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nghUslf;fk; 
 

,aw;gpay; 
 

myF 3 ,af;f tpjpfs; 
 
mwpKfk;: 
 
 gpugQ;rj;jpy; cs;s xt;nthU nghUSk;> kw;w nghUl;fSld; njhlh;G nfhz;Ls;sd. 
Fsph;e;j njd;wy; kuj;Jld; njhlh;G nfhz;Ls;sJ> kuk; kz;Zld; njhl;G nfhz;Ls;sJ. 
RUq;ff;$wpd; midj;J capupdq;fSk; ,a;wifAld; njhlu;G nfhz;Ls;sd. kw;w 
capupdq;fs; ,aw;ifAld; nfhz;Ls;s njhlu;igtpl> kdpj ,dk; ,aw;ifAld; nfhz;Ls;s 
njhlu;G nfhQ;rk; NtWgl;ljhFk;. Vnddpy; kdpj ,dk; ,aw;if epfo;Tfis Ghpe;J nfhz;L 
mtw;iw mwptpay; Kiwapy; tpsf;f Kw;gLfpwJ. 
 
 kdpj ,d tuyhw;wpy; kdpjdhy; kpFe;j Mh;tKld; Nfl;fg;gl;l mwptpay; Nfs;tpfs; 
,aq;Fk; nghUl;fisg; gw;wpaJ MFk;. mit “nghUl;fs; vt;thW ,aq;Ffpd;wd?” 
“nghUl;fs; Vd; ,aq;Ffpd;wd?” vd;gd Nghd;wit. 
 
 Mr;rhpak; vd;dntd;why; ,e;j vspa Nfs;tpfs;jhd; kpdj ,dj;ij gz;ila ehfuPf 
fhyj;jpypUe;J 21 Mk; E}w;whz;bd; njhopy;El;g fhyfl;lj;jpw;F tUtjw;F ghij mikj;Jf; 
nfhLj;jJ. 
 
 xU nghUs; efuf; fhuzk; xd;W mij ,Of;fpwJ my;yJ js;SfpwJ. cjhuzkhf> 
Gj;jfk;  xd;W Xa;T epiyapy; cs;sJ. ntspg;Gw tpir mjd; kPJ nray;glhjtiu mJ 
efuhJ. RUq;ff;$wpd; nghUl;fis efu itf;f fl;lhak; mdj; kPJ xU tpir nray;gl 
Ntz;Lk;. 2500 Mz;LfSf;F Kd;du; Gfo; ngw;w jj;JtQhdp mup];lhl;by; (Aristotle) tpir 
,af;fj;ij Vw;gLj;JfpwJ vd;W $wpdhh;. Mthpd; $w;W nghJg;Ghpjypd; (Common sense) 
mbg;gilapy; mike;jpUe;jJ. Mdhy; mwptpay; $w;Wfs; vd;gJ nghJg;Ghpjypd; 
mbg;gilapy; kl;Lk; mike;jpUf;f KbahJ. khwhf mwptpay; Nrhjidapd; mbg;gilapy; 
midtuhYk; xg;Gf;nfhs;sg;gl Ntz;Lk;. 15 Mk; E}w;whz;by;> fypyPNah njhlh;r;rpahf 
Nkw;nfhz;l Nrhjidfspd; mbg;gilapy; ,af;fk; gw;wpa mhp];lhl;bypd; $w;wpid kWj;jhu;. 
xU nghUs; njhlh;e;J ,aq;Ftjw;F tpir mtrpakpy;iy vd;W fypyPNah xU Gjpa 
fUj;jpid Kd;nkhope;jhu. 
 
 fypyPNah ,af;fk; gw;wpa jd;Dil fUj;ij> xU vspa Nrhjid%yk; tpsf;fpdhh;. 
mr;Nrhjidapd;gb> glk; 3.1 (a) tpy; fhl;bAs;sgb ge;J xd;W Fwpg;gpl;l NfhzKila 
rha;jsk; xd;wpd; Nkw;Gwj;jpypUe;J cUz;L fPNo tUfpwJ. Mjd; jiuia mile;J rpwpJ 
J}uk; cUz;L nrd;W vjpNu cs;s mNj NfhzKila kw;nwhU rha;jsj;jpd; topNa 
cUz;L NkNy VWfpwJ. rha;jwq;fis ed;F tOtOg;ghfpa gpd;dh; ,r;Nrhjidia kPz;Lk; 
epfo;j;Jk; NghJ ge;J Kjy; rha;jsj;jpy; vt;tsT cauj;jpypUe;J (L1) cUz;L fPNo 
te;jNjh mNj caj;jpw;F ,uz;lhtJ rha;jsk; topahf NkNy cUz;L fypyPNahtpd; 
rha;jsk; kw;Wk; ge;J Nrhjid (a) ,uz;L rha;jsq;fSk; xNu rha;Nfhzj;jpy; cs;sNghJ 
(b) rha;jsg;gug;gpd; tOtOg;Gj;jd;ikia mjpfhpj;j gpd;du; (c) ,uz;lhtJ rha;jsj;jpd; 

rha;Nfhzj;ijf; Fiwj;j gpd;gh; (d) ,uz;lhtJ rha;jsj;jpd; rha;Nfhzj;ij Ropahf;fpa 
gpd;dh; nry;fpwJ (L2). (glk; 3.1) (b)),uz;lhtJ rha;jsj;jpd; Nfhzj;ijf; Fiwj;J (glk; 
3.1 (c)) mNj tOtOg;Gld; ,r;Nrhjidia kPz;Lk; epfo;j;Jk; NghJ> ge;J ,uz;lhtJ 
rha;jsj;jpy; rw;Nw mjpf J}uk; cUz;L nrd;W vt;tsT cauj;jpypUe;J te;Njh mNj 
cauj;ij nrd;wilfpwJ. 
 
 Rha;Nfhzj;ij Ropahf;Fk; NghJ ge;J fpilj;jsj; jpirapy; vd;nwd;Wk; njhlh;e;J 
nrd;W nfhz;Nl ,Uf;Fk; (glk; 3.1 (d)). 
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 xU Ntis mup];lhl;bypd; ,af;fk; gw;wpa fUj;J cz;ikahf ,Ug;gpd;> vt;tsT 
tOtOg;ghd rha;jskhf ,Ue;jhYk; me;jg; ge;J fpilj;jsj; jpirapy; cUz;L 
nrd;wpUf;fhJ. Vnddpy;> fpilj;jsj;jpirapy; vt;tpjkhd tpirAk; nray;gltpy;iy. 
 
 ,e;j vspa Nrhjid %yk; fypyPNah ,af;fk; njhlu;e;J eilngw tpir 
mtrpakpy;iy vd;W ep&gpj;Jf; fhl;bdhh;. VdNt> tpirnay;glhj epiyapYk; nghUspdhy; 
njhlh;e;J ,aq;f KbAk;. 
 
 RUq;ff; $wpd;> mup];lhl;by; ,af;fj;NjhL tpirapid ,izj;jhh; Mdhy; fypyPNah> 
,af;fj;jpid tpirapypUe;J jdpNa gphpj;jhh;. 
 
epA+l;ldpd; tpjpfs;: 
 
 fypyPNah> nfg;sh; kw;Wk; Nfhgu;epf;f]; Nghd;w mwptpay; mwpQh;fspd; ,af;fk; gw;wpa 
fUj;Jf;fis gFj;J Muha;e;J> ,af;fk; gw;wpa Mokhd Gupjiy epA+l;ld; jdJ %d;W 
tpjpfspd; tbtpy; Vw;gLj;jpdhh;. 
 
epA+l;ldpd; Kjy;tpjp: 
 
 xU nghUspd;kPJ ntspg;Gw tpir xd;W nray;glhjtiu mJ> jdJ Xa;T 
epiyapNyh my;yJ khwhj;jpirNtfj;jpYs;s rPuhd ,af;f epiyapNyh njhlu;e;J ,Uf;Fk;. 
nghUnshd;wpd;. jhNd ,aq;f Kbahjj; jd;ik my;yJ jdJ ,af;f epiyiaj; jhNd 
khw;wpf;nfhs;s ,ayhjj;jd;ikf;F epiykk; vd;W ngau;. epiykk; vd;whNy nghUs; jdJ 
epiyia khw;Wtij vjph;f;Fk; jd;ik vd;W miof;fyhk;. ,af;fr; #oYf;F Vw;g 
epiykj;jpid %d;W tiffshfg; gphpf;fyhk;. 
 
(1) Xa;tpd; epiykk;: 
 
 Xa;T epiyapYs;s NgUe;J xd;W ,aq;fj;njhlq;Fk; NghJ mg;NgUe;jpy; cs;s 
gazpfs; epiykj;jpd; fhuzkhf jpBnud;W gpd;Ndhf;fpj; js;sg;gLfpd;wdh;. Vnddpy; 
gazpapd; cly; epiykg;gz;gpd; fhuzkhf njhlu;e;J Xa;T epiyapNyNa ,Uf;f Kay;fpwJ. 
Mdhy; NgUe;J ,aq;fj; njhlq;FfpwJ. ,jd; fhuzkhfNt gazpfspd; cly; gpd;Ndhf;fpj; 
js;sg;gLfpwJ.  
 
 
Xa;tpd; epiykg;gz;gpd; fhuzkhf gazpfs; gpd;Ndhf;fpj; js;sg;gLj;y 
 
 jdJ Xa;T epiyiaj; jhNd khw;wpf;nfhs;s ,ayhj nghUspd; jd;ik> Xa;tpd; 
epiykk; vdg;gLk;. 
 
(2) ,af;fj;jpy; epiykk;: 
 
 ,af;fj;jpYs;s xU NgUe;jd; jilia (Brake) jpBnud;W mOj;Jk;NghJ> NgUe;jpy; 
cs;s gazpfs; epiykj;jpd; fhuzkhf Kd;Ndhf;fpj; js;sg;gLfpd;wdu;. Vnddpy;> 
gazpapyd; cly; epiykg;gz;gpd; fhuzkhf njhlu;e;J ,af;f epiyapNyNa ,Uf;f 
Kay;fpwJ. Mdhy; NgUe;J Xa;Tepiyf;F tuj; njhlq;FfpwJ. 
 
 khwhj;jpir Ntfj;jpYs;s xU nghUs; jdJ ,af;f epiyiaj; jhNd khw;wpf;nfhs;s 
,ayhjjd;ik> ,af;fj;jpy; epiykk; vdg;gLk;. 
 
 
 
,af;fj;jpy; epiykg;gz;gpd; fhuzkhf gazpfs; Kd;Ndhf;fpj; jw;wg;gLj;y 
 
(3) ,af;fj; jpirapy; epiykk;: 
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xUKidapy; fy; fl;lg;gl;l> Row;rp ,af;fj;jpYs;s fy;ypd; fapW jpBnud;W 
mWgl;lhy;> fy; njhlu;e;J tl;lg;ghijapy; Rw;w KbahJ. mf;fy; ,y; fhl;bAs;sthW 
tl;lj;jpd; njhLfNfhl;Lg;ghijapy; nry;Yk;. Vnddpy; ntspg;Gwtpir nray;glhjtiu 
nghUspdhy; jhNd jd;Wila ,af;fj;jpiria khw;wpf;nfhs;s ,ayhJ. 
 
 
 
Row;rp ,af;fj;jpy; ,Ue;j> fapw;wpypUe;J mWgl;l fy; epiykg;gz;gpd; fhuzkhf 
njhLNfhl;Lg;ghijapy; nry;Yjy;. 
 
 jdJ ,af;fj;jpirapidj; jhNd khw;wpf;nfhs;s ,ayhj nghUspd; jd;ik> 
,af;fj;jpirapy; epiykk; vdg;gLk;. 
 
 nghUnshd;wpd; Xa;Tepiy my;yJ khwh jpirNtfj;jpYs;s ,a;ff epiyia 
Fwpg;ghak; ,d;wp $wpdhy; mJ nghUsw;wjhfptpLk;. vdNt> ,aw;gpaypy; midj;J 
,af;fq;fSk; Fwpg;ghaj;ij nghUj;Nj tiuaWf;f NtzLk;. epiykf;Fwpghak; vd;w xU 
rpwg;Gf; Fwpg;ghaj;jpw;F kl;LNk epA+l;ldpd; Kjy;tpjpia gad;gLj;j KbAk;. cz;ikapy; 
epA+l;ldpdd; Kjy;tpjp epiykf; Fwpg;ghaj;ijj;jhd; tiuaWf;fpwJ 
 
epiykf; Fwpg;ghaq;fs; (Inertial frames) 
 
  epiykf; Fwpg;ghaj;jpypUe;J ghu;f;Fk;NghJ vt;tpj tpirAk; nray;glhj xU 
nghUshdJ Xa;T epiyapNyh my;yJ khwhjpir Ntfk; nfhz;l rPuhd ,af;f epiyapNyh 
fhzg;gLk;. vdNt epiykf;Fwpg;ghak; vd;w xU rpwg;Gf; Fwpg;ghaj;jpy; cs;s nghUs; vt;tpj 
tpirAk; mjd;kPJ nray;glhj epiyapy; khwhj;jpirNtfk; nfhz;l ,af;f epiyapNyh 
my;yJ Xa;T epiyapNyh fhzg;gLk;. Mdhy; xU nghUs; tpiria  czh;fpwjh ,y;iyah 
vd;gij ehk; vt;thW mwptJ? GtpapYs;s midj;Jg; nghUl;fSk; GtpaPu;g;G tpirapid 
czUk;. ,yl;rpa epiyapy; xU nghUs; Gtp kw;Wk; gpw nghUl;fis tpl;L ntFnjhiytpy; 
cs;sNghJ kl;LNk tpirfsw;w epiyia (Free body) milAk;. mg;nghUSf;F epA+l;ldpd; 
Kjy;tpjp KOikahfg; nghUe;Jk;. ntFnjhiytpy; cs;s mg;gFjpia epiykf; 
Fwpg;ghakhff; fUjyhk;. Mdhy; eilKiwapy; ,J Nghd;w epiykf; Fwpg;ghak; rh;jpakw;wJ. 
eilKiwapy; Gtpapid ehk; xU epiykf;Fwpg;ghakhff; fUjyhk;. Vnddpy; Ma;tj;jpy; 
Nkir kPJ itf;fg;gl;l Gj;jfk; vg;NghJk; Xa;T epiyapNyNa cs;sjhf fUjg;gLfpwJ. 
mg;nghUs; vg;NghJk; fpilj;jsj;jpirapy; KLf;fkiltjpy;iy. Vnddpy; 
fpilj;jsj;jpirapy; mjd;kPJ vt;tpjkhd tpirAk; nray;gLtjpy;iy. vdNt> midj;J 
,aw;gpay; Ma;Tfs; kw;Wk; fzf;fPLfSf;F Ma;tfj;jpid xU epiykf;Fwpg;ghakhff; 
fUjyhk;. 
 
 ehk; ,e;j Kbit vLf;f nghUspd; fpilj;js ,af;fj;jpid kl;Lk; fzf;fpy; 
vLj;Jf;nfhz;Nlhk;. Vndd;why; nghUspd;kPJ fpilj;jsj; jpirapy; ve;j tpirAk; 
nray;gltpy;iy. Mdhy; ,Nj Kbit vLf;f ehk; nrq;Fj;Jj; jpirapy; nghUspd; 
,af;fj;ij gFj;jhuhaf; $lhJ. Vnddpy; fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpirAk; 
Nky;Nehf;fpr; nray;gLk; nrq;Fj;J tpirAk; xd;iw xd;W rkd;nra;J nghUis 
Xa;Tepiyapy; itf;fpd;wd. 
 
 vdNt> epA+l;ldpd; Kjy;tpjp tpirfsw;w nghUspd; ,af;fj;ij Muha;fpwNj jtpu 
nry;gLk; tpirfspd; njhFgad; kjpg;G Ropahf cs;s nghUl;fspd; ,af;fj;ij 
Muha;tjpy;iy. 
 
 epiykf; Fwpg;ghaj;ijg; nghUj;J khwhj; jpirNtfj;Jld; nry;Yk; ,uapy; tz;b 
xd;iwf;fUJf. ,uapy;tz;bf;F ntspNa epiykf;Fwpg;ghaj;ijg; nghUj;J Xa;TepiyapYs;s 
nghUs;> ,uapy; tz;bf;F cs;Ns mku;e;jpUf;Fk; gazpf;F> ,uapy; tz;biag; nghUj;J 
khwhj;jpir Ntfj;Jld; ,af;f epiyapy; ,Ug;gJNghd;W njhpAk;. Vnddpy; ,q;F ,uapy; 
tz;b epiyikf; Fwpg;ghakhff; fUjg;gLfpwJ. 
 
 midj;J epiykf; Fwpg;ghaq;fSk; xd;iwg; nghUj;J kw;nwhd;W 
khwhj;jpirNtfj;Jld; ,aq;FfpwJ. 
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xU epiykf; Fwpg;ghaj;jpy; Xa;T epiyapy; cs;sJ Nghd;W Njhd;Wk; xU nghUs;> kw;nwhU 
epiykf; Fwpg;ghaj;ijg; nghUj;J khwhj; jpir Ntfj;Jld; ,af;f epiyapy; ,Ug;gJ 
Nghd;W Njhd;Wk;. jiuapy; epd;W nfhz;bUf;Fk; xU egiug; nghUj;J> V vd;w khwhjpir 
Ntfj;jpd; thfdk; xd;W nrd;W nfhz;bUf;fpwJ. jiuapy; epd;W nfhz;bUf;Fk; kdpjDk;> 
mtidg; nghWj;J khwhj; jpirNtfj;jpy; nrd;W nfhz;bUf;Fk; thfdk; ,uz;LNk epiykf; 
Fwpg;ghaq;fs; MFk;. 
 
kdpjd; kw;Wk; thfdk; ,uz;Lk; epiykf;Fwpg;ghaq;fs; 
 
 khwh jpirNtfj;jpy; nrd;W nfhz;Ls;s ,uapy; tz;bapd; cs;Ns tOtOg;ghd 
Nkir kPJ itf;fg;gl;Ls;s nghUs; xd;iwf; fUJf. ,uapy; tz;b jpBnud;W 
KLf;fkilAk;NghJ vt;tpjkhd tpirAk; nray;glhj epiyapy; Nkir kPJs;s nghUs; 
vjph;j;jpirapy; KLf;fkiltJ Nghd;W Njhd;Wk;. ,J epA+l;ldpd; Kjy; tpjpf;F Kw;wpYk; 
vjpuhf cs;sJ. Vnddpy;> vt;tpj tpirAk; nray;glhj epiyapy; nghUs; KLf;fkilfpwJ.  
 
,jpypUe;J ehk; Ghpe;J nfhs;sNtz;ba cz;ik vd;dntdpy;> ,uapy;tz;b 
KLf;fkilAk;NghJ mJ xU epiykf; Fwpg;ghak; my;y. vLj;Jf;fhl;lhf> glk; 3.6 ,y; 

fhl;lg;gl;Ls;s jiuiag; nghUj;J a  KLf;fj;Jld; nry;Yk; ,uz;lhtJ thfdk; 
epiykf;Fwpg;ghak; my;y. khwhf mJ epiykkw;wf; Fwpg;ghak; (Non-inertial frame) MFk;. 
 
 
epiykkw;wf; Fwpg;ghak; (a KLf;fj;Jld; nry;Yk; thfdk; 2) 
 

,t;tifahd epiykkw;w Fwpg;ghaq;fSf;F KLf;fg;gl;l Fwpg;ghaq;fs; (accelerated 
frames of references) vd;w ngau;. RoYk; Fwpg;ghaq;fSk; KLf;fg;gl;l Fwpg;ghaq;fNs>  
Vnddpy;> Row;rp ,af;fj;jpw;F KLf;fk; mtrpakhFk;. ,f;fUj;jpd;gb> Gtp cz;ikapy; xU  
epiykf; Fwpg;ghak; my;y. Vnddpy; Gtpf;F jw;Row;rp kw;Wk; ePs;tl;lr; Row;rp vd;w ,U 
,af;fq;fs; cs;sd 
 

eilKiwapy; fhzg;gLk; rpy nghJthd ,af;fq;fSf;F Gtpapd; Row;rpapdhy; Vw;gLk; 
tpiwTfisg; Gwf;fzpf;fyhk;. cjhuhzkhf vwpnghUspd; ,af;fk;> Ma;tfk; xd;wpy; 
fzf;fplg;gLk; jdp Crypd; miyT Neuk; Nghd;wtw;wpy; Gtpapd; jw;Row;rp tpisTfspd; 
jhf;fk; Gwf;fzpf;fj;jf;f mstpNyNa fhzg;gLk;. vdNt> ,j;jifa Neu;Tfspy; fUjyhk;. 
Mdhy; mNj Neuj;jpy; nraw;iff;Nfhs; xd;wpd; ,af;fk; kw;Wk; Gtpapd; fhw;W NkyLf;Fr; 
Row;rp Nghd;w epfo;Tfspy; Gtpapid xU epiykf; Fwpg;ghakhff; fUj ,ayhJ. Vnddhpy; 
Gtpapd; jw;Row;rp ,tw;wpd; kPJ typikahd jhf;fj;ij Vw;gLj;JfpwJ. 
 
epA+l;ldpd; ,uz;lhk; tpjp: 
 
xU nghUspd; kPJ nray;gLk; tpirahdJ me;jg; nghUspd; ce;j khWghl;L tPj;jpw;F 
rkkhFk;.  
 

dp
F

dt
=     

RUq;ff; $wpd;> vg;nghOnjy;yhk; xU nghUspd; ce;jj;jpy; khw;wk; Vw;gLfpwNjh> 
mg;nghOnjhy;yhk; mg;nghUspd;kPJ tpir nray;gLfpwJ. nghUs; xd;wpd; ce;jk; vd 

p mv=  tiuaWf;fg;gLfpwJ. nghUl;fs; ,aq;Fk;NghJ ngUk;ghyhd Neuq;fspy; mjd; epiw 
khwhky; xU khwpypahfNt ,Uf;fpwJ. 
 
mj;jifa epfo;Tfspy; Nkw;fz;l rkd;ghL gpd;tUk; vspa tbtpidg; ngWfpwJ. 
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( )d mv dv
F m ma

dt dt
= = =  

  

F = ma  
 

nghUs; vg;nghOnjhy;yhk; KLf;fkilfpwNjh> mg;nghOnjy;yhk; mjd;kPJ xU tpir 

nray;gLfpwJ vd;w cz;ikia Nkw;fz;l rkd;ghL ekf;F czu;j;JfpwJ. tpir F  kw;Wk; 

KLf;fk; a  ,uz;Lk; vg;nghOJk; xNujpirapy; nray;gLk;. 
 

epA+l;ldpd; ,uz;lhk; tpjp vd;gJ mup];lhl;bypd; ,af;fk; gw;wpa fUj;jpypUe;J 
mbg;gilapNyNa NtWgl;ljhFk;. epA+l;lidg; nghWj;jtiu ,af;fj;jpid Vw;gLj;j tpir 
mtrpakpy;iy. khwhf ,af;fj;jpy; xU khw;wj;ij Vw;gLj;jj;jhd; tpir Njitg;gLfpwJ. 
epA+l;ldpd; ,uz;lhk; tpjpia ehk; epiykf; Fwpg;ghaq;fspy; kl;LNk gad;gLj;j Ntz;Lk; 
vd;gij epidtpy; nfhs;s Ntz;Lk;.  
 

KLf;fg;gl;l Fwpg;ghaq;fSf;F epA+l;ldpd; ,uz;lhk; tpjpia ,Njtbtpy; gad;gLj;j 
KbahJ> rpy khw;wq;fs; Njitg;gLk;. 
 
SI myF Kiwapy; tpirapd; myF epA+l;ld;. ,jd; FwpaPL N MFk;.  

1 kg epiwAila nghUspd;kPJ xU tpir nray;gl;L> me;j tpirapd; jpirNyNa 1 
m s-2 KLf;fj;ij Vw;gLj;jpdhy; mt;tpirapd; msNt xU epA+l;ld; vdg;gLk;.  
 
rWf;fpr; nry;Yk; nghUl;fs; gw;wpa mup];lhl;by; kw;Wk; epA+l;ldpd; fUj;J: 
 

gphpT 3.1 ,y; tpthjpf;fg;gl;l rha;jsk; kw;Wk; ge;J Nrhjidf;fhd rhpahd 
tpwf;fj;jpid epA+l;ldpd; ,uz;lhk; tpjp toq;FfpwJ. me;j Nrhjidapy; cuha;tpidf; 
fzf;fpy; vLj;Jf;nfhs;Sk;NghJ ge;J rha;jsj;jpd; mbg;gug;ig mile;jTld;  rpwpJ J}uk; 
cUz;L gpd;G Xa;T epiyia milfpwJ. 
 

,jw;Ff; fhuzk; ge;jpd; jpirNtfj;jpw;F vjpuhd jpirapy; xU cuha;T tpir 
nray;gl;L ge;jpid Xa;T epiyf;Ff; nfhz;LtUfpwJ. ,t;Tuha;T tpirjhd; jpirNtfj;ijg; 
gbg;gbahff; Fiwj;J mjid Ropahf;fp nghUspd; ,af;fj;ij epWj;JfpwJ. Mdhy; 
mup];lhl;bypd; fUj;Jg;gb> nghUs; rha;jsj;jpd; mbg;gug;ig mile;j cld; rpwpJ J}uk; 
cUz;L nrd;W gpd;du; Xa;T epiyf;F tUk;. Vnddpy; mg;nghUspd; kPJ vt;tpjkhd 
tpirAk; nray;gltpy;iy. 
 
mbg;gilapy; mup];lhl;by; nghUspd; kPJnray;gLk; cuha;T tpiria Kw;wpYkhfg; 
Gwf;fzpj;J tpl;lhu;. 
 

 
 
nghUl;fspd; ,af;fk; gw;wpa mup];lhl;by;> fypypNah kw;Wk; epA+l;ldpd; fUj;Jf;fs; 
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epA+l;ldpd; %d;whk; tpjp: 
 

a itf; fUJf. vg;nghOnjy;yhk; xU nghUs; (1) ,d;ndhU nghUspd; (2) kPJ xU 

tpiriar; nrYj;JfpwNjh ( F 21)> mg;nghOnjy;yhk; me;j ,uz;lhtJ nghUSk; (2) 

mt;tpirf;Fr; rkkhd> vjpu;jpirapy; nray;gLk; xU tpiria (F 12) Kjy; nghUspd; kPJ 
nrYj;Jk;. ,t;tpuz;L tpirfSk; ,U nghUl;fisAk; ,izf;Fk; Nfhl;bd; topNa 
nray;gLk;. 
 

F 12 =- F 21 

 

tpirfs; rkkhfTk;> vjph;NrhbfshfTk; (opposite pair) Njhd;Wk; vd;gij epA+l;ldpd; 
%d;whk; tpjp cWjpg;gLj;JfpwJ. jdpj;j tpir my;yJ xNunahU tpir vd;gJ ,aw;ifapy; 
Njhd;Wtjpy;iy. epA+l;ldpd; %d;whk; tpjpg;gb> ve;jnthU nray; tpirf;Fk;  (action force) 
rkkhd vjph; nray;tpir (reaction force) cz;L. khwhf> ntt;NtW nghUl;fspd; kPJ 
nray;gLfpd;wd. VNjDk; xU tpiria nray;tpir vd;W mioj;jhy; kw;nwhd;iw 
vjpu;r;nray;tpir vd;W miof;f Ntz;Lk;. epA+l;ldpd; %d;whk; tpjp epiykk; kw;Wk; 
KLf;Ftpf;fg;gl;l ,t;tpuz;L Fwpg;ghaq;fSf;Fk; nghUe;Jk;. 

 
,r;nray; - vjph;r;nray; tpirfs; fhuzk; kw;Wk; tpisT (cause and effect) tiffs; 

my;y. vt;thnwdpy;> Kjy;nghUs; ,uz;lhtJ nghUspd; kPJ xU tpirapidr; nrYj;Jk; 
mNj fzj;jpy; ,uz;lhtJ nghUs; Kjy; nghUspd; kPJ rkkhd vjpu;tpiriar; nrYj;Jk;. 
 
 

epA+l;ldpd; %d;whk; tpjpf;fhd nray;tpsf;fk; 
(a) Rj;jpahy; kw;Wk; Mzp  
(b) Rtw;wpy; gl;L gpd;Ndhf;fp tUk; ge;J  
(c) cuha;Tld; jiuapy; elj;jy; 
 
epA+l;ld; tpjpfs; gw;wpa xU ciuahly;: 
 

1. epA+l;ld; tpjpfs; ntf;lu; tpjpfshFk;. F = ma  vd;gJ xU ntf;lu; rkd;ghL MFk;. 
mbg;gilapy; ,r;rkd;ghL %d;W ];Nfyu; rkd;ghLfSf;F ,izahdjhFk;. fhu;Brpad; 
Maf;$Wfspd; mbg;gilapy; ,jid fPo;f;fz;lthW vOjyhk;. 
 

ˆ ˆˆ ˆ ˆ
x y z y zF i F j F k ma j ma k+ + = +  

 
,UGwKk; ntf;lu; $Wfis xg;gpLk;NghJ ekf;Ff; fpilf;Fk; ];Nfyu; rkd;ghLfs; 
gpd;tUkhW 
 
Fx= ma x. ,q;F x mr;Rj;jpirapy; Vw;gLk; KLf;fk; (ax)> tpirapd; x mr;Rf;$wpid (Fx) 
kl;LNk rhu;e;jjhFk;. 
 
Fy= ma y. ,q;F y mr;Rj;jpirapy; Vw;gLk; KLf;fk; (ay)> tpirapd; y mr;Rf; $wpid (Fy) 
kl;LNk rhu;e;jjhFk;. 
 
Fz= ma z. ,q;F z mr;Rj;jpirapy; Vw;gLk; KLf;fk; (az)> tpirapd; z mr;Rf; $wpid (Fz) 
kl;LNk rhu;e;jjhFk;. 
 
 Nkw;fz;l rkd;ghLfspypUe;J ehk; mwpa Ntz;baJ vd;dntdpy;> y jpirapy; 
nray;gLk;tpir> x jpirapy; Vw;gLk; KLf;fj;ij vt;tpj;jpYk; ghjpf;fhJ. mNjNghd;W Fz 
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MdJ ay kw;Wk; ax I vt;tpj;jpYk; ghjpf;fhJ. ,e;jg;Gupjy; fzf;Ffisj; jPh;T fhz;gjpy; 
Kf;fpa gq;fhw;WfpwJ. 
 

2. xU Fwpg;gpl;l Neuj;jpy; (t)> nghUs; milAk; KLf;fk;> mNj Neuj;jpy; mg;nghUspd; 
kPJ nray;gLk; tpirapid kl;LNk rhu;e;jJ. me;Neuj;jpw;F (t) Kd;du; nray;gl;l tpirpidg; 
nghUj;jjy;y. ,jid gpd;tUkhW vOjyhk;. 
 

( ) ( )F t ma t=  

nghUspd; KLf;fk;> fle;jfhy tpiriar; rhu;e;jjy;y. vLj;Jf;fhl;lhf fpupf;nfl; 
tpiahl;by; Row;ge;J my;yJ ntfg;ge;J tPr;rhsuhy; tPrg;gl;l ge;J mthpd; fuj;ij tpl;L 
tpLgl;l gpd;G GtpaPu;g;G tpir kw;Wk; fhw;wpd; cuha;T tpir ,itfis kl;LNk czUk;. 
,e;epiyapy; ge;jpd; KLf;fk; mJ vt;thW (vt;tsT Ntfkhf my;yJ nkJthf) tPrg;gl;lJ 
vd;gijg; nghUj;jjy;y. 
 

3. nghJthf nghUspd; ,af;fk; tpirapd; jpirapypUe;J khWgl;L mikayhk;. Rpy 
Neuq;fspy; tpirapd; jpirapNyNa nghUs; ,aq;fpdhYk;> nghJthf ,J cz;ikay;y. 
mjw;fhd rpy cjhuzq;fis fPNo fhzyhk;. 
 
 
 
Neu;T (1): tpirAk; ,af;fKk; xNu jpirapy;: 
 

Mg;gps;> Gtpapid Nehf;fp tpOk;NghJ Mg;gpspd; ,af;fj; jpirAk; (jpir NtfKk;)> 
Mg;gpspd; kPJ nray;gLk; Gtp<h;g;G tpirAk; xNu fPo;Nehf;fpa jpirapy; mike;Js;sJ. ,J 
(a) ,y; fhl;lg;gl;Ls;sJ. 
 
 
(a) tpir kw;Wk; ,af;fk; xNu jpirapy; 
 
 
Neu;T (2) tpirAk; ,af;fKk; ntt;NtW jpirfspy;: 
 

epyh Gtpapid Nehf;fp xU tpiria czu;fpwJ Mdhy;> epyh Gtpia xU 
ePs;tl;lg;ghijapy; Rw;wp tUfpwJ. ,e;epfo;tpy; ,af;fjpd; jpir tpirapd; jpirapypUe;J 
khWgl;L cs;sij (b) apypUe;J mwpayhk;. 
 
(b) tpir kw;Wk; ,af;fk; ntt;NtW jpirfspy; (Gtpia ePs;tl;lg;ghijapy; Rw;wptUk; epyh) 
 
Neu;T (3) tpirAk; ,af;fKk; vjpnujph; jpirapy;: 
 

nghUs; xd;iw nrq;Fj;jhf Nky; Nehf;fp vwpAk;NghJ ,af;f jpir Nky; Nehf;fpAk;> 
nghUspd; kPJ nray;gLk; GtpaPu;g;G tpirapd; jpir fPo;Nehf;fpAk; nray;gLk;. ,J (c) ,y; 
fhl;lg;gl;Ls;sJ. 
 
 
(c) tpirAk;> ,af;fKk; vjpnujpuhf 
 
Neu;T (4) Rop epfu tpirAk; nghUspd; ,af;fk;: 
 

Nkfj;jpypUe;J tpLgl;l kioj;Jsp xd;W fPo;Nehf;fpr; nray;gLk; GtpaPy;g;G tpir 
kw;Wk; Nky; Nehf;fpr; nray;gLk; fhw;wpd; ,Otpir ,t;tpuz;L tpirfisAk; czh;fpwJ. 
kioj;Jsp fPo; Nehf;fp tUk; NghJ fhw;wpd; ,Otpir (ghfpay; tpir) mjpfhpj;Jf; nfhz;Nl 
nrd;W xU epiyapy; fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpiria rkd;nra;JtpLk;. 
Mf;fzj;jpypUe;J kioj;Jsp jiuapy; tpOk;gtiu khwhj;jpir Ntfj;Jld; tUfpwJ. vdNt 
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kioj;Jsp Rop epfu tpirAlDk; Mdhy; ropaw;w Kw;wj;jpir Ntfj;JlDk; (terminal 
velocity) jiuia milfpwJ. ,J (d) ,y; fhl;lg;gl;Ls;sJ. 
 
 
(d) Ropepfutpir kw;Wk; Ropaw;w Kw;Wj;jpir Ntfj;Jld; jiuia milAk; kioj;Jsp 
 
4. gy;NtW tpirfs; 
 

1) F 1, F 2, F 3…. F n tpirfs; xU nghUspd; kPJ nray;gLk; NghJ> mg;nghUspd; kPJ 

nry;gLk; epfutpir (F net,) jdpj;jdp tpifspd; ntf;lu; $LjYf;Fr; rkkhFk;.  me;j epfu 

tpir (F net,) nghUspd; kPJ KLf;fj;ij Vw;gLj;Jk;. 
 

F net = F 1, F 2, F 3…. F n 

 

 
 

F 1 + F 2 = F net 

,uz;L tpirfspd; ntf;lu; $Ljy; 
 

F net = ma  
 
,j;jifa Neu;tfspy; epA+l;ldpd; ,uz;lhk; tpjpia fPo;f;fz;lthW vOjyhk; 
 
KLf;fj;jpd; jpir> epfu (net) tpirapd; jpirapy; ,Uf;Fk; 
 
vLj;Jf;fhl;L: tpy;Yk; mk;Gk; 
 

 
tpy; kw;Wk; mk;G-epfu tpir mk;gpd; kPJ cs;sJ. 
 
2) epA+l;d; ,uz;lhk; tpjpia gpd;tUk; tbtpYk; vOjyhk; Vnddpy; KLf;fnkd;gJ nghUspd; 

,g;ngau;r;rp ntf;lupd; ,uz;lhk;gb tifnfO MFk;. 
2

2

d r
a

dt

 
= 

 
, vdNt nghUspd; kPJ 

nray;gLk; tpir gpd;tUkhW vOjg;gLfpwJ. 
 

F = m

2

2

d r

dt
 

 
,r;rkd;ghl;bypUe;J ehk; mwpe;Jnfhs;tJ epA+l;ld; ,uz;lhk; tpjpahdJ mbg;gilapy; xU 
,uz;lhk;gb tiff;nfOr; rkd;ghlhFk;. vg;nghOnjy;yhk; ,lg;ngau;r;rp ntf;lupd; ,uz;lhk; 
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tiff;nfO Ropay;yhj kjpg;gpid ngWfpwNjh mg;nghOnjy;yhk; nghUspd; kPJ tpir 
nray;gLfpwJ. nghUspd; kPJ vt;tpjkhd tpirAk; nray;glhj epiyapy; epA+l;ldpd; 

,uz;lhk; tpjp> m

2

2

d r

dt
=0 mjhtJ nghUs; khwhjj;jpir Ntfj;Jld; (v=khwpyp) 

,aq;Ffpd;wJ vd;W ekf;F czu;j;JfpwJ. ,jpypUe;J epA+l;ldpd; ,uz;lhk; tpjp> 
Kjy;tpjpNahL ,ay;ghfg; nghUe;Jtij ehk; czuyhk;. MdhYk; xNu nghUspd; kPJ ve;j 
tpirAk; nray;glhj NghJ epA+l;ldpd; ,uz;lhk; tpjpahdJ Kjy; tpjpahf khWfpwJ vd;W 
ehk; fUjf;$lhJ. epA+l;ldpd; Kjy; tpjp kw;Wk; ,uz;lhk; tpjp ,tptpuz;Lk; xd;iwnahd;W 
rhuhj tpjpfshFk;. mit ,ay;ghf xd;Wld; xd;W nghUe;Jfpd;wd. Mdhy; xd;wpypUe;J 
kw;nwhd;iw jUtpf;f ,ayhJ (cannot derived from each other). 
 
7. epA+l;ldpd; ,uz;lhk; tpjp fhuzk; kw;Wk; tpisT tifiar; rhu;e;jJ. tpir xU fhuzk; 
vdpy; KLf;fk; mjw;fhd tpisT MFk;. kuGg;gb rkd;ghl;bd; ,lJif gf;fk;> tpisitAk; 

vOj Ntz;Lk;. vdNt epA+l;ldpd; ,uz;lhk; tpjpapd; rhpahd tbtk; ma = F  my;yJ 
dp

F
dt

 

 
epA+l;ld; tpjpfspd; gad;ghL: 
 
jdpj;j nghUspd; tpirg;glk; (Free Body Dragram) 
 
jdpj;j nghUspd; tpirg;glk; vd;gJ epA+l;ld; tpjpfisg; gad;gLj;jp nghUspd; 
,af;fj;jpid gFj;jwpag; gad;gLk; xU vspa Kiwahfk;. jdpj;j nghUspd; tpirg;glj;ij 
cUthf;Fk; NghJ fPo;fz;l newpKiwfis tupirg;gb gpd;gw;w Ntz;Lk;. mit 
 
1. nghUspd; kPJ nray;gLk; tpirfisf; fz;lwpa Ntz;Lk;. 
 
2. nghUis xU Gs;spahff; Fwpg;gpl Ntz;Lk;. 
 
3. nghUs; kPJ nray;gLk; tpirfisf; Fwpg;gpLk; ntf;lu;fis tiua Ntz;Lk;. jdpj;j 
tpirg;glk; tiuAk;NghJ nghUl;fs; Vw;gLj;Jk; tpirfis glj;jpy; Fwpg;gpl;Lf; fhl;lf;$lhJ 
vd;gijf; ftdj;jpy; nfhs;sTk;. 
 
vLj;Jf;fhl;L. 
 
m epiwAs;s Gj;jfk; xd;W Nkir xd;wpd; kPJ Xa;T epiyapy; cs;sJ. 
1. Gj;jfj;jpd; kPJ nray;gLK; tpirfs; ahit? 
2. gj;jfk; nrYj;Jk; tpirfs; ahit? 
3. Gj;jfj;jpd; tpirg;glj;ij tiuf. 
 
jPu;T 
 
1) Gj;jfj;jpd; kPJ ,uz;L tpirfs; nray;gLfpd;wd. mit 
i. fPo;Nehf;fpr; nray;gLk; Gtp<h;g;G tpir (mg).  
ii. Gj;jfj;jpd; kPJ Nkirapd; gug;G Vw;gLjJk; nrq;Fj;J tpir (N). ,J Nky; 
Nehf;fpaj;jpirapy; nray;gLk;. 
 
 
2) epA+l;ldpd; %d;whk; tpjpg;gb> Gj;jfk; ,uz;L vjph;tpirfisj; jUfpwJ. 
 
i. GtpaPu;g;G tpir (mg) f;F vjpuhf Gj;jfk; Gtpapd;kPJ nrYj;Jk; tpir. ,J Nky;Nehf;fpr;  
nray;gLk;. 
 
ii. Nkirapd; gug;GkPJ> nrq;Fj;J tpir (N) f;F vjpuhf Gj;jfk; nrYj;Jk; tpir. ,t;tpir 
fPo;Nehf;fp nray;gLk;. 
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3. Gj;jfj;jpd; jdpj;j nghUs; tpirg;glk; NkNy cs;s glj;jpy; fhl;lg;gl;Ls;sJ. 
 
vLj;Jf;fhl;L: 
 

2.5 kg kw;wk; 100 kg epiwAila ,uz;L nghUs;fspd; kPJk; 5 N tpir 
nray;gLfpwJ. xt;nthU nghUspd; KLf;fj;ijf; fhz;f. 
 
jPu;T 
 
epA+l;ldpd; ,uz;lhk; tpjpg;gb (vz;kjpg;G mstpy;) F=ma 
2.5 kg epiwAila nghUs; ngWk; KLf;fk; 
 

25
2

2.5

F
a ms

m

−= = =  

 
100 kg epiwAila nghUs; ngWk; KLf;fk; 
 

25
0.05

100

F
a ms

m

−= = =  

 
Mg;gps;> kuj;jpypUe;J fPNo tpOk; NghJ mJ Gtp <u;g;G tpiria czUk;. epA+l;ldpd; 

%d;wthJ tpjpg;gb Mg;gpSk; ,jw;Fr; rkkhd vjpu;tpiria Gtpapd; kPJ nrYj;Jk;. 
,t;tpuz;L tpirfSk; xd;Wf;nfhd;W rkkhf ,Ug;gpDk; mitfs; ngUk; KLf;fk; 
ntt;Ntwhdit. 
 

Gtpapd; epiw> Mg;gpspd; epiwAld; xg;gpLk;NghJ kpfTk; mjpfk;. epiwAld; 
xg;gpLk;NghJ kpfTk; mjpfk;. vdNt> Mg;gps; kpf mjpf KLf;fj;ijg; ngWfpwJ. Mdhy; Gtp 
kpfTk; Fiwthd Gwf;fzpf;fjf;f KLf;fj;ijNa ngWfpwJ. vdNtjhd; Mg;gps; fPNo tpOk; 
NghJ Gtp Xa;T epiyapy; cs;sJ Nghd;W Njhd;WfpwJ. 
 
vLj;Jf;fhl;L. 
 

glj;jpy; fhl;lg;gl;Ls;s F 1, F 2, F 3 %d;W tpirfspy; ngUk tpir vJ? 
 

   
 
jPh;T 
 

tpir xU ntf;lu;. xU ntf;lupd; vz; kjpg;G mjd; ePsj;jhy; Fwpf;fg;gLfpwJ. vdNt 

nfhLf;fg;gl;l ntf;lu;fspy; F 1 d; ePsk; mjpfk; vdNt F 1 ntf;lu; ngUk tpirahFk;. 
 
vLj;Jf;fhl;L. 
 

400 g epiw nfhz;l khq;fha; xd;W kuj;jpy; njhq;fpf; nfhz;bUf;fpwJ. epA+l;ldpd; 
,uz;lhk; tpjpiag; gad;gLj;jp khq;fhiaj; jhq;fpAs;s fhk;gpd; ,Otpiriaf; fhz;f. 
 
jPu;T 
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Fwpg;G: epA+l;ld; tpjpfisg; gad;gLj;Jk; NghJ gpd;tUk; fUj;Jf;fis ftdKld; gpd;gw;w 
Ntz;Lk;. 
 
1. nghUj;jkhd epiykf;Fwpg;ghak; xd;iwf; fUj Ntz;Lk; nghJthf Gtpapid xU 
epiykf;Fwpg;ghakhff; fUjyhk;. 
 
2. epA+l;ld; tpjpfisg; gad;gLj;jj; Njitahd mikg;igf; fz;lwpa Ntz;Lk;. 
mt;tikg;ghdJ xU nghUs; mikg;ghfNth my;yJ xd;Wf;F Nkw;gl;l nghUs;fs; Nru;e;j 
mikg;ghfNth ,Uf;fyhk;. 
 
3. nghUspd; kPJ nray;gLk; nray;gLk; tpirfisf; fz;lwpe;J mtw;iwf; nfhz;L 
tpirg;glk; tiua Ntz;Lk;. gpd;du; epA+l;ldpd; ,uz;lhk; tpjpia gad;gLj;j Ntz;Lk;. 
,lg;gf;fk; nghUspdp kPJ nray;gLk; tpirfis ntf;lu; tbtpy; Fwpg;gpl Ntz;Lk;. 
tyg;gf;fk; nghUspd; epiw kw;wk; mg;nghUs; KLf;fk; ,tw;wpd; ngUf;fy;gyid ntf;lu;  
tbtpy; Fwpg;gpl Ntz;Lk;. Vnddpy; KLf;fk; xU ntf;lu; msthFk;. 
 
 
4. KLf;fk; nfhLf;fg;gl;bUg;gpd; tpiriaf; fz;lwpayhk;. mNj Nghy; tpir 
nfhLf;fg;gl;bUg;gpd; nghUspd; KLf;fj;ijf; fhzyhk;. 
 
NkNy nfhLf;fg;gl;Ls;s fUj;Jf;fspd;gb glj;jpy; fhl;bAs;sthW jiuapy; xU epiykf; 
Fwpg;ghaj;ijf; fUj Ntz;Lk;. 
 

 
khq;fhapd; kPJ gpd;tUk; ,uz;L tpirfs; nray;gLfpd;wd.  
 

i. khq;fhapd; kPJ vjph;f;Fwp y mr;Rj;jpirapy; fPo; Nehf;fp nray;gLk; GtpaPu;g;G tpir> 
Neu;f;Fwp y mr;Rj;jpirapy; nray;gLk; khq;fhiaj; jhq;fpAs;s fhk;G> khq;fhapd; kPJ 
nrYj;Jk; Nky; Nehf;fpa ,Otpir. khq;fhapd; tpirg;glk; fPNo fhl;lg;gl;Ls;sJ. 
 

 
 

( )ˆ ˆgF mg j mgj= − =  

 

,q;F mg vd;gJ GtpaPu;g;G tpirapd; vz;kjpg;G kw;Wk; ( )ĵ−  vd;gJ vjpu; Fwp y 

mr;Rj;jpiriaf; Fwpf;Fk; XuyFntf;lu;. 
 

ˆT Tj=  
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,q;F T vd;gJ khq;fhapd; kPJ nray;gLk; ,Otpir kw;Wk; ( )ĵ−  vd;gJ Neu;Fwp y 

mr;Rj;jpiriaf; Fwpf;Fk; XuyF ntf;lu; 
 

( )ˆ ˆ ˆ
net gF F T mgj Tj T mg j= + = − + = −  

epA+l;ld; ,uz;lhk; tpjpg;gb> netF = ma  ek;ikg;nghUj;J (epiykf;Fwpg;ghaj;ij nghUj;J) 

khq;fha; Xa;T epiyapy; cs;sJ vdNt mjd; KLf;fk; Rop ( a =0) 

vdNt> netF = ma =0 
 

( ) ˆT mg j− =0 

 
NkNy cs;s rkd;ghl;bd; ,uz;Lgf;fq;fspd; ntf;lu; $Wfis xg;gpLk;NghJ T-mg=0 
vdf;fpilf;Fk; 
 
vdNt> khq;fha;f; fhk;gpd; ,Otpir T=mg khq;fhapd; epiw m=400g NkYk; g=9.8ms-2 
 

vdNt khq;fhapd; kPJ nray;gLk; ,Otpir 
T=0.4 x 9.8 =3.92 N 
 
vLj;Jf;fhl;L. 
 

,Urf;fu thfdq;fspy; jdpj;jdpNa gazk; nra;Ak; ,Uthpy;> jiuiag; nghUj;J 

khwh jpirNtfj;jpy; gazk; nra;fpwhh;. kw;nwhUth; jiuia nghJj;J a  vd;w KLf;fj;Jld; 
gazk; nra;fpwhh;. ,t;tpuz;L gazpfspy; ve;jg; gazp epA+l;ldpd; ,uz;lhk; tpjpiag; 
gad;gLj;jyhk;? 
 
jPh;T: 
 

jiuiag; nghUj;J a  vd;w KLf;fj;Jld; gazk; nra;Ak; egh; epA+l;ld; ,uz;lhk; 
tpjpia gad;gLj;j KbahJ. Vnddpy; mt; epiykf;Fwpg;ghaj;jpy; ,y;iy. 
epiykf;Fwpg;ghaj;jpy; ,y;iy. epiykf;Fwpg;ghaj;jpy; cs;s nghUs; jhdhf KLf;fkilahJ. 

jiuia nghUj;J v vd;w khwhj;jpir Ntfj;Jld; gazk; nra;Ak; egh; epA+l;ldpd; ,uz;lhk; 
tpjpiag; gad;gLj;jyhk; Vnddpy; mth; jiuiag; nghWj;J epiykf; Fwpg;ghaj;jpy; 
gazpf;fpwhh;. 
 
vLj;Jf;fhl;L. 
 

Jfnshd;wpd; epiy ntf;lu; 2 ˆˆ ˆ3 5 7 .r tj t j k= + +  ve;j jpirapy; ,e;j Jfs; epfu tpiria 
czu;fpwJ? 
 
jPh;T 
 
Jfspd; jpirNtfk; = 
 

( ) ( ) ( )2 ˆˆ ˆ3 5 7
dr d d d

v t i t j k
dt dt dt dt

= = + +  

 

ˆ ˆ3 10
dr

i tj
dt

= +  
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Jfspd; KLf;fk; 
 

2

2
ˆ10

dv d r
a j

dt dt
= = =  

 
,q;F> Neu;Fwp y mr;Rj;jpirapy; kl;LNk Jfs; KLf;fkilAk;. epA+l;ld; ,uz;lhk; 

tpjpg;gb epfu tpirapd; jpirAk; Neu;Fwp y mr;rpd; jpirapNyNa mikAk;. NkYk; ,j;Jfs; 
Neu;Fwp x mr;Rj;jpirapy; khwhj; jpirNtfj;ijg; ngw;Ws;sJ. Mdhy; z mr;Rj;jpirapy; 
vt;tpj jpirNtfj;ijAk; ngwtpy;iy. vdNt> x my;yJ z jpirapy; ve;j epfu tpirAk; 
nray;gltpy;iy. 
 
vLj;Jf;fhl;L. 
 
ePl;rpj;jd;ikaw;w nky;ypa fapW xd;wpy; fl;b njhq;ftplg;gl;l Cry;Fz;L xd;iwf; fUJf 
mjd; miyTfs; glj;jpy; fhl;lg;gl;Ls;sJ.  
 
a) Cry; Fz;bd; kPJ nray;gLk; tpirfs; ahit? 
b) Cry; Fz;bd; KLf;fj;jpidf; fhz;f 
 
jPu;T: 
 
Cry; Fz;bd; kPJ gpd;tUk; ,uz;L tpirfs; nray;gLfpd;wd mit 
 
 
 
i. fPo; Nehf;fpr; nray;gLk; Gtp <h;g;G tpir (mg) 
 
ii. Fz;bd; kPJ E}y; nrYj;Jk; ,Otpir (T). ,e;j ,Otpirapd; jpiria Cry;Fz;bd; 

epiy (Position) jPu;khdpf;fpwJ. mJ gpd;tUk; glj;jpy; fhl;lg;gl;Ls;sJ. 
 
 
 
glj;jpy; fhl;bAs;sthW Cry;Fz;L xU tl;ltpy; ghijapy; ,aq;FfpwJ. vdNt ,J xU 
ika Nehf;F KLf;fj;ijg; ngWk;. Cry; Fz;L A kw;Wk; C Gs;spfspy; fz Neu Xa;tpy; 
,Ue;J> gpd;du; B Gs;spia Nehf;fpr; nry;Yk;NghJ mjd; jpirNtfk; mjpfupf;Fk;. vdNt> 
Cry;Fz;L tl;ltpy;ghijapy; xU njhL Nfhl;L KLf;fj;ijg; ngWk;. fPNo cs;s glj;jpy; 
fhl;bAs;sthW GtpaPu;g;G tpiria ( mg  cos , mg  sin  ) vd ,U$Wfshfg; gphpf;fyhk;. 
 

 
vLj;Jf;fhl;L. 
 
jsk; xd;wpy; ,aq;Fk; Jfspd; jpirNtfk; gpd;tUk; glj;jpy; fhl;lg;gl;Ls;sJ. Jfs; kPJ 
nray;gLk; tpirapd; jpiriaf; fhz;f. 
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jPu;T: 
 

Jfspd; jpirNtfk; ˆ ˆ .x y zv v i v j v k= + +  glj;jpy; fhl;lg;gl;Ls;sJ Nghd;W Jfs; xy 

jsj;jpy; ,aq;FfpwJ. z mr;rpy; vt;tpj ,af;fKk; ,y;iy. vdNt 
zv =0 

 
jpirNtfj;jpd; x $W vx kw;Wk; y $W vy vd;f. t=0 tpdhbapypUe;J t=3 tpdhbtiu 

cs;s Neu ,ilntspapy; y mr;Rj;jpirapy; ntf;lupd; ePsk; mjpfupg;gijf; fhzyhk;. vdNt 
y mr;Rj;jpirapy; jpirNtfj;jpd; $W (vy) Neuj;ijg; nghUj;J mjpfupf;fpwJ. epA+l;ldpd; 
,uz;lhk; tpjpg;gb y mr;rj;jpirapy; Jfs; xU KLf;fj;jpidg; ngWk;. vdNt y 
mr;Rj;jpirapy; Jfspd; kPJ xU tpir nray;gLk;. x mr;Rj;jpirapy; ntf;lupd; ePsk; 
khwhkjpg;gpidg; ngw;Ws;sJ. ,jd;%yk; Jfs; x mr;rpy;khwhj;jpirNtfj;Jld; ,aq;Ftijf; 
fhl;LfpwJ. vdNt x mr;rpy; epfu tpir RopahFk;. 
 
vLj;Jf;fhl;Lf: 
 

Gtpg;gug;gpy; Xa;T epiyapYs;s nghUs; xd;Wf;F epA+l;ldpd; ,uz;lhk; tpjpapidg; 
gad;gLj;jp mjd; %yk; ngwg;gLk; KbTfis Muha;f. 
 
jPu;T: 
 

epiykf;Fwpg;ghakhff; fUjg;gLk; Gtpiag; nghUj;J nghUnshd;W Xa;T epiyapy; 
cs;sJ vd;f. mg;nghUspd; kPJ gpd;tUk; ,uz;L tpirfs; nray;gLfpd;wd mit> 
 

 
 
i. vjpu;f;Fwp y mr;Rjpirapy; nray;gLk; GtpaPu;g;G tpir (mg) 
ii. Neu;f;Fwp y mr;Rjpirapy; nray;gLk; Gtpg;gug;G nghUspd; kPJ nrYj;Jk; Nky; Nehf;fpa 
nrq;Fj;Jtpir (N). nghUspd; tpirg;glk; gpd;tUkhW. 
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ˆ

ˆ

gF mgj

N Nj

= −

=
 

njhFgad; tpir netF = - ˆmgj + ˆNj gMdhy;> nghUs; vt;tpj KLf;fj;ijAk; ngwtpy;iy 

vdNt a =0. 
 
epA+l;ld; ,uz;lhk; tpjpg;gb 

( netF = ma ) 

,UGwKk; rkd;ghl;bd; $Wfis xg;gpLk;NghJ 

( mg− +N) ĵ =0 

mg− +N-0 

N= mg  

 
Nkw;fz;l rkd;ghl;bypUe;J ehk; mwptJ vd;dntdpy;> nghUs; Xa;T tpirapd; vz;kjpg;Gk; 
GtpaPu;g;G tpirapd; vz;kjpg;Gk; xd;Wf;nfhd;W rkkhFk;. 
 
vLj;Jf;fhl;L. 
 

2kg epiwAila nghUspd;kPJ gpd;tUk; ,uz;L tpirfs; nray;gLfpd;wd. 1
ˆˆ ˆ5 8 7F i j k= + +  

kw;Wk; F 2=3 î -4 ĵ +3 k̂ . nghUspd; KLf;fj;ijf; fhz;f. 
 
jPu;G: 
 

epA+l;ldpd; ,uz;lhtJ tpjpg;gb> netF = ma   

,q;F netF = ; 1F + F 2. 

 

Nkw;fz;l rkd;ghLfspd; gb 
netF

a
m

=  

( ) ( ) ( ) ˆˆ ˆ5 3 8 4 7 3

ˆˆ ˆ8 4 10

8 4 10 ˆˆ ˆ
2 2 2

ˆˆ ˆ4 2 5

net

net

F i j k

F i j k

a i j k

a i j k

= + + − + +

+ +

     
= + +     
     

= + +

 

 
vLj;Jf;fhl;L: 
 

glj;jpy; fhl;bAs;s A,B kw;Wk; C vd;w fdr; nrt;tfj;Jz;Lfspd; kPJ nray;gLk; 
tpirfis fhz;f. 
 
 
 
fdr;nrt;tfj;Jz;L A apd; kPJ nray;gLk; tpirfs;: 
i. Gtp Vw;gLj;Jk; fPo;Nehf;fpa <u;g;G tpir (m A g)  
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ii. nghUs; B Vw;gLj;Jk; Nky; Nehf;fpa nrq;Fj;J vjpu;tpir (NB) 
A apd; “jdpj;j nghUspd; tpirg; glk; fPNo fhl;lg;gl;Ls;sJ. 
 

 
 
nghUs; B kPjhd tpirfs;: 
 
i) fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (m B g) 
ii) fdr;nrt;tfj; Jz;L A Vw;gLj;Jk; fPo;Nehf;fpa tpir (NA) 
iii) fdr;nrt;tfj; Jz;L C Vw;gLj;Jk; Nky;Nehf;fpa tpir (NC) 
 
Bd; kPJ nray;gLk; tpir 
 

  
 
fdr;nrt;tfj; Jz;L C ,d; kPJ nray;gLk; tpir: 
 
i) fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (m C g) 
 
ii. fdr;nrt;tfj; Jz;L B Vw;gLj;Jk; fPo;Nehf;fpa tpir (NB) 
 
iii. Nkir Vw;gLj;Jk; Nky;Nehf;fpa nrq;Fj;J tpir (Ntable) 
 
C d; kPJ nray;gLk; tpir 
 

 
 
 
vLj;Jf;fhl;L: 
 

tz;bapy; fl;lg;gl;l Fjpiu xd;iwf; fUJf. Njhlf;fj;jpy; mf;Fjpiu xa;T epiyapy; 
cs;sJ. Fjpiu Kd; Nehf;fp elf;fj; njhlq;Fk;NghJ> tz;b Kd;Nehf;fp xU 
KLf;fj;ijg;ngWk;. Fh vd;w tpirAld; Fjpiu> tz;bia Kd;Nehf;fp ,Of;Fk;. 
mNjNeuj;jpy; epA+l;ldpd; %d;whk; tpjpg;gb tz;bAk;> mjw;F rkkhd vjpu;jpirapy; 



 

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

nray;gLk; (Fc = Fh) vd;w tpirAld; Fjpiuiag; gpd;Ndhf;fp ,Of;Fk;. vdNt Fjpiu kw;Wk; 
tz;b vd;w njhFg;gpd; tpir Ropahf ,Ug;gpDk; Vd; Fjpiu kw;Wk; tz;b KLf;fkile;J 
Kd;Nehf;fp nry;fpd;wd? 
 
jPu;T: 
 

,k;Kuz; $w;Wf;Ff; fhuzk; epA+l;ldpd; ,uz;lhk; kw;Wk; %d;whk; tpjpfis jtwhf 
gad;gLj;Jtjw;F Kd; mikg;gpd; (System) jPu;khdpf;f Ntz;Lk;.  
 

,t;thW mikg;gpidf; fz;lwpe;j gpd;du; mt;tikg;gpd; kPJ nray;gLk; midj;J 
tpirfisAk; vspjhff; fz;lwpayhk;. ,q;F mikg;G Vw;gLj;Jk; tpirfisf; fUjf; $lhJ 
vd;gij epidtpy; nfhs;sTk;. mikg;gpd; kPJ VNjDk; rkd; nra;ag;glhj tpirfs; 
nray;gl;lhy;>  mikg;G njhFgad; tpirapd; jpirapy;KLf;fkilAk;. gpd;tUk; fUj;Jf;fis 
thpirg;gb gpd;gw;wp Fjpiu kw;Wk; tz;bapd; ,af;fj;ijg; gFg;gha;T nra;ayhk;. 
 

Fjpiu kw;Wk; tz;b ,it ,uz;ilAk; xd;whf xU mikg;G (system) vd;W 
fUjpdhy; Fjpiu> tz;bapd; kPJ nrYj;Jk; vjpu;tpiriaAk; fUjf; $lhJ. khwhf ,e;j ,U 
tpirfisAk; mftpirfshff; fUj Ntz;Lk;. NkYk; epA+l;ldpd; %d;whk; tpjpg;gb 
mftpirfspd; njhFg;gad; Rop. Mit mikg;gpid KLf;fkilar; nra;ahJ. kPJ Vw;gLk; 
KLf;fk; Gwtpirahy; kl;LNk Vw;gLk;. ehk; fUJK; ,e;epfo;tpy;> rhiyahdJ mikg;gpd; kPJ 
nrYj;Jk; tpir GwtpirahFk;. Mikg;gpd; kPJ nray;gLk; midj;J tpirfisAk; fUjhky; 
Fjpiu kw;Wk; tz;bapd; njhFgad; tpir Rop vd;W fUJtJ jtwhFk;. rhiyahdJ> tz;b 
– Fjpiu mikg;ig Kd;Ndhf;fpj; js;SfpwJ. ntspg;Gw tpir xd;W mikg;gpd; kPJ 
nray;gLk; NghJ epA+l;ldpd; %d;whk; tpjpiag; gad;gLj;jhky; ,uz;lhk; tpjpiag; 
gad;gLj;j Ntz;Lk;. gpd;tUk; glk; ,jid tpsf;FfpwJ. 
 
Fjpiuia mikg;G vd;W fUjpdhy;> mjd;kPJ gpd;tUk; %d;W tpirfs; nray;gLfpd;wd. 
 
i) fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (mn g) 
ii) rhiy> Fjpiuapd; kPJ nrYj;Jk; tpir (Fr) 
iii) tz;b> Fjpiuapd; kPJ nrYj;Jk; gpd;Ndhf;fpa tpir (Fc) 
 
,it gpd;tUk; glj;jpy; fhl;lg;gl;Ls;sJ. Fjpiuapd; kPJ nray;gLK; tpirfs; 
 
   
,af;f tpjpfs; (Lawa of motion) 
 
 
Fr – rhiy Fjpiuapd; kPJ nrYj;Jk; tpir 
Fc – tz;b Fjpiuapd; kPJ nrYj;Jk; tpir 

rF ⊥ - tpir Fr ,d; nrq;Fj;Jf; $W = N 

rF - tpir Fr ,d; fpilj;jsf; $W. (,JNt Kd;Ndhf;fpa ,af;fj;jpw;Fk; fhuzk;) 

 
rhiy> Fjpiuapd; kPJ nrYj;Jk; tpiria> fpilj;jsf;$W kw;Wk; nrq;Fj;Jf; $W vd 
,uz;lhfg;gphpf;fyhk;. nrq;Fj;Jf;$W fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpiria rkd; 
nra;fpwJ. Kd;Ndhf;fpa jpirapy; nray;gLk; fpilj;jsf; $W gpd;Ndhf;fpa tpir (Fc) I 
tpl mjpfk;. vdNt Kd;Ndhf;fpaj; jpirapy; xU njhFgad; tpir nray;gl;L Fjpiuia 
Kd;Ndhf;fp ,af;FfpwJ. 
 
tz;bia mikg;ghff; fUjpdhy;> mjd;kPJ gpd;tUk; %d;W tpirfs; nray;gLfpd;wd. 
i) fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (mcg) 
ii) rhiy> tz;bapd; kPJ nrYj;Jk; tpir (Fr) 
iii) Fjpiu> tz;bapd; kPJ nrYj;Jk; tpir (Fh) 
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,J gpd;tUk; glj;jpy; Fwpg;gpl;l fhl;lg;gl;Ls;sJ. 
 

rhiy tz;bapd; kPJ nrYj;Jk; tpiria ( rF ) ,uz;L $Wfshfg; gpupf;fyhk;. nrq;Fj;Jf; 
$W> fPo;Nehf;fpaPu;G tpiria (mcg) rkd; nra;Ak;. fpilj;jsf;$W gpd;Ndhf;fpr; nray;gLk;. 

NkYk; Fjpiu> tz;bapd; kPJ nrYj;Jk; tpir ( rF ) Kd;Ndhf;fpr; nray;gLk;. 
 
 
 
 
,J gpd;Ndhf;fpr; nray;gLk; fpilj;jsf; $iwtpl  mjpfk;. vdNt. Kd;Nehf;fpaj; jpirapy; 
xU njhFgad; tpir fpilf;Fk;. ,jd; fhuzkhf tz;b Kd;Ndhf;fp KLf;fkilAk;. 
 
Fjpiu kw;Wk; tz;b ,uz;ilAk; xU mikg;ghff; fUjpdhy;> ,t;tikg;gpd; kPJ ,uz;L 
tpirfs; nray;gLk;. mit gpd;tUkhW 
 
i. fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (mh + mc)g 
ii. rhiy> mikg;gpd; kPJ nrYj;Jk; tpir (Fr) 
,it> gpd;tUk; glj;jpy; fhl;lg;gl;Ls;sd. 
 
 
 
 
iii. ,e;epfo;tpy;> rhiy mikg;gpd; kPJ Vw;gLj;Jk; tpiria (Fr) ,U $Wfshfg;gphpf;fyhk;. 
 
iv. rhiy> mikg;gpd; kPJ nrYj;Jk; tpirapd; rkd; nra;ag;glhj fpilj;jsf;$W> Fjpiu 
kw;Wk; tz;b mikg;G Kd;Ndhf;fpr; nry;tjw;F fhuzkhf mikfpwJ. 
 
nrq;Fj;Jf;$W GtpaPh;g;G tpir (mh + mc)g ia rkd; nra;Ak; 
vLj;Jf;fhl;L: 
 

1

2
y ut gt= − vd;w rkd;ghL Jfs; xd;wpd; epiyiaf; Fwpf;fpwJ. 

a. mj;Jfspd; kPJ nray;gLk; tpir kw;Wk; 
b. mj;Jfspd; ce;jj;ijf; fhz;f 
 
jPh;T 
 
Jfspd; kPJ nray;gLk; tpiriaf; fhz mj;Jfs; milAk; KLf;fj;ijf; fzf;fpl Ntz;Lk;. 
 

vdNt KLf;fk; 
2

2

d y
a

dt
=  (my;yJ) 

dv
a

dt
=  

,q;F 
 
v vd;gJ y-mr;rpy; Jfspd; jpirNtfk; 
 

dy
v u gt

dt
= = −  

 
 
Jfspd; ce;jk; = mv = m(u-gt) 
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dv
a g

dt
= = −  

F ma mg= = −  

 
tpir> vjpu;Fwp y mr;Rj;jpirapy; nray;gLtij vjpu;fwp fhl;LfpwJ. NkYk; ,nNj tpirjhd; 
vwpnghUs; xd;wpd; kPJ nray;gLk; tpirahFk;. 
 
rha;jsj;jpy; ,aq;Fk; nghUspd; ,af;fk;: 
 
m epiwAila nghUs; xd;W> rha; Nfhzk; nfhz;l cuha;tw;w rha;jsk; xd;wpy; 
fhl;bAs;sthW rWf;fpr; nry;fpwJ vd;f. mg;nghUspd; kPJ nray;gLk; tpirfs; 
gpd;tUtdtw;iwj; jPh;khdpf;fpd;wd. 
 
a. nghUspd; KLf;fk; 
b. nghUs; jiuia milAk;NghJ mjd; Ntfk; 
 
nghUspd; kPJ nray;gLk; tpirfs; 
 
i. fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (mg) 
ii. rha;jsj;jpw;Fr;  nrq;Fj;jhfg; nghUspd;kPJ nray;gLk; nrq;Fj;J tpir (N) 
 
 
rha;jsj;jpy; ,aq;Fk; nghUs; 
 
nghUspd; jdpg; nghUs; tpirg;glk; tiua> mg;nghUs; xU Gs;spepiwahff; fUj Ntz;Lk;. 
 
glk; a ,y; fhl;bAs;sgb ,af;fk; rha;jsj;jpy; eilngWtjhy; glk; b ,y; fhl;bathW 
rha;jsj;jpw;F ,izahf cs;s xU Ma mr;R mikg;gpid Njh;T nra;a Ntz;Lk;.  
 
GtpaPu;g;G tpir mg I ,uz;L $Wfshfg; gpupf;f Ntz;Lk; 
 
mg sin $W rha;jsj;jpw;F ,izahfTk;>  
mg cos   $W rha;jsj;jpw;F nrq;Fj;jhfTk; cs;Nehf;fpa nray;gLfpd;wd. 
 
GtpaPu;g;G tpir (mg) rha;jsj;jpd; fPo;Nehf;fpa nrq;Fj;Jld; Vw;gLj;Jk; Nfhzk;> glk; (c) 
,y; fhl;lg;gl;Ls;s rha; Nfhzk; ( ) tpw;Fr; rkk;. 
 
y mr;Rj;jpirapy; vt;tpjkhd ,af;fKk; KLf;fKk; ,y;iy 
 
y mr;Rj;jpirapy; epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;jpdhy;  
 

ˆ ˆcos 0mg j Nj−  + = (KLf;fk; ,y;iy) 
 
rkd;ghl;bd; ,UGwKk; cs;s $Wfis xg;gpLk; NghJ N-mg cos   =0 
 

N = mg cos   
 
rha;jsg;gug;G Vw;gLj;Jk; nrq;Fj;J tpirapd; (N) vz;kjpg;G mg cos   tpwFr; rkk;. 
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(a) jdpg;nghUs; tpirg;glk;  (b) mg d; fpilj;js kw;Wk; nrq;Fj;Jf; $Wfs;  
(c) Nfhzk  ;2f;Fr; rkk;. 
 
nghUs; x mr;Rj;jpirapy; a KLf;fj;Jld; rWf;fpr; nry;fpwJ. vdNt x mr;Rj;jpirapy; 
epAl;ld; ,uz;lhk tpjpia gad;gLj;jpdhy; 
 

ˆ ˆsinmg i mai =  

 
,UGwKk; $Wfis xg;gpLk;NghJ 
 

sinmg ma =  

 
rWf;Fk; nghUspd; KLf;fk; 
 

sina g=   

 
,q;F nghUspd; KLf;fk;> rha;Nfhzk; itr; rhu;e;jJ vd;gij ftdpf;f Ntz;Lk;. 
rha;Nfhzk; =90˚ vdpy; nghUs; (a = g) vd;w KLf;fj;Jld; nrq;fj;jhf fPo;Nehf;fp tUk;. 
nghUs; jiuia milAk; NghJ mjd; Ntfj;ij epA+l;ldpd; ,af;fr; rkd;ghLfs; nfhz;L 
mwpayhk;. ,af;fk; KOikf;Fk; KLf;fk; xU khwpyp MFk;. 
V2 = u2 + 2as (x mr;Rj; jpirapy;) 
 
KLf;fk; a = gsin   f;Fr;. nghUs; Xa;T epiyapypUe;J efuj;Jtq;Fk;NghJ Muk;gj; 
jpirNtfk; u RopahFk;. NkYk; rha;jsj;jpd; ePsk; ,q;F s Mfk;.  
 
rkd;ghL (3.3) ypUe;J jiuia milAk; NghJ nghUspd; Ntfk; (v) 
 
rkjsg;gug;gpy; xd;iw xd;W njhl;Lf; nfhz;bUf;Fk; ,uz;L nghUl;fs;: 
 
m1 kw;Wk; m2 epiw nfhz;l ,uz;L fdr; nrt;tfj;Jz;Lfisf; fUJf (m1 > m2) mit 
,uz;Lk; cuha;tw;w> tOtOg;ghd rkjsg;gug;gpy; xd;iw xd;W njhl;Lf;nfhz;L cs;sd.  
 
F vd;w fpilj;js tpiriaf; nrYj;Jk;NghJ ,t;tpuz;L Jz;LfSk; a vd;w KLf;fj;Jld; 
tpirapd; jpirapNyNa ,aq;Ffpd;wd. 
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(a) m1 kw;Wk; m2 epiw nfhz;l (m1 > m2) fdr; nrt;tfj;Jz;Lfisf;; cuha;tw;w> 
tOtOg;ghd rkjsg;gug;gpy; xd;iw xd;W njhl;Lf; nfhz;Ls;sd.  
 

KLf;fk; a  I fz;lwpa epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;j Ntz;Lk; 
($l;L epiw m = m1 + m2) 

 

 F ma=  
 
,U epiwfs; nfhz;l ,t;tikg;G Neu;f;Fwp x mr;R jpirapy; ,aq;fpdhy; rkd;ghl;bd; 

ntf;lu; $W tbtpy; vOjyhk;. F ma=  vd;w rkd;ghl;bd; ,uz;L gf;fq;fspYk; ntf;lu; 
$Wfis xg;gpl F=ma vd fpilf;Fk;  
 
,q;F m = m1 + m2 MFk;. 
 

mikg;gpd; KLf;fk; / 
1 2

F
a

m m
=

+
 

 
epiw m1 jdJ ,af;fj;jpd; fhuzkhf> epiw m2 tpd; kPJ nrYj;Jk; tpir njhL tpir 

(contact force) ( 21
f ) vdg;gLk;. epA+l;ldpd; %d;whk; tpjpg;gb> epiw m2 epiw m1 kPJ ,jw;Fr; 

rkkhd vjph;jpirapy; mike;J xU vjph;tpiria ( 21
f ) nrYj;Jk;. 

 
m1 epiwf;fhd tpirg;glk; (b) y; fhl;lg;gl;Ls;sJ. 
 

12 1
ˆ ˆFi f m ai− =  

 

 
(b) m1 epiwapd; tpirg;glk; 
rkd;ghl;bd; ,UGwKk; $Wfis xg;gpLk;NghJ 
 

12 1

12 1

F f m a

f F m a

− =

= −
 

 
 
rkd;ghL (3.5) I (3.6)y; gpujpapl 
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12 1

1 2

1
12

1 2

2
12

1 2

1

F
f F m

m m

m
f F

m m

Fm
f

m m

 
= −  

+ 

 
= − 

+ 

=
+

 

 
rkd;ghL (3.7) ypUe;J 

12f  tpd; vz;kjpg;G vjpu;tpiria Vw;gLj;Jk; epiw m1 it 

rhh;e;jpUg;gij mwpayhk;. ,q;F tpir vjpu;Fwp x – mr;Rj;jpirapy; nray;gLtij epidtpy; 
nfhs;sTk;. m1 kPJ nray;gLk; vjpu;tpir ntf;lu; 
 

FwpaPl;bd; gb 2
12

1 2

ˆFm
f i

m m
= −

+
 

epiw m2 itg; nghUj;jtiu x mr;Rj;jpirapy; mjd;kPJ m1 epiw Vw;gLj;Jk; xNu xU 
tpir kl;LNk fpilj;jsj;jpirapy; nray;gLfpwJ. 3.14 (c)y; epiw m2 tpd; tpirg;glk; 
fhl;lg;gl;Ls;sJ. 
 

epiw m2 tpw;F epA+l;ld; ,uz;lhk; tpjpiag; gad;gLj;jpdhy; 21 2
ˆ ˆf i m ai=  

 

rkd;ghl;bd; ,UGwKk; $Wfis xg;gpLk;NghJ 
21 2f m a=  

 

 
 
(c) eiw m2 tpd; jdpj;j nghUspd; tpirg;glk; (F B D) 
 
 
rkd;ghL (3.5)ypUe;J KLf;fj;jpid (3.8) y; 
 

gpujpapLk;NghJ 2
21

1 2

Fm
f

m m
=

+
 

vdNt> njhLtpirapd; vz; kjpg;G 
 

2
21

1 2

Fm
f

m m
=

+
 

 
,J Neu;f;Fwp x mr;Rj;jpirapy; nray;gLk; ntf;lu; FwpaPl;bd;gb epiw m1> epiw m2 kPJ  

nrYj;Jk; tpir 2
21

1 2

ˆFm
f i

m m
=

+
 

,q;F 12
f = - 21

f  vd;gijf; ftdpf;f. ,J epA+l;ldpd; %d;whk; tpjpia cWjpg;gLj;JfpwJ.  

 
xd;Wld; xd;W gpizf;fg;gl;l nghUl;fspd; ,af;fk; 
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ePl;rpj; jd;ikaw;w nky;ypa fapW xd;wpy; gpizf;fg;gl;l nghUl;fspd; kPJ> nrq;Fj;J 
my;yJ fpilj;jskhf my;yJ rha;jsj;jpy; tpir F xd;iw nrYj;Jk; NghJ> mJ nky;ypa 
fapw;wpy; xU ,O tpiria Vw;gLj;Jk;> ,jd; tpisthf KLf;fj;jpy; xU Fwpg;gplj;jf;f 
khw;wk; Vw;gLk;. ,e;epfo;tpid ntt;NtW Nfhzq;fspy; gFg;gha;T nra;ayhk;. 
 
Neu;T 1: nrq;Fj;J ,af;fk; 
 
m1 kw;Wk; m2 epiw nfhz;l ,uz;L fdr;nrt;tfj; Jz;Lfs; (m1 > m2) xU nky;ypa 
ePl;rpj;jd;ikaw;w fapW xd;wpy; gpizf;fg;gl;Ls;sd. ,J fg;gp xd;wpd; topNa glk; 3.15y; 
fhl;bAs;sthW nghUj;jg;gl;Ls;sJ. 
 

 
fg;gp xd;wpy; gpizf;fg;gl;Ls;s ,uz;L fdr;nrt;tfj; Jz;Lfs; 
 
fapw;wpd; ,Otpir T kw;Wk; KLf;fk; a vd;f. mikg;gpid tpLtpf;Fk;NghJ> ,uz;L 
epiwfsk; ,aq;fj;Jtq;Fk;. m2 nrq;Fj;jhf  Nky;Nehf;fpAk; kw;Wk; m1 nrq;Fj;jhf 
fPo;Nehf;fpAk; a vd;w rk KLf;fj;Jld; ,aq;Fk;. m1 kPJ nray;gLk; GtpaPu;g;G tpir m1g> m2 
epiwia Nky;Nehf;fpa cah;j;j gad;gLfpwJ. Nky;Nehf;fpa jpiria y mr;R vdf;fUJf 
glk; 3.16 y; ,U epiwfSf;fhd tpirg;glk; fhl;lg;gl;Ls;sJ. 
 

 
m1 kw;Wk; m2 epiwfpsd; jdpj;j nghUspd; tpir glk; (free body diagram) 
 

2 2
ˆ ˆ ˆTj m gj m aj− =  

 
Nkw;fz;l rkd;ghl;bd; ,lJ if gf;fk; epiw kPJ nray;gLk; nkhj;j tpirAk;> tyJ if 
gf;fk; epie kw;Wk; y mr;Rj;jpirapy; mJ milAk; KLf;fk; ,tw;wpd; ngUf;fw;gyDk; 
milAk; KLf;fk; ,tw;wpd; ngUf;fw;gyDk; fhl;lg;gl;Ls;sd. 
 
,UGwf; $WfiaAk; xg;gpl fPo;fz;l rkd;ghL fpilf;Fk;> 
 

2 2T m g m a− =  

 
,Nj Nghd;w m1 epiwf;Fk; epA+l;ldpd; ,uz;lhk; tpjpiag; gad;Lj;Jk;NghJ gpd;tUk; 
rkd;ghL fpilf;fpwJ. 

1 1
ˆ ˆ ˆTj m gj m aj− =  
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epiw m1 fPo;Nehf;fpa ,aq;Ftjhy; (- ĵ ) mjd; KLf;fKk; fPo;Nehf;fpr; (- ĵ ) nray;gLk;.  
,UGwKk; $WfisAk; xg;gpl 
 

1 1

1 1

T m g m a

m g T m a

− =

− =
 

 
rkd;gghL (3.9) kw;Wk; (3.10)> iaf; $l;Lf. 
 

( ) ( )
1 2 1 2

1 2 1 2

m g m g m a m a

m m g m m a

− = +

− = +
 

 
rkd;ghL (3.11)> ypUe;J> ,uz;L epiwfspd; kPjhd KLf;fk; 
 

1 2

1 2

m m
a g

m m

 −
=  

+ 
 

 
,uz;L epiwfSk; rkkhf ,Ue;jhy; (m1 = m2) ,ikg;G Rop KLf;fj;ijg; ngw;W Xa;T 
epiyapy; ,Uf;Fk; vd;gij ,J fhl;LfpwJ.  
 
fapw;wpd; kPJ nray;gLk; ,Otpiriaf; fhz rkd;ghL (3.12) ,y; cs;s KLf;fj;ij> 
rkd;ghL (3.9) ,y; gpujpapl Ntz;Lk;. 
 

1 2
2 2

1 2

m m
T m g m

m m

 −
− =  

+ 
 

 

 1 2
2 2

1 2

m m
T m g m g

m m

 −
= +  

+ 
 

rkd;ghL (3.13),d; tyg;gf;fKs;s m2g I nghJthf ntspNa vLf;Fk;NghJ 
 

1 2
2

1 2

1 2 1 2
2

1 2

1 2

1 2

1

2

m m
T m g

m m

m m m m
T m g

m m

m m
T g

m m

 −
= + 

+ 

 + + −
=  

+ 

 
=  

+ 

 

rkd;ghL (3.12) KLf;fj;jpd; vz; kjpg;ig kl;LNk nfhLf;Fk;. 
 
epiw m1> d; KLf;f ntf;lu; gpd;tUkhW 
 

1 2

1 2

ˆm m
a j

m m

 −
= −  

+ 
. mNj Nghy epiw m2 ,d; KLf;fntf;lu; gpd;tUkhW 1 2

1 2

ˆm m
a j

m m

 −
=  

+ 
 

 
Neu;T 2: fpilj;js ,af;fk; 
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,t;tif ,af;fj;jpy; epiw m2 Nkir xd;wpd; fpilj;jsg;gug;gpYk;> m1 fg;gp xd;wpd; topNa 
glk; 3.17 ,y; cs;sthW njhq;ftplg;gLs;sd. ,q;F gug;gpd; kPJ vt;tpj cuha;T ,y;iy 
vdf; fUJf. 
 
 
 
fdr; nrt;tfj; Jz;Lfspd; fpilj;js ,af;fk; 
 
ePl;rpj;jd;ikaw;w nky;ypa fapw;wpy; fl;lg;gl;l ,uz;L epiwfspy;> m1 epiw a KLf;fj;Jld; 
fPo;Nehf;fpAk;> mNj KLf;fj;Jld; m2 epiw fpilj;jsj;jpYk; ,af;fj;ij Nkw;nfhs;fpwd 
vdf;fUJf. 
 
m2 epiwapd; kPJ nray;gLk; tpirfs; gpd;tUkhW 
 
i. fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (m2g) 
ii. Nkirg;gug;G Vw;gLj;Jk; Nky;Nehf;fpa nrq;Fj;J tpir (N) 
iii. nky;ypa fapW Vw;gLj;Jk; fpilj;js ,Otpir (T) 
 
,NjNghd;W> m1 epiwapd; kPJ nray;gLk; tpirfs; gpd;tUkhW  
 
i. fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (m1g) 
ii. nky;ypa fapW Vw;gLj;Jk; Nky;Nehf;fpr; nray;gLk; ,Ltpir (T) 
 
gpd;tuk; glk; 3.18 ,uz;L epiwfspd; tpirg;glj;ijf; fhl;LfpwJ. 
 

 
epiwfs; m1 kw;Wk; m2 tpd; tpirg;glk; 
 
m1 epiwf;F epA+l;ld; ,uz;lhk; tpjpiag; gad;gLj;jpdhy; 
 

1 1
ˆ ˆ ˆTj m gj m aj− = − (y mr;Rj; jpirapy;) 

 
,UGwKk; $Wfis xg;gpl 
 

1 1T m g m a− = −  

 
m2 epiwf;F epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;Jf 
 

2
ˆ ˆTi m ai=  (x mr;R jpirapy;) 

 
,UGwKk; $Wfis xg;gpl 
 

2T m a=  

Y mr;R jpirapy; epiwf;F vt;tpj KLf;fKk; ,y;iy 



 

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

 

2
ˆ ˆ 0Nj m gj− =  

 
,UGwKk; $Wfis xg;gpl 
 

2

2

0N m g

N m g

− =

=
 

rkd;ghL (3.15) I rkd;ghL (3.14) y; gpujpapl;lhy; KLf;fk; a fpilf;Fk;. 
 

2 1 1

2 1 1

1

1 2

m a m g m a

m a m a m g

m
a g

m m

− = −

+ =

=
+

 

 
fapw;wpd; ,Otpirf;fhd rkd;ghl;ilg; ngwyhk;> rkd;ghL (3.17) I (3.15) y; gpujpapLtjd; 
%yk; ngwyhk;. 

1 2

1 2

m m
T g

m m
=

+
 

,uz;L Neu;TfspYk; cs;s ,af;fq;fis xg;gpLk;NghJ> fpilj;js ,af;fj;jpYs;s fapw;wpd; 
,OtpirahdJ> nrq;Fj;J ,af;fj;jpYs;s fapw;wpd; ,Otpirapy; ghjpasNt cs;if 
mwpayhk;. 
 
,k;KbT njhopy; Jiwapy; Kf;fpag; gq;fhw;WfpwJ. fpilj;js ,af;fj;jpYs;s ,aq;F 
gl;ilapy; (conveyor belt) gad;gLk; fapWfs; nrq;Fj;J ,af;fj;jpYs;s kpd;cau;j;jp (lift) 
kw;Wk; vilj;J}f;fp (crane) ,tw;wpy; gad;gLk; fapWfistpl ePz;l MAisg; ngw;wpUf;Fk;. 
 
xUika tpirfs; kw;Wk; yhkpapd; Njw;wk;: 
 
gy;NtW tpirfs; xNu Gs;spapy; re;jpf;Fkhdhy;> mt;tpirfis xUika tpirfs; vd;W 
miof;fyhk;. glk; 3.19 xUika tpirfisf; fhl;LfpwJ. xUika tpirfs;> xNu jsj;jpy; 
mika Ntz;ba mtrpakpy;iy. khwhf mit xNujsj;jpy; mike;jhy; mt;tpirfis 
xUika kw;Wk; xUjs tpirfs; vd;W miof;fyhk;. 
 
 
xUika tpirfs; 
 
yhkpapd; Njw;wk; (Lami’s theorem) 
 
yhkp Njw;wj;jpd;gb> rkepiyapy; ,Uf;Fk; %d;W xUjs kw;Wk; xUika tpirfs; nfhz;l 
mikg;gpy;> xt;nthU tpirapd; vz; kjpg;Gk;> kw;w ,uz;L tpirfSf;fpilg;gl;l Nfhzj;jpd; 
ird; kjpg;gpw;F Neu;j;jftpy; ,Uf;Fk;. ,k;%d;W tpirfSf;fhd jfTkhwpyp rkkhFk;. 
 

glk; 3.20 tpy; fhl;bAs;sgb 1, 2F F  kw;Wk; 3F  vd;w %d;W xU js kw;Wk; xU ika 

tpirfs; o vd;w Gs;spapy; nray;gl;L mg;Gs;spia rkepiyapy; itf;fpd;wd vd;f. yhkpapd; 
Njw;wg;gb 
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O vd;w Gs;spapy; nray;gLk; 1, 2F F  kw;Wk; 3F  vd;w %d;W xU js kw;Wk; xUika 
tpirfs; 
 

1

2

3

sin

sin

sin

F

F

F

 

 

 

 

vdNt> 
1 2 3

sin sin sin

F F F   
   = =

  
 

 
tpirfs; nray;gl;L> Xa;Tr; rkepiyapy; cs;s nghUs;fis gFg;gha;T nra;thpy;> yhkpapd; 
Njw;wk; kpf Kf;fpakhfg; gad;gLfpwJ. 
 
yhkp Njhw;wj;jpd; gad;ghL: 
 
vLj;Jf;fhl;L. 
 
xj;j ,uz;L rq;fpypfshy; nra;ag;gl;l Xa;T epiyapy; cs;s xU CQ;ry; xd;wpy; Foe;ij 
xd;W mku;e;jpUf;fpwJ. mf;Foe;ijapd; kPJ nray;gLk; tpirfisf; fhz;f. NkYk; yhkpapd; 
Njw;wj;ijg; gad;gLj;jp rq;fpypapd; ,Otpiriaf; fzf;fpLf. 
 
 
 
jPh;T: 
 
CQ;rypy; mku;e;jpUf;Fk; Foe;ijia> epiw xd;W ePl;rpj;jd;ikaw;w nky;ypa ,uz;L 
fapWfshy; fl;bj; njhq;ftplg;gl;l mikg;ghff; fUjyhk;. Foe;ijapd; kPJ ,uz;L tpirfs; 
nray;gLfpd;wd. mit 
 
i. vjpu;Fwp y mr;Rj; jpirapy; nray;gLk; fPo;Nehf;fpa GtpaPu;g;G tpir (mg) 
ii. ,uz;L fapWfspd; topNa nray;gLk; ,Otpirfs; (T) 
 
,t;tpuz;L tpirfSk; glj;jpy; fhl;bAs;sgb xUjs kw;Wk; xUika tpirfshFk;. 
 

 
yhkp Njw;wj;jpd;gb> 
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( ) ( ) ( )sin 180 sin 180 sin 2

T T mg
= =

− − 
 

 

,q;F ( )sin 180− =sin kw;Wk; ( )sin 2 = 2sin cos   

 

vdNt> 
sin 2sin cos

T mg
=

  
 

 
,jpypUe;J xt;nthU fapw;wpd; ,Otpir (T) 
 

gpd;tUkhW fhzg;gLk; T=
2cos

mg


 

 
nkhj;j Neu;f;Nfhl;L ce;j khwh tpjp 
 
khwh tpjpfs; (conservation laws) ,aw;ifapy; xU Kf;fpakhd mq;fj;ij tpfpf;fpwJ. khwh 
tpjpfisg;gad;gLj;jp ,aq;Fk; nghUl;fspd; ,af;fq;fis rpwg;ghf gFg;gha;T nra;a ,aYk;. 
,aq;fpaypy; my;yJ ve;jputpaypy; %d;W khwh tpjpfs; cs;sd. mit gpd;tUkhW  
 
i. Mw;wy; khwh tpjp (law of conservation of energy) 
ii. nkhj;j Neu;f;Nfhl;L ce;j khwh tpjp (law  of conservation of total linear momentum) 
kw;Wk; Nfhz ce;j khwh tpjp (law of conservation of angular momentum.) 
 
epA+l;ldpd; ,uz;lhk; tpjp kw;Wk; %d;whk; tpjpfis xd;wpizj;J> nkhj;j Neu;f;Nfhl;L ce;j 
khwh tpjpiag; ngwyhk;. 
 
,uz;L Jfs;fs;> xd;Nwhnlhd;W njhlu;G nfhs;Sk; NghJ> xU Jfs; nray; vjpu;nray; 

GhpAk;NghJ xt;nthU JfSk; kw;w Jfspd; kPJ 21F vd;w tpiria nrYj;jpdhy;> mNj 

Neuj;jpy; ,uz;lhtJ Jfs;> Kjy; Jfspd;kPJ 12F  vd;w rkkhd vjpu;tpiriar; nrYj;JK;. 
vdNt epA+l;ldpd; %d;whk; tpjpg;gb 
 

21 12F F= −  
 
Jfs;fspd; ce;jq;fs; mbg;gilapy; xt;nthU Jfs; kPJk; nray;gLk; tpiria epA+l;ld; 
,uz;lhk; tpjpapidf; nfhz;L fzf;fplyhk;. 
 

12

dp
F

dt
= kw;Wk; 

2
21

dt
F

dt
=  

 

,q;F 1P  vd;gJ Kjy; Jfspd; ce;jk;> mJ ,uz;lhk; Jfs; nrYj;Jk; 12F  vd;w 

tpirapdhy; khw;wkilfpsJ. mNj Nghy 1P  vd;gJ ,uz;lhk; Jfspd; ce;jk;. 

,t;Te;jkhdJ Kjy; Jfs; ,uz;lhtJ Jfspd; kPj nrYj;Jk; 21F  vd;w tpirapdhy; 
khw;wkilfpwJ. 
 
(rkd;ghL 3.21) rkd;ghL (3.20) ,y; gpujpapLf 
 

1 2
dp dp

dt dt
= −  
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1 2 0
dp dp

dt dt
+ =  

 

( )1 2
0

d
p p

dt
+ =  

 

,jpypUe;J 1 2P P+ = vg;nghOJk; khwh ntf;lu; vd;gij mwpayhk;. 
 

,q;F 1 2P P+  vd;gJ ,uz;Lk; Jfs;fspd; nkhj;j Neu;f;Nfhl;L ce;jkhFk;. 
 

1 2tot
p p p= +  ,ij mikg;gpd; nkhj;j Neu;f;Nfhl;L ce;jk; vd;Wk; miof;fyhk;. 

,k;KbtpypUe;J nkhj;j Neu;f;Nfhl;L ce;j khwh tpjpia gpd;tUkhW tiuaiw nra;ayhk;. 
 
mikg;gpd; kPJ vt;tpj ntspg;Gw tpirAk; nray;glhj epiyapy;> mikg;gpd; nkhj;j 
Neu;f;Nfhl;L ce;jk; vg;nghOJk; xU khwh ntf;luhFk;. NtW tifapy; $WNthkhapd; 
mikg;gpd; nkhj;j Neu;f;Nfhl;L ce;jk; Neuj;ijg; nghUe;J khwhJ. 
 

,q;F 1P  kw;Wk; 2P  tpy; VNjDk; khw;wk; Vw;gl;lhYk; mikg;gpd; nkhj;j Neu;f;Nfhl;L 

ce;jk; 1 2P P+  khwhJ vd;gijg; Gupe;Jnfhs;s Ntz;Lk;. 
 

12F  kw;Wk; 21F  tpirfis mikg;gpd; mftpirfs; vd;w miof;fyhk;. Vnddpy; ,t;tpirfs; 
Jfs;fSf;fpilNa kl;Lk; nray;gLfpd;wd. Jfspd; kPJ vt;tpj ntspg;Gw tpirAk; 
nray;glhj epiyapy; mikg;gpd; tpirAk; nray;glhj epiyapy; mikg;gpd; nkhj;j 
Neu;f;Nfhl;L ce;jk; xU khwh ntf;luhFk;. 
 
vLj;Jf;fhl;L. 
 
fPo;f;fz;l mikg;Gfspy; nray;gLk; mf kw;Wk; Gw tpirfis fhz;f. 
 
a. Gtpia kl;Lk; jdpahff; nfhz;l mikg;G 
b. Gtp kw;Wk; #upad; ,ize;j mikg;G  
c. elf;Fk; kdpjd; - vd;w mikg;G 
d. ekJ cly; kw;Wk; Gtp ,ize;j mikg;G 
 
jPu;T 
 
a. Gtp kl;Lk; nfhz;l mikg;G 
 
#upadpd; <u;g;G tpirapdhy;> Gtp #upaidr; Rw;wptUfpwJ. Gtpapidj; jdpj;j mikg;G 
vdf;fUjpdhy;> #upadpd; <u;g;G tpiria  Gwtpirahff; fUjyhk;. epyitAk; ehk; fzf;fpy; 
vLj;Jf;nfhz;lhy;> epyTk; Gtpapd; kPJ xU Gwtpiriar; nrYj;Jk;. 
 

 
b. Gtp kw;Wk; #hpad; ,ize;j mikg;G 
 
,e;Neu;tpy;> kw;Wk; #upad; ,ize;j mikg;G vjpu;r;nray; tpir Nrhbahf nray;gLfpd;wd. 
xd;W #upad; Gtpapd; kPJ nrYj;Jk; <u;g;G tpir> kw;nwhd;W Gtp #hpad; Gtpapd; kPJ 
nrYj;Jk; <u;g;G tpir> kw;nwhd;W Gtp #upadpd; kPJ nrYj;Jk; <u;g;Gtpir MFk;. 
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c. elf;Fk; kdpjd; - vd;w mikg;G 
 
elf;Fk; NghJ> ehk; Gtpapd; kPJ xU tpiria nrYj;Jk; mNj Neuj;jpy; GtpAk; 
,jw;Fr;rkkhd vjpu;tpir xd;iw ek;kPJ nrYj;JfpwJ. ekJ cliy kl;Lk; xU mikg;ghff; 
fUjpdhy; Gtp ek;kPJ nrUj;Jk; vjpu;tpiria Gwtpir vdf;fUjyhk;. 
 
 
 
e. ekJ cly; kw;Wk; Gtp ,ize;j mikg;G 
 
,e;epfo;tpy;> ,uz;L mf tpirfs; mikg;gpy; cs;sd. xd;W ehk; Gtpapd; kPJ nrYj;Jk; 
tpir> kw;nwhd;W Gtp ek;kPJ nrYj;Jk; rkkhd vjpu;tpir. 
 
 
ekJ cly; kw;Wk; Gtp ,ize;j mikg;G 
 
ce;j khwh tpjpapd; nghUs; 
 
1. ce;j khwh tpjp xU ntf;lu; tjpahFk;. ,t;tpjp nkhj;j Neu;f;Nfhl;L ce;jj;jpd; vz; 
kjpg;G kw;Wk; jpir khwhjit vdf;fhl;LfpwJ. rpy Neu;Tfspy; nkhj; Neu;f;Nfhl;L ce;jk; 
Rop kjpg;igAk; ngwyhk;. 
 
2. nghUnshd;wpd; ,af;fj;jpidg; gFg;gha;T nra;Ak;NghJ epA+l;ldpd; ,uz;lhk; tpjp my;yJ 
Neu;f;Nfhl;L ce;jkhwh tpjpia ehk; gad;gLj;jyhk;. epA+l;ldpd; ,uz;lhtJ tpjpiag; 
gad;gLj;j Ntz;Lkhdhy; ehk; nghUspd; kPJ nray;gLk; tpirfisf; Fwpg;gpl Ntz;Lk;. 
eilKiwr; #oypy; ,J fbdkhFk;. Mdhy; ce;j khwh tpjpapy;> ,t;thW tpirfisf; 
Rl;bf;fhl;l Ntz;ba mtrpakpy;iy. vdNt ce;j khwh tpjp gad;gLj;Jtjw;F vspikahdJ 
kw;Wk; Kf;fpaj;Jtk; tha;e;jjhFk;. 
 
vLj;Jf;fhl;lhf> ,uz;L nghUl;fs; xd;Wld; xd;W NkhJk; epfo;tpy; mt;tpuz;L nghUl;fSk; 
xd;wpd;kPJ kw;nwhd;W nrYj;Jk; tpiriaf; Fwpg;gpLtJ rw;Nw fbdkhFk;. Mdhy; 
Nkhjypd;NghJ ce;j khwh tpjpia gad;gLj;JtJ vspikahFk;. 
 
 
 
vLj;Jf;fhl;Lfs;; 
 
1. Jg;ghf;fp RLk; epfo;T xd;iwf; fUJf. ,q;F Jg;ghf;fp kw;Wk; Fz;L ,uz;Lk; Nru;e;jJ 
xU mikg;G MFk;. njhlf;fj;jpy; Jg;ghf;fp kw;Wk; Fz;L ,uz;Lk; Xa;T epiyapy; cs;sd 

vdNt mikg;gpd; nkhj;j Neu;f;Nfhl;L ce;jk; RopahFk;. 1P  vd;gJ Fz;bd; ce;jkhfTk;> 

2P  vd;gJ Jg;ghf;fpapd; ce;jkhfTk; fUJf. ,q;F ,uz;Lk; Xa;T epiyapy; cs;sd. 
 
 

1 20, 0.P P= =  

RLtjw;F Kd; nkhj; ce;jk; Rop 1 2P P+ =0 Neu;f;Nfhl;L ce;j moptpd;ik tpjpg;gb> 
Jg;ghf;fp Rl;l gpd;Gk; nkhj;j Neu;f;Nfhl;L ce;jk; Rop kjpg;igg; ngw Ntz;Lk;. 
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Jg;ghf;fp Rlg;gLk;NghJ> Jg;ghf;fp Kd;Ndhf;fpa jpirapy; xU tpiria Fz;bd; kPJ 

nrYj;Jk;. vdNt Fz;bd; ce;jk; 1P  ypUe;J 1P  f;F khw;wkilAk;. Neu;f;NfhL ce;j khwh 

tpjpapd; fhuzkhf Jg;ghf;fpapd; ce;jKk; 2P tpupUe;J 2P khw;wkilAk;. ce;j khwh tpjpg;gb 

1 2' ' 0P P+ =  ,jpypUe;J 1 2' 'P P= − vd mwpayhk;. vdNt Jg;ghf;fpapd; ce;jk; Jg;ghf;fpf; 
Fz;bd; ce;jj;jpw;F vjpu;jpirapy; ,Uf;Fk;.  
 

,jd; fhuzkhfj;jhd; Jg;ghf;fp Rlg;gl;lgpd;G> ( )2P−  vd;w xU ce;jj;Jld; gpd;Ndhf;fp 

,aq;Fk;. ,jw;F ‘gpd;dpaf;f ce;jk;’ vd;W ngau;. ,e;j ,af;fk; ce;j khwh tpjpf;F xU 
vLj;Jf; fhl;L MFk;. 
 
2. Xa;T epiyapYs;s xU nghUs;> kw;Wk; mij Nehf;fpa jpirapy; ,aq;Fk; nghUs; Mfpa 
,uz;L nghUl;fisf; fUJf. ,it ,uz;Lk; xd;Wld; xd;W Nkhjp> NkhjYf;Fg;gpd; 
jd;dpr;irahd jpirapy; nry;fpd;wd.  
 
,e;epfo;tpy;> NkhjYf;F Kd;G mikg;gpd; nkhj;j Neu;f;Nfhl;L ce;jk;> ,af;fj;jpYs;s 
nghUl;fspd; njhlf; Neu;f;Nfhl;L ce;jj;jpw;Fr; rkkhFk;. Neu;f;Nfhl;L ce;j khwh tpjpg;gb> 
NkhjYf;F gpd;Gk; mikg;gpd; nkhj;j Neu;f;Nfhl;L ce;jk; Kd;Ndhf;fpa jpirapy; nray;gLk;. 
gpd;tUk; glk; ,jid tpsf;FfpwJ.  
 
 
NkhjYf;F Kd; 
 
gpupT 4.4 ,y; ,k;Nkhjy; gw;wpa tpupthd fzf;fPLfs; toq;fg;gl;Ls;sd. ,q;F gpd;tUk; 
fUj;ijg; Gupe;J nfhs;tJ gaDs;sjhf ,Uf;Fk;. NkhjYf;F Kd;Gk;> gpd;Gk; nkhj;j ce;j 
ntf;lu; xNu jpirapy; cs;sJ. ,J nkhj;j Neu;f;Nfhl;L ce;jk; NkhjYf;F Kd;Gk; gpd;Gk; 
xU khwpyp ntf;lu; vd;gij vspikahf tpsf;Ffpd;wJ. Nkhjypd;NghJ xt;nthU nghUSk; 
kw;w nghUspd; kPJ xU tpiriar; nrYj;Jk;. ,t;tpuz;L nghUl;fisAk; xU mikg;G 
vdf;fUjpdhy;> ,t;tpuz;L tpirfSk; mftpirfshFk;. vdNt ,e;j mftpirfs; nkhj;j 
Neu;f;Nfhl;L ce;jj;ij khw;whJ. 
 
fzj;jhf;F: 
 
kpf mjpf tpir> kpfr;FWfpa Neuj;jpw;F xU nghUspd; kPJ nray;gl;lhy; mt;tpiria 
fzj;jhf;F tpir my;yJ fzj;jhf;F vd;W miof;fyhk;. 
 

F vd;w tpir> kpfr; FWfpa Neu ,ilntspapy; ( )t  xU nghUspd; kPJ nray;gl;lhy; 

epA+l;ld; ,uz;lhk; tpjpapd; vz; kjpg;G tbtpy; ,e;epfo;tpid gpd;tUkhW Fwpg;gplyhk;. 
 

Fdt dp=  
 
njhlf;f Neuk; ti kw;Wk; ,Wjp Neuk; tf vd;w fhy ,ilntspapy; ,r;rkd;ghl;il njhifapl 
 

f

i

f

i

tf

i t

t

f i

t

dp Fdt

p p Fdt

=

− =

 



 

ip  vd;gJ 
it vd;w Neuj;jpy; nghUspd; Muk;g ce;jk; 

fp vd;gJ ft vd;w Neuj;jpy; nghUspd; ,Wjp ce;jk; 
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fp -
ip p vd;gJ ft -

it = t  vd;w Neu ,ilntspapy; nghUspd; Vw;gl;l ce;j khw;wkhFk;. 

 

njhifaPL 
f

i

t

t

Fdt J= vd;gJ fzj;jhf;F vdg;gLk;. NkYk;> ,f;fzj;jhf;F nghUspd; ce;j 

khw;wj;jpw;F rkkhFk;. 
 
nfhLf;fg;gl;l Neu ,ilntspapy; tpir xU khwh kjpg;igg; ngw;wpUg;gpd; 
 

( )
f f

i i

t t

f i

t t

Fdt F dt F t t F t= = − =    

 
F t p =   

rkd;ghL (3.24) f;F “fzj;jhf;F – ce;jr; rkd;ghL” vd;W ngau; 
 
tpir xU khwh kjpg;igg; ngw;Ws;sNghJ> fzj;jhf;F J F t=   vdf; Fwpg;gpl;g;gLfpwJ. 
NkYk;> ,J t vd;w Neu ,ilntspapy; nghUspy; vw;gLk; ce;j khw;wj;jpw;F ( p ) rkk; 
MFk;. 
 
fzj;jhf;F xU ntf;lu; msthFk;. ,jd; myF Ns 
 
xU rpwpa Neu ,ilntspay; nghUspd;kPJ nray;gLk; ruhrup tpiriag; gpd;tUkhW 
tiuaiw nra;ayhk;. 
 

avg

p
F

t


=


 

rkd;ghL (3.25)ypUe;J> Neu ,ilntsp kpff;; FWfpajhf ,Ug;gpd;> nghUspd;kPJ nray;gLk; 
rhuhrup tpir kpf mjpfkhf ,Uf;Fk;. nghUspd; ce;jk; vg;nghOnjy;yhk; kpfNtfkhf 
khw;wkilfpwNjh> mg;nghOnjy;yhk; ruhrup tpir kpf mjpfkhf ,Uf;Fk;;. 
 
fzj;jhf;if> ruhrup tpirapd; mbg;gilapYk; vOjyhk;. Vnddpy; nghUspd; ce;j khw;wk; 

p  fzj;jhf;F (J) rkkhFk;. vdNt 
 

J= avgF = t  

khwh tpirapdhy; Vw;wgLk; fzj;jhf;F kw;Wk; khWk; tpirapdhy; Vw;gLK; fzj;;jhf;F 
Mfpatw;wpd; tiugl glk; 3.21 ,y; nfhLf;fg;gl;Ls;sJ 
 

 
khwhtpir fzj;jhf;F kw;Wk; khWk; tpir fzj;jhf;F 
 
vLj;Jf;fhl;Lfs; 
 
1. fpupf;nfl; tPuu;> NtfkhftUk; ge;jpid gpbf;Fk;NghJ mthpd; fuq;fis ge;J tUk; 
jpirapNyNa gbg;gbahf jho;j;Jtjd; fhuzk; vd;d? 
 
fpupf;nfl; tPuu; ge;ijg;gpbj;j cld; jd;Dila fuq;fis jho;j;jhky; cldbahf  
epWj;jpdhy; ge;J cldbahf Xa;Tepiyf;F tUk;. mjhtJ ge;jpd; ce;jk; cldbahf 
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RopahfpwJ. ,jdhy; fuq;fspd; kPJ ge;J nrYj;Jk; ruhrup tpir ngUk kjpg;igg; ngWk;. 
vdNt fpupf;nfl; tPuupd; fuq;fs; Ntfkhf jhf;fg;gl;L mth; mjpf typapid Ntfkhf 
jhf;fg;gl;L mth; mjpf typapid czu;thh;. ,jidj; jtpu;g;gjw;fhfj;jhd; mth; jd;Dila 
fuq;fis gbg;gbahf jho;j;Jfpwhu;. 
 
 
 
 
2. Ntfkhfr; nry;Yk; fhu; xd;W tpgj;jpw;Fs;shFk;NghJ mjd; ce;jk; kpff;Fiwe;j Neuj;jpy; 
kpf Ntfkhf; FiwfpwJ. ,J gazpfSf;F Nguhgj;ij tpistpf;Fk;. Vnddpy; gazpfspd; 
kPJ ,t;Te;j khw;wk; ngUk tpirapidr; nrYj;Jk;. kuzj;ij Vw;gLj;Jk; ,e;j 
tpistpypUe;J gazpfisf; fhf;f fhw;Wg;ifgSld; fhu;fs; jw;NghJ tbtikf;fg;gLfpd;wd. 
,e;jf; fhw;Wg;igfs; gazpfspd; ce;j khw;wf; fhyj;ij ePl;bj;J mtu;fs; ngUk; 
tpiriag;ngWtjpypUe;J jLf;fpwJ. 
 
3. ,U rf;fu thfdq;fspy; nghUj;jg;gl;Ls;s mjpu;Tj;jhq;fpfs; (Shock absorbers): 
 
fhu;fspy; cs;s fhw;Wg;igfs; Nghd;Nw ,itAk; mjpu;Tjhq;fpfshf nrayhw;Wfpd;wd. 
NkLgs;sq;fspy;  thfdk; nry;Yk; NghJ xU jpBu; tpirahdJ cldbahfthfdj;jpd; kPJ 
nrYj;jg;gLfpwJ. ,t;tpir gazpfis cldbahfj; jhf;fhky; mjd; jhf;Fjy; Neuj;ij 
ePl;bf;f mjpu;Tj;jhq;fpfs; gad;gLfpd;wd. vdNt gazpfs; ngUk tpiria czu;tjpypUe;J 
jLf;fg;gLfpd;wdu;. mjpu;Tj;jhq;fpfs; ruptu ,aq;fhj thfdq;fspy; gazk; nra;tJ ekJ 
cliy ghjpf;Fk;. 
 
 
 
4. kzy; epug;gpa jiuapy; Fjpg;gijtpl> fhd;fpuPl; jiuapy; Fjpg;gJ Nguhgj;ij 
tpistpf;Fk;. Vnddpy;> kzy; epug;gg;gl;l jiu ekJ cly; Xa;T epiyia milAk; 
Neuj;ij ePbj;J cly; ngUk tpiriag; ngWtjpypUe;J jLf;Fk;. Mdhy; fhd;fpuPl; jsj;jpy; 
Fjpf;Fk; NghJ cly; cldbahf Xa;T epiyf;F te;J xU ngUk tpiria czUk;. ,J 
Nguhgj;ij tpistpf;Fk;. 
 
 
vLj;Jf;fhl;Lf: 
 
15ms-1 Ntj;jpy; ,aq;fk; 10 kg epiwAilanghUs; Rtu; kPJ Nkhjp 
 
m. 0.03s 
M. 10s 
 
Mfpa Neu ,ilntspfspy; Xa;Tepiyia milfpwJ. ,t;tpuz;L Neu ,ilntspfspYk; 
nghUspd; fzj;jhf;F kw;Wk; nghUspd; kPJ nray;gLk; ruhrup tpir Mfpatw;iwf; fhz;f. 
 
jPu;T 
 
nghUspd; Muk;g ce;jk; 
 

10 15 150ip kg=  = ms-1 

 

nghUspd; ,Wjp ce;jk; 0fp =  

 
150 0 150p kg = − =  ms-1 

 
(m) fzj;jhf;F 150 .J p Ns=  =  (Neu;T m) 
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(M) fzj;jhf;F 150 .J p Ns=  =  (Neu;T M) 
 

(m) ruhrup tpir 
150

5000
0.03

avg

p
F N

t


= = =
 =

 (Neu;T m) 

(M) ruhrup tpir 
150

15
10

avgF N= =  (Neu;T M) 

 
,uz;L Neu;TfspYk; nghUspd; fzj;jhf;F rkk;. Mdhy; nghUspd; kPJ nray;gLk; ruhrup 
tpir ntt;Ntwhdit. 
 
cuha;T 
 
mwpKfk;: 
 
Nkir xd;wpy; Xa;T epiyapYs;s nghUspd; kPJ ,Nyrhd tpiriar; nrYj;jpdhy; 
mg;nghUs; ,aq;fhJ. ,jw;Ff; fhuzk;> Nkirapd;gug;G nghUs; efu;tijj; jLf;Fk; tifapy; 
mg;nghUspd; kPJ nrYj;Jk; vjpu;tpirahFk;. ,e;j vjpu;tpirf;F cuha;T tpir vd;W ngau;. 
,t;Tuha;T tpirahdJ nghUs; kw;Wk; nghUs; itf;fg;gl;l gug;G ,tw;wpw;fpilNaahd 
rhu;gpaf;fj;ij (relative motion) Vjpu;f;Fk; tifapy; mikAk;. nghUspd;kPJ ek nrYj;Jk;  
tpirapd; msit gbg;gbahf mjpfupf;Fk; NghJ xU Fwpg;gpl;l tpirf;F nghUs; efuj; 
njhlq;Fk;. 
 
 
cuha;T tpir 
rhu;G ,af;fk;: 
 
nghUs; itf;fg;gl;Ls;sjsj;jpw;F ,izahf xU tpiria nghUspd;kPJ ,izahf xU 
tpiria nghUspd;kPJ nrYj;jpdhy;> mt;tpir nghUs; itf;fg;gl;Ls;s jsj;ijg; nghUj;J 
nghUis ,aq;fitf;f Kaw;rpf;fyhk;. ,r;rhu;G ,af;fj;ij vjpu;f;Fk; tifapy; nghUs; 
itf;fg;gl;Ls;s gug;G> ehk; nrUj;JK; tpirf;F vjpu;j; jpirapy; nghUspd; kPJ cuha;T 
tpirar; nrYj;Jk;. 
 
cuha;T tpir vg;nghOJk; nghUs; itf;fg;gl;Ls;s gug;Gf;F ,izahf mg;nghUspd; kPJ 
nry;gLk;. 
 
cuha;T ,uz;L tifg;gLk;. mit 
 
1. Xa;T epiy cuha;T (Static friction) 
 
2. ,af;f epiy cuha;T (Kinetic friction) 
 

Xa;T epiy cuha;T ( sf ) 

 
Xa;Tepiy cuha;T xU gug;tpy; itf;fg;gl;Ls;s nghUs; efuj; njhlq;Ftij vjpu;f;Fk; 
tifapy; mikAk; tpirahFk;. gug;G xd;wpy; Xa;T epiyapYs;s nghUspd; kPJ ,uz;L 
tpirfs; nray;gLk;. mit fPo;Nehf;fpr; nry;gLk; GtpaPu;g;G tpir kw;Wk; Nky;Nehf;fpr; 
nray;gLk;. mit fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir kw;Wk; Nky;Nehf;fpr; nray;gLk; 
ntq;Fj;J tpir. nghUspd; kPJ nray;gLk; ,t;tpuz;L tpirfspd; njhFgad; RopahFk;. 
,jd; tpisthf nghUs; Xa;Tepiyapy; ,Uf;Fk;. 
 
gug;G xd;wpy; Xa;T epiyapYs;s nghUspd;kPJ gug;gpw;F ,izahf ntspg;GW tpir (Fext) 
xd;W nray;gLk;NghJ> mg;gug;G ,t;ntspg;W tpirf;Fr; rkkhd vjpu; tpiria nghUspd; kPJ 
nrYj;jp mjd; ,af;fj;ijj; jLj;J mg;nghUis Xa;T epiyapy; itf;f Kaw;rpf;Fk;. 
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,jpypUe;J ntspg;Gw tpirAk;> cuha;T tpirAk; xd;Wf;nfhd;W rkk; kw;Wk; vjpnujpuhf 
nray;gLk; vd;gij mwpayhk;. vdNt gug;Gf;F ,izahf vt;tpj ,af;fKk; Vw;glhJ> 
 
Mdhy; nghUspd; kPJ nrYj;jg;gLk; ntspg;Gw tpirapd; msit gbg;gbahf 
mjpfupf;Fk;NghJ> xU Fwpg;gpl;l vy;iyf;FNky; nghUs; itf;fg;gl;Ls;s gug;G> nghUspd; kPJ 
nrYj;jg;gLk; ntspg;Gw tpiriar; rkd;nra;Ak; mstpw;F vjpu; cuha;T tpiriag; 
nghUspd;kPJ nrYj;j ,ayhJ. vdNt nghUs; gug;gpd; kPJ rWf;fpr; nry;yj;njhlq;Fk;. 
,JNt nghUs; itf;fg;gl;Ls;s gug;G nghUspd; kPJ nrYj;Jk; ngUk Xa;T epiy cuha;T 
tpir MFk;. Nrhjid hPjpahf> ,g; ngUk; Xa;Tepiy cuha;T tpirahdJ mDgtj;jpd; 
mbg;gilapy; (empirical formula) ngw;w fPo;f;fhZk; fzpjj; njhlu;igf; nfhz;lbUf;Fk;. 
 

s so f N   

 
,q;F 

s vd;gJ Xa;T epiy cuha;Tf; Fzfk; vdg;gLk;. ,J xd;iw xd;W njhLk; ,U 

gug;Gfspd; jd;ikiar; rhu;e;jpUf;Fk;. N vd;gJ nghUs; itf;fg;gl;Ls;s gug;G> nghUspd; 
kPJ nrYj;Jk; nrq;Fj;J tpirahFk;. rpy Neuq;fspy; ,r;nrq;Fj;J tpir mg f;F rkkhFk;. 
Mdhy; ,J vg;nghOJk; mg f;F rkkhf ,Uf;f Ntz;ba mtrpakpy;iy vd;gij epidtpy; 
nfhs;s Ntz;Lk;. 
 
Xa;T epiy cuha;T tpir> Rop Kjy; 

s tiuapyhd ve;j kjpg;igAk; ngw;wpUf;fyhk; 

vd;gijr; rkd;ghL (3.27) ekf;F czuj;JfpwJ. 
 
vt;tpj ntspg;Gw tpirAk; nray;glhjNghJ> Xa;TepiyapYs;s nghUs; kPJ nray;gLk; Xa;T 
epiy cuha;T tpir 

sf d; kjpg;G ( sf =0) 

 
Xa;TepiyapYs;s nghUspd;kPJ> mg;nghUs; itf;fg;gl;Ls;s gug;gpw;F ,izahf ntspg;Gw; 
tpirnahd;W gug;gpw;F ,izahf ntspg;Gw tpirnahd;W nry;gLk;NghJ> nghUs; 
itf;fg;gl;Ls;s gug;gpw;F ,izahf ntspg;Gw tpirnahd;W nray;gLk;NghJ> nghUs; 
itf;fg;gl;Ls;s gug;G nghUspd; kPJ nrYj;Jk; Xa;T epiy cuha;T tpir> nghUspd;kPJ 
nrYj;jg;gLk; ntspg;Gw tpirf;Fr; rkkhFk;. (

sf =
extF ) ,Ug;gpDk; 

sf d; kjpg;G sN I tplf; 

Fiwthfj;jhd; ,Uf;Fk;. 
 
nghUshdJ> gug;gpd; kPJ efuj; njhlq;Fk;NghJ> nghUspd;kPJ nray;gLk; Xa;T epiy 
cuha;T tpir (

sf ) ngUk kjpg;ig milAk;. 

 
Xa;T epiy cuha;T kw;Wk; gpw;gFjpapy; ehk; fw;ftpUf;Fk; ,af;f cuha;T ,t;tpuz;Lk; 
nghUspd; kPJ nrYj;jg;gLk; nrq;Fj;J tpiriar; rhu;e;jpUf;Fk;> nghUs;> mg;nghUs; 
itf;fg;gl;l gug;ig vt;tsT typikahf mOj;JfpwNjh mjw;Nfw;g nghUspd; kPJ 
nray;gLk; nrq;Fj;J tpirAk; mjpfupf;Fk;. ,jd;tpisthfg; nghUis efu;j;JtJ NkYk; 
fbdkhFk;. ,J glq;fs; 3.23 (m) kw;Wk; 3.23 (M) y; fhl;lg;gl;Ls;sJ. NkYk; Xa;T epiy 
cuha;T tpir nghUs; kw;Wk; nghUs; itf;fg;gl;Ls;s gug;G ,t;tpuz;Lk; njhl;L 
nfhz;bUf;Fk; gug;gpd; msitr; rhu;e;jjy;y. 
 
 
Xa;T epiy cuha;T tpir 
 
vLj;Jf;fhl;L: 
 
2kg epiwAila nghUnshd;W jsk; xd;wpy; Xa;Tepiyapy; cs;sJ vd;f. nghUs; kw;Wk; 
jsj;jpw;fpilNaahd Xa;T epiy cuha;Tf; Fzfk;  vdpy;> mj;jsj;jpd; kPJ nghUis 
efu;j;Jtjw;F vt;tsT tpiriar; nrYj;j Ntz;Lk;. 
 
jPu;T 
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nghUs; Xa;T epiyapy; cs;sjhy;> nghUspd; kPJ nray;gLk; GtpaPu;g;G tpir> mg;nghUs; 
itf;fg;gl;Ls;s jskhdJ> nghUspd; kPJ nrYj;Jk; nrq;Fj;J tpirapdhy; rkd; 
nra;ag;gLk; 
 

N=mg 
 

Xa;T epiy cuha;T tpirapd; ngUk kjpg;G max

s s sf N mg=  =   

 
max 0.8 2 9.8 15.68sf N=   =  

 
vdNt> nghUisg; gug;gpd; kPJ efu;j;Jtjw;Fr; nrYj;j Ntz;ba Gwtpir> fPNo 
nfhLf;fg;gl;Ls;s ngUk Xa;T epiy cuha;T tpiria tpl mjpfkhf ,Uf;f Ntz;Lk; 
 

Fext > 15.68 N 
 
vLj;Jf;fhl;L: 
 
50 kg epiwAila nghUs; jsk; xd;wpy; Xa;Tepiyapy; cs;sJ. mg;nghUspid efu;j;j 
mjd; kPJ 5 N tpir nrYj;jg;gLfpwJ. vdpDk; nghUs; efutpy;iy. ,e;epiyapy; nghUs; 
itf;fg;gl;Ls;s jsk;> nghUspd; kPJ nrYj;Jk; cuha;T tpiriaf; fz;Lgpb. 
 
jPu;T 
 
nghUs; Xa;T epiyapy; cs;sNghJ> nghUspd; kPJ nrYj;jg;gLk; ntspg;GW tpirAk;> 
nghUs; itf;fg;gl;Ls;s jsk; nghUspd;kPJ nrYj;Jk; cuha;T tpirAk; xd;Wf;nfhd;W rkk; 
kw;Wk; vjpnujpuhfr; nray;gLk;. 
 
,t;tpU tpirfspd; vz; kjpg;GfSk; rkkhFk; 

sf = Fext 

 
vdNt> nghUspd; kPJ nray;gLk; Xa;T epiy cuha;T tpir 
 

sf = 5 N. 

 
cuha;T tpirapd; jpir> ntspg;Gw tpirapd; jpirf;F Fext vjpu;j; jpirapy; ,Uf;Fk;. 
 
vLj;Jf;fhl;L: 
 
7 kg kw;Wk; 5 kg epiwAila ,uz; nghUl;fs; glj;jpy; fhl;bAs;sthW Nkirapd; 
Kidapy; nghUj;jg;gl;Ls;s fg;gp xd;wpd; topNa nry;Yk; nky;ypa fapw;wpd; ,uz;L 
Kidfspy; ,izf;fg;gl;Ls;sd. nghUSf;Fk;> nghUs; itf;fg;gl;Ls;s gug;Gf;Fk; 
,ilNaahd Xa;T epiy cuha;Tf; Fzfj;jpd; kjpg;G 0.9 vdpy; gug;gpd; kPJ 
itf;fg;gl;bUf;Fk; 7 kg epiwAila m1 vd;w nghUs; efUkh? mt;thW efutpy;iy vdpy; 
m2 epiwapd; vk;kjpg;gpw;F m1 epiw efuj; Jtq;Fk;? 
 
jPu;T 
 
glj;jpy; fhl;bathW m1 epiwapd; kPJ ehd;F tpirfs; nray;gLfpd;wd 
 
m. vjpu;f;Fwp y mr;Rj;jpirapy; fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (m1g) 
M. Neu;f;Fwp y mr;Rj;jpirapy; Nky; Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (N) 
,. m2 epiwapdhy; Neu;f;Fwp x mr;Rj;jpirapy; nray;gLk; ,Otpir 
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<. vjpu;f;Fwp jpirapy; x mr;Rj;jpirapy; nray;gLk; cuha;T tpir 
 
,q;F> epiw m1 vt;tpjkhd nrq;Fj;J ,af;fj;ijAk; Nkw;nfhs;stpy;iy. vdNt> m1g=N   
 
 
 
gug;gpd; kPJ m1 epiw efu;fpwjh vdf; fz;lwpa> m1 epiw itf;fg;gl;Ls;s gug;G> m1 
epiwapd;kPJ nrYj;Jk; ngUk Xa;Tepiy cuha;tpidf; fhz Ntz;Lk;. epiw m1 kPJ 
nray;gLk; ,Otpir> ngUk Xa;T epiy cuha;T tpiria tpl mjpfkhfNth ,Ug;gpd; 
nghUs; efuj;Jtq;Fk;. 
 

 max

s s sf N mg=  =   
max 0.9 7 9.8 61.74sf N=   =  

 
,Otpir = T = m2g = 5x9.8 = 49 N 

T< max

sf  

Epiw m1 kPJ nray;gLk; ,Otpir> Xa;T epiw cuha;it tplf; Fiwthf ,Ug;gjdhy; 
epiw m1 gug;gpd; kP efuhJ. 
 

m1 epiwia efu;j;j T > max

sf ,q;F T =m2g  

1
2 1

2 0.9 7 6.3

s
s

m g
m m

g

m kg


= = 

=  =

 

epiw m2 kjpg;G 6.3 kg tpl mjpfk; vdpy;> epiw m1 gug;gpd; kPJ efuj; njhlq;Fk;. 
 
gug;gpy; vt;tpj cuha;Tk; ,y;iy vdpy; mjhtJ tOtOg;ghd gug;G vdpy;> epiw m2 tpd; 

ve;jnthU kjpg;gpw;Fk; epiw m1 gug;gpd; kPJ efu;e;J nry;Yk; vd;gij ,q;F epidtpy; 
nfhs;s ntz;Lk;. 
 
Nrhbg;nghUl;fspd; gug;GfSf;fpilNaahd Xa;T epiy cuha;Tf; Fzfj;jpd; kjpg;G> 
ml;ltiz 3.1 ,y; fhl;lg;gl;Ls;s gdpf;fl;bj; Jz;LfSf;fpilNaahd Xa;T epiy 
cuha;Tf; Fzfk; kpff;Fiwe;j kjpg;igg; ngw;Ws;sij ,q;F ftdpf;fTk;. xU 
gdpf;fl;bj;Jz;il kw;nwhU gdpf;fl;bj; Jz;bd;kPJ vspjhf efu;j;j KbAk; vd;gij ,J 
Rl;bf;fhl;LfpwJ. 
 
,af;f cuha;T (kinetic friction) 
 
nghUspd; kPJ nrYj;jg;gLk; Gw tpir> Xa;T epiy cuha;T tpirapd; ngUk kjpg;igtpl 
mjpfkhf ,Uf;Fk;NghJ> nghUs; gug;gpd; kPJ efu;e;J nry;yj; Jtq;Fk;. mt;thW efu;e;J 
nry;Yk; nghUspd; kPJ> nghUs; efu;e;J nry;Yk; gug;G xU cuha;T tpiriar; nrYj;Jk;> 
mt;Tuha;T tpirNa ,af;fepiy cuha;T vdg;gLk;. 
 
,t;tpaf;f cuha;T> rWf;F cuha;T vd;Wk; miof;fg;gLk;. nghUnshd;iw rPuhd 
jpirNtfj;jpy; ,af;f> mg;nghUspd; kPJ nray;gLk; ,af;f cuha;tpd; vz;kjpg;gpw;Fr; 
rkkhfTk; mjw;F vjpu;j;jpirapYk; xU tpirapidg; nghUspd;kPJ nrYj;j Ntz;Lk;. 
 
 

,af;f cuha;T 
 
,af;f cuha;tpd; vz;kjpg;G fPo;f;fhZk; rkd;ghl;bd;gb mika Ntz;Lk; vd;W 
Nrhjidfspd; mbg;gilapy; fz;lwpag;gl;Ls;sJ. 
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Nrhbg; nghUl;fSf;fpilNaahd Xa;Tepiy cuha;Tf; Fzfk; 

 
Nrhbg; nghUs;fs; Xa;Tepiy cuha;Tf; 

Fzfk; 
fz;zhb kw;Wk; fz;zhb 1.0 
gdpf;fl;b kw;Wk; gdpf;fl;b 0.10 
v/F kw;Wk; v/F 0.75 
kuf;fl;il kw;Wk; kuf;fl;il 0.35 
,ug;gu; lau kw;Wk; fhd;fPupl; 
rhiy 

1.0 

,ug;gu; lau; kw;Wk; <ukhd 
rhiy 

0.7 

 

k kf N=  

 
,q;F 

k vdf;F ,af;f cuha;Tf; Fzfk; kw;Wk; N vd;gJ nghUs; efu;e;J nry;Yk; gug;G 

nghUspd; kPJ nrYj;Jk; nrq;Fj;Jtpir. 
 

NkYk; 
k < 

s  

 
,jpypUe;J ehk; mwpe;J nfhs;tJ vd;dntdpy; ,aq;Fk; nghUs; md;iwj; njhlu;e;J 
,aq;fitg;gijtpl> mg;nghUspd; ,af;fj;ijj; njhlq;FtJ fbdkhFk;. 
 
Xa;T epiy cuha;Tkw;Wk; ,af;fepiy cuha;T Mfpatw;wpd; rpwg;Gf;$Wfs; ml;ltiz 3.2 
,y; nfhLf;fg;gl;Ls;sd. 
 

Xa;Tepiy cuha;T kw;Wk; ,af;f cuha;tpd; rpwg;Gf; $Wfs; 
 

Xa;T epiy cuha;T ,af;f cuha;T 
nghUs; efuj;njhlq;Ftij vjpu;f;Fk; nghUs; efUk; gug;igg; nghUj;J nghUspd; 

rhu;gpaf;fj;ij vjpu;f;Fk; 
njhLk; gug;gpd; mstpidr; rhu;e;jjpy;iy 
nfhLf;fg;gLk; tpirapd; vz; kjpg;igr; 
rhu;e;jJ 

njhLk; gug;gpd; mstpidr; rhu;e;jjpy;iy 
tpirapd; vz; kjpg;igr; rhu;e;jjpy;iy 

Xa;T epiy cuha;Tf; Fzfk; 
s xd;iw 

xd;W njhLk; gug;G nghUl;fspd; jd;ikia 
(Nature of materials) rhu;e;jpUf;Fk;.  

,af;f cuha;Tf; Fzfk; 
k xd;iw xd;W 

njhLk; gug;Gfspd; jd;ik kw;Wk; gug;Gfspd; 
ntg;gepiy Mfpatw;iwr; rhu;e;jpUf;Fk; 

RopapypUe;J 
s N tiu cs;s ve;j xU 

kjpg;gpidAk; ngw;wpUf;Fk;. 

,J vg;nghOJk; Rop kjpg;gpidg; ngwhJ. 
NkYk; nghUs; ve;j Ntfj;jpy; ,aq;fpdhYk; 
,jd;kjpg;G vg;nghJk; 

k f;Fr; rkkhFk;. 

(nghUspd; Ntfk; 10ms-1 Itpl Fiwthf 
cs;s NghJ ,J nghUe;Jk; vd;gij 
epidtpy; nfhs;sTk;) 

max

sf > 
kf Xa;Tepiy cuha;T tpirapd; 

ngUk kjpg;G mjpfkhf ,Uf;Fk;.  

,af;fepiy cuha;T tpir Fiwthf 
,Uf;Fk; 

k > 
s Xa;Tepiy cuha;Tf; Fzfk; 

mjpfkhd kjpg;igg; ngw;wpUf;Fk;. 
 

,af;fepiy cuha;T Fzfk;> Fiwthd 
kjpg;igg; ngw;wpUf;Fk;. 

 
nghUspd; kPJ nrYj;jg;gLk; Gwtpirapidg; nghUj;J Vw;gLk; Xa;T epiy cuha;Ttpir 
kw;Wk; ,af;fepiy cuha;T tpirapd; khWghL tiuglk; 3.25 ,y; fhl;lg;gl;Ls;sJ. 
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Gwtpirapidg; nghUj;J Xa;T epiy cuha;T tpir kw;Wk; ,af;f cuha;T tpirapy; 
Vw;gLk; khWghL 
 
glk; 3.25 ypUe;J> Xa;T epiy cuha;T tpirahdJ> xU ngUk kjpg;ig milAk;tiu> 
ntspg;Gj;jpypUe;J nghUspd; kPJ nrYj;jg;gLk; GwtpirNahL Neu;f;Nfhl;Lj; njhlu;gpy; 
mjpfupf;Fk;. nghUs; ,aq;fj; njhlq;Fk;NghJ ,af;fepiy cuha;T tpir Xa;T epiy 
cuha;T tpirapd; ngUk kjpg;igtplr; rw;Nw Fiwthd kjpg;igg; ngWk;. NkYk; ,af;f 
cuha;T tpir xU khwh kjpg;igg; ngw;wpUg;gJld; mJ nghUspd; kPJ nrYj;jg;gLk; 
ntspg;Gw tpiriar; rhu;e;jjy;y vd;gij epidtpy; nfhs;sTk;. 
 
 
nghUs; xd;wpid efuj;j vspikahd Kiw vJ? mg;nghUisj; js;Stjh? my;yJ 
,Og;gjh? 
 

nghUs; xd;iw rop Kjy; 
2


tiuapyhd xU Fwpg;gpl;l Nfhzj;jpy; js;Sk;NghJ> nghUspd; 

kPJ nrYj;jg;gLk; Gwtpiria F gug;gpw;F ,izahf F sin vd;Wk; gug;gpw;Fr nrq;Fj;jhf F 
cos  vd;Wk; ,U $Wfshfg; gpupf;fyhk;. ,J glk; 3.26 ,y; fhl;lg;gl;Ls;sJ. nghUspd; kPJ 
nray;gLk; fPo;Nehf;fpa nkhj;j tpir mg + Fcos  ,J nghUs; kPJ nray;gLk; nrq;Fj;J 
tpir mjpfupf;Fk; vd;gijf; fhl;LfpwJ. ,q;F nrq;Fj;Jj; jpirapy; vt;tpjkhd KLf;fKk; 
,y;iy. vdNt> nghUspd; kPJ nray;gLk; nrq;Fj;Jtpir.   
 

cospushN mg F= +  

 
 
nghUnshd;iw  Nfhzj;jpy; js;Sjy;  
 
,jd; tpisthf Xa;T epiy cuha;tpd; ngUk kjpg;Gk; gpd;tUk; rkd;ghbd;gb mjpfupf;Fk;  
  

( )max coss s push sf N mg F=  =  +   

 
rkd;ghL (3.30) ypUe;J nghUisj; js;Stjd; %yk; efu;j;Jtjw;W mjpf tpir Njitg;gLk; 
vd;gJ GydhfpwJ. 
 
nghUnshd;iw  Nfhzj;jpy; ,Lf;Fk;NghJ nghUspd; kPJ ehk; nrYj;Jk; tpirapid  glk; 
3.27 ,y; fhl;bAs;sgb ,U $Wfshfg; gpupf;fyhk;. 
 
nghUspd; kPjhd nkhj;j fPO;Nehf;F tpir 
 

cospullN mg F= −   
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nghUnshd;iw   Nfhzj;jpy; ,Oj;jy;  
 
rkd;ghL 3.31 ypUe;J nghUs; kPJ nray;gLk; nrq;Fj;J tpir Npull ,d; kjpg;G Npush  ,d; 
kjpg;ig tpl FiwNt vd;gij mwpayhk;. vdNt 3.29 kw;Wk; 3.31 Mfpatw;wpypUe;J xU 
nghUis efu;j;Jtjw;Fj; js;Stij tpl ,Og;gNj cspa top vd;gJ GupfpwJ. 
 
cuha;Tf; Nfhzk; 
 

nrq;Fj;J vjpu; tpir kw;Wk; ngUk cuha;T tpir ( max

sf ) Mfpa ,uz;bd; njhFgaDf;Fk; 

(R) nrq;Fj;J vjpu;tpir (N)f;Fk; ,ilNaahd Nfhzk; cuha;Tf; Nfhzk; vdg;gLfpwJ.  
 
glk; 3.28 ypUe;J njhFgad; tpir 
 

( )
2

max 2

sR f N= +   

 
max

tan sf

N
 =  

 
 
cuha;Tf; Nfhzk; 
 

cuha;Tj; njhlu;GfspypUe;J max

s sf N=  Mf ,Uf;Fk;NghJ nghUs; rWf;fj; Jtq;Fk; 

mjid fPo;f;fhZkhWk; vOjyhk;.  
 

s
s

f

N
= 

ngUkk;

 

 
rkd;ghL (3.32) kw;Wk; (3.33) Mfpatw;wpypUe;J Xa;Tepiy cuha;Tw;fhd Fzfk; 
 

tans =  

 
Xa;Tepiy cuha;tpw;fhd Fzfk; cuha;Tf; Nfhzj;jpd; lhd;n[d;l; ( tan ) kjpg;gpw;Fr; 
rkkhf ,Uf;Fk;. 
 
rWf;Ff;Nfhzkk; (Angle of repose) 
 

glk; 3.29 ,y; fhl;bathW nghUnshd;W rha;jsg;gug;gpy; itf;fg;gl;Ls;sJ. 
,r;rha;jsg;gug;G fpilj;jsj;Jld;  Nfhzj;jpy; cs;sJ. tpd; rpwpa kjpg;GfSf;F 
rha;jsj;jpy; itf;fg;gl;Ls;s nghUs; efuhJ.   tpd; kjpg;ig gbg;gbahf caj;jJk; NghJ> 
xU Fwpg;gpl;l kjpg;gpw;F> rha;jsj;jpy; itf;fg;gl;Ls;s nghUs; efuj; njhlq;Fk;. 
mf;Fwpg;gpl;l NfhzNk rWf;Ff;Nfhzk; vdg;gLk;. rha;jsj;jpy; itf;fg;gl;Ls;s nghUs; 
efuj; njhlq;Fk;. mf;Fwpg;gpl;l NfhzNk rWf;Ff;Nfhzk; vdg;gLk;. rha;jsj;jpy; 
itf;fg;gl;Ls;s nghUs;> fpilj;jsg; gug;Gld; rha;jsk; Vw;gLj;Jk; vf;Nfhzj;jpy; efuj; 
njhlq;FfpwNjh> mf;NfhzNk> rWf;Ff;Nfhzk; vdg;gLk;. 
 
 

rWf;F Nfhzk; 
 
nghUspd;kPJ nray;gLk; gy;NtW tpirfisf; fUJf. GtpaPu;g;Gtpir mg I ,U $Wfshfg; 
gpupf;fyhk;. rha;jsg;gug;gpw;F ,izahd $W mg sin  kw;Wk; rha;jsg;gug;gpw;F vjpu; 
nrq;Fj;jhd $W mg cosMFk; 
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rha;jsg;gug;gpw;F ,izahfr; nray;gLk; GtpaPu;g;G tpirapd; $W (mg sin ) nghUis 
fPo;Nehf;fp efu;j;j Kaw;rpf;Fk;. rha;jsg;gug;gpw;F nrq;Fj;jhfr; nray;gLk; GtpaPu;g;G tpirapd; 
$W (mg cos )> nrq;Fj;J tpir (N) I rkd; nra;Ak;  
 
vdNt N= mg cos  

 
nghUs; efuj; njhlq;Fk; NghJ> Xa;Tepiy cuha;T tpir 
 

max coss s sf f mg= =    

 
,e;j Xa;Tepiy cuha;tpd; ngUkkjpg;G> gpd;tUk; rkd;ghl;ilAk; epiwT nra;Ak;. 
 

max sinsf mg=   

 
rkd;ghL (3.36) I(3.35) My;tFf;ff;fpilg;gJ> 
 

sin / cos tans =   =  

 
NkYk; cuha;Tf;NfhztiuaiwapypUe;J 
 
tan=

s  

 
,q;F vd;gJ cuha;T NfhzkhFk;. 
 
vdNt> rWf;Ff;NfhzKk; cuha;Tf; NfhzKk; xd;Wf;nfhd;W rkkhFk;. Mdhy; 
,tw;wpw;fpilNaahd NtWghL vd;dntdpy> rWf;Ff;Nfhzj;ij rha;jsg;gug;gpy; kl;LNk 
gad;gLj;jKbAk;. Mdhy; cuha;Tf;Nfhzj;ij vj;ifa gug;gpYk; gad;gLj;jyhk;.  
 
vLj;Jf;fhl;L. 
 
fpilj;jsj;Jld; 60˚ Nfhzj;jpy; rha;e;Js;s> rha;jsj;jpd;kPJ m epiwAs;s nghUnshd;W 

itf;fg;gl;Ls;sJ. mg;nghUs; 
2

g
 vd;w KLf;fj;Jld; fPo;nehf;fpr; rWf;fp nrd;why; 

mg;nghUspd; ,af;f cuha;T Fzfj;ijf; fhz;f.  
 

jPu;T 
 
nghUs; rha;jsj;jpy; rWf;fpr; nry;Yk;NghJ ,af;f cuha;T Vw;gLfpwJ. 
 
nghUspdkPJ fPo;f;fz;l tpirfs; nray;gLfpd;wd mit jsj;jpw;F nrq;Fj;jhf nray;gLk;. 
nrq;Fj;J tpir> fpo;Nehf;fpr; nray;gLk; GtpaPug;Gtpir kw;Wk; jsj;jpw;F ,izahfr; 
nray;gLk; ,af;f cuha;T tpir 
 

 
 

x mr;Rj;jpirapy; 
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sin kmg f ma− =  

 
Mdhy; a = g/2 
 

sin 60 / 2

3
/ 2

2

k

k

mg f mg

mg f mg

− =

− =
 

 

3 1

2 2
kf mg

 
= − 

 
 

 

3 1

2
ff mg

 −
=  
 

 

y-mr;Rj;jpirapy; vt;tpj ,af;fKk; ,y;iy. vdNt nrq;Fj;J tpir (N)> mG cos vd;w 
$wpdhy; rkd; nra;ag;gLfpwJ. 
 

cos / 2

/ 2

3 1

2

2

3 1

f k k

k

k

mg N mg

f N mg

mg

mg

 = =

=  = 

 −
 
  =

 = −

 

 
rWf;Ff; Nfhzj;jpd; gad;fs;: 

 
1. vWk;Gfis czthff; nfhs;Sk; Fs;shk;G+h; (Antlion) vdg;gLk; xU tifg; G+r;rpapdk;> 
kzw; gug;gpy; rpW rpW Fopfis Vw;gLj;jpapUf;Fk;. mf;FopFs; nry;Yk; vWg;G Nghd;wit 
jg;gpr; nry;y KbahJ. Fopapd; mbapy; fhj;jpUf;Fk; Fs;shk;G+r;rp> vWk;gpid cl;nfhs;Sk;. 
Fopfspd; rha;Nfhzk; rWf;Ff; Nfhzj;jpw;Fr; rkkhf ,Uf;Fk;gb Fopfs; 
cUthf;fg;gl;bUg;gij glk; 3.30 ,y; fhzyhk;. 
 
  
Fs;shk; G+r;rpfspdhy; (antlions) cUthf;fg;gl;bUf;Fk; kzw;Fopfs; 

 
2. Foe;ijfs; Mu;tKld; tpisahLk; rWf;Fku tpisahl;L glk; 3.31 ,y; fhl;lg;gl;Ls;sJ. 
rWf;F kuj;jpd; rha;Nfhzk;> mjd; rWf;Ff; Nfhzj;ij tpl mjpfkhf cs;sNghJ rWf;fp 
tpisahLtJ RygkhFk;. mNj Neuj;jpy; rWf;Ff;Nfhzk; kpfTk; mjpfkhf ,Ue;jhy;> rWf;fp 
tpisahLk; Foe;ij kpf mjpf Ntfj;Jld; mbg;gug;ig milAk; ,J Foe;ijfSf;F cly; 
tpypia Vw;gLj;jptpLk;. 
 
 
rWf;Fkuk; 
cUSk; cuha;T (Rolling friction) 
 
kdpj ehfupf tsu;r;rpapy;> rf;fuj;jpd; gq;F kfj;jhdJ. gazg; ngl;bfspd; (Suitcases) 
mbapy; rf;fuq;fisg; nghUj;jp mtw;iw Rke;J nry;yhky; ,Oj;Jr; nry;tij (Rolling 
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Suitcase) ehk; md;whl tho;tpy; ghu;f;fpNwhk;. nghUnshd;W gug;gpy; ,aq;FfpwJ vdpy; 
mbg;gilapy; mg;nghUs; gug;gpy; rWf;fpr; nry;fpwJ. Mdhy; rf;fuq;fs; cUStjd; %yk; 
gug;gpy; ,aq;Ffpd;wd. 
 
rf;fuk; gug;gpy; ,aq;Fk;NghJ> rf;fuj;jpd; vg;Gs;sp gug;igj; njhLfpwNjh> mg;Gs;sp 
vg;nghOJk; Xa;Tepiyapy; ,Uf;Fk;. mjhtJ> rf;fuj;jpw;Fk;> gug;gpw;Fk; ,ilNa vt;tpjkhd 
rhu;gpaf;fKk; ,y;iy. vdNt cuha;T tpirAk; kpff;FiwT. mNj Neuj;jpy; nghUnshd;W 
gug;gpd;kPJ rf;fuq;fs; ,d;wp nry;Yk;NghJ> nghUSf;Fk; gug;gpw;Fk; ,ilNa xU rhu;gpaf;fk; 
Vw;gLfpwJ. ,jd; tpisthf mjpf cuha;Ttpir Vw;gLfpwJ. ,jdhy; nghUspid efu;j;JtJ 
fbdkhFk;. glk; 3.32 cUSjypd; cuha;tpw;Fk;> ,af;f cuha;tpw;Fk; cs;s NtWghl;ilr; 
Rl;bf; fhl;LfpwJ. 

 
 

 
cUSjypd; cuha;T kw;Wk; ,af;f cuha;T 
 
rWf;fyw;w cUSk; ,af;fj;jpy; gug;gpidj; njhLk;Gs;sp Xa;Tepiyapy; ,Ug;gJ ,yl;rpa 
epiyapy; kl;LNk rhj;jpakhFk;. Mdhy; eilKiwapy; mt;thW ,Ug;gjpy;iy. nghUl;fspd; 
nefpo;Tj; jd;ik (elastic) fhuzkhf jiuiaj; njhLk;Gs;sp rw;Nw jiuapy; mOj;jp 
kpff;Fiwthd cuha;tpid Vw;gLj;JfpwJ. ,J glk;3.33 ,y; fhl;lg;gl;Ls;sJ. vdNt 
thfdj;jpd; rf;fuj;jpw;Fk;> rhiyapd; gug;gpw;FkpilNa cuha;Ttpir Vw;gLfpwJ. ,t;Tuha;T> 
,af;f cuha;it tpl kpfTk; typik Fiwe;jJ MFk;. 
 
 
cuha;itf; Fiwf;Fk; Kiwfs;: 
 
cuha;T eilKiw tho;f;ifapy; ed;ik> jPik ,uz;ilAk; Vw;gLj;JfpwJ. rpy 
#o;epiyfspy; cuha;T kpfTk; mtrpakhdjhFk;. Cuha;tpd; fhuzkhfj;jhd; ek;khy; elf;f 
KbfpwJ. thfdq;fspd; rf;fuq;fSf;Fk;> rhiyapd; gug;gpw;Fk; ,ilNa Vw;gLk; cuha;T 
tpirapd; fhuzkhfj;jhd; thfdq;fshy; ,aq;fKbfpwJ. 
 
rf;fuj;jil mikg;Gfspy; (braking systems) cuha;T kpf Kf;fpag; gq;fhw;WfpwJ. ehk; 
Kw;gFjpapy; fw;wthW ,uz;L gug;GfSf;F ,ilNa rhu;gpaf;fk; epfOk;NghJ mq;F cuha;T 
tpir Vw;gLfpwJ. 
 
njhopw;rhiyfspy; cs;s fduf ,ae;jpuq;fspd; gug;Gfs; xd;Wld; xd;W rhu;gpaf;fj;jpy; 
cs;sNghJ cuha;T Vw;gl;L ntg;g tbtpy; Mw;wy; ,of;fg;gLfpwJ. ,jdhy; fduf 
,ae;jpuq;fspd; nray; jpwd; Fiwe;J tpLfpwJ. ,t;thW Vw;gLk; ,af;f cuha;tpid 
Fiwg;gjw;fhf caT vz;nza;fs; (lubricants) vt;thW gad;gLfpd;wd vd;gij glk; 3.34 
tpsf;FfpwJ. 

 
caT vz;nziag; gad;gLj;jp ,af;f cuha;tpidf; Fiwj;jy; 
 
ge;J jhq;fp mikg;G (Ball bearings) ,ae;jpuq;fspy; ,af;f cuha;itf; Fiwg;gjpy; 
ngUk;gq;fhw;Wfpd;wd. ,J glk; 3.35 ,y; fhl;lg;gl;Ls;sJ. ,uz;L gug;GfSf;F eLNt ge;J 
jhq;fp mikg;igg; nghUj;Jtjd; %ykhf ,uz;Lgug;Gfspd; rhu;gpaf;fk; eilngWk; 
Neu;tfspy; ,af;f cuha;tpid KOtJkhf jLj;J cUSjypd; cuha;T kl;LNk ge;J jhq;fp 
mikg;gpdhy; Vw;gLfpwJ. ehk; Kw;gFjpapy; fw;wthW cUSjypd; cuha;T> ,af;f cuha;it 
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tpl kpff; FiwT. vdNt ,ae;jpuq;fspd; Nja;khdj;ijf; Fiwj;J ge;J cUis mikg;G 
mtw;iw ePz;l fhyj;jpwf;F ,aq;f itf;fpwJ. 
 
epA+l;ld; kw;Wk; fypypNah tho;e;j fhyfl;lj;jpy; cuha;T tpirahdJ> GtpaPu;g;G tpir 
Nghd;wnjhU ,aw;if tpir vd;W ek;gg;gl;lJ. Mdhy; ,Ugjhk; E}w;whz;by;> mZf;fs;> 
vyf;l;uhd;fs; kw;Wk; GNuhl;lhd;fs; Nghd;wtw;iwg; gw;wpa mwpT> cuha;T tpir gw;wpa 
Gupjiy khw;wpaikj;J. cuha;T tpirahdJ cz;ikapy; rhu;gpaf;fj;jpYs;s ,uz;L 
gug;Gfspd; mZf;fSf;fpilNaahd kpd;fhe;jtpirahfk;. ed;F tOtOg;ghf;fg;gl;l 
gug;GfSk; kPEz;zstpy; (microscopic level) NkL gs;sq;fisg; ngw;Ws;sd. ,jid glk; 
3.36 tpsf;FfpwJ. 
 
  
ge;J jhq;fp mikg;igg; gad;gLj;jp ,af;f cuha;itf; Fiwj;jy; 
 
 

 
cUg;ngUf;fg;gl;l glj;jpy; jsq;fspd; rPuw;w jd;ik 
 
vLj;Jf;fhl;L: 
 
nghUnshd;W khwhj; jpirNtfj;jpy; fpilj;jsg; gug;gpy; ,aq;Ffpd;wJ vdf; fUJf. ntspg; 
Gwtpir mg;nghUspd; kPJ nray;gl;L mjid khwhj; jpirNtfj;jpy; ,af;fpdhy;> 
mg;nghUspd; kPJ nray;gLk; njhFgad; tpirapd; kjpg;gG vd;d? 
 
 

 
jPu;T 
 
nghUs; khwhj; jpirNtfj;jpy; ,aq;Fk;NghJ mg;nghUspd; KLf;fk; Rop. epA+l;ldpd; 
,uz;lhk; tpjpg;gb nghUspk;kPJ vt;tpjkhd njhFgad; tpirAk; nray;gltpy;iy. ntspg;Gw 
tpirahdJ ,af;f cuha;tpdhy; rkd; nra;ag;gLfpwJ. 
 
tl;l ,af;fj;jpd; ,af;f tpirapay; 
 
Kw;gFjpapy; epA+l;ldpd; tpjpfisg; gad;gLj;jp nghUl;fspd; Neu;f;Nfhl;L ,af;fj;ij vt;thW 
gFg;gha;T nra;tJ vd;W mwpe;J nfhz;Nlhk;. ,Nj Nghd;W epA+l;ldpd; tpjpfis 
tl;l,af;fj;jpw;F vt;thW gad;gLj;jtJ vd;W mwpe;J nfhs;tJk; mtrpakhFk;. 
 
Vnddpy; tl;l ,af;fk; ek; tho;f;ifapy; jtpu;f;f Kbahj xd;whFk;. Gwtpir nray;gl;lhYk; 
my;yJ nray;glhtpl;lhYk; xU nghUshdJ Neh;f;Nfhl;L ,af;fj;ij Nkw;nfhs;syhk;. 
Mdhy; nghUspd;kPJ tpir nray;gl;lhy; kl;LNk tl;l ,af;fj;jpw;f epA+l;ldpd; Kjy; tpjp 
vd;w xd;W ,y;iy. mjhtJ nghUspd;kPJ tpir nray;glhky; mg;nghUspdhy; tl;l 
,af;fj;ij Nkw;nfhs;s ,ayhJ. nghUspd;kPJ nray;gLk; tpir mg;nghUspd; 
jpirNtfj;ij %d;W topfspy; khw;wpaikf;Fk;. 
 
1. jpirNtfj;jpd; jpiria khw;whkNyNa mjd; vz;kjpg;ig kl;Lk; khw;WtJ. ,e;epfo;tpy; 
Jfs; xNu jpirapy; KLf;fj;Jld; ,aq;Fk;. 
 
vLj;Jf; fhl;Lfs; 
 
nrq;Fj;jhff; fPNo tpOk; nghUs;> KLf;fj;Jld; Neuhd rhiyapy; nry;Yk; thfdk; 
 
2. jpirNtfj;jpd; vz;kjpg;ig (Ntfk;) khw;whky; mjd; jpiria kl;Lk; khw;WtJ. ,t;thW 
,aq;Fk; ,af;fij ehk; rPuhd tl;l ,af;fk; vd;W miof;fpNwhk;. 
 
3. jpirNtfj;jpd; vz;kjpg;G (Ntfk;) kw;Wk; jpir ,t;tpuz;bYk; khw;wk; Vw;gl;lhy; tl;lkw;w 
,af;fk; Vw;gLk; (Non circular motion) vLj;Jf;fhl;Lfs; 
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CQ;ry;> jdp Cry;> ePs; tl;lg;ghijapy; #hpaidr; Rw;wp tUk; Nfhs;fspd; ,af;fk; 
Nghd;wit. 
 
,g;gpuptpd; rPuhd tl;l ,af;fk; kw;Wk; rPuw;w tl;l ,af;fq;fisg; gw;wp mwpayhk;. 
 
ikaNehf;F tpir: 
 
Jfnshd;W rPuhd tl;lg;ghijapy; Rw;wp tUk;NghJ tl;likaj;ij Nehf;fp tl;lg;ghijapd; 
Muk; topahf ikaNehf;F KLf;fk; Vw;gLk;. epA+l;ldpd; ,uz;lhk; tpjpg;gb KLf;fk; 
Vw;gl;lhy; epiyikf; Fwpg;ghaj;ijg; nghUj;J Jfspd;kPJ xU tpir nray;gl Ntz;Lk;. 
mt;thW Jfspd; kPJ nray;gLk; tpirNa ikaNehf;F tpir vdg;gLk;. 
 
myF 2 ,y; ehk; fw;wgb> tl;lg;ghijapy; ,aq;Fk; Jfspd; kPJ nray;gLk; ikaNehf;Fk; 

KLf;fk; 
2v

a
r

= MFk;. ,k;KLf;fk; tl;likaj;ij Nehf;fpr; nray;gLfpwJ. epA+l;ldpd; 

,uz;lhk; tpjpg;gb> ikaNehf;F tpir 
 

( )

2

2

2

6 6

1
2

4 0.333 .
3

2

60 60 6.4 10 384 10

cp cp

cp

m m

m

mv
F ma

r

F N

a R

T

R R m

= =



= =

= 


 =

= =   = 

 

,q;F ikaNehf;F tpir vd;gjd; nghUs;> Jfs; tl;lg;ghijapy; vq;F ,Ug;gpDk; mjd; 
KLf;fk; vg;NghJk; ikaj;ij Nehf;fpNa ,Uf;Fk; vd;gijf; Fwpf;fpwJ. 
 

ntf;lu; FwpaPl;bd; gb 
2

ˆcp

mv
F r

r
= −  

rPuhd tl;l ,af;fj;jpw;F 2 ˆcpF m rr= −   
 
,q;F- r̂  ,d; jpir tl;l ikaj;ij Nehf;fpf; Fwpf;fpwJ. NkYk; ,JNt ikaNehf;F 
tpirapd; jpiriaf; Fwpf;fpwJ.  ,Jglk; 3.38 ,y; njspthf Fwpg;gpl;Lf; fhl;lg;gl;Ls;sJ. 
 

 
ikaNehf;Ftpir 

 
 
ikaNehf;Ftpir> GtpaPu;g;G tpir my;yJ RUs;tpy; tpir Nghd;w xU ,aw;if tpiray;y 
vd;gij ,q;F ftdpf;f Ntz;Lk;. ikaj;ij Nehf;fpr; nray;gLk; xU tpir vd;Nw 
milf;fg;gLfpwJ. GtpaPu;g;G tpir> fapw;wpd; ,Otpir> cuha;T tpir> $Yk; tpir Nghd;w 
VNjDk; xU tpirNa ikaNehf;F tpirahfr; nray;gLfpwJ. 
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1. nky;ypa fapw;wpd; xU Kidapy; fl;b Row;wg;gLk; fy;ypd; ,af;fj;jpy;> fapw;wpd; 
,OtpirNa ikaNehf;F tpirahfr; nray;gLfpwJ. nghOJNghf;Fg; G+q;fhf;fspy; 
,af;fg;gLk; ,uhl;bdk; Nghd;w Row;rp ,af;fj;jpy;> ,uhl;bdj;ijj; jhq;fk; ,Uk;Gf; 
fk;gpfspd; ,Otpir ikaNehf;F tpiria mspf;fpwJ. 
 
2. Gtpapidr; Rw;wp tUk; nraw;iff; Nfhspd; ,af;fj;jpy;> Gtp> nraw;iff; Nfhspd; kPJ 
nrYj;Jk; GtpaPu;g;G tpirNa ikaNehf;F tpirahfr; nray;gLfpwJ. nraw;iff;Nfhs; 
,af;fj;jpw;F epA+l;ldpd; ,uz;lhk; tpjpia fPo;fhZkhW vOjyhk; 
 

F = Gtp<u;g;G tpir =
2mv

r
 

,q;F r vd;gJ Gtpapd; ikaj;jpypUe;J nraw;iff;Nfhs; cs;s njhiyT 
 
 

Roy; ,af;fg; nghUs;fs; 
 
m – vd;gJ nraw;iff;Nfhspd; epiw 
v – vd;gJ nraw;iff; Nfhspd; Ntfk; 
 
3. fhu; xd;W tl;ltbtg;ghijapy; nry;Yk; NghJ> ikaNehf;F tpirahdJ fhupd; laUf;Fk;> 
rhiyf;Fk; ,ilNa Vw;gLk; cuha;T tpirapdhy; Vw;gLfpwJ. 
 
 
tl;l tbtg;ghijapy; nry;Yk; fhu; 
 
,e;epfo;tpw;fhd epA+l;ld; ,uz;lhk; tpjpia fPo;f;fhZkhW vOjhyk; 
 
 

cuha;T tpir =
2mv

r
  

m – vd;gJ fhupd; epiw 
v – vd;gJ fhupd; Ntfk; 
r – vd;gJ ghijapd; tisT Muk; 

 
fhu;tisTg; ghijapy; nry;Yk; NghJk;> ikaNehf;F tpiriag; ngWfpwJ. fhupd; laUf;Fk;> 
rhiyf;Fk; ,ilNa Vw;gLk; cuha;T tpirapdhy; ,k;ikaNehf;F tpir Vw;gLfpwJ. ,J glk; 
3.41 ,y; fhl;lg;gl;Ls;sJ. 
 
 
fhupd; laUf;Fk;> rhiyf;Fk; ,ilNa Vw;gLk; cuha;T tpirapdhy; Vw;gLk; ikaNehf;F 
tpir 
 
4. Nfhs;fs; #hpaidr; Rw;wp tUk;NghJ mit #hpadpd; ikaj;ij Nehf;fpa> xU 
ikaNehf;F tpiriag; ngWfpd;wd. ,q;F Nfhs;fspd; kPjhd #hpadpd; <u;g;G tpir> 
ikaNehf;F tpirahfr; nray;gLfpwJ. ,J glk; 3.42,y; fhl;lg;gl;Ls;sJ. 
 

 
#hpadpd; <u;g;G tpirapdhy; #hpaidr; Rw;wptUk; Nfhspd; kPJ Vw;gLk; ikaNehf;F tpir 
 
,e;epfo;tpw;fhd epA+l;ldpd; ,uz;lhk; tpjpia gpd;tUkhW vOjyhk;  
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Nfhs;fspd; kPJ #hpadpd; <u;g;Gtpir =
2mv

r
  

 
vLj;Jf;fhl;L: 
 
0.25 kg epiwAila fy; xd;W fapw;wpd; Kidapy; fl;lg;gl;L 2ms-1 Ntfj;jpy; 3m 
MuKila rPuhdtl;l ,af;fj;ij Nkw;nfhs;fpwJ. fy;ypd; kPJ nray;gLk; ,Otpirapidf; 
fz;Lgpb 
 
jPu;T: 
 

( )
21

2
4 0.333

3
cpF N



= =  

 
vLj;Jf;fhl;L 
 
epyh> Gtpapid tl;lg;ghijf;F xj;j xU ghijapy; 27.3 ehl;fspy; KOikahfr; Rw;wp 
tUfpwJ. Gtpapd; Muk; 6.4x106 m vdpy; epyhtpd; kPJ nray;gLk; ikaNehf;F KLf;fj;ijf; 
fhz;f. 
 
jPu;T 
 

ikaNehf;FKLf;fk; 
2v

a
r

=  ,r; rkd;ghL ntspg;gilahfNt epytpd; Ntj;ijr; rhu;e;jJ. 

,e;j Ntfj;ij fzf;fpLtJ Rw;Wf; fbdkhFk;. vdNt ehk; gpd;tUk; rkd;ghl;bidg; 
gad;gLj;jyhk;. 

 
2

m mR a =  

,q;F 
ma  vd;gJ Gtpapd; <u;g;G tpirapdhy;> epyh ngWk; ika Nehf;F KLf;fkhFk;. 

 
 vd;gJ Nfhzj; jpirNtfk; 
 

mR  vd;gJ GtpapypUe;J epyh tiu cs;s njhiyT. ,J Gtpapd; Muj;ijg; Nghd;W 60 

klq;fhFk;. 
 

6 660 60 6.4 10 384 10mR R m= =   =   

 

ehkwpe; gb Nfhzj; jpirNtfk; 
2

T


 =  

NkYk; T =27.3 ehl;fs; =27.3x24x60x60 
     
    =2.358 x 106s 

 

,k;kjpg;Gfis KLf;fr; rkd;ghl;by; gpujpapLk; NghJ 2

m ma R=    
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( )( )
( )

2

2

2

2 6

2

6

2

4

4 384 10
0.00272

2.358 10

m

m

m

R
T

R
T

a ms−

 
=  
 


=

 
= =



 

 
Gtpia Nehf;fp epyhtpd; ikaNehf;F KLf;fk; 0.00272ms-2 

 
 
rup rkkhd tl;lr; rhiyapy; nry;Yk; thfdk;: 
 
thfdnkhd;W tisTg;ghijapy; nry;Yk; NghJ> mt;thfdj;jpd; kPJ  ikaNehf;F tpir 
nray;gLfpwJ. thfdj;jpd; lau; kw;Wk; rhiyapd; Nkw;gug;G ,tw;wpw;fpilNaahd cuha;T 
tpirapd; fhuzkhf ,k;ikaNehf;Ftpir Vw;gLfpwJ. m epiwAila thfdnkhd;W r 
MuKila tl;ltbtg; ghijapy; v Ntfj;jpy; ,aq;FfpwJ vdpy;> mt;thfdj;jpd; kPJ %d;W 
tpirfs; nray;gLfpd;wd. mit glk; 3.34 ,y; fhl;lg;gl;Ls;sd.  
 

1) fPo;Nehf;fpr; nray;gLk; Gtp<u;g;Gtpir (mg) 
2) Nky; Nehf;fpr; nray;gLk; nrq;Fj;Jtpir N 
3) Rhiyapd; fpilj;jsg; gug;gpd; topNa cs;Nehf;fpr; nray;gLk; cuha;T tpir (FS) 

 
rhiy fpilj;jskhf ,Ug;gpd;> nrq;Fj;J tpirAk;> GtpaPu;g;G tpirAk; xd;Wf;nfhd;W rkk; 
kw;Wk; vjpnujpuhf ,Uf;Fk;. thfdj;jpd; laUf;Fk;> rhiyapd; gug;gpw;Fk; ,ilNa Vw;gLk; 
cuha;T tpir Njitahd ikaNehf;F tpiria mspf;fpwJ. ,k;ikaNehf;F tpir 
tl;lr;rhiyapd; ikaj;ij Nehf;fpr; nray;gLfpwJ. 
 
 
rup rkkhd tl;lg;ghijapy; nry;Yk; thfdj;jpd; kPJ nray;gLk; tpirfs; 
 
ehk; Kw;gFjpapy; fw;wgb> epiy cuha;Ttpir Rop Kjy; ngUk kjpg;G tpir tiu ve;j 
kjpg;igAk; ngwyhk;. vdNt  
 
,q;F ,uz;L epge;jidfs; rhj;jpakhfpwJ: 
 
a. thfdk; rWf;fhky; tistjw;fhd  

epge;jid 
2

,s

mv
mg

r
   

my;yJ 
2

s

v

rg
   my;yJ 

srg v   

 
(ghJfhg;ghf tisj;jy;) 
 
tisTr;rhiyapy;> thfdk; tistjw;Fj; Njitahd ikNehf;F  tpiria epiy cuha;T 
nfhLf;fpwJ. vdNt thfdj;jpd; lau; kw;Wk; rhiyapd; gug;G ,tw;wpw;fpilNaahd epiy 
cuha;Tf; Fzfk; thfdk; rWf;fhky; tisTg;ghijapy;  tistjw;fhd ngUkNtfj;ij 
epu;zapf;fpwJ. 
 
b. thfdk; rWf;Ftjw;fhd epge;jid 
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2mv

r
>

smg , my;yJ 
2

s

v

rg
   (rWf;Fjy;) 

 
thfdk; tistjw;Fj; Njitahd ikaNehf;F tpiria epiy cuha;Ttpirapdhy; nfhLf;f 
,aytpy;iy vdpy;> thfdk; rWf;fj; njhlq;Fk; 
 
vLj;Jf;fhl;L: 
 
Muk; 10 m kw;Wk; epiy cuha;Tf; Fzfk; 0.81 nfhz;l ruprkkhd tl;ltbtr; rhiy 
xd;iwf; fUJf. mr;rhiyapd; %d;W fhu;fs; (A>B kw;Wk; C) KiwNa 7 ms-1> 8 ms-1> 10 
ms-1 Ntfj;jpy; nry;fpd;wd. ,tw;Ws; ve;j fhu; tl;l tbtr;rhiyapy; nry;Yk; NghJ rWf;fp 
tpOk;? (g=10 ms-2) 
 
 
 
jPu;T 
 
rup rkkhd tl;lr;rhiyapy; nry;Yk; thfdk; rWf;fhky; ,Uf;fj; NJitahd epge;jid> 

thfdj;jpd; Ntfk; (v) ,d; kjpg;G 
srg  I tplf; FiwthfNth my;yJ rkkhfNth ,Uf;f 

Ntz;Lk;. 
 

sv rg   

 

srg
10.81 10 10 9ms−=   =  

 

c. fhupidg; nghUj;jtiu 
srg  ,d; kjpg;Gfhupd; Ntfk; v I tplf; FiwT. fhu; A kw;Wk; 

B ,uz;Lk; ghJfhg;ghf tisAk;> Mdhy; fhu; C ,d; Ntfk;> epu;zapf;fg;gl;l Ntfj;ij tpl 

(
srg ) mjpfkhf cs;sjhy; mJ rWf;fp tpLk;. 

 
ntsptpspk;G cau;j;jg;gl;l rhiy  
 
ruprkkhd tl;lr; rhiyapy;> thfdq;fs; rWf;fp tpgj;Jf;Fs;shtJ> rhiyg; gug;gpd; epiy 
cuha;Tf; Fzfj;ij rhu;e;jpUf;fpwJ. ,e;j epiy cuha;Tf; Fzfj;jpd; ngUk kjpg;G gug;gpd; 
jd;ikiar; rhu;e;jjhFk;. ,jd; fhuzkhf thfdq;fSf;F Vw;gLk; tpgj;jpidj; jLg;gJw;fhfr; 
rhiyapd; ntsptpspk;G cl;Gw tpspk;ig tpl rw;Nw cau;j;jp mikf;fg;gl;bUf;Fk;. ,jw;F 
ntsptpspk;G cau;j;jg;gl;l rhiy (banking of tracks) vd;W ngau;. ntsptpspk;G 
cau;j;jg;gl;bUg;gjhy; ,J xU rha;jsk; Nghd;W mikAk;. fpilj;jsg; gug;Gld; ,e;jr; 
rha;jsk; Vw;gLj;Jk; Nfhzk; ntsp tpspk;Gf; Nfhzk; (banking angle) vdg;gLk;. 
 
thfdq;fs; rWf;Ftijj; jtpu;g;gjw;fhf ntsptpspk;G rw;Nw cau;j;jg;gl;bUf;Fk; rhiy 
 
fpilj;jsj;Jld;  Nfhzj;jpy; cs;s rhiyapd; gug;igf; fUJf. nrq;Fj;Jtpir> nrq;Fj;J 
mr;Rld; ,NJ  Nfhzj;ij Vw;gLj;Jk;. ,r;rhiyapy; nry;Yk; fhu; xd;W tisAk;NghJ 
mjd; kPJ ,uz;L tpirfs; nray;gLk;. 
 
m. fPo;Nehf;fpr; nray;gLk; GtpaPu;g;G tpir (mg) 
 
M. rhiyapd; gug;gpw;Fr; nrq;Fj;jhfr; nray;gLk; nrq;Fj;J tpir (N) 
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nrq;Fj;J tpir N I ,uz;L $Wfshfg; gpupf;fyhk;. ,it N coskw;wk; N sinMFk;. 

,it glk; 3.44 ,y; fhl;lg;gl;Ls;sd. N cos  $W> fPo;Nehf;fpr; nray;gLk; Gtpapu;g;G 
tpiria (mg) rkd; nra;fpwJ. N sin  $W Njitahd ikaNehf;F tpiriaf; 
nfhLf;fpwJ.  
 
epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;jp gpd;tUk; rkd;ghLfis mikf;fyhk; 
 

2

cos

sin

N mg

mv
N

r

 =

 =
 

,t;tpU rkd;ghLfisAk; tUf;Fk; NghJ 
2

tan
v

rg
 =  vdf; fpilf;Fk;  

 tanv rg=   

 
ntsp tpspk;Gf; Nfhzk; kw;Wk; rhiyapd; tisT Muk; (r) ,t;tpuz;Lk; tisTr; rhiyapy; 
ghJfhg;ghf thfdq;fis ,af;f  Ntz;ba Ntfj;ij (v) jPu;khdpf;fpd;wd. thfdk; xd;wpd; 
Ntfk; epu;zapf;fg;gl;l Ntfj;ijtpl mjpf Ntfj;jpy; nry;Yk; NghJ rhiyapd; 
ntspg;Gwj;ij Nehf;fp rWf;fj; njhlq;Fk;. Mdhy; cuha;T tpir nray;gl;L $Ljy; 
ikaNehf;F tpirapidf; nfhLj;J ntspg;Gwr; rWf;Fjiyj; jLf;Fk;. mNj Neuj;jpy; fhupd; 
Ntfk; epu;zapf;fg;gl;l Ntfj;ij tpl Fiwthf ,Ug;gpd; fhu; cl;Gwj;ij nray;gl;L 
ikaNehf;F tpiriaf; Fiwj;J cl;gwj;ij Nehf;fp rWf;Ftijj; jLf;Fk;. ,Ug;gpDk; 
fhupd; Ntfk; kpf mjpfk; vdpy; cuha;T tpirapdhy; fhu; rWf;Ftijj; jLf;f KbahJ. 
 
vLj;Jf;fhl;L 
 
20 m MuKila tl;lr;rhiyiaf; fUJf. mjd; ntsptpspk;Gf; Nfhzk; 15˚ vd;f. 
mr;rhiyapy; nry;Yk; thfdk; eOtp tpohky; ghJfhg;ghf tistjw;Fj; Njitahd 
Ntj;ijf; fhz;f. 
 
jPu;T 
 

1

( tan ) 20 9.8 tan15

20 9.8 0.26 7.1

v rg

ms−

=  =  

=   =
 

 
rWf;fp tohky; ghJfhg;ghf tistjw;Fj; Njitahd Ntdk; = 7.1ms-1 

 

ikatpyf;F tpir 
 
tl;l ,af;fj;ij ,UNtW Fwpg;ghaq;fisg; nghUj;J Ma;T nra;ayhk;. mtw;Ws; xd;W 
epiykf; Fwpg;ghakhFk;. ,f;Fwpg;ghak; Xa;Tepiy my;yJ rPuhd ,af;fepiy ,tw;Ws; 
VNjDk; xU epiyapy; ,Uf;Fk;. ,q;F ,af;fj;jpy; cs;s nghUl;fs; epA+l;ldpd; ,af;f 
tpjpfSf;Fk; fl;Lg;gl;L ,aq;Fk;. kw;nwhU Fwpg;ghak; KLf;fkilfpd;w> epiykkw;w  
Fwpg;ghakhd Row;rpf; Fwpg;ghakhFk;. (rotational frames). tl;l ,af;fj;jpid ,t;tpU 
Fwpg;ghaq;fisg; nghUj;J ntt;NtW fz;Nzhl;lj;jpy; Ma;T nra;ayhk;. Row;rpf; 
Fwpg;ghaj;jpy; epA+l;ldpd; Kjy; tpjp kw;Wk; ,uz;lhk; tpjpiag; gad;gLj;Jk; NghJ xU 
Nghypahd tpiria (Pseudo force) Nruj;Jf; fUj Ntz;Lk;. ,e;jg; Nghypahd tpirNa 
ikatpyf;F tpirahFk;. ,j;jifa ikatpyf;F tpir Row;rpf; Fwpg;ghaj;ijg; nghUj;J 
nghUspd; kPJ nray;gLk;. ikatpyf;F tpirapidg; Gupe;J nfhs;s fPo;f;fz;l tpsf;fk; 
ngupJk; Jiz GupAk;.  
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nky;ypa fapw;wpd; xU Kidapy; fl;lg;gl;L Row;rp ,af;fj;ij Nkw;nfhs;Sk; fy; xd;iwf; 
fUJNthk;. Xa;TepiyapYs;s epiykf; Fwpg;ghaj;ijg; nghUj;J fy;ypd; Nfhzj; jpirNtfk; 
 vd;f.  Nfhzj; jpirNtfj;jpy; fy;Yld; Nru;e;J Row;rp ,af;fj;jpYs;s kw;nwhU 
Fwpg;ghaj;jpypUe;J fy;ypidg; ghuf;Fk;NghJ mf;fy; Xa;Tepiyapy; ,Ug;gJ Nghd;W 
Njhd;Wk; 
 
Row;rpf; Fwpg;ghaj;ijg; nghUj;J> tl;likaj;ij Nehf;fpr; nray;gLk; ikNehf;F tpirahd 

2m r−   cld;> mjw;Fr; rkkhd vjpu;jpirapy; ntspNehf;fpr; nray;gLk; 2m r+   vd;w tpir 
fy;ypd; kPJ nray;gLfpwJ. vdNt Row;fp ,af;fj;jpYs;s Fwpg;ghaj;ijg; nghUj;J fy;ypd; 

kPJ nray;gLk; njhFgad; tpir RopahFk; vd;gij ,J fhl;LfpwJ. ( 2m r−  2m r+  =0) 

,q;F ntspNehf;fpr; nray;gLk; 2m r+   tpirf;F ikatpyf;F tpir vd;W ngau;. 
 
ikatpyf;F vd;gjd; nghUs; ikaj;ij tpl;L ntspNehf;fpr; nray;gLtJ vd;gjhFk;. 
Row;rpf; Fwpg;ghaj;ijg; nghUj;J fy;ypd; Row;rp ,af;fj;ij Ma;T nra;Ak;NghJ kl;Lk; 
ikatpyf;F tpir fy;ypd; kPJ nray;gLtjhfj; Njhd;Wk;. ,f;fhuzj;jpdhy; tpir vd;W 
miof;fpNwhk;. ,g;Nghypahd tpir  ve;j %yj;jpypUe;Jk; Njhd;Wtjpy;iy (it has 
origin). ,q;F Nghyp tpir Njhd;Wtjw;fhd fhuzk;> ehk; fUJk; Row;rp Fwpg;ghak; xU 
epiykkw;w Fwpg;ghak; vd;gjhNy MFk;. 
 
epiykf; Fwpg;ghaj;ijg; nghUj;J fy;ypd; Row;rp ,af;fj;ij Ma;T nra;Ak;NghJ 
ikaNehf;F tpir kl;LNk nray;gLk;. ,k;ikaNehf;F tpir fy; fl;lg;gl;bUf;Fk; nky;ypa 
fapw;wpd; ,Otpirahy; ngwg;gLfpwJ. Row;rp Fwpg;ghaj;ij nghUj;J Row;rp ,af;ff; 
fzf;Ffisj; jPu;T nra;a tiuag;gLk; jdpj;j nghUspd; tpirg;glq;fspy; glk; 3.45 ,y; 
cs;sthW ikatpyf;F tpir fz;bg;ghff; fhl;lg;gl Ntz;Lk;. 
 
 
ikatpyf;F tpirAld; tiuag;gl;l jdpj;j nghUspd; tpirg;glk; 
 
 
ika tpyf;F tpirapd; tpisTfs; 
 
ikatpyf;F tpir xU Nghypahd tpirahf ,Ug;gpDk; mjd; tpisTfs; cz;ikahFk;. 
fhu; xd;W tisTg;ghijapy; jpUk;Gk;NghJ> fhupd; cs;Ns mku;e;jpUg;gtu; xU 
ntspg;Gwtpiria czu;thu;. mt;tpir mtiu ntspNehf;fpj; js;Sk;. ,t;ntspNehf;fpa 
tpiriaAk; ikatpyf;F tpir vd;Nw miof;fyhk;. fhupd; ,Uf;iff;Fk;> mku;e;jpUf;Fk; 
egUf;Fk; ,ilNa cs;s NghJ khd cuha;Ttpir ,Ue;jhy; mtu; ntspNa js;sg;gLtJ 
jtpu;f;fg; gLfpwJ. 
 
Neuf;Nfhl;Lg; ghijapy; nrd;W nfhz;bUf;Fk; fhu; xd;W jpBnud;W jd;ghijapypUe;J 
tisAk;NghJ> fhupd; cs;Ns epiyahfg; nghUj;jg;glhj nghUs;> jpirapy; epiykg; gz;gpd; 
(Inertia of direction) fhuzkhf Neu;f;Nfhl;Lg; ghijapNyNa njhlu;e;J ,aq;f Kaw;rpf;Fk;. 
 
 
katpyf;F tpirapd; tpisT 
 
,t;tpaf;fj;ij epiykf; Fwpg;ghaj;jpypUe;J ghuf;Fk; NghJ glk;3.46 ,y; fhl;bAs;sthW 
Neu;Nfhl;L ,af;fkhjj; njhpAk;. Mdhy; Row;rpf; Fwpg;ghaj;jpypUe;J ghu;f;Fk;NghJ ,af;fk; 
ntspNehf;fpr; nry;tJ Nghd;W Njhd;Wk;. 
 
RoYk; Nkilapy; epd;W nfhz;bUf;Fk; egu; ntspg;Gw ikatpyf;F tpiria czuthhu;. 
,jd; fhuzkhf NkilapypUe;J mtu; ntspNa js;sg;gl tha;g;G mjpfk;. epd;W 
nfhz;bUf;Fk; egUf;Fk;> Nkilf;Fkhd cuha;Ttpir ntspNehf;fpj; js;sg;gLk; tpirapidr; 
rkd; nra;ag; NghJkhdjy;y. ,jidj; jtpu;g;gjw;fhf Nkilapd; ntspg;Gw tpspk;G rw;Nw 
Nky;Nehf;fp cau;j;jg;gl;bUf;Fk;. ,t; cau;T epd;W nfhz;bUf;Fk; egupd; kPJ xU nrq;Fj;J 
tpiriar; nrYj;jp mtu; ntspNa tpOtijj; jLf;Fk;. ,J glk; 3.47 ,y; fhl;lg;gl;Ls;sJ. 
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Gtpapd; Row;rpahy; Vw;gLk; ikatpyf;F tpir 
 
Gtpapid xU epiykf; Fwpg;ghakhff; fUjpdhYk; cz;ikapy; mt;thW ,y;iy. Gtp vd;w 
Nfhzj; jpirNtfj;jpy; jd; mr;rpidg; nghUj;J jd;idj;jhNd Rw;wp tUfpwJ. 
Gtpg;gug;gpYs;s ve;j xU nghUSk; (Row;rpf; Fwpg;ghaj;jpy; cs;s nghUs;) ikatpyf;F 
tpiria czUk;. ,k;ikatpyf;F tpir Roy; mr;rpypUe;J kpfr; rhpahf vjpu; jpirapy; 
nray;gLtjhfj; Njhd;Wk;. ,J glk; 3.48 ,y; fhl;lg;gl;Ls;sJ 
 

Gtpg;gug;gpy; epd;W nfhz;bUf;Fk; kdpjupd; ikatpyf;F tpir 2

cfF m r=   

 
,q;F r vd;gJ Roy; mr;rpw;Fk; kdpjDf;Fk; ,ilNa cs;s nrq;Fj;Jj; njhiyT. glk; 3.48 
,y; fhl;lg;gl;Ls;s nrq;Nfhz  Kf;Nfhzj;jpypUe;J njhiyT r = cosR  . 
 
,q;F R vd;gJ Gtpapd;; Muk;. 
 
NkYk;  vd;gJ kdpjd; epd;W nfhz;bUf;Fk; Gs;spapy; Gtpapd; FWf;Ff; NfhL (latitude) 
MFk;. 
 
vLj;Jf;fhl;L 
 
nrd;idapYs;s 60 kg epiwAila kdpjupd; kPJ nray;gLk; ikatpyf;F tpiriaf; fhz;f 
 
(nfhLf;fg;gl;lit: nrd;idapy; FWf;Ff; NfhL  =13˚) 
 
jPu;T  
 

ikatpyf;F tpir 2

cfF m=  cosR   

Gtpapd; Nfhzj; jpirNtfk; () =
2

T


 

,q;F T vdg;J Gtpapd; miyT Neuk; (24 kzpNeuk;) 
 

5 1

2 2

24 60 60 86400

7.268 10 secrad− −

 
 = =

 

= 

 

 
 
Gtpapd; Muk; R = 6400 km =6400x103m 
 
nrd;idapd; FWf;F NfhL (Latitude) =13˚ 
 

5 2 360 (7.268 10 ) 6400 10

cos(13 ) 1.9678

cfF

N

−=    

 =
 

 60 kg epiwAila kdpjnuhUtu; czUk; ikatpyf;Ftpir Njhuakhf 2 epA+l;ldhFk;. 
Mdhy; Gtpapd; <u;g;G tpirapd; fhuzkhf 60 kg epiwAila mk;kdpju; czUk; tpir = mg 
= 60 x 9.8 = 588 N.  ,e;j tpiriatpyf;F tpiria tpl kpf mjpfk;. 
 
ikaNehf;F tpir kw;Wk; ikatpyf;F tpir – Xu; xg;gPL: 
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ikaNehf;F tpir kw;Wk; ikatpyf;F tpir Mfpatw;wpy; rpwg;Gf; $Wfs; ml;ltiz 3.4 
,y; xg;gpl;Lf; fhl;lg;gl;Ls;sd. 
 

ikaNehf;F tpir kw;Wk; ikatpyf;F tpir ,tw;wpd; rpwg;Gf; $Wfs; 
ikaNehf;Ftpir ikatpyf;Ftpir 

GtpaPu;g;Gtpir> fk;gpad; ,Otpir> 
nrq;Fj;Jtpir Nghd;w Gstpirfspdhy; 
nghUspd; kPJ nrYj;jg;gLk; cz;ik 
tpirahFk; 

,J Nghypahd my;yJ ngha;ahd 
tpirahFk;. ,t;tpir GtpaPu;g;G tpir> 
,Otpir> nrq;Fj;J tpir Nghd;w Gw 
tpirfspdhy; Njhd;whJ. 

epiyk kw;Wk; epiyk kw;w Fwpg;ghaq;fs;> 
,uz;bYk; ,t;tpir nray;gLk; 

epiykkw;w RoYk; Fwpg;ghaq;fspy; kl;LNk 
,t;tpir nray;gLk; 

Roy; mr;rpid Nehf;fpr; nray;gLk; 
tl;lg;ghij ,af;fj;jpy; tl;lj;jpd; 
ikaj;ij Nehf;fp nray;gLk; 

     
2

2

cp

mv
F m r

r
=  =  

Roy;  mr;rpypUe;J ntspNehf;fpr; nray;gLk;. 
NkYk; tl;l ,af;fj;jpy; tl;likaj;jpypUe;J 
Muj;jpd; topNa ntspNehf;fpr; nray;gLk; 

     
2

2

cf

mv
F m r

r
=  =  

,J xU cz;ikahd tpir. ,jd; 
tpisTfSk; cz;ikahdit   

,J xU Nghyptpir. Mdhy; ,jd; 
tpisTf;s cz;ikahdit. 

,uz;L nghUl;fSf;fpilNaahd cwNt 
(interation) ikaNehf;F tpirf;F 
mbg;gilahf mikfpwJ 

xU nghUspd; epiykj; jd;ikNa (inertial 
property) ikatpyf;F tpirfF 
mbg;gilahf mikfpwJ. ,t;tpir 
nghUl;fSf;fpilNaahd cwthy; 
(interaction) Njhd;whJ. 
epiykf; Fwpg;ghak; xd;wpy; ,aq;Fk; 
nghUspd; epiyk ,af;fk; jhd;> Row;rpf; 
Fwpg;ghaj;jpy; ikatpyf;F tpirahfj; 
Njhd;WfpwJ. 

epiykf; Fwpg;ghaj;jpy; jdpj;jnghUspd; 
tpirg;glk; tiuAk;NghJ> ikaNehf;F 
tpiria Fwpg;gpl Ntz;Lk;. 

epiykf; Fwpg;ghaj;jpy; ikatpyf;F tpir 
,y;iy RoYk; Fwpg;ghaj;jpy;> ikaNehf;F 
tpir kw;Wk; ikatpyf;Ftpir ,uz;ilAk; 
jdpj;j nghUspd; tpirg;glj;jpy; Fwpg;gpl 
Ntz;Lk;. 
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Ntiy> Mw;wy; kw;Wk; jpwd; 
(Work, Energy and Power) 

 
mwpKfk; 
 
 md;whl tho;tpy; Ntiy vd;w nrhy; gyjug;gl;l jUzq;fspy; gad;gLj;jg;gLfpwJ. 
,J cly; rhu;e;j Ntiy kw;Wk; kdk; rhu;e;j Ntiy Mfpa ,uz;ilAk; Fwpf;Fk;. 
cz;ikapy; ve;j xU nray;ghLk; nghJthf Ntiy vd;Nw miof;fg;gLk;. Mdhy; 
,aw;gpaypy; Ntiy vd;w nrhy; Jy;ypakhd tiuaiwiaf; nfhz;Ls;s xU ,ay; 
msthff; fUjg;gLfpwJ. xU nghUspd; kPJ nray;gLj;jg;gl;l tpir mjid ,lk;ngaur; 
nra;jhy; tpirapdhy; Ntiy nra;ag;gLfpwJ. Ntiy nra;tjw;fhd jpwd; Mw;wy; vd 
tiuaWf;fg;gLfpwJ. vdNt NtiyAk; Mw;wYk; xj;j gupkhzj;ijg; ngw;Ws;sd. 
,aw;gpaypy; Mw;wyhdJ ,ae;jpu Mw;wy;> kpd; Mw;wy;> ntg;g Mw;wy;> mZf;fU Mw;wy; 
Nghd;w gy;NtW tbtq;fspy; cs;sd. gy ,ae;jpuq;fs; xU tifahd Mw;wiy 
vLj;Jf;nfhz;L NtW tifahd Mw;wiy ntspg;gLj;Jfpd;wd. ,g;ghlg; gFjpapy; Kf;fpakhf 
,ae;jpu Mw;wypd; ,U tif Mw;wy;fshd ,af;f Mw;wy; kw;Wk; epiy Mw;wy; 
Mfpatw;iwf; fhz;Nghk;. mLj;J tpthjpf;fg;gl ,Ug;gJ> Ntiy nra;Ak; tPjk; my;yJ 
Mw;wy; ntspaplg;gLk; tPjk; MFk;. Ntiy nra;ag;gLk; tPjk; jpwd; vdg;gLk;. fpupf;nfl; 
tpisahl;by; xU rf;jptha;e;j mb vd;gJ kl;ilahy; ge;ij Ntfkhf mbg;gijf; Fwpf;fpwj. 
,e;jg; ghlg;gFjpahdJ Ntiy> Mw;wy; kw;Wk; jpwd; Mfpa %d;W ,ay; msTfs; kw;Wk; 
mtw;wpd; Kf;fpaj;Jtk; Fwpj;j xU ey;y Gupjiy tsu;f;Fk; Nehf;fj;ijf; nfhz;Ls;sJ. 
 
Ntiy (Work) 
 

 xU nghUspd; kPJ nray;gLk; F vd;w tpir mjid rd vd;w ,lg;ngau;r;rp Vw;gLj;jp 
efu;j;Jtjhff; fUJNthk;. 
 
 fzpjtpaypd;gb> nghUspd; kPJ tpirapdhy; nra;ag;gl;l Ntiy (W) gpd;tUkhW 
vOjg;gLfpwJ. 
 

W = F . rd  
 
tpirapdhy; nra;ag;gl;l Ntiy 
 

 ,q;F F . rd  ,d; ngUf;fy;gyd; xU ];Nfyu; ngUf;fy; my;yJ Gs;spg; ngUf;fy; 
MFk;. ,U ntf;lu;fspd; ];Nfyu; ngUf;fy; gyd; xU ];Nfyu; kjpg;ghFk;. (gFjp 2.5.1 If; 
fhz;f). vdNt nra;ag;gl;l Ntiy xU ];Nfyu; msthFk;. ,J vz;kjpg;ig kl;Lk; 
ngw;Ws;sJ kw;Wk; jpiraw;wJ. SI myF Kiwapy; nra;ag;gl;l Ntiyapd; myF N m 
my;yJ [Py; (J) MFk;. mjd; gupkhz tha;g;ghL [ML2T-2] MFk;.  
 

W = F dr cos  
 

 ( .a b  = ab cosvd;gjhy;). ,q;F  vd;gJ nghUspd; kPJ nray;gLj;jg;gl;l tpirf;Fk; 
me;jg;nghUspd; ,lg;ngau;r;rpf;Fk; ,ilNa cs;s NfhzkhFk;. 
 

 tpirapdhy; nra;ag;gl;l Ntiy vd;gJ tpir (F ) ,lg;ngau;r;rp (dr ) kw;Wk; 
mtw;wpw;fpilNa cs;s Nfhzk; Mfpatw;iw rhu;e;jJ. 
 
 fPo;fz;l Neu;Tfspy; nra;ag;gl;l Ntiy RopahFk;. 
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(i) tpir RopahFk; NghJ (F = 0) 
 
 cjhuzkhf> cuha;tw;w xU fpilj;jsg; gug;gpy; khwh jpirNtfj;jpy; efUk; (cuha;T 
,y;yhjjhy;) xUnghUs; njhlu;e;J ,aq;fpf; nfhz;Nl ,Uf;Fk;. (,J xU ,yl;rpa (ideal) 
#o;epiy) 
 
(ii) ,lg;ngau;r;rp RopahFk; NghJ (dr = 0) 
 
 cjhuzkhf> jplkhf cs;s xU Rtupd; kPJ tpir nrYj;jg;gl;lhy; tpirahdJ ve;j 
,lg;ngau;r;rpiaAk; Vw;gLj;jhJ.  
 
(iii) tpirAk; ,lg;ngau;r;rpAk; xd;Wf;nfhd;W nrq;Fj;jhf cs;sNghJ ( = 90). 
 xU nghUshdJ fpilj;jsj; jpirapy; efUk;NghJ GtpaPu;g;Gtpir (mg) nghUspd; kPJ 
Ntiy VJk; nra;ahJ> Vnddpy; mJ ,lg;ngau;r;rpf;F nrq;Fj;jhf nray;gLfpwJ. 
 
 tl;l ,af;fj;jpy; cs;s nghUspd;kPJ nray;gLk; ikaNehf;F tpirahdJ Ntiy 
VJk; nra;ahJ. Vnddpy; mJ vg;NghJk; ,lg;ngau;r;rpf;F nrq;Fj;jhf cs;sJ. 
 
 nfhLf;fg;gl;l tpir (F) kw;Wk; ,lg;ngau;r;rp (dr) f;F njhFj;Js;sthW 
mtw;wpw;fpilNa cs;s Nfhzk;  MdJ nra;ag;gl;l Ntiyapd; kjpg;ig KbT nra;fpwJ. 
 
 tpirapdhy; nra;ag;gLk; vjpu;f;Fwp Ntiyf;F gy cjhuzq;fs; cs;sd. fhy;ge;J 
tpisahl;by;> tPuu; (Goal keeper) mtiu Nehf;fp tUk; ge;ij xU tpiriar; nrYj;jpg; 
gpbf;fpwhu;. mt;tpirahdJ ge;jpd; ,af;fj;jpw;F vjpu;jpirapy; ge;J mtuJ iffspy; 
Xa;Tepiyf;F tUk; tiu nrYj;jg;gLfpwJ. tpiriar; nrYj;Jk; Neuj;jpy; mtu; ge;jpd;kPJ 
vjpu;Ntiy nra;fpwhu;. ,e;jg; ghlg;gFjpapy; NkYk; gy vjpu;Ntiyf;fhd #o;epiyfs; gw;wp 
fw;g;Nghk;. 
 
vLj;Jf;fhl;L 
 xU ngl;b 25 N tpirapdhy; 15 m ,lg;ngau;r;rp Vw;gLkhW 

,Of;fg;gLfpwJ. tpirf;Fk; ,lg;ngau;r;rpf;Fk; ,ilNa cs;s Nfhzk; 30 vdpy; 
tpirapdhy; nra;ag;gl;l Ntiyiaf; fhz;f. 
 

 
 
jPu;T 
 tpir F = 25 N 
 ,lg;ngau;r;rp dr = 15 m 

 F kw;Wk; dr ,ilNa cs;s Nfhzk;  = 30 nra;ag;gl;l Ntiy W = F dr 
cos   

W = 25 × 15 × cos30 = 25 × 15 × 



 

W = 324.76 J 
 

 
Nfhzk; ( ) kw;Wk; Ntiyapd;ik jd;ik 

Nfhzk; ( ) cos  Ntiy 

= 0 1 Neu;f;Fwp> ngUkk; 

0 << 90 
(FWq;Nfhzk;) 

0< cos < 1 Neu;f;Fwp 

=90 (nrq;Nfhzk;) 0 Rop 

90<< 180 -1 < cos < 0 vjpu;f;Fwp 
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=180 -1 vjpu;f;Fwp> ngUkk; 

 
 
khwh tpirapdhy; nra;ag;gl;l Ntiy 
 
 xU nghUspd; kPJ F vd;w khwh tpir nray;gLk;NghJ> tpirapdhy; dr vd;w rpW 
,lg;ngau;r;rpia Vw;gLj;jr; nra;ag;gl;l rpW Ntiy dWf;fhd njhlu;G 
 

dW= (F cos ) dr  
 
 njhlf;f epiy ri Kjy; ,Wjp epiy rf tiu ,lg;ngau;;r;rp Vw;gLj;j nra;ag;gLk; 
nkhj;j Ntiy> 
 

f

1

f f

f f

r

r

r r

r r

W= dW 

W= (F cos )dr =(F cos ) dr

(F cos )( )f ir r

 

= −



   

 
 fPo; cs;s gug;G khwhj tpirapdhy; nra;ag;gl;l Ntiyiaf; Fwpf;fpwJ. 
 
khwhj tpirapdhy; nra;ag;gl;l Ntiy 
 
vLj;Jf;fhl;L 
 
 epiwAs;s xU nghUs; 5 m cauj;jpy; ,Ue;J jiuapy; tpOfpwJ. 
GtpaPu;g;G tpirapdhy; nghUspd;kPJ nra;ag;gl;l Ntiy vd;d? (fhw;wpd; jiliag; 
Gwf;fzpf;fTk;. GtpaPu;g;G KLf;fk; g = 10 m s-2 vdf; nfhs;f). 
 
 
jPu;T 
 
 ,e;Neu;tpy; nghUspd; kPJ nray;gLk; tpir fPo; Nehf;fpa GtpaPu;g;G tpir 

m g  MFk;.,J khwh tpirahFk;. 
 
 GtpaPu;g;G tpirapdhy; nra;ag;gl;l Ntiy 

   

f

1

r

r

W = F.d r  

   

f

1

r

1

r

W =(cos ( .cos )( )fdr mg r r = −  

 
 NkYk; nghUshdJ glj;jpy; fhl;bAs;sthW fPo;Nehf;fpa GtpaPu;g;G tpirapd; 

F mg=  jpirapy; efUfpwJ. vdNt> mtw;wpw;fpilNa cs;s Nfhzk;  = 0, 

cos0 =1 kw;Wk; ,lg;ngau;r;rp (rf - ri) = 5 m 
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 W=mg 1( )fr r−  

W = 2 ×  × 5 =    
 
 vdNt nghUspd; kPJ nray;gLk; GtpaPu;g;G tpirapdhy; nra;ag;gl;l Ntiy 
Neu;f;Fwp kjpg;igg; ngWfpwJ. 
 
vLj;Jf;fhl;L 
 
 glj;jpy; fhl;bAs;sthW epiw m =  1kg nfhz;l xU nghUs;  = 

30rha;Tf;Nfhzk; nfhz;l 10m ePsKs;s cuha;tw;w jsj;jpy; NkypUe;J 
fPo;Nehf;fpr; rWf;FfpwJ. GtpaPu;g;G tpir kw;Wk; nrq;Fj;J tpirapdhy; nghUspd; 
kPJ nra;ag;gl;l Ntiyiaf; fzf;fpLf. GtpaPu;g;G KLf;fk; (g) = 10 ms-2 vdf; 
fUJf. 
 
 
 
jPu;T: 
 
 rha;Tj;jsj;jpy; nghUs; milAk; KLf;fk; gsin  vd Ke;ija 
ghlg;gFjpapy; fzf;fpl;Ls;Nshk;. 
 epA+l;ldpd; ,uz;lhk; tpjpg;gb> rha;Tj;jsj;jpy; nghUspd;kPJ nray;gLk; 
tpir F = mg sin . ,e;j tpirahdJ nghUspd; ,af;fk; KOtJk; khwhJ 
vd;gij mwpaTk;. 
 
 GtpaPu;g;G tpirapd; rha;Tj;jsj;jpd; fpilj;jsf; $wpdhy; (mgsin  ) 
nra;ag;gl;l Ntiy 
 

   W = F. cosdr Fdr =  
 
 ,q;F vd;gJ tpir (mg sin ) kw;Wk; nghUs; nry;Yk; jpirf;Fk; (dr) 

,ilNa cs;s NfhzkhFk;. ,e;Neu;tpy;> tpir (mg sin ) kw;Wk; ,lg;ngau;r;rp 

dr  Mfpait xNu jpirapy; cs;sd. vdNt  = 0kw;Wk; cos =1 

 
W = F dr = ( mg sinθ) ( dr) 
(dr = rha;jsj;jpd; ePsk;) 

1
W = 1  10 sin (30°)  10 = 100 50

2
J    =  

 
 mg cos vd;w $W kw;Wk; nrq;Fj;J tpir N Mfpait nghUs; nry;Yk; 
jpirf;Fr; nrq;Fj;jhf cs;sjhy; mit ve;j NtiyAk; nra;ahJ. 
 
vLj;Jf;fhl;L 
 
 Nky;Nehf;fp vwpag;gl;l 2 kg epiwAs;s xU nghUs; 5 m cauj;ij mile;J 
gpd;du; jiuapy; te;J tpOfpwJ (fhw;Wj;jiliag; Gwf;fzpf;fTk;) vdpy; 
gpd;tUtdtw;iw fzf;fpLf. 
 

(a) nghUs; 5 m cauj;ij milAk;NghJ GtpaPu;g;G tpirahy; nra;ag;gl;l 
Ntiy 
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(b) nghUs; kPz;Lk; jiuia milAk;NghJ GtpaPu;g;G tpirahy; nra;ag;gl;l 
Ntiy 

(c) GtpaPu;g;G tpirapdhy; Nky;Nehf;fpa kw;Wk; fPo;Nehf;fpa ,af;fj;jpy; 
nra;ag;gl;l nkhj;jNtiy kw;Wk; Kbtpd; ,aw;gpay; Kf;fpaj;Jtj;ijf; 
Fwpg;gpLf. 

 
jPu;T 
 
 nghUs; Nky;Nehf;fpr; nry;Yk;NghJ ,lg;ngau;r;rp Nky;Nehf;fpa jpirapYk; 
nghUspd; kPJ nray;gLk; GtpaPu;g;G tpir fPo;Nehf;fpa jpirapYk; nray;gLfpd;wd. 
vdNt ,lg;ngau;r;rpf;Fk; GtpaPu;g;G tpirf;Fk; ,ilNa cs;s Nfhzk; 180 MFk;. 
 

(a) Nky; Nehf;fpa ,af;fj;jpy; GtpaPu;g;G tpirapdhy; nra;ag;gl;l Ntiy  
 ,q;F dr = 5 m kw;Wk; F = mg 
 

   
oW  =Fdr cos mgdr cos180 =Nky;  

   

W 2 10 5 ( 1) 100 .

[cos180 1]o

joule=    − = −

= −

Nky;

 

(b) nghUs; fPo;Nehf;fp tpOk;NghJ GtpaPu;g;G tpir kw;Wk; ,lg;ngau;r;rp ,uz;Lk; 
xNu jpirapy; cs;sd. ,jd; %yk; GtpaPu;g;G tpirf;Fk; 
,lg;ngau;r;rpf;Fk; ,ilNa cs;s Nfhzk;    = 0vd mwpayhk;. 

 

  W cos 0oFdr=fPo;  

  

W 2 10 5 (1) 100

[cos0 1]o

joule=    =

=

foP ;

 

 
(c) nghUspd; KO gazj;jpd; NghJ (Nky;Nehf;fpa kw;Wk; fPo; Nehf;fpa  
   ,af;fk;) GtpaPh;g;G tpirapdhy; nra;ag;gl;l nkhj;j Ntiy  
W nkhj;jk; = WNky;+ WfPo; 
= -100J + 100J = 0  
 
GtpaPh;g;G tpirahdJ nghUspw;F vt;tpj Mw;wiyAk; khw;wtpy;iy vd;gij ,J 
Fwpf;fpwJ. nghUs; Nky;Nehf;fp vwpag;gLk;NghJ Gwf;fhuzpfshy; nghUSf;F 
Mw;wy; mspf;fg;gLfpwJ. nghUs; jpUk;g te;J jiuapy; NkhJk;NghJ nghUs; ngw;w 
Mw;wyhdJ Gtpg;gug;gpw;F khw;wg;gLfpwJ (jiuapDs; nry;fpwJ)  
 
vLj;Jf;fhl;L:  
(a) xU gS J}f;Fgth; 250 kg epiwia 5000 N tpirahy; 5 m cauj;jpw;F J}f;Ffpwhh;.  
 
(a) gSJ}f;Fgtuhy; nra;ag;gl;l Ntiy vd;d?  
(b) GtpaPh;g;G tpirahy; nra;ag;gl;l Ntiy vd;d?  
(c) nghUspd; kPJ nra;ag;gl;l epfu Ntiy vd;d?  
jPh;T:  
a. gSJ}f;Fgth; epiwiaj; J}f;Fk;NghJ tpirAk; ,lg;ngah;r;rpAk; xNu jpirapy; cs;sjhy; 
mtw;wpw;fpilNa cs;s Nfhzk; 0 = vdNt gSJ}f;Fgtuhy; nra;ag;gl;l Ntiy.  

 Wg.J} = FWhcos θ = Fwh(cos 0°) 
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  = 5000 × 5 ×  (1) = 25000 J = 25 kJ  
 
(b)gSJ}f;Fgth; epiwiaj; J}f;Fk;NghJ GtpaPh;g;Gtpir fPo;Nehf;fp  
nray;gLtjhy; tpirAk; ,lg;ngah;r;rpAk; vjpnujph; jpirapy;  
cs;sd. vdNt mtw;wpw;fpilNa cs;s Nfhzk; θ= 180° 

  W< = Fghcos θ = mgh (cos 180°)  
   = 250 × 10 × 5 (-1)  
   = -12500 J = - 12.5 kJ  
 
(c) nghUspd; kPJ nra;ag;gl;l epfu Ntiy (nkhj;j Ntiy)  
 Wepfuk; = Wg.J}+ W< 
  = 25 kJ – 12.5 kJ = + 12.5 kJ  
 
khWgLk; tpirapdhy; nra;ag;gl;l Ntiy  
 
khWgLk; tpir (F) xd;wpd; $W xU nghUspd; kPJ nray;gLk; NghJ dr vd;w rpW 
,lg;ngah;r;rpia Vw;gLj;j tpirapdhy; nra;ag;gl;l rpW Ntiy (dw) f;fhd njhlh;G  
  dW = (F cos) dr  
 (F cos θvd;gJF vd;w khWk; tpirapd; $W MFk;)  
,q;F>F kw;Wk; θMfpait khwpfs; MFk;. njhlf;f epiy riKjy; ,Wjpepiy rftiu 
,lg;ngah;r;rp Vw;gLj;j nra;ag;gl;l nkhj;j Ntiy  

  W = cos

f f

i i

r r

r r

dW F dr=   

khWgLk; tpirapdhy; nra;ag;gl;l Ntiy tiuglk; %yk; fhz;gpf;fg;gl;Ls;sJ. tiuglj;jpd; 
fPo; cs;s gug;G khWk; tpirapdhy; nra;ag;gl;l Ntiyiaf; Fwpf;fpwJ.  
 
vLj;Jf;fhl;L:  
 
njhlf;fj;jpy; xa;tpy; cs;s xU nghUspd; kPJ F = kx2 vd;w khWk; tpir nray;gLfpwJ. 
nghUshdJ x = 0 m Kjy; x = 4m tiu ,lg;ngah;r;rp mila tpirapdhy; nra;ag;gl;l 
Ntiyiaf; fzf;fpLf. (khwpyp k = 1 N m-2 vdf;fUJf)  
jPh;T:  
 nra;ag;gl;l Ntiy  

    
4

2

0

64
( )

3

f

i

x

x

W F x dx k x dx Nm= = =   

Mw;wy; (ENERGY):  
Mw;wy; vd;gJ Ntiy nra;Ak; jpwikNa MFk;. mjhtJ> nra;ag;gl;l Ntiy vd;gJ 
Mw;wypd; nray;ghNl MFk;. mjdhy; jhd; Ntiy kw;Wk; Mw;wy; ,uz;Lk; xNu 
ghpkhzj;ijf; nfhz;Ls;sd(ML2T-2).  
  Ntiy Mw;wy;  
Mw;wypd; Kf;fpakhd mk;rk; ahnjdpy; xU jdpj;j mikg;gpw;F midj;J tif Mw;wy;fspd; 
$Ljy;> mjhtJ nkhj;j Mw;wy; ve;jr; nray;ghl;bYk; vt;tifahd mfkhw;wq;fs; 
Vw;gl;lhYk; khwhky; ,Uf;Fk;. ,jd; nghUshdJ xU tbtpy; kiwAk; Mw;wy; kw;nwhU 
tbtpy; ntspg;gLk;. ,JNt Mw;wy; khwh tpjp vdg;gLk;. ,g;ghlg;gFjpapy; ehk; ,ae;jpu 
Mw;wy; gw;wp kl;Lk; fw;g;Nghk;.  
 
,e;jpu Mw;wy; ,U tifg;gLk;.  
 1. ,af;f Mw;wy;  
 2. epiy Mw;wy;  
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xU nghUs; jdJ ,af;fj;jpdhy; nfhz;Ls;s Mw;wy; ,af;f Mw;wy; vdg;gLk;. xU nghUs; 
jdJ epiyg;ghl;bdhy; nfhz;Ls;s Mw;wy; epiy Mw;wy; MFk;.  
 
Mw;wypd; SI myfhdJ nra;ag;gl;l Ntiyapd; myNf MFk;.mjhtJ N m (my;yJ) [Py; 
(J). Mw;wypd; ghpkhzk;> nra;ag;gl;l Ntiyapd; ghpkhzNk MFk;. mjd; ghpkhzk; (ML2T-2) 
MFk;. Mw;wypd; NtW myFfs; kw;Wk; mtw;wpd; SI kjpg;Gfs; ml;ltiz ,y; 
fhzgpf;fg;gl;Ls;sd.   
 
Mw;wypd; kw;w myFfSf;Fr; rkkhd SI kjpg;Gfs;:  
 

myF  ,izahd [{y; kjpg;Gfs;  
1 Vh;f; (CGS myF)  10-7J 

1 vyf;l;uhd; Nthy;l; (eV) 1.6 × 10-19 J  

1 fNyhhp (cal) 4.186 J  

1 fpNyhthl; kzp (kWh) 3.6 ×106 J 
 
,af;f Mw;wy; (Kinetic Energy): 
 
,af;f Mw;wy; vd;gJ xU nghUs; mjd; ,af;fj;jhy; ngw;Ws;s Mw;wyhFk;. midj;J 
,aq;Fk; nghUl;fSk; ,af;f Mw;wiyf; nfhz;Ls;sd. ,af;fj;jpy; cs;s xU nghUs; 
Ntiy nra;tjw;fhd jpwikiag; ngw;wpUf;Fk;. cjhuzkhf> xU Mzpapd; kPJ xa;T 
epiyapy; itf;fg;gl;l xU Rj;jpay; Mzpia kuj;jpDs; nrYj;jhJ. mNjrkak; glk; 
fhl;bathW me;j Rj;jpayhy; Mzpia mbf;Fk; NghJ mJ Mzpia kuj;jpDs; 
nrYj;JfpwJ. xU nghUs; ,aq;Fk;NghJ> ,af;fj;jpw;fhf nra;ag;gLk; Ntiyapd; msthf 
,af;f Mw;wy; mstplg;gLfpwJ. ,aq;Fk; nghUspd; ,af;fj;jpw;fhf nra;ag;gl;l Ntiyapd; 
msT nghUspd; epiw kw;Wk; jpirNtfj;jpd; vz; kjpg;G Mfpatw;iwr; rhh;e;jJ. ,af;fj;jpy; 
,y;yhj xU nghUs; ,af;f Mw;wiyf; nfhz;bUf;fhJ.  
 
Ntiy - ,af;f Mw;wy; Njw;wk;:  
 
NtiyAk; Mw;wYk; rkkhdit. ,J ,af;f Mw;wYf;Fk; nghUe;Jk;. ,jid ep&gpf;f m 
epiwAs;s xU nghUs; cuha;tw;w fplj;jsg; gug;gpy; xa;tpy; ,Ug;gjhff; fUJNthk;.  
 
(F) vd;w khwh tpirapdhy; mNj jpirapy; (s) vd;w ,lg;ngah;r;rpia Vw;gLj;j nra;ag;gl 
Ntiy  
   W = Fs 
khwhj tpirf;fhd rkd;ghL> 
   F = ma  
%d;whtJ ,af;fr; rkd;ghl;il ,t;thW vOjyhk;.  
   v2 = u2 + 2as  

   a = 
2 2

2

v u

s

−
 

 a ,d; kjpg;ig rkd;ghL ,y; gpujpapl  

   
2 2

2

v u
F m

s

 −
=  

 
 

rkd;ghL> gpujpapl 

   
2 2

2 2

v u
W m s s

s s

  
=   

  
 

   w = 2 21 1

2 2
mv mu−  
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,af;f Mw;wYf;fhd Nfhit:  

Nkw;fz;l rkd;ghl;by; 21

2
mv

 
 
 

vd;gJ (v) jpirNtfj;jpy; ,aq;Fk; (m) epiwAs;s nghUspd; 

,af;f Mw;wiyf; Fwpf;Fk;.  

  KE = 21

2
mv  

nghUspd; ,af;f Mw;wy; vg;nghOJk; Neh;Fwp kjpg;GilajhFk;.  
rkd;ghL kw;Wk; ,y; ,Ue;J  

  ∆KE = 2 21 1

2 2
mv mu−  

  vdNtW = ∆KE 
rkd;ghL ,y; tyJ gf;fj;jpy; cs;s Nfhit nghUspd; ,af;f Mw;wy; khWghL (∆KE) 
MFk;.  
 
nghUspd; kPJ tpirapdhy; nra;ag;gl;l Ntiy nghUspd; ,af;f Mw;wiy khw;WfpwJ 
vd;gij ,J Fwpf;fpwJ. ,JNt Ntiy - ,af;f Mw;wy; Njw;wk; vdg;gLk;.  
 
Ntiy - ,af;f Mw;wy; Njw;wkhdJ fPo;fhz;gtw;iw czh;j;JfpwJ.  
 

1. nghUspd; kPJtpirapdhy; nra;ag;gl;l Ntiy Neh;f;Fwpahf ,Ue;jhy; mjd; ,af;f 
Mw;wy; mjpfhpf;fpwJ.  

 
2. nghUspd; kPJ tpirapdhy; nra;ag;gl;l Ntiy vjph;Fwpahf ,Ue;jhy; mjd; ,af;f 

Mw;wy; FiwfpwJ.  
 

3. nghUspd; kPJ tpirapdhy; Ntiy VJk; nra;ag;gltpy;iy vdpy; mjd; ,af;f 
Mw;wy; khwhJ. ,J> nghUspd; epiw khwhj NghJ tpirapdhy; nghUshdJ khwh 
Ntfj;jpy; ,aq;fpaJ vd;gij Fwpf;fpwJ.  

 
ce;jk; kw;Wk; ,af;f Mw;wy; ,ilNa cs;s njhlh;G:  
 

m epiwAs;s xU nghUs; v vd;w jpirNtfj;jpy; ,aq;Ftjhff; fUJNthk;. mjd; 

Neh;Nfhl;L ce;jk; p mv= kw;Wk; mjd; ,af;f Mw;wy;> 

  KE = 
1

2
mv2 

  KE = 
1

2
mv2 = 

1

2
m ( . )v v  

rkd;ghL ,d; gFjp kw;Wk; njhFjpia epiw m My; ngUf;f  

  
21 ( . )

2

m v v
KE

m
=   

  
1 ( ).( )

[ ]
2

mv mv
p mv

m
= =  

  
1 .

2

p p

m
=  

   = 
2

2

p

m
 

  KE = 
2

2

p

m
=   
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,q;F p vd;gJ ce;jj;jpd; vz; kjpg;ghFk;. Neh;Nfhl;L ce;jj;jpd; vz; kjpg;ig ,t;thW 

ngwyhk;.  

   2 ( )p p m KE= =  

,af;f Mw;wy; kw;Wk; epiw nfhLf;fg;gl;lhy; ce;jj;jpd; vz; kjpg;ig kl;LNk fzf;fpl 
,aYk;. Mdhy; ce;jj;jpd; jpiriaf; fzf;fpl ,ayhJ vd;gij mwpaTk;. vndd;why; 
,af;f Mw;wy; kw;Wk; epiw Mfpait ];Nfyh; msTfshFk;.  
 
vLj;Jf;fhl;L  
2 kg kw;Wk; 4 kg epiw nfhz;l ,U nghUs;fs; 20 kg m s-1 vd;w rk ce;jj;Jld; 
,aq;Ffpd;wd.  
(a) mit rk ,af;f Mw;wiyg; ngw;wpUf;Fkh?  
(b) mit rk Ntfj;ijg; ngw;wpUf;Fkh?  
jPh;T:  
 (a) nghUspd; ,af;f Mw;wy;  

   
2

2

p
KE

m
=  

 2 kg epiwAs;s nghUspd; ,af;f Mw;wy; 

   
2

1

(20) 400
100

2 2 4
KE J= = =


 

 4 kg epiwAs;s nghUspd; ,af;f Mw;wy;  

   
2

2

(20) 400
50

2 4 8
KE J= = =


 

KE1KE2 vd mwpaTk;. mjhtJ ,UnghUl;fSk; rk ce;jj;ijg; ngw;wpUe;jhYk; mtw;wpd; 
,af;f Mw;wy; rkky;y. fdkhd nghUs; ,Nyrhd nghUis tpl Fiwthd ,af;f 
Mw;wiyg; ngw;Ws;sJ. Vndd;why; nfhLf;fg;gl;l ce;jj;jpw;F ,af;f Mw;wyhdJ epiwf;F 
vjph; tpfpjj;jpy; cs;sJ.  

    
1

( )KE
m

  

(b) ce;jk; p = mv vd;gjhy; ,U nghUl;fSk; rk Ntfj;ijg; ngw;wpUf;fhJ.  
 
epiy Mw;wy; (Potential Energy):  
 
xU nghUspd; epiy Mw;wy; vd;gJ Rw;Wg;Gwj;ijg; nghWj;J mjd; epiy kw;Wk; mikg;igr; 
rhh;e;jJ. Vndd;why; nghUspd; kPJ nray;gLk; gy;NtW tpirfSk; mjd; epiy kw;Wk; 
mikg;igr; rhh;;e;jNj.  
 
(P vd;w Gs;spapy; cs;s xU nghUspd; epiy Mw;wy; vd;gJ mg;nghUis xU njhlf;f 
epiyg; Gs;sp O (njhlf;f epiy) Kjy; Gs;sp P (,Wjpepiy) tiu khwh jpirNtfj;jpy; 
efh;j;j Gwtpirahy; nra;ag;gl;l Ntiyapd; msT vd tiuaWf;fg;gLfpwJ). O vd;w 
njhlf;fg; Gs;spapy; epiy Mw;wy; Rop vd vLj;Jf; nfhs;syhk;.  
  fzpjtpaypd; gb> epiy Mw;wy;  

   .
a

U F dr=   

,q;F njhifaPl;bd; vy;iy (limit) njhlf;f epiyg;Gs;sp O Kjy; ,Wjp epiyg;Gs;sp P tiu 
mikAk;.  
 
epiy Mw;wy; gy tifg;gLk;. xt;nthU tifAk; xU Fwpg;gpl;l tpirAld; njhlh;GilaJ. 
cjhuzkhf> 
 

1. Gtp<h;g;G tpirapdhy; nghUs; ngw;Ws;s Mw;wyhdJ <h;g;G mOj;j Mw;wy; MFk;.  
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2. RUs;tpy; tpir kw;Wk; ,J Nghd;w ,izahd tpirfspdhy; ngwg;gLk; Mw;wyhdJ 

kPl;rpaOj;j Mw;wy; MFk;.  
 

3. epiy kpd;dpay; tpirahy; ngwg;gLk; Mw;wy; kpd;dOj;j Mw;wy; MFk;.  
Mw;wy; khw;wh tpirfisg; gw;wp ghlg;gFjp NkYk; tphpthff; fhzyhk;. jw;NghJ ehk; <h;g;G 
mOj;j Mw;wy; kw;Wk; kPl;rpaOj;j Mw;wy; gw;wp tphpthf tpthjpf;fyhk;.  
 
Gtpg;gug;gpw;F mUfpy; epiy Mw;wy;:  
GtpapypUe;J h cauj;jpy; <h;g;G mOj;j Mw;wy; (U) vd;gJ nghUis jiuapypUe;J h 
cauj;jpw;F khwh jpirNtfj;jpy; nfhz;L nry;yj; Njitahd Ntiyapd; msTf;Fr; 
rkkhFk;.  
 
(m) epiwAs;s xU nghUs; jiuapypUe;J h cauj;jpw;F GtpaPh;g;G tpirf;F vjpuhf 
efh;j;jg;gLtjhff; fUJNthk;.  
 

nghUspd; kPj nray;gLk; Gtp<h;g;G tpir ( )gF MdJ gF mg j=−   (tpirahdJ y jpirapy; 

cs;sjhy; myF ntf;lh; j ,q;F gad;gLj;jg;gLfpwJ). ,q;F vjph;FwpahdJ tpir 
nrq;Fj;jhf fPo;Nehf;fp nray;gLtijf; Fwpf;fpwJ. nghUis KLf;fk; ,d;wp (khwh 

jpirNtfj;Jld;) efh;j;j> Gtp<h;g;G tpir ( )gF f;F rkkhd vz; kjpg;igAk; vjph;jpiriaAk; 

nfhz;l aF vd;w Gwtpir xd;W nghUspd; kPJ nray;gLj;jgl Ntz;Lk;. mjhtJ 

( )a gF F=− ,J aF mg j=+ vd;gijf; Fwpf;fpwwJ. Neh;f;FwpahdJ nray;gLj;jg;gl;l tpir 

Nky;Nehf;fp nrq;Fj;jhf cs;sJ vd;gijf; Fwpf;fpwJ. vdNt nghUs; Nky;Nehf;fp 
cah;j;jg;gLk; NghJ mjd; jpirNtfk; khwhky; ,Uf;Fk;. mjdhy; mjd; ,af;f Mw;wYk; 
khwhJ. 'h' cauj;jpy; <h;g;G mOj;j Mw;wy; (U) vd;gJ nghUis jiuapypUe;J (h) 
cauj;jpw;F nfhz;L nry;y Njitahd Ntiyapd; msthFk;.  

   U = 
0

. cos

h

a aF dr F dr =   

,lg;ngah;r;rpAk; nray;gLj;jg;gl;l tpirAk; mNj Nky;Nehf;fpa jpirapy; cs;sjhy; 

mtw;wpw;fpilNa cs;s Nfhzk;>θ = 0°. vdNt cos 0° = 1 kw;Wk; ,aF mg dr dr= =   

   U = mg
0

h

dr  

   U =  
0

h
mg r mgh=  

nghUspy; Nrkpf;fg;gl;Ls;s epiyahw;wyhdJ Gwtpirapdhy; nra;ag;gl;l Neh;Fwp kjpg;Gs;s 
Ntiyapd; %yk; tiuaWf;fg;gLfpwJ vd;gij mwpaTk;. ,ay;ghf ,J Fwpg;gJ ahnjdpy; 
Gwtpiriar; nray;gLj;Jk; mikg;G nghUSf;F Mw;wiy khw;WfpwJ kw;Wk; mJ 
epiyahw;wyhfr; Nrkpf;fg;gLfpwJ.nghUshdJ h cauj;jpypUe;J tPOe;jhy; Nrkpf;fg;gl;Ls;s 
epiyahw;wy; ,af;f Mw;wyhf khw;wg;gLfpwJ.  
 
xU nghUspd; kPJ Gwtpir nray;gLk; NghJ mg;nghUs; vt;thW Rop KLf;fj;Jld; 
(khwh jpirNtfj;jpy;) ,aq;Fk;?  
nray;gLj;jg;gLk; Gwtpirf;F rhpahf vjph;jpirapy; kw;nwhU tpir nray;gl;lhy; ,J 
rhj;jpaNk. mit ,uz;Lk; rkkhd vz;kjpg;igf; nfhz;L> xd;Wf;nfhd;W vjph; 
jpirapy; nray;gLtjhy;> nghUspd; kPJ nray;gLk; epfutpir RopahFk;. vdNt 
nghUshdJ Rop KLf;fj;Jld; ,aq;Fk;. 
ehk; epiyahw;wiy tiuaiw nra;Ak;NghJ nghUshdJ Vd; khwh jpirNtfj;jpy; 
efh;j;jg;gl Ntz;Lk;? nghUshdJ khwh jpirNtfj;jpy; efutpy;iy vd;why; mJ 
njhlf;f kw;Wk; ,Wjp epiyfspy; khWgl;l jpirNtfq;fisf; nfhz;bUf;Fk;. Ntiy 
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- ,af;f Mw;wy; Njw;wg;gb GwtpirahdJ $Ljyhf ,af;f Mw;wiyr; nrYj;Jk;. 
Mdhy; ehk; epiyahw;wiy GtpaPh;g;G tpir> RUs;tpy; tpir kw;Wk; $Yk; tpir 
Nghd;w tpirfSf;F tiuaWj;Js;Nshk;. vdNt nghUis njhlf;f epiy Kjy; 
,Wjpepiy tiu efh;j;jk;NghJ Gw mikg;G (Gw tpir) ve;j ,af;f Mw;wiyAk; 
nrYj;jf;$lhJ.  
 
vLj;Jf;fhl;L:  
2 kg epiwAs;s nghUs; jiuapypUe;J 5 m cauj;jpw;Ff; nfhz;L nry;yg;gLfpwJ (g = 10 
ms-2) vdpy;  
(a) nghUspDs; Nrkpf;fg;gl;Ls;s epiyahw;wy; ahJ?  
(b) ,e;j epiyahw;wy; vq;fpUe;J fpilj;jJ?  
(c) nghUis me;j cauj;jpw;F vLj;Jr; nry;y vt;tsT Gwtpir  
    nray;gl Ntz;Lk;?  
(d). nghUshdJ 'h' cauj;jpw;F vLj;Jr; nry;yg;gLk; NghJ mjd; kPJ  
   nray;gLk; epfu tpir ahJ?  
jPh;T:  
 
a. epiyahw;wy; U = m g h = 2 × 10 × 5 = 100 J ,q;F Neh;f;FwpahdJ nghUspDs; Mw;wy; 
Nrkpf;fg;gl;Ls;sijf; Fwpf;fpwJ.  
 
b. ,e;j epiyahw;wyhdJ> Gw tpiria  nray;gLj;Jk; ntspg;Gw mikg;gpypUe;J 
nghUSf;F khw;wg;gl;Ls;sJ.  
 

c. nghUis 5 m cauj;jpw;F vLj;Jr; nry;y nray;gLj;jg;gl;l Gw tpir MdJ ( )aF MdJ 

a gF F=−  

   ( )aF mg j mg j=− − =      

j MdJ nrq;Fj;jhf Nky;Nehf;fpj; jpirapy; nray;gLk; xuyF ntf;lh; MFk;.  
 
d) epiyahw;wypd; tiuaiwapy; ,Ue;J> nghUshdJ khwhj;  
 jpirNtfj;jpy; efh;j;jg;gl Ntz;Lk;. vdNt> nghUspd; kPJ  
 nray;gLk; epfu tpir Rop MFk;.  

  0g aF F+ =  
 
kPl;rp epiy Mw;wy; (Elastic Potential Energy):  
 
xU RUs;tpy; ePl;rpailar; nra;ag;gl;lhy; mjDs; xU kPs;tpir cUthfpwJ. RUs;tpy;iy 
ePl;rpf;ff;$ba my;yJ mOf;ff;$ba tpirapdhy; RUs;tpy; ngw;Ws;s epiy Mw;wy; kPl;rp 
epiy Mw;wy; vdg;gLk;. kPs; tpirf;F vjpuhfr; nray;gLj;jg;gl;l tpirapdhy; nra;ag;gl;l 
Ntiy RUs;tpy;ypy; kPl;rp epiy Mw;wyhfr; Nrkpf;fg;gLfpwJ.  
 
xU RUs;tpy; - epiw mikg;igf; fUJf. fhl;bathW cuha;tw;w fpilj;js Nkirapy; m 
vd;w epiw itf;fg;gl;Ls;sjhf fUJNthk;.  
 
,q;F x = 0 vd;gJ rkepiyg; Gs;sp MFk;. RUs;tpy;ypd; xU Kid xU jplkhd RthpYk; 
kWKid epiwAlDk; ,izf;fg;gl;Ls;sJ.  
 
RUs;tpy;yhdJ rkepiyapy; ,Uf;Fk; tiu mjd; epiw Mw;wy; RopahFk;. jw;NghJ xU 

Gwtpir ( )aF RUs;tpy; epiw kPJ nray;gLj;jg;gl;L tpirapd; jpirapy; (x) njhiyT 

ePl;rpailfpwJ.  
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RUs;tpy; tpir ( )sF vd;wiof;fg;gLk; xU kPs;tpir RUs;tpy;ypy; cUthfp epiwia mjd; 

njhlf;f epiyf;Ff; nfhz;Ltu KaYfpwJ. nray;gLj;jg;gl;l tpir kw;Wk; RUs;tpy; tpir 

Mfpait vz;kjpg;gpy; rkkhfTk; vjpnujph; jpirapYk; cs;sd. mjhtJ ( )a sF F=− . `Pf; 

tpjpapd; gb> RUs;tpy;ypy; cUthFk; kPs;tpir> 

  sF k x=−  

Nkw;fz;l rkd;ghl;by; cs;s vjph;f;FwpahdJ RUs;tpy;tpir vg;NghJk; ,lg;ngah;r;rp ( )x f;F 

vjph;j;jpirapy; cs;sJ vd;gijf; Fwpf;fpwJ kw;Wk; k vd;gJ tpir khwpyp MFk;. vdNt 

nray;gLj;jg;gl;l tpir aF kx=+ . Neh;FwpahdJ nray;gLj;jg;gl;l tpir ,lg;ngah;r;rpapd; 

jpirapy; cs;sJ vd;gijf; Fwpf;fpwJ. RUs;tpy; tpir ,lg;ngah;r;rp xI rhh;e;jpUg;gjhy; 
,J khWk; tpirf;F xU vLj;Jf;fhl;lhFk;. RUs;tpy; dx vd;w rpW njhiyTf;F 

ePl;rpailtjhff; fUJNthk;. RUs;tpy;ypd; kPJ nray;gLj;jg;gl;l tpirapdhy; x,lg;ngah;r;rp 
miltjw;F nra;ag;gl;l Ntiy kPl;rp epiy Mw;wyhf Nrkpf;fg;gLfpwJ.  

   
0

. cos

x

a aU F dr F dr = =   

   
0

cos

x

aF dx =   

nray;gLj;jg;gl;l tpir aF kw;Wk; ,lg;ngah;r;rp dr  (mjhtJ ,q;F dx) Mfpait xNu 
jpirapy; cs;sd. njhlf;f epiyiar; rkepiy my;yJ epLepiyahf vLj;Jf;nfhz;lhy; x = 
0 vd;gJ njhifaPl;bd; fPo; vy;iyahf cs;sJ.  

   
0

x

U kxdx=   

   
2

0
2

x

x
U k

 
=  

 
 

   2

2
U kx


=  

njhlf;fepiy Ropapy;iy vdpy; epiwahdJ epiy xiKjy; xftiu efh;j;jg;gl;lhy; kPl;rp epiy 
Mw;wy;  

      ( )2 21

2
f iU k x x= −  

rkd;ghL kw;Wk; %yk; mwptJ ahnjdpy; ePl;lg;gl;l RUs;tpy;ypd; epiy Mw;wyhdJ tpir 
khwpyp k kw;Wk; ePl;rp my;yJ mKf;fk; x Mfpatw;iwr; rhh;e;jJ. 
 
RUs;tpy;ypDs; Nrkpf;fg;gl;Ls;s epiy Mw;wyhdJ RUs;tpy;Yld; 
,izf;fg;gl;Ls;s epiwiar; rhh;e;jjy;y.  
 
RUs; tpy;ypd; tpir - ,lg;ngah;r;rp tiuglk;:  
tpirAk; ,lg;ngah;r;rpAk; F = - kx vd;w Neh;tpfpjj; njhlh;gpy; cs;sjhYk; kw;Wk; mit 
vjpnujph; jpirapy; ,Ug;gjhYk; F kw;Wk; x ,ilNa cs;s tiuglkhdJ fhl;bAs;sthW 
,uz;L kw;Wk; ehd;fhtJ fhy;gFjpapy; kl;LNk mike;j Neh; Nfhlhf cs;sJ. ,J F – x 
tiuglk; tiutjd; %yk; kPl;rp epiy Mw;wiy vspjhff; fzf;fplyhk;. epoyplg;gl;l gug;G 
(Kf;Nfhzk;) RUs;tpy; tpirahy; nra;ag;gl;l Ntiy MFk;.  

  gug;G = 
1

2
 (mbg;gf;fk;) (cauk;) 

1
( ) ( )

2
x kx=    
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    = 21

2
kx  

RUs;tpy;ypd; epiy Mw;wy; - ,lg;ngah;r;rp tiuglk; 
 xU mKf;fg;gl;l my;yJ ePl;lg;gl;l RUs;tpy; jd;Ds; Nrkpf;fg;gl;l epiy Mw;wiy 
mjDld; ,izf;fg;gl;l epiwapd; ,af;f Mw;wyhf khw;WfpwJ. epiy Mw;wy; - 
,lg;ngah;r;rp tiuglkhdJ fhl;lg;gl;Ls;sJ. cuha;tw;w #oypy;> Mw;wyhdJ mikg;gpd; 
nkhj;j Mw;wy; khwhjthW ,af;f Mw;wypy; ,Ue;J epiy Mw;wyhfTk; kw;Wk; epiy 
Mw;wypy; ,Ue;J ,af;f Mw;wyhfTk; kPz;Lk; kPz;Lk; khw;wkilfpwJ rkepiyapy;> 
   ∆KE = ∆U 
vLj;Jf;fhl;L :  
xU RUs;tpy;fs; A kw;Wk; B apd; RUs;khwpypfs; vd;wthW cs;sd. mit rk tpirfshy; 
ePl;rpailar; nra;ag;gl;lhy; ve;j RUs;tpy;ypd; kPJ mjpf Ntiy nra;ag;gl Ntz;Lk;?  
jPh;T:  
 F = kAxA = kBxB 

 xA = ; B

A B

F F
x

k k
= =  

RUs;tpy;fs; kPJ nra;ag;gl;l Ntiy RUs;tpy;fspy; epiy Mw;wyhf Nrkpf;fg;gLfpwJ.  

  2 21 1
;

2 2
A A A B B BU k x U k x= =  

  

2

2

22

1

1

A

AA A A A

B B B

B
B

B

F
k

kU k x k

U k x F
k kk

 
 
 = = =
 
 
 

 

  A B

B A

U k

U k
=  

kA> kBFwpg;gJ UB> UAMFk;. vdNt A– it tpl B - ,d; kPJ mjpf Ntiy nra;ag;gl 
Ntz;Lk;. 
 
m epiwAs;s xU nghUs; RUs;tpy;Yld; ,izf;fg;gl;L> nray;gLj;jg;gLk; tpirapdhy; mJ 
eLepiyapy; ,Ue;J 25 cm mstpw;F ePl;rpailfpwJ.  
a. RUs;tpy; - epiw mikg;gpy; Nrkpf;fg;gl;l epiy Mw;wiyf;  
    fzf;fpLf.  
b. ,e;j ePl;rpapy; RUs;tpy; tpirahy; nra;ag;gl;l Ntiy ahJ?  
c. RUs;tpy;yhdJ mNj 25 cm mstpw;F mKf;fg;gl;lhy; Nrkpf;fg;gLk;  
  epiy Mw;wy; kw;Wk; mKf;fj;jpd;NghJ RUs;tpy; tpirahy;  
  nra;ag;gl;l Ntiy Mfpatw;iwf; fzf;fpLf. (RUs;tpy; khwpyp k =  
0.1 n m-1) 
 
jPh;T:  
 RUs;tpy; khwpyp k = 0.1 N m-1 
 ,lg;ngah;r;rp x = 25 cm = 0.25 m  
a. RUs;tpy;ypy; Nrkpf;fg;gl;l epiy Mw;wy;  

 2 21 1
0.1 (0.25) 0.0031

2 2
U kx J= =   =  

b. RUs;tpy; tpir F My; nra;ag;gl;l Ntiy Wskjpg;G  

   ( )
0 0

. .( )

x x

sWs F dr k xi dxi= = −   
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RUs;tpy; sF tpir vjph;f;Fwp x mr;rpd; jpirapy; nray;gLfpwJ. mNjrkak; ePl;rpahdJ 
Neh;f;Fwp x mr;rpd; jpirapy; nray;gLfpwJ.  

    2

0

1
( )

2

x

sW kx dx kx= − =−  

   21
0.1 (0.25) 0.0031

2
sW J=−   = −  

ntspg;Gw mikg;ghy; nra;ag;gl;l Ntiyapd; %yk; epiy Mw;wiy tiuaWf;fyhk;. epiy 
Mw;wypy; cs;s Neh;f;Fwp> Mw;wyhdJ mikg;gpypUe;J nghUSf;F khw;wg;gLtijf; 
Fwpf;fpwJ. Mdhy; ,e;Neh;tpy; kPs; tpirahy; nra;ag;gl;l Ntiy vjph;f;Fwp kjpg;GilaJ. 
Vndd;why; kPs;tpirahdJ ,lg;ngah;r;rpapd; jpirf;F vjph;j;jpirapy; nray;gLfpwJ.  
 
c. mKf;fj;jpd; NghJk; nghUspy; mNj msT epiy Mw;wy;  
Nrkpf;fg;gLfpwJ.  

  21
0.0031

2
U kx J= =  

mKf;f g;gLk; NghJ RUs;tpy; kPs; tpirahy; nra;ag;gl;l Ntiy  

   ( ). ( ).

x x

s rs

o o

W F d kxi dxi= = −     

mKf;fg;gLk; Neh;tpy; RUs;tpy; kPs;tpir Neh;f;Fwp x mr;ir Nehf;fp nray;gLfpwJ kw;Wk; 
,lg;ngah;r;rpahdJ vjph;f;Fwp x mr;rpd; jpirapy; cs;sJ.  
 
Mw;wy; khw;wh kw;Wk; Mw;wy; khw;Wk; tpirfs; (Conservative force and Non conservative 
force) 
Mw;wy; khw;wh tpir (Conservative Force):  
xU nghUis efh;j;Jk; NghJ tpirapdhy; my;yJ tpirf;nfjpuhf nra;ag;gl;l Ntiy 
nghUspd; njhlf;f kw;Wk; ,Wjp epiyfis kl;Lk; rhh;e;Jk;> nghUspd; njhlf;f kw;Wk; ,Wjp 
epiyfSf;fpilNa nrd;w ghijapd; ,ay;igr; rhuhkYk; ,Ug;gpd;; mt;tpir> Mw;wy; khw;wh 
tpir vdg;gLk;.  
 
Gtpapy; A vd;w Gs;spapy; cs;s xU nghUisf; fUJNthk;. ,jid h cauj;jpy; cs;s B 
vd;w kw;nwhU Gs;spf;F %d;W ghijfspy; vLj;Jr; nry;yyhk;.  
 
ghij vt;thW ,Ug;gpDk; njhlf;f kw;Wk; ,Wjp epiyfs; khwhky; ,Uf;Fk; tiu GtpaPh;g;G 
tpirf;nfjpuhf nra;ag;gl;l Ntiy khwhJ. ,JNt GtpaPh;g;G tpirahdJ Mw;wy; khw;wh 
tpirahf ,Ug;gjw;F fhuzkhFk;. Mw;wy; khw;wh tpir epiy Mw;wypd; vjph;f;Fwp rha;Tf;F 
rkkhFk;.  
xU ghpkhz Neh;tpy;  

   
x

dU
F

dx
=  

kPl;rp RUs;tpy; tpir> epiykpd;dpay; tpir> fhe;jtpir> GtpaPh;g;G tpir Nghd;wit Mw;wy; 
khw;wh tpirfSf;F cjhuzq;fs; MFk;.  
 
Mw;wy; khw;Wk; tpir (Non-Conservative Force)  
 
xU nghUis tpirapdhy; my;yJ tpirf;nfjpuhf efh;j;jr; nra;ag;gl;l Ntiy njhlf;f 
kw;Wk; ,Wjp epiyfSf;fpilNa cs;s ghijiar; rhh;e;jpUg;gpd; mt;tpir Mw;wy; khw;Wk; 
tpir vdg;gLk;. ,jd; nghUs; ntt;NtW ghijfspy; nra;ag;gl;l Ntiyapd; kjpg;G khWgLk; 
vd;gjhFk;.  
 
1. cuha;T tpirfs; Mw;wy; khw;Wk; tpirfs; MFk;. Vndd;why; cuha;Tf;F vjpuhf 

nra;ag;gl;l Ntiy nghUs; efh;e;j ghijapd; njhiyitr; rhh;e;jJ.  
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2. fhw;Wj;jilahy; Vw;gLk; tpir> ghfpay; tpir MfpaitAk; Mw;wy; khw;Wk; tpirfs; 

MFk;. ,t;tpirahy; my;yJ  
 
Mw;wy; khw;wh kw;Wk; Mw;wy; khw;Wk; tpirfis xg;gpLjy;:  
 
t.vz; Mw;wy; khw;wh tpirfs; Mw;wy; khw;Wk; tpirfs; 

1. nra;ag;gl;l Ntiy ghijiar; 
rhh;e;jjy;y  

nra;ag;gl;l Ntiy ghijiar; rhh;e;jJ  

2. xU Rw;wpy; nra;ag;gl;l Ntiy 
RopahFk;  

xU Rw;wpy; nra;ag;gl;l Ntiy 
Ropay;y  

3. nkhj;j Mw;wy; khwhJ Mw;wyhdJ ntg;g Mw;wy;> xsp 
Mw;wyhf ntspg;gLfpwJ 

4. nra;ag;gl;l Ntiy KOtJk; 
kPl;fg;glf; $baJ 

nra;ag;gl;l Ntiy KOtJk; 
kPl;fg;glf; $baJ my;y. 

5. tpirahdJ epiy Mw;wypd; 
vjph;f;Fwp rha;Tf;F rkkhFk; 

mJ Nghd;w njhlh;G ,y;iy 

 
tpirf;nfjpuhf nra;ag;gl;l Ntiy ,af;fj;jpd; jpirNtfj;ijr; rhh;e;jJ.  
 
Mw;wy; khw;wh kw;Wk; Mw;wy; khw;Wk; tpirfspd; gz;Gfs; njhFf;fg;gl;Ls;sd.  
 
vLj;Jf;fhl;L:  
fPo;fz;l Neh;Tfspy; GtpaPh;g;G tpirapdhy; nra;ag;gl;l Ntiyiaf; fzf;fpLf.  
 
 
jPh;T:  

  tpir ( )F mg j mg j= − = −  

  ,lg;ngah;r;rp ntf;lh; dr dxi dy j= +  

 (,lg;ngah;r;rp ,U ghpkhzj;jpy; cs;sjhy; myF ntf;lh;fs; i kw;Wk; j

 gad;gLj;jg;gLfpwJ)  
  
(a) ,af;fkhdJ nrq;Fj;jhf kl;Lk; cs;sjhy;> ,lg;ngah;r;rpapd; fpilj;jsf;$W dx 
RopahFk;. vdNt ghij 1 ,d; topNa tpirapdhy; nra;ag;gl;l Ntiy (h njhiytpw;F)  

  ( ) ( ). .

B B

A A

W F dr mg j dy j= = − ghij1  

  = -mg
0

h

dy  = -mgh  

ghij 2 ,y; nra;ag;gl;l nkhj;j Ntiy  

 . . . .

B C D B

A A C D

W F dr F dr F dr F dr= = + +   ghij2  

Mdhy;  

  
( ) ( ). . 0

C C

A A

F dr mg j dxi= − = 
 

 
 

   ( ). ( ).

D D

C C

F dr mg j dy j= −   
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   = 
0

h

mg dy mgh=  

  ( ) ( ). . 0

B B

D D

F dr mg j dxi= − − =   

vdNt ghij 2 ,d; topNa tpirapdhy; nra;ag;gl;l nkhj;j Ntiy  

  Wghij2 = .

B

A

F dr mgh=−  

Mw;wy; khw;wh tpirapdhy; nra;ag;gl;l Ntiy ghijiar; rhh;e;jjy;y vd;gij mwpaTk;.  
 
vLj;Jf;fhl;L  
2 kg epiwAs;s xU nghUs; ,af;f cuha;Tf; Fzfk; 0.9 nfhz;Ls;s xU gug;gpy; 20 N 
Gwtpirapdhy; 10 m njhiytpw;F efh;j;jg;gLtjhff; fUJf. Gwtpir kw;Wk; ,af;f 
cuha;tpdhy; nra;ag;gl;l Ntiy vd;d? Kbitg; gw;wpa fUj;ijf; $Wf. (g = 10 m s-2vdf; 
nfhs;f)  
jPh;T:  
 m = 2 kg, d = 10 m, Fext = 20 N, = μk = 0.9 
xU nghUs; fpilkl;l gug;gpy; ,aq;Fk; NghJ mJ ,U tpirfisg; ngWfpwJ.  
a. Gw tpir Fext = 20 N  
b. ,af;f cuha;T tpir  
  fk = μkmg = 0.9 ×  (2) × 10 = 18 N   
 
Gwtpirapdhy; nra;ag;gl;l Ntiy  
  Wext = Fd = 20 × 10 = 200 J  
,af;f cuha;T tpirapdhy; nra;ag;gl;l Ntiy  
 Wk = fkd = (-18) × 10 = - 180 J   
,q;F vjph;f;FwpahdJ ,af;f cuha;T tpir> ,lg;ngah;r;rpapd; jpirf;F vjpuhf cs;sijf; 
Fwpf;fpwJ.  
 
nghUspd; kPJ nra;ag;gl;l nkhj;j Ntiy  
  W total = Wext + Wk = 200 – 180 = 20 J  
cuha;T tpir xU Mw;wy; khw;Wk; tpir vd;gjhy; Gwtpirahy; nfhLf;fg;gl;l 200 J ,y; 
190 J ,of;fg;gl;lJ kw;Wk; ,jid kPl;nlLf;f ,ayhJ.  
 
Mw;wy; khwh tpjp (Law of Conservation of energy): 
xU nghUis ehk; Nky;Nehf;fp vwpe;jhy; mjd; ,af;f Mw;wy; Fiwe;J nfhz;Nl nry;fpwJ 
kw;Wk; mjd; epiy Mw;wy; mjpfhpj;Jf; nfhz;Nl nry;fpwJ (fhw;Wj; jilia 
Gwf;fzpf;Fk;NghJ) nghUshdJ ngUk cauj;ij milAk;NghJ Mw;wy; KOtJk; epiy 
Mw;wyhFk;. mJNghd;W nghUshdJ ngUk cauj;jpy; ,Ue;J tPOe;jhy; mjd; ,af;f 
Mw;;wy; mjpfhpf;Fk; kw;Wk; epiy Mw;wy; FiwAk;. jiuiaj; njhLk;NghJ mjd; Mw;wy; 
KOtJk; ,af;f Mw;wyhFk;. ,ilg;gl;l Gs;spfspy; Mw;wyhdJ ,af;f Mw;wyhfTk; epiy 
Mw;wyhfTk; ,Uf;Fk;. nghUshdJ jiuia milAk; NghJ ,af;f  
 
,e;j cjhuzj;jpy; xt;nthU Gs;spapYk; epiyahw;wy; kw;Wk; ,af;f Mw;wy; khWk;. vdpDk;> 
,af;f Mw;wy; kw;Wk; epiy Mw;wypd; $Ljy; mjhtJ nkhj;j ,ae;jpu Mw;wy; vg;NghJk; 
khwhJ. ,J nkhj;j Mw;wy; khwhJ vd;gijf; Fwpf;fpwJ. ,JNt Mw;wy; khwh tpjpahFk;.  
 
 
 
Mw;wy; khwh tpjpapd;gb Mw;wiy Mf;fNth mopf;fNth ,ayhJ. Mw;wyhdJ xU 
tifapypUe;J kw;nwhU tifahf khwf;$baJ. Mdhy; xU jdpj;j mikg;gpd; nkhj;j 
Mw;wy; khwpypahf ,Uf;Fk;.  
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tpsf;FtJ ahnjdpy;>h cauj;jpy; xa;tpy; cs;s xU nghUspd; nkhj;j Mw;wy; KotJk; 
epiy Mw;wy; (U = mgh) kl;LNk. NkYk; h cauj;jpy; mjd; ,af;f Mw;wy; (KE) RopahFk;.  
nghUs; fPNo tpOk;NghJ 'y' njhiytpy; mjd; epiyahw;wy; kw;Wk; ,af;f Mw;wy; 
RopahfhJ. mNjrkak; h cauj;jpy; ,Ue;j mNj mstpy; nkhj;j Mw;wy; khwhky; ,Uf;Fk;. 
nghUs; jiuiaj; njhl neUq;Fk; NghJ epiy Mw;wy; RopahFk; kw;Wk; nkhj;j Mw;wy; 
,af;f Mw;wyhf kl;LNk ,Uf;Fk;.  
 
vLj;Jf;fhl;L  
1 kg epiwAs;s xU nghUs; h = 10 m cauj;jpypUe;J tpOfpwJ.  
 
(a) h = 10 m cauj;jpy; nghUspd; nkhj;j Mw;wy;  
(b) h = 4 m cauj;jpy; nghUspd; epiy Mw;wy;  
(c) h = 4 m cauj;jpy; nghUspd; ,af;f Mw;wy;  
 
(d)nghUs; jiuapy; NkhJk; Ntfk; Mfpatw;iwf; fzf;fpLf.  
 (g = 10 ms-2vdf; nfhs;f)  
 
jPh;T:  
(a) GtpaPh;g;G tpir Mw;wy; khw;wh tpirahFk;. vdNt ,af;fk; KOtJk;  
   nkhj;j Mw;wy; khwhky; ,Uf;Fk;.  
 
 h = 10 m cauj;jpy; nkhj;j Mw;wy; (E) KOtJk; epiy Mw;wyhf  ,Uf;Fk;.  
  E = U = mgh = 1 × 10 × 10 = 100 J  
(b) h = 4 m cauj;jpy; epiy Mw;wy;  
  U = mgh = 1 × 10 × 4 = 40 J  
 
(c) ,af;fk; KOtJk; nkhj;j Mw;wy; khwpyp vd;gjhy; h = 4 m 
    cauj;jpy; ,af;f Mw;wyhdJ  
  KE = E – U = 100 – 40 = 60J  
 
khwhf 4 m cauj;jpy; nghUspd; jpirNtfj;jpy; ,Ue;Jk; ,af;f Mw;wiyf; fhzyhk;. 6 m 
tPo;e;j gpwF cs;s jpirNtfj;ij ,af;fr; rkd;ghl;bypUe;J fzf;fplyhk;.  

  12 2 10 6 120v gh ms−= =   =  

    2 120v =  

 ,af;f Mw;wy; 21 1
1 120 60

2 2
KE mv J= =   =  

 
d. nghUs; jiuapy; NkhJk; epiyapy; nkhj;j Mw;wy; KOtJk; ,af;f  
   Mw;wyhFk;. NkYk; epiy Mw;wy; U = O  

  E = KE = 21
100

2
mv J=  

  v = 12 2
100 200 14.12

1
KE ms

m

−=  =   

vLj;Jf;fhl;L  
glj;jpy; fhl;bAs;sthW 100 kg epiwAs;s xU nghUs; jiuapypUe;J 10 m cauj;jpw;F 
,U khWgl;l topfspy; J}f;fg;gLfpwJ. ,U Neh;TfspYk; GtpaPh;g;ghy; nra;ag;gl; Ntiy 
vd;d? rha;jsj;jpd; topahf nghUis vLj;Jr; nry;tJ vspjhf cs;sJ Vd;?  
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jPh;T:  
m = 100 kg, h = 10 m  
ghij (1) ,d; topNa:  
nghUis 10 m cauj;jpw;Fj; J}f;fj; Njitahd rpWk tpir F1 tpir GtpaPh;g;G tpirf;Fr; 
rkkhf ,Uf;f Ntz;Lk;.  
 F1 = mg = 100 × 10 = 1000 N  
ghij (1) ,d; topNa efh;;e;j njhiyT h = 10 m  
ghij (1) ,d; topNa nghUspd; kPJ nra;ag;gl;l Ntiy  
   W = Fh = 1000 × 10 = 10,000 J  
 
ghij (2) ,d; topNa:  
rha;jsj;jpd; topNa nghUisf; nfhz;L nry;y nghUspd; kPJ ehk; nrYj;Jk; rpWk tpir 
F2MdJ mg– f;F rkkhf ,y;iy> khwhf mg sinθ-f;F rkkhFk;. mg sinθ< mg)  
vdNt (mg sin θ< mg)  
rha;jsg; ghijapd; ePskhdJ  
 

 
10

20
sin30 0.5

h
l m= = =


 

ghij (2) ,d; topNa nghUspd; kPJ nra;ag;gl;l  
Ntiy W = F2l = 500 × 20 = 10,000 J  
GtpaPh;g;G tpirahdJ Mw;wy; khw;wh tpir vd;gjhy; GtpaPh;g;ghy; nghUspd; kPJ nra;ag;gl;l 
Ntiy mjid nfhz;L nrd;w ghijiar; rhh;e;jjy;y.  
 
,U ghijfspYk; GtpaPh;g;G tpirahy; nra;ag;gl;l Ntiy 10>000 J MFk;.  
 
ghij (1) ,d; topNa: Fiwthd njhiyT efh;j;j GtpaPh;g;Gf;F vjpuhf mjpfkhd tpir 
nrYj;j Ntz;bAs;sJ.  
 
ghij (2) ,d; topNa: mjpfkhd njhiyT efh;j;j GtpaPh;g;Gf;F vjpuhf Fiwthd tpir 
nrYj;j Ntz;bAs;sJ.  
 
rha;jsj;jpd; topNa nrYj;jg;gl Ntz;ba tpir Fiwthf cs;sjhy; rha;jsj;jpd; topahf 
nghUis vLj;Jr; nry;tJ vspjhf cs;sJ.  
 
vLj;Jf;fhl;L:  
m epiwAs;s xU nghUs; jiuapypUe;J v0vd;w njhlf;f Ntfj;Jld; Vwpag;gLfpwJ. h 
cauj;jpy; mjd; Ntfj;ijf; fhz;f.  
 
jPh;T:  
 GtpaPh;g;G tpir Mw;wy; khw;wh tpir vd;gjhy; ,af;fk; KOtJk; nkhj;j Mw;wy; 
khwhJ.  
 

Mw;wy; njhlf;fj;jpy; ,Wjpapy;  
,af;f Mw;wy;  

2

0

1

2
mv  21

2
mv  

epiy Mw;wy; 0 mgh 
nkhj;j Mw;wy;  

2 2

0 0

1 1
0

2 2
mv mv+ =

 

21

2
mv mgh+

 
 
h cauj;jpy; epiy Mw;wy;> ,af;f Mw;wy; kw;Wk; nkhj;j Mw;wy; Mfpatw;wpd; ,Wjp 
kjpg;Gfs; fzf;fplg;gl;Ls;sd.  
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Mw;wy; khwh tpjpapd; gb njhlf;f kw;Wk; ,Wjp nkhj;j Mw;wy;fs; rkkhFk;.  

  2 2

0

1 1

2 2
mv mv mgh= +  

  2 2

0 2v v gh= +  

  v = 2

0 2v gh−  

ghlg;gFjp ,y; ,af;ftpay; rkd;ghl;ilg; gad;gLj;jp Ez;fzpj Kiwg;gb ,J Nghd;w KbT 
ngwg;gl;lij ftdpf;fTk;. vdpDk; Mw;wy; khwh tpjpapd; Kiwg;gb fzf;fpLtJ Ez;fzpj 
Kiwiatpl kpfTk; vspjhf cs;sJ.  
 
xU RUs;tpy;Yld; ,izf;fg;gl;l 2 kg epiwTs;s xU nghUs; mjd; rkepiyapypUe;J x = 
10 m  vd;w njhiyTf;F efh;j;jg;gLfpwJ. RUs;tpy; khwpyp k = 1 N m-1kw;Wk; gug;G 
cuha;tw;wfhff; fUJf.  
a. nghUshdJ rkepiyiaf; flf;Fk;NghJ mjd; Ntfk; vd;d?  
b. nghUshdJ rkepiyiaf; flf;Fk; NghJk;>x = ± 10 m vd;w tpspk;G  
   epiyia flf;Fk; NghJk; nghUspd; kPJ nray;gLk; tpir ahJ?  
 
jPh;T:  
a. RUs;tpy; tpir xU Mw;wy; khw;wh tpir Mifahy; nkhj;j Mw;wy;  
  khwpyp MFk;. x = 10m vDk;NghJ nkhj;j Mw;wy; KOtJk; epiy     
  Mw;wyhf kl;LNk ,Uf;Fk;.  

  2 21 1
(1) (10) 50

2 2
E U kx J= = =   =   

 nghUs; rkepiyiaf; flf;Fk; NghJ (x = 0), epiy Mw;wyhdJ  
 

    U = 
1

1 ( )
2

O O J  =  

,e;epiyapy; KO Mw;wYk; ,af;f Mw;wyhf kl;LNk cs;sJ.  

21
50

2
E KE mv J= = =  

Ntfk;  

  1 12 2 50
50 7.07

2

KE
v ms ms

m

− −
= = =   

 
RUs;tpy;ypd; kPs;tpir F = – kx vd;gjhy; nghUshdJ eLepiyiaf; flf;Fk; NghJ mJ 
vt;tpiriaAk; czuhJ. eLepiyapy; nghUshdJ kpf Ntfkhf efUfpwJ vd;gij 
mwpaTk;. nghUshdJx = +10 m (ePl;rp) vd;w epiyapy; cs;sNghJ tpir F = -kx  
 
F =-(1) (10) = - 10N  ,q;F vjph;FwpahdJ tpir eLepiyia Nehf;fp> mjhtJ vjph; mr;ir 
Nehf;fp cs;sijf; Fwpf;fpwJ. NkYk; nghUshdJ  
 
x = ± 10 m (mKf;fk;) vd;w epiyapy; cs;sNghJ mJ czUk; tpir  
 
F = -(1) (10) = - 10N ,q;F Neh;f;FwpahdJ tpir Neh; x - mr;ir Nehf;fp cs;sijf; 
Fwpf;fpwJ.  
 
vd;w epiyapy; nghUshdJ ,e;j ,U tpspk;G Gs;pspfspYk; ngUk tpiria czh;e;jhYk; 
fzNeu xa;T epiyf;F tUfpwJ.  
 
nrq;Fj;J tl;l ,af;fk; (Motion in a vertical circle):  
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m epiwAs;s xU nghUs; epiwaw;w> ePl;rpj; jd;ikaw;w E}ypd; xU Kidapy; 
,izf;fg;gLfpwJ. NkYk;> E}ypd; kWKidahdJ epiyahf ,Uf;FkhW nghUj;jg;gl;Ls;sJ. 
me;jg;nghUs; nrq;Fj;Jj; jsj;jpy; mike;j tl;l ,af;fj;ij Nkw;nfhs;tjhff; gw;wp mwpa 
jdpj;j nghUspd; tpirg;glk; (Free body dagram) xd;iwf; fUJNthk;. ,q;F epiyntf;lh; 

( )r  MdJ nrq;Fj;jhd fPo;Nehf;fpa jpirAld; Nfhzj;ij θVw;gLj;jp glj;jpy; cs;sthW 

cldb jpirNtfj;ijf; nfhz;Ls;sJ.  
  1. fPo; Nehf;fp nray;gLk; GtpaPh;g;G tpir  
  2. E}ypd; topNa nray;gLk; ,Otpir  
 
nghUspd; kPJ epA+l;ldpd; ,uz;lhk; tpjpiag; gad;gLj;j> njhLNfhl;Lj; jpirapy;> 
   mg sin θ = mat 

   mg sin θ = -m 
dv

dt

 
 
 

 

,q;F 
t

dv
a

dt
=   vd;gJ njhLNfhl;Lj; jpirapy; vjph; KLf;fk; MFk;.  

Muj;jpirapy;> 
 
 T – mg cosθ  = m ar 

 T – mg cos θ = 
2mv

r
 

,q;F 
2

r

v
a

r
= vd;gJ ikaNehf;F KLf;fk; MFk;. 

 
,af;fj;ij ed;F GHpe;J nfhs;Sk;tifapy; tl;lj;ij A, B, C, D vd;w ehd;F gFjpfshfg; 
gphpf;fyhk;. Nkw;fz;l ,U rkd;ghLfspy; ,Ue;J fPo;f;fz;lthW ehd;F Kf;fpa fUj;Jfis 
Ghpe;J nfhs;syhk;.  
 
1. nghUshdJ midj;J θ kjpg;GfSf;Fk; (θ= 0° jtpu) njhLNfhl;Lj; jpirapy; KLf;fj;ij 

(g sin θ) nfhz;bUf;fpwJ. ,e;j nrq;Fj;J tl;;l ,af;fk; xU rPuhd tl;l ,af;fk; my;y 
vd;gJ njspthfpwJ.  

 
2. rkd;ghLfs; kw;Wk;  ,Ue;J mwpe;J nfhs;tJ vd;dntdpy; ,af;fj;jpd; NghJ 

jpirNtfj;jpd; vz; kjpg;G khWtjhy;> E}ypd; ,OtpirAk; khWfpd;wJ.  
 

3. rkd;ghL 
2

cos
mv

T mg
r

= + Rl;bf;fhl;LtJ tl;lj;jpd; A kw;Wk; D gFjpfspy; (-

0
2 2

 
  kw;Wk; cos θNeh;f;Fwp) mg cosθvg;NghJk; Ropiatpl mjpfkhFk;. vdNt 

jpirNtfk; RopahdhYk; ,Otpir RopahfhJ.  
 

4. rkd;ghL 
2

cos
mv

T mg
r

= − NkYk; Rl;bf;fhl;LtJ tl;lj;jpd; B kw;Wk; C gFjpfspy; 

3
(

2 2

 
  kw;Wk; cos θvjph;f;Fwp)> rkd;ghl;bd; ,uz;lhtJ gFjp (- mg cos θ) vg;NghJk; 

Ropia tpl mjpfkhFk;. vdNt ,Otpir RopahdhYk; jpirNtfk; RopahfhJ.  
 
nrq;Fj;J tl;l ,af;fk; njhlh;ghd fzf;Ffis jPh;Tfhzk;NghJ Nkw;fz;l fUj;Jfis 
kdjpy; nfhs; Ntz;Lk;.  
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mbg;gf;f Gs;sp 1 kw;Wk; Nkw;gf;fGs;sp 2 Mfpa ,U epiyfis kl;Lk; fUj;jpy; nfhz;L 

NkYk; gFg;gha;T nra;Nthk;. nghUspd; jpirNtfkhdJ mbg;gf;fGs;sp 1 ,y; 1v vdTk;. 

Nkw;gf;f Gs;sp 2 ,y; 2v vdTk; NtW ve;j Gs;spapYk; v vdTk; nfhs;f. jpirNtfj;jpd; 
jpir midj;Jg; Gs;spfspYk; tl;lg;ghijapd; njhLNfhl;Lj; jpirapy; cs;sJ. mbg;gf;fg; 

Gs;spapypUe;J E}ypd; ,OtpirahdJ 1T vdTk;> Nkw;gf;f Gs;spapypUe;J ,Otpir 2T vdTk; 

NtW ve;j Gs;spapYk; ,Otpir T vdTk; nfhs;f. xt;nthU Gs;spapYk; 
,Otpirikag;Gs;spia Nehf;fp nray;gLfpwJ. Mw;wy; khwh tpjpiag; gad;gLj;jp ,e;j ,U 
Gs;spfspYk; ,Otpirfs; kw;Wk; jpirNtfq;fis fzf;fplyhk;. 
 
mbg;gf;f Gs;sp (1):  
 

nghUshdJ mbg;gf;f Gs;sp 1 ,y; cs;sNgh GtpaPh;g;G tpir mg nghUspd; kPJ nrq;Fj;jhf 

fPo;Nehf;fp nray;gLfpwJ kw;Wk; ,Otpir 1T nrq;Fj;jhf Nky;Nehf;fp mjhtJ 
ikag;Gs;spia Nehf;fp nray;gLfpwJ. rkd;ghL ,Ue;J ehk; ngWtJ  

  
2

1
1

mv
T mg

r
− =  

  
2

1
1

mv
T mg

r
= +  

Nkw;gf;f Gs;sp (2): 

Nkw;gf;f Gs;sp 2 ,y; nghUspd; kPjhd GtpaPh;g;G tpir mg kw;Wk; ,Otpir 2T Mfpa 
,uz;Lk; fPo;Nehf;fp mjhtJ ikag;Gs;spia Nehf;fp nray;gLfpwJ.  

 
2

2
2

mv
T mg

r
+ =  

 
2

2
2

m
T mg

r
= −  

rkd;ghLfs; kw;Wk; T1> T2 vd mwpayhk;. ,Otpirapd; NtWghL T1 –T2 MdJ rkd;ghL  
rkd;ghL ,Ue;J fopg;gjd; %yk; ngwg;gLfpwJ.  

 
2 2

1 2
1 2

mv mv
T T mg mg

r r

 
− = + − − 

 
 

 = 
2 2

1 2mv mv
mg mg

r r
= + − +  

 2 2

1 2 1 2 2
m

T T v v mg
r
 − = − +   

Gs;sp 1 kw;Wk; 2 ,y; Mw;wy; khwh tpjpiag; gad;gLj;jp 2 2

1 2v v −  kjpg;ig vspjhff; 

fzf;fplyhk;.  
 
,OtpirAk; nghUs; nry;Yk; jpirAk; vg;NghJk; xd;Wf;nfhd;W nrq;Fj;jhf 
cs;sjhy; ,OtpirahdJ nghUspd; kPJ vt;tpj NtiyAk; nra;ahJ.  
GtpaPh;g;G tpirahdJ nghUspd; kPJ Ntiy nra;fpwJ. NkYk; mJ Mw;wy; khw;wh 
tpir vd;gjhy; ,af;fk; KOtJk; nghUspd; nkhj;j Mw;wy; khwhJ. 
 
Gs;sp 1 ,y; cs;s nkhj;j Mw;wy; (E1) Gs;sp 2 ,y; cs;s nkhj;j Mw;wy; (E2) f;F 
rkkhFk;.  
  E1 = E2 
Gs;sp 1 ,y; epiy Mw;wy; U1 = 0 (Gs;sp 1 I Fwpg;Gg; Gs;spahf vLj;Jf;nfhs;tjd; %yk;)  
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Gs;sp 1 ,y; ,af;f Mw;wy; KE1 = 2

1

1

2
mv  

Gs;sp 1 ,y; nkhj;j Mw;wy; 2 2

1 1 1 1 1

1 1
0

2 2
E U KE mv mv= + = + =  

,JNghd;Nw Gs;sp 2 ,y; epiy Mw;wy; U2 = mg (2r)  
(Gs;sp 1 ,y; ,Ue;J h kjpg;G 2r MFk;)  

Gs;sp 2 ,y; ,af;f Mw;wy; KE2 = 2

2

1

2
mv  

Gs;sp 2 ,y; nkhj;j Mw;wy;  

   2

2 2 2 2

1
2

2
E U KE mgr mv= + = +  

rkd;ghL cs;sthW Mw;wy; khwh tpjpg;gb  

  2 2

1 2

1 1
2

2 2
mv mgr mv= +  

khw;wpaikf;f  

  2 2

1 2

1
( ) 2

2
m v v mgr− =  

 2 2

1 2 4v v gr− =  

rkd;ghL rkd;ghL gpujpapl  

   1 2 4 2
m

T T gr mg
r

− = +  

vdNt ,Otpirapy; khWghlhdJ  

   1 2 6T T mg− =  

 
Nkw;gf;f Gs;sp (2) ,y; rpWk Ntfk;:  
nghUshdJ Gs;sp 2 ,y; xU rpWk Ntfj;ijf; nfhz;bUf;f Ntz;Lk;> ,y;iynadpy; Gs;sp 
2 I milAk; Kd;ghf E}yhdj jsh;Tw;W mjdhy; nghUs; tl;lg;ghijia epiwT 
nra;ahJ. ,e;j rpWk Ntfj;ijf; fzf;fpl rkd;ghL ,y; ,Otpir T2 = 0 vdf; nfhs;Nthk;. 
  

     0 = 
2

2mv
mg

r
−  

     
2

2mv
mg

r
=  

     2

2v rg=  

     2v gr=  

nghUshdJ tl;lg;ghijapy; njhlh;e;j ,aq;f Gs;sp 2 ,y; 2v gr  vd;w Ntfj;ijf; 

nfhz;bUf;f Ntz;Lk;.  
 
mbg;Gs;sp (1) ,y; rpWk Ntfk;:  

Gs;sp 2 ,y; ,e;j rpWk Ntfj;ijg; ( )2v gr= ngw nghUshdJ Gs;sp 1 Yk; xU rpWk 

Ntfj;ijf; nfhz;bUf;f Ntz;Lk;.  
rkd;ghL Ig; gad;gLj;jp Gs;sp 1 ,y; rpWk Ntfj;ij ehk; fhzyhk;. 

   2 2

1 2 4v v gr− =  

 rkd;ghL gpujpapl  

   2

1 4v gr gr− =  

   2

1 5v gr=  
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   1 5v gr=  

    

nghUshdJ tl;lg;ghijapy; njhlh;e;J ,aq;f Gs;sp 1 ,y; 1( 5 )v gr vd;w Ntfj;ijf; 

nfhz;bUf;f Ntz;Lk;.  
 
rkd;ghLfs; ,Ue;J mwptJ vd;dntdpy; nghUs; tl;lg;ghijia tpl;L tpyfhky; epiwT 
nra;a mbg;Gs;sp 1 ,y; rpWk NtfkhdJ Nkw;gf;f Gs;sp 2 ,y; cs;s rpWk Ntfj;ij tpl 

5 klq;F ,Uf;f Ntz;Lk;.  
 
vLj;Jf;fhl;L:  
fapw;Wld; fl;lg;gl;l xU thspapy; cs;s ePh; 0.5 m MuKs;s nrq;Fj;J tl;lj;ij Rw;wp 
Row;wg;gLfpwJ. ,af;fj;jpd; NghJ ePuhdJ thspapy; ,Ue;J rpe;jhky; ,Uf;f mbg;Gs;spapy; 
,Uf;f Ntz;ba rpWk jpirNtfj;ijf; fzf;fpLf. (g = 10 ms-2)  
jPh;T  
 tl;lj;jpd; Muk; r = 0.5 m 

 Nkw;gf;f Gs;spapy; Njitahd Ntfk; 1

2 10 0.5 5v gr ms−= =  =  

 mbg;gf;f Gs;spapy; Ntfk; 1

1 5 5 5 5 5v gr gr ms−= =  =  =  

jpwd; (Power):  
jpwdpd; tiuaiw:  
jpwd; vd;gJ vt;tsT Ntfkhf my;yJ nkJthf xU Ntiy nra;ag;gLfpwJ vd;gjd; 
msthFk;. Ntiy nra;ag;gLk; tPjk; my;yJ Mw;wy; ntspg;gLk; tPjk;> jpwd; vd 
tiuaWf;fg;gLfpwJ.  

  jpwd; (P) =
( )

)

W

t

nra;ag; gl; l Ntiy

vLj;Jf; nfhz;l Neuk; (
 

    P = 
W

t
 

 
 
ruhrhpj; jpwd;:  
nra;ag;gl;l nkhj;j Ntiyf;Fk; vLj;Jf; nfhz;l nkhj;j Neuj;jpw;Fk; ,ilNa cs;s 
tpfpjk; ruhrhpj;jpwd; ( )Pruhrhp vd tiuaWf;fg;gLfpwJ.  

  ( )P =ruhrhp

nra;ag; gl; l nkhj;j Ntiy 

vLj;Jf; nfhz;l nkhj;j Neuk;
 

 
cldpbj; jpwd;:  
xU fz Neuj;jpy; (Neu ,ilntsp Ropia neUq;Fk; NghJ) ntspg;gLk; jpwd; cldbj; 
jpwd; ( )Pcldb vd tiuaWf;fg;gLfpwJ.  

  ( )
dw

P
dt

=cldb

 
 
jpwdpd; myF: 
jpwd; xU ];Nfyh; msthFk;. mjd; ghpkhzk; (ML2T-3) jpwdpd; SI myF thl; (W) vd;W 
ePuhtp ,ae;jpuj;ijf; fz;Lgpbj;j N[k;]; thl; ngauhy; miof;fg;gLfpwJ.  
 
xU tpdhbapy; xU [Py; Ntiy nra;ag;gl;lhy; jpwd; xU thl; vd tiuaWf;fg;gLfpwJ. (1W 
= 1Js-1) fpNyhthl; (KW), nkfhthl; (MW) kw;Wk; [pfhthl; (GW) Mfpait jpwdpd; cah; 
myFfs; MFk;. 
  1 KW = 1000 W = 103thl; 
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  1 MW = 106thl; 

  1 GW = 109thl;    
Nkhl;lhh;fs;> ,ae;jpuq;fs; kw;Wk; rpy jhdpaq;fp thfdq;fSf;F Fjpiuj;jpwd; (horse – 
power) (hp) vd;wiof;fg;gLk; jpwdpd; gioa myfhdJ tzpfhPjpahf ,d;Dk; gad;ghl;by; 
cs;sJ. Fjpiuj;jpwid (hp) thl; (W) vd;w myfpy; khw;w  
  1hp = 746 W  
midj;J kpd; rhjdq;fspd; kPJk; xU Fwpg;gpl;l jpwdpd; msT mr;rplg;gl;L 
toq;fg;gLfpd;wd. xU 100 thl; tpsf;F (bulb) xU tpdhbapy; 100 [Py; kpd; Mw;wiy 
Efh;fpwJ. [{y; vd;w myfhy; msf;fg;gLk; Mw;wypd; jpwid thl; vd;w myfpYk; Neuj;ij 
tpdhb vd;w myfpYk; Fwpg;gpLtjhy; 1 J = 1 Ws vd vOjyhk;. kpd; cgfuzq;fs; gy kzp 
Neuj;jpw;F gad;ghl;by; cs;sNghJ mit mjpf mstpyhd Mw;wiy EfUfpd;wd. kpd; 
Mw;wiy thl; tpdhb (Ws) vd;w rpwpa myfpy; mstpLk;NghJ nghpa vz; kjpg;Gfisf; 
ifahs Ntz;Lk;. vdNt kpd; Mw;wyhdJ fpNyhthl; kzp (kilowatt hour – kwh) vd;w 
myfhy; mstplg;gLfpwJ.  
 
 1 kpd; myF (1 A+dpl;) = 1 KWh = 1 (103W) × 3600 s)  
   1 kpd; myF = 3600 ×103 Ws 
   1 kpd; myF = 3.6 ×106 J 
    1 KWh = 3.6 106 J 
kpd; Mw;wy; Efh;Tf;F KWh vd;w myfpy; kpd;fl;lz gl;bay;fs; jahhpf;fg;gLfpd;wd. 1 
myF kpd; Mw;wy; vd;gJ 1 KWh MFk;.  
(Fwpg;G: KWh vd;gJ Mw;wypd; myF; jpwdpd; myF my;y)  
 
vLj;Jf;fhl;L:  
xU 75 W kpd;tprpwp jpdKk; 8 kzp Neuk; xU khjj;jpw;F (30 ehl;fs;) gad;gLj;jg;gl;lhy; 
Efug;gl;l Mw;wiy kpd; myfpy; fzf;fpLf.  
jPh;T:  
 jpwd; P = 75 W  
 gad;ghl;L Neuk; t = 8 kzp ×30 ehl;fs; = 240 kzp. Efug;gl;l  kpd; Mw;wyhdJ 
jpwd; kw;Wk; gad;ghl;L Neuk; Mfpatw;wpd;  ngUf;fy; gyd; MFk;.  
 
kpd; Mw;wy; = jpwd; ×gad;ghl;L Neuk; = P × t 
  = 75 thl; ×240 kzp  
   = 18000 thl; kzp  
  = 18 fpNyh thl; kzp = 18 KWh 
1 kpd; myF = 1 KW h  
kpd; Mw;wy; = 18 myF  
  

kpd;dpio tpsf;Ffs; 1000 kzp Neuk; xsptPRk;. CFL tpsf;Ffs; 6000 kzp Neuk; 
xsptPRk;. Mdhy; LED tpsf;Ffs; 50000 kzpNeuk; xsp tPRk; (Vwj;jho 25 Mz;Lfs;> 
ehnshd;Wf;F 5.5 kzp Neuk;)  

 
jpwd; kw;Wk; jpirNtfk; Mfpatw;Wf;F ,ilNa cs;s njhlh;G:  

F vd;w tpirapdhy; dr vd;w ,lg;ngah;r;rpf;F nra;ag;gl;l Ntiy  

   .W F dr=   

rkd;ghL ,lJ gf;fj;jpy; cs;sij ,t;thW vOjyhk;. 

  
dW

W dW dt
dt

= =    

(dt - ,y; ngUf;fTk; tFf;fTk; nra;a)  
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jpirNtfk; 
d r

v
dt

= vd;gjhy; dr vdt=  

rkd;ghL tyJ gf;fj;jpy; cs;sij ,t;thW vOjyhk; 

  ( ). . .
dr dr

F dr F dt F v dt v
dt dt

   
= = =   

   
    

 
rkd;ghL rkd;ghL ,y; gpujpapl  
 

  ( ).
dW

dt F v dt
dt

=  

  . 0
dW

F v dt
dt

 
− = 

 
  

,e;j njhlh;ghdJ dt ,d; ve;j xU jd;dpr;irahd kjpg;gpw;Fk; rhpahf cs;sJ. 
milg;Gf;Fwpf;Fs; cs;s kjpg;G Ropahf ,Uf;f Ntz;Lk; vd;gij ,J Fwpf;fpwJ. mjhtJ  
    

   . 0
dW

F v
dt

=− = my;yJ .
dW

F v
dt

=  

 
vLj;Jf;fhl;L:  
1250 kg epiwAs;s xU thfdk; xU rkkhd Neh; rhiyapy; 0.2 ms-2 KLf;fj;Jld; 500 N 
vd;w vjph;f;Fk; Gwtpirf;nfjpuhf ,af;fg;gLfpwJ. thfdj;jpd; jpirNtfk; 30 ms-1vdpy; 
thfdj;jpd; ,ae;jpuk; ntspg;gLj;Jk; jpwidf; fzf;fpLf.  
 
jPh;T:  
thfdj;jpd; ,ae;jpuk;> vjph;f;Fk; tpirf;nfjpuhf Ntiy nra;J thfdj;ij xU KLf;fj;Jld; 
,af;f Ntz;Lk;. vdNt thfdj;jpd; ,ae;jpuk; ntspg;gLj;Jk; jpwd;.  
 
 P = (vjph;f;Fk; tpir + (epiw ×Kf;fk;) (jpirNtfk;)  

   . ( )tot resistiveP F V F F V= = +  

   . ( )tot resistiveP F V F ma V= = +  

 = (500 + (1250 ×0.2)) (30) = 22.5 kW  
 
Nkhjy;fs; (Collisions):  
 
Nkhjy; vd;gJ ek;ikr; Rw;wp mt;tg;NghJ eilngwf;$ba xU nghJthd epfo;T MFk;. 
cjhuzkhf Nfuk;> gpy;ypah;l;];> Nfhypf;Fz;L Nghd;w tpisahl;Lfs; ,U 
nghUl;fSf;fpilNa Nkhjy;fshdJ njhLjYld; my;yJ njhLjypd;wp Vw;glyhk;.  
 
midj;J Nkhjy; nray;KiwfspYk; Neh;f;Nfhl;L ce;jk; khwhJ. ,U nghUl;fs; 
NkhjYw;why; mtw;wpw;fpilNa nray;gLk; rkkhd fzj;jhf;F tpirfs; t vd;w NkhjYWk; 

Neuj;jpy; mtw;wpd; ce;jq;fspy; khw;wj;ij Vw;gLj;JfpwJ. mjhtJ Kjy; nghUs; 12F vd;w 
tpiria ,uz;lhtJ nghUspd; kPJ nrYj;JfpwJ. mNjNghy; epA+l;ldpd; %d;whk; tpjpg;gb> 

,uz;lhtJ nghUshdj Kjy; nghUspd; kPJ 21F vd;w tpiria nrYj;JfpwJ. ,it Kjy; 

kw;Wk; ,uz;lhtJ nghUl;fspd; ce;jj;jpy; KiwNa 1P kw;Wk; 2P vd;w khw;wj;ij 
Vw;gLj;JfpwJ. jw;NghJ ,jd; njhlh;Gfis fPo;f;fz;lthW vOjyhk;.  

  121
p F t =   

  212
p F t =   

rkd;ghL ,uz;ilAk; $l;l  
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 ( )1 2 12 21 12 21P P F t F t F F t + =  +  = +   

epA+l;ldpd; %d;whk; tpjpg;gb 12 21F F=−  

  1 2 0P P + =  

  1 2( ) 0P P + =     

,UGwKk; ∆t - My; tFf;f> kw;Wk; vy;iy ∆t → 0 vdf; nfhs;s ehk; ngWtJ  

  1 2 1 2
( ) ( )

lim 0 0
p p d p p

t
t dt

 + +
 → = =


 

Nkw;fz;l rkd;ghL nkhj;j Neh;f;Nfhl;L ce;jk; xU khwh msT vd;gijf; Fwpf;fpwJ.  
 
Fwpg;G: ce;jk; xU ntf;lh; msthFk;. vdNt Nkhjypd; NghJ jdpj;jdp nghUl;fspd; 
ce;jj;ijf; fhz ntf;lh; $Ljy; gpd;gw;wg;gl Ntz;Lk;.  
 
Nkhjy;fspd; tiffs;:  
ve;j xU Nkhjy; nray;KiwapYk; nkhj;j Neh;f;Nfhl;L ce;jKk;> nkhj;j Mw;wYk; vg;NghJk; 
khwhJ. mNjrkak; nkhj;j ,af;f Mw;wyhdJ vg;NghJk; khwhky; ,Uf;fj; Njitapy;iy. 
njhlf;f ,af;f Mw;wypd; xU gFjp NtW tifahd Mw;wyhf khw;wkilfpwJ. Vndd;why; 
Nkhjy;fs; kw;Wk; Nkhjy;fshy; Vw;gLk; cUf;FiyT Mfpatw;wpd; jhf;fk; nghJthf 
ntg;gk;> xyp> xsp Nghd;wtw;iw cUthf;FfpwJ. ,e;j tpisTfis fzf;fpy; nfhz;L 
Nkhjy;fis ehk; fPo;f;fz;lthW tifg;gLj;jyhk;l.  
 
a. kPl;rp Nkhjy;  
b. kPl;rpaw;w Nkhjy;  
 
kPl;rp Nkhjy; (Elastic Collision): 
xU Nkhjypy; nghUl;fspd; njhlf;f nkhj;j ,af;f Mw;wyhdJ (NkhjYf;F Kd;) 
nghUl;fspd; ,Wjp nkhj;j ,af;f Mw;wYf;F (NkhjYf;Fg; gpd;) rkkhf ,Ue;jhy; mJ 
kPl;rpNkhjy; vdg;gLk;. mjhtJ  
NkhjYf;F Kd; nkhj;j ,af;f Mw;wy; = NkhjYf;Fg; gpd; nkhj;j ,af;f Mw;wy;  
 
kPl;rpaw;w Nkhjy; (Inelastic collision):  
xU Nkhjypy; nghUl;fspd; njhlf;f nkhj;j ,af;f Mw;wyhdJ (NkhjYf;F Kd;) 
nghUl;fspd; ,Wjp nkhj;j ,af;f Mw;wYf;F (NkhjYf;Fg; gpd;) rkkhf ,y;iynadpy; mJ 
kPl;rpaw;w Nkhjy; vdg;gLk;. mjhtJ  
NkhjYf;F Kd; nkhj;j ,af;f Mw;wy;  NkhjYf;Fg; gpd; nkhj;j ,af;f Mw;wy;  
 NkhjYf;F Kd;    NkhjYf;Fg; gpd; 
 nkhj;j ,af;f Mw;wy; -  nkhj;j ,af;f Mw;wy;  
  = (Nkhjypd; NghJ Mw;wy; ,og;G) =∆Q 
 
,af;f Mw;wy; khWk; vdpDk; nkhj;j Mw;wy; khwhJ. vnd;why; nkhj;j Mw;wyhdJ ,lf;f 
Mw;wypd; rkd;ghL kw;Wk; Nkhjypd; NghJ Vw;gl;l midj;J ,og;GfisAk; cs;slf;fpa 
rkd;ghL (∆Q) Mfpatw;iwf; nfhz;Ls;sJ. Nkhjypd; NghJ ,af;f Mw;wypy; Vw;gLk; ,og;G 
xyp> ntg;gk; Nghd;w NtW tifahd Mw;wyhf khw;wkilfpwJ vd;gij mwpaTk;. NkYk; 
NkhjYWk; ,U nghUs;fSk; NkhjYf;Fg; gpd; xd;Wld; xd;W xl;bf;nfhz;lhy; mt;tif 
Nkhjy;fs; KO kPl;rpaw;wNkhjy; my;yJ kPl;rpaw;w Nkhjy; vdg;gLk;. mt;tifahd Nkhjiy 
mbf;fb fhzyhk;. cjhuzkhf><ukhd> xU fspkz; cUz;il (my;yJ ggps;fk;) xU 
,aq;Fk; thfdj;jpd; kPJ vwpag;gl;lhy;> mJ ,aq;Fk; thfdj;Jld; xl;bf; nfhs;fpwJ kw;Wk; 
mit rk jpirNtfj;Jld; ,aq;Ffpd;wd.  
 
xU ghpkhz kPl;rp Nkhjy;fs;:  
m1 kw;Wk; m2 epiwAs;s ,U kPl;rpg; nghUs;fs; fhl;bAs;sthW xU cuha;tw;w fpilj;jsg; 
gug;gpy; Neh;f;Nfhl;by; (Neh; x - mr;rpd; jpirapy;) ,aq;Ftjhff; fUJf.  
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kPl;rp kw;Wk; kPl;rpaw;w Nkhjy;fis xg;gpLjy;:  
 

t.vz; kPl;rp Nkhjy;  kPl;rpaw;w ce;jk; khwhJ  
1. nkhj;j ce;jk; khwhJ  nkhj;j ce;jk; khwhJ  
2. nkhj;j ,af;f Mw;wy; khwhJ  nkhj;j ,af;f Mw;wy; khWk; 
3. njhlh;Gila tpirfs; Mw;wy; 

khw;wh tpirfs; 
njhlh;Gila tpirfs; Mw;wy; 
khw;Wk; tpirfs;  

4. ,ae;jpu Mw;wy; rpijtilahJ  ,ae;jpu Mw;wyhdJ ntg;gk;> xsp> 
xyp Nghd;witahf ntspg;gLfpwJ.  

 
epiw njhlf;f 

jpirNtfk; 
,Wjp 

jpirNtfk; 
epiw m1 u1 v1 

epiw m2 u2 v2 
 
Nkhjy; epfo epiw m1 epiw m2 I tpl Ntfkhf ,aq;Ftjhff; fUJf. mjhtJ u1> 
u2kPl;rp NkhjYf;F ,U nghUs;fspd; nkhj;j Neh;f;Nfhl;L ce;jk; kw;Wk; ,af;f Mw;wy;fs; 
NkhjYf;F Kd;Gk; NkhjYf;Fg; gpd;Gk; khwhky; xNu msthf ,Uf;f Ntz;Lk;.  
 

 epiw m1,d; 
ce;jk; 

epiw m2,d; 
ce;jk; 

nkhj;j Neh;f;Nfhl;L 
ce;jk; 

NkhjYf;F Kd;  Pi1 = m1u1 Pi2 = m2u2 Pi = Pil + Pi2 
Pi = m1u1 + m2u2 

NkhjYf;F gpd;  Pf1 = m1v1 Pf2 = m2v2 Pf = Pf1 + Pf2 
Pf = m1v1 + m2v2 

 
Neh;f;Nfhl;L ce;j khwh tpjpapy; ,Ue;J NkhjYf;F Kd; nkhj;j ce;jk; (Pi) = NkhjYf;Fg; 
gpd; nkhj;j ce;jk; (Pf)  
 m1u1 + m2u2 = m1v1 + m2v2 
  my;yJ  
 m1(u1 – v1) = m2 (v2 – u2)  
NkYk;  

 epiw m1,d; 
,af;f Mw;wy;  

epiw m2,d; ,af;f 
Mw;wy; 

nkhj;j ,af;f 
Mw;wy;  

NkhjYf;F Kd;  
2

1 1 1

1

2
iKE m u=  2

2 2 2

1

2
iKE m u=  

KEi = KEi1 + KEi2 

2 2

1 1 2 2

1 1

2 2
iKE m u m u= +  

NkhjYf;Fg; gpd; 
2

1 1 1

1

2
fKE m v=  2

2 2 2

1

2
fKE m v=  

KEf = KEf1 + KEf2 

2 2

1 1 2 2

1 1

2 2
fKE m v m v= +  

 
kPl;rp NkhjYf;F  
NkhjYf;F Kd; nkhj;j ,af;f Mw;wy; KEi = NkhjYf;Fg; gpd; nkhj;j ,af;f Mw;wy; Kef 

RUf;fpa gpwF khw;wpaikf;f 2 2 2 2

1 1 1 2 2 2( ) ( )m u v m v u− = −  

Nkw;fz;l rkd;ghl;il a2 – b2 = (a + b) (a – b)  
vd;w tha;g;ghl;ilg; gad;gLj;jp kPz;Lk; vOj  
   m1(u1+v1) (u1-v1) = m2 (v2+u2) (v2 – u2)  
 
rkd;ghL tFf;f fpilg;gJ  
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  1 1 1 1 1 2 2 2 2 2

1 1 1 2 2 2

( ) ( ) ( ) ( )

( ) ( )

m u v u v m v u v u

m u v m v u

+ − + −
=

− −
 

  u1 + v1 = v2 + u2 
  khw;wpaikf;f  
  u1 – u2 = v2 – v1 
 
rkd;ghL ,t;thW vOjyhk;.  
  u1 – u2 = -(v1 – v2) 
 
,jd; nghUshdJ ve;j xU Neub kPl;rp NkhjypYk;> NkhjYf;Fg;gpd; ,U kPl;rpg; nghUs;fspd; 
xg;Gik Ntfk; NkhjYf;F Kd; ,Ue;j mNj vz; kjpg;igf; nfhz;Lk; Mdhy; 
vjph;j;jpirapYk; ,Uf;Fk; vd;gjhFk;. NkYk; ,e;j KbT epiyiar; rhh;e;jjy;y vd;gij 
mwpaTk;.  
Nkw;fz;l rkd;ghl;bypUe;J v1kw;Wk; v2kjpg;Gfisf; fhz  
   v1 = v2 + u2 – u1 
    my;yJ  
   v2 = u1 + v1 – u2 
,Wjp jpirNtfq;fs; v1kw;Wk; v2fz;lwpjy;:  
rkd;ghL gpujpapLtjd; %yk; m1 ,d; jpirNtfkhdJ  
 
m1(u1 – v1) = m2(u1 + v1 – u2 – u2)  
m1 (u1 – v1) = m2 (u1 +v1 – 2u2) 
m1u1 – m1v1 = m2u1 + m2v1 – 2m2u2 
m1u1 – m2u1 + 2m2u2 = m1v1 + m2v1 
(m1 – m2)u1 + 2m2u2 = (m1 + m2)v1 

my;yJ 1 2 2
1 1 2

1 2 1 2

2m m m
v u u

m m m m

   −
= +   

+ +   
 

,J Nghd;Nw rkd;ghL gpujpapl my;yJ rkd;ghL gpujpapl m2 ,d; ,Wjp jpirNtfkhdJ 

  1 2 1
1 2

1 2 1 2

2
2

m m m
v u u

m m m m

   −
= +   

+ −   
 

nghUs;fs; xNu epiwiaf; nfhz;bUe;jhy; mjhtJ m1 = m2 
 

 rkd;ghL 2
1 1 2

2

2
(0)

2

m
v u u

m

 
= +  

 
 

   v1 = u2 

 rkd;ghL 1
2 1 2

1

2
(0)

2

m
v u u

m

 
 = + 

 
 

   v2 = u1 
 
rkd;ghLfs; kw;Wk; njhptpg;gJ vd;dntdpy; xU ghpkhz kPl;rp Nkhjypy; rk epiwAs;s ,U 
nghUs;fs; Nkhjpf;nfhz;lhy; NkhjYf;Fg; gpd; mtw;wpd; jpirNtfq;fs; ghpkhwpf; 
nfhs;sg;gLfpd;wd.  
 
nghUs;fs; xNu epiwiaf; nfhz;bUe;jhy;> mjhtJ m1 = m2 kw;Wk; ,uz;lhtJ nghUs; 
(tof;fkhf ,yf;F vd miof;fg;gLtJ) xa;T epiyapy; cs;s NghJ (u2 = 0) 
m1 = m2kw;Wk; (u2 = 0) vd;w kjpg;Gfis rkd;ghLfs; ,y; gpujpapl  
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  rkd;ghL 1 0v =  

  rkd;ghL 2 1v u =  

rkd;ghL kw;Wk; njhptpg;gJ vd;dntdpy; Kjy; nghUs; NkhjYf;Fg; gpd; xa;T epiyf;F 
tUk;NghJ ,uz;lhtJ nghUs; Kjy; nghUspd; njhlf;f jpirNtfj;jpy; ,aq;FfpwJ.  
 
Kjy; nghUshdJ ,uz;lhtJ nghUspd; epiwia tpl Fiwthf 

,Ue;jhy;> 1
1 2

2

, 1
m

m m
m

 
  

 
gpwF tpfpjk; 1

2

0
m

m
 kw;Wk; ,yf;F xa;T epiyapy; cs;sNghJ 

(u2 = 0) rkd;ghL ,d; njhFjp kw;Wk; gFjpia m2My; tFf;f  
 
 
 

  

1

2
1 1

1 1

2 2

1
2

( )

1 1

m

m
v u o

m m

m m

   
−   

   = +
   + +   
   

 

  1 1

0 1

0 1
v u

− 
= 

+ 
 

   v1 = u1 
,J Nghd;Nw> 
rkd;ghL njhFjp kw;Wk; gFjpia m2 – My;tFf;f  
 

   

1 1

2 2
2 1

1 1

2 2

2 1

1 1

m m

m m
v u

m m

m m

   
−   

   = +
   + +   
   

 

   

1

2
2 1

1

2

1

( )

1

m

m
v O u

m

m

 
− 

 = +
 + 
 

 

    
epiw Fiwthf cs;s Kjy; nghUshdJ mNj njhlf;f jpirNtfj;Jld; vjph;j;jpirapy; 
jpUk;GfpwJ (kPz;nlOfpwJ) vd;gijr; rkd;ghL cs;s vjph;f;Fwp Fwpf;fpwJ. mjpf epiwAs;s 
,uz;lhtJ nghUshdJ NkhjYf;Fg; gpwFk; xa;T epiyapNyNa njhlh;e;J ,Uf;fpwJ 
vd;gijr; rkd;ghL Fwpf;fpwJ. vLj;Jf;fhl;lhf> ge;J xd;W epiyahd Rthpd; kPJ 
vwpag;gl;lhy; ge;jhdJ vwpag;gl;l mNj jpirNTfj;jpNyNa vjph;j;jpirapy; Rthpy; ,Ue;J 
jpUk;gp tUk;.  
 
Neh;T 4: ,uz;lhtJ nghUshdJ Kjy; nghUistpl epiw Fiwthf cs;sNghJ> 

  2
2 1

1

, 1
m

m m
m

 
  

 
 gpwF tpfpjk; 2

1

0
m

m
  

kw;Wk; ,yf;F xa;T epiyapy; cs;sNghJ (u2 = 0) rkd;ghL ,d; njhFjp kw;Wk; gFjpia 
m1 - My; tFf;f  
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2 2

1 1
1 1

2 2

1 1

1 2

( )

1 1

m m

m m
v u O

m m

m m

   
−   

   = +
   + +   
   

 

  1 1

1 0 0
(0)

1 0 1 0
v u

−   
= +   

+ +   
 

   v1 = u1 
 
,J Nghd;Nw> 
njhFjp kw;Wk; gFjpia m1 - My; tFf;f  
 

  

2

1
2 1

2 2

1 1

1
2

1 ( )

1

m

m
v u O

m m

m m

   
−   

   = + +
   +   
   

 

  2 1

2

1 0
v u

 
= 

+ 
 

  v2 = 2u1 
 
fdkhf cs;s Kjy; nghUshdJ NkhjYf;Fg; gpwF mNj jpirNtfj;Jld; njhlh;e;J 
,aq;FfpwJ vd;gijr; rkd;ghL Fwpf;fpwJ. epiw Fiwthf cs;s ,uz;lhtJ nghUs; Kjy; 
nghUspd; njhlf;f jpirNtfj;ijg; Nghy ,U klq;F jpirNtfj;Jld; ,aq;FfpwJ 
vd;gijr; rkd;ghL Fwpf;fpwJ. epiw Fiwthf cs;s nghUs; NkhjYWk; Gs;spapypUe;J 
Ntfkhfr; nry;fpwJ.  
 
vLj;Jf;fhl;L:  
10 m s-1Ntfj;jpy; ,aq;Fk; xU epiw Fiwthd nghUs; mjd; epiwiag; Nghd;W ,U 
klq;F kw;Wk; mjd; Ntfj;jpy; ghjpasT nfhz;l mNj jpirapy; ,aq;Fk; kw;nwhU 
nghUspd; kPJ NkhJfpwJ. NkhjyhdJ xU ghpkhz kPl;rp Nkhjy; vdf; fUJf. NkhjYf;Fg; 
gpwF ,U nghUs;fspd; Ntfk; vd;d?  
 
jPh;T:  
 
Kjy; nghUspd; epiw m vd;f> kw;Wk; mjd; njhlf;f jpirNtfk; u1 = 10 ms-1, vdNt 
,uz;lhtJ nghUspd; epiw 2m kw;Wk; mjd; njhlf;f jpirNtfk;  

  1

2 1

1 1
(10 )

2 2
u u ms−= =  

rkd;ghLfs; kw;Wk; ,U nghUs;fspd; ,Wjp jpirNtfq;fisf; fzf;fplyhk;.  
 

  1 2 2
1 1 2

1 2 1 2

2m m m
v u u

m m m m

   −
= +   

+ +   
 

  1

2 2 2
10 5

2 2

m m m
v

m m m m

−    
= +   

+ +   
 

 

  1

1 4 10 20 10
10 5

3 3 3 3
v

− +   
= + = =   
   

 

   v1 = 3.33 ms-1 
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   1 2 1
2 1 2

1 2 1 2

2m m m
v u u

m m m m

   −
= +   

+ +   
 

   2

2 2
10 5

2 2

m m m
v

m m m m

−   
= +   

+ +   
 

   2

2 1 20 5 25
10 5

3 3 3 3
v

+   
= + = =   
   

  

   v2 = 8.33 ms-1 
 
v1 kw;Wk; v2 Mfpa ,U Ntfq;fSk; Neh;f;Fwpahf cs;sjhy; mit ,uz;Lk; KiwNa 3.33 
m s-1 kw;Wk; 8.33 ms-1 vd;w jpirNtfq;fSld; NkhjYf;F Kd; ,aq;fpa jpirapNyNa 
,aq;Ffpd;wd.  
 
KO kPl;rpaw;w Nkhjy; (Perfect Inelastic Collision):  
 
KO kPl;rpaw;w Nkhjypy; nghUs;fs; NkhjYf;Fg;gpwF xU nghJthd jpirNtfj;jpy; ,aq;Fk; 
tifapy; xd;Wld; xd;W epue;jukhf xl;bf;nfhs;fpd;wd. m1kw;Wk; m2epiw nfhz;l xU 
nghUs;fs; NkhjYf;F Kd; KiwNa u1kw;Wk; u2vd;w njhlf;f jpirNtfq;fSld; 
,aq;Ftjhff; nfhs;f. KO kPl;rpaw;w NkhjYf;Fg; gpwF nghUl;fs; v vd;w nghJthd 
jpirNtfj;Jld; xd;whf ,aq;Ffpd;wd.  
Nkhjypd; NghJ Neh;f;Nfhl;L ce;jk; khw;wg;glhky; cs;sjhy;  
 
 
 

 
nghUs; 

jpirNtfk; Neh;f;Nfhl;L ce;jk; 
njhlf;fk; ,Wjp njhlf;fk; ,Wjp 

epiw m1 u1 v m1u1 m1v 

epiw m2 u2 v m2u2 m2v 
 nkhj;jk;   m1u1 + m2u2 (m1+m2) v 

 
 
nghJthf jpirNtfj;ij fPo;f;fz;lthW fzf;fplyhk;. 

   1 1 2 2

1 2( )

m u m u
v

m m

+
=

+
 

vLj;Jf;fhl;L:  
50 g epiwAs;s xU Jg;ghf;fp Fz;L 450 g epiwAs;s xU njhq;ftplg;gl;l nghUspd; 
mbg;gFjpapypUe;J Rlg;gLfpwJ. Jg;ghf;fp Fz;L nghUspDs; nghjpe;J nghUshdJ 1.8 m 
cauj;jpw;F Nky;Nehf;fpr; nry;fpwJ. Jg;ghf;fp Fz;bd; Ntfj;ijf; fzf;fpLf.  
  g = 10 ms-2vdf; nfhs;f.  
 
 
jPh;T:  
  m1 = 50 g = 0.05 kg; m2 = 450 g = 0.45 kg  
   
Jg;ghf;fp Fz;bd; Ntfk; u1MFk;. ,uz;lhtJ nghUs; Xa;T epiyapy; cs;sJ (u2 = 0) 
Jg;ghf;fp Fz;L nghUspDs; nghjpe;j gpwF Jg;ghf;fp Fz;L kw;Wk; nghUs; Mfpatw;wpd; 
nghJthd jpirNtfk; v vd;f.  
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   v = 1 1 2 2

1 2( )

m u m u

m m

+

+
 

   1
1

0.05 (0.45 0) 0.05

(0.05 0.45) 0.50

u
v u

+ 
= =

+
 

 
nghJthd jpirNtfkhdJ Jg;ghf;fp Fz;L kw;Wk; nghUs; Mfpa xUq;fpize;j mikg;gpd; 
Nky;Nehf;fpa nrq;Fj;J ,af;fj;jpw;fhd njhlf;f jpirNtfk; MFk;. ,uz;lhtJ ,af;fr; 
rkd;ghl;bypUe;J  
 

  v = 2gh  

  v = 2 10 1.8 36  =  

  v = 6 ms-1 
,jid Nkw;fz;l rkd;ghl;by; gpujpapl;L U1 kjpg;igg;ngw  

  
1

0.05
6

0.50
u= my;yJ 

1

0.50
6 10 6

0.05
u =  =   

   1

1 60u ms−=  

 
KO kPl;rpaw;w Nkhjypy; Vw;gLk; ,af;f Mw;wy; ,og;G:  
 
KO kPl;rpaw;w Nkhjypd; NghJ ,af;f Mw;wypd; ,og;ghdJ xyp> ntg;gk;> xsp Nghd;w NtW 
tifahd Mw;wyhf khw;wg;gLfpwJ. NkhjYf;F Kd; nkhj;j ,af;f Mw;wy; KEikw;Wk; 
NkhjYf;Fg;gpd; nkhj;j ,af;f Mw;wy; EKfvdf; nfhs;f.  
 

  2 2

1 1 2 2

1 1

2 2
iKE m u m u= +  

NkhjYf;Fg; gpd; nkhj;j ,af;f Mw;wy;  

  2

1 2

1
( )

2
fKE m m v= +  

vdNt ,af;f Mw;wypy; Vw;gLk; ,og;G  
 ∆Q = KEi - KEf 

 = 2 2 2

1 1 2 2 1 2

1 1 1
( )

2 2 2
m u m u m m v+ − +   

rkd;ghL rkd;ghL ,y; gpujpapl;L (a + b)2 = a2 + b2 + 2ab vd;w ,aw;fzpj rkd;ghl;ilg; 
gad;gLj;jp> RUf;f ehk; ngWtJ.  
 
kPl;rpaspg;G Fzfk; (e)(Coefficient of restitution):  
,U ,ug;gh; ge;J kw;Wk; xU gpsh];bf; ge;J ,uz;ilAk; xNu jsj;jpy; tpor;nra;tjhff; 
nfhs;Nthk;. ,ug;gh; ge;jhdJ gpsh];bf; ge;ijtpl mjpf cauj;jpw;F NknyOk;Gk;. 
Vndd;why; xU kPl;rpg; gz;Gs;s ,ug;gh; ge;jpw;F ,af;f Mw;wypd; ,og;G gpsh];bf; ge;jpw;F 
,af;f Mw;wypd; ,og;G gpsh];bf; ge;jpw;fhd ,og;igtpl kpf FiwthFk;. nghJthf 
NkhjYf;Fg; gpwF ,U nghUs;fspd; ,af;f Mw;wy; kjpg;gpid kPl;rpaspg;G 
Fzfk;(Coefficient of Restitution – COR) vdg;gLk; xU ghpkhzkw;w vz; %ykhf 
mse;jwpayhk;.  
 
NkhjYf;Fg; gpd; cs;s tpyFk; jpirNtfj;jpw;Fk; (rhh;Gj; jpirNtfk;) NkhjYf;F Kd; 
cs;s neUq;Fk; jpirNtfj;jpw;Fk; (rhh;Gj; jpirNtfk;) ,ilNa cs;s tpfpjk; kPl;rpaspg;G 
Fzfk; vd tiuaWf;fg;gLfpwJ.  
 
mjhtJ  
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 e = 
tpyFk; jpirNtfk; (NkhjYf;Fg; gpd; )

neUq;Fk; jpirNtfk; (NkhjYf;F gpd; )
 

  = 2 1

1 2

( )

( )

v v

u u

−
=

−
  

   
kPl;rp Nkhjypy; tpyFk; jpirNtfkhdJ neUq;Fk; jpirNtfj;jpw;F rkk; vd fpilf;fg; 
ngw;Nwhk;.  
 
mjhtJ  

  
( )

2 1
1 2 2 1

1 2

( )
( ) ( ) 1

v v
u u v v e

u u

−
− = − → = =

−
 

kPl;rp NkhjYf;F kPl;rpaspg;G Fzfk; e = 1 vd;gij ,J Fwpf;fpwJ. ,ay;ghf> NkhjYf;Fg; 
gpwF ,af;f Mw;wypy; ,og;G VJkpy;iy vd;gNj ,jd; nghUshFk;. vdNt nghUshdJ 
mNj ,af;f Mw;wYld; NknyOk;GfpwJ. ,J tof;fkhf KO kPl;rp vd miof;fg;gLfpwJ.  
 
vt;tpj cz;ikahd Nkhjy; epfo;TfspYk; Nkhjypdhy; ,af;f Mw;wypy; VjhtJ ,og;G 
Vw;gLk;. ,jd; nghUs; e ,d; kjpg;G vg;nghOJk; 1 – I tplf; Fiwthf ,Uf;Fk;. 
KOikahd gpsh];bf; ge;jhf ,Ue;jhy; mJ kPz;Lk; NknyOk;ghJ. Mifahy; NkhjYf;Fg; 
gpwF mtw;wpd; tpyFk; jpirNtfk; RopahFk;. vdNt kPl;rpaspg;G Fzfj;jpd; kjpg;G e = 0. 
nghJthf> xU nghUspd; kPl;rpaspg;G Fzfk; 0 < e < 1 vd ,Uf;Fk;. 
 
vLj;Jf;fhl;L:  
 
xU kPl;rpaw;w Nkhjypy; xU nghUs; epiyahf cs;sNghJ rkepiwfs; nfhz;l nghUs;fspd; 

jpirNtfq;fspd; tpfpjk; 1

2

1

1

v e

v e

−
=

+
vdf; fhl;Lf.  

jPh;T:  
 

 e = 
tpyFk; jpirNtfk; (NkhjYf;Fg; gpd; )

neUq;Fk; jpirNtfk; (NkhjYf;F gpd; )
 

  = 2 1 2 1 2 1

1 2 1 1

( ) ( ) ( )

( ) ( 0)

v v v v v v

u u u u

− − −
= = =

− −
  

  2 1 1v v eu − =  

Neh;f;Nfhl;L ce;jk; khwh tpjpapypUe;J  
  mu1 = mv1 + mv2  u1 = v1 + v2 
 
rkd;ghL (2) ,y; cs;s u1,d; kjpg;ig rkd;ghL (1) ,y; gpujpapl  
   v2 – v1 = e(v1+v2)  
,jidr; RUf;f  

  1

2

1

1

v e

v e

−
=

+
  

 


