ms
=

−
my;yJ = ( )

s

dT a
T T

dt ms
= −  

   
8

(61 )
3min

C a
C

ms


=    

,NjNghd;W 65°C kw;Wk; 60°C,d; ruhrhp ntg;gepiy 62.5°CMFk;. ,J miw ntg;gepiyia 

tpl 35.5°C mjpfkhf cs;sJ.  

    
5

(35.5 )
C a

C
dt ms


=   

,t;tpuz;L rkd;ghLfisAk; tFf;Fk; NghJ  
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ntg;g khw;wj;jpd; tpjpfs; (Laws of Heat Transfer):  
 
ntg;gghpkhw;wj;jpw;fhd gphpnth];l; nfhs;if (Prevost theory of Heat Exchange):  
O K ntg;gepiyiaj;jtpu midj;J ntg;gepiyfspYk; vy;yhg; nghUs;fSk; 
ntg;gf;fjph;tPr;ir ckpo;fpd;wd. ,NjNghd;W #oypy; ,Ue;J ntg;gf;fjph;tPr;ir 
cl;fth;fpd;wd. vLj;Jf;fhl;lhf ePq;fs; ahuhtJ xUtiuj; njhLk;NghJ mth; cq;fs; 
tpuy;fs; ntg;gkhf my;yJ Fsph;r;rpahf cs;sij czh;thh;.  
 
cah; ntg;gepiyapYs;s nghUnshd;W> #oypUe;J ngWk; ntg;gj;ij tpl mjpf ntg;gj;ij 
#oYf;F fjph;tPr;rpd; %yk; nfhLf;Fk;. ,NjNghd;W Fiwe;j ntg;g epiyapYs;s 
nghUnshd;W ,of;Fk; ntg;gj;ijtpl mjpf ntg;gj;ij #oypUe;J ngw;Wf;nfhs;Sk;.  
 
gphpnth];l; ntg;gr;rkepiyf; fUj;ij fjph;tPr;Rf;Fg; gad;gLj;jpdhh;. mjd;gb midj;Jg; 
nghUs;fSk; ntg;gf;fjph;tPr;ir ntspg;gLj;Jfpd;wd. Mdhy; Fsph;r;rpahf cs;s 
nghUistpl> cah; ntg;gepiyg; nghUs;fs; mjpf ntg;gf;fjph;tPr;ir ntspapLk;. xU 
Fwpg;gpl;l Neuj;jpy; ,uz;L nghUs;fspd; ntg;gg;ghpkhw;W tPjKk; rkkhFk;. ,e;epiyapy; 
,t;tpuz;L nghUs;fSk; ntg;gr; rkepiyapy; cs;sd vdf; $wyhk;.  
 
Ropnfy;tpd; ntg;gepiyapy; kl;LNk nghUs;fs; ntg;g ckpo;it epWj;Jfpd;wd. vdNt 
gphpnth];bd; nfhs;ifapd;gb #oypd; jd;ik vj;jifajhf ,Ue;jhYk;> midj;Jk; 
nghUs;fSk; Ropnfy;tpd; ntg;gepiyf;F Nky; cs;s midj;J ntg;gepiyfspYk; 
ntg;gf;fjph;tPr;ir ckpOk;  
];nl/ghd; Nghy;l;];nkd; tpjp (Stefan Boltzmann law):  
];nl/ghd; Nghy;l;];nkd; tpjpapd;gb> fUg;nghUspd; XuyF gug;gpdhy; xuyF Neuj;jpy;  
 
KOikahd fUk;nghUshf ,y;yhj nghUs;fSf;F  
                  E = e σ T4 
,q;F 'e' vd;gJ gug;gpd; ckpo;jpwd; MFk;.  
xU Fwpg;gpl;l ntg;gepiy kw;Wk; miyePsj;jpy; nghUspd; gug;gpdhy; fjph;tPrg;gLk; 
Mw;wYf;F> mNj ntg;gepiy kw;Wk; miyePsj;jpy; KOf;fUk;nghUspdhy; 
fjph;tPrg;gLk; Mw;wYf;Fk; cs;s jfNt ckpo;jpwd; vd tiuaWf;fg;gLfpwJ.  
 
tpadpd; ,lg;ngah;r;rp tpjp (Wien's Displacement Law):  
 
cyfpYs;s midj;Jg; nghUs;fSk; fjph;tPr;ir ckpo;fpd;wd. mf;fjph;tPr;Rfspd; 
miyePsq;fs; nghUs;fspd; nfy;tpd; ntg;gepiyiar; rhh;e;jpUf;Fk;. ckpog;gLk; fjph;tPr;Rfs; 
ntt;NtW miyePsq;fisg; ngw;wpUf;Fk;. NkYk; mt;tiyePsq;fspd; nrwpTk; (intensity) 
ntt;Ntwhdit.  
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tpadpd; tpjpg;gb> xU fUg;nghUs; fjph;tPr;rpdhy; ckpog;gLk; ngUkr;nrwpT nfhz;l 

miyePsk; (
m
 ) mf;fUk;nghUspd; nfy;tpd; ntg;gepiyf;F (T) vjph;tpfpjj;jpy; ,Uf;Fk;.  

 
 
tpadpd; tpjpg;gb> xU fUk;nghUs; fjph;tPr;rpdhy; ckpog;gLk; ngUkr;nrwpT nfhz;l 

miyePsk; (
m
 ) mf;fUk; nghUspd; nfy;tpd; ntg;gepiyf;F (T) vjph;tpfpjj;jpy; ,Uf;Fk;.  

  
1

( )
m m

b
or

T T
  =  

,q;F>b vd;gJ tpad; khwpyp> ,jd; kjpg;G 2.898 × 10-3 mK  
 
,jpypUe;J ehk; mwpe;J nfhs;tJ vd;dntd;why; nghUspd; nfy;tpd; ntg;gepiy 

caUk;NghJ ngUkr;nrwpT miyePsk; (
m
 ) kpf;fhe;j epwkhiyapd; Fiwe;j miyePsj;ij 

(ngUk mjph;ntz;) Nehf;fp ,lg;ngah;r;rp milAk;.  
 
Nkw;fz;l tiuglj;jpypUe;J ngUkr; nrwpT miyePsk; 

m
   nfy;tpd; ntg;gepiyf;F 

vjph;tpfpjj;jpy; ,Ug;gij mwpayhk;. ,t;tisNfhl;bw;F fUk;nghUs; fjph;tpr;R tisNfhL 
vd;W ngah;.  
 
tpad; tpjpAk; ekJ ghh;itAk;:  
 
ekJ fz;fshy; kpd;fhe;j epwkhiyapy; cs;s fz;ZW gFjpia kl;Lk; (400 nm Kjy; 700 
nm tiu) ghh;f;fKbtjd; fhuzk; vd;d?  
 
xU nghUSk; fjph;tPr;ir ckpOk;. vdNt #hpaDk; fjph;tPr;ir ckpOk;. NkYk; mjd; gug;G 
ntg;gepiy fpl;lj;jl;l 5700 K. ,k;kjpg;ig rkd;ghL gpujpapLk; NghJ> 

  
82.898 10

508
5700

m

b
nm

T


−
= =   

 
,JNt ngUkr;nrwptpw;fhd miyePsk; MFk;. #hpadpd; gug;G ntg;gepiy Njhuhakhf 5700 
Kvd cs;sjh; mjw;fhd fjph;tPr;R epwkhiy neLf;fk; 400 nm Kjy; 700 nm tiu 
fhzg;gLk;. ,JNt kpd;fhe;j epwkhiyapd; fz;ZU gFjpahFk;.  
 
kdpj ,dk; ,e;jf; fjph;tPr;ir cl;fth;e;Jjhd; ghpzhk tsh;r;rp mile;jJ. vdNt 
kdpjf;fz;fs; #hpa epwkhiyapy; cs;s fz;ZU gFjpia kl;LNk czu KbAk;. 
mfr;rptg;G gFjpiaNah my;yJ X fjph; epwkhiyiaNah czu KbahJ.  
 
ekf;F mUfpy; cs;s rphpa]; (Sirius) (ntg;gepiy 9940 K) vd;w tpz;kPd; mUfpy; cs;s 
Nfhspy; kdpj ,dk; Njhd;wp ,Ue;jhy; mth;fspd; fz;fs; kpd;fhe;j epwkhiyapy; cs;s Gw 
Cjhf;fjph;fis czu KbAk;. ,jid rkd;ghL gad;gLj;jp mwpe;J nfhs;syhk;.  
 
vLj;Jf;fhl;L:  
 

A vd;w fUk;nghUs; xd;wpd; fjph;tPr;Rj;jpwd; EA. NkYk; ,J 
A
 vd;w miyePsj;jpw;F ngUk 

Mw;wy; fjph;tPrg;gLfpwJ. B vd;w kw;nwhU fUk;nghUspd; fjph;tPr;Rj;jpwd; EB = N EA; 
1

2
A

 vd;w miyePsj;jpw;F B fUk;nghUspy; ,Ue;J fjph; tPrg;gLfpwJ vdpy; N ,d; 

kjpg;igf; fhz;f?  
tpadpd; ,lg;ngah;r;rp tpjpapypUe;J  

max T = khwpyp; ,J A kw;Wk; B vd;w ,uz;L fUk;nghUs;fSf;Fg; nghUe;Jk;.  



 

78 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

,q;F 
1

2
B A
 =  

  .
A A B B
T T = ,q;F 

1

2
B A
 =  

  1 2
1

2

B A

A B

T

T




= = =  

  TB = 2TA 
];nl/ghd; - Nghy;];l;nkd; tpjpapypUe;J  

  

4

4(2) 16B B

A A

E T
N

E T

 
= = = = 
 

 

fUk;;nghUs; B, fUk;nghUs; A it tpl Fiwe;j miyePsj;ijNa ckpOk;. vdNt 

fUk;nghUs; A it tpl mjpf Mw;wy; nfhz;l fjph;tpr;ir fUk;nghUs; B ckpOk;.   
  
ntg;g ,af;ftpay; 
mwpKfk;:  
ehk; Ke;ija gphpTfspy; ntg;gk;> ntg;gepiy kw;Wk; nghUs;fspd; ntg;gg;gz;Gfisg; gw;wp 
gapd;Nwhk;. ntg;g ,af;ftpay; vd;gJ ,aw;gpaypd; xU gphpthFk;. ,g;gphpT Ntiyia 
ntg;gkhfTk; kw;Wk; ntg;gj;ij NtiyahfTk; khw;Wtjpy; cs;s tpjpfis tpthpf;fpwJ. 
ntg;g ,af;ftpaypd; tpjpfs; ghapy;> rhh;y];> ngh;D}yp> [{y;> fpshrpa];> nfy;tpd;> fhh;Ndh 
kw;Wk; n`y;k;N`hy;l;]; Nghd;w mwptpay; mwpQh;fspd; %d;W E}w;whz;L fhy Ma;Tfspd; 
mbg;gilapy; Kiwg;gLj;jg;gl;ljhFk;.  
 
md;whl tho;tpy; ek;ikr;Rw;wp eilngWk; midj;J epfo;TfSk; Vd; ekJ clypaf;f 
epfo;Tfs; $l ntg;g ,af;ftpay; tpjpfSf;F cl;gl;L eilngWfpd;wJ. vdf; $wpdhy; mJ 
kpifahfhJ. vdNt ntg;g ,af;ftpay; vd;gJ ,aw;gpaypd; XH ,d;wpaikahj gphpthFk;.  
 
ntg;g ,af;ftpay; mikg;G: 
ntg;g ,af;ftpay; mikg;G (Thermodynamic system) vd;gJ ,g;gpugQ;rj;jpy; 

tiuaWf;fg;gl;l xU gFjpahFk;. NkYk; mOj;jk;  (P), gUkd; (V), kw;Wk; ntg;gepiy (T) 
Nghd;w Kf;fpa vz;zpf;ifapylq;fpa Jfs;fspd; (mZf;fs; kw;Wk; %yf;$Wfs;) njhFg;Ng 
ntg;g ,af;ftpay; mikg;ghFk;. kPjKs;s ,g;gpugQ;rj;jpd; gFjpNa #oy; (Surrounding) 
vdg;gLk;. ,t;tpuz;Lk; Xh; vy;iyahy; gphpf;fg;gl;Ls;sd.  
 
vLj;Jf;fhl;Lfs;:  
Xh; ntg;g ,af;ftpay; mikg;G vd;gJ> jpl> jput> thA kw;Wk; fjph;tPr;R Nghd;w ve;j 
tbtpYk; ,Uf;fyhk;.  
 

ntg;g ,af;ftpay; mikg;G  #oy;  
thspapy; cs;s jz;zPh; jpwe;jntsp 
miw xd;wpDs; cs;s fhw;W 
%yf;$Wfs; 

miwf;F ntspapy; cs;s fhw;W 

kdpj cly; jpwe;jntsp 
flypy; cs;s kPd; fly; ePh; 
 
ntg;gr;rkepiy (Thernal equilibrium):  
miw xd;wpy; xU Nfhg;igapy; #lhd NjePh; itf;fg;gl;lhy;> NjePhpypUe;J ntg;gk; #oYf;Ff; 
flj;jg;gLk;. rpwpJ Neuj;jpw;F gpd;G #lhd NjePH; #oypd; ntg;gepiyf;F rkkhd 
ntg;gepiyia milAk;. ,jd; gpd;G NjePhpypUe;J #oYf;Nfh my;yJ #oypypUe;J 
NjePUf;Nfh ntg;gg; ghpkhw;wk; Vw;glhJ. NjePUk; #oYk; ntg;gr;rkepiyia mile;j tpl;lij 
,J fhl;LfpwJ.  
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,U mikg;Gfs; xd;Wf;nfhd;W ntg;gr;rkepiyapy; cs;sJ vdpy; mt;tpuz;L mikg;GfSk; 
xNu ntg;gepiyapy; ,Uf;f Ntz;Lk;. NkYk; mJ Neuj;ijg; nghUj;J khwhky; ,Uf;f 
Ntz;Lk;.  
 
ve;jputpay; rkepiy (Mechanical equilibrium): 
gp];lDld; cs;s thA milj;J itf;fg;gl;Ls;s nfhs;fyd; xd;iwf; fUJf. mg;gp];ldpd; 
kPJ epiw xd;iw itf;Fk; NghJ fPo;Nehf;fpa GtpaPh;g;G tpirapd; fhuzkhf gp];ld; 
fPo;Nehf;fp efh;e;J rpy Vw;w ,wf;fj;jpw;Fg; gpd;G epw;Fk;. gp];ld; xU Gjpa ,lj;ij 
milAk;. thAtpd; Nky; Nehf;fp tpir> fPo;Nehf;fp GtpaPh;g;g tpiria rkd; nra;Ak;. 
,e;epiyapy; ,t;tikg;ig ve;jputpay; rkepiyapy; cs;sJ vdf;$wyhk;. mikg;G xd;W 
ve;jputpay; rkepiyapy; cs;sJ vdpy;> vt;tpjkhd rkd;nra;ag;glhj tpirAk; ntg;g 
,af;ftpay; mikg;gpd; kPJ nray;glf;$lhJ.  
 
Ntjpr;rkepiy(Chemical equalibrium):  
 
xd;Wld; xd;W njhlh;gpYs;s ,uz;L ntg;g ,af;ftpay; mikg;GfSf;fpilNa vt;tpj 
njhFgad; NtjptpidAk; eilngwtpy;iy. vdpy; mt;tpU mikg;GfSk; Ntjpr;rkepiyapy; 
cs;sJ vdyhk;.  
 
ntg;g ,af;ftpay; rkepiy (Thermodynamic equilibrium):  
 
,uz;L mikg;Gfs; ntg;g ,af;ftpay; rkepiyapy; cs;sd vdpy;> mt;tpuz;L mikg;GfSk; 
xd;Wf;nfhd;W ntg;g> ve;jputpay; kw;Wk; Ntjpr; rkepiyapy; ,Uf;f Ntz;Lk;. ntg;g 
,af;ftpay; rkepiyapy; kPg;ngU (Macroscopic) khwpfshd mOj;jk;> gUkd; kw;Wk; 
ntg;gepiy Mfpait xU epiyahd kjpg;gpidg; ngw;wpUf;f Ntz;Lk;. NkYk; mit 
fhyj;ijg; nghWj;J khwhky; ,Uf;f Ntz;Lk;.  
 
ntg;g ,af;ftpay; epiy (Thermodynamic state variablies):  
 
,ae;jputpaypy; jpirNtfk;> ce;jk; kw;Wk; KLf;fk; Nghd;wit ,aq;Fk; nghUnshd;wpd; 
epiyia tpsf;fg;gad;gLfpd;wd. (njhFjp 1 ,y; ,tw;iwg; gw;wp Ghpe;Jnfhz;bUg;gPh;fs;) 
ntg;g ,af;ftpaypy;> ntg;g ,af;ftpay; mikg;G xd;wpd; epiyia tpthpf;Fk; khwpfspd; 
njHFg;gpw;F ntg;g ,af;ftpay; khwpfs; vd;W ngah;.  
 
vLj;Jf;fhl;Lfs;: mOj;jk;> ntg;gepiy> gUkd;> mf Mw;wy; Nghd;wit.  
 
,e;j khwpfspd; kjpg;G ntg;g ,af;ftpay; mikg;gpd; rkepiyia KOtJkhf tpthpf;fpd;wd. 
ntg;gk; kw;Wk; Ntiy ,it ntg;g ,af;ftpay; epiy khwpfs; my;y khwhf ,it 
nray;khwpfs; MFk;. (Process variables).ntg;g ,af;ftpay; khwpfs; ,uz;L tifg;gLk; 

mit: msTr; rhh;Gs;s khwp (Extensive variable) kw;Wk; msTr; rhh;gw;w khwp (Internsive 
variable).  
vLj;Jf;fhl;L: gUkd;> nkhj;j epiw> vd;l;Nuhgp (Entropy), mf Mw;wy;> ntg;g Vw;Gj;jpwd; 
Nghd;wit.  
msTr; rhh;gw;w khwp ntg;g ,af;ftpay; mikg;gpd; msT my;yJ epiyiar; rhh;e;jpUf;fhJ.  
 
vLj;Jf;fhl;L: ntg;gepiy> mOj;jk;> jd;ntg;g Vw;Gj;jpwd;> mlh;j;jp Nghd;wit.  
epiyr; rkd;ghL (Equation of state):  
 
epiy khwpfis xU Fwpg;gpl;l Kiwapy; njhlh;GgLj;Jk; rkd;ghL> epiyr;rkd;ghL vd;W 
miof;fg;gLfpwJ. ,e;epiyr;rkd;ghL ntg;g ,af;ftpay; mikg;nghd;wpd; rkepiyapy; epiy 
khwpfSf;F ,ilNa cs;s njhlh;ig KOtJkhf tpthpf;fpwJ. ntg;g ,af;ftpay; mikg;G 
rkepiyapy; ,y;iynadpy;> ,e;epiyr; rkd;ghL mikg;gpd; epiyia tpthpf;fhJ. ntg;g 
,af;fr;rkepiyapy; cs;s epy;ypay;G thA (idealgas) xd;W PV = NkT vd;w epiyr; 

rkd;ghl;bdhy; Fwpg;gplg;gLfpwJ. ,;q;F ehd;F NgusT khwpfSk; (P, V,T kw;Wk; N) 
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epiyr;rkd;ghl;bdhy; xd;Wld; xd;W njhlh;GgLj;jg;gl;Ls;sd. ,r;rkd;ghl;bYs;s VNjDk; 
xU khwpia kl;Lk; khw;w ,ayhJ. vLj;Jf;fhl;lhf thA epuk;gpAs;s nfhs;fydpd; gp];lid 
mOj;Jk; NghJ> thAtpd; gUkd; FiwAk;. Mdhy; mjd; mOj;jk; mjpfhpf;Fk; my;yJ 
thAit ntg;gg;gLj;Jk;NghJ mjd; ntg;gepiy caUk;. thAtpd; mOj;jk; kw;Wk; gUkDk; 
cauyhk;.  
 
epiyr;rkd;ghl;bw;fhd kw;nwhU vLj;Jf;fhl;L thd;lh;thy;]; rkd;ghL MFk;. ntg;g ,af;fr; 
rkepiyapy; cs;s ,ay;GthAf;fs; (Real gases) ,r;rkd;ghl;bw;F cl;gLk;.  
 
miw xd;wpYs;s fhw;W %yf;$Wfs; thd;lh;thy;]; epiyr;rkd;ghl;bw;F KOtJkhf 
fl;Lg;gLfpd;wd. ,Ug;gpDk; miwntg;gepiyapy; Fiwe;j mlh;j;jpAs;s fhw;W %yf;$Wfis 
ehk; Njhuhakhf ey;ypay;G thAthf;f (Ideal gas) fUJfpNwhk;.  
 
ntg;g ,af;ftpaypd; Rop tpjp (Zeroth Law of Thermodynamics):  
ntg;g ,af;ftpaypd; Rop tpjpapd;gb>A kw;Wk; B> vd;w ,uz;L mikg;Gfs; C> vd;w 

%d;whtJ mikg;Gld; ntg;gr;rkepiyapy; ,Ug;gpd; A kw;Wk; B vd;w ,uz;L mikg;GfSk; 
xd;Wf;nfhd;W ntg;gr; rkepiyapy; ,Uf;Fk;.  
 
njhlf;fj;jpy; ntt;;NtW ntg;gepiyapy; cs;s A, B kw;Wk; C vd;w %d;W mikg;Gfisf; 

fUJf. A kw;Wk; B ,uz;L mikg;GfSk; xd;Wld; xd;W vt;tpjkhd ntg;gj;njhlh;igAk; 
ngw;wpUf;f tpy;iy.  
 
Mdhy;> mit xt;nthd;Wk; C vd;w %d;whtJ mikg;Gld; jdpj;jdpNa ntg;gj;njhlh;gpy; 

cs;sd. rpwpJ Neuj;jpw;Fg;gpwF A kw;Wk; B vd;w ,uz;L mikg;GfSk; jdpj;jdpNa C Ald; 
ntg;gr; rkepiyapy; ,Uf;Fk;.  
 
mile;jpUg;gij ,J fhl;LfpwJ. ,k;%d;W mikg;GfSk; xUKiw ntg;gr;rkepiyia 
mile;jgpd;G mtw;wpw;fpilNa vt;tpjkhd ntg;gg; ghpkhw;wKk; ,Uf;fhJ Vnddpy; 
mk;%d;Wk; xNu ntg;gepiyapy; ,Uf;Fk;. ,jid fzpjnkhopapy; gpd;tUkhW Fwpg;gplyhk;. 
TA = TCkw;Wk; TB = TCvdpy;>TA = TBMFk;. ,q;F TA, TBkw;Wk; TCvd;git A, B kw;Wk; C vd;w 
%d;W mikg;Gfspd; ntg;gepiyfshFk;.  
 
mikg;Gfs; xd;Wld; xd;W ntg;gr;rkepiyapy; cs;sdth ,y;iyah vd;gijf;fhl;Lk; xU 
gz;Ng ntg;gepiyahFk;.  
 
ntg;g ,af;ftpaypd; Rop tpjpahdJ ntg;gepiyiaf; fz;lwpag;gad;gLfpwJ. vLj;Jf;fhl;lhf 
ntg;gepiykhdp xd;iw ehf;fpd; mbapy; itj;Jf; nfhs;Sk; NghJ ntg;gepiykhdp clYld; 
ntg;gr;rkepiyia milAk;. ,;e;epge;jidapd;gb ntg;gepiykhdpapd; ntg;gepiy cly; 
ntg;gepiyf;Fr; rkkhf ,Uf;Fk; ,jd; mbg;gilapy;jhd; ekJ clypd; ntg;gepiy 
fz;lwpag;gLfpwJ.   
 
nghUnshd;iwj; njhl;Lg;ghh;f;Fk; NghJ mg;nghUs; vt;tsT #lhf my;yJ 
Fsph;r;rpahf ,Ug;gij mwpa ntg;gepiy JizGhpfpwJ. ek; czh;T cWg;Gfisg; 
gad;gLj;jp nghUspd; ntg;gepiyiaf; fz;lwpa KbAkh?  
 
ekJ ntWk; fhy;fspy; xd;iw jiutphpg;gpd; kPJk; kw;nwhU fhiy tOtOg;ghd 
XLfs; gjpf;fg;gl;l jiuapd; (Tiled floor) kPJk; itf;Fk;NghJ> tOtOg;ghd jiuapy; 
itj;Js;s fhy;> jiutphpg;gpd; kPJ itf;fg;gl;Ls;s fhiy tpl mjpff; Fsph;r;rpia 
czUk;.  
Mdhy; ,q;F jiu kw;Wk; jiutphpg;G ,uz;Lk; xNu miwntg;gepiyapy; ,Ug;gij 
ftdpf;f Ntz;Lk;. ,jw;Ff; fhuzk; jiutphpg;ig tpl tOtOg;ghd jiuf;Fk; ek; 
fhYf;FkpilNa kpf Ntfkhf ntg;gg;ghpkhw;wk; Vw;gl;lJ vd;gijNa fzpf;fpwJ. 
ntg;gepiykhdp xd;iw jiu kw;Wk; jiutphpg;gpd; kPJ itj;J ghh;f;Fk;NghJ 
,uz;Lk; xNu ntg;gepiyapy; cs;sij mwpayhk;.  
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mf Mw;wy; (U) 
ntg;g ,af;f mikg;G xd;wpd; mf Mw;wy; vd;gJ mikg;gpd; epiwikaj;ijg; nghUj;J 
mikg;gpYs;s midj;J $yf;$Wfspd; ,af;f Mw;wy; kw;Wk; epiy Mw;wy;fspd; 
$LjYf;Fr; rkkhFk;.  
,lg;ngah;T ,af;fk;> Row;rp ,af;fk; kw;Wk; mjph;tpaf;fk; Mfpatw;iw cs;slf;fpa 
%yf;$W ,af;fj;jpdhy; Vw;gLk; Mw;wy;> mf ,af;f Mw;wy; (EK) vdg;gLk;.  
%yf;$WfSf;fpilNa Vw;gLk; fth;r;rp kw;Wk; tpyf;F tpirahy; vw;gLk; Mw;wy;> mf 
epiyahw;wy; (EP) vdg;gLk;.  
 
vLj;Jf;fhl;L: gpizg;ghw;wy; (Bond energy) 
vdNt mf Mw;wyhdJ gpd;tUkhW vOjg;gLfpwJ.  
 
vdNt mf Mw;wyhdJ gpd;tUkhW vOjg;gLfpwJ.  
   U = EK + EP 

• ey;ypay;G thA%yf;$WfSf;fpilNa vt;tpjkhd ,iltpidAk; ,y;iy vd;W 
fUJtjhy; mtw;wpd; mf Mw;wy; KOtJk; mf ,af;f Mw;wy; tbtpNyNa ,Uf;Fk;. 
,J ntg;gepiy> Jfs;fspd; vz;zpf;if Mfpatw;iwr; rh;e;jpUf;Fk;. Mdhy; ,J 
gUkidr; rhh;e;jjy;y. Mdhy; thd;lh; thy;]; thAf;fs; Nghd;w ,ay;G thAf;fSf;F 
,J nghUe;jhJ.  
 

• mf Mw;wy; xU epiykhwp MFk;. ,J ntg;g ,af;f mikg;gpd; ,Wjpepiy kw;Wk; 
njhlf;fepiy ,tw;iw kl;LNk rhh;e;jpUf;Fk;. vLj;Jf;fhl;lhf jz;zPhpd; ntg;gepiy 30°C 
,y; ,Ue;J 30°C Mf ntg;gg;gLj;Jtjd; %ykhfNth my;yJ fyf;Ftjd; %ykhfNth 

cah;j;jg;gLfpwJ. mjd; ,Wjp mf Mw;wyhdJ> jz;zPH; vt;thW 40°C ntg;gepiyia 
mile;jJ vd;w topKiwia rhh;e;jpUf;fhky; mjd; ,Wjp ntg;gepiyia kl;LNk 
rhh;e;jpUf;Fk;. 

 
ntg;g ,af;ftpay; mikg;gpd; mf Mw;wyhdJ mikg;gpYs;s xt;nthU %yf;$wpd; 
xoq;fw;w ,af;fj;jpdhy; Vw;gLk; ,af;f Mw;wiyAk;> mtw;wpd; Ntjpapay; 
mikg;gpdhy; Vw;gLk; epiyahw;wy; ,tw;iw kl;LNk rhh;e;jpUf;Fk; vd;gij ed;F 
Ghpe;J nfhs;s Ntz;Lk;. mikg;G KOtjw;Fkhd nkhj;j ,af;f Mw;wy; my;yJ 
mikg;gpd; <h;g;G epiy Mw;wy; Nghd;wit mikg;gpd; mf Mw;wypd; xU gFjp vd;W 
jtwhff; fUjf;$lhJ.  
a. xNu ntg;gepiy kw;Wk; mf Mw;wYila ,uz;L thA epug;gg;gl;l 
nfhs;fyd;fisf; fUJf. mtw;wpy; xd;W jiuapYk;> kw;nwhd;W ,af;fj;jpYs;s 
,uapy; tz;bapYk; itf;fg;gLfpwJ. ,uapy; tz;bapy; cs;s thAf;nfhs;fyd; 
,uapypd; Ntfj;jpy; ,aq;fpdhYk; mjd; cs;Ns cs;s thA %yf;$Wfspd; mf 
Mw;wypy; vt;tpj cah;Tk; Vw;gltpy;iy.  
 
b. xNu ntg;gepiy kw;Wk; mf Mw;wYila ,uz;L thA epug;gg;gl;l 

nfhs;fyd;fisf; fUJf. mw;wpy; xd;W jiuapYk;> kw;nwhd;W h cauj;jpYk; 

itf;fg;gLfpd;wJ. h cauj;jpYs;s thAf; nfhs;fydpd; <h;g;Gepiy Mw;wy; 
mjpfnkdpDk; ,e;j mjpfhpg;G> thAtpd; mf Mw;wypy; vt;tpj khw;wj;ijAk; 
vw;gLj;jhJ.  
 
 
vLj;Jf;fhl;L  
xU thsp KOtJk; cs;s rhjhuz ePUld;> xU Ftis RLePiu fyf;Fk; NghJ ntg;gk; 
vj;jpirapy; guTk;?  
 
cdJ tpilf;F chpa tpsf;fk; jUf.  
thspapy; cs;s rhjhuz ePiuf;fhl;bYk;> Ftisapy; cs;s #lhd ePHpd; ntg;gepiy mjpfk; 
,Ug;gpDk; Ftisapy; cs;s RLePhpd; mf Mw;wiy tpl thsp ePhpd; mf Mw;wy; mjpfk;. 
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Vnddpy; mf Mw;wy; Xh; msTr; rhh;Gs;s ntg;g ,af;ftpay; khwp MFk;. mJ mikg;gpd; 
msT my;yJ epiwiar; rhh;e;jjhFk;.  
 
thsp ePhpd; mf Mw;wy; mjpfk; vdpDk;> Ftisapy; cs;s RLePhpy; ,Ue;J ntg;gk; thsp 
ePUf;F ghAk;. ,jw;Ff;fhuzk; ntg;gk; vg;NghJk; cah; ntg;gepiyapYs;s nghUspypUe;J 
jho; ntg;gepiyapYs;s nghUSf;Fg; ghAk;. NkYk; ,J mikg;gpd; mf Mw;wiyr; 
rhh;e;jjy;y. nghUSf;F ntg;gk; khw;wg;gl;l cld; mt;ntg;gk; nghUspd; mf Mw;wyhf 
khwptpLk;. vdNt nghUs; ntg;gj;ij ngw;Ws;sJ vd;gijtpl "nghUs; xU Fwpg;gpl;l msT 
mf Mw;wiyg; ngw;Ws;sJ" vd;W $WtNj rhpahd KiwahFk;. mikg;G xd;wpd; mf 
Mw;wiy mjpfhpg;gjw;F xU rpwe;j topKiw ntg;gg;gLj;JtJ MFk;. ,J gpd;tUk; glj;jpy; 
fhl;lg;gl;Ls;sJ.  
 
,q;F kpf Kf;fpakhf ftdj;jpy; nfhs;s Ntz;baJ ntg;gk; 
vg;NghJk; mf Mw;wiy mjpfhpf;f Ntz;Lk; vd;w mtrpak; ,y;iy. 
ntg;gepiy khwh epfo;tpy; (Isothermal  ey;ypay;G thAtpd; cs;Ns 
ntg;gk; gha;e;jhYk; mjd; mf Mw;wypy; vt;tpj cah;Tk; Vw;glhJ 
vd;gij ehk; gpd;dhy;f fw;f cs;Nshk;. 
 
 
[{ypd; ntg;g ,ae;jputpay; rkhdk; (Joule's Mechanical Equivalent of Heat):  
 
nghUnshd;wpd; ntg;gepiyia mjid ntg;gg;gLj;Jtjd; %yk; cah;j;jyhk; my;yJ 
mg;nghUspd; kPJ Ntiy nra;tjd; %yk; cah;j;jyhk;. gjpndl;lhk; E}w;whz;by; N[k;]; 
[{y; vd;w mwptpay; mwpQh; ,ae;jpu Mw;wiy mf Mw;wyhfTk;> mf Mw;wiy ,ae;jpu 
Mw;wyhfTk; khw;w KbAk; vd;W ep&gpj;jhh;. mthpd; Ma;tpd; fhl;bAs;sthW ,uz;L 
epiwfs; fapW xd;wpd; topNa JLg;G rf;fuj;Jld; (Paddle wheel) ,izf;fg;gl;Ls;sd. 

GtpaPh;g;G tpirahy; ,uz;L epiwfSk; h J}uj;jpw;F fPNotUk;NghJ 2 mgh msT epiy 
Mw;wiy ,uz;L epiwfSk; ,of;fpd;wd.  
 
epiwfs; fPNo tUk; NghJ ePhpDs; cs;s JLg;G rf;fuk; Rw;Wk;. vdNt JLg;G rf;fuj;jpw;Fk; 
ePUf;Fk; ,ilNa XU cuha;T tpirj;Njhd;Wk;. ,J ePhpd; ntg;gepiyia cah;j;Jk;. ,q;F 
<h;g;G epiy Mw;wy; (Gravitational potential energy) ePhpd; mf Mw;wyhf khw;wkiltij ,J 
czh;j;JfpwJ. GtpaPh;g;G tpirahy; nra;ag;gl;l Ntiyapdhy; ePhpd; ntg;gepiy 
cah;e;Js;sJ. cz;ikapy; ntg;gj;ij nfhLg;gjhy; Vw;gLk; mNj tpisit ,ae;jpuj;ijf; 
nfhz;L nra;ag;gLk; Ntiyapdhy; Vw;gLj;j KbAk; vd;W [{y; ep&gpj;Js;shh;. 1 fpuhk; 
epiwAila ePHpd; ntg;gepiyia 1°C cah;j;j 4.186 J Mw;wy; Njitg;gLk; vd;W [{y; 

fz;lwpe;jhh;. goq;fhyq;fspy; ntg;gkhdJ fNyhhp (Calorie) vd;w myfpdhy; msf;fg;gl;lJ.  
 
   1 cal = 4.186 J  
,jw;F [{ypd; ntg;g ,ae;jputpay; rkhdJ vd;W ngah;.  
 
 
N[k;]; [{ypd; fhyj;jpw;F Kd;G> ntg;gk; vd;gJ fNyhhpf; (Caloric) vd;w 
gha;e;NjhLk; Xh; jputk; vd;Wk; kf;fs; fUjpdhh;fs;. ,j;jputk; cah; ntg;gepiyapy; 
cs;s nghUspypUe;J> Fiwe;j ntg;gepiyapYs;s nghUSf;F ghAk; vdTk; 
fUjpdhh;fs;. fNyhhpf; jputf; fUj;jpd;gb cah; ntg;gepiyg;nghUspy; mjpf fNyhhpf; 
jputKk;> Fsph;r;rpahd nghUspy; Fiwe;j fNyhhpf; jputKk; cs;sd. Vnddpy; 
ntg;gk; vd;gJ Xh; msT vd;W mth;fs; fUjpaNjahFk;. Mdhy; jw;fhyj;jpy; ehk; 
ntg;gk; vd;gJ Xh; msT my;y mJ ghpkhw;wpf; nfhs;sg;gLk; Xh; ghpkhw;w Mw;wy; 
vd;W Ghpe;J nfhz;bUf;fpNwhk;. vdNt "ntg;g ,ae;jputpay; rkhdk;" vd;gJ Xh; 
jtwhd gpuNahfkhFk;. Vnddpy; ,ae;jpu Mw;wy; vd;gJ Xh; msthFk;. ve;j xU 
nghUSk; mjpfkhfNth my;yJ FiwthfNth ,ae;jpu Mw;wiyg; ngw;wpUf;fyhk;. 
Mdhy; ntg;gj;jpw;F ,J nghUe;jhJ. Vnddpy; ntg;gk; vd;gJ XH; msT my;y. 
,Ue;jNghjpYk; ,e;jg; gpuNahfk; njhd;W njhl;Nl eilKiwapy; ,Ue;JtUtjhy; 
mJ jw;NghJk; gpd;gw;wg;gLfpwJ. ,jd; rhpahdg; gpuNahfk; '[{ypd; mf Mw;wy; - 
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,ae;jputpay; Mw;wy; rkhdk;" vd;gNjahFk;. mbg;gilapy; [{y; ,ae;jpu Mw;wiyNa 
mf Mw;wyhf khw;wpAs;shh;. [{ypd; JLg;G rf;fu Ma;tpy; epiwfspd; <h;g;Gepiy 
Mw;wy;> JLg;G rf;fuj;jpd; Roy; ,af;f Mw;wyhf khw;wkile;J> gpd;dh; ePhpd; mf 
Mw;wyhf khw;wkilfpwJ.  
 
  
 
vLj;Jf;fhl;L:  
khzth; xUth; fhiyr; rpw;Wz;bahf 200 czT fNyhhp (foodcalorie) Mw;wYila czit 
cz;fpwhh;. mth; mt;thw;wiy fpzw;wpypUe;J jz;zPiu ,iwj;J gs;spapy; cs;s 
kuq;fSf;F Cw;Wtjd; %yk; nrytopf;fyhk; vdf; fUJfpwhh;. mt;thW nrytopf;f 
Ntz;Lnkd;why; vj;jid kuq;fSf;F mth; jz;zPiu Cw;w KbAk;? ,q;F fpzw;wpd; Mok; 
25 m, Flj;jpd; nfhs;ssT 25 L, xt;nthU kuj;jpw;Fk; xU Flk; ePH; Cw;w Ntz;Lk; vd;f. 

(elf;Fk; NghJ nrytopf;fg;gLk; Mw;wiyAk;> Flj;jpd; epiwiaAk; Gwf;fzpf;fTk;) g = 10m 
s-2vdf; fUJf.  
 
jPh;T:  
fpzw;wpypUe;J 25 L jz;zPiu ,iwg;gjw;F mthpd; mf Mw;wiyg; gad;gLj;jp GtpaPh;g;G 
tpirf;F vjpuhf Ntiy nra;a Ntz;Lk;.  
  jz;zPhpd; epiw = 25 L = 25 kg (1 L = 1 kg)  
25 kg epiwAila jz;zPiu ,iwf;f nra;a Ntz;ba Ntiy = jz;zPuhy; ngwg;gLk; <h;g;G 
epiy Mw;wy;  
  W = mgh = 25 × 10 × 25 = 6250 J  
fhiyr; rpw;Wz;bahy; ngwg;gl;l Mw;wy; = 200 czT fNyhhp = 200 kcal. 
 1 kcal = 103× 4.186 J 
 = 200 × 103× 4.186 J = 8.37 × 105 J  
,t;thw;wiyf; nfhz;L khzth; 'n' Flq;fs; ePiu fpzw;wpypUe;J ,iwf;fpwhh; vdf; fUJf. 

khztuhy; nrytopf;fg;gLk; nkhj;j Mw;wy; = 8.37 × 105 J = nmgh 
vdNt 

  
58.37 10

134
6250

J
n

J


=   

,q;F n vd;gJ jz;zPh; Cw;wg;gl Ntz;ba kuq;fspd; vz;zpf;ifia $l Fwpf;fpwJ.  
 
fhiyr; rpw;Wz;b kl;Lk; cz;L tpl;L 134 Flk; ePiu ,iwf;f KbAkh? epr;rak; KbahJ. 
cz;ikapy; kdpj cly; czT Mw;wy; KOtijAk; Ntiyahf khw;whJ. Vnddpy; 
Njhuhakhf kdpj clypd; gaDWjpwd; 20% MFk;.mjhtJ 200 czT fNyhhpapy; 20% 

kl;LNk Ntiyahf khw;wkilAk;. vdNt 134 Flq;fspy; 20% vd;gJ 26 Flq;fs; kl;LNk. 
vdNt mk;khzth; cz;l rpw;Wz;bf;F ,izahf nra;a Kbe;j Ntiyapd; msT 26 
Flq;fs; ePiu ,iwg;gNj MFk;.  
 
kPjKs;s Mw;wy; ,uj;j Xl;lj;jpw;Fk; kw;w clypd; kw;w cWg;Gfspd; ,af;fj;jpw;Fk; 
gad;gLj;jg;gLfpwJ. NkYk; xU Fwpg;gpl;l msT czT Mw;wy; tPzhf ,of;fg;gL;k; vd;gij 
epidtpy; nfhs;s Ntz;Lk;.  
 
ekJ clypd; gaDWjpwd; Vd; 100% ,y;iy? ,jw;fhd tpilia ePq;fs; gphpT 8.9 ,y; 
mwpe;J nfhs;tPh;fs;.  
 
ntg;g ,af;ftpaypd; Kjy; tpjp:  
Mw;wy; khwhtpjpapd; $w;Nw ntg;g ,af;ftpaypd; Kjy; tpjp MFk;. epA+l;ldpd; 
,af;ftpaypy; Mw;wy; khwhj;jd;ik nghpa nghUs;fspd; ,af;f Mw;wy; kw;Wk; epiy 
Mw;wiy cs;slf;fpAs;sJ. Mdhy; ntg;g ,af;ftpaypd; Kjy; tpjp ntg;gj;ijAk; 
cs;slf;fpAs;sJ. ,t;tpjpapd; gb mikg;gpd; mf Mw;wy; khWghlhdJ (∆U), mikg;gpw;Ff; 
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nfhLf;fg;gl;l ntg;gj;jpw;Fk; (Q) #oypd; kPJ mt;tikg;G nra;j Ntiyf;Fk; (W) cs;s 
NtWghl;bw;Fr; rkkhFk;. fzpjnkhopapy; ,jidg; gpd;tUkhW Fwpg;gplyhk;.  
 
,jidg; gpd;tUkhW Fwpg;gplyhk;.  
  ∆U = Q – W  
ntg;g ,af;ftpay; mikg;gpd; mf Mw;wiy> ntg;gg;gLj;jpNah my;yJ Ntiy nra;Njh 
khw;w ,aYk;. ,jid fPNo cs;s ml;ltizapy; fhzyhk;.  
 

mikg;gpd; cs;Ns ntg;gk; 
gha;jy;  

mf Mw;wy; mjpfhpf;Fk;  

mikg;gpypUe;J ntg;gk; 
ntspNaWjy;  

mf Mw;wy; FiwAk; 

mikg;gpd; kPJ Ntiy 
nra;ag;gLk; NghJ  

mf Mw;wy; mjpfhpf;Fk; 

mikg;gpdhy; Ntiy nra;ag;gLk; 
NghJ 

mf Mw;wy; FiwAk;  

 
ntg;g ,af;ftpaypd; Kjy; tpjpia gad;gLj;Jtjw;fhd FwpaPl;L kugpid 
mwpKfg;gLj;jyhk;. ,J fPNo cs;s ml;ltiz kw;Wk; Fwpg;gpl;Lf; fhl;lg;gl;Ls;sJ.  
 
ntg;g ,af;ftpay; Kjy; tpjpiag; gad;gLj;Jtjw;fhd FwpaPl;L kuG  
 

mikg;G ntg;gj;ijg; ngWk; 
NghJ  

Q Neh;f;Fwp 

mikg;G ntg;gj;ij ,of;Fk; 
NghJ  

Q vjph;f;Fwp  

mikg;gpd; kPJ Ntiy 
nra;ag;gLk; NghJ  

W vjph;f;Fwp 

mikg;G Ntiy nra;Ak; NghJ  W Neh;f;Fwp  
 
nghJthf thAf;fisf; nfhz;Nl> ntg;g ,af;ftpaypd; Kjy;tpjp tpsf;fg;gLfpwJ. Mdhy; 
,t;tpjp vy;yhtw;wpw;Fk; nghJthdJ. NkYk; jputq;fs; kw;Wk; jplg;nghUs;fsf;Fk; 
,t;tpjpiag; gad;gLj;j KbAk;. 
  

rpy Gj;jfq;fspy;  ∆U = Q + W vd ntg;g ,af;ftpaypd; Kjy;tpjp 
Fwpg;gpl;bUf;Fk;. ,q;F mikg;gpdhy; nra;ag;gl;l Ntiy vjph;f;FwpahfTk;> mikg;gpd; 
kPJ nra;ag;gl;l Ntiy Neh;f;FwpahfTk; fUjg;gLk;. ,it ,uz;LNk rhpahd 
FwpaPl;L kuGfs; jhd;. ,tw;wpy; VNjDk; xU FwpaPl;L kugpid ehk; gpd;gw;wyhk;.  
 
vLj;Jf;fhl;L 
kdpjnuhUth; 2 kg epiwAila ePhpid JLg;G rf;fuj;ijf; nfhz;L fyf;Ftjd; %yk; 30 kJ 
Ntiyiar; nra;fpwhh;. Vwj;jho 5 kcal ntg;gk; ePhpypUe;J ntspg;gl;L nfhs;fydpd; gug;G 
topNa ntg;gf;flj;jy; kw;Wk; ntg;gf; fjph;tPr;rpd; %yk; #oYf;Ff; flj;jg;gLfpwJ vdpy; 
mikg;gpd; mf Mw;wy; khWghl;ilf; fhz;f.  
 
jPh;T:  
mikg;gpd; kPJ nra;ag;gl;l Ntiy (ePhpidf; fyf;Ftjd; %yk; kdpjuhy; nra;ag;gl;l 
Ntiy) W = -30 kJ = -30,000 J  
mikg;gpypUe;J ntg;gk; ntspg;gLfpwJ>Q = -5  
  kcal = 5 × 4184 J = -20920 J  
ntg;g ,af;ftpaypd; Kjy; tpjpiag; gad;gLj;Jk;NghJ  
  ∆U = Q – W  
  ∆U = -20,920 J – (-30,000) J  
  ∆U = -20,920 J + 30,000 J = 9080 J  
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,q;F> mikg;gpd; kPJ nra;ag;gl;l Ntiyiatpl ntg;g ,og;G Fiwthf cs;sJ. vdNt 
mf Mw;wy; khWghL Neh;f;FwpahFk;. ,J mikg;gpd; mf Mw;wy; mjpfhpj;jijf; fhl;LfpwJ.  
 
vLj;Jf;fhl;L  
nky;Nyhl;lg; gapw;rpia (Jogging) jpdKk; nra;tJ cly;eyj;ij Ngzpf;fhf;Fk; vd;gJ 
ehkwpe;jNj. ePq;fs; nky;Nyhl;lg; gapw;rpapy;  
 
<LgLk; NghJ 500 kJ Ntiy cq;fshy; nra;ag;gLfpwJ. NkYk; cq;fs; clypypUe;J 230 kJ 
ntg;gk; ntspNawfpwJ vdpy;> cq;fs; clypy; Vw;gLk; mf Mw;wy; khWghl;ilf; fzf;fpLf.  
 
jPh;T:  
 
mikg;gpdhy; nra;ag;gl;l Ntiy (ekJ cliy mikg;G vd;W fUJf)  
  W = + 500 kJ  
mikg;gpypUe;J (ekJ cly;) ntspNaw;wg;gl;l ntg;gk; Q = -230 kJ  
clypy; Vw;gLk; mf Mw;wy; khWghL 
  = ∆ U = - 230 kJ – 500 kJ = - 730 kJ  
vjph;f;FwpahdJ ekJ clypd; mf Mw;wy; Fiwe;jJ vd;gijf; fhl;LfpwJ.  
 
kPnkJ epfo;T (Quasi – static Process) :  
 
V gUkd;>P mOj;jk; kw;Wk; T ntg;gepiyapy; cs;s ey;ypay;G thA mikg;gpidf; fUJf. 
ey;ypay;G thA milf;fg;gl;l cUisapd; gp];ld; ntspNehf;fp efh;j;Jk;NghJ ey;ypay;G 
thAtpd; gUkdpy; khw;wk; vw;gLk;. ,jd; tpisthf ntg;gepiyapYk; mOj;jj;jpYk; khw;wk; 
Vw;gLk;. Vnddpy;> ,k;%d;W khwpfSk; (P.T kw;Wk; V) PV = NkT vd;w epiyr;rkd;ghl;bdhy; 
njhlh;GgLj;jg;gl;Ls;sd. epiw xd;wpid gp];ldpd; kPJ itf;Fk; NghJ> mJ gp];lid 
jpBnud fPo;Nehf;fp mOj;Jk;. ,e;epiyapy; gp];lDf;F kpf mUNf cs;s gFjpapd; mOj;jk;> 
mikg;gpd; kw;w gFjpfspy; cs;s mOj;jj;ij tpl mjpfkhf ,Uf;Fk;. ,J thAtpd; 
rkepiyaw;wj;jd;ikiaf; (non-equilibrium) fhl;LfpwJ. thA rkepiyia kPz;Lk; milAk; 
tiu mt;thAtpd; mOj;jk;> ntg;gepiy my;yJ mf Mw;wiyf; fz;lwpa ,ayhJ. Mdhy; 
gp];lid kpf nkJthf mOj;Jk; NghJ xt;nthU fl;lj;jpYk; mikg;G> #oYld; 
rkepiyapy; ,Uf;Fk;. ,e;epiyapy; ehk; epiyr; rkd;ghl;ilf; nfhz;L mikg;gpd; mf 
Mw;wy;> mOj;jk; my;yJ ntg;gepiyiaf; fzf;fpl ,aYk;. ,t;tifahd epfo;tpw;F kPnkJ 
epfo;T vd;W ngah;.  
 
kPnkJ epfo;T vd;gJ kpfkpf nkJthf eilngWk; Xh; epfo;thFk;. ,e;epfo;T KbAk;tiu 
mikg;G> #oYld; ntg;gr;rkepiy> ,ae;jpur; rkepiy kw;Wk; Ntjpr;rkepiyapy; ,Uf;Fk;gb 
jd;Dila khwpfshd (P.V.T) Mfpatw;wpd; kjpg;Gfis kpf nkJthf khw;wpf;nfhs;Sk;. 
tiuaWf;f ,ayhj msT nkJthf Vw;gLk; ,k;khw;wj;jpdhy; mikg;G vg;NghJk; 
rkepiyj;jd;ikia xl;bNa fhzg;gLk;.  
 
vLj;Jf;fhl;L:  
kPnkJ epfo;tpw;F Xh; vLj;Jf;fhl;Lj; jUf.  
gUkd; V, mOj;jk; P kw;Wk; ntg;gepiy T cila thA xd;W nfhs;fydpy; milj;J 
itf;fg;gl;Ls;sJ vd;f. glj;jpy; fhl;bAs;sthW gp];ld; kPJ xt;nthU kz;Jfshfg; 
NghLk;NghJ gp];ld; cs;Nehf;fp kpf nkJthf efUk;. ,e;epfo;tpid fpl;lj;jl;l kPnkJ 
epfo;thff; fUjyhk;.  
 
(xt;nthU kz;Jfshfg; gp];ldpd; kPJ NghLk;NghJ Vw;gLk; kPnkJ epfo;T)  
 
gUkdpy; khw;wk; Vw;gLk; NghJ nra;ag;gl;l Ntiy:  
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efUk; gp];lidf; nfhz;l thA epug;gg;gl;l cUis xd;iwf; fUJf. kPnkJ epfo;tpy; 
cs;sthW thA tphptile;J gp];lid dx njhiyT nkJthfj; js;SfpwJ.  
 
,q;F kPnkJ epfo;tpd; mbg;gilapy; thA tphptilfpwJ. vdNt xt;nthU fzj;jpYk; 
mOj;jk;> ntg;gepiy kw;Wk; mf Mw;wy; Mfpait xU Fwpg;gpl;l kjpg;gpidg; ngw;wpUf;Fk;.  
thAthy; gp];ld; kPJ nra;ag;gl;l rpwpa Ntiy  
   dW = Fdx  
thAthy; gp];ldpd; kPJ nrYj;jg;gl;l tpir F = PA. ,q;F A vd;gJ gp];ldpd; gug;igAk; P 
vd;gJ thA gp];ldpd; kPJ nrYj;Jk; mOj;j;ijAk; Fwpf;fpwJ.  
   
rkd;ghL gpd;tUk; khw;wpaikf;fyhk;  
  dW = PA dx  
Mdhy;>Adx = dV = thAtpd; tphptpdhy; Vw;gl;l gUkd; khWghL vdNt thA tphptile;jjhy; 
nra;ag;gl;l rpwpa Ntiy  
    dW = PdV  
 
,q;F dV Neh;f;Fwp vd;gij ftdpf;f Ntz;Lk;. Vnddpy; gUkd; mjpfhpf;fpwJ.  

nghJthf thAtpd; gUkd; Vi ypUe;J Vf tiu mjpfhpg;gjhy; nra;ag;gl;l Ntiyia 
gpd;tUkhW Fwpg;gplyhk;.  

   
f

i

v

v
w PdV=   

mikg;gpd; kPJ Ntiy nra;ag;gl;bUg;gpd; w vjph;f;Fwp kjpg;igg; ngWk;.  
 
rkd;ghL mOj;jk; P, njhiff; FwpaPl;bw;F cs;Ns cs;sijf; ftdpf;f Ntz;Lk;. mikg;g 
Ntiy nra;Ak; NghJ mOj;jk;l khwpypahf ,Uf;f Ntz;ba mtrpakpy;iy vd;gij ,J 
czh;j;JfpwJ. njhifaPl;L kjpg;gpidf; fhz epiyr; rkd;ghl;ilg; gad;gLj;jp mOj;jj;ij 
gUkd; kw;Wk; ntg;gepiyapd; rhh;ghff; Fwpg;gpl Ntz;Lk;.  
 
PV tiuglk;: 
 
mOj;jk;P kw;Wk; gUkd; V ,itfSf;F ,ilNa tiuag;gLk; Xh; tiuglNk PV 
tiuglkhFk;. thA tphptilAk; NghJ mt;thAthy; nra;ag;gl;l Ntiyia PV tiuglj;ijf; 
nfhz;L fzf;fplyhk; my;yJ thA mKf;fg;gLk; NghJ mt;thAtpd; kPJ nra;ag;gl;l 
Ntiyiaf; fzf;fplyhk;. myF 2 ehk; fw;wgb tisNfhl;bw;Ff; fPNo cs;s gug;G rpWk 
vy;iyapypUe;J ngUk vy;iytiu cs;s rhh;gpd; njhifaPl;L kjpg;igj; jUk;. ,NjNghd;W 
PV tiuglj;jpd; fPNo cs;s gug;G thA tphptilAk; NghJ my;yJ mKf;fg;gLk; NghJ 

nra;ag;gl;l Ntiyiaf; nfhLf;Fk;. PV tiuglj;jpd; tbtk; ntg;g ,af;ftpay; epfo;tpd; 
jd;ikiar; rhh;e;jJ.  
 
vLj;Jf;fhl;L  
epiyahd tspkz;ly mOjj;jj;jpy; cs;s thAtpd; gUkd; 1m3ypUe;J 2m3Mf 
tphptilfpwJ vdpy;> gpd;tUtdtw;iwf; fhz;f.  
a. thAthy; nra;ag;gl;l Ntiy  
b. ,t;Ntiyf;fhd PV tiuglk;  
 
jPh;T:  
mOj;jk; P = 1 atm = 101 kPa, Vf = 2 m3kw;Wk; Vi = 1 m3 
rkd;ghL ,Ue;J  

  W = 
f f

i i

v v

v v
PdV P dV=   

,q;F P vd;gJ XH; khwpypahFk;. vdNt ,J njhifaPl;bw;F ntspNa cs;sJ.  

  W = P(Vf – Vi) = 101 × 103×  (2 – 1) = 101 kJ  
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mOj;jk; khwpypahf cs;sjhy; glj;jpy; fhl;lg;gl;Ls;sthW PV tiuglk; Xh; Neh;f;Nfhlhf 
,Uf;Fk;. me;j Neh;f;Nfhl;Lf;F fPNo cs;s gug;G nra;ag;gl;l Ntiyf;Fr; rkkhFk;.  
 
thAtpd; jd; ntg;g Vw;Gj;jpwd;:  
 
nfhLf;fg;gl;l mikg;gpd; jd;ntg;g Vw;Gj;jpwd; mt;tikg;gpd; fl;likg;G kw;Wk; 
%yf;$Wfspd; jd;ikiaf; fz;lwptjpy; Kf;fpag; gq;fhw;Wfpd;wJ. jplg;nghUs; kw;Wk; 
jputq;fSf;F khwhf thAf;fs; ,uz;L jd;ntg;g Vw;Gj;jpwd;fisg; ngw;Ws;sd. mit> 
mOj;jk; khwhj; jd; ntg;g Vw;Gj;jpwd; (sp) kw;Wk; gUkd; khwhj; jd;ntg;g Vw;Gj;jpwd; (sv). 
jd; ntg;g Vw;Gj;jpwd;:  
mOj;jk; khwhj; jd; ntg;g Vw;Gj;jpwd; (Sp) 
mOj;jk; khwh epiyapy; 1 kg epiwAila nghUspd; ntg;gepiyia 1K myyJ 1°C 
cah;j;jj; Njitg;gLk; ntg;gj;jpd; msT mOj;jk; khwhj;jd;ntg;g Vw;Gj;jpwd; vd 
miof;fg;gLk;. mikg;gpid ntg;gg;gLj;Jk; NghJ thAtpw;F ntg;gk; mspf;fg;gLfpwJ. khwh 
mOj;jj;jpy; thA tphptilfpwJ.  
 
,e;epfo;tpy; nfhLf;fg;gl;l ntg;gj;jpd; xU gFjp Ntiy nra;a (tphptila) gad;gLfpwJ. 
NkYk; kPjk; cs;s gFjp thAtpd; mf Mw;wiy mjpfhpg;gjw;Fg; gad;gLfpwJ.  
 
gUkd; khwhj; jd;ntg;g Vw;Gj;jpwd; (Sv)  

gUkd; khwhepiyapy;1 kg epiwAila nghUspd; ntg;gepiyia 1 K my;yJ 1°C cah;j;jj; 
Njitg;gLk; ntg;gj;jpd; msT> gUkd; khw jd; ntg;g Vw;Gj;jpwd; vd;W miof;fg;gLk;. 
thAtpd; gUkd; khwhj epiyapy; nfhLf;fg;gLk; ntg;gk; mikg;gpd; mf Mw;wy; 
mjpfhpg;gjw;F kl;LNk gad;gLfpwJ. fhl;bAs;sthW vt;tpj NtiyAk; nra;ag;glhJ.  
 
khwh mOj;jj;jpy; thAtpd; ntg;gepiyia cah;j;Jtjw;Fj; Njitg;gLk; ntg;gj;ij tpl> 
khwh gUkdpy; cs;s thAtpd; ntg;gepiyia cah;j;Jtjw;Fj; Njitg;gLk; ntg;gk; 
FiwthdJ. NtWtifapy; $WNthkhapd; Spvg;NghJk; SvI tpl mjpfkhFk;. 
 
Nkhyhh; jd; ntg;g Vw;Gj;jpwd;fs;: 
rpy Neuq;fspy; Nkhyhh; jd;ntg;g Vw;Gj;jpwd;fisf; (Cp, Cv) fzf;fpLtJ> ekf;F kpfTk; 
gaDs;sjhf mikAk;.  
 
khwhg;gUkdpy; 1 Nkhy; msTs;s nghUspd; ntg;gepiyia 1K my;yJ 1°C 
cah;j;Jtjw;Fj; Njitg;gLk; ntg;gj;jpd; msNt> gUkd; khwh Nkhyhh; jd; ntg;g 
Vw;Gj;jpwd; (Cv) MFk;. khwh  
mOj;jj;jpy; ntg;gepiyia cah;j;Jtjw;Fj; Njitg;gLk; ntg;gj;jpd; msT mOj;jk; khwh 
Nkhyhh; jd;ntg;g Vw;Gj;jpwd; (CP) 
khwhg;gUkdpy;  Nkhy; msTs;s thAtpw;Ff; nfhLf;fg;gLk; ntg;gj;ij Q vd;Wk;> mjdhy; 

Vw;gLk; ntg;gepiy NtWghl;il ∆T vdTk; nfhz;lhy;  

  Q = μCv∆T 
vd vOjyhk;.  
,k; khwhgUk epfo;tpw;F ntg;g ,af;ftpaypd; Kjy; tpjpiag; gad;gLj;jpdhy; (W = 0, 
Vnddpy; dV = 0), 
 
  Q = ∆U - O 
vdf; fpilf;Fk;.  
,tw;iw xg;gpLk; NghJ  

∆U = μCv∆T my;yJ
1

v

U
C

T


=


 

∆T apd; vy;iy Ropapid milAk; NghJ  (∆T → 0), ehk;  
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1

v

dU
C

dT
=  

vd vOjyhk;.  
,q;F ntg;gepiy kw;WK; mf Mw;wy;; ,uz;LNk epiy khwpfs;. vdNt> Nkfz;l rkd;ghL 
midj;J epfo;TfSf;Fk; nghUj;jkhdjhFk;.  
 
Nkah; njhlh;G(Meyar's Relation):  
 
μ Nkhy; msTila ey;ypay;G thA nfhs;fyd; Xd;wpy; milj;J itf;fg;gl;Ls;sJ. 

mt;thAtpd; gUkd; V, mOj;jk; P kw;Wk; ntg;gepiy T vd;f. khwhg;gUkdpy; thAtpd; 

ntg;gepiy dT msT cah;j;jg;gLfpwJ. ,q;F thAthy; vt;tpj NtiyAk; nra;ag;gltpy;iy. 
vdNt mikg;gpw;Ff; nfhLf;fg;gl;l ntg;gk; mf Mw;wiy kl;LNk mjpfhpf;Fk;. mf Mw;wypy; 
Vw;gl;l khw;wj;ij dU vd;f. 
 
Cvvd;gJ gUkd; khwh Nkhyhh; jd;ntg;g Vw;Gj;jpwd; vdpy; rkd;ghL gpd;tUkhW vOjyhk;. 

   dU= μCvdT  
 
khwh mOj;jj;jpy; thAit ntg;gg;gLj;Jk; NghJ> mt;thAtpd; ntg;gepiy cah;T dT vdTk;> 
mikg;gpw;Ff; nfhLf;fg;gl;l ntg;gj;jpd; msT 'Q' vdTk;. ,e;epfo;tpdhy; gUkdpy; vw;gl;l 
khw;wk; 'dV' vdTk; nfhz;lhy;  

  Q = μCpdT  
,e;epfo;tpdhy; nra;ag;gl;l Ntiy  
 
   W = PdV  
Mdhy;> ntg;g ,af;ftpaypd; Kjy;tpjpg;gb  
   Q = dU + W  
rkd;ghLfs;  
  μCpdT = μCvdT + PdV  
 
vdf; fpilf;Fk;  
Nkhy; ey;ypay;G thAtpw;F epiyr;rkd;ghl;il gpd;tUkhW vOjyhk;.  
  PV = μRT   PdV + VdP = μRdT  
  
,q;F mOj;jk; khwhJ> vdNt dP = 0.  
 PdV = μRdT  
 CPdT = CvdT = RdT  
 Cp = Cv + R (or) CP – CV = R 
 
,j;njhlh;gpw;F Nkah; njhlh;G vd;W ngah;.  
khwh mOj;jj;jpy; ey;ypay;G thAtpd; Nkhyhh; jd;ntg;g Vw;Gj;jpwd;> gUkd; khwh Nkyhh; 
jd;ntg;g Vw;Gj;jpwd; kw;Wk; R Mfpatw;wpd; $LjYf;Fr; rkkhFk; vd;gij ,j;njhlh;G 
ekf;Ff; fhl;LfpwJ.  
 
NkYk; ,j;njhlh;gpypUe;J> mOj;jk; khwh Nkhyhh; jd;ntg;g Vw;Gj;jpwd; (Cp), gUkd; khwh 
Nkhyhh; jd;ntg;g Vw;Gj;jpwidtpl (Cv) vd;NghJk; mjpfk; vd;gij ehk; Ghpe;J nfhs;syhk;.  
 
ntg;g ,af;ftpay; epfo;Tfs; (Thermodynamic Processes):  
 
ntg;gepiy khwh epfo;T (Isothermal process):  
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,e;epfo;tpy; ntg;gepiy Xh; khwh kjpg;gpidg; ngw;wpUf;Fk;. Mdhy; ntg;g ,af;ftpay; 
mikg;gpd; mOj;jKk;> gUkDk; khw;wkilAk;.  
 
ehkwpe;jgb ey;ypay;G thAr;rkd;ghL  
    PV = μRT  
,e;epfo;tpy; T Xh; khwpyp. vdNt ntg;gepiy khwh epfo;tpw;fhd epiyr;rkd;ghL  
  PV = khwpyp  
 
,e;j rkd;ghL ekf;F czh;j;JtJ  
thA xU rkepiy epiyapypUe;J (P1, V1) kw;nwhU rkepiy epiyf;Fr; (P2, V2) nry;Yk; NghJ 
gpd;tUk; njhlh;G nghUe;Jk; vd;gNj  
    P1V1 = P2V2 
,q;F PV = khwpyp. vdNtP, MdJ V Ald; vjph; tpfpjj;njhlh;igg; ngw;Ws;sJ. 

mjhtJ
1

( )P
V

 ,jpypUe;J PV tiuglk; Xh; mjpgutisak; (hyperbola) vd mwpayhk;.  

 
khwh ntg;gepiyapy; tiuag;gLk; mOj;jk; - gUkd; tiuglj;ij ntg;gepiy khwh tiuglk; 
(Isotherm) vd;Nw miof;fyhk;.  
 
kPnkJ ntg;gepiy khwh tphpT kw;Wk; kPnkJ ntg;gepiy khwh mKf;fk; ,tw;wpw;fhd PV 
tiuglq;fs; fhl;lg;gl;Ls;sd.  
ehk; mwpe;jgb ey;ypay;G thA xd;wpd; mf Mw;wy; mt;thAtpd; ntg;gepiyia kl;Lk; 
rhh;e;Js;sJ.  
 
vdNt> Xh; ntg;gepiy khwh epfo;tpy; mf Mw;wYk; XH; khwpypahFk; Vnddpy; ntg;gepiy 
,q;F khwhky; cs;sJ. vdNt dU my;yJ ∆U = 0. ntg;gepiy khwh epfo;tpw;fhd ntg;g 
,af;ftpaypd; Kjy; tpjp gpd;tUkhW vOjg;gLfpwJ.  
    Q = W  
rkd;ghL ,Ue;J ntg;gepiy khwh epfo;tpy; thAtpw;Ff; nfhLf;fg;gLk; ntg;gk; GwNtiyf;F 
kl;Lnk gad;gLfpwJ vd;gij ekf;F czh;j;JfpwJ. mikg;G xd;wpDs; ntg;gk; ghAk; NghJ 
mt;tikg;gpd; ntg;gepiy vg;NghJk; caUk; vd;w jtwhd Ghpjy; cs;sJ. ntg;gepiy khwh 
epfo;tpy; ,J cz;ikay;y. ntg;gepiy khwh mKf;fk; Vw;gLk; NghJ cUisapd; cs;Ns 
gp];ld; js;sg;gLfpwJ. ,J mf Mw;wiy mjpfhpf;Fk;. Mdhy; ,e;j mf Mw;wy; mjpfhpg;G 
ntg;gj;njhlh;gpdhy; mikg;gpw;F ntspNa nrd;W tpLfpwJ.  
 
vLj;Jf;fhl;Lfs;:  
 

1. jz;zPiu ntg;gg;gLj;Jk; NghJ> mjd; nfhjpepiyapy; jz;zPUf;F vt;tsT 
ntg;gj;ij mspj;jhYk; jzzPh; KOtJkhf ePuhtpahf khWk; tiu mjd; ntg;gepiy 
caUtjpy;iy. ,NjNghd;W ciwepiyapy; cs;s gdpf;fl;b cUfp jz;zPuhf khWk; 
NghJk; gdpf;fl;bf;F ntg;gj;ijf; nfhLj;jhYk; mjd; ntg;gepiy caUtjpy;iy.  
 

2. ekJ clypd; midj;J tsh;rpij khw;wq;fSk; xU khwh ntg;gepiyapNyNa (37°C) 
eilngWfpd;wd.  
 

ntg;gepiy khwh epfo;tpy; nra;ag;gl;l Ntiy:  
 
ey;ypay;G thA xd;wpidf; fUJf. khwh ntg;gepiyapy;> kPnkJ epfo;tpy; vd;w njhlf;f 
epiyapypUe;J vd;w ,Wjpepiyf;F mjid tphptila mDkjpf;fTk;. ,e;epfo;tpy; thAthy; 
nra;ag;gl;l Ntiyia ehk; gpd;tUkhW fzf;fplyhk;.  
 
rkd;ghL ,Ue;j thAthy; nra;ag;gl;l Ntiy> 
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    W = 
f

i

v

v
PdV  

 
,e;epfo;T kPnkJ epfo;thf cs;sjhy; xt;nthU epiyapYk; thAthdJ #oYld; 
rkepiyapy; ,Uf;Fk;. ,q;F thA ey;ypay;G thAthfTk; xt;nthU epiyapYk; #oYld; 
rkepiyapy; cs;sjhYk; ey;ypay;G thAr; rkd;ghl;il ,q;F ehk; gad;gLj;jp mOj;jj;ij 
gUkd; kw;Wk; ntg;gepiyapd; rhh;ghf vOjyhk;.  

  
RT

P
V


=  

 
rkd;ghL ,y; gpujpapLk; NghJ  

  
f

i

v

v

RT
W dV

V


=   

  
f

i

v

v

dV
W RT

V
=     

rkd;ghL T njhifaPl;bw;F ntspNa itj;jpUf;ff; fhuzk; ntg;gepiy khwh epfo;T 
KOikf;Fk; ,J khwpypahFk;.  
rkd;ghL njhifg;gLj;Jk; NghJ  
,q;F Vw;gl;l gUkd; tphpT xh; ntg;gepiy khwh tphpthFk;.  

  
f

i

V
W RT In

V


 
=  

 
 

NkYk; 1f

i

V

V
 vd;gjhy; 0f

i

V
In

V

 
 

 
MFk;.  

vdNt> ntg;gepiy khwh tphptpy; thAthy; nra;ag;gl;l Ntiy Neh;f;Fwp MFk;.  
 
rkd;ghL ntg;gepiy khwh mKf;fj;jpw;Fk; nghUe;Jk;> Mdhy; ntg;gepiy khwh mKf;fj;jpy; 

1f

i

V

V
  vdNt ln 0f

i

V

V

 
 

 
vdNt> ntg;gepiy khwh mKf;fj;jpy; thAtpd; kPJ nra;ag;gl;l 

Ntiy vjph;f;Fwp MFk;. PV tiuglj;jpy;> ntg;gepiykhwh tphptpd; NghJ thAthy; 
nra;ag;gl;l Ntiy tiuglj;jpw;Ff; fPNo cs;s gug;gpw;Fr; rkk; vd;gJ fhl;lg;gl;Ls;sJ.  
 
,NjNghd;W ntg;gepiy khwh mKf;fj;jpy; PV tiuglj;jpw;Ff; fPNo cs;s gug;G thAtpd; 
kPJ nra;ag;gl;l Ntiyf;Fr;rkkhFk;. ,J vjph;Fwpapy; Fwpg;gplg;gLk;.  
 

ntg;gepiy khwh epfo;tpy; nra;ag;gl;l Ntiyiaf; fzf;fpLk;NghJ> epfo;T 
xU kPnkJ epfo;T vd ehk; fUJNdhk;. ,J xU kPnkJ epfo;thf 

,y;iynadpy; epiyr; rkd;ghL 
RT

P
V


= ia rkd;ghL gpujpapl ,ayhJ. 

Vnddpy; ey;ypay;G thA tpjp rkepiyaw;w epfo;TfSf;Fg; nghUe;jhJ. 
Mdhy; rkd;ghL kPnkJthf epfohj ntg;gepiy khwh epfo;TfSf;Fk; 
nghUe;Jk;. Vnddpy; mOj;jk; kw;Wk; gUkd; Nghd;w epiykhwpfs; ey;ypay;G 
thAtpd; njhlf;f kw;Wk; ,Wjp epiyfis kl;LNk rhh;e;jpUf;Fk;> 
,Wjpepiyfis mile;j topKiwia rhh;e;jpUf;fhJ. rkd;ghL 
njhifg;gLj;Jtjw;F kl;LNk ehk; kPnkJ epfo;thf fUjpNdhk;.  

 
vLj;Jf;fhl;L:  
300 K ntg;gepiyapYs;s 0.5 Nkhy; thA xd;W njhlf;fg;gUkd; 2L ,y; ,Ue;J 

,Wjpg;gUkd; 6 L f;F ntg;gepiy khwh epfo;tpy; tphptilfpwJ vdpy;> gpd;tUtdtw;iwf; 
fhz;f.  
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1. thAthy; nra;ag;gl;l Ntiy?  
2. thAtpw;Ff; nfhLf;fg;gl;l ntg;gj;jpd; msT?  
3. thAtpd; ,Wjp mOj;jk;? (thAkhwpyp>R = 8.31 J mol-1 K-1)  
 
jPh;T:  
ehk; mwpe;jgb thAthy; nra;ag;gl;l Ntiy Xh; ntg;gepiy khwh tphpthFk;.  
  ,q;F μ = 0.5  

  W = 0.5 mol 
8.31 6

300 ln
. 2

J L
K

mol K L

     
 

 

  W = 1.369 kJ  
 
,q;F Ntiy Neh;f;Fwpapy; cs;sijf; ftdpf;f Ntz;Lk;. Vnddpy; thAthy; Ntiy 
nra;ag;gl;Ls;sJ.  
 
ntg;g ,af;ftpaypd; Kjy; tpjpg;gb> ntg;gepiy khwh epfo;tpy; mikg;gpw;Ff; nfhLf;fg;gLk; 
ntg;gk; Ntiy nra;tjw;Fg; gad;gLj;jg;gLfpwJ.  
 vdNt>Q = W = 1.369 kJ  
,q;F Q Tk; Neh;f;FwpahFk;. Vnddpy; ntg;gk; mikg;gpw;Fs; nry;fpwJ.  
 
ntg;g epiy khwh epfo;tpw;F  
  PiVi = PfVf = μRT  

  Pf = 
3 3

8.31 300
0.5

. 6 10f

RT J K
mol

V mol K m


−=  


 

  = 207.75 kPa   
 
vLj;Jf;fhl;L:  
fPNo fhl;lg;gl;Ls;s PV tiuglk; ntt;NtW ntg;gepiyfspy; eilngWk; ,uz;L ntg;gepiy 
khwh epfo;Tfisf; Fwpf;fpd;wd. ,uz;L ntg;gepiyfspy; cah;e;j ntg;gepiy vJ vd;gijf; 
fz;lwpf.  
 
 

   
 
jPh;T:  
cah; ntg;gepiy tisNfhl;ilf; fhz;gjw;F glj;jpy; fhl;bAs;sthW x mr;Rf;F ,izahf 
fpilj;jsf; Nfhl;bid tiua Ntz;Lk;. ,J khwh mOj;jjpw;fhd NfhL MFk;.  
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khwh> mOj;jf; Nfhl;bid ntl;Lk; nrq;Fj;Jf; NfhLfSf;fhd gUkd;fs; V1kw;Wk; V2 
Mfpait> xNu mOj;jj;jpy; cs;s gUkd;fisf; Fwpf;fpd;wd.  
 
khwh mOj;jj;jpy; mjpf gUkDs;s thAtpy; ntg;gepiyAk; mjpfkhf ,Uf;Fk;. 
glj;jpypUe;J V1> V2vdNt>T1> T2vd mwpayhk;. nghJthf ntg;gepiy khw;h epfo;Tfspy; 
ntg;gepiy Fiwthf cs;s tisNfhLfs; Mjpg;Gs;spfs; mUNf mikAk;.  
 
 
ntg;gg;ghpkhw;wkpy;yh epfo;T (Adiabatic Process):  
,e;epfo;tpy; vt;tpjkhd ntg;gKk; mikg;gpw;F cs;NsNah my;yJ mikg;gpypUe;J 
ntspNath nry;yhJ (Q = O) Mdhy; thA jd;Dila mf Mw;wiyg; gad;gLj;jp 
tphptilAk; my;yJ ntspg;Gw Ntiyapdhy; thA mKf;fkilAk;. vdNt 
ntg;gg;ghpkhw;wkpy;yh epfo;tpy; mikg;gpd; mOj;jk;> gUkd; kw;Wk; ntg;gepiy ,tw;wpy; 
khw;wk; Vw;glyhk;.  
 
xU ntg;gg;ghpkhw;wkpy;yh epfo;tpw;F ntg;g ,af;ftpaypd; Kjy; tpjp ∆U= W vd vOjyhk;. 
,jpypUe;J ehk; mwpe;Jnfhs;tJ vd;dntd;why; thA mjd; mf Mw;wiyg; gad;gLj;jp 
Ntiy nra;Ak; my;yJ thAtpd; kPJ Ntiy nra;ag;gl;L mjd; mf Mw;wy; mjpfhpf;Fk;.  
 
ntg;gg;ghpkhw;wkpy;yh epfo;tpid gpd;tUk; Kiwfisg; gad;gLj;jp epfo;j;j ,aYk;. 
 
1. mikg;G ntg;g Mw;wiy #oYf;Ff; flj;jhjthWk; my;yJ #oypypUe;J vt;tpjkhd 

ntg;g Mw;wYk; mikg;gpw;Fs; nry;yhjthWk; mikg;gpid ntg;gf;fhg;G (Thermally 
insulating) nra;a Ntz;Lk;.  
vLj;Jf;fhl;lhf> ntg;gf;fhg;G nra;ag;gl;l cUisapy; cs;s thA ntg;gg;ghpkhw;wkpy;yh 
Kiwapy; mKf;fg;gLfpwJ my;yJ ntg;gg;ghpkhw;wkpy;yh Kiwapy; tphptilfpwJ.  
 

2. vt;tpj ntg;gf;fhg;Gk; mw;w epiyapy; #oYf;F ntg;gj;ijf; flj;j ,ayhjthW kpff; 
FWfpa Neuj;jpy; kpf Ntfkhf epfo;T Vw;gl;lhy; mJTk; xU ntg;gghpkhw;wkpy;yh epfo;T.  

 
  (a) kw;Wk; (b) ,tw;iw tpsf;Ffpd;wd.  
 
vLj;Jf;fhl;Lfs;: ntg;gg;ghpkhw;wkpy;yh epfo;tpw;fhd epiyr; rkd;ghL  
   
ntg;gg;ghpkhw;wkpy;yh epfo;tpw;fhd epiyr; rkd;ghL  
   PVγ = khwpyp  
,q;F γvd;gJ ntg;gghpkhw;wkpy;yh mLf;Ff;Fwp MFk;. (γ = Cp/Cv) ,J thAtpd; ,ay;igg; 
nghUj;jjhFk;.  
rkd;ghL ,Ue;J ehk; mwptJ vd;dntd;why;> thA xU rkepiy epiyapypUe;J (Pi, Vi) 
kw;nwhU rkepiy epiyf;F (Pf, Vf) ntg;gghpkhw;wkpy;yh Kiwapy; nry;Yk;NghJ mt;thA 
gpd;tUk; epge;jidf;F cl;gLk;.  

   
y y

i i f fPV P V=   
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ntg;gg; ghpkhw;wkpy;yh tphpT kw;Wk; mKf;f epfo;tpw;fhd tiuglj;ijAk; ntg;gg; 
ghpkhw;wkpy;yh tisNfhL (adiabat) vd;Nw miof;fyhk;. ntg;gepiy khwh epfo;tpw;fhd PV 
tiuglk; kw;Wk; fhl;lg;gl;Ls;s ntg;gg; ghpkhw;wkpy;yh epfo;tpw;fhd PV tiuglKk; 
fpl;lj;jl;l xNu khjphpahf cs;sd. Mdhy; ntg;gg;ghpkhw;wkpy;yh epfo;tpw;fhd tisNfhL> 
ntg;gepiy khwh epfo;tpw;fhd tisNfhl;iltpl rw;Nw nrq;Fj;jhf fhzg;gLk;.  
 
T kw;Wk; V Ig; nghUj;J rkd;ghL ehk; rw;Nw khw;wpaikf;fyhk;. ey;ypay;G thAr; 
rkd;ghl;bypUe;J mOj;jk; 
 

,jid rkd;ghL gpujpapl> ekf;F fpilg;gJ 
RT

V
V

   = khwyp (my;yJ) 
T

V
V R




=
khwpyp

vdf; 

fpilf;Fk;.  
,q;F μR vd;gJk; xU khwpyp> vdNt ,jidg; gpd;tUkhW vOjyhk;.  

  TVγ-1= khwpyp  
thA xd;W njhlf;fr; rk epiyapypUe;J (Ti, Vi) ,Wjp rk epiyf;F (Tf, Vf) 
ntg;gg;ghpkhw;wkpy;yh Kiwapy; nry;Yk;NghJ mJ gpd;tUk; rkd;ghl;il epiwT nra;Ak;.  

  
1 1

i i f f
TV T V

 − −

=  

vd;gij rkd;ghL ekf;F czh;j;JfpwJ.  
 

ntg;gg; gupkhw;wkpy;yh epfo;tpw;fhd epiyr; rkd;ghl;il T kw;Wk; P apidg; nghUj;Jk; 
vOjyhk;. 

 

T P1-= khwpyp     (8.39) 
 
rkd;ghL (8.39) w;fhd ep&gzj;ij ePq;fNs Kaw;rpf;fyhk;. 
 
iffspdhy; mOj;jg;gLk; gk;gpidg; gad;gLj;jp kpjptz;br; rf;fuj;jpw;F fhw;wbg;gij 

ehk; midtUk; mwpe;jpUg;Nghk;. gk;gpd; cs;Ns cs;s V gUkDila fhw;iw> tspkz;ly 

mOj;jj;jpYs;s kw;Wk; 27C miw ntg;gepiyapy; cs;s ntg;g ,af;ftpay; mikg;G vd;W 
fUJf. Kpjptz;b rf;fuj;jpy; fhw;iwr; nrYj;Jk; Kid %lg;gl;Ls;sJ. vd;W fUJf. 
fhw;whdJ mjd; njhlf;fg;gUkdpypUe;J ehd;fpy; xU gq;F ,Wjpg;gUkDf;F 
mOj;jg;gLfpwJ vd;why; mjd; ,Wjp ntg;gepiy vd;d? rf;fuj;jpd; fhw;W nrYj;Jk; Kid 
%lg;gl;Ls;sjhy; fhw;W rf;fuj;jpDs; nry;y KbahJ. vdNt ,q;F fhw;wbf;Fk; epfo;tpid 

ntg;gg;gupkhw;wkpy;yh mOf;fkhff; fUjyhk;. fhw;Wf;F (= 1.4) 
jPu;T: 
 
 fhw;wbf;Fk; epfo;T ntg;gg;gupkhw;wkpy;yh mKf;fkhf fUjg;gLfpwJ. gUkd; 
nfhLf;fg;gl;Ls;sJ. vdNt ntg;gepiyiaf; fzf;fpl Ntz;Lk;. ,q;F rkd;ghL (8.38) Ig; 
gad;gLj;j Ntz;Lk;. 
 

1 1

1

1.4 1

300 (273 27 300 )

&
4

300 4 300 1.741
i

i i f f

i

i f

i
f

f

TV T V

T K C K

V
V V V

V
T T K K

V

 



− −

−

−

=

= +  =

= =

 
= =  =   

 

 

 
  

 T2  522 K my;yJ 249C 
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 ,e;j ,Wjp ntg;gepiy ePupd; nfhjpepiyia tpl mjpfk;. vdNt kpjptz;bapy; 
rf;fuj;jpw;F ifg;gk;gpidg; gad;gLj;jp fhw;wbf;Fk; NghJ fhw;W epug;Gk; Kidiaj; njhLtJ 
Mgj;jhdjhFk;. 
 
 gp];lid kpf Ntfkhf mOj;Jk;NghJ cUthFk; ntg;gj;jpid FWfpa 
Neuj;jpy; #oYf;Ff; flj;j ,ayhJ. vdNt thAtpd; ntg;gepiy tpiuthf caUk;. 
,J glj;jpy; fhl;lg;gl;Ls;sJ. ,j;jj;Jtk; Bry; ,ae;jpuq;fspy; gad;gLj;jg;gLfpwJ. 
fhw;W-ngl;Nuhy; fyitia ntg;gg;gupkhw;wkpy;yh Kiwapy; kpf Ntfkhf 
mKf;Fk;NghJ mf;fyitapd; ntg;gepiy jPg;gw;Wk; msTf;F kpf Ntfkhf caUk;. 

 
 ntg;gg;gupkhw;wkpy;yh epfo;tpy; nra;ag;gl;l Ntiy KOikahf ntg;gf;fhg;Gr; 
nra;ag;gl;l Rtu;> mbg;gug;G nfhz;l cUisapDs; cs;s µ Nkhy; ey;ypay;G thAitf; 
fUJf. A FWf;F ntl;Lg; gug;G nfhz;l cuha;tw;w ntg;gf;fhg;Gg; ngw;w gp];ld; 
cUisapy; nghUj;jg;gl;Ls;sJ. 
 
 ntg;gg; gupkhw;wkpy;yh Kiwapy; mikg;G (Pi, Vi, Ti) vd;w njhlf;f epiyapypUe;J (Pf, 
Vf, Tf) vd;w ,Wjpepiyia milAk;NghJ nra;ag;gl;l Ntiy W vd;f.  
 

f

i

V

V
W PdV=      (8.40) 

 
ntg;gg;gupkhw;wkpy;yh ,e;epfo;T xU kPnkJ epfo;T vdf;fUJf> xt;nthU epiyapYk; 

ey;ypay;G thA tpjp ,q;F nghUe;Jk;. 
 

,e;epge;jidapd; mbg;gilapy;> ntg;gg;gupkhw;wkpy;yh epfo;tpd; epiyr; rkd;ghL PV = 

khwpyp (my;yJ) P = 
V



khwpyp
,jid rkd;ghL (8.40),y; gpujpapLk;NghJ 

 

1

1 1

1

1 1

1

1 1

1

1

1 1

1

f

i

f

i

f

i

V

adia

V

V

V

V

V

f i

-1

f i

f i

W PdV

W dv
V

V

V

V V

V V

V V







 

 

 









−
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− −
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=

=
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 
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 
= − 
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 
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 
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−   


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1 1

1

1

1

1

f f i i
adia

f i

adia f f i i

P V PV
W

V V

W P V PV

 

 



− −

 
= − 

−   

 = − −

/

 

 
 
 
ey;ypay;G thA tpjpapypUe;J> 
 
 PfVf = μRTfkw;Wk; PiVi = μRTi 

 
,jidr; rkd;ghL (8.41) ,y; gpujpapLk;NghJ 
 

1
/




 = − −adia i f

R
W T T  

ntg;gg;gupkhw;wkpy;yh tpuptpy;> thAthy; nra;ag;gl;l Ntiy Wadia xU Neu;f;Fwp 

kjpg;ghFk;. ,q;F Ti>Tf, vdNt ntg;gg;gupkhw;wkpy;yh tpuptpy; thA Fspu;r;rpailAk;. 
 
ntg;gg;gupkhw;wkpy;yh mKf;fj;jpy;> thAtpd; kPJ Ntiy nra;ag;gLk; mjhtJ Wadia 

xU Neu;f;Fwp kjpg;ghFk;. ,q;F Ti>Tf, vdNt ntg;gg;gupkhw;wkpy;yh tpuptpy; thA 
Fspu;r;rpailAk;. 

 
ntg;gg;gupkhw;wkpy;yh mKf;fj;jpy;> thAtpd; kPJ Ntiy nra;ag;gLk; mjhtJ Wadia 

xU vjpu;f;Fwp kjpg;ghFk;. ,q;F Ti< Tf, vdNt ntg;gg;gupkhw;wkpy;yh mKf;fj;jpy; thAtpd; 
ntg;gepiy caUk;. 

 
Fwpg;G 
 
 ntg;gg;gupkhw;wkpy;yh epfo;T Xu; kPnkJ epfo;thff; fUjp rkd;ghL (8.41) 
kw;Wk; (8.42) Mfpa ,uz;Lk; rkd;ghLfis ehk; tUtpj;Njhk;. ,e;epfo;T kPnkJ 
epfo;thf ,y;iynad;whYk; ,t;tpuz;L rkd;ghLfSk; nghUj;jkhd 
rkd;ghLfNsahFk;. Vnddpy; epiykhwpfs; P, V kw;Wk; T Mfpait njhlf;f kw;Wk; 
,Wjp epiyfis kl;LNk rhu;e;jit. mit ,Wjpepiyia mile;j topKiwiar; 
rhu;e;jjy;y. njhifaplYf;fhf kl;LNk ehk; kPnkJ epfo;T vd;W fUjpNdhk;. glk; 
(8.32) ,y; fhl;lg;gl;Ls;s ntg;gg;gupkhw;wkpy;yh epfo;tpy; PV tiuglj;jpw;F fPNo 
cs;s gug;G> ,e;epfo;tpy; nra;ag;gl;l nkhj;j Ntiyiaf; nfhLf;Fk;. 

 
ntg;gepiy khwh tisNfhL kw;Wk; ntg;gg;gupkhw;wkpy;yh tisNfhL 

,tw;wpw;fpilNaahd NtWghl;il Gupe;J nfhs;sNt Ti kw;Wk; Tf ntg;gepiyfSf;fhd 
ntg;gepiy khwh tisNfhl;Lld;> Nru;j;J ntg;gg;gupkhw;w kw;w tisNfhLk; glk; (8.32) ,y; 
fhl;lg;gl;Ls;sd. 

 
 

 
 
 
 
ntg;gg;gupkhw;wkpy;yh epfo;tpw;fhd tisNfhL> ntg;gepiy khwh tisNfhl;il tpl 
nrq;Fj;jhhf ,Uf;Fk;. Vnddpy; vg;NghJk; γ > 1 MFk;. 
 
mOj;jk; khwh epfo;T 
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(Isobaric Process) 
 
 ,J khwhj mOj;jj;jpy; Vw;gLk; xU ntg;g ,af;ftpay; epfo;thFk;. ,e;epfo;tpy; 
mOj;jk; khwpypahf ,Ue;jhYk;> ntg;gepiy> gUkd; kw;Wk; Mf Mw;wy; Nghd;wit 
khwpypfs; my;y. ey;ypay;G thAr; rkd;ghl;bypUe;J. 
 

μR
V = T 

 
 P

 

μR
Here =

P
khwpyp 

 
 mOj;jk; khwh epfo;tpy;> nfy;tpd; ntg;gepiy gUkDf;F Neu;tpfpjj;jpy; ,Uf;Fk;. 
 
 V  T(mOj;jk; khwh epfo;T)   (8.44) 
  
 mOj;jk; khwh epfo;tpy; V - T tiuglk; Mjpg;Gs;sp topNar;nry;Yk; Xu; Neu;f;Nfhlhf 
mikAk; vd;gij Nkw;fz;l rkd;ghL czu;j;JfpwJ. 
 
 thA xd;W (Vi,Ti) vd;w epiyapypUe;J (Vf,Tf) vd;w epiyf;F khwh mOj;jj;jpy; 
nry;Yk;NghJ gpd;tUk; rkd;ghl;il epiwT nra;Ak;. 
 

f i

f i

T T

V V
=  

  
 mOj;jk; khwh epfo;tpw;fhd vLj;Jf;fhl;Lfs; thAit ntg;gg;gLj;Jk;NghJ thA 
ntg;gkile;J gpd;du; mJ gp];lidj; js;SfpwJ. vdNt thAthdJ tspkz;ly mOj;jk; 
kw;Wk; GtpaPu;g;G tpir ,tw;wpd; $LjYf;Fr; rkkhd Xu; tpiria gp];ldpd; kPJ 
nrYj;JfpwJ vdpy; ,e;epfo;T Xu; mOj;jk;khwh epfo;thFk;.  
 
 ekJ tPl;L rikay; miwapy; eilngWk; ngUk;ghyhd rikay; epfo;Tfs; mOj;jk; 
khwh epfo;Tfs; MFk;. jpwe;j ghj;jpuj;jpy;  
 
 cztpid rikf;Fk;NghJ cztpw;F NkNy cs;s mOj;jk; vg;NghJk; tspkz;ly 
mOj;jj;jpw;Fr; rkkhFk;.  
 
 glk; 8.35,y; fhl;bAs;sthW mOj;jk; khwh epfo;tpw;fhd PV tiuglk; gUk mr;Rf;F 
,izahfr; nry;Yk; Xu; fpilj;jsf; NfhlhFk;. gUkd; FiwAk; mOj;jk; khwh epfo;tpid 
glk; 8.35 (a) fhl;LfpwJ. 
 
 gUkd; mjpfupf;Fk; mOj;jk; khwh epfo;tpid glk; 8.35 (b) fhl;LfpwJ. 
 
mOj;jk; khwh epfo;tpy; nra;ag;gl;l Ntiy thAthy; nra;ag;gl;l Ntiy 
 

f

i

V

V
W Pdv=     (8.46) 

 
f

i

V

V
W P dv=     (8.47) 

 
mOj;jk; khwh epfo;tpy;> mOj;jk; Xu; khwpypahFk;. vdNtP njhifaPl;bw;F ntspNa 
cs;sJ. 
 
 W = P[Vf - Vi] = PΔV   (8.48) 
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 ,q;F>ΔV vd;gJ gUkdpy; Vw;gl;l khw;wj;ijf; Fwpf;fpwJ. ΔV vjpu;f;Fwpahf 

,Ue;jhy;>W vjpu;f;Fwpah ,Uf;Fk;. ,J thAtpd; kPJ Ntiy nra;ag;gLfpwJ vd;gijf; 

fhl;LfpwJ. ΔV Neu;f;Fwpahf ,Ue;jhy;> W Neu;f;FwpahFk;. ,J thAthy; Ntiy 
nra;ag;gLfpwJ vd;gijf; fhl;LfpwJ.  
 
 rkd;ghL (8.48)I ey;ypay;G thAr; rkd;ghl;ilg; gad;gLj;jp khw;wp mikf;fyhk;. 
 

PV = µRT my;yJ
RT

V
P


=  

 
 ,jidr; rkd;ghL (8.48) ,y; gpujpapLk;NghJ 
 

 1 i
f

f

T
W RT

T


 
= −  

 
    (8.49) 

 
 vdf; fpilf;Fk;. 
 
 PV tiuglj;jy;> mOj;jk; khwh tisNfhl;bw;Ff; fPNo cs;s gug;G> mOj;jk; khwh 
epfo;tpdhy; nra;ag;gl;l Ntiyf;Fr; rkkhFk;. glk; 8.36 ,y; fhl;lg;gl;Ls;s epoyplg;gl;l 
gFjp thAthy; nra;ag;gl;l Ntiyf;Fr; rkkhFk;.  
 
 mOj;jk; khwh epfo;tpw;fhd ntg;g ,af;ftpay; Kjy; tpjpia gpd;tUkhW vOjyhk;. 
 
 ΔU = Q – PΔV    (8.50) 
 
 ,uz;L ntt;NtW mOj;jq;fspy; eilngWk; mOj;jk; khwh epfo;TfSf;fhd V - T 
tiuglk; fPNo fhl;lg;gl;Ls;sJ. ,tw;Ws; ve;epfo;T cau; mOj;jj;jpy; eilngWk; vd;W 
fz;lwpf. 
 
jPu;T 
 
 ey;ypay;G thAr; rkd;ghl;bypUe;J> 

  
R

V T
P

 =  
 

 

 V – T tiuglk; Mjpg;Gs;sp topNar; nry;Yk; Xu; Neu;f;NflhFk;. 
 

  mjd; rha;T 
R

P


=  

 V – T tiuglj;jpd; rha;T> mOj;jj;jpw;F vjpu;tpfpjj; njhlu;GilaJ MFk;. rha;T 

ngUkkhf ,Ug;gpd;> mOj;jk; FiwthdjhFk;. ,q;F P1 ,d; rha;T P2 it tpl mjpfk;. 

vdNtP2> P1. 
 
 T apid x mr;rpYk; V apid y mr;rpYk; itj;J ,t;tiuglj;ij tiue;jpUe;jhy;>P2> 
P1Mf ,Uf;Fkh? rpe;jpj;J cdJ tpiliaf; $Wf. 
 
vLj;Jf;fhl;L 8.20 
 

 27C ntg;gepiyapy; cs;s 1 Nkhy; ey;ypay;G thA 1 MPa mOj;jj;jpy; cUis 
xd;wpDs; milj;J itf;fg;gl;Ls;sJ. mjd; gUkd; ,Uklq;fhFk; tiu mjid tpuptila 
mDkjpj;J gpd;du; fPo;f;fz;ltw;iwf; fzf;fpLf. 
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(a) (i),g;gUk tpupT ntg;gg;gupkhw;wkpy;yh Kiwapy; ele;jhy;> thAthy; nra;ag;gl;l Ntiy 

vd;d? 
(ii) ,g;gUk tpupT mOj;jk; khwh Kiwapy; ele;jhy;> thAthy; nra;ag;gl;l Ntiy 
vd;d? 
(iii) ,g;gUk; tpupT ntg;gepiy khwh Kiwapy; ele;jhy;> thAthy; nra;ag;gl;l 
Ntiy vd;d? 
 

(b)  Nkw;fz;l %d;W epfo;TfspYk;> ve;epfo;tpy; mf Mw;wypy; ngUk; khw;wk; milfpwJ 
kw;Wk; ve;epfo;tpy; rpWk khw;wk; Vw;gLfpd;wJ. 

(c) ,k;%d;W epfo;TfSf;fhd PV tiuglj;ij tiuaTk;.  
(d) ,k;%d;W epfo;Tfspy; ve;epfo;tpy; ntg;gk; thATf;F mjpf ntg;gk; mspf;fg;gl;bUf;Fk; 

kw;Wk; ve;epfo;tpy; thATf;F Fiwthf ntg;gk; mspf;fg;gl;bUf;Fk;? 
5

3
 = kw;Wk; R = 8.3 J mol-1K-1 

 jPu;T: 
(a) (i) ntg;gg;gupkhw;wkpy;yh epfo;tpy; mikg;gpdhy; nra;ag;gl;l Ntiy 

Wadia
1

i f

R
T T




 = − −
 

 
 ,Wjp ntg;gepiy TfIf; fz;lwpa ntg;gg;gupkhw;wkpy;yh epiyr;rkd;ghL. 
 

  TfVf
-1=TiVi

-1Ig; gad;gLj;j NtzLk;. 

  

21
31

300
2

i
f i

f

V
T T

V

 −
   = =        

 

0.63 300 189.8K K=  =  

( )3
1 8.3 300 189.8 1.37 kJ

2
W =   − =  

 (ii) mOj;jk; khwh epfo;tpy; mikg;gpdhy; nra;ag;gl;l Ntiy 
  
   W = PΔV = P(Vf- Vi) 
 
  NkYk; Vf = 2Vi vdNt W = 2PVi ViIf; fzf;fpl> ey;ypay;G thAr; rkd;ghl;il 

njhlf;fepiyf;Fk; gad;gLj;j Ntz;Lk; PiVi =RTi 
 

  6 4 3300
8.3 10 24.9 10

1
i

i

i

RT
V m

P

− −= =   =   

 
 mOj;jk; khwh epfo;tpd; NghJ nra;ag;gl;l Ntiy W = 2 × 106

× 24.9 × 10-4 = 4.9 KJ 
 
(iii)ntg;gepiy khwh epfo;tpy; mikg;gpdhy; nra;ag;gl;l Ntiy 

   l
f

i

V
W RT

V


 
=  

 
 

ntg;gepiy khwh epfo;tpy; njhlf;f miw ntg;gepiy xU khwpypahFk;. 
 

vdNtW = 1 × 8.3 × 300 ×ln(2) = 1.7 kJ 
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(b) ,k;%d;W epfo;TfisAk; xg;gpl;Lg; ghu;f;Fk;NghJ mOj;jk; khwh epfo;tpy; nra;ag;gl;l 
Ntiy> ngUkkjpg;igAk;> ntg;gg;gukhw;wkpy;yh epfo;tpy; nra;ag;gl;l Ntiy rpWkjpg;igAk; 
ngw;Ws;sd.     
 
(c) ,k;%d;W epfo;TfSf;fhd PV tiug;glk; fPNo fhl;lg;gl;Ls;sJ. 

 
 AB tisNahl;bw;Ff; fPNo cs;s gug;G = mOj;jk; khwh epfo;tpty; nra;ag;gl;l 
Ntiy 
 
 AC tis Nfhl;bw;Ff; fPNo cs;s gug;G = ntg;gepiy khwh epfo;tpy; nra;ag;gl;l 
Ntiy 
 
 AD tisNfhl;bw;Ff; fPNo cs;s gug;G = ntg;gg;gupkhw;wkpy;yh epfo;tpy; nra;ag;gl;l 
Ntiy 
 
 PV tiuglj;jpy; AB tisNfhl;bw;Ff; fPNo cs;s gug;G kw;w tisNfhLfspd; 
gug;igtpl mjpfk;. vdNt mOj;jk; khwh epfo;tpy; nra;ag;gl;l Ntiy ngUkkjpg;igAk; 
ntg;gg;gupkhw;wkpy;yh epfo;tpy; nra;ag;gl;l Ntiy kjpg;igAk; ngw;Ws;sd.    
 
ntg;gg;gupkhw;wkpy;yh epfo;tpy; mikg;gpw;F vt;tpjkhd ntg;gKk; nry;ytpy;iy mNjNghd;W 
mikg;gpypUe;J vt;tpjkhd ntg;gKk; ntspNawTk; ,y;iy. ntg;gepiy khwh epfo;Tld; 
xg;gpLk;NghJ mOj;jk; khwh epfo;tpy; nra;ag;gl;l Ntiy mjpfk; vdNt ntg;gKk; mjpfk;. 
 
gUkd; khwh epfo;T 
(Isochoric process) 
 
 mikg;gpd; gUkid khwh kjpg;ghff; nfhz;L nra;ag;gLk; ntg;g ,af;ftpay; epfo;T 
gUkd; khwh epfo;T vd;W miof;fg;gLk;. ,e;epfo;tpy; mOj;jk;> ntg;gepiy kw;Wk; mf 
Mw;wy; Mfpait njhlu;e;J khw;wkilAk;. 
 
 gUkd; khwh epfo;tpw;fhd mOj;jk; - gUkd; tiuglk;> mOj;j mr;Rf;F ,izahf 
tiuag;gLk; xU ,izf; NfhlhFk;. 
 
 gUkd; khwh epfo;tpw;fhd epiyr; rkd;ghl;il gpd;tUkhW vOjyhk;. 
 

  
R

P T
V

 =  
 

   (8.51) 

 
,jpypUe;J mOj;jk;> ntg;gepiyf;F (nfy;tpd;) Neu;j;jftpy; ,Uf;Fk; vd ehk; mwpayhk;. 
gUkd; khwh epfo;tpw;fhd P-T tiuglk; Mjpg;Gs;sp topNar; nry;Yk; Xu; Neu;f;NfhlhFk;. 

(Pi,Ti) vd;w njhlf;fg;Gs;spapypUe;J thA (Pf,Tf) vd;w ,Wjpg;Gs;spf;F khwhg;gUkdpy; 
nry;Yk;NghJ mikg;G gpd;tUk; rkd;ghl;il epiwT nra;fpwJ. 
 

  
fi

i f

PP

T T
=     (8.52) 

 
 gUkd; khwh epfo;tpy;>ΔV = 0 vdNt W = 0 ntg;g ,af;ftpaypd; Kjy;tpjpahdJ 
 
 ΔU = Q     (8.53) 
 
 vd;W vOjg;gLfpwJ. 
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 ,jpypUe;J ehk; mwptJ vd;dntd;why; mikg;gpw;Ff; nfhLf;fg;gLk; ntg;gk; mf 
Mw;wiy kl;LNk mjpfupf;Fk;. ,jd; tpisthf ntg;gepiy caUk; NkYk; mOj;jKk; 
mjpfupf;Fk;.  
 
 mikg;G xd;W khwh gUkdpy; jdJ ntg;gj;ij ntg;gk; flj;Jk; Rtupd; %ykhf 
#oYf;Ff; nfhLf;fpwJ vdpy;> mikg;gpd; mf Mw;wy; FiwAk;. ,jd; gadhf ntg;gepiy 
FiwAk;. NkYk; mOj;jKk; FiwAk;.  
 
vLj;Jf;fhl;Lfs; 
 
1. fPNo cs;s glj;jpy; fhl;bAs;sthW %lg;gl;l ghj;jpuj;jpy; czT ghj;jpuj;jpd; %b 

epuhtpahdy; rpwpJ Nky; Nehf;fpj;js;sg;gLk;. ,jw;Ffhuzk; ghj;jpuj;ij %biaf;nfhz;L 
%ba gpd;G gUkd; xU khwh kjpg;gpidg;ngWk; ntg;gk; njhlh;e;J mspf;fg;gLk;NghJ 
mOj;jk; mjpfupf;Fk; ,jdhy; ePuhtp Nky; Nehf;fpr; nrd;W %bia Nky;Nehf;fpj; js;s 
Kaw;rpf;Fk;. 

 
2. Nkhl;lhu; irf;fps;> fhu; Nghd;w jhdpaq;fp thfdq;fspy; cs;s ngl;Nuhy; ,ae;jpuk; ehd;F 

epfo;Tfis Nkw;nfhs;Sk;. Kjypy glk; (a) y; fhl;bAs;sthW gp];ld; 
ntg;gg;gupkhw;wkpy;yh epfo;tpd; %yk; xU Fwpg;gpl;l gUkDf;Fk; RUq;Fk;. ,uz;lhtjhf 
glk; (b) ,y; fhl;bAs;sthW (fhw;W + vupnghUs;) fyitapd; gUkid khwpypahf 
itj;Jf;nfhz;L ntg;gk; nfhLf;fg;gLfpwJ. ,jd; tpisthf ntg;gepiyAk; mOj;jKk; 
mjpfupf;Fk;. ,J xU gUkd; khwh epfo;thFk;. %d;whtJ epfo;tpy; glk; (c) ,y; 

fhl;bAs;sthW ntg;gg; gupkhw;wkpy;yh tpupT Vw;gLfpwJ. ehd;fhtJ epfo;tpy; glk; (d) 
,y; fhl;bAs;sthW gp];lid ,af;fhky; gUkd; khwh epfo;T kPz;Lk; Vw;gl;L ntg;gk; 
ntspNaw;wg;gLfpwJ. 
 

vLj;Jf;fhl;L 8.21 
 

 500g ePh;> 30C ntg;gepiyapypUe;J 60C ntg;gepiyf;F ntg;gg;gLj;jg;gLfpwJ vdpy; 
ePupd; mf Mw;wy; khWghl;ilf; fzf;fpLf. (,q;F ePupd; tpuptpid Gwf;fzpf;fTk; NkYk; 
ePupd; jd;ntg;g Vw;Gj;jpw;d; 4184 J kg-1K-1) 
 
jPu;T 
 

 ePupd; ntg;gepiyia 30C ,y; ,Ue;J 60C f;F cau;j;Jk;NghJ Vw;gLk; ePupd; tpupit 
Gwf;fdpf;fpNwhk;. vdNt ,e;epfo;tpid Xu; gUkd; khwh epfo;thff; fUjyhk;. gUkd; khwh 
epfo;tpy; nra;ag;gLk; Ntiy RopahFk;. NkYk; mspf;fg;gLk; ntg;gkhdJ mf Mw;wiy 
mjpfupg;gjw;F kl;LNk gad;gLj;jg;gLk;. 
 

 ΔU = Q = msvΔT 
 
ePupd; epiw = 500 g = 0.5 kg 
 
ntg;gepiy khw;wk; = 30 K 
 
ntg;gk; Q = 0.5 × 4184 × 30 = 62.76 KJ 

 
Row;rp epfo;T (Cyclic Process) 
 
,t;tif ntg;g ,af;ftpay; epfo;tpy;> ntg;g ,af;ftpay; mikg;G xU epiyapypUe;J 
njhlu;r;rpahf khw;wkile;J ,Wjpapy; jdJ njhlf;f epiyia kPz;Lk; milAk;. Mikg;G 
jdJ njhlf;f epiyiaNa kPz;Lk; miltjhy; 
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gy;NtW ntg;g ,af;ftpay; epfo;Tfspd; RUf;fk;  
 
t.vz; epfo;T ntg;gk; ntg;gepiy 

kw;Wk; mf 
Mw;wy; 

mOj;jk; 

1. ntg;gepiy khwh 
epfo;T  

tphpT Q > 0 khwpyp FiwfpwJ 

mKf;fk; Q < 0 khwpyp mjpfhpf;fpwJ  

2. mOj;jk; khwh 
epfo;T  

tphpT  Q > 0 mjpfhpf;fpwJ  khwpyp 

mKf;fk; Q < 0 FiwfpwJ khwpyp 

3. gUkd; khwh epfo;T   Q < 0 mjpfhpf;fpwJ mjpfhpf;fpwJ  

 Q < 0  FiwfpwJ  FiwfpwJ 

4. ntg;gg;ghpkhw;wkpy;yh 
epfo;T  

tphpT Q = 0  FiwfpwJ FiwfpwJ  

mKf;fk; Q = 0  mjpfhpf;fpwJ mjpfhpf;fpwJ 
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mf Mw;wypy; Vw;gl;l khWghL RopahFk;. Row;rp epfo;tpy; mikg;gpw;Fs; ntg;gk; nry;Yk;> 
mNj Nghd;W mikg;gpypUe;Jk; ntg;gk; ntspNaWk;. ntg;g ,af;ftpaypd; Kjy; 
tpjpapypUe;J> mikg;gpw;F khw;wg;gl;l njhFg;gad; ntg;gk; thAthy; nra;ag;gl;l Ntiyf;Fr; 
rkkhFk;.  
  Qnet = Qin – Qout = W (Row;rp epfo;tpw;F)  
 
Row;rp epfo;tpw;fhd PV tiuglk;:  
 
Row;rp epfo;tpw;fhd PV tiuglk; xU %lg;gl;l tisNfhlhFk;.  
 
thAthdJ Row;rp epfo;tpid Nkw;nfhs;fpwJ vdf;fUJf. ,e;epfo;tpy; thA xU tphpT kw;Wk; 
mKf;fj;jpw;Fg; gpd;T jdJ njhlf;f epiyia milfpwJ.  
 
gUkd; V1 ypUe;J V2f;F thA tphptilAk; NghJ thAthy; nra;ag;gl;l Ntiy W1 vd;f. 

,t;Ntiy fhl;lg;gl;Ls;ss CBA tisNfhl;bw;Ff; fPNo cs;s gug;gpw;Fr; rkkhFk;.  
 
gUkd; V2 tpypUe;J V1 f;F thA RUq;Fk;NghJ thAtpd; kPJ nra;ag;gl;l Ntiy W2 vd;f. 

,t;Ntiy fhl;bAs;sthW ADC tisNfhl;bw;Ff; fPNo cs;s gug;gpw;Fr; rkkhFk;.  
 
,e;j Row;rp epfo;tpd; %yk; nra;ag;gl;l njhFgad; Ntiy = W1 – W2fhl;lg;gl;Ls;sd 
tisag;ghijapd; eLNt cs;s gr;ir epwkplg;gl;l gug;gpw;Fr; rkkhFk;.  
 
vdNt Row;rp epfo;tpy; nra;ag;gl;l njhFgad; Ntiy Rop my;y. nghJthf njhFgad; 
Ntiy Neh;f;Fwpapy; my;yJ vjph;Fwpapy; ,Uf;Fk;.  
njhFgad; Ntiy Neh;f;Fwpapy; ,Ug;gpd;> mikg;gpdhy; nra;ag;gl;l Ntiy> mikg;gpd; kPJ 
nra;ag;gl;l Ntiyia tpl mjpfkhf ,Uf;Fk;.  
 
njhFgad; Ntiy vjph;f;Fwpapy; ,Ue;jhy; mikg;gpdhy; nra;ag;gl;lhy; Ntiy> mikg;gpd; 
kPJ nra;ag;gl;l Ntiyiatplf; Fiwthf ,Uf;Fk;.  
  
NkYk; Row;rp epfo;tpy; nra;ag;gl;l njhFgad; Ntiy Neh;Fwpahf ,Ug;gpd; 
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,e;epfo;tpd; tiuglk; tyQ;Ropahf mikAk;. Row;rp epfo;tpy; nra;ag;gl;l 
njhFgad; Ntiy vjph;f;Fwpahf ,Ug;gpd; ,e;epfo;tpd; tiuglk; ,lQ;Ropahf 
mikAk;.  
cs;s epfo;T tyQ;Rop jpirapy; nray;gLfpwJ.  
 
vLj;Jf;fhl;L  
 
ntg;g ,af;ftpay; mikg;gpd; tiuglq;fs; glj;jpy; fhl;lg;gl;Ls;sd. xt;nthU Rw;W 
epfo;tpw;Fkhd nkhj;j Ntiyiaf; fzf;fpLf.  
 
jPh;T:  
Neh;T a) %lg;gl;lg; ghijapd; jpir ,lQ;Ropahf cs;sJ. ,jpypUe;J> mikg;gpd; kPJ 

nra;ag;gl;l Ntiy> mikg;gpdhy; nra;ag;gl;l Ntiyiatpl mjpfkhFk;. BC 
tisNfhl;bw;Ff; fPNo cs;s gug;G thAtpd; kPJ nra;ag;gl;l Ntiyiaf; nfhLf;Fk; 
(mOj;jk; khwh mKf;fk;). NkYk; DA tisNfhl;bw;Ff; fPNo cs;s gug;G mikg;gpdhy; 
nra;ag;gl;l nkhj;j Ntiyiaf; nfhLf;Fk;.  
 
BC tisNfhl;bw;Ff; fPNo cs;s gug;G = nrt;tfk; BC 12 tpd; gug;G = 1 × 4 = -4 J ,q;F 
vjph;f;Fwp mikg;gpd; kPJ nra;ag;gl;l Ntiyiaf; Fwpf;fpwJ.  
 
DA tisf;Nfhl;bw;Ff; fPNo cs;s gug;G = 1 × 2 = + 2 J  
Rw;W epfo;tpdhy; nra;ag;gl;l njhFgad; Ntiy = -4 + 2 = - 2J  
 
Neh;T(b): %lg;gl;l ghijapd; jpir tyQ;Ropahf cs;sJ. vdNt nra;ag;gl;l Ntiyapd; 
njhFgad; kjpg;G Neh;f;FwpahFk;. mikg;gpd; kPJ nra;ag;gl;l Ntiy> mikg;gpdhy; 
nra;ag;gl;l Ntiyia tplf; FiwthdJ vd;gij ,jpypUe;J mwpayhk;.  
 
BC tisNfhl;bw;Ff; fPNo cs;s gug;G thAtpd; kPJ nra;ag;gl;l Ntiyiaf; nfhLf;Fk; 

(mOj;jk; khwh mKf;fk;) NkYk; AB tisNfhl;bw;Ff; fPNo cs;s gug;G mikg;gpdhy; 
nra;ag;gl;l nkhj;j Ntiyiaf; nfhLf;Fk;.  
 
AB tisNfhl;bw;Ff; fPNo cs;s gug;G = (BC12) nrt;tfj;jpd; gug;G + (A B C)  

Kf;Nfhzj;jpd; gug;G = 
1

(1 2) 1 2 3
2

J +   =+  

BC tisNfhl;bw;Ff; fPNo cs;s gug;G nrt;tfj;jpd; gug;G = 1 × 2 = 2J  
Row;rp epfo;tpy; nra;ag;gl;l njhFgad; Ntiy = 1 J ,J xU Neh;f;Fwp kjpg;ghFk;.  
 
Neh;T (c) %lg;gl;l ghijapd; jpir ,lQ;Ropahf cs;sJ. vdNt njhFgad; Ntiy 
vjph;f;FwpahFk;. mikg;gpd; kPJ nra;ag;gl;l Ntiy mikg;gpdhy; nra;ag;gl;l Ntiyia tpl 
mjpfk; vd;W ,Jfhl;LfpwJ. AB tisNfhl;bw;Ff; fPNo cs;s gug;G thAtpd; kPJ 

nra;ag;gl;l Ntiyiaf; nfhLf;Fk;. (mOj;jk; khwh mKf;fk;) NkYk; CA tisNfhl;bw;Ff; 
fPNo cs;s gug;G mikg;gpdhy; nra;ag;gl;l nkhj;j Ntiyiaf; nfhLf;Fk;.  
 
AB tisNfhl;bw;Ff; fPNo cs;s gug;G =  nrt;tfj;jpd; gug;G = 4   1 = - 4 J  
CA tisNfhl;bw;Ff; fPNo cs;s gug;G = nrt;tfj;jpd; gug;G Kf;Nfhzj;jpd; gug;G 

=
1

(1 2) 1 2 3
2

J +   =+  

Rw;Wepfo;tpdhy; nra;ag;gl;l nkhj;j Ntiy = -1 J. ,J xU vjph;f;Fwp kjpg;ghFk;.  
 
ntg;g ,af;ftpay; Kjy; tpjpapd; tuk;Gfs;:  
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ntg;gk; kw;Wk; Ntiy ,it xd;wpypUe;J kw;nwhd;whf khw;wkilAk; jd;ikia ntg;g 
,af;ftpaypd; Kjy; tpjp rpwg;ghf tpsf;fpAs;sJ. Mdhy; mit khw;wkilAk; jpirapid 
tpsf;ftpy;iy.  
 
vLj;Jf;fhl;lhf> 
#lhd nghUSld;> Fsph;e;j nghUnshd;iw ntg;gj;njhlh;gpy; itf;Fk; NghJ ntg;gk; 
vg;NghJk; #lhd nghUspypUe;J Fsph;e;j nghUSf;Fg; ghAk;. ,jw;F vjph;j;jpirapy; ntg;gk; 
ghahJ. Mdhy; ntg;g ,af;ftpaypd; Kjy; tpjpg;gb ntg;gk; #lhd nghUspypUe;J Fsph;e;j 
nghUSf;Nfh my;yJ Fsph;e;j nghUspypUe;J #lhd nghUSf;Nfh ga KbAk;. Mdhy; 
,aw;ifahfNt ntg;gk; vg;NghJk; cah; ntg;gepiyapypUe;J Fiwe;j ntg;gepiyf;Fj;jhd; 
ghAk;.  
 
fhh;fspy; cs;s gpNuf;Ffis mKf;Fk; NghJ Vw;gLk; cuha;tpdhy; fhh; epd;W tpLfpwj. 
cuha;Tf;F vjpuhf nra;ag;gLk; Ntiy ntg;gkhf khw;wkilAk;. Mdhy; ,t;ntg;gk; fhhpd; 
,af;f Mw;wyhf kPz;Lk; khw;wkiltjpy;iy. vdNt ntg;g ,af;ftpaypd; Kjy; tpjp 
ngUk;ghd;ikahd ,aw;if epfo;Tfis tpsf;fg;NghJkhdjhf ,y;iy.  
 
kPs; epfo;T (Reversible process):  
 
ntg;g ,af;ftpay; epfo;T xd;W> mJ eilngw;w ghijf;F vjph;j;jpirapy; nray;gl;L> 
mikg;Gk; #oYk; jd;Dila njhlf;f epiyia mila KbAkhdhy; mj;jifa ntg;g 
,af;ftpay; epfo;it kPs; epfo;T vd;W miof;fyhk;.  
 
vLj;Jf;fhl;L: kPnkJ ntg;gepiy khwh tphpT> RUs;tpy;ypy; kpf nkJthf eilngWk; 
mKf;fk; kw;Wk; tphpT.  
 
kPs; epfo;T eilngWtjw;fhd epge;jidfs;:  
 
1. ,r;nray;Kiw kpf kpf nkJthf eilngw Ntz;Lk;.  

 
2. nray;Kiw eilngw;W KbAk; tiu mikg;Gk;> #oYk; njhlh;e;J ve;jputpay;> 

ntg;gtpay; kw;Wk; Ntjpapay; rkepiyapy; ,Uf;f Ntz;Lk;.  
 

3. cuha;T tpir> ghfpay; tpir> kpd;jil Nghd;w Mw;wy; ,og;G Vw;gLj;Jk; tpirfs; VJk; 
,Uf;ff;$lhJ.  

 
midj;J kPs; epfo;TfSk; kPnkJ epfo;Tfs; jhd;. Mdhy; midj;J kPnkJ 
epfo;TfSk; kPs; ePfo;Tfshf ,Uf;f Ntz;ba mtrpakpy;iy. vLj;Jf;fhl;lh> 
gp];lid kpf nkJthf mOj;jk; NghJ cUisapd; RtUf;Fk;> gp];lDf;Fk; 
,ilNa cuha;T tpir ,Ue;jhy; rpwpjsT Mw;wy; #oYf;F ,of;fg;gLk;. 
,t;thw;wiy kPz;Lk; ngw ,ayhJ. vdNt ,J kPnkJ epfo;thf ,Ue;jhYk; kPs; 
epfo;T ,y;iy.  
 
kPsh epfo;T (Irreversible process):  
 
,aw;if epfo;Tfs; midj;Jk; kPsh epfo;TfshFk;. ,j;jifa epfo;Tfis PV tiuglj;jpy; 
Fwpg;gpl ,ayhJ. Vnddpy; kPsh epfo;tpd; xt;nthU fl;lj;jpYk; mOj;jk;> ntg;gepiy 
Nghd;wtw;wpw;F Fwpg;gpl;l kjpg;G ,Uf;fhJ.  
 
ntg;g ,af;ftpay; epfo;T xd;wpd; Mw;wy; khwhj;jd;ikf;fhd $w;Nw> ntg;g ,af;ftpaypd; 
Kjy; tpjpahFk;. vLj;Jf;fhl;lhf> #lhd nghUnshd;iw Fsph;r;rpahd nghUspd; kPJ 
itf;Fk; NghJ> ntg;g Mw;wy; #lhd nghUspypUe;J Fsph;r;rpahd nghUSf;F gha;fpwJ. Vd; 
ntg;gk; Fsph;r;rpahd nghUspypUe;j #lhd nghUSf;F ghatpy;iy? Fsph;r;rpahd 
nghUspypUe;J #lhd nghUSf;F ntg;g Mw;wy; gha;tijAk; ntg;g ,af;ftpaypd; Kjy; 
tpjp mDkjpf;fpwJ. vLj;Jf;fhl;lhf 5 J Mw;wy; #lhd nghUspypUe;J #lhd nghUSf;F 
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gha;e;jhYk; njhFgad; mikg;gpd; nkhj;j Mf Mw;wy; khwhJ. Mdhy; 5 J ntg;gk; 
Fsph;r;rpahd nghUspypUe;J ntg;gkhd nghUSf;F vg;NghJk; ghahJ.  
 
,aw;ifahfNt ,J Nghd;w epfo;Tfs; xU jpirapd; kl;LNk eilngWk;. vjph;j;jpirapy; 
eilngWtjpy;iy. ,e;epfo;;Tfs; ve;jj; jpirapy; eilngw;whYk; mikg;gpd; nkhj;j Mw;wy; 
khwhky; ,Uf;Fk;. ,Ug;gpDk; vjph;jpirapy; ,e;epfo;T eilngwhJ vd;gij ,q;F ftdpf;f 
Ntz;Lk;. ntg;g ,af;ftpaypd; Kjy; tpjp xU ,aw;if epfo;T vjph;j;jpirapy; Vd; 
eilngWtjpy;iy vd;gjw;fhd tpsf;fj;ijf; nfhLf;ftpy;iy.  
 
vd;gjw;fhd tpsf;fj;ijf; nfhLf;ftpy;iy.  
 
gjpndl;lhk; E}w;whz;bd; mwptpay; Nkijfs; vjph;j;jpirapy; xU epfo;T eilngwhjjw;fhd 
tpsf;fj;ijf; nfhLf;f Kide;jhh;fs;. mjd; gadhf ,aw;ifapd; xU Gjpa tpjpapidf; 
fz;lwpe;jhh;fs;. mJjhd; ntg;g ,af;ftpaypd; ,uz;lhk; tpjp. ,e;j ,uz;lhk; tpjpapd;gb 
ntg;gk; vg;NghJk; #lhd nghUspypUe;J Fsph;r;rpahd nghUSf;Fj; jhdhfNt ghAk; ,jid 
ntg;g ,af;ftpaypd; ,uz;lhk; tpjpapd; fpshrpa]; $w;W vd;W miog;ghh;fs;.  
 
vLj;Jf;fhl;L:  
kPsh nray;Kiwf;fhd rpy vLj;Jf;fhl;Lfisf; $Wf.  
,aw;ifahf eilngWk; midj;J epfo;TfSk; kPsh epfo;Tfs; MFk; rpy Mh;t%l;Lk; 
vLj;Jf;fhl;Lfis ,q;F fhz;Nghk;.  
 
1. thA milj;J itf;fg;gl;l FLitia jpwe;jTld;> FLitapy; ,Ue;j thA %yf;$Wfs; 

nkJthf miw KOtJk; guTfpd;wd. mit kPz;Lk; FLitf;F tUtjpy;iy.  
 

2. Ngdh ikj;Jsp nrhl;L xd;iwj; jz;zPhpy; tpLk;NghJ> ikj;Jsp jz;zPhpy; nkJthf 
guTk;. ,e;j gutpa ikj;Jsp kPz;Lk; xd;W NruhJ.  
 

3. rw;Nw caukhd ,lj;jpypUe;J tpOk; nghUs; jiuia mile;j cld;> nghUspd; nkhj;j 
,af;f Mw;wy; jiuapd; %yf;$Wfspd; ,af;f Mw;wyhf khw;wkilfpwJ. mjpy; xU 
rpWgFjp xyp Mw;wyhf ,of;fg;gLfpwJ. jiuapd; Mw;wiy kPz;Lk; xd;wpizj;J nghUs; 
jhdhfNt NkNy nry;y ,ayhJ.  
 

ntg;g ,af;ftpaypd; Kjy; tpjpapd;gb NkNy $wg;gl;l midj;J epfo;r;rpfSk; 
vjph;j;jpirapy; elf;fTk; rhj;jpaKz;L. Mdhy; ntg;g ,af;ftpaypd; ,uz;lhk; tpjp 
,e;epfo;r;rpfis vjph;j;jpirapy; elf;f mDkjpf;fhJ. ,aw;ifapd; Kf;fpa tpjpfspy; ntg;g 
,af;ftpaypd; ,uz;lhk; tpjpAk; xd;whFk;. ,t;tpjp ,aw;if epfo;Tfs; eilngWk; jpiria 
jPh;khdpf;fpwJ.  
 
ntg;g ,ae;jpuk; (Heat Engine) 
,e;j etPd njhopy;El;g cyfpy;> Nghf;Ftuj;jpy; jhdpaq;fp ,ae;jpuq;fspd; gq;F 
Kf;fpaj;Jtk; tha;e;jjhFk;. Nkhl;lhh; irf;fps;fs; kw;Wk; fhh;fspy; ,ae;jpuq;fs; cs;sd. 
mit ngl;Nuhy; my;yJ Briy cs;sPlhfg; ngw;Wf; nfhz;L rf;fuq;fis Row;Wk; 
Ntiyiar; nra;fpd;wd. ngUk;ghd;ikahd ,ae;jpuq;fspd; gaDWjpwd; 40% Nky; ,y;iy. 
,ae;jpuq;fspd; gaDW jpwDf;fhd mbg;gil fl;Lg;ghLfis ntg;g ,af;ftpaypd; ,uz;lhk; 
tpjpjhd; jPh;khdpf;fpwJ. vdNt ,uz;lhk; tpjpapidg; Ghpe;J nfhs;s> ntg;g ,ae;jpuq;fisg; 
Ghpe;J nfhs;tJ mtrpakhFk;.  
 
Njf;fp (Reservoir): 
kpf mjpfkhd ntg;g Vw;Gj;jpwd; nfhz;l ntg;g ,af;ftpay; mikg;G vd;W ,jid 
tiuaWf;fyhk;. Njf;fpapypUe;J ntg;gj;ij vLj;jhYk; my;yJ Njf;fpf;F ntg;gj;ij 
mspj;jhYk; Njf;fpapd; ntg;gepiy khwhJ.   
 
vLj;Jf;fhl;L:  
xU lk;sh; #lhd ePiu> Vhp ePhpy; Cw;wpdhy; Vhpapd; ntg;gepiy cauhJ. ,q;F ,e;j 
Vhpapid Njf;fpahff; fUjyhk;.  
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xU Ftisapy; cs;s #lhd NjePh; jpwe;j ntspapy; cs;sNghJ mJ #oYld; ntg;gr; 
rkepiyia milfpwJ. Mdhy; #oypd; ntg;gepiyapy; Fwpg;gplj;jf;f ve;j khw;wKk; 
Vw;gltpy;iy. vdNt #oiy ,q;F Njf;fpahff; fUjyhk;.  
ntg;g ,ae;jpuj;ij gpd;tUkhW tiuaiw nra;ayhk;.  
 
ntg;gj;ij cs;sPlhfg; ngw;W> Row;rp epfo;it Nkw;nfhs;tjd; %yk; mt;ntg;gj;ij 
Ntiyahf khw;Wk; xU fUtpNa ntg;g ,ae;jpuk; MFk; xU ntg;g ,ae;jpuj;jpw;F %d;W 
gFjpfs; cs;sd mit  
 
 1. ntg;g %yk;  
 2. nray;gLnghUs;  
 3. ntg;g Vw;gp  
 
xU ntg;g ,ae;jpuj;jpd; jpl;l tiuglk;  
1. ntg;g %yk; ,J ,ae;jpuj;jpw;F ntg;gj;ij mspf;Fk;. ,jid vg;NghJ cah; 

ntg;gepiyapNyNa TH itj;jpUf;f Ntz;Lk;.  
 

2. nray;gL nghUs; - ,J thA my;yJ jz;zPh; Nghd;w xU nghUshFk;. ,J mspf;fg;gLk; 
ntg;gj;ij Ntiyahf khw;Wk;.  
 
ntg;g ,ae;jpuj;jpw;fhd Xh; vspa cjhuzk; ePuhtp ,ae;jpukhFk;. goq;fhyj;jpy; ,uapy; 
tz;bfis ,af;f ,e;ePuhtp ,ae;jpuk; gad;gl;lJ. ,jpy; nray;gL nghUshf jz;zPh; 
gad;gl;lJ. ,J vhpAk; epyf;fhpapypUe;J ntg;gj;ij ngw;W ePiu ePuhtpahf khw;Wk;. ,e;j 
ePuhtp ,uapy; tz;bapd; rf;fuj;ijr; row;wp ,uapy; tz;bia ,af;Fk;.  

 
ntg;g Vw;gp ntg;g ,ae;jpuk; Ntiy nra;jgpd; rpwpjsT ntg;gj;ij (QL) ntg;g Vw;gpf;F 
nfhLf;Fk;. ,jid vg;NghJk; jho; ntg;gepiyapNyNa (TL) itj;jpUf;f Ntz;Lk;.  
 
vLj;Jf;fhl;lhf> jhdpaq;fp ,ae;jpuq;fspy; ntg;g Vw;gpahf nray;gLtJ 
miwntg;gepiyapYs;s Rw;Wg;Gwr; #oyhFk;. jhdpaq;fp ,ae;jpuk; iryd;]rh; (GifNghf;fp) 
topahf ntg;gj;ij Rw;WGwj;jpw;F ntspNaw;Wk; ntg;g Rw;WGwj;jpw;F ntspNaw;Wk;. ntg;g 
,ae;jpuk; Row;rp epfo;tpy; (Cylic process) nray;gLfpwJ. 
 
miwntg;gepiyapYs;s Rw;WGwr; #oyhFk;. jhdpaq;fp ,ae;jpuk; iryd;]rh; (GifNghf;fp) 
topahf ntg;gj;ij Rw;WGwj;jpw;F ntspNaw;Wk;. ntg;g ,ae;jpuk; Row;rp epfo;tpy; (Cylic 
process) nray;gLfpwJ. Row;rp epfo;T KbAw;w gpd;dh; ntg;g ,ae;jpuk; njhlf;f epiyf;F 
tUk;. ntg;gj;ij ntspNaw;wpa gpd;G ntg;g ,ae;jpuk; xU Rw;W Kbe;J mjd; njhlf;f 
epiyf;F tUtjhy; ntg;g ,ae;jpuj;jpd; mf Mw;wy; khw;wk; RopahFk;. (∆U = o)  
xU Row;rp epfo;tpy; nra;ag;gl;l Ntiyf;Fk; (ntspaPL) Vw;Wf;nfhs;sg;gl;l ntg;gj;jpw;Fk; 
(cs;sPL) cs;s tpfpjk; ntg;g ,ae;jpuj;jpd; gaDWjpwd; vd tiuaiw nra;ag;gLfpwJ.  
 
nray;gL nghUnshd;W ntg;g %yj;jpypUe;J QHmyF ntg;gj;ijg; ngw;W W myF Ntiy 

nra;jgpd;> mJ ntg;g Vw;gpf;F mspj;j ntg;gk; QLmyF vd;f.  
 
cs;sPL ntg;gk; = nra;ag;gl;l Ntiy + ntspNaw;wg;gl;l ntg;gk;  
   QH = W + QL 
   W = QH - QL 
vdNt ntg;g ,ae;jpuj;jpd; gaDW jpwd;  

  H L

H H

W Q Q

Q Q
 −
= = =
ntspaPL

cs;sLP
 

  1 L

H

Q

Q
 = −   
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,q;F QH, QL kw;Wk; W ,it midj;Jk; Neh;Fwpahf cs;sij ,q;F ftdpf;fTk;. ,e;j 
FwpaPl;L Kiwiajhd; ehk; ,q;F gpd;gw;w Ntz;Lk;.  
 
,q;F QL< OHvd;gjhy; gaDWjpwd; vg;NghJk; 1 Itplf; FiwthfNt ,Uf;Fk;. ,jpypUe;J 
Vw;f;fg;gl;l ntg;gk; KOikahf Ntiyahf khw;wkilatpy;iy vd;gij GHpe;J nfhs;syhk;. 
ntg;gk; KOikahf Ntiyahf khWtjw;F rpy mbg;gilf; fl;Lg;ghLfis ntg;g 
,af;ftpaypd; ,uz;lhk;tpjp mspf;fpwJ. ntg;g ,af;ftpay; ,uz;lhk; tpjpapd; ntg;g 
,ae;jpuf;$w;W my;yJ nfy;tpd; /gpshq;f; $w;iw gpd;tUkhW tiuaiw nra;yhk;.  
 
nfy;tpd; /gpshq;f; $w;W  
xU Row;rp ntg;g epfo;tpy; (Cyclic Process) Vw;fg;gl;l ntg;gk; KOtijAk; Ntiyahf 
khw;Wk; ve;j xU ntg;g ,ae;jpuj;ijAk; ehk; tbtikf;f ,ayhJ.  
 
,f;$w;wpypUe;J 100% gaDWjpwd; nfhz;l ve;j xU ntg;g ,ae;jpuKk; ,g;gpugQ;rj;jpy; 
rhj;jpak; ,y;iy vd;gij ehk; mwpe;J nfhs;syhk;.  
  
ntg;g ,af;ftpaypd; Kjy; tpjpapd;gb> ntg;gepiy khwh epfo;tpy;. nfhLf;fg;gl;l 
ntg;gk; KOtJk; Ntiyahf khw;wkilfpwJ. (Q = W) vdpy; ntg;g ,af;ftpaypd; 
,uz;lhk; tpjpapd; $w;Wf;F Kuzhf cs;sjh? ,y;iy. Vnddpy; ntg;gepiy khwh 
tphpT vd;gJ xU Row;rp epfo;T ,y;iy (Non – Cyclic prosess) ,e;epfo;Tfspd; 
kl;LNk ntg;gk; KOikahf Ntiyahf khw;wkilfpwJ. Mdhy; ntg;g 
,af;ftpaypd; ,uz;lhk; tpjpapd; gb Row;rp epfo;tpy; (Cyclic Process) eilngWk; 
epfo;Tfspy; nfhLf;fg;gl;l ntg;gj;jpy;  xU Fwpg;gpl;l msT kl;LNk Ntiyahf 
khw;wkilfpwJ ( 100%)  "vdNt midj;J ntg;g ,ae;jpuq;fSk; Row;rp epfo;tpy; 

,aq;Ftjhy; nfhLf;fg;gl;l ntg;gj;ij KOikahf Ntiyahf khw;Wtjpy;iy.  
 
vLj;Jf;fhl;L:  
xU ntg;g ,ae;jpuk; mjd; Row;rp epfo;tpd; NghJ 500 J ntg;gj;ij ntg;g%yj;jpypUe;J 
ngw;Wf;nfhz;L xU Fwpg;gpl;l Ntiyia nra;j gpd;dh; 300 J ntg;gj;ij #oYf;F (ntg;g 
Vw;gpf;F) nfhLf;fpwJ. ,e;epge;jidfspd;gb me;j ntg;g ,ae;jpuj;jpd; gaDW jpwidf; 
fhz;f.  
jPh;T:  
ntg;g ,ae;jpuj;jpd; gaDWjpwd;  
 
 

      
ntg;g ,ae;jpuj;jpd; gaDWjpwd; 40% ,jpypUe;J ntg;g ,ae;jpuk; nfhLf;fg;gl;l ntg;gj;jpy; 

40% kl;LNk Ntiyahf khw;wpAs;sJ vd;gij mwpayhk;.  
 
fhh;Ndh ,yl;rpa ntg;g ,ae;jpuk; (Carnot's Ideal heat engine):  
xU ntg;g ,ae;jpuj;jpd; gaDWjpwd; 100% ,y;iy vd Ke;jpa gphptpy; ehk; gapd;Nwhk;. 

mt;thW ,Uf;Fk; gl;rj;jpy; xU ntg;g ,ae;jpuj;jpd; mjpfgl;r gaDWjpwd; vd;d? 1824 
Mk; Mz;L fhh;Ndh vd;w gpnuQ;R nghwpahsh;> ntg;gKyk; kw;Wk; ntg;g Vw;gpf;fSf;fpilNa 
Rw;W nray;Kiwapy; nray;gLk;. kPs; epfo;T ntg;g ,ae;jpuk; (Reversible heat engine) 
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mjpfgl;r gaDWjpwidg; ngw;ws;sJ vd ep&gpj;jhh;. ,e;j ,ae;jpuNk fhh;Ndh ,ae;jpuk; 
vd;W miof;fg;gLfpwJ.  
 
,uz;L ntg;gepiyfSf;fpilNa Row;rp epfo;thf> nray;gLk; kPs;epfo;T ,ae;jpuk; fhh;Ndh 
,ae;jpukhFk;.  
 
fhh;Ndh ,ae;jpuk; ehd;F Kf;fpag;ghfq;fisg; ngw;Ws;sJ. mit gpd;tUkhW. 
 
1. ntg;g %yk;: khwh cah;ntg;gepiyapy; cs;s ntg;g %ykhFk;. ,jpypUe;J 

ntg;gepiykhwhky; vt;tsT ntg;gj;ijAk; ngw KbAk;.  
 

2. ntg;g Vw;gp: khwhj Fiwe;j ntg;gepiyapy; cs;s xU nghUshFk;. ,J vt;tsT 
ntg;gj;ijAk; Vw;Wf;nfhs;Sk;.  
 

3. ntg;gf;fhg;G Nkil: KOikahd ntg;gf; fhg;G nghUspdhy; ,k;Nkil nra;ag;gl;bUf;Fk;. 
,k;Nkil topNa ntg;gk; flj;jg;glhJ.  
 

4. nray;gLk; nghUs;: KOikahd ntg;gk; flj;jhj Rth;fisAk; KOikahd ntg;gk; 
flj;Jk; mbg;ghfj;ijAk; nfhz;Ls;s cUisapy; milj;Jitf;fg;gl;Ls;s ey;ypay;G 
thAthFk;. ntg;gf; flj;jh kw;Wk; cuha;tw;w gp];ld; xd;W cUisAld; 
nghUj;jg;gl;Ls;sJ.  
 

fhh;Ndh Rw;W:  
fhh;Ndh Rw;wp nray;ghL nghUs; ehd;F njhlh;r;rpahd kPs; epfo;Tfis Row;rp Kiwapy; 
epfo;j;JfpwJ.  
 
nray;ghL nghUspd; njhlf;f mOj;jk; kw;Wk; gUkid P1, V1vd;f.  

epfo;T A → B (P1, V1, TH) Kjy; (P2, V2, TH) tiuapyhd kPnkJ ntg;gepiy khwh epfo;T: 
cUis ntg;g %yj;jpd; kPJ itf;fg;gLfpwJ. ntg;gk; ntg;g %yj;jpypUe;J cUisapd; 
mbg;gug;gpd; topNa nray;gL nghUSf;F (ey;ypay;G thAf;F) gha;fpwJ. ,J xU 
ntg;gepiy khwh epfo;thFk;. vdNt nray;gL nghUspy; mf Mw;wy; vt;tpj khw;wKk; 
Vw;glhJ. ngwg;gl;l ntg;gj;jpdhy; thAtpd; gUkd; mjpfhpf;Fk;. gp];lid kpf nkJthf 
NkNy tUtjw;F mDkjpf;f Ntz;Lk;. (kPnkJ epfo;tpd; mbg;gilapy;) thAtpd; gUkd; 
V1ypUe;J V2 f;F mjpfhpf;Fk;. mjd; mOj;jk; P1ypUe;J P2f;F FiwAk; NghJ thAtpdhy; 

nra;ag;gl;l Ntiy W vdf;. ,J PV - tiuglj;jpy; AB ghijahf Fwpf;fg;gl;Ls;sJ.  
 
 
thAtpdhy; nra;ag;gl;l Ntiy  

  
2

1

P
V

H A B

V

Q W dV→= =   

,e;epfo;T kPnkJ epfo;thf cs;sjhy; ey;ypay;G thA mjd; ,Wjp epiyia milAk; tiu 
ntg;g%yj;Jld; rkepiyapy; ,Uf;Fk;.  
 
ntg;gepiy khwh tphptpdhy; nra;ag;gl;l Ntiy rkd;ghL Fwpg;gplg;gl;Ls;sJ.  

2

1

ln
A B H

V
W RT AB

V
→

 
= = 

 
 tis Nfhl;bw;Ff; fPNo cs;s gug;G 

,J fhl;lg;gl;Ls;sJ.  
 
epfo;T B → C (P2, V2, TH) Kjy; (P3, V3, TL) tiuapyhd kPnkJ ntg;gg;ghpkhw;wkpy;yh tphpT. 
 
cUis ntg;gf;flj;jh Nkil kPJ itf;fg;gLfpwJ gp];lid Nky; Nehf;fp efu mDkjpf;f 
Ntz;Lk;. thA ntg;gg;ghpkhw;wkpy;yh Kiwapy; tphptiltjhy; mjd; gUkd; V2ypUe;J V3f;F 

mjpfhpf;Fk; mjd; mOj;jk; P2tpypUe;J P3f;Ff; FiwAk; ntg;gepiy TLMFk;. PV 
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tiuglj;jpy; ,e;j ntg;gg;ghpkhw;wkpy;yh tphpT BC tisNfhlhf fhl;lg;gl;Ls;sJ. ,e;j 
ntg;gg;ghpkhw;wkpy;yh epfo;T kPnkJ epfo;thf eilngw;wjhy;> ey;ypay;G thA ,e;epfo;T 
KOtJk; rkepiyapy; ,Uf;Fk;. NkYk; ,J xU kPs; epfo;T vd;gijAk; ,J fhl;LfpwJ.  
 
rkd;ghL ,Ue;J ntg;gg;ghpkhw;wkpy;yh tphptpdhy; thAthy; nra;ag;gl;l Ntiy  

  
tisNfhl;bw;Ff; fPNo cs;s gug;G 
epfo;T C → D 
(P3, V3, T1) Kjy; (P4, V4, TL) tiuapyhd kPnkJ ntg;gepiy khwh mKf;fk; fhl;lg;gl;Ls;sJ.  

cUis> ntg;g Vw;gpapd; kPJ itf;fg;gLfpwJ. thAtpd; mOj;jk; P4 kw;Wk; mjd; gUkd; 

V4I milAk; tiu thA ntg;gepiy khwh mKf;fj;jpw;F cl;gLfpwJ. ,J PV tiuglj;jpy; 
CD tisNfhl;bdhy; Fwpg;gplg;gl;Ls;sJ.  
 

  
= -CD tisNfhl;bw;Ff; fPNo cs;s gug;G 

 
,e;j ntg;gg;ghpkhw;wkpy;yh mKf;fj;jpYk; thAtpd; kPJ nra;ag;gl;l Ntiy vjph;f;FwpahFk;.  
fhl;lg;gl;Ls;sJ.  
nray;gL nghUspd; kPJ xU KO Rw;wpy; nra;ag;gl;l njhFgad; Ntiy W vd;f.  

W = thAthy; nra;ag;gl;l Ntiy – thAtpd; kPJ nra;ag;gl;l Ntiy  
  = WA→B + WB→C -W = WC→D– WD→A 
 
,q;F   WB→C = WD→A 
  W = WA→B - WC→D 
KO Rw;Wf;F fhh;Ndh ,ae;jpuj;jhy; nra;ag;gl;l njhFgad; Ntiy  
  W = WA→B - WC→D 
xU KO Rw;Wf;F nray;gL nghUshy; (ey;ypay;G thA) nra;ag;gl;l njhFgad; Ntiy PV 
tiuglj;jpy; cs;s ABCD vdw; %lg;gl;l tisNfhl;bdhy; #og;gl;l gug;gpw;Fr; rkk; 
vd;gij rkd;ghL fhl;LfpwJ.  
 
kpf Kf;fpakhf ftdpf;f Ntz;ba xd;W> xU KO Rw;Wf;Fg; gpd;dh; nray;gL nghUs; jdJ 
njhlf;f ntg;gepiy THI milfpwJ. ,jpypUe;J ehk; mwpe;J nfhs;tJ vd;dntd;why; xU 
KO Rw;Wf;Fg;gpd;dh; nray;gL nghUspd; (ey;ypay;G thAtpd;) mf Mw;wy; khWghL Rop 
vd;gjhFk;.  
 
fhh;Ndh ,ae;jpuj;jpd; gaDWjpwd;  
xU KO Rw;Wf;F nray;gL nghUspdhy; (ey;ypay;G thA) nra;ag;gl;l Ntiyf;Fk;> ntg;g 
%yj;jpypUe;J ngwg;gl;l ntg;gj;jpd; msTf;Fk; cs;s tpfpjk; fhh;Ndh ,ae;jpuj;jpd; 
gaDWjpwd; vd;W tiuaWf;fg;gLfpwJ.  

  
H

W

Q
 = =

nra;ag; gl; l Ntiy 

ngwg; gl; l ntg; gk;
 

 
ntg;g ,af;ftpaypd; Kjy; tpjpapypUe;J  
   W = QH – QL  

   1H L L

H H

Q Q Q

Q Q
 −

 = = −  
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ntg;gepiy khwh epfo;tpd; epge;jidia gad;gLj;Jk; NghJ  

    
vdg; ngwyhk;.  
,q;F QL y; vjph;f;Fwpahy; ehk; Fwpg;gpltpy;iy. Vnddpy; ntg;g Vw;gpf;F ntspNaw;wpa 
ntg;gj;jpd; vz;zstpw;F kl;LNk Kf;fpaj;Jtk; mspf;fg;gLfpwJ.  

   

3

4

2

1

ln

ln

L
L

H
H

V
T

VQ

VQ T
V

  
  =
  
 

 

 
ntg;gg;ghpkhw;wkpy;yh epfo;tpd; epge;jidia gad;gLj;Jk; NghJ  

   
1 1

2 3H L
T V T V

 − −

=  

   
1 1

1 4H L
T V T V

 − −

=  

   
,t;tpuz;L rkd;ghLfiAk; tFf;Fk; NghJ  

  

1 1

2 3

1 4

V V

V V

 − −
   

=   
   

 

vdf; fpilf;Fk; ,jpypUe;J  

  2 3

1 4

V V

V V
=  

vd mwpayhk;.  
 

  L L

H H

Q

Q T


=  

vdf; fpilf;Fk;  

gaDWjpwd; 1 L

H

T

T
 = −  

Fwpg;G: TLkw;Wk; TH,t;tpuz;Lk; nfy;tpd; myfpy; kl;LNk Fwpf;fg;gLfpd;wd.  
 
Kf;fpa KbTfs;:  
  
1. ηvg;nghOJk; 1 I tplf; Fiwthf ,Uf;Fk;. Vnddpy; TL MdJ TH I tplf; FiwT> 

,jpypUe;J ehk; mwpe;Jf;nfhs;tJ vd;dntd;why; gaDWjpwd; vg;NghJk; 100% ,Uf;fhJ. 

TL =OK (Rop ntg;gepiy) ntg;g epiyapy; cs;sNghJ kl;LNk gaDWjpwd; 1 my;yJ 

100% MFk;. ,J eilKiwapy rhj;jpakw;wjhFk;.  
 

2. fhh;Ndh ,ae;jpuj;jpd; gaDWjpwd;> nray;gL nghUisr; rhh;e;jjy;y. ,J ntg;g %yk;> 
ntg;g Vw;gp ,tw;wpd; ntg;gepiyfisr; rhh;e;jjhFk;. ,t;tpuz;bd; ntg;gepiyfspd; 
NtWghL ngUknkdpy;> gaDWjpwDk; ngUkkhf ,Uf;Fk;.  
 

3. TH = TLvd;w η = 0 epiyapy; vdNt ve;j xU ,ae;jpuKk; ntg;g %yKk;> ntg;g Vw;gpAk; 
xNu ntg;gepiyapy; cs;s NghJ ,aq;fhJ.  
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4. fhh;Ndh Rw;wpd; midj;J epfo;TfSk; kPs; epfo;TfshFk;. vdNt fhh;Ndh ,ae;jpuk; xU 
kPs; ntg;g ,ae;jpukhFk; (Reversible heat engine). vdNt mjd; gaDWjpwDk; 
ngUkkhFk;. Mdhy; eilKiwapy; cs;s Bry; ,ae;jpuk;> ngl;Nuhy; ,ae;jpuk; kw;Wk; 
ePuhtp ,ae;jpuq;fSk; Rw;W epfo;tpy; ,aq;Ffpd;wd. Mdhy; mit KOikahd kPs; 
ntg;g ,ae;jpuq;fs; my;y. vdNt mtw;wpd; gaDWjpwd;> fhh;Ndhtpd; gaDWjpwidtplf; 
FiwthfNt ,Uf;Fk;. ,jidf; fhh;Ndh Njw;wj;ijf; nfhz;L tiuaiw nra;ayhk;.  
 

"khwh ntg;gepiyapYs;s ,uz;L ntg;g%yq;fSf;fpilNa>fhh;Ndh ,ae;jpuk; kl;LNk ngUk 
gaDWjpwidg; ngw;wpUf;Fk;. kw;w midj;J ,ay;G ,ae;jpuq;fspd; gaDWjpwDk;> fhh;Ndh 
,ae;jpuj;jpd; gaDWjpwidtplf; FiwthfNt ,Uf;Fk;'.  
 
vLj;Jf;fhl;L:  
250°C ntg;gepiyapYs;s ePuhtp ,ae;jpuj;ijg; gad;gLj;jp jz;zPh; ePuhtpahf khw;wg;gLfpwJ. 
ePuhtpapdhy; Ntiy nra;ag;gl;L> #oYf;F 300 K ntg;gepiyapy; ntg;gk; 
ntspNaw;wg;gLfpwJ. vdpy;> ePuhtp ,ae;jpuj;jpd; ngUk gaD}W jpwidf; fhz;f.  
 
jPh;T:  
 
ePuhtp ,ae;jpuk; fhh;Ndh ,ae;jpuk; my;y. Vnddpy; ePuhtp ,ae;jpuj;jpy; nra;ag;gLk; Row;rp 
epfo;Tfs; midj;Jk; KOikahd kPs; epfo;Tfs; my;y. ,Ug;gpDk; ,jid xU fhh;Ndh 
,ae;jpuk; vdf;fUjp mjd; ngUk gaDWjpwidf; fzf;fplyhk;.  
 

  
300

1 1 0.43
523

L

H

T K

T K
 = − = − =  

ePuhtp ,ae;jpuj;jpd; ngUk gaDWjpwd; 43% MFk;. nfhLf;fg;gl;l ntg;gj;jpy; 43% kl;LNK 

gad;jUk; Ntiyahf khw;wg;gLfpwJvd;gij ,J fhl;LfpwJ. kPjKs;s 57% ntg;gk; 

ntspNaw;wg;gLfpwJ. Mdhy; eilKiwapy; epuhtp ,ae;jpuj;jpd; gaDWjpwd; 43% tplf; 
FiwthFk;.  
 
vLj;Jf;fhl;L: 
A kw;Wk; B vd;w ,uz;L fhh;Ndh ,ae;jpuq;fs; ntt;NtW ntg;gepiyapy; nray;gLfpd;wd.  

A fhh;Ndh ,ae;jpuj;jpd; ntg;g %yk; kw;Wk; ntg;g Vw;gpapd; ntg;gepiyfs; KiwNa 150°C 
kw;Wk; 100°C ,NjNghd;W B ,ae;jpuj;jpw;F 350°C kw;Wk; 300°C ,tw;Ws; ve;j ,ae;jpuj;jpd; 
gaDWjpwd; FiwthdJ?  
 
jPh;T:  

A ,ae;jpuj;jpd; gaDWjpwd; = 1 - 
373

423
 = 0.11  

A ,ae;jpuj;jpd; gadWjpwd; 11% MFk;. 

B ,ae;jpuj;jpd; gaDWjpwd; 1 - 
573

623
= 0.08 

B ,ae;jpuj;jpd; gaDWjpwd; 8% kl;LNk. 
 
,uz;L ,ae;jpuq;fspYk; cs;s ntg;g %yk; kw;Wk; ntg;g Vw;gpapd; ntg;gepiy NtWghLfs; 
rkkhf ,Ue;jhYk; mtw;wpd; gaDWjpwd;fs; rkkpy;iy. Vnddpy; gaDWjpwd; 
ntg;gepiyfspd; tpfpjj;ijr; rhh;e;jit> NtWghl;ilr; rhh;e;jjy;y. ve;j ,ae;jpuk; Fiwe;j 
ntg;gepiyapy; ,aq;FfpwNjh mjd; gaDWjpwd; ngUkkhf ,Uf;Fk;.  
 
fhhpy; gad;gLj;jg;gLk; Bry; ,ae;jpuq;fs; kw;Wk; Nkhl;lhh; thfdq;fspy; 
gad;gLj;jg;gLk; ngl;Nuhy; ,ae;jpuq;fs;> Mfpait midj;Jk; eilKiw ntg;g 
,ae;jpuq;fs;. Bry; ,ae;jpuj;jpd; gaDWjpwd; mjpf gl;rkhd 44% MFk;. ngl;Nuhy; 

,ae;jpuj;jpd; ngUk gaDWjpwd; 30% MFk;. vnddpy; ,it ey; ,ay;G 
,ae;jpuq;fs; (fhh;Ndh ,ae;jpuq;fs;) my;y. ,tw;wpd; gaDWjpwd; ntg;g 
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,af;ftpaypd; ,uz;lhk; tpjpahy; fl;Lg;gLj;jg;gLfpwJ.  
jw;fhyj;jpy; Nkhl;lhh; irf;fps; xd;W 1 L ngl;NuhYf;F 50 km njhiyT 

gazpf;fpwJ. mjhtJ 1L ngl;Nuhypy; 30% kl;LNk ,ae;jpu Ntiyahf 

khw;wkilfpwJ. kPjKs;s 70% ngl;Nuhy; gadw;w ntg;gkhf #oYf;F 
ntspNaw;wg;gLfpwJ.  
 
vd;l;Nuhgp (Entropy) kw;Wk; ntg;g ,af;ftpaypd; ,uz;lhk; tpjp:  
 

rkd;ghL ypUe;J H L

H L

Q Q

T T
= vd;W mwpe;Njhk;. 

Q

T
 vd;w ,e;j msT vd;l;Nuhgp vd;W 

miof;fg;gLfpwj. ntg;g ,af;ftpay; mikg;gpd; kpf Kf;fpag;gz;Gfspy; xd;W vd;l;Nuhgp 

MFk;. ,J xU epiy khwp MFk;. H

H

Q

T
vd;gJ ntg;g %yj;jpypUe;J fhh;Ndh ,ae;jpuk; 

ngw;Wf;nfhz;l vd;l;Nuhgp> vd;gJ fhh;Ndh ,ae;jpuk; ntg;g Vw;gpf;F ntspNaw;wpa vd;l;Nuhgp 
MFk;. xU kPs; epfo;T ,ae;jpuj;jpw;F (fhh;Ndh ,ae;jpuk;) ,t;tpuz;L vd;l;NuhgpfSk; 
rkkhFk;. vdNt xU KO Rw;Wf;F fhh;Ndh ,ae;jpuj;jpd; vd;l;Nuhgp khw;wk; RopahFk;. ,J 
rkd;ghL ep&gpf;fg;gl;Ls;sJ. Bry; kw;Wk; ngl;Nuhy; ,ae;jpuq;fs; Nghd;w eilKiw 
,ae;jpuq;fs; kPs; epfo;T ,ae;jpuq;fs; my;y. mit vd;w rkd;ghl;il epiwT nra;fpd;wd. 
,jd; mbg;gilapy; ntg;g ,af;ftpaypd; ,uz;lhk; tpjpia NtW tifapy; $wyhk;.  
 
",aw;ifapy; eilngWk; midj;J nray;KiwfspYk; (kPshepfo;Tfs;)> vd;l;Nuhgp vg;NghJk; 
mjpfhpf;Fk;. kPs; epfo;Tfspy; kl;LNk vd;l;Nuhgpapd; kjpg;G khwhJ. ,aw;if epfo;Tfs; 
eilngWk; jpiria vd;l;Nuhgpjhd; jPh;khdpf;fpwJ.  
 
ehk; kPz;Lk; vw;nfdNt Nfl;l tpdhtpw;F tUNthk;.  
 
Vd; ntg;gk; vg;NghJk; cah; ntg;gepiyapypUe;J Fiwe;j ntg;gepiyf;Fg; gha;fpwJ? Vd; 
vjph;j;jpirapy; gha;tjpy;iy? Vnddpy; ntg;gk; #lhd nghUspypUe;J> Fsph;e;j nghUSf;F 
ghAk;NghJ vd;l;Nuhgp caUk;. ntg;gk; Fsph;e;jnghUspypUe;J #lhd nghUSf;F ghAk; NghJ 
vdl;Nuhgp FiwAk;. mt;thW vd;l;Nuhgp FiwtJ ntg;g ,af;ftpaypd; ,uz;lhk; tpjpf;F 
vjpuhdJ.  
 
vd;l;Nuhgpia xU mikg;gpy; ,Uf;Fk; "xOq;fw;wj; jd;ikapd; mstPL" vd;Wk; miof;fyhk;. 
midj;J ,aw;if epfo;Tfs; eilngWk; nghOJk; xOq;fw;wj;jd;ik vg;NghJk; 
cah;e;Jnfhz;Nl nry;Yk;.  
 
thA milj;J itf;fg;gl;Ls;s fz;zhbf; FLit xd;iwf; fUJf. FLitapd; cs;Ns thA 
,Uf;Fk; tiu mjd; xOq;fw;wj;jd;ik FiwT. mt;thW miw KOtJk; gutpa gpd;G mjd; 
xOq;fw;wj;jd;ik mjpfhpf;Fk;. NtWtifapy; $WNthkhapd; thA fz;zhb FLitapy; 
,Uf;Fk; tiu mjd; vd;l;Nuhgp FiwT> mNj thA miw KOtJk; gutpa gpd;dh; mjd; 
vd;l;Nuhgp mjpfk;. thA %yf;$Wfs; FLitf;F kPz;Lk; te;jhy; vd;l;Nuhgp FiwAk;. ntg;g 
,af;ftpaypd; ,uz;lhk; tpjpapd;gb ,e;j epfo;T rhj;jpaky;y. ,Nj tpsf;fk; jz;zPhpy; 
guTk; ikf;Fk; nghUe;Jk;. Ngdh ik jz;zPhpy; gutpaTld; mjd; vd;l;Nuhgp mjpfhpf;Fk;. 
gutpa Ngdh ik %yf;$Wfs; kPz;Lk; xd;wpize;J ikj;Jspia cUthf;fhJ. midj;J 
kPsh epfo;TfspYk; vd;l;Nuhgp caUk; tz;zk; ,aw;if epfo;Tfs; eilngWfpd;wd.  
 
Fsph;rhjdg; ngl;b (Refrigerator):  
 
vjph;jpirapy; nray;gLk; xU fhh;Ndh ,ae;jpuNk Fsph;rhjdg; ngl;bahFk;. 
nray;gLnghUs; TLvd;w Fiwe;j ntg;gepiyapYs;s Fsph; nghUspypUe;J (ntg;g Vw;gp) 

QLmsT ntg;gj;ij ngw;Wf; nfhs;fpwJ. mKf;fpapdhy; (Compressor) nghUspd; kPJ W 

vd;w Fwpg;gpl;l msT Ntiy nra;ag;gl;L>QHmsT ntg;gj;ij ntg;g %yj;jpw;F nray;gL 

nghUs; ntspNaw;WfpwJ. mjhtJ THntg;gepiyapYs;s #oYf;F ntspNaw;WfpwJ.  
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,ij Fsph;rhjdg;ngl;bf;F gf;fj;jpy; epw;Fk;NghJ ntJntg;ghd fhw;iw czuyhk;. ntg;g 
,af;ftpaypd; Kjy; tpjpapypUe;J  
  QL + W = QH 
Kbthf Fsph;rhjdg;ngl;b NkYk; Fsph;r;rp milfpwJ. #oy; (rikayiw) my;yJ 
(tspkz;lyk;) ntg;gkilfpwJ.  
 
nray;jpwd; Fzfk; (Coefficient of Performance) (COP)  
Fsph;rhjdg; ngl;bapd; nray;jpwid mstpLtJ nray;jpwd; FzfkhFk; (COP). 
Fsph;nghUspypUe;J ngwg;gl;l ntg;gj;jpw;F (ntg;g Vw;gp) mKf;fpapdhy; nra;ag;gl;l Gw 
Ntiyf;Fk; (W) cs;s jfT nray;jpwd; Fzfk; vd;W tiuaWf;fg;gLfpwJ.  

  L
Q

COP
W

= =  

rkd;ghL ,Ue;J  
   

  L

H L

Q

Q Q
 =

−
 

  
1

1H

L
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Q

 =
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Mdhy; ehk; mwpe;jgb H H

L L

Q

Q T


=  

,r;rkd;ghl;bid gpujpapLk;NghJ gpd;tUk; rkd;ghl;bidg; ngwyhk;.  
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Fsph;rhjdg; ngl;bapd; nray;jpwd; Fzfj;jpypUe;J gpd;tUtdtw;iw ehk; mDkhdpf;fyhk;.  
 
1. COP mjpfkhf ,Ue;jhy; Fsph;rhjdg; ngl;b rpwg;ghf ,aq;Fk;. xU ey;y 

Fsph;rhjg;ngl;bapd; (COP) fpl;lj;jl;l 5 Kjy; 6 tiu ,Uf;Fk;.  
 

2. Fsph;rhjdg; ngl;bapd; Fsp&l;Lk; gFjpapd; (Cooling camber) ntg;gepiyf;Fk;> #oypd; 
(miwapd;) ntg;gepiyf;Fk; cs;s NtWghL Fiwahf ,Ue;jhy;> Fsph;rhjdg;ngl;bapd; 
COP mjpfkhf ,Uf;Fk;.  
 

3. Fsph;rhjdg;ngl;bapy; GwNtiy nra;ag;gl;L> Fsph;r;rpahd nghUspypUe;J ntg;gk; 
vLf;fg;gl;L ntg;gkhd nghUSf;Ff; nfhLf;fg;gLfpwJ. GwNtiy ,y;yhky; ntg;g Mw;wy; 
Fsph;r;rpahd nghUspypUe;J ntg;gkhd nghUSf;Fg; ghahJ. ,J ntg;g ,af;ftpaypd; 
,uz;lhk; tpjpf;F vjpuhdJ my;y. Vnddpy; ntg;gk; Rw;Wg;Gwj;jpYs;s fhw;Wf;Ff; 
nfhLf;fg;gLfpwJ. NkYk; nkhj;j vd;l;Nuhgp (Fsph;rhjdg;ngl;b + #oy;) vg;NghJk; caUk;.  
 

Fsph;rhjdg;ngl;b xd;wpd; COP ahdJ 3 MFk;. 200 J ntg;gj;ij Fsph;rhjdg;ngl;bapypUe;J 
ntspNaw;w Ntz;Lnkdpy; vt;tsT Ntiy nra;ag;gl Ntz;Lk;?  
jPh;T:  

  COP = L
Q

W
 =  

  
200

66.67
3

L
Q

W J
COP

= = =  
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Nfhilf;fhyj;jpy; ehk; kz;ghidj; jz;zPiu Fbf;fg;gad; gLj;JfpNwhk;. 
kz;ghidahdJ mjDs;Ns Cw;wg;gl;l jz;zPhpd; ntg;gepiyia Fiwf;fpwJ. 
kz;ghidia Fsph;rhjdg;ngl;bahff; (Refrigerator) fUjyhkh? fUjKbahJ. 
Vndd;why; ntg;g ve;jpuj;jpw;Nfh my;yJ Fsph;rhjdg;ngl;bf;Nfh Row;rp epfo;T 
(Cyclic process) kpf Kf;fpa Njit MFk;. kz;ghidapy; elf;Fk; Fsph;tpf;Fk; 
epfo;thdJ xU Row;rp epfo;ty;y. gz;ghid Rtw;wpy; cs;s Ez;zpa 
JisfspypUe;J ePh; %yf;$Wfs; ntspNaWtjhy; cs;spUf;Fk; ePuhdJ 
Fsph;tpf;fg;gLfpwJ. ePh; %yf;$Wfs; Jistopahf Rw;Wg;Gw#oYf;F ntspNawpagpd; 
jpUk;gTk; gz;ghidf;Fs; tUtjpy;iy. kz;ghidapy; ntg;gkhdJ Fsph;e;j 
ePhpypUe;J. ntspg;Gw tspkz;lyj;Jf;F flj;jg;gl;lhYk;. ,J ntg;g ,af;ftpaypd; 
,uz;lhk; tpjpf;F Kuzhf ,y;iy. VNddpy; kz;ghidf;Fs; ,Uf;Fk; (jz;zPH; + 
ntspg;Gw tspkz;lyk;) Nrh;e;j xU ntg;g ,af;ftpay; mikg;ghf fUjpdhy; ,jd; 
vd;l;Nuhgp vg;NghJk; mjpfhpf;fpwJ.  

 

gRik ,y;y tpisT (Green house effect)  
Gtpapy; kdpjd; caph; tho;tjw;F Gtpiar; #o;e;Js;s tspkz;lyj;jpd; gq;F 
msg;gwpaJ tspkz;lyj;jpd; Nkw;gFjpapd; ntg;gepiy -19°C mjd; mbg;gFjpapd; 

ntg;gepiy +14°C. tspkz;lyj;jpd; Nkw;gug;gpypUe;J mbg;gug;Gf;F tUk;NghJ 

ntg;gepiy 33°C msTf;F caUfpd;wJ. ,jw;Ff; fhuzk; tspkz;lyj;jpYs;s rpy 
thAf;fshFk;. ,t;thAf;fSf;F gRik ,y;y thAf;fs; vd;W ngah;> ,t;tpistpw;F 
gRik ,y;y tpisT vd;W ngah;.  
 
 
gRik ,y;y thAf;fspy; Kjd;ikahdit CO2, ePH; %yf;$W>Ne, He, NO2, CH4, Xe, 
Kr, XNrhd; kw;Wk; NH3Nghd;witahFk;. CO2, kw;Wk; ePh;k %yf;$wpidj; jtph;j;J 
kw;w %yf;$Wfs; nrhw;g mstpNyNa tspkz;lyj;jpy; cs;sd. #hpadpy; ,Ue;J 
tUk; epwkhiyapy; #hpaf;fjph;tPr;R fz;ZU gFjpapy; (Visible region) ,Uf;fpwJ. 
,f;fjph;tPr;Rfis Gtp cl;fth;e;J kPz;Lk; mfr;rptg;G fjph;fshf ntspapLfpwJ.  
 
CO2kw;Wk; ePh;k %yf;$Wfs; mfr;rptg;Gf; fjph;fis ed;F cl;ftUk;. Vnddpy; 
mit iel;u[d; kw;Wk; Mf;]p[Dld; xg;gpLk; NghJ mjpf mjph;TW Rje;jpu 
,af;ff;$Wfisg; ngw;Ws;sd mit mfr;rptg;Gf; fjph;fis cl;fth;tjhy; jhd; 
tspkz;lyk; ntJ ntJg;ghf cs;sJ.  
1900 ,y; ,Ue;J kdpjdpd; nray;ghLfshy; tspkz;lyj;jpYs;s CO2 tpd; msT 

20% Kjy; 40% tiu mjpfhpj;Js;sJ. CO2 cUthtjw;fhd Kjd;ikahd %yk; 
Gijgbk vhpnghUs;fis vhpg;gjhFk;. cyfk; KOtJk; jhdpaq;fp ,ae;jpuq;fspd; 
gad;ghL mjpfhpj;jpUg;gNj ,jw;Ff; fhuzkhFk;. tspkz;lyj;jpy; ,e;j CO2 tpd; 

msT mjpfhpj;jpUg;gjhy:> Gtpapd; ruhrhp ntg;gk; 1°C cah;e;Js;sJ. ,jw;F 

cyfntg;gkakhjy; (Global warming) vd;W ngah;. Mh;l;bf; kw;Wk; mz;lhh;bf; 
gFjpfspy; cs;s gdpg;ghiwfs; cUFtjw;F ,e;j cyf ntg;gkakhjNy 
fhuzkhFk;. NkYk; CO2 tpd; msT flypYk; mjpfhpj;Js;sJ. ,J fly;tho; 
caphpdq;fSf;F kpfTk; Mgj;jhdjhFk;.  
 
CO2cld; Nrh;j;J kw;nwhU kpf Kf;fpakhd gRik ,y;y thA FNshNuh GNshNuh 

fhh;gdhFk; (CFC) ,J Fsph;rhjg;ngl;bfspy; Fsph;tpg;ghdhf cyfk; KOtJk; 

gad;gLj;jg;gLfpwJ. kdpjd; cUthf;Fk; gRik ,y;y thAf;fs; 55 rjtPjk; CO2, 24 
rjtPjk; CFC thAf;fs;>6 rjtPjk; iel;u[d; Mf;i]L kw;Wk; 15 rjtPjk; kPj;Njd; 
MFk;. CFC thAf;fs; XNrhd; glyj;jpy; mjpf ghjpg;Gfis Vw;gLj;Jfpd;wd.  
 
CO2, kw;Wk; CFC thAf;fspd; msitf; fl;Lg;gLj;Jtjw;fhd Kaw;rpfspy; 
cyfpYs;s gy;NtW ehLfs; <Lgl;Ls;d. Gijgbk vhpnghUs;fSf;F khw;whf 
Gijgbkw;w vhpnghUs;fis jhdpaq;fp ve;jpuq;fspy; gad;gLj;Jtjw;fhd 
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Muha;r;rpfs; njhlh;e;J eilngw;W tUfpd;wd. tsh;r;rpaile;j ehLfshd USA 
kw;Wk; INuhg;gpa A+dpad; ehLfs; ngUksT CO2I ntspapLfpd;wd.  
 
2020 f;Fs; CO2, ckpo;it ngUksT Fiwg;gjw;fhf cyf ehLfSf;fpilNa 
gy;NtW xg;ge;jq;fs; Nghlg;gl;Ls;sd. ,Ug;gpDk; cyf ntg;gkakhjy; xU jPq;F 
tpistpf;Fk; epfo;T vd ngUk;ghyhd ehLfs; czutpy;iy.  

 

• #lhd nghUspypUe;J> Fsph;r;rpahd nghUSf;F ghAk; ,Utif ghpkhw;w Mw;wNy 
ntg;gkhFk;. ,Ug;gpDk; ntg;gk; Nrkpj;J itf;fg;gLk; Xh; Mw;wy; msty;y.  
 

• xU nghUspypUe;J kw;nwhU nghUSf;F Mw;wiy khw;wf;$ba nry;Ny Ntiy vdg;gLk;.  
 

• nghUspd; ntg;g msit (Hotness) mstpLtJ ntg;gepiyahFk;. ntg;gepiyahdJ 
ntg;gk; ghAk; jpiriaj; jPh;khdpf;fpwJ. 
 

• ey;ypay;G thA tpjp PV = NkT my;yJ PV = μRT MFk;. ntg;g ,af;fr; rkepiyf;F 
kl;LNk ey;ypay;G thA tjp nghUe;Jk;. ntg;g ,af;fr; rkepiyaw;w epfo;TfSf;F 
,t;tpjp nghUe;jhJ.  
 

• ey;ypay;G thA tpjp PV = NkT my;yJ PV = μRT MFk;. ntg;g ,af;fr; rkepiyf;F 
kl;LNk ey;ypay;G thA tpjp nghUe;Jk;. ntg;g ,af;fr; rkepiyapy; epfo;TfSf;F 
,t;tpjp nghUe;jhJ.  
 

• nghUnshd;wpd; ntg;gepiyia 1°C my;yJ 1K cah;j;Jtjw;Fj; Njitg;gLk; ntg;gj;jpd; 

msNt ntg;g Vw;Gj;jpwd; vdg;gLk;. ,JS Fwpg;gplg;gLfpwJ. 
 

• 1 Nkhy; msTs;s nghUspd; ntg;gepiyia 1°C  my;yJ 1Kcah;j;Jtjw;Fj; Njitg;gLk; 

ntg;gj;jpd; msNt Nkhyhh; jd;ntg;g Vw;Gj;jpwd; MFk;. mJC vdf; Fwpg;gplg;gLfpwJ.  
 

• ntg;gepiy khWghl;bdhy; nghUspd; tbtk;> gug;G kw;Wk; gUkd; Nghd;wtw;why; Vw;gLk; 
khw;wk; ntg;g tphpT vdg;gLk;. 
 

• jz;zPh; Kuz;gl;l tphpTg;gz;igg; ngw;Ws;sJ.  
 

• nghUspd; epiykhw;wj;jpw;Fj; Njitg;gLk; Mw;wypd; msT mg;nghUspd; kiwntg;g 
Vw;Gj;jpwd; vdg;gLk;.  
 

• ntg;g ,af;f mikg;G xd;wpid ntg;gg;gLj;Jk; NghJ> mt;tikg;G Vw;Wf;nfhz;l my;yJ 
mt;tikg;gpypUe;J ntspNaw;wg;gl;l ntg;gj;jpd; msit mstpLk; Kiwf;F> ntg;g 
mstPl;by; vd;W ngah;.  
 

• ntg;gkhw;wkhdJ ntg;gf;flj;jy;> ntg;gr;rydk; kw;Wk; ntg;gf;fjph;tPr;R Mfpa %d;W 
Kiwfspy; eilngWfpwJ.  
 

• ];nl/ghd; - Nghy;l;nkd; tpjp: E =   T4kw;Wk; tpad; tpjp maxT b =  

 

• ntg;g ,af;fr; rkepiyfs;: ntg;gr;rkepiy> ,e;jputpay; rkepiy kw;Wk; Ntjpr;rkepiy.  
 

• ntg;g ,af;f khwpfs;: mOj;jk;> ntg;gepiy> gUkd;> mf Mw;wy; kw;Wk; vd;l;Nuhgp.  
 

• ntg;g ,af;ftpaypd; Roptpjp: ,uz;L ntt;NtW nghUs;fs; jdpj;jdpNa %d;whtJ 
nghUSld; ntg;gr; rkepiyapy; ,Ue;jhy;> mt;tpuz;L nghUs;fSk; jdf;Fs;NsNa 
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ntg;gr;rkepiyapy; cs;sJ vdf; fUjyhk;. ,t;tpuz;L mikg;Gfspd; ntg;gepiy 
rkkhFk;.  
 

• ntg;g ,af;f mikg;gpYs;s %yf;$Wfspd; ,af;f Mw;wy; kw;Wk; epiyahw;wpy; ,tw;wpd; 
$LjNy mf Mw;wyhFk;.  
 

• [{y; ,ae;jpu Mw;wiy> ntg;g ,af;f mikg;gpd; mf Mw;wyhf khw;wpf;fhl;bdhh;.   
 

• Mw;wy; khwhf; $w;wpd; xU tbtNk ntg;g ,af;ftpaypd; Kjy; tpjpahFk;. ,t;tpjp ntg;g 
,af;f mikg;gpd; ntg;gj;ij cs;slf;fpAs;sJ.  
 

• kPnkJ epfo;T vd;gJ tiuaWf;f ,ayhj msT nkJthf eilngWk; Xh; epfo;thFk;. 
,e;epfo;tpy; mikg;G vg;NghJk; #oYld; rkepiyapy; ,Uf;Fk;.  
 

• mikg;gpd; gUkd; khWk;NghJ mikg;gpdhy; nra;ag;gl;l Ntiy W = PdV  

 

• PV tiuglj;jpy; tis Nfhl;bw;Ff; fPNo cs;s gug;G> mikg;gpdhy; nra;ag;gl;l Ntiy 
my;yJ mikg;gpd; kPJ nra;ag;gl;l Ntiyf;Fr; rkkhFk;.  
 

• Mw;wy; khwhf; $w;wpd; xU tbtNk  
 

• ntg;gepiy khwh epfo;T T = khwpyp 
 

• mOj;jk; khwh epfo;T P = khwpyp 
 

• gUkd; khwh epfo;T: V = khwpyp 
 

• ntg;gg;ghpkhw;wkpy;yh epfo;T Q = 0 
 

• mOj;jk; khwh epfo;tpy; nra;ag;gl;l Ntiy ngUkk; kw;Wk; ntg;gg;ghpkhw;wkpy;yh 
epfo;tpy; nra;ag;gl;l Ntiy rpWkkhFk;.  
 

• Row;rp epfo;T xd;wpd; mf Mw;wy; khWghL RopahFk;  
 

• Row;rp epfo;tpy; nra;ag;gl;l njhFgad; Ntiy>PV tiuglj;jpDs; %lg;gl;l 
tisNfhl;bd; gug;Gf;Fr; rkkhFk;.  
 

• kPs; epfo;T Xh; ,yl;rpa nray;KiwahFk;. eilKiwapy; rhj;jpay;iy.  
 

• ,aw;if epfo;Tfs; midj;Jk; kPsh epfo;TfshFk;.  
 

• xU ntg;g ,ae;jpuk; ntg;g %yj;jpypUe;J ntg;gj;ijg;ngw;W Ntiy nra;J> Fiwe;j 
msT ntg;g Mw;wiy ntg;g Vw;gpf;Ff; nfhLf;fpwJ.  
 

• fhh;Ndh ,ae;jpuk; Xh; kPs; epfo;T ,ae;jpukhFk; ,jd; gaDW jpwd; kpf mjpfk;. NtW 
ve;j eilKiw ,ae;jpuq;fSf;Fk; fhh;Ndh ,ae;jpuj;ijg; Nghd;w gaDWjpwd; ,y;iy.  
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• Fsph;gjdg;ngl;b vd;gJ vjph;j;jpirapy; nray;gLk; xh; fhh;Ndh ,ae;jpukhFk; 
eilKiwapy; gad;gLj;jg;gLk; Fsph;gjdg;ngl;bapd; nray;jpwd; Fzfk; (COP), ,yl;rpaf; 
Fsph;gjdngl;bapd; nray;jpwd; Fzfj;ijtplf; FiwthFk;.  
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11th ,aw;gpay; 

njhFjp 2 
myF – 10 
miyTfs; 

 
jQ;rhT+h; eldg; nghk;ikia (jQ;rhT+h; jiyahl;bg; nghk;ik) ,J Xh; cyfg; Gfo;ngw;w 
jkpoff; fyhr;rhug; nghk;ikahFk;. ,e;j nghk;ikia Ml;btpl;lhy; epfo;tJ vd;d? 
nghk;ikapd; jiy kw;Wk; cly; njhlh;r;rpahf Kd;Dk; gpd;Dk; ,aq;fp> gpd;dh; ,af;fk; 
gbg;gbahf Fiwe;J epw;fpwJ. ,Nj Nghy; ehk; rhiyapy; elf;Fk; nghOJ> ek;Kila 
iffSk;> fhy;fSk; Kd;Dk; gpd;Dk; ,af;fj;ij Nkw;nfhs;Sk; NghJ epfOk;. jha; jd; 
Foe;ijia J}q;f itg;gjw;fhf njhl;biy Ml;Lk;nghOJ njhl;byhdJ Kd;Dk; gpd;Dk; 
,af;fkilAk;. Kd;dh; tpthjpj;j ,af;fq;fspypUe;J ,t;tifahd midj;J ,af;fq;fSk; 
NtWgl;lit. ,e;j ,af;fq;fs; ,j;jifa ,af;fq;fis miyTW ,af;fk; my;yJ mjh;TW 
,af;fk; vd;W miof;fpd;Nwhk;. ,k;khjphpahd ,af;fk; mZf;fspy; $l epfo;fpd;wJ.  
 
xU jplg;nghUspd; ntg;gepiy caUk; nghOJ mZf;fs; mjDila eLepiy my;yJ 
rkepiyiag; nghUj;J mjph;tilfpwJ. fl;blq;fspd; fl;likg;G kw;Wk; ve;jputpay; 
fUtpfis Mfpatw;iw tbtikj;jy; Nghd;w nghwpapay; gad;ghLfspy; mjph;T ,af;fk; 
gw;wpa fw;wy; kpfTk; Kf;fpaj;Jtj;ij ngWfpwJ.  
 
rPuiyT kw;Wk; rPuw;w miyT ,af;fk;:  
 
,aw;gpaypy; ,af;fkhdJ> kPz;Lk;> kPz;Lk; epfOk; ,af;fk; rPuiyT ,af;fk;> vdTk; kPz;Lk;> 
kPz;Lk; epfohj ,af;fk; rPuw;w miyT ,af;fk; vdTk; ,Utifahf tifg;gLj;jg;gLfpwJ.  
 

1. rPuiyT ,af;fk; (Periodic motion): 
rPuhd fhy ,ilntspapy; jhdhfNt kPz;Lk;> kPz;Lk; epfOk; ve;j xU ,af;fKk; 
rPuiyT ,af;fk; vdg;gLk;. vLj;Jf;fhl;L Cry; fbfhuj;jpy; cs;s Kl;fs;> 
njhl;bypd; miyTfs;> #hpaidr; Rw;wptUk; Gtpapd; ,af;fk;> tsUk; kw;Wk; NjAk; 
re;jpud; kw;Wk; rpy.  
 

2. rPuw;w miyT ,af;fk;  
rPuhd fhy ,ilntspapy; jhdhfNt kPz;Lk;> kPz;Lk; epfohj ve;j xU ,af;fKk; 
rPuw;w miyT ,af;fk; vdg;gLk;. vLj;Jf;fhl;L epy eLf;f epfo;T> vhpkiy ntbg;G 
Nghd;wit.  

 
miyTW ,af;fk; (Oscillatory motion):  
 
xU nghUs; my;yJ JfshdJ Fwpg;gpl;l fhy ,ilntspapy; kPz;Lk; kPz;Lk; Kd;Dk; 
gpd;Dk; ,af;fj;ij mjph;tpaf;fk;) vdg;gLk;.  
 
vLj;Jf;fhl;Lfs; ekJ ,jaJbg;G> G+r;rpapd; rpwfpd; ,af;fk;> jhj;jhtpd; fbfhuk; (Grand 
father’s clock) Cry; fbfhuk;) Nghd;wit.  
 
midj;J miyTW ,af;fKk; rPuiyT ,af;fkhFk;. Mdhy; midj;J rPuiyT 
,af;fq;fSk; miyTW ,af;fkhfhJ vd;gij ftdj;jpy; nfhs;sTk;.  
 
jdpr;rPhpir ,af;fk; (SHM): 
 
jdpr;rPhpir ,af;fk; miyTW ,af;fj;jpd; rpwg;G tifahFk;. ,jpy; Jfspd; KLf;fk; 
my;yJ tpirahdJ epiyahd Gs;spapypUe;J mJ mile;j ,lg;ngah;r;rpf;F Neh;;j;jftpYk;. 
vg;nghOJk; epiyahd Gs;spia Nehf;fpAk; ,Uf;Fk; vdyhk;.  
 
xU ghpkhz ,af;fj;jpy; x vd;gJ Jfs; mile;j ,lg;ngah;r;rp kw;Wk; axvd;gJ mj;Jfspd; 
KLf;fk; vdpy;> 
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x

a x  

   
x

a b x= −  

,q;F b vd;gJ khwpyp. ,J KLf;fk; kw;Wk; ,lg;ngah;r;rpf;fpilNaahd jftpdhy; 

mstplg;gLfpwJ. ,jd; ghpkhzk; T-2 f;Fr; rkk;.  
 
,UGwKk; Jfspd; epiw m– My; ngUf;fp epA+l;ldpd; ,uz;lhtJ tpjpiag;gad;gLj;j> 
tpirahdJ> 
   Fx = -kx 
,q;F k vd;gJ tpir khwpyp MFk;. ,k;khwpyp XuyF ePsj;jpw;fhd tpir vd 
tiuaWf;fg;gLfpwJ. ,lg;ngah;r;rpAk;> tpirAk; (my;yJ KLf;fk;) xd;Wf;nfhd;W 
vjph;j;jpirapy; cs;sij vjph;f;Fwp fhl;LfpwJ. Jfspd; ,lg;ngah;r;rp rkepiy Gs;spapypUe;J 
tyJGwk; (x Neh;f;Fwp kjpg;G) Nehf;fp cs;sNghJ tpirahdJ (my;yJ KLf;fk;) 
rkepiyg;Gs;spia Nehf;fpNa (,lg;Gwk; Nehf;fp) ,Uf;Fk;. ,NjNghy; Jfspd; 
,lg;ngah;r;rpahdJ rkepiyg; Gs;spapypUe;J ,lJGwk; Nehf;fp cs;s NghJ (x vjph;f;Fwp 
kjpg;G)> tpirahdJ (my;yJ KLf;fk;) rkepiyg;Gs;spia Nehf;fpNa (tyJGwk; Nehf;fp) 
,Uf;Fk;. ,t;tifahd tpirahdJ kPs; tpir vdg;gLk;. Vnddpy; jdpr;rPhpir ,af;fj;ij 
Nkw;nfhs;Sk; Jfis> kPs;tpirahdJ vg;nghOJk; njhlf;f epiyf;Nf (rkepiy my;yJ 
eLepiy) nfhz;L tUk;. ,t;tpirahdJ xUikatpir MFk;. ,J rkepiyg;Gs;spia Nehf;fp 
nray;gLk; ika fth;r;rp tpirahFk;.  
 
,Ughpkhzk; kw;Wk; Kg;ghpkhzj;jpy; ,jid ehk; ntf;lh; FwpaPl;by; vOjyhk;.  

     F k r= −  

,q;F r  vd;gJ vLj;Jf;nfhz;l Mjpg;Gs;spapypUe;J Jfspd; ,lg;ngah;r;rpahFk;. tpirAk;> 
,lg;ngah;r;rpAk; Neh;Nghf;F njhlh;G nfhz;lJ vd;gJ Fwpg;gplj;jf;fJ. mjhtJ tpirapd; 
mLf;Fk;> ,lg;ngah;r;rpapd; mLf;Fk; xd;Wf;nfhd;Wr; rkk;.  
 

(tpirapd; vz;kjpg;G | |F ) kw;Wk; tpisT (,lg;ngah;r;rpapd; vz; kjpg;G | |r ) ,tw;wpw;F 
,ilNaahd njhlh;ig tiuglj;jpy; Fwpj;jhy;> ,uz;lhk; kw;Wk; ehd;fhk; fhy;gFjpfs; 

topNa nry;Ykl; Neh;Nfhlhf mikAk;. mf;Nfhl;bd; rhpT k ia mse;J> tpirkhwpyp 
1

k
- ,d; 

vz;kjpg;ig fz;lwpayhk;.  
 
rPuhd tl;l ,af;fj;jpd; tpl;lj;jpd; kPjhd tPoy; xU jdpr;rPhpir ,af;fk;:  
 
m epiw nfhz;l Jfs; xd;W v vd;w rPuhd jpirNtfj;jpy; r Muk; nfhz;l tl;lj;jpd; ghpjp 
topNa ,lQ;Ropj;jpirapy; ,aq;Ftjhff; fUJNthk;. Ma mr;R mikg;gpd; Mjpg;Gs;spahdJ 
tl;lj;jpd; ikak; O Tld; nghUe;Jtjhff; nfhs;f. Jfspd; Nfhzj;jpirNtfk; vdTk; xU 

Fwpg;gpl;l Neuk; t ,y; mj;Jfspd; Nfhz ,lg;ngah;r;rp θ vdTk; nfhz;lhy; rPuhd tl;l 

,af;fj;jpy; ,Uf;Fk; xU Jfspd; epiyia (Position), me;j tl;lj;jpDila tpl;lj;jpy; 

tpor;nra;jhy; me;j tPoy; (Projection) xU jdpr; rPhpir ,af;fj;ij Nkw;nfhs;Sk;. ,jd; 
%yk; rPuhd tl;l ,af;fk; kw;Wk; mjph;TWk; ,af;fk; Mfpatw;Wf;F ,ilNa cs;s 
njhlh;gpid ehk; ,izf;f KbAk;.  
 
,NjNghd;W ve;j xU mjph;TW ,af;fk; my;yJ Roy; ,af;fj;jpid> rPuhd tl;l 
,af;fj;Jld; ,izf;f KbAk;. NtWtpjkhf $wpdhy; ,t;tpU ,af;fq;fSk; xNu ,ay;ig 
ngw;Ws;sJ.  
 
tl;lg;ghijapy; ,aq;Fk; Jfspd; epiyia (position) mt;tl;lg;ghijapd; nrq;Fj;J 

tpl;lj;jpd; kPJ my;yJ nrq;Fj;J tpl;lj;jpw;F ,izahd Nfhl;bd; kPJ tPoy; (projection) 
nra;Nthk;.  
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,NjNghy;> Nkw;$wpa epfo;it fpilj;js mr;R my;yJ fpilj;js mr;Rf;F ,izahd 
Nfhl;by; ehk; tPo;r;rpailar; nra;a KbAk;.  
 
xU RUs;tpy; - epiw mikg;ig (my;yJ miyAWk; Cry;) xU Fwpg;gpl;l vLj;Jf;fhl;lhff; 
fUJNthk;. RUs;tpy; NkYk; fPOk; ,af;Fk; NghJ (my;yJ Cry; Kd;Dk; gpd;Dk; 
miyTWk; NghJ) mjd; epiw my;yJ Cry; Fz;bd; ,af;fk; tl;l ,af;fj;jpy; cs;s 
Gs;spfSld; ,izj;J fhl;lg;gl;Ls;sJ.  
 
vdNt rPuhd tl;l ,af;fj;jpy; Jfspd; epiyia me;j tl;lj;jpDila tpl;lj;jpd; kPJ 
(my;yJ tpl;lj;jpw;F ,izahd Nfhl;bd; kPJ) tpor; nra;jhy; (Projection) mt;tpaf;fk; 
Neh;Nfhl;L ,af;fkhf mikAk;. ,jidNa jdpr;rPhpir ,af;fk; vdf; fUJfpNwhk;. ,t;tl;lk; 
jdpr;rPhpir ,af;fj;jpd; Nkw;Nfhs; tl;lk; (circle of reference) vdg;gLk;.  
 
jdpr;rPhpir ,af;fkhdJ xU Fwpg;gpl;l tl;lj;jpd; ve;j xU tpl;lj;jpd; kPJk; ,aq;Fk; Jfs; 
epiyapd; tPo;T (Projection of position) vdTk; tiuaWf;fg;gLfpwJ.  
 
jdpr;rPhpir ,af;fj;jpy; ,lg;ngah;r;rp> jpirNtfk;> KLf;fk; kw;Wk; mtw;wpw;fhd tiugl 
tpsf;fk;  
xU Fwpg;gpl;l fz Neuk; t ,y; mjph;tilAk; JfshdJ rkepiyg;Gs;spapypUe;J fle;j 
njhiyT ,lg;ngah;r;rp vdg;gLk;. 
 
xU Fwpg;gpl;l fz Neuk; t ,y;>A Muk; nfhz;l tl;lj;jpd; kPjhd Jfspd; epiy P vd;f. t 
vd;w fzj;jpy; mjd; ,lg;ngah;r;rp y-ia fPo;f;fz;lthW jUtpf;fyhk;.  
 
Δ OPN ,y;  

 sin θ = ON

OP
  ON = OP sin θ 

Mdhy; ,t ON y = = kw;Wk; OP = A 

  siny A t=  

sin 1t = vDk; nghOJ ,lg;ngah;r;rp y MdJ ngUk kjpg;ig ngWk; (,e;j kjpg;G A – f;Fr; 
rkk;) 
 
eLepiyapypUe;J mjph;tilAk; Jfs; mile;j ngUk ,lg;ngah;r;rp tPr;R (A) vdg;gLk;. 
jdpr;rPhpir ,af;fj;jpy; tPr;R khwpypahFk;. nghJthf jdpr;rPhpir ,af;fj;ij jtpu kw;w ve;j 
,af;fj;jpw;Fk; tPr;R khwpypahf ,Uf;f Njitapy;iy> ,J fhyj;ijg; nghWj;J khwyhk;.  
 
 
jpirNtfk;:  
 
,lg;ngah;r;rp khWk; tPjk; jpirNtfk; MFk;. fhyj;ij rhh;e;J tifg;gLj;j ehk; ngWtJ  

  ( sin )
dy d

v A t
dt dt

= =  

tl;l ,af;fj;jpy; (khwh Muk;) tPr;R A khwpyp> NkYk; rPuhd tl;l ,af;fj;jpw;F 
Nfhzj;jpirNtfk;   khwpyp> vdNt  

   cos
dy

v A t
dt

 = =  

 
2 2 2sin cos 1 cos 1 sint t t t   + =  = −  

vd;w jphpNfhz Kw;nwhUikiag; gad;gLj;j  

   
21 sinv A t = −  

rkd;ghL ypUe;J  
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  sin
y

t
A

 =  

  
2

1
y

v A
A

  = − 
 

 

  2 2
v A y= −  

,lg;ngah;r;rp y = O vdpy; mjd; jpirNtfk; v = A (ngUkk;) kw;Wk; ngUk ,lg;ngah;r;rp y 
= A> vdpy; mjd; jpirNtfk; = v = O (rpWkk;). ,lg;ngah;r;rpahdJ RopapypUe;J ngUkj;jpw;F 
mjpfhpj;jhy; jpirNtfk; ngUkj;jpypUe;J Ropf;F FiwAk;. ,J vjph;jpirapy; kPz;Lk; epfOk;.  
 
jpirNtfk; xU ntf;lh; msT Mifahy;> rkd;ghL ntf;lh; $Wfisf; fz;lwptjd; %yKk; 
ngwyhk;.  
 
NtWgl;l fzNeuj;jpy; ,lg;ngah;r;rp> jpirNtfk; kw;Wk; KLf;fk;  
 
fhyk; 0 

4

T
 

2

4

T
 

3

4

T
 

4

4

T
T=  

t  0 

2


 

  3

2


 

2  

,lg;ngah;r;rp 

siny A t=  

0 A 0 -A 0 

jpirNtfk; cosv A t =  A  0 -A  0 A  

KLf;fk;a =  = -A 
2 sin  t  

0 -A 2  0 A 2  0 

 
KLf;fk;:  
jpirNtf khWghL KLf;fk; vdg;gLk;. fhyj;ijg; nghUj;J tifg;gLj;j> ehk; ngWtJ  

  ( cos )
dv d

a A t
dt dt

 = =  

  2 2sina A t y  =− =−  

  
2

2

2

d y
a y

dt
= =  

ehk; mwptJ eLepiyg;Gs;spapy; (y = 0) Jfspd; jpirNtfk; ngUkk; Mdhy; Jfspd; KLf;fk; 

RopahFk;. ngUk epiyapy; (y = ±A), Jfspd; jpirNtfk; Rop Mdhy; KLf;fk; ngUk 

kjpg;Gld; (±A 2 ) vjph;j;jpirapy; nray;gLfpwJ.  
 
jdpr;rPhpir ,af;fj;jpd; miyTNeuk;> mjph;ntz;> fl;lk;> fl;l NtWghL kw;Wk; njhlf;ff; 
fl;lk; 
 
1. miyTNeuk;  
Jfnshd;W xU KO miytpw;F vLj;Jf;nfhs;Sk; fhyk; miyTNeuk; vd 
tiuaWf;fg;gLfpwJ. ,J tof;fkhf T vd;w vOj;jhy; Fwpf;fg;gLfpwJ. xU KOr;Rw;Wf;F 

vLj;Jf;nfhz;l t = T, fhyk; vdpy;  
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2

2T T
 


=  =  

jdpr;rPhpir ,af;fj;jpw;F cl;gLk; Jfspd; ,lg;ngah;r;rpia ird; (sine) my;yJ nfhird; 

(cosine) rhh;Gfshf Fwpg;gplyhk;.  

  y(t) = A sin 
2

T


  t my;yJ y(t) = A cos 

2

T


t 

,q;FT vd;gJmiyTNeuk;. fhyk; tf;Fgjpyhft + Tvdg; gpujpapl;lhy; mjd; rhh;ghdJ> 

   
2

( ) sin ( )y t T A t T
T


+ = +  

   =
2

sin( 2 )A t
T

 +  

   
2

sin ( )A t y t
T


= +  

   y(t + T) = y(t)  
vdNt,r;rhh;GxUmiyTNeuj;jpw;FgpwFk; kPz;Lk; kPz;Lk; epfOk; rhh;GMFk;. 
,e;jy(t)vd;gJrPhpirr; rhh;Gf;fhdvLj;Jf;fhl;lhFk;.  
 
mjph;ntz; kw;Wk; Nfhzmjph;ntz;  
 
Jfnshd;WxUnehbapy; Vw;gLj;Jk; miyTfspd; vz;zpf;ifmjph;ntz; vdg;gLk;. 
,Jfvd;wvOj;jhy; Fwpf;fg;gLfpwJ. ,jd; SImyFS-1my;yJn`h;l;]; MFk;.  

(FwpaPLHz) 
 
fzpjKiwapy; mjph;ntz;>miyTfhyj;Jld; fPo;f;fz;lthWnjhlh;GgLj;jg;gLfpwJ.  
 
,jd; SImyFs-1my;yJn`h;l;]; MFk;.  

(FwpaPLHz).  
 
fzpjKiwapy; mjph;ntz;>miyTfhyj;Jld; fPo;f;fz;lthWnjhlh;GgLj;jg;gLfpwJ.  

   
1

f
T

=   

xUnehbapy; Vw;gLk; Rw;Wfspd; vz;zpf;ifNfhzmjph;ntz; vdg;gLk;. 
,Jtof;fkhf (omega)vd;wfpNuf;fr; rpwpavOj;jhy; Fwpg;gplg;gLfpwJ.  
 
rkd;ghLMfpatw;iwxg;gLk; nghOJ>Nfhzmjph;ntz; kw;Wk; mjph;ntz;zpd; njhlh;G.  
  f =  

Nfhzmjph;ntz;zpd; SImyFrad s-1(Nubad; ngh; nrfz;l; vdthrpf;fTk;)  
 
fl;lk;  
xUFwpg;gpl;lfzj;jpy; mjph;tilAk; Jfspd; fl;lk;>mf;fzj;jpy; mj;Jfspd; 
epiyiaKOikahff; Fwpg;gpLtjhFk;.  
 
Fwpg;gpl;lfzj;jpy; rkepiyiag; nghUe;Jmj;Jfspd; epiy (Position)kw;Wk; 
,af;fj;jpirMfpatw;iwfl;lk; tpthpf;fpwJ.  

   y = A sin 0( )t +  

,q;F 0t  + = vd;gJmjph;tilAk; Jfspd; fl;lk; vdmiof;fg;gLfpwJ.  

 

t = 0s (njhlf;ffhyk;) ,y;> Jfspd; fl;lk; njhlf;ff; fl;lk; 0( ) = vdmiof;fg;gLfpwJ. 

vd;gJ 0 njhlf;ff; fl;lj;jpd; Nfhzk; (angle ofepoch)vdmiof;fg;gLfpwJ.  
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fl;lNtWghL: jdpr;rPupir ,af;fj;ij Nkw;nfhs;Sk; ,U Jfs;fisf; fUJNthk;.  
 

mtw;wpd; rkd;ghLfs; 1 1sin( )y A t = + kw;Wk; 2 2sin( )y A t = + vdpy; mtw;Wf; 

fpilNaahdfl;lNtWghL 2( )t   = + − 1 2 1( )t   + = −  

 
NfhzrPhpir ,af;fk;  
NfhzrPhpirapaf;fj;jpd; miy Neuk; kw;Wk; mjph;ntz;  
 
nfhLf;fg;gl;lmr;irg;gw;wpjdpj;JRoYk; nghUspd; miyTfs;>NfhzmiyTfs; vdg;gLk;.  
 
ve;jxUGs;spapy; nghUspd; kPJnray;gLk; njhFgad; 
jpUg;GtpirRopahfpd;wNjhmg;Gs;sprkepiyg;Gs;spvdg;gLk;.  
 
nghUs; rkepiyg;Gs;spapypUe;J ,lngah;r;rpf;Fs;shFk; NghJ>nray;gLk; gaDWnjhFgad; 
jpUg;GtpirNfhz ,lg;ngah;r;rpf;FNeh;jftpy; ,Uf;Fk; kw;Wk; 
,j;jpUg;GtpirahdJmg;nghUisrkepiyf;Fnfhz;LtuKaw;rpf;Fk;.  
 

nghUspd; Nfhz ,lngah;r;rp vdTk; nghUspd; kPJnray;gLk; njhFgad; 

jpUg;Gtpir vdTk; nfhz;lhy;> 

       

     = −  

,q;F vd;gJkps;jpUg;Gtpirkhwpyp. ,JXuyFNfhz ,lg;ngah;r;rpf;fhdjpUg;GtpirahFk;. 

Ivd;gJxUnghUspd; epiykj;jpUg;Gj;jpwd; kw;Wk;  vd;gJNfhzKLf;fk; vdpy;  

    I  = =−  

Mdhy;  
2

2

d

dt

 =  

vdNt> 

  
2

2

d

dt I

  =−  

 
,r;rkd;ghLjdpr;rPhpirtiff;nfOr; rkd;ghLNghy; cs;sJ. Mifahy; jdpr;rPhpir 
,af;fr;rkd;ghLcld; xg;gplehk; ngWtJ 

   1
rad s

I

 −= vdehk; ngwyhk;. 

 
Nfhzr;rPhpir ,af;fj;jpd; mjph;ntz;  

  
1

2

K
f Hz

I
=  

miyT Neuk; 

 2
I

T
K

=  

 
jdpr;rPhpir ,af;fk; kw;Wk; Nfhzr;rPhpir ,af;fk; xg;gPL:  
 

Neh;Nfhl;Ljdpr;rPhpir ,af;fj;jpy;>nghUspd; ,lg;ngah;r;rpahdJNeh;Nfhl;L ,lg;ngah;r;rp r My; 
mstplg;gLfpwJ.  
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kPs;tpirF kr=− ,q;F vd;gJ RUs; khwpypmy;yJtpirkhwpypahFk;. ,JXuyF 

,lg;ngah;r;rpf;fhdtpirf;Fr; rkk;. Neh;Nfhl;LrPhpir ,af;fj;jpy; nghUspd; 
epiykf;fhuzpvd;gJnghUspd; epiwMFk;.  
 

NfhzrPhpirmiy ,af;fj;jpy;>nghUspd; ,lg;ngah;r;rp Nfhz ,lg;ngah;r;rp My; 
mstplg;gLfpwJ. ,q;FRUs;fhuzpvd;gJjpUg;GtpirkhwpypMFk;. mjhtJxuyFNfhz 
,lg;ngah;r;rpf;fhd ,ul;ilapd; jpUg;Gj; jpwdhFk; my;yJxuyFNfhz 
 
jdpr;rPhpir ,af;fk; kw;Wk; Nfhzr;rPhpir ,af;fk; xg;gPL:  
 
t.vz; jdpr;rPhpir ,af;fk;  Nfhzr;rPhpir ,af;fk;  

1. Jfspd; ,lg;ngah;r;rpNeh;f;Nfhl;L 

,lg;ngah;r;rp r My; 
mstplg;gLfpwJ. 

Jfspd; ,lg;ngah;r;rpNfhz 

,lg;ngah;r;rp  My; mstplg;gLfpwJ. 
(Row;rpNfhzk; vdTk; 
miof;fg;gLfpwJ) 

2. Jfspd; KLf;fk; 2
a r=−  Jfspd; NfhzKLf;fk; 2

a  =−  

3. tpir>F ma=− ,q;Fm 

vd;gJJfspd; epiwMFk; 

jpUg;Gtpir> ,q;Fvd;gJnghUspd; 
epiykj;jpUg;Gj;jpwd;  

4. kPs;tpirF kr=− , 

,q;F vd;gJkPs;tpirkhwyp 
kPs; jpUg;Gtpir I = , ,q;FK 

vd;gJjpUg;Gtpirkhwpyp 

(fpNuf;fvOj;JK I 

‘kappa’vd;Wcr;rhpf;fTk;) 

,k;khwpypxUFwpg;gpl;lKWf;F 
,ioianghUj;JmikAk;. 

5. 
Nfhz 1k

rads
m

 −= mjph;ntz;  Nfhz
k

I
 = mjph;ntz;  

 
,lg;ngah;r;rpf;fhdkPs; jpUg;GtpirahFk;. NfhzrPhpir ,af;fj;jpw;Fcl;gLk; nghUspd; 
epiykf; fhuzpvd;gJnghUspd; epiykj; jpUg;Gj; jpwd; MFk;.  
 
Neh;Nghf;FrPhpirmiyapaw;wp(LHO): 
RUs;tpy; - epiwmikg;gpd; fpilj;jsmiyTfs;  
 
epiwaw;wRUs;tpy;Yld; mepiwnfhz;lnghUs; ,izf;fg;gl;Ls;sJ. ,e;jRUs;tpy; - 
epiwmikg;ghdJcuha;tw;wfpilj;jsj;jpd; kPJitf;fg;gl;Ls;sJvdf;nfhs;f. RUs;tpy;ypd; 
tpiwg;Gkhwpypmy;yJtpirkhwpypmy;yJRUs;tpy; khwpypkMFk;. ,e;jmikg;gpd; 

kPJtpirnrYj;jg;glhjNghJepiwm d; rkepiyg;Gs;sp>my;yJeLepiyg;Gs;spx0vd;f. 

epiwia>rkepiyapy; ,Ue;Jtyg;Gwkhfxnjhiytpw;F ,lk;ngaur; 

nra;Jgpd;GtpLtpj;jhy;>epiwahdJeLepiyg;Gs;spx0 Ig; nghUj;JKd;Dk; gpd;Dk; miyAWk;.  
 
RUs;tpy;ypd; ePl;rpahy; Vw;gLk; kPs;tpirFvd;f. ,t;tpirahdJepiwapd; 
,lg;ngah;r;rpf;FNeh;j;jftpy; ,Uf;Fk;.  
 
xUghpkhz ,af;fj;jpw;F 
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   F  x  
   F = - kx 
vdf; fzpjtpay; Kiwapy; ehk; ngwyhk;.,q;F>kPs;tpirahdJvg;nghOJk; 
,lg;ngah;r;rpf;Fvjph;jpirapy; nray;gLk; vd;gijvjph;f;Fwpfhl;LfpwJ.  
 
,r;rkd;ghL P̀f; tpjpvd;Wmiof;fg;gLfpwJ ,q;FkPs;tpirahdJ ,lg;ngah;r;rpAld; 
Neh;Nghf;fpy; cs;sijftdj;jpy; nfhs;f (mjhtJtpirkw;Wk; ,lg;ngah;r;rpapd; 
mLf;F(exponent) xd;whFk;). ,Jvg;nghOJk; rhpahf ,Ug;gjpy;iy>Vndd;why; rpyNeh;Tfspy; 
mjpfkhdmsT ,Otpiriaehk; nrYj;Jk; NghJ>miyTfspd; tPr;Rfs; mjpfkhfmikAk;. 
(mjhtJtpirAk;> ,lg;ngah;r;rpAk; xd; mjpfmLf;FfSf;FNeh;j;jfthfmikAk;) vdNt 
,e;jmikg;gpd; miyTfs; Neh;Nghf;FmiyTfshf ,Ug;gjpy;iyvd;gjhy; ,it 
Neh;Nghf;Fmy;yhjmiyTfshFk;. ,Jtiuek;Kilatpthjq;fspd; gbNeh;Nghf;FmiyTfs; 
kl;LNktpthjpf;fg;gl;Ls;sJ. ,jd; mbg;gilapy; `Pf; tpjpVw;Gilajhfmikfpd;wJ. mjhtJ 
(tpirkw;Wk; ,lg;ngah;r;rpNeh; Nghf;Fnjhlh;Gilait) 
 
epA+l;ldpd; ,uz;lhk; ,af;ftpjpapypUe;Jjdpr;rPhpir ,af;fj;jpw;Fcl;gLk; Jfspd; 
rkd;ghl;ilfPo;f;fz;lthWehk; vOjKbAk;.  

   
2

2

d x
m kx

dt
=−  

   
2

2

d x k
x

dt m
=−  

jdpr;rPhpir ,af;fr; rkd;ghL cld; xg;gpl> ehk; ngWtJ  

   2 k

m
 =  

mjhtJ miyapaw;wpapd; Nfhz mjph;ntz; my;yJ ,ay;G mjph;ntz;  

1k
rad s

m
 −=  

miyapaw;wpapd; mjph;ntz;  

  
1

2 2

k
f Hz

m


 

= =  

kw;Wk; miyTfspd; miyTNeuk;  

  
1

2
m

T s
f k

= =  

jdpr;rPhpir ,af;fj;jpy; miyTfspd; miyTNeuk; tPr;irg; nghUj;jJ my;y vd;gijf; 
fUj;jpy; nfhs;f. ,J miyTfs; Njhuhakhf rpwpa mstpy; cs;s NghJ kl;LNk 
nghUe;Jk;. jdpr;rPhpir ,af;fj;jpd; tiff;nfOr; rkd;ghl;bd; jPh;;itg; gpd;tUkhW vOjyhk;.  
    ( ) sin( )x t A t = +  
    my;yJ  
    ( ) cos( )x t A t = +  

,q;F A,kw;Wk;  Mfpait khwypfs;. tiff;nfOr; rkd;ghL nghJj;jPh;T  

 

( ) sin( ) cos( )x t A t B t   = + + MFk;. ,q;F A, B khwpypfs;. 
 
epiwaw;w tpir khwpyp my;yJ RUs;tpy; khwpyp k(spring constant) nfhz;l RUs;tpy;yhdJ 

$iuapd; Nkw;gFjpapy; ,izf;fg;gLtjw;F Kd;G RUs;tpy;ypd; ePsk; L vd;f. RUs;tpy;ypd; 
kw;nwhU Kidapy; epiw m ,izf;fg;gLk;NghJ RUs;tpy;ypdhJ l ePsj;jpw;F tphptilfpwJ. 
RUs;tpy;ypd; ePl;rp fhuzkhf Vw;gLk; kPs;tpir F1 vd;f.  
 
epiw m– y; nray;gLk; <h;g;G tpirahdJ nrq;Fj;jhf fPo;Nehf;fp nray;gLk;.  



 

126 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

 
,e;j mikg;gpw;F jdpj;j nghUspd; tpirg;glk; ehk; tiua KbAk;.  
 
fhl;lg;gl;Ls;sJ. mikg;ghdJ rkepiyapy; cs;s NghJ> 
    F1 + mg = 0 
 Mdhy; RUs;tpy; l,lg;ngah;r;rpf;F ePl;rpaile;Js;sJ. vdNt  

   1 1F l F kl  =−   

gpujpapl ehk; ngWtJ  
 - k l + mg = 0  

my;yJ  
m l

k g
=  

 
kpfr;rpwpa mstpyhd Gw tpiria epiwkPJ ehk; nrYj;jpdhy;> me;j epiw NkYk;> 
fPo;Nehf;fpa jpirapy; ,lg;ngah;r;rp y– f;F ePs;fpwJ. gpwF mJ NkYk;> fPOk; miyTWfpwJ. 

,g;nghOJ RUs;tpy;ypd; ePl;rp (y + l) RUs;tpy;ypd; nkhj;j ePl;rp fhuzkhf Vw;gLk; kPs;tpir. 
 

   2 ( )F y l +  

   F2 = -k(y + l) = -ky - kl 
2

2

d y

dt
vd;w KLf;fj;Jld; ,aq;Fk; epiwf;F jdpj;j tpirg;glk; tiue;jhy;> ehk; ngWtJ  

   - ky – kl + mg = 
2

2

d y
m

dt
 

ePl;rpapd; fhuzkhf epiw kPJ nray;gLk; nkhj;j tpir  
   F = F2 + mg 
   F = -ky – kl + mg  
<h;g;GtpirahdJkPs;tpirf;FvjpuhfmikAk;>gpujpapl>ehk; ngWtJ 
   F = -ky – kl + kl = -ky 
epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;j 

   
2

2

d y
m ky

dt
=−  

   
2

2

d y k
y

dt m
=−  

,r;rkd;ghLjdpr;rPhpir ,af;fj;jpd; tiff;nfOr; rkd;ghl;bd; tbtkhFk;. vdNt 

miyTNeuk; 2
m

T s
k

=  

gad;gLj;jp>miyTNeuj;ijNtWtbtpy; vOjpdhy;  
 
NtWtbtpy; vOjpdhy;  
 

miyT Neuk; 2 2
m l

T
k g

 = =   

 
,r;rkd;ghl;bypUe;JGtp<h;g;GKLf;fk; gapd; kjpg;igngwyhk;.  

 2 2

2
4

l
g ms

T
 − =  

 
    

 
RUs;tpy;fspd; njhFg;Gfs;:  
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RUs;tpy;ypd; tpiwg;Gj; jd;ikahdJ>RUs;khwpypmy;yJtpirkhwpypmy;yJtpiwg;Gkhwpypahy; 
mstplg;gLfpwJ.  
 
RUs;khwpypapd; kjpg;Gmjpfnkdpy; RUs;tpy;yhdJtpiwg;ghf ,Uf;Fk;. 
RUs;tpy;iyePl;rpailar; nra;aNthmy;yJmKf;fr; nra;aNthmjpftpirianrYj;jNtz;Lk; 
vd;gij ,J czh;j;Jfpd;wJ. ,NjNghy; RUs;khwpypapd; kjpg;GFiwntdpy; 
Fiwe;jtpirianrYj;jpRUs;tpy;iyePl;rpailar; nra;aNthmy;yJmKf;fNthKbAk;.  
 
,URUs;tpy;fis ,U topfspy; ,izf;fKbAk;. xd;Wnjhlhpizg;gpy; ,izj;jy; 
kw;nwhd;Wgf;f ,izg;gpy; ,izj;jy;.  
 

1. RUs;tpy;fs; njhlhpizg;gpy; cs;sNghJk; 
2. RUs;tpy;fs; gf;f ,izg;gpy; cs;sNghJk;  

 
njhFgad; RUs;khwpypiafPo;f;fhZk; Jizg;gphpTfspy; ehk; fzf;fplyhk;.  
 
njhlhpizg;gpy; ,izf;fg;gl;Ls;sRUs;tpy;fs;  
 
,uz;Lmy;yJmjw;FNkw;gl;lRUs;tpy;fs; njhlhpizg;gpy; ,izf;fg;gl;Ls;sdvd;f. 
njhlhpizg;gpy; cs;sRUs;tpy;fs; Vw;gLj;Jk; epfutpistpw;Fr; rkkhdtpisitVw;gLj;Jk; 
xURUs;tpy;iy (njhFgad; RUs;tpy;) mr;RUs;tpy; njhFg;Gf;Fgjpyhfehk; gad;gLj;jyhk;. 
 
jdpj;jdpRUs;khwpypfspd; kjpg;Gfs; k1, k2, k3, (njhpe;jmsTfs;)>kw;Wk; njhFgad; 

RUs;khwpypks (njhpahjmsTfs;) Mfpatw;Wf;fpilNafzpjtpay; njhlh;gpidehk; ngwyhk;. 

vspikf;fhfk1, k2 RUs; khwpypnfhz;l ,U RUs;tpy;fiskl;Lk; fUJNthk;. m 
vd;wepiwAld; ,izf;fg;gl;Ls;sjhfnfhs;f. ,jd; %yk; ngwg;gLk; Kbtpidg; 
gad;gLj;jpnjhlhpizg;gpy; ve;jxUvz;zpf;ifapYk; ,izf;fg;gLk; RUs; 
tpy;fSf;fhdnghJthdKbitg; ngwyhk;. 
 
GwtpirFtyJGwk; Nehf;fpnrYj;jg;gLtjhff; nfhs;Nthk;. xt;nthURUs;tpy;ypd; 

RUs;khwpypntt;ntwhditNkYk; mw;Wf;fpilNaadhgpizg;G ,Wf;fkhf(rigid) ,Ug;gjpy;iy. 
Mjyhy; mitntt;NtWePsj;jpw;FePl;rpailfpd;wd.  
 
nrYj;jg;gl;ltpirF– d; fhuzkhfRUs;fs; mjDilarkepiyapypUe;J (ePl;rpailahepiy) 

ePl;rpaile;jnjhiyTfs; KiwNax1kw;Wk; x2vd;f.  
 
vdNt>epiwg; Gs;spapd; nkhj;j ,lg;ngah;r;rp 
  x = x1 + x2 
`{f;fpd; tpjpapypUe;J 

  F = - ks (x1 + x2)    x1 + x2 = - 
s

F

k
  

RUs;tpy;fs; njhlhpizg;gpy; cs;sjhy;  
  -k1x1 = -k2x2 = F  

  1 2

1 2

F F
x and x

x k
 = − = −  

vdNtrkd;ghLgpujpapl;LnjhFgad; RUs;khwpypiaf; fzf;fplKbAk;.  

   
1 2 s

F F F

k k k
− − =−  

   
1 2

1 1 2

s
k k k
= +  

my;yJ 
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 11 2

1 2

s

k k
k Nm

k k

−=
+

 

“n” RUs;tpy;fisnjhlhpizg;gpy; ,izg;gjhff; nfhz;lhy; njhlhpizg;gpd; njhFgad; 
RUs; khwpyp 

 
midj;J RUs; khwpypfSk; rkk; vdpy; mjhtJ 

   s s

n k
k k

k n
=  =  

njhFgad; RUs;khwpyp“n”klq;FFiwAk; vd;gij ,J fhl;LfpwJ.  
 
MfNt> RUs;tpy;fs; njhlhpizg;gpy; ,izf;fg;gLk; nghOJ njhFgad; RUs;khwpypahdJ 
jdpj;j RUs; khwpypiatpl Fiwthf ,Uf;Fk;.  
 
rkd;ghL ypUe;J ehk; ngWtJ  
   k1x1 = k2x2 
,Wf;fg;gl;l ePsk; my;yJ ePl;rpaile;j ePsk; x1kw;Wk; x2-f;fhd jfT  

   2 1

1 2

x k

x k
=  

Kjy; kw;Wk; ,uz;lhtJ RUs;tpy;ypy; Njf;fp itf;fg;gl;Ls;s kPs; epiyahw;wy; KiwNa 

2
1 1 1

1

2
U k x= kw;Wk;  2

2 2 2

1

2
U k x= vdpy; mtw;wpd; jfT  

   

2 2
1 1

1 1 1 2

22 2 2 1
2 2

1

2
1

2

k x
U k x k

U k x k
k x

 
= = = 

 
 

gf;f ,izg;gpy; RUs;tpy;fs;  
,uz;L my;yJ mjw;F Nkw;gl;l RUs;tpy;fs; gf;f ,izg;gpy; ,izf;fg;gl;Ls;sd gf;f 
,izg;gpy; cs;s RUs;tpy;fs; Vw;gLj;Jk; epfu tpistpw;Fr; rkkhd tpisit Vw;gLj;Jk; 
xU RUs;tpy;iy (njhFgad; RUs;tpy;) mr;RUs;tpy; njhFg;GfSf;F gjpyhf ehk; 
gad;gLj;jyhk;. 
 
jdpj;jdp RUs; khwpypfspd; kjpg;Gfs; k1, k2, k3, (njhpe;j kjpg;Gfs;)> kw;Wk; njhFgad; RUs; 
khwpyp kp (njhpahj msT) Mfpatw;Wf;fpilNaahd fzpjtpapy; njhlh;gpid ehk; ngw 
KbAk;.  
 
vspikf;fhf k1 kw;Wk; k2 RUs; khwpyp nfhz;l ,U RUs;tpy;fs;fis kl;Lk; fUJNthk;. m 
vd;w epiwAld; ,izf;fg;gl;Ls;sjhff; nfhs;f.  
 
,jd; %yk; ngwg;gLk; Kbtpidg; gad;gLj;jp gf;f ,izg;gpy; ve;j xU vz;zpf;ifapYk; 
,izf;fg;gLk; RUs;tpy;fSf;fhd nghJthd Kbitg; ngwyhk;.  
 
tpir F– I tyJ Gwkhf nrYj;Jtjhf nfhs;Nthk;.  
,e;Neh;tpy;> ,U RUs;fSk; xNu mstpyhd ePl;rp my;yJ ,Wf;fj;jpid milfpd;wJ.  
epiw m mile;j ,lg;ngah;r;rp vdpy;  

  F = -kpx 
,q;F kpvd;gJ njhFgad; RUs;khwpyp MFk;. Kjy; RUspy; x ePl;rpia Vw;gLj;Jk; tpir F1 

vdTk;. ,uz;lhtJ RUspy; mNj msT x ePl;rpia Vw;gLj;Jk; tpir F2 vdTk; nfhz;lhy;> 
njhFgad; tpirahdJ.  
  F = k1x – k2x  
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rkd;ghL kw;Wk; Mfpatw;iw rkd;nra;a ehk; ngWtJ  
 kp = k1 + k2 
 
nghJthf n RUs;tpy;fs; gf;f ,izg;gpy; ,izf;fg;gl;bUg;gpd;> 

    
1

n

p i

i

k k
=

=  

midj;J RUs;tpy; khwpypapd; kjpg;Gk; rknkdpy; mjhtJ  
   k1 = k2 = … = kn = k  
   kp = n k  
 
njhFgad; RUs;khwpyp n klq;Fmjpfhpf;Fk; vd;gij ,J fhl;LfpwJ. MfNtRUs;tpy;fs; 
gf;f ,izg;gpy; ,izf;fg;gl;bUg;gpd; njhFgad; RUs; khwypjdpj;jdp RUs; khwpypapd; 
kjpg;gpidtplmjpfkhf ,Uf;Fk;.  
 
jdpr;rPhpir ,af;fj;jpy; jdp Crypd; miyTfs; kw;Wk; jdp Crypd; tpjpfs;  
jdp Cry;: 
 
jdp Cry; vd;gJ rPuiyT ,af;fj;ij Nkw;nfhs;Sk; xU ,ae;jputpay; mikg;ghFk;. 
ePskhd fapw;wpy; (epiwaw;w kPl;rpj; jd;ikaw;wjhf fUJf) m epiw nfhz;l Cry;Fz;L 
xU Kidapy; njhq;ftplg;gl;l epiyapy; kW KidahdJ fhl;bAs;sthW jhq;fpapy; 
nghUj;jg;gl;Ls;sJ. rkepiyapy;> jdp Cry; miyTwhky; nrq;Fj;jhf fPo;Nehf;fp njhq;fpf; 
nfhz;bUf;Fk;. ,e;epiy rk epiyg;Gs;sp my;yJ eLepiyg;Gs;sp vdg;gLk;. jdp CryhdJ 
rkepiyg; Gs;spapypUe;J rpwpa ,lg;ngah;r;rpf;F cl;gLj;jg;gl;L tplg;gLk; NghJ> Cry; 
Fz;lhdJ Kd;Dk; gpd;Dk; ,af;fj;ij Nkw;nfhs;Sk;. jdp Crypd; ePsk; lvd;gJ 
njhq;ftplg;gl;l Gs;spf;Fk; Cry; Fz;bd; <h;g;G ikajpw;Fk; ,ilg;gl;l njhiyT MFk;.  
 
Cry; Fz;bd; kPJ ve;j xU ,lk; ngah;e;j epiyapYk; ,U tpirfs; nray;gLfpd;wd.  
 

1. <h;g;gpay; tpir F mg= nrq;Fj;jhf fPo;Nehf;fp nray;gLfpwJ.  

2. njhq;ftplg;gl;l Gs;spia Nehf;fp fapw;wpd; topahf nray;gLk; ,Otpir T  
 
<h;g;gpay; tpirapd; ,U$Wfshtd 

1. nrq;Fj;J $W: fapw;wpd; topahf ,Otpirf;F vjph;jpirapy; nray;gLk; $W. Fas=  mg 
cos θ  
 

2. njhLtpay; $W: fapw;wpw;F nrq;Fj;jhf cs;s $W mjhtJ tpy;ypd; njhLNfhl;L 
jpirapy; cs;s $W Fps = mg sin θ 
 

vdNt> 
fapw;wpd; topNa tpirapd; nrq;Fj;Jf; $W  

  2
as

v
T F m

l
− =  

,q;F v vd;gJ Cry; Fz;bd; Ntfk;  

  T – mg cos θ = m 
2

v

l
 

ehk; cw;W Nehf;Fk;NghJ <h;g;gpay; tpirapd; njhLNfhl;L $whdJ vg;nghOJk; rkepiy 
Nehf;fpNa mikAk;. mjhtJ <h;g;gpay; tpirahdJ> Cry; Fz;bd; rkepiyg;Gs;spapypUe;J 
mile;j ,lg;ngah;r;rpapd; vjph;jpirapy; mikAk;. ,e;j njhLtpay; tpirNa kPs; tpirahFk;. 
njhLtpay; tpiria epA+l;ldpd; ,uz;lhk; tpjpapd; %yk; ehk; ngwyhk;.  
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2 2

2 2
0ps ps

d s d s
m F m F

dt dt
+ =  = −

 

   

2

2
sin

d s
m mg

dt
= −  

,q;F s vd;gJ Cry; Fz;bs; ,lg; ngah;r;rpahFk;. ,J tl;ltpy;ypd; topNa 
mstplg;gLfpwJ.  
 
tl;l tpy;ypd; ePsj;ij Nfhz ,lg;ngah;r;rpapd; thapyhf ngwyhk;. mjhtJ  
  s = l θ 

,jd; KLf;fk;  

 
2 2

2 2

d s d
l

dt dt


=  

rkd;ghL gpujpapl  

  
2

2
sin

d
l g

dt

 = −  

  
2

2
sin

d g

dt l

 = −  

Nkw;fz;l tiff;nfO rkd;ghl;by; sinθ ,Ug;gjdhy;> ,r;rkd;ghL Neh;Nghf;fw;w (,uz;lhk; 

thpir xUgbj;jhd) rkd;ghlhFk;. rpwpa miyTfSf;F Njhuhakhf sin θ  θ vd;gjhy; 
Nkw;nfhz;l tiff;nfO rkd;ghL Neh;Nghf;F tiff;nfOr; rkd;ghlhfpwJ.  
 

  
2

2

gd

dt l

 =−  

 
,Jed;Fmwpe;jmiyapaf;fj;jpw;fhdtiff;nfOrkd;ghL. vdNtmiyapaw;wpapd; 
Nfhzmjph;ntz;zhdJ (mikg;gpd; ,ay;Gmjph;ntz;) 

   2 g

l
 =  

   1g
rad s

l
 −=  

miyapaf;fj;jpd; mjph;ntz;  

   
1

2

g
f Hz

l
=  

miyapaf;fj;jpd; miyT Neuk;  

   2
l

T s
g

=  

jdpCrypd; tpjpfs;  
jdpCrypd; miyTNeukhdJ 
 
fPo;f;fz;ltpjpfspd; mbg;gilapy; mike;Js;sJ.  
 
ePsj;jpd; tpjp:  
nfhLf;fg;gl;lGtp<h;g;GKLf;fj;jpd; kjpg;gpw;F>jdpCrypd; miyTNeuk; jdpCrypd; ePsj;jpd; 
,Ukb %yj;jpw;FNeh;j;jftpy; mikAk;.  

   T l  
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KLf;fj;jpd; tpjp 
nfhLf;fg;gl;ljdpCrypd; ePsk; khwhjpUf;Fk; NghJCrypd; miyTNeuk; Gtp<h;g;GKLf;fj;jpd; 
,Ukb %yj;jpw;Fvjph;jftpy; mikAk;.  

  
1

T
g

   

gpd;tUk; fhuzpfisr; rhh;;e;jpUf;fhJ 
 
1. Cry; Fz;bd; epiw:  

jdpCrypy; Cry; Fz;bd; miyTNeuk; epiwiarhh;e;jpuhJ. ,JjhNdfPNotpOk; nghUspd; 
,af;fj;ijNghd;wJ. vdNtkhwhjePsk; nfhz;ljdpCrypy; Cry; 
Fz;lhfahidCrYw;whYk; vWk;GCrYw;whYk; miyTf; fhyk; ghjpf;fhJ. ,uz;Lk; xNu 
miyTf;fhyj;ijngw;wpUf;Fk;.  
 

2. miyTfspd; tPr;R:  
rpwpaNfhzmsTfspy; jdp Cry; (Nfhz ,lg;ngah;r;rprpwpajhfcs;sNghJ) miyTw;why; 
miyTNeuk; tPr;rpidrhh;e;jpuhJ.  

 
 
3.  

 
xUrPuhdFWf;Fntl;Lg;gug;GAnfhz;ljpwe;jGaq;fisf; nfhz;lU tbt fz;zhbf; 

FohiafUJf. ghFepiyaw;w>mKf;f ,ayhjρmlh;j;jpnfhz;ljputkhdJUtbtf; Fohapd; 

gaq;fspy; h cauj;jpw;Fepug;gg;gl;Ls;sjhfnfhs;f. FohAk; jputKk; mirtw;wepiyapy; 

cs;snjdpy; jputj;jk; kl;lk; rkepiyg; Gs;spO tpy; ,Uf;Fk;. jputj;jpd; kPJve;jxUGs;spapy; 
mOj;jj;ijmstpl;lhYk; rkkhf ,Uf;Fk;. NkYk; Gaq;fspd; Nkw;gFjpapYk; mOj;jk; 
(Fohapd; ,UGwq;fspd; cs;sKidfspy;) rkkhf ,Uf;Fk;. ,t;tOj;jk; tsp 
kz;lymOj;jj;jpw;Fr; rkk;. ,jdhy; Fohapd; Gaq;fspy; jputkl;lq;fs; rkepiyapy; 
,Uf;Fk;. VNjDk; xUGaj;jpy; ehk; fhw;iwCJtjd; %yk; NjitahdtpirianrYj;Jtjhy; 
rkepiyg; Gs;spOtpypUe;Jjputkl;lk; khWgLfpwJ. mjhtJxUGaj;jpy; Cjg;gl;lfhw;wpd; 
mOj;jk; kw;nwhUGaj;ijtplmjpfk;. ,e;jmOj;jkhWghLjputj;ijeLmy;yJrkepiyg; 
nghUj;JrpwpJ Neuk; miyTfiscUthf;FfpwJ gpd; ,Wjpahfmikjpepiyf;FjpUk;GfpwJ. 
,jd; miyTNeuk;.  

   T = 2
2

l
T

g
= tpehb 

,q;Nflvd;gJU tbt Fohapy; cs;sjputj;jk;gj;jpd; nkhj;jePsk;  
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jdpr;rPhpir ,af;fj;jpd; Mw;wy;:  
 
epiyMw;wYf;fhdrkd;ghL 
 
jdpr;rPhpir ,af;fj;jpy; tpirf;Fk; ,lg;ngah;r;rpf;Fk; ,ilNaahdnjhlh;G `{f; tpjpapd;gb 

  F kr=−  
nghJthftpirvd;gJntf;lh; msTMjyhy; Kg;ghpkhzj;jpy; ,J %d;W $Wfisnfhz;lJ. 
NkYk; Nkw;fz;lrkd;ghl;by; tpirahdJMw;wy; khw;whtpirahFk;. 
,e;jtpiriaxU$Wnfhz;l ];Nfyhh; rhh;gpypUe;JjUtpf;fKbAk;. xUghpkhz ,af;fj;jpy;  
   F = -k x  
njhFjp 1>myF4 ,y; tpthjpj;jJNghy; Mw;wy; khw;whtpirg;Gyj;jpdhy; 
nra;ag;gl;lNtiyghijiar; rhh;e;jpuhJ. fPo;f;fz;lrkd;ghl;bypUe;Jmjd; epiyahw;wiyf; 
fzf;fplKbAk;.  
 
njhFjp 1>myF4 ,y; tpthjpj;jJNghy; Mw;wy; khw;whtpirg;Gyj;jpdhy; 
nra;ag;gl;lNtiyghijiar; rhh;e;jpuhJ. fPo;f;fz;lrkd;ghl;bypUe;Jmjd; epiyahw;wiyf; 
fzf;fplKbAk;.  

    F = 
dU

dx
 

 
njhFjp 1>myF4 ,y; tpthjpj;jJNghy; Mw;wy; khw;whtpirg;Gyj;jpdhy; 
nra;ag;gl;lNtiyghijiar; rhh;e;jpuhJ.  

dU
kx

dx
− =−  

dU = k x dx  
 
Xg;Gkhwp 

njhifaPl;Lkhwpypx’vd;gJxg;GkhwpahFk;.  

2

0 0 0 2

y y y y
tdt xdx pdp= = =    

khwpt, xkw;Wk; p vd;gdxg;Gkhwpfs; Vnddpy; 

njhifaPl;bd; NghJt, xmy;yJp 
Mfpave;jkhwpfisitj;JnjhifaPl;ilehk; 
nra;Ak;NghJxNutpilfpilf;fg;ngWk;. 

 
rpwpa ,lg;ngah;r;rpdx– I Nkw;nfhs;sFvd;wtpirapdhy; 
nra;ag;gl;lNtiyepiyMw;wyhfNrfhpf;fg;gLfpwJ.  

   2 2

00

1 1
( ) ' ' ( ')

2 2
|

x x

U x k x dx k x kx= = =  

tpir khwpypapd; kjpg;G k = m  2ia rkd;ghL ehk; gpujpapl  

   U(x) = 2 21

2
m x   

,q;F> vd;gJ miyTW mikg;gpd; ,ay;G mjph;ntz;. rPhpir ,af;fj;ij Nkw;nfhs;Sk; 
Jfs;fSf;F> ehk; ngWtJ  
   sinx A t=  



 

133 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

   U(t) = 2 2 21
sin

2
m A t   

 
,af;f Mw;wYf;fhd rkd;ghL 
,af;f Mw;wy;  

  

2

21 1

2 2
x

dx
KE mv m

dt

 = =  
 

 

JfshdJ rPhpir ,af;fj;ij Nkw;nfhs;fpwJ vdpy;> rkd;ghL ypUe;J  
  x = A sin  t 
vdNt jpirNtfkhdJ 

  cos
x

dx
v A t

dt
 = =  

      = 
2

1
x

A
A

  = − 
 

  

vdNt> 

  KE = 2 2 2 21 1
( )

2 2
x

KE mv m A x= = −  

  KE = 2 2 21
cos

2
KE m A t =  

nkhj;j Mw;wYf;fhd rkd;ghL  
,af;f Mw;wy; kw;Wk; epiy Mw;wy; ,tw;wpd; $Ljy; nkhj;j Mw;wy; MFk;.  
   E = KE + U 

   2 2 2 2 21 1
( )

2 2
E m A x m x = − +  

vdNt>x2 I ePf;f> 

   2 21

2
E m A= = khwpyp  

kWjiyahf rkd;ghL kw;Wk; rkd;ghL ypUe;J ehk; ngWk; nkhj;j Mw;wy;  
 
ypUe;J ehk; ngWk; nkhj;j Mw;wy;  

  
2 2 2 2 2 21 1

sin cos
2 2

E m A t m A t   = +  

  = 
2 2 2 21

(sin cos )
2

m A t t  = +  

jphpNfhzkpjp Kw;nwhUikapypUe;J> 

  2 2(sin cos ) 1t t + =  

2 21

2
E m A= =khwpyp  

U(t) + K(t)  
 
vdNtnkhj;jMw;wiyf; nfhz;Lngwg;gLk; rPhpirmiyapaw;wpapd; tPr;R 

  2

2 2E E
A

m k
= =  

miyTfspd; tiffs; 
fl;lw;wmiyTfs;:  
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miyapaw;wpiamjd; rkepiyg;Gs;spapypUe;J ,lk;ngaur; nra;JmiyTwr; nra;jhy; 
mJmiyTWk; mjph;ntz;zhdJ ,ay;Gmjph;ntz;zpw;Frkkhf ,Uf;Fk;. ,t;tifmiyTfs; 
my;yJmjph;Tfs; fl;lw;wmiyTfs; my;yJfl;lw;wmjph;Tfs; vdg;gLk;.  
 
vLj;Jf;fhl;Lfs;:  
1. ,irf;fitapd; mjph;Tfs;  
2. ,Oj;Jf;fl;lg;gl;lfk;gpapd; mjph;Tfs;  
3. jdpCrypd; miyTfs;  
4. RUs;tpy; epiwmikg;gpd; miyTfs;  
 
jiyAWmiyTs;: 
 
jdp Cry; miyTWk; NghJ (Ke;ijaepfo;tpy;) miytpd; tPr;rhdJkhwpypvdTk; 
miyapaw;wpapd; nkhj;jMw;wy; khwhjJvdTk; vLj;Jf; nfhs;fpNwhk;;. Mdhy; cz;ikapy; 
Clfj;jpd; Cuha;Tkw;Wk; fhw;wpd; ,Oitahy; fhyk; mjpfhpf;Fk; NghJtPr;RFiwfpd;wJ. 
,jd; miyTfs; epiyepWj;jg;glhky; ,Uf;Fk; kw;Wk; rPhpirmiyapaw;wpd; Mw;wy; 
gbg;gbahfFiwfpd;wJ. ,e;jMw;wy; ,og;Gmiyapaw;wp #o;e;Js;s Clfk; cl;fth;jyhy; 
Vw;gLfpwJ. ,e;jtifmiy ,af;fk; jilAWmiyTfs; vdmiof;fg;gLfpd;wJ. NtWtpjkhf 
$wpdhy; miyapd; tPr;RFiwfpd;wJkw;Wk; miyapaw;wpapd; Mw;wy; Clfj;jpd; 
jilf;Fvjpuhfnra;ag;gl;lNtiyahfkhw;wg;gLfpwJ. ,t;tif ,af;fk; jilAW ,af;fk; 
vdmiof;fg;gLfpwJkw;Wk; ,e;epfo;tpy; cuha;Ttpir (jilAWtpir) miyapaw;wpapd; 
jpirNtfj;jpw;FNeh;jftpy; ,Uf;Fk;.  

 
jilAWrPhpirmiyapaw;wp–fhyk; mjpfhpf;Fk; NghJtPr;RFiwfpwJ.  

 
vLj;Jf;fhl;Lfs;:  
 
1. jdpCrypd; miyTfs; (fhw;wpd; jilAld;) my;yJvz;nza; epug;gg;gl;lfydpw;Fs; 

jdpCrypd; miyTfs;  
 

2. njhl;br; Rw;wpy; Vw;gLk; kpd;fhe;jmiyTfs;  
 

3. fhy;tdhkPl;lhpy; Vw;gLk; jilAWmiyT 
 
epiyepWj;jg;gl;lmiyTfs;:  
 
Crypy; Mbf; nfhz;bUf;Fk;NghJxUrpymiyTfSf;FgpwFmiyTepWj;jg;gLk;. 
,jw;Ffhuzk; jilAWtpirahFk;. ,jidj; jtph;f;fjs;Stpiriar; 
nrYj;jpmiyTfshdJepiyepWj;jg;gLfpwJ.  
 
Gw %yj;jpypUe;JMw;wiygad;gLj;jpmiyapaw;wpf;Fmspg;gjdhy; miyTfspd; tPr;Rkhwhky; 
,Uf;Fk;. ,t;tifmjph;TfisepiyepWj;jg;gl;lmjph;Tfs; vd;fpNwhk;.   
 
vLj;Jf;fhl;L:  
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mjph;TWk; ,irf;fyitapd; Mw;wiykpd;fymLf;Fmy;yJkpd; %yj;jpypUe;Jngwr;nra;jy;  
 
jpzpg;G mjph;Tfs;:  
 
ve;j xU miyapaw;wp> jhd; ,oe;j Mw;wiy Gwr;rPuiyT mikg;gpdhy; ngw;W njhlh;e;J 
,aq;Ffpd;wNjh me;j miyapaw;wpia jpzpg;G miyapaw;wp my;yJ ,af;fg;gl;l 
miyapaw;wp vd miof;fpd;Nwhk;.  
 
,t;tif mjph;Tfspy;> nghUshdJ Muk;gj;jpy; ,ay;G mjph;ntz;zpy; mjph;TWk; gpd;dh; Gw 
rPuiyT tpirapd; fhuzkhf Gw rPuiyT tpirapd; mjph;ntz;zpy; mjph;TWk;. ,j;jifa 
mjph;Tfs; jpzpg;G mjph;Tfs; vd;W miof;fg;gLfpwJ.  
 
vLj;Jf;fhl;L:  
fk;gp ,irf; fUtpfspy; ngwg;gLk; mjph;Tfs;  
 
xj;jjph;T:  
 
xj;jjph;Tjpzpg;Gmjph;tpd; rpwg;Gepfo;TMFk;. ,q;FGwrPuiyTtpirapd; (my;yJ 
,af;fptpirapd;) mjph;ntz;Zk; mjph;TWk; nghUspd; ,ay;Gmjph;ntz;Zk; rkkhf ,Uf;Fk;. 
,jd; tpistpdhy; mjph;TWk; nghUspd; tPr;Rmjpfhpf;fMuk;gpj;JngUk; tPr;Repiyiag; ngWk;. 
,e;jepfo;itxj;jjph;TvdTk; mjd; mjph;Tfs; xj;jpirTvdTk; miof;fg;gLfpwJ.  
 
vLj;Jf;fhl;L:  
xypahy; fz;zhbciljy;  
 
xj;jpirTmjph;Tfs; ghyj;jpy; Vw;gLtijjtph;f;fghyj;jpd; kPJ ,uhZttPuh;fs; 
mzptFj;Jfle;Jnry;ymDkjpf;fg;glkhl;lhh;fs;.  
 
,uhZttPuh;fs; ghyj;ijf; fle;Jnry;Yk;NghJ>mth;fs; ghyj;jpd; kPJfhybvLj;Jitf;Fk; 
mjph;ntz; ghyj;jpd; ,ay;Gmjph;ntz;zpw;Frkk; vdpy; ,g;ghyk; xj;jpirmjph;Tfisngwyhk;. 
tPr;rpd; kjpg;Gkpfg;nghpaJvd;gjhy; ghyk; ,be;Jtpotha;g;Gs;sJ.  
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11TH,aw;gpay; 

njhFjp–II 
myF– 11 
miyfs;  

 
 
mwpKfk;: 
 
Ke;ija myfpy; ehk; xU Jfspd; miytpidg; gw;wp tpthjpj;Njhk;. Jfs;fspd; njhFg;igf; 
nfhz;lXh; Clfj;ijf; (medium) fUJNthk;. xU Kidapy; ,lh;ghl;il (disturbance) 
cUthf;fpdhy; mJ Kd;Ndwpr; nrd;W kWKidia milfpwJ. mjhtJ Kjy; Gs;sp 
epiwapy; Vw;gLj;jpa ,lh;ghlhdJ mUfpy; cs;s mLj;j Gs;sp epiwf;F mLj;jLj;J 
gug;gg;gLfpJ. ,q;F ftdpf;f Ntz;baJ ahnjdpy;> khWghL kl;LNk gug;gg;gLfpwJ. Gs;sp 
epiwfs; my;y. ,JNghd;W ehk; ntspg;gLj;Jk; Ngr;rhdJ ekJ njhz;ilapy; cs;sFuy; 
tisapd; mjph;tpdhy; Njhd;WfpwJ. ,jd; fhuzkhf Rw;Wg;Gw fhw;W %yf;$Wfs; 
mjph;tile;J mjdhy; Ngr;rpd; tpisT (jfty;fs;) ntspapy; (space) cs;s xU 
Gs;spapypUe;J kw;nwhU Gs;spf;F Clfj;jpd; Jfs;fis vLj;Jr; nry;yhky; gug;gg;gLfpwJ.  
 
vdNt ntspapy; xU Gs;spapypUe;J kw;nwhU Gs;spf;F Clfk; khw;wg;glhky; Mw;wy; kw;Wk; 
ce;jj;ij vLj;Jr; nry;Yk; epfo;T miyvdg;gLk;.  
 
flw;fiuf;F mUfpy; epd;why; xUth; flypy; ,Ue;J fly; ePH; xNu miy tbtj;jpy; Vw;w 
,wf;fj;Jld; flw;fiuia miltijf; fhz ,aYk;. vdNtmJ fly; miyfs; vdg;gLk;. 
xUug;gh; Ngz;l; Rz;lg;gl;lhy; mJ epiyahd miyfs; vdg;gLk; miy tbtj;jpy; 
mjph;TWk;. ehk; kpd;fhe;j miyahfpa xspapd; %ykhf mofpa ,aw;ifiaf; fhz;fpNwhk;. 
ehk; ,dpikahd nky;ypirg; ghly;fis xyp miyfs; %ykhff; Nfl;fpNwhk;. md;whl 
tho;tpy; ifg;Ngrp jfty; njhlh;G Kjy; Nyrh; mWitrpfpr;ir tiu miyfspd; Vuhskhd 
gad;ghLfs; cs;sd.  
 
epiyahf cs;s xU ePh;g;gug;gpy; ehk; xU fy;iy vhpe;jhy;> ePhpd; Nkw;gug;gpy; fy; Nkhjpa 
,lj;jpy; xU khWghL cUthtijf; fhzyhk;. ,e;j ,lh;ghlhdJ njhlh;e;J mjpfhpf;Fk; 
Muq;fs; nfhz;Ls;s xU ika tl;lq;fshf ntspg;Gwkhf tphptile;J Nkw;gug;gpd; 
vy;iyapy; NkhJtijf; fhzyhk;. Vndd;why; fy;ypd; ,af;f Mw;wypd; xU gFjp 
Nkw;gug;gpy; cs;s ePh; %yf;$WfSf;F Vndd;why; fy;ypd; ,af;f Mw;wypd; xU gFjp 
Nkw;gug;gpy; cs;s ePh; %yf;$WfSf;F khw;wg;gLfpwJ. cz;ikapy; ePuhdJ (Clfk;) 
,lh;ghl;Lld; ntspNa efuhJ. ,jid ePhpd; Nkw;gug;gpy; xUfhfpjj; Jz;bid itg;gjd; 
%yk; fhz ,aYk;. ,lh;ghlhdJ (miy) ePhpd; Nkw;gug;gpy; nry;Yk; NghJ me;j Jz;L 
NkYk; fPOkhf efUk;. ePhpd; %yf;$Wfs; mtw;wpd; rkepiyiag; nghUj;J mjph;tpaf;fj;ij 
Nkw;nfhs;tij ,J fhl;LfpwJ.  
 
,Oj;Jf;fl;lg;gl;lnky;ypafk;gpapy; miyfs; Njhd;Wjy;:  
 
xU ePskhd nky;ypa fk;gpia vLj;Jf;nfhz;L mjd; xU Kidia Rtw;wpy; fl;LNthk;. 
jpBnud Rz;bdhy; fapw;wpy; xU khWghL cUthfpwJ. ,e;j khWghL jpBnud Njhd;wpaJ 
NkYk; mJ Fiwe;j Neuj;jpw;Nf ePbf;Fk;. vdNt ,e;j khWghL miyj;Jbg;G vdg;gLk;. 
njhlh;r;rpahf Rz;lg;gl;lhy; epiyahd miyfs; cUthfpwJ. fpl;lhhpd; (Guitar) Rz;lg;gl;l 

fk;gpapd; (Plucked sting) %yk; ,J Nghd;w miyfs; cUthf;fg;gLfpwJ.  
 
,irf;fitapy; miyfspd; cUthf;fk;:  
 
xU ,ug;gh; Jz;by; xU ,irf;fitia mbj;jhy; ,irf;fitapd; Gaq;fs; mjd; 
ikag;Gs;spiag; nghUj;J mjph;TWk;. Gak; xUikag; Gs;spiag; nghWj;J mjph;TWk; 
vd;gjd; mh;j;jk; ntspg;Gwk; kw;Wk; cl;Gwk; nry;Yjy; MFk;. GakhdJ ntspg;Gwkhf efUk; 
NghJ mjd; mUfpy; cs;s fhw;W mLf;if mJjs;SfpwJ. mjhtJ ,g;gFjpapy; 
mjpfkhdfhw;W %yf;$Wfspd; Njf;fk; cs;sJ. vdNt mlh;j;jp kw;Wk; mOj;jKk; $l kpf 
mjpfkhFk; ,g;gFjpfs; ,Wf;fg;gl;l gFjpfs; my;yJ ,Wf;fq;fs; vdg;gLk;. ,Wf;fg;gl;l 



 

137 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

fhw;W mLf;F Kd;Ndhf;fp efh;e;J mUfpy; cs;s mLj;jfhw;W mLf;if ,Wf;Fk;. ,Nj 
Kiwapy; xU ,Wf;fj;jpd; miy fhw;wpd; topNa Kd;Ndwpr; nry;YfpwJ. GakhdJ 
cl;Gwkhf efUk; NghJ tyg;Gwkhf efh;j;j Clfj;jpd; Jfs;fs; jw;NghJ gpd;Gwkhf 
fhw;wpd; kPl;rpg;gz;Gfhuzkhf ,lJGwkhfefUfpwJ. ,e;jg; gFjpapy; mlh;;j;jpkw;Wk; mOj;jk; 
,uz;Lk; Fiwthfcs;sJ. ,Jjsh;r;rpmy;yJePl;rpvdg;gLk;.  
 
miy ,af;fj;jpd; gz;Gfs;:  

• miyfspd; gutYf;F ClfkhdJ epiykk; (inertia) kw;Wk; kPl;rpg;gz;igf; (elastic) 
nfhz;bUf;fNtz;Lk;.  

• nfhLf;fg;gl;l Clfj;jpy; miyapd; jpirNtfk; khwpypahFk;. mNj rkak; Clfj;jpy; 
cs;sJfs;fs; ntt;NtW epiyfspy; khWgl;ljpir Ntfq;fSld; ,aq;Fk;. mtw;wpd; 
eLepiyapy; ngUk jpirNtfKk; tpspk;G epiyfspy; jpirNtfk; RopahfTk; ,Uf;Fk;.  

• miyfshdJ vjpnuhspg;G> tpyfy;>  FWf;fPl;LtpisT> tpspk;G tpisT kw;Wk; 
jstpisT Mfpatw;wpw;F cl;gLk;.  
 

,ae;jpumiy ,af;fk; kw;Wk; mjd; tiffs;:  
 

1. ,ae;jpumiy – guTtjw;F xU Clfk; Njitg;gLk; miyfs; ,ae;jpu miyfs; 
vdg;gLk;.  
vLj;Jf;fhl;L: xyp miyfs;> ePhpd; Nkw;gug;gpy; cUthFk; rpw;wiyfs; Kjypad.  
 

2. ,ae;jputpay; my;yhj miy – guTtjw;F vt;tpj ClfKk; Njitg;glhj miyfs; 
,ae;jputpay; my;yhj miyfs; vdg;gLk;.  

 
  NkYk;> miyfis ,uz;L tifg;gLj;jyhk;  
  1. FWf;fiyfs;  
  2. nel;liyfs;  
 
FWf;fiy ,af;fk; (Transverse wave motion):  
 
FWf;fiy ,af;fj;jpy;> Clfj;jpd; Jfs;fs; mjd; eLepiyiag; nghUj;J miyguTk; 
jpirf;F (Mw;wy; khw;wg;gLk; jpirf;F) nrq;Fj;Jj; jpirapy; miyAWk; my;yJ 
mjph;tilAk;. miyguTk; jpirahdJ mjph;TWk; jsj;jpw;F (Clfj;jpd; Jfs;fs; mjph;TWk; 
jsj;jpw;F) nrq;Fj;jhfmikAk;.  
 vLj;Jf;fhl;L: xsp (kpd;fhe;jmiyfs;)  
 
mjph;TWk; jsj;jpw;F (Clfj;jpd; Jfs;fs; mjph;TWk; jsj;jpw;F) nrq;Fj;jhfmikAk;  
 vLj;Jf;fhl;L: xsp (kpd;fhe;jmiyfs;)  
 
nel;liy ,af;fk; (Longitudinal wave motion):  
 
nel;liy ,af;fj;jpy; Clfj;jpd; Jfs;fs; mjd; eLepiyiag; nghUj;J miy guTk; 
jpirf;F ,izahd jpirapy; (Mw;wy; khw;wg;gLk; jpirapy;) miyTWk; my;yJ 
mjph;tilAk; 
 vLj;Jf;fhl;L: xyp 
 
MrphpaUld; MNyhridnra;f:  
 

• Rdhkp ([g;ghdpankhopapy; # - dh - kP vd cr;rhpf;fg;gLfpwJ) vd;gJ JiwKf 
miyfs; vd;w nghUs;gLk;. Rdhkp vd;gJ mjpf Ntfj;JlDk; kpfg;ngUk; tpirAlDk; 
njhlh;r;rpahf tUk; nghpa ,uhl;rr miyfshFk;. 2004 Mk; Mz;L brk;gh; khjk; 26 Mk; 
Njjp ,e;jpahtpd; njd;gFjpapy; vd;dele;jJ.  

• <u;g;G miyfs; - LIGO (Laser Interferometer Gravitational wave Observatory) Ma;T 
,aw;gpaYf;fhdNehgy; ghpR 2017  
1. Nguhrphpah; nua;dh; nta;];  
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2. Nguhrphpah; NghprpNghp];  
3. Nguhrphpah; fpg; v]; jhh;Nd 
"LIGO Ma;tfj;jpy; <h;g;Gmiyfspd; Ma;Tg;gzpapy; cWjpahdgq;fspg;gpw;fhf" toq;fg;gl;lJ.  
 
 
FWf;fiyfs; kw;Wk; nel;liyfs; xg;gpLjy;  
 
t.vz; FWf;fiyfs; nel;liyfs;  
1. Clfj;jpd; Jfs;fs; mjph;tilAk; 

jpir>  miyfs; guTk; jpirf;F 
nrq;Fj;jhfcs;sJ. 

Clfj;jpd; Jfs;fs; mjph;tilAk; jpir> 
miyfs; guTk; jpirf;F ,izahf 
cs;sJ.  

2. khWghLfshdJ mfLfs; kw;Wk; 
KfLfs; tbtpy; cs;sd 

khWghLfshdJ ,Wf;fq;fs; kw;Wk; 
jsh;r;rpfs; tbtpy; cs;sd.  

3. kPl;rp Clfj;jpy; FWf;fiyfs; gut 
,aYk; 

midj: Jtif Clfj;jpYk; (jplk;> 
jputk; kw;Wk; thA) nel;liyfs; gut 
,aYk;  

 
Fwpg;G:  
1. Clfk; ,y;yhjepiy ntw;wplk; vdg;gLk;. kpd;fhe;j miyfs; kl;LNk ntw;wplj;jpd; 

topNaguTk;.  
2. uhNy miyfs; (Rayleigh Waves) vd;git FWf;fiy kw;Wk; nel;liy Mfpa ,uz;Lk; 

Nrh;e;jjhff; fUjg;gLfpwJ.  
 
miy ,af;fj;jpy; gad;gLk; gjq;fs; kw;Wk; tiuaiwfs;:  
 
,U miyfSk; ird; tbtkhf ,Ue;jhy; mit ,uz;bw;Fk; ,ilNa epiwa NtWghLfs; 
cs;sd. vdNt xU miyia kw;nwhd;wpypUe;J NtWgLj;j ehk; rpy mbg;gilr; nrhw;fis 
(Terminologies) tiuaiw nra;aNtz;Lk;.  
 
,Oj;Jf;fl;lg;gl;lfk;gpapy; Vw;gLk; miyxd;iwf; fUJf.  
 
ehk; cUthFk; miyfspd; vz;zpf;ifapy; Mh;tk; nfhz;lhy;>Xh; Rl;L my;yJ 
Nkw;Nfhs;kl;lj;ij (,ilepiy my;yJ  mikjpepiy) fUJNthk;. ,q;F ,ilepiy vd;gJ 
fhl;lg;gl;Ls;s fpilkl;l NfhlhFk;. epoypl;l gFjpapd; Nky;kl;lg; 
Gs;spKfLvdTk;>epoyplg;glhjgFjpapd; fPo;kl;lg;Gs;spmfLvdTk; miof;fg;gLfpwJ. 
,e;jmiyahdJOtpypUe;JBgFjpiakPz;Lk; kPz;Lk; Vw;gLj;JfpwJ. ,e;jrpwpagFjpapd; 
ePsj;ijxUmiyePsk; vdtiuaWf;fyhk;.  
 
xUmiyePsj;ijf; Fwpg;gjw;FfpNuf;fvOj;JNyk;lh(lambda) λ itg; gad;gLj;JfpNwhk;. 
FWf;fiyf;Ffhl;bathW>mLj;jLj;j ,U KfLfSf;F ,ilg;gl;lnjhiyT (m) mLj;jLj;j 
,U mfLfSf;F ,ilg;gl;lnjhiyTxUmiyePskhFk;. nel;liyf;FmLj;jLj;j ,U 
,Wf;fq;fs; my;yJjsh;;r;rpfSf;F ,ilg;gl;lnjhiyTxUmiyePskhFk;. miyePsj;jpd; 
SImyFkPl;lh;.  
 
mjh;ntz;> mjph;T Neuk; mfpatw;iw mwpe;Jnfhs;sfhl;ba miyiaf; (3 miy ePsq;fis 
cilaJ) fUJNthk;. Neuk; t = 0 y; miy ,lJGwkpUe;J A Gs;spia milfpwJ.  

Neuk; t = 1s ,y; Aiaflf;Fk; miyfspd; vz;zpf;if ,uz;L MFk;. vdNt mjph;ntz; 
vd;gJ1 tpdhbapy; flf;Fk; miyfspd; vz;zpf;if" vd tiuaWf;fg;gLfpwJ. mjd; 
myFn`h;l;];> FwpaPLHz.  
 
,e;jcjhuzj;jpy;  
    f = 2 Hz    

,U miyfs; A Gs;spia fle;J nry;y MFk; Neuk; xU tpdhb (Neuk;) vdpy; xU miy A 
Gs;spiaflf;f MFk; Neuk; miy tpdhbahFk;. ,JNt xU miyT Neuk; (T) MFk;.  
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1

0.5
2

T s= =  

mjph;ntz;Zk; miy ePsKk; vjph;jftpy; ,Uf;Fk; vdmwpayhk;.  

   
1

T
f

=  

miyTNeuk; (T) vd;gJ> xUGs;sp topahf xU miyflf;f MFk; Neuk; MFk;.  
 
Fwpg;G:  

1. XuyF Neuj;jpy; Row;rpfspd; (Rw;Wf;fspd;) vz;zpf;if Nfhz mjph;ntz; vdg;gLk;. 

Nfhz mjph;ntz; 
2

2 f
T

 = = (myFNubad; /tpdhb)  

 
2. xuyFePsj;jpy; Row;rpfspd; vz;zpf;ifmy;yJxuyFePsj;jpy; miyfspd; 

vz;zpf;ifmiyvz; vdg;gLk;.  

miyvz; k = 
2

 (myFNubad; /kPl;lh;) 

jpirNtfk; v>Nfhzmjph;ntz; ωkw;Wk; miyvz; kMfpatw;wpw;F ,ilNaahdnjhlh;G 

   jpirNtfk; 
(2 )

(2 )
2 2 /

f
v f f f

   
  

= = = =  

  
 miyapd; tPr;R(Amplitude of the wave):  

miyfs; midj;Jk; rkmiyePsk;>rkmjph;ntz; kw;Wk; rkmiyTNeuk; 
nfhz;LrkjpirNtfj;jpy; nry;fpd;wd 
,e;jmiyfSf;fpilg;gl;lxNuNtWghLmfLmy;yJKfLfspd;cuaq;fs;. ,jpypUe;Jehk; 
czh;tJmfLmy;yJKfbd; cauKk; miyapd; gz;igeph;zapg;gjpy; 
Kf;fpagq;Ftfpf;fpwJ. vdNt>tPr;Rvd;wxU ,aw;gpay; 
mstpidmiyfSf;FtiuaWf;fNtz;bAs;sJ. miyapd; tPr;irFwpg;Gmr;irg; 
nghWj;JClfj;jpd; ngUk ,lg;ngah;r;rpvdtiuaWf;fyhk; (cjhuzkhf ,e;jNeh;tpy; x 
mr;R) ,q;FmJAvdf; Fwpf;fg;gLfpwJ.  

 
 ntt;NtWClfq;fspy; miyapd; jpirNtfk;:  

ePz;ljz;lthsj;jpy; Rj;jpayhy; mbf;Fk; NghJ>rw;Wnjhiytpy; jz;lthsj;jpy; 
fhJitj;JNfl;LFk;NghJ ,U xypfs; (xNufzj;jpy; my;y) Nfl;Fk;. jz;lthsj;jpd; 
topahf (jpz;kClfk;) Nfl;Fk; xypKd;ghfTk;>fhw;wpd; topNaNfl;Fk; 
mNjxyprw;WjhkjkhfTk; Nfl;Fk;. vdNt>ntt;NtWClfq;fspy; xypapd; jpirNtfk; 
xd;wy;y.  
 
,e;jgFjpapy;>miyfspd; jpirNtfj;ij ,U NtWepiyfspy; tUtpUg;Nghk;.  
 

1. ePl;lg;gl;lfk;gpapy; Vw;gLk; FWf;fiyfspd; jpirNtfk;. 
2. kPl;rpj;jd;iknfhz;lClfj;jpy; nel;liyfspd; jpirNtfk;  

 
ePl;lg;gl;lfk;gpapy; Vw;gLk; FWf;fiyapd; jpirNtfk;:  
 
fk;gpxd;wpy; ,aq;Fk; FWf;fiyapd; jpirNtfj;ijfzf;fpLNthk;. fk;gpapd; 
,lJKidiaNky;Nehf;fpnrhLf;fpdhy;>me;jJbg;GtyJKidNehf;fpvvd;wjpirNtfj;jpy; 
efUk; ,jw;Fg; nghUs; xa;Tepiyapy; cs;sFwpg;ghaj;jpy; cs;sghh;itahsiug; 
nghUj;Jefh;fpwJ.  

 
fk;gpapy; xUmbg;gilg; gFjpiaf; fUJNthk;. fk;gpapy; A>Bvd;wGs;spfis 
,f;fzj;jpy; fUJNthk;>dl, dmvd;gJfk;gpapd; rpWgFjpePsk; kw;Wk; epiwvd;Nghk;. 

tiuaiwapd;gbePs; epiwmlh;j;jp(µ) MdJgpd;tUkhWvOjg;gLfpwJ.  
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  µ=
dm

dl
 

  dm = µdl  
 

mbg;gilgFjpABMdJtl;lj;jpd; xUgFjpNghy;>O it ikakhfnfhz;LRMuj;Jld; 

tise;JNfhzk; θ it tisNfhLikak; Otpy; Vw;gLj;JfpwJ.θit tisNfhLAB d; 
ePsk; dlkw;Wk; Muk; Riag; gad;gLj;jpgpd;tUkhWvOjyhk;;. 

   
dl

R
 =  

fk;gpapd; ,OtpirjUk; ikaNehf;FKLf;fk; (vz; kjpg;G)  

   
2

cp

v
a

R
=  

ikaNehf;Ftpir 

   
2( )

cp

dm v
F

R
=  

 
,e;jf; fk;gpapd; rpWgFjp(elemental string)czUk; ikaNehf;FtpiriagpujpapLtjd; 
%yk; fzf;fplyhk;.  

   
2 2( )dm v v dl

R R


=  

,OtpirTMdJ>fk;gpapd; rpWgFjpePsk; ABapd; njhLNfhl;bd; topNanray;gLfpwJ. 

tisNfhLABapd; ePsk; kpfr;rpwpaJ. vdNt ,OtpirTapy; Vw;gLk; 
khWghLGwf;fzpf;fj;jf;fJ.  
 

,OtpirTiafpilkl;lf;$W cos
2

T
 
 
 

kw;Wk; nrq;Fj;Jf;$W sin
2

T
 
 
 

vd ,U 

$Wfshfg; gFf;fyhk;. A, Bapy; fpilkl;lf; $Wfs; rkvz;kjpg;gpy; vjph;jpirapy; 
nray;gLfpd;wd. vdNt>mitxd;iwxd;Wrkd; nra;fpd;wd. ePsk; 
Abiakpfr;rpwpajhffUJtjhy;>nrq;Fj;Jf;$Wfs; A, Bapy; nrq;Fj;Jjpirapy; 
tistpd; ikak; Nehf;fp ,Ug;gjhy; mtw;iwf; $l;lNtz;Lk;. njhFgad; Mu 
tpirFrMdJ 

    2 sin
2

r
F T

 =  
 

 

fk;gpapd; ePsj;Jld; xg;gpl>miyapd; tPr;Rkpfr;rpwpaJ. vdNt>rpwpaNfhzj;jpd; ird; 

kjpg;igj; Njhuhakhfsin
2 2

   
 

vdf; Fwpf;fyhk;. 

   2
2

r
F T T

  =  = 
 

 

Mdhy;>
dl

R
 = vdNtehk; ngWtJ 

   r

dl
F T

R
=  

epA+l;ldpd; ,uz;lhtJtpjpiafk;gpapd; rpWgFjpePsj;jpw;F Mu 
topNanray;gLj;j>rkepiyapy; tpirapd; Muj;jpir $W 
(radial),ikaNehf;Ftpirf;FrkkhFk;.  
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   2dl dl
T v

R R
=  

 

   
T

v


=  

 
fhl;rpg;gjpTfs;:  

 fk;gpapy; Vw;gLk; miyapd; jpirNtfk;  
1. ,Otpirapd; ,Ukb %yj;jpw;FNeh;j;jftpYk;  
2. ePs; epiwmlh;j;jp(Linear mass ) apd; ,Ukb %yj;jpw;Fvjph;j;jftpYk;  
3. miytbtj;ijr; rhuhkYk; mikAk;  

 
kPl;rpj;jd;iknfhz;lClfj;jpy; nel;liyapd; jpirNtfk;:  
ePz;lcUistbtf; Fohapy; 
FWf;Fntl;Lg;gug;GA>epiyahdepiwnfhz;lkPl;rpj;jd;ikClfk; (,q;Ffhw;iwf; fUJf) 

P mOj;jj;jpy; cs;sJvd;f. ,e;jf; Fohapy; nel;liyfisXh; 
,irf;fitiamjpuitj;Njh>gp];ld; xd;iwf; nfhz;Lfhw;iwmOj;jpNahVw;gLj;jyhk;. 
cUisapd; mr;Rf;F ,izahfmiyKd;NdWtjhff; nfhs;f. Muk;gj;jpy; xa;tpy; 
cs;sClfj;jpd; mlh;j;jpρvd;f. t = 0 Neuj;jpy; gp];ld; 

,lJKidapypUe;J>ujpirNtfj;Jld; tyJKidNehf;fpefh;fpwJ. 
 
vvd;gJkPl;rpmiyapd; jpirNtfk; ukw;Wk; gp];ldpd; jpirNtfk; vd;f. Neu 

,ilntspapy; gp];ld; efUk; J}uk; Δd = uΔ tkPl;rpj; 
jd;iknfhz;lkhWghLefh;e;jnjhiyTΔ x = v Δ t.  
 
Δ tNeu ,ilntspapy; vjpirNtfj;ijmile;jfhw;wpd; epiwΔ  mvd;f.  
   Δm = ρ A Δx = ρ A (v Δ t)  
gp];ld; uvd;wjpirNtfj;jpy; ,aq;Ftjhy; Vw;gLk; ce;jk;  

   Δ p = [ρ A (v Δ t) ]u 
 fzj;jhf;Fvd;gJce;jkhWghLvd;gjhy;> 
 epfufzj;jhf;F 
   I = (Δ P A) Δ t 
  my;yJ(Δ PA) Δ t = [ρ A(vΔ t)]u 
    Δ p = ρvu 
 

fhw;wpd; topahf>xypmiynry;Yk;NghJ>rpwpagUkd; cilafhw;Wg;gFjp>njhlh;e;J 
,Wf;fq;fSf;Fk;>jsh;r;rpfSf;Fk; cl;gLfpwJ. 

   
V

P B
V


 =  

,q;F>Vvd;gJfhw;wpd; njhlf;fgUkd; kw;Wk; Kvd;gJkPl;rpClfj;jpd; gUkf;Fzfk; 

(Bulk modulus). 
Mdhy; V = Δ x = A v Δ t   
NkYk; Δ V = A Δ d  =Au Δ t 
vdNt 

 
Au t u

P B B
Av t v


 = =


  

xg;gplfpilg;gJ 
u

vu K
v

 = my;yJ 2 K
v

p
=  
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K
v

p
 =  

 nghJthf>kPl;rpClfj;jpy; nel;liyapd; jpirNtfk; 
E

v


=  

 ,q;F>EClfj;jpd; kPl;rpf;Fzfk; (Modulus of elasticity). 
 
 Neh;Tfs;:jpz;kj;jpw;F 

1. xUghpkhzjz;L(1 dimensional rod):  

Y
v


=  

,q;F>Yvd;gJjz;Lr; nra;ag;gl;lnghUspd; aq;Fzfk;>ρjz;bd; mlh;j;jp. 
xUghpkhzjz;Laq; Fzfj;ijkl;LNkngw;wpUf;Fk;.  
 

2. Kg;ghpkhzjz;L(3 dimensional rod): 
jpz;kk; xd;wpd; topNanel;liyapd; Ntfk;  

  

4

3
B

v





+
=  

,q;F>µtpiwg;Gf;Fzfk;>BgUkf; Fzfk; kw;Wk; jz;bd; mlh;j;jp.  
 
Neh;Tfs;:jputj;jpw;F:  

   
K

v


=  

,q;FK,gUkf; Fzfk; kw;Wk; ρ jputj;jpd; mlh;j;jp. gUkf; Fzfk; 

Bmy;yJkvd;wvOj;jhy; Fwpg;gplyhk;.  
 
  

FWf;fiy>nel;liyfspd; jpirNtfk; kPl;rpg; gz;Gfisg; nghUj;jk; (fk;gpapd; 
,OtpirT,gUkf;Fzfk; BNghd;wit) kw;Wk; epiykg; gz;GfisAk; 
(mlh;j;jpmy;yJXuyFePsj;jpw;fhdepiw)  

 
ntt;NtWClfq;fspy; xypapd; Ntfk;  
 

t.vz; Clfk; Ntfk; m s-1 
jpz;kk;  

1 ,ug;gh; 1600 
2 jq;fk; 3240 
3 gpj;jis 4700 
4 jhkpuk; 5010 
5 ,Uk;G 5950 
6 mYkpdpak; 6420 

jputq;fs; (25˚C ,y;) 
1 kz;nzz;nza; 1324 
2 ghjurk; 1450 
3 ePh;  1493 
4 fly; ePh;  1533 
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thA(0˚C ,y;) 
1 Mf;]p[d; 317 
2 fhw;W 331 
3 `Pypak; 972 
4 i`l;u[d; 1286 

thA (20˚C ,y;) 
1 fhw;W 343 

 
 xypmiyapd; guty;: 

xypmiyahdJnel;liyahFk;.mJguTk; Clfj;jpy; ,Wf;fq;fSk;>jsh;r;rpfSk; 
vw;gLk;. fPo;f;fz;lghlg;gFjpapy; fhw;wpy; xypapd; jpirNtfj;ijepA+l;ldpd; Kiwapy; 
mstplyhk;. gpd;dh; mjd; kPjhdyhg;y]; jpUj;jj;ijAk; fhw;wpy; xypapd; 
jpirNtfj;ijghjpf;Fk; fhuzpfisAk; tpthjpf;fyhk;.  
 
fhw;wpy; xypapd; jpirNtfj;jpw;fhdepA+l;ldpd; rkd;ghL:  
 
fhw;wpy; xypguTk; NghJVw;gLk; ,Wf;fq;fSk;. jsh;r;rpfSk; kpfnkJthfeilngWfpwJ. 
vdNt ,e;jepfo;itntg;gepiykhwhepfo;thfepA+l;ld; fUjpdhh;. mjhtJ ,Wf;fj;jpdhy; 
(mOj;jk; mjpfhpf;fpwJ>gUkd; FiwfpwJ) Vw;gLk; ntg;gk; kw;Wk; nefpo;tpdhy; Vw;gLk; 
ntg;g ,og;G (mOj;jk; FiwAk;>gUkd; mjpfhpf;Fk;) nkJthfepfo;tjhy; 
ntg;gepiykhwhky; ,Ug;gjhfepA+l;ld; fUjpdhh;. vdNtfhw;W 
%yf;$WfisxUey;ypay;GthAthffUjpdhy;>mOj;j>gUkkhWghLfs; ghapy; 
tpjpf;Ffl;Lg;gLfpd;wd. fzpjg;gb> 
    PV = khwpyp 
iatifg;gLj;j> 
   PdV + VdP = 0 

  my;yJ I

dP
P V K

dV
= − =  

,q;FKIfhw;wpd; ntg;gepiykhwhgUkf;Fzfk;>gpujpapl>fhw;wpy; xypapd; jpirNtfk;  

  T
T

B P
v

 
= =  

 
P vd;gJfhw;wpd; mOj;jk;>NTP (,ay;Gntg;gepiykw;Wk; mOj;jk;) ,y; P ,d; 

kjpg;G76nr.kPghjurmOj;jkhFk;.  
vdNt> 
  P = hρg 
  P = 0.76 × 13.6 × 103 × 9.8) N m-2 
  ρ  = 1.293 kg m-3 
fhw;wpy; xypapd; Ntfk; (NTP)apy;  

  
3(0.76 13.6 10 9.8)

1.293
T

v
  

=  

= 279.80 m s-1 ≈ 280 ms-1(fzf;fPl;;L kjpg;G)  
Mdhy;>Ma;T %ykhf0˚C apy; fhw;wpy; xypapd; jpirNtfk; 332 ms-

1vdmsf;fg;gl;Ls;sJ. ,e;jkjpg;G>fzf;fPl;Lkjpg;igtpl16%mjpfk;.  
 

rjtPjg; gpio
(332 280)

100% 15.6%
332

−
 = . ,JFiwthdgpiomy;y 

 
 yhg;y]; jpUj;jk; (Laplace Correction): 
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1816 y; yhg;y];>NkNyFwpg;gpl;lFiwghl;il>“xypXh; Clfj;jpy; guTk;NghJJfs;fs; 
kpftpiuthfmiyTWtjhy; ,Wf;fq;fSk;>jsh;r;rpfSk; kpfNtfkhfVw;gLk;” vdf; 
fUj;jpy; nfhz;Lrhpnra;jhh;. ,Wf;fj;jpdhy; Clfj;jpw;FnfhLf;fg;gLk; 
mjpfntg;gKk;>jsh;r;rp %yk; Vw;gLk; Fsph;r;rptpisTk; Rw;Wg; Gwj;Jld; rkd; 
nra;ag;glhJ. Vd; vdpy; fhw;W (Clfk;) Xh; mhpjpw;flj;jpahFk;. ntg;gepiykhwhJvdf; 
fUjKbahjjhy;> ,J xUntg;gghpkhw;wkpy;yhepfo;TMFk;. 
ntg;gghpkhw;wkpy;yhtpisTvdf; fUJtjhy;>thAgha;rd; tpjpiagpd;gw;WfpwJ (epA+l;ld; 
fUjpaJNghy; ghapy; tpjpmy;y). vdNt> 

  PV
  = khwpyp 

,q;F P

v

C

C
 = , 

CP –mOj;jk; khwhNkhyhh; jd; ntg;gVw;Gj;jpwd;  

Cv–gUkd; khwhNkhyhh; jd; ntg;gVw;Gj;jpwd;  
tifg;gLj;j> 

  1( ) 0V dP P V dV
  −+ =  

  my;yJ A

dP
P V B

dV
 = − =  

 
 ,q;FKAfhw;wpd; ntg;gkhw;wPlw;wtpistpy; gUkf; Fzfk;.  

nghUj;jfhw;wpy; xypapd; jpirNtfk;  

   A
A T

B P
v v

 
 

= = =  

fhw;wpy; Kf;fpakhfiel;u[d;>Mf;rp[d;>i`l;u[d; kw;Wk; gpw (,ul;ilmZ %yf;$W 
thA) ,Ug;gjhy;> 1.4 = . vdNt>fhw;wpy; xypapd; jpirNtfk; 

( ) 1 11.4 (280 ) 331.30vA ms ms
− −= = ,J Ma;TKbTkjpg;gpw;Fkpf ,Wf;fkhfcs;sJ.  

 
 thAtpy; xypapd; jpirNtfj;ijghjpf;Fk; fhuzpfs;  
 ey;ypay;GthAxd;iwf; fUJf. mjd; rkd;ghL 
     PV = µR T  

,q;FP - mOj;jk;>V - gUkd;>T - ntg;gepiy>µ - Nkhy;fspd; vz;zpf;if>R–
nghJthAkhwpyp>nfhLf;fg;gl;lepiwnfhz;l %yf;$Wf;FfPo;f;fz;lthWvOjyhk;;.  

  
PV

T
= khwpyp 

epiwm ia>khwpypahfitj;jhy;>thAtpd; mlh;j;jpahdJ>gUkDf;F 
vjph;jftpy; khWk;  

  
1 m

V
v




 =  

nghUe;jpdhy;>fpilg;gJ 

   
P

cT

=  

,q;Fc xUkhwpyp. 
nfhLf;fg;gl;lfhw;wpy; xypapd; jpirNtfj;ijfPo;f;fhZkhWvOjyhk;. 

 

    
P

v cT
 


= =   

Nkw;fz;lrkd;ghl;bypUe;Jehk; mwptJ> 
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 mOj;jj;jpd; tpisT:  

xUepiyahdntg;gepiyapy;>mOj;jk; khWgLk;NghJ>mlh;j;jpAk; Neh;tpfpjj;jpy; 

khWfpwJ. mjhtJ
P


 
 
 

epiyahfmikfpwJ. ,jd; nghUs; 

epiyahdntg;gepiyapy;>xypapd; jpirNtfk; mOj;jj;ijrhuhjJ. xUkiyapd; 
NkYk;>fPOk; ntg;gepiyrkkhf ,Ue;jhy;>xypapd; jpirNtfk; khwhky; ,Uf;Fk;. Mdhy; 
eilKiwapy; kiyapd; NkYk; fPOk; ntg;gepiyrkkhf ,Uf;fhJ. vdNt>xypapd; 
jpirNtfKk; khWgl;bUf;Fk;.  

 

   v T  
 
 ntg;gepiyapd; tpisT: 
 

xypapd; jpirNtfk;>ntg;gepiyapd; (nfy;tpd; kjpg;G) ,Ukb %yj;jpw;FNeh;jftpy; 
khWfpwJ.  
 
v0vd;gJ0˚C my;yJ273 K ,y; xypapd;  jpirNtfk; vvd;gJVNjDk; xUntg;gepiyT 
,y; xypapd; jpirNtfk; vdTk; nfhz;lhy;>  

 

  
0

273

273 273

v T t

v

+
= =  

  0 01 1
273 546

t t
v v v

 = +  + 
 

 

  (<UWg;Gtphpitgad;gLj;jp)  
0˚C y; xypapd; jpirNtfk; v0 = 331 ms-1vd;gjhy;>VNjDk; xUntg;gepiyt˚Capy;  
  v = (331 + 0.60t) ms-1   

xt;nthU1˚Cntg;gepiycah;Tf;Fk; xypapd; jpirNtfk; 0.61 ms-1mjpfhpf;fpwJ.  
 
Fwpg;G: ntg;gepiymjpfhpf;Fk; NghJ %yf;$Wfs; mf Mw;wy; mjpfhpg;ghy; 
Ntfkhfmjph;TWk;. vdNtjpirNtfk; mjpfhpf;fpwJ.  
 
mlh;j;jpapd; tpisT:  
 
rkntg;gepiy>mOj;jj;jpy; cs;sxUthAf;fisfUJf. mtw;wpd; mlh;j;jpkl;Lk; 
ntt;NtWvd;f. me;jxUthAf;fspd; topNaxypapd; jpirNtfq;fs; KiwNa> 

   1
1

1

P
v




=  

   2
2

2

P
v




=  

 tFf;f 

   

1

11 1 2

2 2 12

2

P

v

v P


  

 


= =  

 kjpg;GrkkhdthAf;fSf;F> 
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1 2

2 1

v

v




=  

vdNt>thAxd;wpd; topNaxypapd; jpirNtfk; mlh;j;jpapd; ,Ukb 
%yj;jpw;Fvjph;j;jftpy; mikfpwJ.  
 
<ug;gjj;jpd; tpisT(humidity):  
<ug;gjk; cs;sfhw;wpd; mlh;j;jpcyh;e;jfhw;wpd; mlh;j;jpiag;Nghy; 0.625 klq;FMFk;. 
mjhtJ<ug;gjk;>fhw;wpd; mlh;j;jpiaFiwj;JtpLfpwJ. vdNt><ug;gjk; cs;sfhw;wpy; 
xypapd; jpirNtfk; mjpfhpf;fpwJ.  
 
ρ1, v1, kw;Wk; ρ2, v2, vd;gitKiwNacyh;e;jfhw;W><ug;gjk; cs;sfhw;wpd; mlh;j;jpkw;Wk; 
xypapd; jpirNtfk; vd;f.  

1

11 2

2 12

2

P

v

v P


 




= =  1 2( r = vdpy;) 

  
P vd;gJtspkz;;lymOj;jkhjyhy; fPo;f;fz;lthWvOjyhk;.  

   2

1 1 20.625

P

p p




=
+

 

 ,q;F>p1, p2, KiwNacyh;e;jfhw;Wkw;Wk; ePuhtpapd; gFjpmOj;jq;fs;.  

    1 2

1 20.625

P
v v

p p
=

=
 

 fhw;wpd; tpisT:  
fhw;WtPRtjhYk; xypapd; jpirNtfk; khWk;. fhw;wpd; jpirapy; xypnry;Yk;NghJmjd; 
jpirNtfk; mjpfhpf;fpwJ. fhw;wpw;Fvjph;j;jpirapy; xypapd; jpirNtfk; FiwfpwJ.  
 
xypmiyfspd; vjpnuhypg;G:  
 
xypmiyfs; xUClfj;jpypUe;Jkw;nwhUClfj;jpw;Fr; 
nry;Yk;NghJ>fPo;f;fz;lepfo;Tfs; Vw;gLk;.  
 
1. xypapd; vjpnuhypg;G: ,uz;lhtJClfk; kpFe;jmlh;j;jpAilajhf (cWjpahdjhf) 

,Ue;jhy;>xypahdJKOtJkhfKjy; Clfj;jpw;Fs;NsNa (kPz;LvOfpwJ) 
vjpnuhypg;GmilfpwJ. 
 

2. xypapd; tpyfy;:xypxUClfj;jpypUe;Jkw;nwhUClfj;jpw;Fnry;Yk;NghJ 
(,uz;lhtJClfk; Kjy; Clfj;ijtplmlh;j;jpmjpfkhfcs;sNghJ) mjd; Mw;wy; 
,uz;lhtJClfj;jhy; cl;ftug;gLtjhy;>Mw;wy; ,og;GVw;gLfpwJ.  

 

,e;jg; ghlg;gFjpapy; xypapd; vjpnuhypg;igkl;Lk; fUJNthk;. xspiag; Nghy;>xypAk; 
vjpnuhypg;GtpjpfSf;Fcl;gLk;. mt;tpjpfs;  

1. xypapd; gLNfhzk;>vjpnuhypg;GNfhzj;jpw;Fr; rkk; 
2. Xh; gug;ghy; xypmiyvjpnuhypf;fg;gLk;NghJgLGs;spapy; 

gLmiy>vjpnuhypg;Gmiykw;Wk; Fj;Jf;NfhLMfpaitxNujsj;jpy; mikAk;.  
 
Mb xd;why; xspvjpnuhspf;fg;gLtJNghy;>xypAk; Xh; fbdkhd>rkjsgug;gpy; 
vjpnuhypf;fg;gLtJgspq;F(Specular)vjpnuhypg;Gvdg;gLfpwJ. ,Jxypapd; 
miyePsk;>vjpnuhypg;Ggug;igtplgug;gpd; NkL>gs;sj;ijtplrpwpajhf ,Uf;Fk; NghJVw;gLfpwJ.  
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rkjsgug;Gfspy; xypapd; vjpnuhypg;G:  
 
xypmiyfs;>rkjsRth; kPJNkhJk;NghJ> (xspmiyfs; NghyNt) 
me;jRtw;wpypUe;JkPz;nlOfpd;wd(bounces off) xypg;ghd; 
xd;WRtw;wpw;Frha;thfxUFwpg;gpl;lNfhzj;jpy; itf;fg;gl;lhy;> %yj;jpypUe;J (xypg;ghd;) 
tUk; xyp (Gs;spxyp %yk; vdf;fUJf) iaNfhsmiyKfg;ghffUjyhk;. vdNt>Rtuhy; 
vjpnuhypf;fg;gLk; miyKfg;Gk; NfhsfmiyKfg;ghfNtmikAk;. mjDilatisTikaj;ij 
(,J rkjsgug;gpd; kWGwk; mike;jpUf;Fk;) xyp %yj;jpd; gpk;gkhffUjyhk; (kha 
my;yJfw;gidxypg;ghd;) NkYk; ,J jsj;jpd; gpd;Gwk; mike;Js;sJvdTk; fUjyhk;.  

  
tisTgug;Gfspy; xypapd; vjpnuhypg;G:  

 
xypapd; gz;Gvjpnuhypf;fg;gl;lgug;igAk; nghUj;jJ. Fop> Ftp kw;Wk; rkjsgug;Gfshy; 
vjpnuhypf;fg;gl;lxypmiyfspd; gz;Gfs; ntt;Ntwhfcs;sd. Ftp gug;ghy; 
vjpnuhypf;fg;gl;lxyptphpe;Jnry;tjhy;>mjd; typik (Mw;wy;) Fiwe;JtpLfpwJ.  

 
mNjrkak; Fop gug;ghy; vjpnuhypf;fg;gl;lmiyxUGs;spapy; Ftpf;fg;gLtjhy; 
vspjhfngUf;fkilAk; (typik>Mw;wy; mjpfhpf;fpwJ). gutisavjpnuhypg;ghd;fs; 
(tisTvjpnuhypg;ghd;) xypmiyfisFwpg;gpl;lGs;spapy; Ftpg;gjw;fhftbtikf;fg;gLfpd;wd. 
,it>mjpfjpirgz;GilaEz;zpaxypg;ghd;fis(microphones) tbtikf;fg; gad;gLfpd;wd.  

 
ve;jxUgug;Gk; (tOtOg;ghdJmy;yJnrhunrhug;ghdJ) xypiacl;ftUk; vdehk; mwpNthk;. 
vLj;Jf;fhl;lhfnghpamiwfs; my;yJfiyauq;fq;fs; my;yJjpiuauq;Ffs; Mfpatw;wpy; 
Vw;gLj;jg;gLk; xypmjd; Rth;fs;>Nkw;$iufs;> jiu kw;Wk; ,Uf;iffshy; nghpJk; 
cl;ftug;gLfpwJ. ,e;j ,og;;igjLf;f>tisTxypgug;Gfs; (Fop gug;Gfs;) xypg;ghd; 
Kd;ghfmikf;fg;gLfpd;wd. ,it xypg;ghdpypUe;JtUk; xypiaNfl;Nghh; $l;lk; (audience) 
Nehf;fpvjpnuhypf;fpd;wd. ,e;jKiwvy;yhjpirfspYk; xypguTtijf; Fiwj;J>muq;fk; 
KOtJk; rPuhfxypguTtijNkk;gLj;JfpwJ. vdNtjhd; muq;fj;jpy; ve;jg; gFjpapy; 
mkh;e;jpUg;gtUf;Fk; xypahdJve;jtpjjilAkpd;wpnrd;wilfpwJ.  

 
xypvjpnuhypg;gpd; gad;fs;:  

 
,jaj;Jbg;Gkhdp: ,J xypapd; gd;klq;fhdvjpnuhypg;gpd; jj;Jtj;jpy; ,aq;FfpwJ.  

 
,J %d;WgFjpfisnfhz;lJ.  

 
1. ,jaj;jpd; kPJitf;Fk; gFjp 
2. fhjpy; itf;Fk; gFjp 
3. ug;gh; Foha;;  

 
1. ,jaj;jpd; kPJitf;Fk; gFjp: ,J rpwpajl;Ltbtpyhdxj;jjph;Tr; rt;T. ,J 

xypiakpfEz;zpakhfczUk;. NkYk; czh;e;jxypiangUf;Fk;.  
 

2. fhjpy; itf;Fk; gFjp: ,J cNyhff; Foha;fshy; MdJ. ,J 
,jaj;jpypUe;Jczh;e;jxypiaNfl;fg; gad;gLfpwJ.  
 

3. ug;gh; Foha;: ,J ,jak; kPJitf;Fk; gFjpiaAk; fhjpy; itf;Fk; gFjpiaAk; 
,izf;fpwJ. ,jak; kPJitf;Fk; gFjpapd; rt;Tczh;e;jxypiafhjpy; itf;Fk; 
gFjpf;FvLj;Jr; nry;fpwJ. EiuaPuypd; rj;jk; my;yJ ,jaj;jpd; 
Jbg;Gmy;yJcly; cs; cWg;Gfs; Vw;gLj;Jk; xypiaczh;e;J>mijfhjpy; 
itf;Fk; gFjpf;Fug;gh; Fohapy; Vw;gLk; gd;klq;Fvjpnuhypg;G %yk; vLj;Jr; 
nry;fpwJ.  

 

4. vjpnuhyp:Rth; my;yJkiymy;yJve;jnthUxypj;jilgug;gpdhYk; 
xypvjpnuhypf;fg;gl;L>kPz;Lk; kPz;Lk; Nfl;fg;gLk; xypvjpnuhypvdg;gLk;. 20˚C apy; 
fhw;wpy; xypapd; Ntfk; 344 ms-1. 344 m njhiytpYs;sRtw;wpidNehf;fpehk; 
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rg;jk; nra;jhy; mJ 1 tpehbapy; Rtw;iwmilAk;. Rtw;wpy; 
vjpnuhypj;jgpwF>NkYk; 1 tpdhbfopj;Jme;jxypek;ikmilAk;. vdNt> 
,Utpdhbfs; fopj;JvjpnuhypiaNfl;Nghk;.  

 

mwptpay; mwpQh;fspd; fzf;fPl;bd; gb>ehk; ,U 
xypmiyfis>njspthfNfl;ff;$bakpff; Fiwe;j Neu ,ilntsp 

(kdpjnrtpapd; njhlh; Nfl;Fk; jpwd;) xUtpehbapd; 
1

10
gFjpmjhtJ0.1sMFk;.  

   jpirNtfk; =
2d

t
=

fle;j J}uk;

vLj;J nfhz;l Neuk;
 

2d = 344 0.1 = 34.4 m  
   d = 17.2 m  
20˚C-apy; vjpnuhypNfl;f>vjpnuhyp(echo)Nfl;f>vjpnuhypf;Fk; Rth; (gug;G) 

mikaNtz;baFiwe;jgl;rj; njhiyT17.2 m.  
 

 
Nrhdhh; (SONAR) : Sound Navigation and Ranging xypvjpnuhypg;G %yk; flypDs; 
NjLjy; kw;Wk; fz;Lgpbj;jy; fUtp.  
Nrhdhh; fUtpxypapd; vjpnuhypg;igg; gad;gLj;jpePhpDs; cs;snghUspd; epiymy;yJ 
,af;fj;ijczug; gad;gLfpwJ. ,NjKiwapy; jhd; lhy;gpd;fSk;>tt;thy;fSk; 
,Uspy; $l jhq;fs; nry;yNtz;batopiaNjh;e;njLf;fpd;wd.  
 
vjph; Kof;fk; (Reverberation):%bamiwxd;wpDs; xypnjhlh;e;JRth;fspdhy; 
vjpnuhypf;fg;gLk; NghJ>xyp%yk; xypVw;gLj;JtijepWj;jpagpwFk;>xypNfl;fg;gLk;. 
,t;thWXh; miwapy; xypkPjp(Reverberation) ,Uf;Fk; epfo;Tvjph; Kof;fk; vdg;gLk;. 

xyp %yk; xypVw;gLj;JtijepWj;jpagpwFxypNfl;Fk; Neuk; “vjph; Kof;f 
Neuk;’(Reverberation time) vdg;gLk;. vjph; Kof;f Neuk; $lj;jpy; xypapd; 
jdpapay;igg; ghjpf;Fk;. vdNt>muq;fq;fs; cfe;jmsTvjph; KOf;f Neuk; 
mikAkhWmikf;fg;gLfpwJ.  
 
Fwpg;G:  
xypmiyfspd; tiffs;:xypmiyapd; mjph;ntz; mbg;gilapy; xypmiyfis 3 
FOf;fshfg; gphpf;fyhk;.  
 
1. Nfshxyp (jho; mjph;ntz; miyInfrasonic) 20 Hz tplFiwthdmjph;ntz; 

cilaxypmiyfs; kdpjd; Nfl;fKbahj (Nfsh) xypvdg;gLk;. ,e;jmiyfs; 
epyeLf;fj;jpd; NghJVw;gLk;. ghk;Gfs; ,e;jmjph;ntz; 
cilaxypfisNfl;ff;$bait.  
 

2. nrtpAzh; xyp(Audible Waves):  
20 HzKjy; 20 kHz (20,000 Hz)tiumjph;ntz; 
cilaxypmiyfs;kdpjnrtpczUk; miyfs; vdg;gLk;. Nkw;fz;lmjph;ntz; 
neLf;fxypmiyfiskdpjdpd; nrtpahy; czu ,aYk;.  
 

3. kPnahyp (cah; mjph;ntz; xypmiyUltrasonic) 
20 kHziatplmjpfmjph;ntz; cilaxypmiyfs; kPnahypvdg;gLk;. tt;thy;fs; 

(Bats) ,e;jxypiaVw;gLj;jTk;>Nfl;fTk; $bait.  
 

NrziyNtfk; (Supersonic speed) 
Xypapd; jpirNtfj;ijtplmjpfNtfj;jpy; ,aq;Fk; nghUs; NrziyNtfj;jpy; 
(Supersonic speed) nry;tjhffUjg;gLk;.  
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khf; vz;  
%yj;jpd; jpirNtfj;jpw;Fk;>xypapd; jpirNtfj;jpw;Fk; ,ilNaahdjfNtkhf; vz; 
vdg;gLk;.  

 

khf; vz; = 
%yj;jpd; jpirNtfk;

xypapd; jpirNtfk; 
 

Kd;NdWmiymy;yJ ,aq;Fk; miy:  
 
miyxd;WClfj;jpy; njhlh;e;JKd;Ndwpr; nrd;why; me;jmiyKd;NdWmiymy;yJ ,aq;Fk; 
miyvd;Wngah;.  
 
Kd;NdWmiyapd; gz;Gfs;:  
 

1. Clfj; Jfs;fs; mjd; rkepiyg;Gs;spiaikakhff; nfhz;LkhwhjtPr;rpy; 
mjph;TWfpd;wd.  

2. xt;nthUJfspd; fl;lKk; 0 Kjy; 2 tiukhWfpd;wd.  
3. ve;jnthUJfSk; njhlh;e;Jxa;tpy; ,Ug;gjpy;iy. miyKd;NdWk; 

NghJxt;nthUfilepiyGs;spfspy; kl;Lk; ,UKiwXa;Tepiyf;FtUfpd;wd.  
4. Kd;NdWFWf;fiyfs; KfLfs; mfLfshfTk;>Kd;NdWnel;liyfs; 

,Wf;fq;fs;>jsh;r;rpfshfTk; guTfpd;wd.  
5. Jfs;fs; rkepiyg;Gs;spiaflf;Fk;NghJrkmsTngUkjpirNttfj;jpy; nry;fpd;wd.  
6. nλnjhiytpy; (n - xU KO vz;) gphpf;fg;gl;lJfs;fspd; 

,lg;ngah;r;rp>jpirNtfk;>KLf;fk; rkkhFk;.  
 
rkjsKd;NdWmiyf;fhdrkd;ghL 

t = 0s y; ,Oj;Jf; fl;lg;gl;lfk;gpiarl;nld ,Oj;JtpL. nfhLf;fg;gl;lkhWghl;bdhy; 

Vw;gl;lJbg;GNeh;f;Fwpxjpirapy; epiyahdNtfk; v y; Kd;Ndwpr;nry;fpwJ.  
 
miyj;Jbg;gpd; tbtj;ijfzpjKiwapy; t = 0tpdhbapy; y = y (x,0) = f(x)vdFwpf;fyhk;. 
miyj;Jbg;gpd; tbtk; mjd; Kd;NdWk; ghijapy; khwhJvdf; fUJNthk;. rpwpJ Neuk; t 
f;FgpwF>tyg;gf;fk; efh;j;jJbg;igx’vdf; Fwpg;Nghk;  
  ( , ) ( ') ( )y x t f x f x vt= = = −  

,NjNghy;>miyj;Jbg;GepiyahdjpirNtfk; vAld; ,lg;gf;fk; ,aq;Ftjhff; 

fUjpdhy;> ( )y f x vt= +  

 
,Umiyfs; ( )y f x vt= + Ak; ( )y f x vt= − Ak; 

fPo;f;fz;lxUghpkhztiff;nfOrkd;ghl;bw;FnghUe;Jk;>mJNtmiyr; rkd;ghLvdg;gLfpwJ.  
 

2 2

2 2 2

1y y

x v t

 
=

 
 

,q;FFwpaPL gFjp tiff; nfOitf; (Partial derivative) Fwpf;fpwJ. 
Nkw;fz;lrkd;ghl;bd; midj;JjPh;TfSk; miyf;FnghUe;jhJVnddpy; 
ve;jxUVw;ff;$bamiyAk; epiyahdkjpg;Gfismidj;Jxkw;Wk; tf;FngwNtz;Lk;. 
Mdhy;>xUrhh;GxUmiyiaFwpj;jhy;>mJNkw;fz;ltiff;nfOrkd;ghl;bw;FnghUe;jNt
z;Lk;. xUghpkhzj;jpy; (xUjdpg;gl;lkhwp)>x– Ig; nghUj;jnkhj;jtiff;nfOTk; 
gFjptiff;nfOTk; xd;Nwmij 
xUghpkhzj;jpy; (xUjdpg;gl;lkhwp)>x- Ig; nghUj;jnkhj;jtiff;nfOTk; 
gFjptiff;nfOTk; xd;Nw>mij 

   
2 2

2 2 2

1d y d y

dx v dt
=  
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,ijxUghpkhzj;jpw;FNkYk; (,uz;L> %d;W>NkYk;) vOjyhk;. 
vspikf;fhfxUghpkhzmiyr;rkd;ghl;ilkl;Lk; fUJNthk;.  
 
miyxd;wpd; tiugltbtk;:  
fPo;f;fz;l ,U tbt miykhWghLfistiuglkhffhl;LNthk;.  
1. ntsp (my;yJ ,lQ;rhh;e;j) khWghLtiuglk; (space variation graph) 
2. fhyk; (my;yJNeuk;rhh;e;j) khWghLtiuglk; (time variation graph)  
 
ntspkhWghLtiuglk;: 
 
ird; rhh;Gtiuglk; y = A sin (kx)Neuj;ijepiyahff; nfhz;L>xiag; nghWj;J 

,lg;ngah;r;rpkhWghLtiuag;gl;Ls;sJ. y = A sin (kx) vd;wird; 

rhh;GtiuNfhLfhl;lg;gl;Ls;sijfUJNthk;. ,q;FkxUkhwpyp. λ miyePsk; 

vd;gJxNumjph;Tepiyapy; cs;s ,U mLj;jLj;jGs;spfSf;fpilNaahdj; njhiyT. y 
= x kw;Wk; y = x + λ vd;w ,U KidfspYk; ,lg;ngah;r;rpyMdJxNumsT. mjhtJ> 
 
y = A sin (kx) = A sin (k(x+λ)) 
  = A sin (kx + kλ) 
ird; rhh;GxUrPuhd Neu Kiwapy; khWk; (,q;F Neu 2 ) vdNt> 
  y = A sin (kx+ 2 ) = A sin (kx)  
xg;gpl> 
  kx + k λ = kx + 2  
,Jfhl;LfpwJ> 

  12
k radm




−=  

,q;Fkvd;gJmiyvz;. ,J2 Nubadpy; vj;jidmiyfs; cs;sdvdf; fhzTk; 
my;yJvt;tsTNtfkhfmiy>ntspapy; miyTWfpwJvdf; fhzTk; gad;gLfpwJ. 
miyapd; ntspr;rhh;e;jKiwahdmjph;T(Periodicity) 

   
2

m
k

 =  

 t = 0 s y; y(x,0) = y (x = λ, 0) 
VNjDk; xU Neuk; tapy; y(x, t) = y(x + λ, t)  
 
Neu khWghLtiuglk; (Time variation graph)   
epiykhwhky; cs;sNghJ>Neuj;ijg; nghUj;J> ,lg;ngah;r;rpapy; Vw;gLk; 
khWghLtiuglkhftiuag;gl;Ls;sJ.y = A sin (ωt) vd;wird; rhh;Gtiuglj;ijf; 

fUJNthk;. ,q;FωNfhzmjph;ntz;. ,JNeuj;ijg; 
nghWj;Jvt;tsTtpiuthfmiymiyTWfpwJmy;yJxUtpdhbf;Fvj;jidRow;rpfs; 
Vw;gLfpwJvd;gijf; fhl;LfpwJ. NeuQ;rhh;e;j ,ilntsptpiutjph;T(Periodicity) 
 
 

   
2 2

T
T

 


=  =  

Nfhzmjph;ntz;>mjph;ntz;Zld; fPo;f;fz;lthWnjhlh;Gglj;jg;gl;Ls;sJ. 
2 f = ,q;Ffmjph;ntz; Clfj;Jfs; xUtpehbapy; Vw;gLj;Jk; miyTfspd; 

vz;zpf;ifvdtiuaWf;fg;gLfpwJ. mjph;ntz;zpd; jiyfPopmiyTNeukhjyhy;> 

    T =
1

s
f
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TClfj;Jfs; xUmiyit (mjph;it) Kbg;gjw;fhd Neuk;. vdNt>miyapd; 
Ntfj;ij>miy 1 tpehbapy; flf;Fk; njhiyTvdtiuaWf;fyhk;.  

   1
v f ms

T

  −= =  

Jfs; jpirNtfk; kw;Wk; miyjpirNtfk;:  
rkjsKd;NdWmiyapy; (rPhpir) Clfj;jpd; Jfs;fs; mtw;wpd;  
rkepiyg;Gs;spiaikakhff; nfhz;Ljdpr;rPhpirapy; miyTWfpd;wd. Jfs; xd;W 
,af;fj;jpYs;sNghJ>ve;jxUfzj;jpYk; mjd; ,lg;ngah;r;rpkhWk; tPjk; jpirNtfk; 
vdtiuaWf;fg;gLfpwJ. ,JNtJfspd; jpirNtfk;  

   1
p

dy
v ms

dt

−=  

 Mdhy;> ( , ) sin( )y x t A k x t= −  

 ,NjNghy;> cos( )
dy

A k x t
dt

 = −  

,NjNghy; Kd;NdW (,aq;Fk;) miyapd; jpirNtfj;ij (,q;FNtfk;) tiuaWf;fyhk;. 
xUKd;NdWmiyiaf; fUJNthk;. ,Jtyg;gf;fk; Nehf;fp ,aq;FfpwJvd;f. fzpjtbtpy; 
xUird; miyahff; fhl;lyhk;. P vd;gJmjd; fl;lj;jpy; xh; Gs;svd;f. 

ypvd;gJrkepiyapypUe;Jmjd; ,lg;ngah;r;rpvd;f. ve;jnthUfzj;jpYk; (t) ,lg;ngah;r;rpahdJ 
   y = y(x, t) = A sin (k x – ωt)  

 
mLj;jfzk; t’ = t + Δtapy; P d; epiyx’ = x + Δxvd;f. ,e;jg;Gjpafzfj;jpy; (t) ,lg;ngah;r;rp 
   ( ', ') ( , )y y x t y x x t t= = + +  

   sin [ ( ) ( )]A k x x t t= + − +  

miyapd; tbtk; khwhjJmjhtJmiyapd; fl;lk; khwhJ (vdNty ,g;ngah;r;rpxUkhwpyp) 
vdNtrkg;gLj;j> 
fl;lk; khwhJ (vdNty ,lg;ngah;r;rpxUkhwpyp) vdNtrkg;gLj;j> 
  y(x’, t’) = y(x,t),  
 A sin [k(x + Δ x)-ω (t + Δ t)]= A sin (k x – ω t) 
   
my;yJ 
   ( ) ( )k x x t t k x t + − + = − =khwpyp 
 
jPh;f;f> 

   p

x
v v

t k


= = =


 

,q;Fvpmiyapd; jpirNtfk; (wave velocity) my;yJfl;ljpirNtfk; (phase velocity) 
Nfhzmjph;ntz;>miyvz;fismjph;ntz; kw;Wk; miyePsk; %yk; vOj> ,jd; %yk; 
Nfhzmjph;ntz;>miyvz; kw;Wk; jpirNtfq;fisfPo;f;fz;lthWvOjyhk;.  
 
  jpirNtfq;fisfPo;f;fz;lthWvOjyhk;  

    
2

2 f
T

 = =  

    
2

k



=  

    v f
k

 = =  

Nkw;nghUe;Jjy; jj;Jtk;:  
xUKidapy; fl;lg;gl;lfk;gpapd; xUKidiarl;nld;WNky; 
,Oj;Jtpl;lhy;>miyj;Jbg;GVw;gLk;. NkYk; mJfk;gpapy; Kd;Ndwpr; nry;fpwJ. khwhffk;gpapd; 
,UKidiaAk; ,Uth; gpbj;Jf;nfhz;L> ,UtUk; xNufzj;jpy; mk;Kidfisrl;nld;WNky; 
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,Oj;Jtpl;lhy;> ,uz;Lmiyj;Jbg;Gfs; xd;iwNehf;fpxd;Wefh;e;J>xUGs;spapy; 
re;jpj;J>mg;Gs;spiafle;JmNjtbtpy; nry;Yk;. Mdhy;>FWf;fpLk; Gs;spapy; kl;Lk; mtw;wpd; 
gz;GKOtJk; khWgl;L>fhl;bathWFWf;fpLk; Jbg;Gfs; xNutbtk; ngw;Ws;sdthmy;yJvjph; 
tbtk; ngw;Ws;sdthvd;gijg; nghWj;JmikAk;.  
 
xNu tbtk; nfhz;l Jbg;Gfs;> FWf;fpLk; NghJ njhFgad; ,lg;ngah;r;rp> jdpg;gl;l 
,lg;ngah;r;rpfspd; $Ljyhf miktjhy;> mq;F tPr;R> jdpg;gl;l ,UJbg;Gfspd; tPr;Rfis 
tpl mjpfkhf ,Uf;Fk;. mNj Neuj;jpy; ,U Jbg;Gfspd; tPr;Rfs; rkkhf ,Ue;J> Mdhy; 
tbtq;fs; 180 vjph;fl;lj;jpy; FWf;fpl;lhy;> tPr;Rfs; xd;iwnahd;W mopj;Jf; nfhz;Lk;> 
mg;Gs;spiaf; fle;j gpwF mNj tbtj;ij kPz;Lk; ngw;W vjph; vjpuhf Kd;NdWfpd;wd. 
miyfs; kl;LNk ,JNghd;w Mr;rhpag;gLk; gz;ig ngw;Ws;sd. ,e;epfo;it ehk; 
Nkw;nghUe;Jjy; jj;Jtk; vd;fpNwhk;. miyfs; FWf;fpLk;NghJ Vw;gLk; njhFgad; gz;Gfis 
Nkw;nghUj;Jjy; jj;Jtk; tpsf;FfpwJ.  
 
,ij vj;jid miyfSf;F Ntz;LkhdhYk; tphpTgLj;jyhk;. mjhtJ ,uz;L my;yJ 
mjw;F Nkw;gl;l miyfs; xNu Neuj;jpy; Xh; Clfj;jpy; FWf;fpl;lhy;> njhFgad; 
,lg;ngah;r;rpahdJ> jdpg;gl;l miyfspd; ,lg;ngah;r;rpfspd; ntf;lh; $Ljyhf mikAk;. 
miyfs; vd;gJ miyr;rkd;ghl;bw;F nghUe;jp (miyr; rkd;ghL vd;gJ 
,UgbgFjptiff;nfONeh; rkd;ghL) mike;Js;sd. mitNeuhf ,izAk; NghJ (miyfspd; 
Neh; Nkw;nghUe;Jjy; vdmiof;fg;gLfpwJ) njhFgaDk; mNjtiff;nfOrkd;ghl;Lld; 
nghUe;Jk;.  
 
fzpjKiwapy; Ghpe;Jnfhs;s ,U rhh;Gfis>miyfspd; ,lg;ngah;r;rpfisf; fUJNthk;.  

vLj;Jf;fhl;lhf> 
  y1 = A1 sin (kx – ωt) 
 kw;Wk;  

   y2 = A2 cos (kx – ωt)  
y1, y2,uz;Lk; miyrkd;ghl;Lf;Fxj;Js;sjhy;>mjd; $Ljy;> 

     y = y1 + y2 
,JTk; miyr;rkd;ghl;bw;FnghUe;JfpwJ. mjhtJ> ,lg;ngah;r;rpfs; $LjYf;Fcl;gLk; 
jd;ikAilait. y1,y2it xUkhwpyp %yk; ngUf;fpdhy; mtw;wpd; 
tPr;Rme;jkhwpypklq;Fmjpfhpf;Fk;.  
 
mjhtJC1, C2vd;wkhwpypfisf; nfhz;LKiwNa 

,lg;ngah;r;rpy1,y2iangUf;fpdhy;>njhFgad; ,lg;ngah;r;rp 

    y= C1y1 + C2y2 
,ijvj;jidmiyfSf;FNtz;LkhdhYk; nghJthf;fyhk;. 
vLj;Jf;fhl;lhfnmiyfisfUjpdhy;>NkYk; xUghpkhzj;ijtplmjpfghpkhzq;fspy; 
fUjpdhy;>ehk; ,lg;ngah;r;rpiantf;lh; tbtpy; vOjNtz;Lk;. ,jd; mbg;gilapy; 
njhFgad; ,lg;ngah;r;rp> 

   
1

n

i i

i

y C y
=

=  

 
 Nkw;nghUe;Jjy; jj;Jtk; fPo;f;fz;ltw;iw tpsf;FfpwJ.  

 
1. ntsp(my;yJ) ntsprhh;e;jFWf;fPl;LtpisT 

(,JNtvspikahfFWf;fPl;LtpisTvdTk; fUjg;gLfpwJ) 
 

2. Neuk; my;yJNeuQ;rhh;e;jFWf;fPl;LtpisT (tpk;ky;fs; vdTk; miof;fg;gLfpwJ) 
 

3. epiymiyfs; jj;Jtk;  
 

Nkw;nghUe;Jjy; jj;Jtj;jpw;Fxj;Jr; nry;Yk; miyfs; 
(tPr;R>miyePsj;ijtplkpff;Fiwthfcs;smiyfs;) Neh; miyfs; vdg;gLk;. 
miyapd; tPr;Rmjpfkhf ,Ue;jhy;>me;jmiyfs; Neh; jd;ikaw;wmiyfs; vdg;gLk;. 
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,e;jmiyfs; Neh; Nkw;nghUe;Jjy; jj;Jtj;ijkPWk;. vLj;Jf;fhl;L: Nyrh;> 
,e;jghlj;jpy; ehk; Neh; miyfiskl;Lk; ghh;g;Nghk;. fPo;f;fz;lJizj; jiyg;Gfspy; 
xd;wd;gpd; xd;whftpthjpg;Nghk;. 

 
 miyfspd; FWf;fPl;LtpisT:  

,Umiyfs; Nkw;nghUj;Jtjhy; mjd; njhFg;Gmiyapd; tPr;rpy; Vw;gLk; 
mjpfhpg;G>FiwTmy;yJtPr;Rkhwhky; ,Uf;Fk; tpisTFWf;fPl;LtpisTvdg;gLk;.  
 
xNumjph;ntz;Zk;>epiyahdfl;lNtWghLφkw;Wk; xNumiytbtk; nfhz;l ,U 

rPhpirmiyfs; (Xhpay; %yq;fs; vdf; fUjyhk;) mtw;wpd; tPr;Rfs; A1, A2vdpy;  

    1 1 sin( )y A kx t= −  

    2 2 sin( )y A kx t = − +  

 
xNu jpirapy;> xNu Neuj;jpy; ,aq;fpdhy; mitfspd; FWf;fPl;L tpisT (mjhtJ 
,U miyfSk; xd;Wld; xd;W Nkw;nghUe;Jjy;) Vw;gLk; fzpjg;gb> 

    y = y1 + y2 
 nghUj;jekf;Ffpilg;gJ> 

   1 2sin( ) sin( )y A kx t A kx t  = − + − +  

jphpNfhzkpjpg;gb 
sin( ) (sin cos cos sin )     + = +  

 vdNt 
y = A1 sin (kx - ωt) + A2 [sin (kx – ωt) cos φ + cos (kx – ωt) sinφ] 

  1 2 2sin ( )( cos ) sin cos ( )y kx t A A A kx t   = − + + −  

  A 1 2cos ( cos )A A = +  

  kw;Wk; 2sin sinA A =  

 
vdf; nfhz;lhy; rkd;ghL khw;wp vOjyhk;  

  sin( )cos cos( )siny A kx t A kx t   = − + −  

  (sin( )cos sin cos( )y A kx t kx t   = − + −  

  sin( )y A kx t = − +  
kw;Wk; it ,Ukbahf;fp $l;l> 

  2 2 2
1 2 1 22 cosA A A A A = + +  

nrwpTvd;gJtPr;rpd; ,Ukbvd;gjhy; (I = A2) njhFgad; nrwpTmg;Gs;spapy; 
fl;lNtWghl;ilnghUj;JmikAk;.  

   1 2 1 22 cosI I I I I = + +  

 
Mf;ff; FWf;fPl;Ltpistpw;F:  
 
xUmiyapd; KfL>kw;nwhUmiyapd; KfLld; Nkw;nghUe;Jk;NghJ>mtw;wpd; tPr;Rfs; 
$l;lg;gl;L>Mf;ff; FWf;fPl;LtpisTVw;gl;L>mjd; tPr;Rjdpg;gl;lmiyfspd; 
tPr;Rfistplmjpfkhf ,Uf;Fk;.  
 
Mf;fFWf;fPl;LtpisTxUGs;spapy; Vw;gl;lhy; mg;Gs;spapy; nrwpTngUkkhf ,Uf;FK;. 
mjhtJ 
  cos 1 0,2 ,4 ,..... 2 ,n    = +  = =  

,q;Fn = 0, 1, 2, …..  
 
,e;jfl;lNtWghl;by;> ,U miyfs; Nkw;nghUe;jpdhy;>Mf;ff; FWf;fPl;LtpisTVw;gLk;.  
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  ( )2
2

m 1 2 1 2I ( )aximum I I A A= + = +  

vdNt>njhFgad; tPr;R> 
   A = A1 + A2 

 
mopTFWf;fPl;LtpisT:  
 
xUmiyapd; mfL>kw;nwhUmiyapd; KfLcld; Nrh;e;jhy; (Nkw;nghUe;jpdhy;) 
mq;FmopTFWf;fPl;LtpisTVw;gLk;. mopTFWf;fPl;LtpisTVw;gLk; Gs;spapy; nrwpTrpWkkhf 
,Uf;Fk;. mjhtJcos 1 ,3 ,5 ,.... (2 1) ,n     = −  = = − ,q;Fn = 0, 1, 2, …..,e;jf; 
fl;lNtWghl;Lld; ,U miyfs; Nkw;nghUe;Jk;NghJmopTFWf;fPl;LtpisTVw;gLk;.  
vdNt> 

  IrpWkk; ( )2
2

21 1 2( )I I A A= − = −  

njhFgad; tPr;R:  

     A = 1 2A A−  

mopTFWf;fPl;LtpisTf;FxUvspafhl;rptpsf;fk; nra;Jfhl;lyhk;. 
Svd;wxypg;ghdpypUe;J(Speaker) xypmiyfs; P vd;wFoha; %yk; mDg;gg;gLfpwJ. P 
MdJTtbtpyhdxUre;jpahfcs;sJ. vdNtxypmiyapd; ghjpMw;wy; xUjpirapYk; 
kWghjpMw;wy; vjph; jpirapYk; nry;fpwJ. ,NjNghy; xypMw;wy; Nehf;FeiuAk; 
,Ughijfspd; topNanrd;wilfpwJ. xypmiyahdJxypg;ghdpypUe;J>Nehf;FeiuVNjDk; 
xUghijtopNanrd;wilAk; ghijePsk; rvd;f. glj;jpypUe;JfPo; ghijePsk; 

r1epiyahdJNky;ghijePsk; MdJ>NkNycs;sefUk; Foha; %yk; khw;wf;$baJ. ,e;j ,U 

ghijePsq;fSf;fhdNtWghLghijNtWghLΔrvdg;gLfpwJ.  
 
ghijNtWghLλ, RopahfNthmy;yJmiyePsq;fspd; (λ) KO vz; klq;FfshfNth 
,Uf;Fk;>vdpy;  
   Δr = nλ 
   ,q;F>n = 0, 1, 2, 3…. 
r1 r2ghijfspy; tUk; ,t;tpUmiyfs; ve;jnthUf;fzj;jpYk; Nehf;FeiuxNufl;lj;jpy; 

(fl;lNtWghL0˚ my;yJ2 ) re;jpf;Fk; NghJMf;ff;FWf;fPl;LtpisitVw;gLj;Jk;. 
,e;jepfo;Tfspy; (Nehf;Feuhy;) xypapd; nrwpTngUkkhfczug;gLk;.  
 
ghijNtWghLmiyePsj;jpd; (λ) miuvz; kjpg;Gfshfmike;jhy;>fzpjg;gb> 

  
2

r n


 =  ,q;F>n = 1, 3 

  (n xw;iwvz;)  

,e;jepiyapy; fhl;bathW>r1 r2ghijfspd; topNaNehf;Feiuve;jxUfzj;jpYk; milAk; 

xypmiyfs; vjph; fl;lj;jpy; (fl;lNtWghLmy;yJ 180˚) mikAk; 
NghJmopTFWf;fPl;LtpisTVw;gLk;.  
 
,e;epfo;Tfspy;>Nehf;Feuhy; rpWknrwpT (my;yJRopnrwpTmjhtJxypNa ,Uf;fhJ) 
czug;gLk;. ghijNtWghL>fl;lNtWghLfSf;fpilNaahdnjhlh;G 

 fl;lNtWghL= 
2

 (ghijNtWghL)  

   
2

r



 =  my;yJ
2

r
 


 =   

DB = 10 m kw;Wk; OC = 
1

2
 (5) = 2.5  

  CD = OC - 1 = 2.5 m + 1 m = 1.5 m  
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  2 2
1 (10) (1.5) 100 2.25x = + = +  

  = 102.25 10.1m=  
 
nrq;Nfhz Kf;Nfhzk; EFB y;  

  DB = 10 m kw;Wk; OE = 
1

2
 (5) = 2.5 m = FA 

  FB = FA + AB = 2.5 m + 1 m = 3.5 m  

  2 2
2 (10) (3.5) 100 12.25x = + = +  

  = 112.25 10.6m=   

ghij NtWghL 2 1 10.6 10.1x x x m = − = − m = 0.5 m. ,e;j ghij NtWghL 
2


tpw;F rkkhf 

Ntz;Lk;.  

   0.5 1.0
2

x m
  = =  =  

xyp %yj;jpd; mjph;ntz; fhz> 

   
343

343
1

v
v f f Hz


=  = = =  

      = 0.3 kHz 
  

Xypg;ghd;fs;> %yj;jpypUe;Jvjph;fl;lj;jpypUe;jhy; ghijNtWghL
2


NkYk; 

2


ghijNtWghLcUthFk;NghJ>nkhj;jghijNtWghLλ MFk;. vdNtmiyfs; xNufl;lj;jpy; 

miktjhy;>B– y; xypapd; nrwpTngUkkhf ,Uf;Fk;.  
 
 
tpk;ky;fs; Njhd;Wk; tPjk;:  
 
rw;NwNtWgl;lmjph;ntz; nfhz;l ,uz;Lmy;yJmjw;FNkw;gl;lmiyfs; 
Nkw;nghUe;Jtjhy;>xUGs;spapy; Neuj;ijg; nghUj;JtPr;RkhWgLfpd;wxypNfl;Fk; 
,e;jtpisNttpk;ky;fs; vdg;gLk;. xUtpdhbapy; Vw;gLk; tPr;RngUkq;fspd; 
vz;zpf;ifNatpk;ky; mjph;ntz; vdg;gLk;. ,uz;Lxyp %yq;fs; kl;LNk ,Ue;jhy;>mtw;wpd; 
mjph;ntz; NtWghNltpk;ky; mjph;ntz; vdg;gLk;. xUtpdhbapy; tpk;ky;fspd; 

vz;zpf;if 1 2n f f= −  

 
epiyahdmiyfs; (Stationary Waves) 
epiymiyfSf;fhdtpsf;fk;  
miyxd;Wfbdkhdxd;wpd; kPJNkhJk;NghJ>mJkPz;nlOe;Jte;JmNjClfj;jpy; 
vjph;j;jpirapy;>gioamiyAld; (Nkhjpamiy) Nkw;nghUe;Jtjhy; fpilf;Fk; 
miytbtNkepiymiyfs; my;yJepiyahdmiyfs; vdg;gLk;.  
 
xNutPr;R>xNujpirNtfk; nfhz;l ,U rPhpirKd;NdWmiyfs; (fk;gpxd;wpy; cz;lhd) vjph; 
vjph; jpirapy; ,aq;Ffpd;wdvd;f.  
Kjy; miyapd; (gLmiy) ,lg;ngah;r;rp> 
  y1 = A sin (kx - ωt) 
  (tyJgf;fk; eUk; miy)  
,uz;lhtJmiyapd; (vjpnuhypg;Gmiy) ,lg;ngah;r;rp 
  y2 = A sin (kx + t)  
  (,lJgf;fk; efUk; miy)  
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Nkw;nghUe;Jjy; jj;Jtg;gb> ,U miyfSk; FWf;fPLmile;J>njhFgad; ,lg;ngah;r;rp> 
   y = y1 + y2 
rkd;ghLnghUj;j> 
  sin( ) sin( )y A kx t A kx t = − + +  

jphpNfhzkpjptpjpfisgad;gLj;jpiakhw;wpvOj 
   y (x,t) = 2A cos (ωt) sin (kx)   
,JNt>epiymy;yJepiyahdmiyfs; vdg;gLk;. ,JKd;Ndhf;fpNahmy;yJ 
gpd;Ndhf;fpNahefuhJ. Mdhy; Kd;NdWmiymy;yJ 
,aq;FmiyKd;Ndhf;fpNahmy;yJgpd;Nehf;fpNahefUk;.  
    ( , ) 'cos( )y x t A t=  

,q;F>A’ = 2A sin (kx)> ,J mjph;TWf;fk;gpapd; Fwpg;gpl;lgFjpA’tPr;Rld; jdpr;rPhpir 

,af;fj;jpYs;sijFwpf;fpwJ. sin (kx)ngUkkhfcs;sepiyapy;>A’ngUkkjpg;gpy; ,Uf;Fk;.  

   
3 5

sin( ) 1 , , ,....
2 2 2

kx kx m
   =  = =  

,q;Fmvd;gJmiu KO vz; my;yJmiuvz; kjpg;Gfs;. tPr;rpd; 
ngUkkjpg;Gcs;sepiyiavjph;f;fZvd;fpNwhk;. 
miyvz;izmiyePsj;ijgad;gLj;jpFwpf;Fk;NghJmMdJvjph; fZtpd; 
epiyiafPo;f;fz;lthWFwpf;fyhk;.  

   
2 1

2 2
m

m
x

+ =  
 

, ,q;Fm = 0, 1, 2,  

m = 0 vdpy; ngUkj;jpd; epiy 

    0
4

x


=  

m = 1 vdpy;>ngUkj;jpd; epiy 

   1

3

4
x


=  

m = 2vdpy; ngUkj;jpd; epiy 

   2

5

4
x


=  

vd;wthWmikAk;  
 
mLj;jLj;jvjph; fZf;fSf;fpilNaahd J}uj;ijfPo;f;fz;lthWfzf;fplyhk;.  
 

 1

2 1 (2 1) 1

2 2 2 2 2
m m

m m
x x

  
−

+ + +   − = − =   
   

 

A’ d; ngUk kjpg;G ntspapd; rpy Gs;spfspYk; rpWk kjpg;G ntspapd; NtW rpy 
Gs;spfspYk; mikAk;.  
  sin( ) 0 0, ,2 ,3 ,....kx kx n   =  = =     

,q;F n xU KO vz; my;yJ KO vz; kjpg;Gfs;. ve;jg; Gs;spfspy; mjph;T ,y;iyNah 
(,af;fk; ,y;iyNah) mg;Gs;spfs; fZ vdg;gLk;.  
 
n MtJ fZtpd; epiy  

  
2

n
x n


= ,q;F>n = 0, 1, 2  

n = 0vdpy; rpWkk; Vw;gLk; epiy  
   x0 = 0 
n = 1 vdpy; rpWkk; Vw;gLk; epiy  
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n = 1vdpy; rpWkk; vw;gLk; epiy 

   1
2

x


=  

n = 2 vdpy; rpWkk; Vw;gLk; epiy 

    2x =  

    
vd;wthWmiAk;.  
 
mLj;jLj;jfZf;fSf;fpilNaahdnjhiyitf; fPo;f;fz;lthWfzf;fplyhk;.  

    1 ( 1)
2 2 2

n n
x x n n

  
−− = − − =  

epiymiyfspd; gz;Gfs;: 
1. ,Ujplkhdvy;iyfSf;fpilNafl;Lg;gLj;jg;gl;lmiy. vdNt ,JClfj;jpy; 

Kd;Nehf;fpNahgpd;Ndhf;fpNahefuhJ. mjhtJmjDila ,lj;jpy; epiyahf ,Uf;Fk;. 
vdNt> ,Jepiymy;yJepiyahdmiyfs; vdg;gLfpwJ.  
 
Kd;NdWmiyfSf;Fk;>epiymiyfSf;FkpilNaahdxg;gPL:  
 
t.v
z; 

Kd;NdWmiyfs;  epiymiyfs;  

1. Kd;NdWFWf;fiyapy; KfLk;>mfLk; Vw;gLk;. 
Kd;NdWnel;liyfspy; ,Wf;fKk;>jsh;r;rpfSk; 
Vw;gLk;. ,e;jmiyfs; Xh; Clfj;jpy; 
Kd;Nehf;fpNahmy;yJgpd;Ndhf;fpNahefh;e;Jnfhz;
bUf;Fk;. mjhtJxUFwpg;gpl;ljpirNtfj;Jld; 
Clfk; xd;wpy; Kd;Ndwpf; nfhz;bUf;Fk;. 

epiyFWf;fiyfspy; 
KfLk;>mfLk; Vw;gLk; 
epiynel;liyfspy; 
,Wf;fKk;>jsh;r;rpf;Fk; Vw;gLk;. 
,e;jmiyfs; Clfj;jpy; 
Kd;Ndhf;fpNahgpd;Ndhf;fpNahe
fuhJ. ,itClfj;jpy; 
Kd;Ndwhjmiyfs;. 

2. miynry;Yk; jpirapy; 
cs;smidj;JJfs;fSk; rktPr;Rld; mjph;TWk;  

fZtpy; cs;sJfs;fs; 
jtpukw;wmidj;JJfs;fSk; 
ntt;NtWtPr;RfSld; 
mjph;TWk;. tPr;RfZtpy; 
Ropmy;yJrpWkk;. vjph;fZtpy; 
ngUkk;. 

3 Mw;wiyjhq;fpr; nry;Yk;  Mw;wiyf; flj;Jtjpy;iy 
 
2. ngUktPr;RepiyapYs;sGs;spfs; vjph;f;fZvdTk;>RoptPr;RepiyapYs;sGs;spfs; 

fZvdTk; miof;fg;gLfpwJ.  

3. mLj;jLj;j ,U fZmy;yJvjph;f;fZf;fSf;fpilNaahdnjhiyT
2


 

4. xUfZ>mjw;FmLj;jvjph;f;fZtpw;F ,ilNaahdnjhiyT
4


 

5. epiyahdmiyfspd; topNaflj;jg;gLk; Mw;wy; RopahFk;.  
 

Rukhdpapy; Vw;gLk; epiymiyfs;:  
Ruk; vd;gJ xypAld; njhlh;GilaJ. mjdhy; Rukhdpvd;gJ xypnjhlh;ghdtw;iw 
msf;fg;gad;gLk; fUtp. fk;gpfspy; Vw;gLk; epiyahdFWf;fiyfspd; mjph;ntz;>fk;gpapd; 
,Otpir>mjph; ePsk;>XuyFfk;gpapd; epiwMfpatw;iwfhl;rptpsf;fk; nra;Jmsf;fgad;gLj;Jk; 
fUtpahFk;.  
 
vdNt> ,f;fUtpiagad;gLj;jpfPo;f;fz;lmsTfismsf;fyhk;. 
 

1. ,irf;fitmy;yJkhWjpirkpd;Ndhl;lj;jpd; mjph;ntz;  
2. fk;gpapd; ,Otpir 
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3. njhq;ftplg;gl;lnghUspd; epiw 
 
mikg;;G:  
 
Rukhdpvd;gJxUkPl;lh; ePsKs;sxUkug;ngl;bmjd; 
kPJrPuhdcNyhff;fk;gpnghUj;jg;gl;bUf;Fk;. fk;gpapd; xU Kid 
xUnfhf;fpAlDk;>kWKid XU cUisfg;gptopNaXh; epiwj;jhq;fpAlDk; 
,izf;fg;gl;Ls;sJ. fk;gpapd; ,Otpiriamjpfhpf;fkWKidapy; epiwfs; 
Nrh;f;fg;gLfpwJ. ,uz;Lefh;j;jf; $ba $h; Kidfs; fk;gpiafPNonjhl;lthWRukhdpapd; 
gyifkPJitf;fg;gl;Ls;sd. mtw;wpw;fpilNaahdj; njhiyitkhw;wpmjph;TWk; fk;gpapd; 
ePsj;ijkhw;wyhk;.  

 
nray;ghL:  
epiyahdFWf;fiyfs; fk;gpapy; Vw;gLj;jg;gLfpwJ. vdNt $h;KidP, Q, tpy; 

fZf;fSk; cUthfpd;wd. mjph;TWk; fk;gpapd; ePsk; lvd;f.  

    2
2

l l
 =  =  

mjph;TWk; fk;gpapd; mjph;ntz; fvd;f. Tfk;gpapd; ,Otpir>µ vd;gJ xuyF fk;gpapd; 
epiw vdpy;> 

     
1

2

v T
f

l 
= = n`h;l;];  

 
ρ vd;gJfk;gpg; nghUspd; mlh;j;jp>dfk;gpapd; tpl;lk; vdpy; XuyFfk;gpapd; epiw> 

   µ = gug;G× mlh;j;jp
2

2

4

d
r

 = =  

 
 

  mjph;ntz; 2

1

2

4

v T
f

dl  
= =  

    / 
1 T

f
ld 

=  

 
mbg;gil mjph;ntz; kw;Wk; Nkw;Ruq;fs;:  
jplkhd vy;iyfis x = 0 kw;Wk; x = L Mf fUJNthk;. fk;gpia ikaj;jpy; ,Ue;J Ml;b 
(fpjhh; fk;gp) epiy miyfs; Vw;gLj;Jf. me;j epiy miyfs; Fwpg;gpl;l miyePsj;ij 
ngw;wpUf;fpwJ. vy;iyfspy; tPr;R Fiwe;J kiwtjhy;> ,lg;ngah;r;rpfs; fPo;f;fz;l 
epge;jidf;F cl;gl Ntz;Lk;.  
 
    ( 0, ) 0y x t= = kw;Wk; ( , ) 0y x L t= =  

xt;nthU fZTk; 
2

n


,ilj;njhiytpy; miktjhy; ekf;Fn
2

n L
  = 

 
 ,q;Fn xU KO 

vz;>L vd;gJ vy;iyfspd; ,ilj;njhiyT> vd;gJ vy;iyf;Fl;gl;l epge;jidfis G+h;j;jp 
nra;Ak; Fwpg;gpl;l miy ePskhFk;.  

   
2

n

L

n
  =  

 
 

vdNt>Fwpg;gpl;lvy;iyf;Fmidj;JmiyePsq;fSk; Vw;glhJ>Fwpg;gpl;lmiyePsk; 
kl;LNkVw;gLk;.  

  n = 1,Kjy; epiymjph;Tf;F> 1 2L =  
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  n = 2, 2 k; epiymjph;Tf;F> 

    2

2

2

L
L  = = 

 
 

  n = 3, 3 k; epiymjph;Tf;F> 

    3

2

3

L  =  
 

 

,t;thwhfkw;wnkjpg;GfSf;Fk; mikAk;. xt;nthUepiymjph;Tf;Fkhd>mjph;ntz; 

,ay;epiymjpntz; (Natural Frequency) vdg;gLk;. mijfPo;f;fz;lthWfzf;fplyhk;.  
 
 

   
2

n

n

v v
f n

L
 = =  
 

  

,e;j ,ay; mjph;ntz;zpd;>kpff; Fiwe;jkjpg;Gmbg;gilmjph;ntz; (Fundamental 
Frequency) vdg;gLk;.  

    1

1 2

v v
f

L
 = =  
 

 

,uz;lhtJ ,ay; mjph;ntz; Kjy; Nkw;Ruk; vdg;gLk;.  

   2

1
2

2

v T
f

L L 
 = = 
 

 

%d;whtJ ,ay; mjph;ntz; 2tJ Nkw;Ruk; vdg;gLk;.  

3

1
3 3

2 2

v T
f

L L 
  = =        

 

NkYk; ,JNghd;WmikAk; vdNt>ntJ ,ay; mjph;ntz;.  

  1n
f nf= ,q;FnxU KO vz;  

,ay; mjph;ntz;fs;>mbg;gilmjph;ntz;zpd; KO vz; klq;FfshfmikAk; 

NghJ>me;jmjph;ntz;fs; rPhpirfs; vdg;gLk;. vdNt>Kjy; rPhpirvd;gJ 1 1f f−  

(mbg;gilmjph;ntz; Kjy; rPhpirvdg;gLk;)> 
2tJ rPhpirf2 = 2f1, 3tJ rPhpirf3 = 3f1kw;Wk; gpw.  
 
,Oj;Jf; fl;lg;gl;lfk;gpapy; Vw;gLk; FWf;fiyf;fhdtpjpfs;:  
%d;Wtpjpfs;  
 
1. ePsj;jpw;fhdtpjp:  

nfhLf;fg;gl;lfk;gpad;> ,OtpirT (epiyahdJ) kw;Wk; XuyFePsj;jpw;fhdepiwµ 
(epiyahdJ) vdpy;>mjph;ntz; mjph;TWk; fk;gpapd; ePsj;jpw;Fvjph;j;jftpy; mikAk;.  
   

,Oj;Jf; fl;lg;gl;lfk;gpapy; Vw;gLk; FWf;fiyf;fhdtpjpfs;:  
%d;Wtpjpfs;  
 
ePsj;jpw;fhdtpjp:  
nfhLf;fg;gl;lfk;gpapd;> ,OtpirT (epiyahdJ) kw;Wk; xuyFePsj;jpw;fhdepiw 
(epiyahdJ) vdpy;>mjph;ntz; mjph;TWk; fk;gpapd; ePsj;jpw;Fvjph;j;jftpy; mikAk;.  

    
1 C

f f
l l

  =  

l f C  = , ,q;FCkhwpyp 
 
,Otpirf;fhdtpjp:  
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nfhLf;fg;gl;lmjph;TWk; fk;gpapd; ePsk; l(epiyahdJ) kw;Wk; 

XuyFePsj;jpw;fhdepiw  (epiyahdJ) vdpy; mjph;ntz; ,OtpirT ,d; ,Ukb 

%yj;jpw;FNeh;jftpy; mikAk;.  

   f T  

   f A T = , ,q;FAxUkhwpyp 

   
 epiwf;fhdtpjp:  

nfhLf;fg;gl;lmjph;TWk; fk;gpapd; ePsk; l(epiyahdJ) kw;Wk; ,OtpirT (epiyahdJ) 
vdpy; mjph;ntz;>XuyFePsj;jpw;fhdepiwµ ,d; ,Ukb %yj;jpw;Fvjph;j;jftpy; mikAk;.  

1
f


  

   
B

f


 = ,q;FBxUkhwpyp 

nrwpT(Intensity) kw;Wk; cug;G(Loudness):  
 
Xh; xyp %yk; kw;Wk; ,U Nfl;gtiu (xypiaNfl;gth;) fUJf. xyp %yk; 
xypiackpo;fpwJNkYk; Mw;wiyvLj;Jr; nry;fpwJ. ahh; mse;jhYk; xypapd; 
Mw;wy;>midtUf;Fk; xNumsthfNt ,Uf;Fk;. vdNt>xypMw;wy; mg;gFjpapy; 
cs;sNfl;gtiur; rhh;e;jy;y. Mdhy; ,U Nfl;gth;fisfUjpdhy; mth;fs; czUk; 
xypkhWgl;lJ. ,Jfhjpd; czh;jpwd; Nghd;wrpyfhuzpfisr; rhh;e;jJ. 
,tw;iwmstplnrwpT>cug;Gvd;w ,U msTfistiuaWf;fpNwhk;.  
 
xypapd; nrwpT:  
 
xyp%yk; xd;wpypUe;Jxypmiyfs; guTk;NghJ>Mw;wyhdJRw;wpAs;smidj;J> (,ayf;$ba) 
topfspYk; vLj;Jr;nry;yg;gLk;.  
 
xuyFNeuj;jpy; my;yJxUtpdhbapy; ckpog;gLk; my;yJCLUTk; ruhrhpxypMw;wNy>xypapd; 
jpwd; vdg;gLk;.  
 
vdNt>xypKd;NdWk; jpirf;Fnrq;Fj;jhfxuyFgug;gpd; topNaCLUtpr; nry;Yk; 
xypj;jpwNd>xypapd; nrwpT(Intensity) vdtiuaWf;fg;gLfpwJ.  
 
xUFwpg;gpl;lxyp %yj;jpw;F (epiyahd %yk;)>mjd; 
xypr;nrwpthdJxyp%yj;jpypUe;Jnjhiytpd; ,Ukbf;Fvjph;j;jftpy; mikAk;  

   
2 2

1

4
I I

r r
=  
xyp %yj;jpd; jpwd;

 

,JNt>xypr;nrwptpd; vjph;tpfpj ,UkbtpjpahFk;.  
 
 
xypapd; cug;G:  
 
xNunrwpTnfhz;l ,U xyp %yq;fs; xNuxypcug;Gngw;wpUf;fj; Njitapy;iy. 
vLj;Jf;fhl;lhfgY}d; xd;Wmikjpahd %lg;gl;lmiwapy; ntbf;Fk; NghJmjd; 
cug;GmjpfkhfTk;>mNjgY}d; Rj;jkhdre;ijapy; ntbf;Fk; NghJcug;Gkpff;FiwthfTk; 
,Uf;Fk;. ,q;FnrwpTrkkhf ,Ug;gpDk; cug;Gmt;thwhf ,y;iy. xypr;nrwpTmjpfhpf;Fk; 
NghJcug;Gk; mjpfhpf;Fk;. xypapd; nrwpitf; fhl;bYk; ,q;F $Ljyhfcw;WNehf;Fgthpd; 
El;gk; kw;Wk; mDgtk; mfpafhuzpfs; vt;tsTmjpfcug;Gcs;sxypvd;gijmwptjpy; 
gq;Ftfpf;fpwJ. ,JNtxypapd; cug;Gvdg;gLfpwJ. Nfl;gthpd; czh;jpwDk; 
,q;Fgq;Ftfpf;fpwJ. vdNt>xypcug;G>xypapd; nrwpTkw;Wk; fhjpd; czh;jpwd; (,J 
njspthfNfl;gtiug; nghWj;jmsT. NkYk; ,JxUtUf;FxUth; khWgLk;) Mfpatw;iwg; 
nghUj;jJ. Mdhy; xypr;nrwpTNfl;gtiug; nghWj;jJmy;y. 
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vdNt>xypcug;Gvd;gJ“xypiafhJczUk; jpwdpd; epiymy;yJNfl;gthpd; xypczUk; 
jpwd;" vdtiuaWf;fg;gLfpwJ.  
 
xypapd; nrwpTkw;Wk; cug;G:  
ekJfhJczuf;$baxypapd; nrwpT ,ilntsp10-2 Wm-2ypUe;J20 W m-2ntgh; - ngf;dh; 

tpjpg;gb“cug;Gkdpjh;fshyd;wpfUtpxd;wpd; %yk; msf;fg;gl;lnrwptpd; 
(I)klf;ifkjpg;Gf;FNeh;j;jftpy; ,Uf;Fk;.  

   
L In I

L k In I


=

 

,q;FkxUkhwpyp. ,Jmsf;Fk; myifr; rhh;e;jJ. ,uz;Lcug;Gfs; L1kw;Wk; L0,jw;F 
,ilNaahdNtWghL>Jy;ypakhfmspf;fg;gl;l ,UnrwpTfSf;fpilNaahdrhh;Gcug;GMFk;. 
fzpjg;gbxypr; nrwpTkl;lq;fs;  

   1
1 0 1 0

0

I
L L L k In I k In I k In

I

 
 = − = − =  

 
 

k = 1vdpy;>xypnrwpTkl;lk; ngy; (bel)vd;wmyfhy; msf;fg;gLfpwJ. (mnyf;]hz;lh; fpufhk; 
ngy; epidthf) 
k = 1 vdpy; ngy;  
k = 10 vdpy; nlrpngy;  

1

0

I
L In

I

 
 =  

 
ngy;  

,JeilKiwapy; nghpamyF. vdNtnlrpgy; (decibel) vd;wrpwpamyifgad;gLj;JfpNwhk;.  

  1 nlrpngy; 
1

10
= ngy;  

vdNt> Nkw;fz;l rkd;ghl;il 10 My; ngUf;fp> 10 My; tFf;ff; fpilg;gJ.  
 

   1

0

1
10

10

I
L In

I

  
 =      

ngy;  

   1

0

10
I

L In
I

 
 =  

 
nlrpngy; (k = 10) 

eilKiwg; gad;ghl;bw;fhf> ,aw;ifklf;iff;Fgjpyhf 10 
mbkhdklf;ifiagad;gLj;JfpNwhk;.  

   1
10

0

10log
I

L
I

 = nlrpngy;  

 
fhw;Wjk;gj;jpd; mjph;T:  
 
ehj];tuk;>kw;Wk; gpw ,irf;fUtpfs; fhw;Wf; fUtpfs; vdg;gLk;. ,itfhw;Wj; jk;gmjph;Tfs; 
jj;Jtj;jpy; ,aq;FfpwJ. fhw;WfUtpapd; vspatbtk; Mh;fd; organ - fUtp> ,irg;Ngio) 
Foha; MFk;. vLj;Jf;fhl;lhf>Gy;yhq;Foy;>fpshbndl;>ehj];tuk;.  
Mh;fd; Foha; ,U tifg;gLk;.  
 
%baMh;fd; Foha;:  
 
ehj];tuk;>kw;Wk; gpw ,irf;fUtpfs; fhw;Wf; fUtpfs; vdg;gLk;. ,itfhw;Wj; 
jk;gmjph;TfsfUtpapd; vspatbtk; Mh;fd; fUtp> ,irg;Ngio) Foha; MFk;. 
vLj;Jf;fhl;lhf>Gy;yhq;Foy;>fpshhpndl;>ehj];tuk;.  
Mh;fd; Foha; ,U tifg;gLk;.  
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%baMh;fd; Foha;:  
 
fpshhpndl; glj;ijghUq;fs;. ,JxUgf;fk; %bakw;nwhUgf;fk; jpwe;jFoha;. jpwe;j Kid 
topahftUk; xyp> %bagFjpapy; vjpnuhypf;Fk; xypcs;NstUk; xypAld; 180˚vjph;fl;lj;jpy; 
,Uf;Fk;. vdNt> %bagFjpapy; Jfs;fspd; ,lg;ngah;r;rpvg;nghOJk; Rop. 
,lg;ngah;r;rpRopahtjhy; %bagFjpapy; fZTk;. jpwe;jgFjpapy; vjph;f;fZTk; Vw;gLfpd;wd. 
mjph;TWk; mjph;Txypapd; vspamjph;Tepiyiambg;gilmjph;Tepiyvd;Nghk;. %baKidapy; 
Jfs;fspd; ,af;fk; ,y;yhjjhy; fZTk; mbg;gilmjph;Tepiyapy; jpwe;jKidapy; 
vjph;f;fZTk; cUthFk;. L Fohapd; ePsk;>Vw;gLk;  

miyfspd; miyePsk; 1 vdpy;> 

    1
1 4

4
L or L

 = =   

xypapd; mjph;ntz;  

   1

1 4

v v
f

L
= =  

jpwe;jKidapy; fhw;iwtYthfCJtjhy;>mbg;gilmjph;ntz;zpd; KO vz; 
klq;Ffshy; Md mjph;TfisVw;gLj;jyhk;. me;jmiyfs; Nkw;Ruq;fs; vdg;gLfpd;wd.  
 
,uz;lhtJepiymjph;Tfis (Kjy; Nkw;Ruk;) fhl;LfpwJ. ,jpy; ,U fZf;fSk; ,U 
vjph;fZf;fSk; cs;sJ 

    4L = 3λ2 

  23

4
L


= my;yJ 2

4

3

L =  

mjph;ntz;  

  2 1

2

3
3

4

v v
f f

L
= = =  

,JKjy; Nkw;Ruk; MFk;. ,e;jmjph;ntz; mbg;gilmjph;ntz;zpd; 
%d;Wklq;Fvd;gjhy; ,J %d;whtJrPhpirvdg;gLk;.  
%d;WfZf;fSk;> %d;Wvjph; fZf;fSk; cila %d;whtJepiymjph;T 

 
   4L = 5λ3 

35

4
L


= my;yJ 3

5

5

L =  

mjph;ntz;  

   3 1

3

5
5

4

v v
f f

L
= = =  

,J ,uz;lhtJNkw;Ruk; MFk;. ,e;jmjph;ntz; mbg;gilmjph;ntz;izg; Nghy; 
Ie;Jklq;fhfcs;sjhy;> 5tJ rPhpirvdTk; miof;fg;gLfpwJ.  
 
vdNt %baMh;fd; Fohapy; Vw;gLk; mjph;Tfs; xw;iwg;gilthpirrPhpirfisf; 
nfhz;Ls;sJ. rPhpirapd; mjph;ntz; fn = (2n +1) f1Nkw;Ruq;fspd; mjph;ntz;fspd; jfT.  

    f1 : f2 : f3 : f4 : …. = 1 : 3 : 5 : 7 …. 
 
glj;jpy; fhl;lg;gl;lGy;yhq;Foiyfhz;f. ,J ,UGwKk; jpwe;jFoha; ,U 
jpwe;jKidfspYk; vjph;f;fZf;fs; cUthfpd;wd. ,q;FVw;gLk; 
kpfvspamjph;Tepiyiafhz;Nghk;. ,e;epiyNambg;gilmjph;Tepiyvdg;gLfpwJ. 
jpwe;jKidfspy; vjph;f;fZf;fs; Vw;gLtjhy;>Fohapd; cs;Nsikaj;jpy; 
xNunahUfZcUthfpwJ. ypUe;J>Lvd;gJFohapd; ePsk; vd;fVw;gLk; miyapd; 
miyePsk; fhz> 
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 1
1 2

2
L or L

 = =   

Vw;gLk; mjph;tpd;>mjph;ntz;  

  1

1 2

v v
f

L
= =  

,JNt>mbg;gilmjph;ntz;  
mbg;gilmjph;ntz;iztplcah; mjph;ntz;fisVw;gLj;jjpwe;jKidapy; 
fhw;iwNtfkhfCjNtz;Lk;. ,j;jifamjph;ntz;fs; Nkw;Ruq;fs; vdg;gLk;  
 
jpwe;jMh;fd; Fohapy; Vw;gLk; ,uz;lhk; epiymjph;itf; fhl;LfpwJ. ,J ,U 
fZitAk; %d;Wvjph;f;fZitAk; cilaJ.  

   2 2L or L = =  

mjph;ntz;  

   2 1

2

2 2
2

v v v
f f

L L
= = =  =  

,JKjy; Nkw;Ruk; vdg;gLfpwJ. n = 2vd;gjhy; ,J ,uz;lhtJrPhpirvdTk; 
miof;fg;gLfpwJ.  
%d;whk; epiymjph;T ,jpy; 3 fZTk;> 4 vjph;f;fZTk; cs;sJ.  

    3

3

2
L = my;yJ 3

2

3

L =  

 
 mjph;ntz;  

    3 1

3

3
3

2

v v
f f

L
= = =  

,J3tJ Nkw;Ruk;. n = 3vd;gjhy; ,J 3tJrPhpirvdTk; miof;fg;gLfpwJ.  
 

vdNtjpwe;jMh;fd; Foha; midj;JrPhpirfisAk; cilaJ. nMdJrPhpirapd; 

mjph;ntz; fn = nf1. vdg;gLfpwJ. vdNtNkw;Ruq;fs; mjph;ntz;fspd; jfT 
 

xj;jjph;Tfhw;Wj; jk;gf; fUtp:  
 
xj;jjph;Tfhw;Wjk;gf; fUtpxUkPl;lh; ePsk; cilafz;zhbmy;yJcNyhff; Fohahy; 
MdJ. fhw;Wjk;gj;jpy; Vw;gLk; xj;jjph;itf; fzf;fpl;Lmjd; %yk; 
rhjhuzntg;gepiyapy; fhw;wpy; xypapd; jpirNtfk; fhzgad;gLfpwJ. NkYk; fhw;Wj; 
jk;gePsj;ijkhw;Wtjd; %yk; xj;jjph;Tmjph;ntz; khWgLtijmsf;fTk; gad;gLfpwJ. 
xUKidiaj; jpwe;jjhfTk; kWKidia %bajhf ,f;FohAld; ug;gh; Foha; %yk; 
,izf;fg;gl;lePh; Nrkf;fyk; R fhz;gpj;jthWVw;gLj;jg;gl;Ls;sJ. ,e;j KO mikg;Gk; 
msTNfhy; nghUj;jg;gl;lnrq;Fj;Jjhq;fpapy; nghUj;jg;gl;Ls;sJ. ug;gh; Fohapy; 
ghjpasTePh; epug;gg;gl;Ls;sJ. ePh; kl;lj;ijNrkf;fyj;jpd; (R)cauj;ijkhw;Wtjd; 
%yk;>Njitf;FVw;gkhw;wpf; nfhs;syhk;. ePhpd; Nky; gug;G %bagFjpahfTk; 
kWKidjpwe;jKidahfTk; nray;gLk;. vdNt> ,J %baMh;fd; 
Fohahfnray;gLfpwJ.  
 
miyapd; fZePhpd; Nkw;gug;gpYk; vjph;fZjpwe;jKidapYk; Vw;gLk;. jpwe;jKidapy; 
,irf;fitxd;iwmjph; itj;Jgpbj;jhy; nel;liyfs; 
cUthfpfhl;bagbfPo;Nehf;fpefUk;. ePhpd; gug;igmile;jTld; 
,e;jmiyvjpnuhspf;fg;gLk; miyAld; Nkw;nghUe;Jtjhy; epiyahdmiyfs;Vw;gLk;. 
mjd; ePsj;ijkhw;wp>fhw;Wj; jk;gj;jpd; mjph;ntz;> ,irf;fitapd; mjph;ntz;Zld; 
(,irf;fitapd; ,ay; mjph;ntz;) xj;jjph;tilar; 
nra;Ak;NghJ>mjpfcug;Gcs;sxypVw;gLk;. ,jd; nghUs; fhw;Wj;jk;gj;jpd; mjph;ntz;> 
,irf;fyitapd; mjph;ntz;Zf;Fr; rkkhfp>xj;jjph;Tf;fhdepge;jidiag; ngWk;. 
,e;jepiyahdJfhw;Wj; jk;gj;jpd; ePsk;>xypmiyapd; miyePsj;jpd; 



 

164 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 

 

1

4

th

 
 
 

klq;fhfmikAk; NghJVw;gLk;. Kjy; xj;jjph;thdJL1ePsj;jpy; 

Vw;gLtjhffUJNthk;.  
 
 

  1

1

4
L =    

Mdhy;>vjph;f;fZJy;ypakhfjpwe;jKidapy; Vw;gLtjpy;iy. vdNt>ehk; 
xUjpUj;jj;ijnra;aNtz;Lk;. ,JNt Kid jpUj;jk; vdg;gLfpwJ. 
vjph;fZthdJjpwe;jKidapy; xUrpwpa J}uj;jpy; Vw;gLfpwJvd;f. vdNt>Kjy; 
mjph;Tepiy>Kidj;jpUj;jj;Jld;  

1

1

4
L e = +  

,g;nghOJfhw;Wj;jk;gj;jpd; ePsj;ijkhw;wp ,uz;lhtJxj;jjph;TePsk; L2tpw;F Kid 
jpUj;jj;Jld;  

   1

1

4
L =  

xUrpwpaJ}uj;jpy; Vw;gLfpwJvd;f. vdNt>Kjy; mjph;Tepiy>Kidj;jpUj;jj;Jld;  

   1

1

4
L e = +  

,g;nghOJfhw;Wj;jk;gj;jpd; ePsj;ijkhw;wp ,uz;lhtJxj;jjph;TePsk; L2tpw;F Kid 
jpUj;jj;Jld;  

      2

3

4
L e = +  

Kidj;jpUj;jj;ijGwf;fzpf;f>rkd;ghLNtWghl;ilfz;lhy;> 

    2 1

3 1
( ) ( )

4 4
L e L e − = + − +  

    2 1

1

2
L L L = − =   

    2 L =   
 miwntg;gepiyapy; xypapd; jpirNtfj;ijfPo;f;fz;lthWfzf;fplyhk;.  
   2v f f L= =   

Kidj;jpUj;jj;ijrkd;ghLgad;gLj;jpfhz 

   2 13

2

L L
e

−
=  

lhg;sh; tpisT:  
 
,uapy; epiyaeilNkilapy; epd;Wf;nfhz;L>ek;ikf; fle;Jnry;Yk; njhlh;tz;bapd; 
Cnjhypiaf; Nfl;gjhff; fw;gidnra;Nthk;. tz;bek;ikneUq;Fk;NghJxypapd; 
RUjp(Pitch)my;yJmjph;ntz; (Frequency) $LtijAk; tz;bek;iktpl;Ltpyfpr; 
nry;ifapy;>RUjpFiwtijAk; ek;khy; Nfl;fKbAk;. ,Jlhg;sh; tpistpw;FXh; 
vLj;Jf;fhl;lhFk;.  

 
xyp%yj;jpw;Fk; mt;nthypiaf; Nfl;gtUf;Fk; ,ilNacs;srhh;G ,af;fj;jpdhy; 
,t;tpisTVw;gLfpwJ. ,af;fj;jpdhy; Vw;gLk; ,j;jifamjph;ntz; khw;wj;ij 
M];jphpaehl;ilr; Nrh;e;jfzpjtpayhsUk; ,aw;gpayhsUkhdNahfhz; fpwp];bad; 
lhg;sh; (1803 – 1853) vd;gth; Kjypy; Muha;e;jh;.  
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xyp %yj;jpw;Fk; Nfl;gtUf;Fk; ,ilNaxUrhh;G ,af;fk; cs;sNghJxyp %yj;jpy; 
,Ue;JtUk; xypapd; mjph;ntz;Zk; mijf; Nfl;gtuhy; czug;gLk; xypapd; 
mjph;ntz;Zk; khWgl;L ,Uf;Fk;. ,JNtlhg;sh; tpisTvdg;gLk;.  
 
lhg;sh; tpisTxUmiyepfo;thFk;. MfNt>xypmiyfSf;Fkl;Lkpd;wpxspmiyfSf;Fk; 
gpwkpd;fhe;jmiyfSf;Fk; lhg;sh; tpisTVw;gLfpwJ. xypmiyfspd; lhg;sh; tpistpy; 
cs;sgy;NtWNeh;Tfs; kw;Wk; Nfl;gtuhy; czug;gLk; 
mjph;ntz;zpw;fhdNfhitiajUtpj;jy; gw;wp ,g;gFjpapy; ehk; tpthjpf;fyhk;.  

 
Nfl;Lzh; mjph;ntz;: epiyahd %yk; kw;Wk; ,af;fj;jpy; cs;sNfl;gth;:  

 
Clfj;ijg; (fhw;W) nghUe;JXa;tpy; cs;sGs;spxyp %yk; (S)xd;iwf; fUJNthk;. 
xyp %yk; itf;fg;gl;Ls;sClfkhdJ>rPuhfTk; xa;tpy; cs;sJvdTk; nfhs;Nthk;. 
xyp %yk; ntsptpLk; xypmiyfspd; mjph;ntz; fkw;Wk; miyePsk; λMFk;.  
 
xyp %yj;jpypUe;JMutopNantspr;nry;Yk; Nfhsfxypmiyfs; vvd;wrkjpirNtfj;jpy; 
midj;JjpirfspYk; guTfpd;wd. xypmiyfspd; ,Wf;fq;fs; (my;yJmiyKfg;Gfs;) 
xU - ikatl;lq;fs; fhl;lg;gl;Ls;sd. mLj;jLj;j ,U ,Wf;fq;fSf;F 
,ilNaahdnjhiyTmjd; miyePsk; λ MFk;. NkYk;.miyapd; mjph;ntz;  

Nfl;gth; epiyahfcs;sNghJ> %yj;jpw;Fk; (s)Nfl;gtUf;Fk; (L) ,ilNarhh;gpaf;fk; 
,Uf;fhJ. ukw;Wk; λ Mfpaitkhwhky; ,Ug;gjhy;>Nfl;gtuhy; czug;gLk; xypapd; 
mjph;ntz;Zk; xyp %y mjph;ntz;Zk; rkkhf ,Uf;Fk;.  

 
epiyahd %yj;ijNehf;fpNfl;gth; Neuhfefh;tjhff; nfhs;Nthk;. Nfl;gthpd; Ntfk; 
vLvdpy;>Nfl;gtiug; nghUj;Jxypapd; rhh;GNtfk; v’ = v + vLMFk;.miyePsk; khwhky; 
cs;sjhy; (%yk; epiyahf ,Ug;gjhy;)>Nfl;gth; czUk; xypapd; mjph;ntz; 
khWfpwJ. Nfl;Lzh; mjph;ntz; f’ MdJgpd;tUk; rkd;ghl;lhy; ngwg;gLfpwJ. 
 

 

( )
' L

v v
f f

v

+ − =  
 

 

    ' L
v v

f f
v

− =  
 

 

(%yj;ijtpl;LNfl;gth; tpyfpr; nry;Yk;Ngh) 
 

MfNt>epiyahd %yj;ijtpl;LNfl;gth; tpyfpr; nry;fpwhh; vdpy;> %y 
mjph;ntz;iztplNfl;Lzh; mjph;ntz; Fiwthf ,Uf;Fk;.  

 
 

Nfl;Lzh; mjph;ntz;: efUk; %yk; kw;Wk; epiyahdNfl;gth;  
xyp %yKk; (S)Nfl;gtUk; (L)xa;Tepiyapy; ,Ug;gjhff; fUJNthk;. 
 
mLj;jLj;j ,U ,Wf;fq;fs; glj;jpy; fhl;lg;gl;L> ,uz;LxUikatl;lq;fshy; 
Fwpf;fg;gl;Ls;sd. ,uz;lhtJ ,Wf;fk; rkPgj;jpy; ntspaplg;gl;L> %yj;jpw;FmUfpy; 
cs;sJ. ,t;tpU ,Wf;fq;fSf;F ,ilg;gl;lnjhiyTxypapd; miyePsk; λ MFk;. 

%yj;jpd; mjph;ntz; fMifahy;> ,t;tpU ,Wf;fq;fs; ntspaplg;gLk; fhy ,ilntsp 

    
1

T
f v


= =  

,g;NghJ epiyahd Nfl;gtiu Nehf;fp xyp %yk; Neuhf efh;fpwJ xyp %yj;jpd; 
Ntfk; vs vd;fkw;Wk; ,e;jNtfk; xypapd; Ntfj;ij v tplf; FiwT MFk;.  
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T fhy ,ilntspapy;> Kjy; ,af;fk; nry;Yk; vT =  njhiyT kw;Wk; xyp%yk; 

efUk; njhiyT vsT MFk;. ,jd; tpisthf> ,U ,Wf;fq;fSf;F ,ilg;gl;l 

njhiyT λ - ypUe;J '
s

v T = − vd;W FiwfpwJ. vdNt> Nfl;gth; czUk; miy 

ePsk;  

    ' s
s

v
v T

f
  

 
= − = − 

 
 

 Nfl;Lzh; mjph;ntz; MdJ> 

     
s

v

v v

f f

=
   

−   
   

 

MfNt epiyahd Nfl;gtiu Nehf;fp xyp %yk; efUk;NghJ> %y mjph;ntz;iz tpl 
Nfl;Lzh; mjph;ntz; mjpfkhf ,Uf;Fk;.  
epiyahd Nfl;gtiu tpl;L xyp %yk; tpyfpr; nry;fpwJ vdpy;>vs– f;F vjph;f;Fwp 
,Ltjd; %yk; Nfl;Lzh; mjph;ntz;izg; ngwyhk;.  

    '
s

v
f f

v v

 
=  + 

 

MfNt> epiyahd Nfl;gtiu tpl;L xyp %yk; tpyfpr; nry;fpwJvdpy;> %y 
mjph;ntz;iztplNfl;Lzh; mjph;ntz; Fiwthf ,Uf;Fk;.  
 
Nfl;Lzh; mjph;ntz; : xyp %yk; kw;Wk; Nfl;gth; ,UtUNk ,af;fj;jpy; cs;sNghJ 
xyp %yk; kw;Wk; Nfl;gth; ,UtUNk ,af;fj;jpy; cs;sNghJ> Nfl;Lzh; 
mjph;ntz;zpw;fhd tha;g;ghL ,t;tpU rkd;ghLfisAk; xd;wpizg;gjd; %yk; 
ngwyhk;.  

   ' L

s

v v
f f

v v

 +
=  − 

 

 
,q;F ehk; gad;gLj;jpAs;s FwpaPl;L kugpy;> xyp %yk; my;yJ Nfl;gth; xd;iw 
Nehf;fp kw;nwhd;W efUk; NghJ vs kw;Wk; vL Mfpait Neh;f;Fwp kjpg;Gfisg; 
ngWfpd;wd. mt;thNw> xyp %yk; my;yJ Nfl;gth; xd;iw tpl;L kw;nwhd;W tpyfpr; 
nry;Yk; NghJ mit vjph;f;Fwp kjpg;Gfisg; ngWfpd;wd.  
 
xyp %yj;jpw;Fk; Nfl;gtUf;FkpilNa rhh;gpaf;fk; fhzg;gLk; gy;NtW #o;epiyfspy; 
Nfl;Lzh; mjph;ntz;zpw;fhd tha;g;ghLfs; njhFj;J mspf;fg;gl;Ls;sd.  

 
Xypapd; Ntfj;jpy; Vw;gLk; khWghL (xyp %yk; xa;tpYk; Nfl;gth; efUk; NghJ) 
my;yJxypapd; miyePsj;jpy; Vw;gLk; khWghL (Nfl;gth; xa;tpYk; xyp %yk; efUk; NghJ) 
fhuzkhfNtmjph;ntz; khWghL Vw;gLfpwJ vd;gij ftdpg;gJ Kf;fpakhFk;.  
 
Xyp %yk; kw;Wk; Nfl;gth; vd ,uz;Lk; efUk; NghJ>xypapd; NtfkhWghL kw;Wk; xypapd; 
miyePs khWghL Mfpa ,uz;bd; fhuzkhf mjph;ntz; khWghL Vw;gLfpwJ.  
 

  
Xypia tplNtfkhf xyp %yk; efUk; NghJ (mjhtJ #g;gh;rhdpf; Ntfj;jpy; %yk; efUk; NghJ)> 
Nfl;Lzh; mjph;ntz;izf; fzf;fplcjTk; rkd;ghLfs; Mfpaitgad;glhJ. NkYk; xyp %yj;jpd; 
Kd;Gwk; cs;s epiyahd Nfl;gtuhy; xypia Nfl;fKbahJ. xyp miyfshdJ %yj;jpw;F gpd;Gwk; 
miktNj fhuzkhFk;.  
,j;jifa Ntfq;fspy;> Gjpjhf cUthFk; miyfSk; Kd; fzj;jpy; cUthd miyfSk; Mf;ff; 
FWf;fPl;L tpistpdhy; kpfg;nghpa tPr;Rld; $ba xypia cUthf;fpd;wd. ,ij ‘xypKof;fk;’ (sonic
boom) my;yJ mjph;r;rp miy’(Shock wave) vd;fpNwhk;.  

 
gy;NtW #o;epiyfspy; Nfl;Lzh; mjph;ntz;  
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t.vz; #o;epiy Nfl;Lzh; mjph;ntz; 
1 epiyahdS– I LefUk; NghJ 

' L
v v

f f
v

+ =  
 

 

2 epiyahdS– I tpl;LLtpyfpr; nry;Yk; NghJ 
' L

v v
f f

v

− =  
 

 

3 epiyahdL– I Nehf;fpSefUk; NghJ 
'

s

v
f f

v v

 
=  − 

 

4 epiyahdL– I tpl;LStpyfpr; nry;Yk; NghJ 
'

s

v
f f

v v

 
=  + 

 

5 Skw;Wk; Lxd;iwnahd;WneUq;Fk; NghJ 
' L

s

v v
f f

v v

 +
=  − 

 

6 Skw;Wk; Lxd;iwnahd;Wtpyfpr;nry;Yk; NghJ 
' L

s

v v
f f

v v

 −
=  + 

 

7 L– I SJuj;Jk; NghJ 
' L

s

v v
f f

v v

 −
=  − 

 

8 S– I LJuj;Jk; NghJ 
' L

s

v v
f f

v v

 +
=  + 

 

9 Skw;Wk; Lxd;iwnahd;WneUq;Ffpd;wd>NkYk; 

xypapd; jpirapy; VmNtfj;Jld; Clfk; ,aq;Fk; 
NghJ 

( )
'

( )
m L

m s

v v v
f f

v v v

 + +
=  + − 

 

 
Xypapy; Vw;gLk; lhg;sh; tpisTrkr;rPh; jd;ikaw;wJ. mNj Ntis> xspapy; Vw;gLk; lhg;sh; 
tpisT rkr;rPh; jd;ik nfhz;lJ. epiyahd Nfl;gtiu Nehf;fp xyp %yk; efUk; NghJ 
Vw;gLk; Nfl;Lzh; mjph;ntz; kw;Wk; epiyahd xyp %yj;ij Nehf;fp mNj Ntfj;jpy; 
Nfl;gth; efUk; NghJVw;gLk; Nfl;Lzh; mjph;ntz; Mfpaitrkkhf ,Ug;gjpy;iy. 
,t;tpUepfo;Tfspy; rhh;GNtfk; xd;whf ,Ue;jNghjpYk;> Nfl;Lzh; mjph;ntz; ntt;Ntwhf 
cs;sJ. MfNt xspapy; Vw;gLk; lhg;sh; tpisTrkr;rPh; jd;ikaw;wJ vd;fpNwhk;. xyp 
gutYf;F Clfk; Njit vd;gJ Clfj;ijg; nghUj;Jmjd; Ntfk; mikfpwJ 
vd;gNjfhuzk; MFk;.  
 
Xspkw;Wk; gpwkpd;fhe;jf; fjph;tPr;Rfisg; nghUj;jtiu ,t;tpU Neh;Tfspy; Nfl;Lzh; 
(my;yJfz;Lzh;) mjph;ntz; xd;whfNt ,Uf;Fk;. MfNtxspkw;Wk; gpwkpd;fhe;jf; 
fjph;tpr;Rfspy; Vw;gLk; lhg;sh; tpisT rkr;rPh; jd;iknfhz;Ls;sJ. Vnddpy; xspapd; guty; 
Clfj;ijg; nghUj;J miktjpy;iy.  
 
  

 

 


