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FORCE AND MOTION 
Part - 2 

11TH VOL- I UNIT - 2 ,af;ftpay; 

UNIT - 3 ,af;f tpjpfs; 

UNIT - 5 Jfs;fshyhd mikg;G kw;Wk; 
jpz;kg;nghUl;fspd;  ,af;fk; 

 

11tJ ,aw;gpay; – I 

myF– 2 

,af;ftpay; (Kinematics) 

mwpKfk; 

,aw;gpay;> mbg;gilapy; xU Nrhjid mbg;gilapyhd mwptpay; (Experimental Science) 
MFk;. ,J Nrhjid kw;Wk; fzpjk; vd;w ,uz;L J}z;fspd; kPJepiy epWj;jg;gl;Ls;sJ. 
,uz;lhapuj;J Kd;D}W Mz;LfSf;FKd;dh; fpNuf;f E}yfh; ,uhl;Nlh];njdp]; 
(Eratosthenes) vd;gth; Gtpapd; Muj;ij mstPL nra;jhh;. kpf ePz;l ,ilntspf;Fg; 
gpd;dh; 20 Mk; E}w;whz;bd; Jtf;fj;jpy;jhd; mZtpd; msT mstPL nra;ag;gl;lJ. 
,aw;gpaypd; ikaf;fUj;jhf ,af;fk; cs;sJ. mZj;Jfs;fspd; ,af;fj;jpypUe;J> 
gpugQ;rj;jpy; cs;sNfhs;fspd; ,af;fk; tiu ,aw;ifapd; midj;J epiyfspYk; ,af;fk; 
,Uf;fpwJ. RUq;ff;$wpd; KO gpugQ;rNk gy;NtWtifahd ,af;fq;fspd; njhFg;ghf 
cs;sJ.  ,e;j gy;NtWtifahd ,af;fq;fSk; fzpjnkhopapy; tpthpf;fg;gl;Ls;sd. 

 nghUs; vt;thW ,aq;FfpwJ? vt;tsT Ntfkhf my;yJ nkJthf ,aq;FfpwJ? 
vLj;Jf;fhl;lhf> gj;JjlfstPuh;fs; Xh; Xl;lg;ge;jaj;jpy; XLfpd;wdh; Mdhy;>midtUk; 
xNuNtfj;jpy; XLtjpy;iy. mth;fspd; Xl;lj;jpidehk; eilKiwapy; gad;gLj;Jk; 
thh;j;ijfshd kpfNtfkhf>Ntfkhf> nkJthf> kpfnkJthf vd;gd Nghd;w 
thh;j;ijfisf; nfhz;L mstPL nra;a ,ayhJ. mstPLn ra;tJvd;why; xt;nthUtPuhpd; 
Xl;lj;jpw;Fk; vz;fis toq;fp>mt;ntz;fis xg;gPL nra;tjd; %yk; xUtPuhpd; 
Xl;lj;jpid kw;wtPuh;fspd; Xl;lj;NjhLxg;gpl;Lg; ghh;f;fKbAk;. 

 ,e;j myfpy; ,af;fj;jpid vz;kjpg;G kw;Wk; jpirapd; mbg;gilapy; gFj;Jg; 
ghh;g;gjw;Fj; Njitahd mbg;gil fzpjtpay; Kiwfs; tpsf;fg;gl;Ls;sd. ,af;fj;jpid 
Vw;gLj;Jk; tpiriaf; fUj;jpy; nfhs;shky; ,af;fj;ijg; gw;wpkl;Lk; $WtJ ,af;ftpay; 
(Kinematics) MFk;. fpdkh (Kinema) vd;w fpNuf;f thh;j;ijapd; nghUs; ,af;fkhFk;. 
,af;ftpaiy ,aq;fpay; vd;Wk; miof;fyhk;. 

2.2 Xa;Tkw;Wk; ,af;fk; gw;wpafUj;J 

 Xa;T kw;Wk; ,af;fk; gw;wpa fUj;ij> gpd;tUk; tpsf;fj;jpypUe;J ed;F Ghpe;J 
nfhs;syhk;. XLk; NgUe;jpd; cs;Ns mkh;e;jpUf;Fk; egh;> mthpd; mUNf cs;stiug; 
nghWj;J Xa;T epiyapYk;> NgUe;jpw;F ntspNa epd;W nfhz;bUg;gtiug; nghWj;J ,af;f 
epiyapYk; cs;shh;. Xa;T epiy kw;Wk; ,af;f epiy gw;wpa fUj;Jfs;> Fwpg;ghaj;ij 
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nghWj;J NtWgLk;.  Xa;T my;yJ ,af;fj;jpidg; Ghpe;Jnfhs;tjw;F ekf;Fj; jFe;j 
epiyahd Fwpg;ghak; Njit.  

Fwpg;ghak; 

ve;j xU Ma mr;Rj; njhFg;gpidg; nghWj;J nghUnshd;wpd; epiy 
Fwpg;gplg;gLfpwNjh> me;j Ma mr;Rj; njhFg;gpw;F Fwpg;ghak; vd;W ngah;. 

ve;j xUFwpg;gpl;l Neuj;jpYk; xU nghUspd; epiyapid tpthpf;fg; gad;gLk;> Ma 
mr;Rf;fs; (x,y,z) (mjhtJ x,y kw;Wk z mr;Rfspy; nghUspd; njhiyT nfhz;lFwpg;gha 
Nkfhh;Brpad; Ma mr;Rj; njhFg;G vdg;gLk;.  ,J glk; 2.2 y; fhl;lg;gl;Ls;sJ. 

 x,y kw;Wk; z mr;Rf;fs; thpirg;gb fbfhuKs; RoYk; jpirf;F vjph;jpirapy; 
cs;sthW tiuag;gLk; vd;gij epidtpy; nfhs;sTk;. NkYk; mtw;iw tyf;iffhh;Brpad; 
Ma mr;Rj;njhFg;G vd miof;fyhk;. ntt;NtW Ma mr;Rj;njhFg;Gfs; ,aw;gpaypy; 
cs;s NghJk;> kuGg;gbehk; tyf;if Ma mr;Rj;njhFg;G vd miof;fyhk;. ntt;NtW Ma 
mr;Rj; njhFg;Gfs; ,aw;gpaypy; cs;sNghJk;> kuGg;gbehk; tyf;if Ma mr;Rj; 
njhFg;gpidNa gpd;gw;WfpNwhk;.  

tyf;if Ma mr;Rj;njhFg;G 
cq;fs; tyf;ifapd; tpuy;fisNeh;f;FwpX- mr;Rj;jpirapy;  

itj;J>mtw;iwY- mr;Rj;jpirapy; Row;wpdhy;>cq;fspd; ngUtpuy;  

Neh;f;FwpZ-mr;rpd; jpirapidf; fhl;Lk;.  
 

Gs;spepiw (Point mass) 
 
xUFwpg;gpl;l epiwnfhz;l nghUspd; ,af;fj;jpid tpsf;f>‘Gs;spepiw” vd;wfUj;J 
Njitg;gLfpwJ. NkYk; Gs;spepiw vd;w fUj;JkpfTk; gaDs;sjhfTk; ,Uf;fpwJ. 
nghUspd; epiwKOtJk; xUFwpg;gpl;lGs;spapy; nrwpe;jpUg;gjhff; fUjpdhy;> ,g;gbg;gl; 
epiwNa‘Gs;spepiw’ vd miof;fg;LfpwJ. Gs;spepiwf;F tbtNkh> mikg;Ngh ,y;iy. 
fzpjtpay; gb Gs;spepiw vd;gJ Rop ghpzhKilaJ. Mdhy; tuk;Gf;Fl;gl;l epiw 
cs;sJ. ,Ug;gpDk;> Gs;spepiw vd;gJ eilKiwapy; rhj;jpakpy;iy. rpy Neuq;fspy; 
,f;fUj;J ekJ fzf;fPLfis vspikg;gLj;Jk;>  Gs;sp epiwvd;gJ xd;wpidr; 
rhh;e;jfUj;J> mJ ehk; gFg;gha;T nra;Ak; nghUspd; ,af;fk; kw;Wk; nghUs; ,aq;Fk; 
Fwpg;ghak; ,tw;iwg; nghWj;Jkl;LNkmh;j;jKilajhfpwJ. 
 
vLj;Jf;fhl;Lfs;: 

• #hpaidg; nghWj;J Gtpapd; ,af;fj;jpidg; gFg;gha;Tnra;Ak; NghJ>Gtp xUGs;sp 
epiwahff; fUjg;gLk;. Vnddpy; Gtpapd; msTld; xg;gpLk; NghJ. Gtpf;Fk; 
#hpaDf;Fk; cs;snjhiyTkpfmjpfk;.  

• fhw;wpy; tPrpvwpag;gl;lrpwpafy; Nghd;w xOq;fw;wtbtKila nghUspd; 
,af;fj;jpidg; gFg;gha;T nra;Ak; NghJ> ,e;jf; fy;ypid xU Gs;sp epiwahff; 
fUjyhk;. Vnd;dwhy;> fy; fle;j njhiyTld; xg;gpLk; NghJ>fy;ypd; msT 
kpfr;rpwpaJ. 

,af;fj;jpd; tiffs; 
 
md;whl tho;tpy; fPo;f;fz;ltifahd ,af;fq;fisehk; fhzyhk;.  

m)Neh;f;Nfhl;L ,af;fk; 
xUnghUs; Neh;f;Nfhl;by; ,aq;fpdhy; mt;tpaf;fk; Neh;f;Nfhl;L ,af;fk; vdmiof;fg;gLk;. 
 
vLj;Jf;fhl;Lfs; 
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• NeuhdXLghijapy; XLk; jlfstPuh; 

• GtpapidNehf;fptpOk; nghUs; 
 

M) tl;l ,af;fk;. 
tl;lg;ghijapy; ,aq;Fk; nghUspd; ,af;fk;>tl;l ,af;fk; vdmiof;fg;gLk;. 

vLj;Jf;fhl;Lfs; 

• fapw;wpy; fl;lg;gLk; Row;wg;gLk; fy; 

• Gtpapidr; Rw;wptUk; nraw;iff; Nfhspd; ,af;fk; 
,. Row;rp ,af;fk; 

ve;j xU jpz;kg;nghUSk; xUmr;rpidg; nghWj;JRoYk; NghJ. mt;tpaf;fk; Row;rp 
,af;fk; vd miof;fg;gLk;. mr;Row;rp;apd; NghJjpz;kg;nghUspy; cs;sve;jxUGs;spAk; 
mt;tr;rpid nghWj;Jtl;l ,af;fj;ij Nkw;nfhs;Sk;. (Roy; mr;rpy; cs;sGs;spiaj; 
jtph;j;J) 

vLj;Jf;fhl;Lfs; 

• mr;rpidg; nghWj;JRoYk; tl;ltbtj;jl;L 

• mr;rpidg; nghWj;Jjd;idj;jhNdRw;Wk; Gtp 
<) mjph;T ,af;fk; 

nghUnshd;W epiyahd xU Gs;spiag; nghWj;J Kd;Dk; gpd;Dk; ,af;fj;jpid 
Nkw;nfhz;lhy;> mt;tpaf;fk; mjph;tpaf;fk; vdg;gLk;. rpy Neuq;fspy; ,t;tpaf;fk; miyT 
,af;fk; vdTk; miof;fg;gLk;.  

vLj;Jf;fhl;Lfs; 

• fpl;lhh; (Guitar) ,irf;fUtpapy; cs;smjph;tilak; fk;gp 

• CQ;rypd; ,af;fk; 
NkNy $wg;gl;l ,af;fq;fs; kl;Lky;yhky; ePs;tl;l ,af;fk; kw;Wk; thpr;Rus; ,af;fk; 
(Helical ) Nghd;wNtW ,affq;fSk; eilKiwapy; rhj;jpakhFk;. 
 
xUghpkhz> ,U ghpkhzkw;wk; Kg;ghpkhz ,af;fk; 
 
ntspapy; (Space) cs;s Jfs; xd;wpd; epiyahdJ x,y, kw;Wk; z nrq;Fj;J Ma 
mr;Rfspd; mbg;gilapy; tiuaiw nra;ag;gLfpwJ vdf;fUJf.  ,e;j Ma mr;R vz;fs; 
Neuj;ijg; nghWj;J khw;wkilAk; NghJ>Jfs; ,af;fj;jpy; cs;sJ vdf;$wyhk;. 
,Ug;gpDk; %d;W Ma mr;Rf;$W vz;fSk; Neuj;ijg; nghWj;J khw;wkila Ntz;ba 
mtrpakpy;iy. VNjDk; xd;W my;yJ ,uz;L Ma mr;Rf;$W vz;fs; Neuj;ijg; nghUj;J 
khw;wk; mile;jhYk;> Jfs; ,af;fj;jpy; cs;sJ vdf;$wyhk;. vdNt xU nghUspd; 
,af;fk; fPo;f;fz;lthW tifg;gLj;jg;gLfpwJ. 
 
(i) xUghpkhz ,af;fk; 
 
Jfs; xd;W Neh;f;nfhl;by; ,aq;fpdhy; mt;tpaf;fk; xUghpkhz ,af;fk; vdg;gLk;. rpy 
Neuq;fspy; ,t;tpaf;fk; Neh;f;Nfhl;L ,af;fk; (Linear motion/Rectilinear motion) vdTk; 
miof;fg;gLk;> ,t;tif ,af;fj;jpy; %d;W nrq;Fj;J Ma mr;Rfspy; VNjDk; xU Ma 
mr;Rf;#W vz; kl;LNk Neuj;ijg; nghWj;J khw;wkilAk;. vLj;Jf;fhl;lhf> A Gs;spapy; 
,Ue;J B Gs;spf;F x jpirapy; efUk; nghUspd; ,af;fk; glj;jpy; fhl;lg;gl;Ls;sJ. ,q;F 
x Ma mr;rpy; kl;LNkkhw;wk; Vw;gLfpwJ vd;gij ftdpf;fTk;. 
 
vLj;Jf;fhl;Lfs; 

• Neuhd ,Ug;Gg;ghijapy; ,aq;Fk; ,uapy; tz;b 

• Gtp<h;g;Gtpirahy; jilapd;wpjhNdtpOk; nghUs;. 
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ii) ,U ghpkhz ,af;fk; 
 
jsk; xd;wpy; tisTghijapy; ,aq;Fk; Jfspd; ,af;fj;jpid> ,U ghpkhz ,af;fk; 
vd;W miof;fyhk;. ,t;tif ,af;fj;jpy; %d;W nrq;Fj;J Ma mr;Rfspy; ,uz;L Ma 
mr;Rfs; kl;LNk Neuj;ijg; nghUj;J khw;wkilAk;.  Jfs; xd;W y-zjsj;jpy; ,aq;Fk; 
NghJx- Ma mr;R vz;zpy; vt;tpjkhw;wKk; ,y;iyMdhy; ykw;Wk; zMa mr;Rvz;fspy; 
khw;wk; Vw;gLfpwJ. 

 
vLj;Jf;fhl;Lfs; 

• Nfuk; gyifapy; (Carrom board) ,aq;Fk; tpy;iy 

• miwxd;wpd; jsj;jpy; my;yJRtw;wpy; Ch;e;Jnry;Yk; G+r;rp 
 

(iii) Kg;ghpkhz ,af;fk; 
 
Kg;ghpkhz ntspapy; ,aq;Fk; Jfspd; ,af;fk;>Kg;ghpkhz ,af;fk; vdg;gLk;. ,t;tif 
,af;fj;jpy; %d;W Ma mr;Rf;$WfSk;>Neuj;ijg; nghUj;Jkhw;wkilAk;>Jfspd; 
Kg;ghpkhz ,af;fj;jpy;> Ma mr;Rf;$Wfs; x,y kw;Wk; z Mfpa %d;Wk; khw;wkilAk;. 
 
vLj;Jf;fhl;Lfs;: 

• thdpy; gwf;Fk; gwit 

• xOq;fw;w Kiwapy; ,aq;Fk; thA %yf;$Wfs; 

• thdpy; gwf;Fk; gl;lk; 
 

ntf;lh; ,aw;fzpjk; gw;wpa mbg;gilf; fUj;Jfs; 
 

,aw;gpaypy;> rpymsTfs; vz; kjpg;ig kl;LNk ngw;Ws;sd. NtW rpy msTfs; 
vz;kjpg;G kw;Wk; jpir ,uz;ilAk; ngw;Ws;sd.  ,e;j ,aw;gpay; msTfisg; Ghpe;J 
nfhs;tjw;F> ntf;lh; kw;Wk; ];Nfyhpd; gz;Gfisg; gw;wp mwpe;J nfhs;tJ mtrpakhFk;. 
 
];Nfyh; 
vz; kjpg;gpdhy; kl;LNk Fwpg;gplf;$ba msTfs; ];Nfyh; vdg;gLk;.  ,aw;gpaypy; gy;NtW 
msTfs; ];Nfyuhy; Fwpg;gplg;gLfpd;wd. 
 
vLj;Jf;fhl;Lfs;;: 
fle;jnjhiyT>epiw>ntg;gepiy>Ntfk; kw;Wk; Mw;wy; 
 
ntf;lh; 
vz; kjpg;G kw;Wk; jpir ,it ,uz;bdhYk; Fwpg;gplf;$ba msTfs; ntf;lh; vdg;gLk;. 
tbt fzpj Kiwapy; ntf;lh; vd;gJxUFwpg;gpl;ljpiriaf; fhl;Lk; Nfhl;Lj;Jz;L MFk;. 
,J glj;jpy; fhl;lg;gl;Ls;sJ. ,aw;gpaypy; rpy msTfs; ntf;luhy; kl;LNkFwpg;gpl 
,aYk;.  

 
tbt fzpjKiwapy; Fwpg;gpl;lntf;lh; 

vLj;Jf;fhl;Lfs; 

• tpir>jpirNtfk;> ,lg;ngah;r;rp>epiyntf;lh;>KLf;fk;>Neh;f;Nfhl;Lce;jk; kw;Wk; 
Nfhzce;jk;. 

 
2.3.1 ntf;lhpd; vz;kjpg;G 
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xUntf;lhpd; ePsk; mjd; vz; kjpg;G vdg;gLk;. ,J vg;NghJk; Neh;f;Fwpkjpg;Gngw;wpUf;Fk;. 
rpyNeuq;fspy; ntf;lhpd; vz; kjpg;G ntf;lhpd; juk; (Norm of the vector) vdTk; 

miof;fg;gLk;. Avd;wntf;lhpd; kjpg;G A my;yJvspikahf‘A’ vdTk; Fwpg;gplg;gLfpwJ:.  

 
ntf;lhpd; vz;kjpg;G 

 
2.3.2.ntf;lhpd; tiffs; 

 

1. rkntf;lh;fs; : Akw;Wk;B vd;w,uz;Lntf;lh;fs; xNuvz;kjpg;igAk;>xNujpirapYk; 
nray;gl;LxNu ,aw;gpay; mstpidf; Fwpg;gpl;lhy;>mt;ntf;lh;fs; rkntf;lh;fs; 
vd;Wmiof;fg;gLk;.  

 
tbt fzpjKiwapy; rkntf;lh;fs; 

 
m) xUNfhl;Lntf;lh;fs; : XNuNfhl;bd; topNanray;gLk; ntf;lh;fs; xUNfhl;Lntf;lh;fs; 

vd;Wmiof;fg;gLfpwJ. mt;ntf;lh;fSf;F ,ilg;gl;lNfhzk; 0my;yJ 180MFk;. 
xUNfhl;Lntf;lh;fs; ,uz;Ltifg;gLk;. 
 

(i) ,izntf;lh;fs;: Akw;Wk;B vd;w ,uz;Lntf;lh;fs; xNujpirapYk; ,izNfhLfs; 
topahfTk; nray;gl;lhy;mtw;iw ,izntf;lh;fs; vd;Wmiof;fyhk;.  ,izNfhLfs; 

topNanray;gLtjhy; mtw;Wf;F ,ilNacs;sNfhzk; 0MFk;.  
 

(ii) vjph; - ,izntf;lh;fs;: Akw;Wk; B vd;w ,uz;Lntf;lh;fs; vjpnujph;jpirapy; 
xNuNfhl;by; my;yJ ,izNfhLfs; topahfnray;gl;lhy; mtw;iwvjph;-,izntf;lh;fs; 
vd;Wmiof;fyhk;.   
 
(2)XuyFntf;lh;:xUntf;liumjd; vz;kjpg;ghy; tFf;ff;fpilg;gJXuyFntf;lh; MFk;. 

Antf;lhpd; XuyFntf;lh; Âvdf; Fwpg;gplg;gLk; (ANfg; my;yJAN`l; (hat) vdg; 
gbf;fTk;) ,jd; vz;kjpg;Gxd;Wmy;yJXuyFMFk;. 

ˆ A
A

A
= vdNt ˆA AA= vdTk; vOjyhk;. 

vdNt>XuyFntf;lh;>ntf;lhpd; jpirapidkl;LNkfhl;Lk;. 
 

(3) nrq;Fj;JXuyFntf;lh;fs;: %d;W XuyF ntf;lh;fs; î , ĵ kw;Wk; k̂  Mfpatw;iwf; 

fUJf. ,e;j %d;W XuyFntf;lh;fSk; x,ykw;Wk; zmr;rpd; Neh;Fwp jpirapidf; 
fhl;Lfpd;wd. ,tw;wpy;> ve;j ,uz;L XuyF ntf;lh;fSf;F ,ilNa cs;sNfhzk; 

90MFk;. ,t;thW xd;Wf;nfhd;W nrq;Fj;jhfr; nray;gLk; XuyF ntf;lh;fSf;F nrq;Fj;J 

XuyF ntf;lh;fs; vd;Wk; ngah;. ,q;F î , ĵ kw;Wk; k̂  vd;git nrq;Fj;J XuyF 

ntf;lh;fisf; Fwpf;fpwJ. 
  
ntf;lh;fspd; $Ljy; 
 
 ntf;lh;fs;> vz; kjpg;G kw;Wk; jpir ,t;tpuz;ilAk; ngw;Ws;sjhy;> rhjhuz 
,aw;fzpjKiwapy; mtw;wpd; $Ljiyf; fhz ,ayhJ. vdNt>ntf;lh;fistbtpay; 
KiwapNyh my;Yj gFg;G KiwapNyh rpy tpjpfisg; gad;gLj;jp mtw;wpd; $Ljiyf; 
fhzNtz;Lk;. ,k;Kiwf;F ntf;lh; ,aw;fzpjk; vd;Wngah;. xd;Wf;nfhd;W rha;e;j 
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epiyapy; cs;s ,uz;L ntf;lh;fspd; $Ljiy (njhFgad;) (i) ntf;lh;fspd; Kf;Nfhzf; 

$l;ly; tpjp (ii) ntf;lh;fspd; ,izfu tpjp Mfpa ,uz;L tpjpfisg; gad;gLj;jpf; 
fhzyhk;. 
 
 
 
ntf;lh;fspd; Kf;Nfhztpjp: 

 Akw;Wk; B vd;w ,uz;Lntf;lh;fspd; njhFgaidntf;lh;fspd; Kf;Nfhzf; $l;ly; 
tpjpiag; gad;gLj;jpfhzyhk;. 

 
 ,uz;Lntf;lh;fspd; njhFgaid> ntf;lh;fspd; Kf;Nfhz tpjpapid gad;gLj;jjp 

fPo;f;fz;lthW fhzyhk;. Akw;Wk; B vd;w ,uz;LRopaw;w ntf;lh;fs; thpirgb Xu 
Kf;Nfhzj;jpd; mLj;jLj;j gf;fq;fshff; fUjg;gl;lhy;> mtw;wpd; njhFgad;> 
vjph;thpirapy; vLf;fg;gl;l mk;Kf;Nfhzj;jpd; %d;whtJ gf;fj;jpdhy; Fwpg;gplg;gLk;.  ,J 
gpd;tUkhW tpsf;fg;gl;Ls;sJ. 

 Antf;lhpd; jiyg;gFjpB ntf;lhpd; thy;gFjpNahL ,izf;fg;gl;Ls;sJ Antf;lh; 

kw;Wk; B ntf;lh;fSf;F ,ilNacs;sNfhzk;  vd;f. Antf;lhpd; thy;gFjpiaAk; B ,d; 

jiyg;gFjpiaAk; ,izj;jhy; njhFgad; ntf;lh; R,d; vz;kjpg;Gmjd; ePsk; OQf;Fr; 

rkk;. NkYk; njhFgad; ntf;lh; R kw;Wk; Antf;lUf;F ,ilNacs;sNfhzk;>njhFgad; 

ntf;lhpd; jpiriaf; nfhLf;Fk;. vdNtR = A  + B vdvOjyhk;. Vnddpy;  

OQ OP PQ= +  

 
ntf;lh;fspd; Kf;Nfhzf;$l;ly; tpj 

p 
(1) njhFgad; ntf;lhpd; vz;kjpg;G 
njhFgad; ntf;lhpd; vz;kjpg;Gkw;Wk; jpirfPo;f;fz;lthWfzf;fplg;gLfpwJ. 
 glj;jpy; ABNvd;wnrq;NfhzKf;Nfhzj;ijf; fUJf. glj;jpy; 

OAvd;wgf;fj;ijONtiuePl;Ltjd; %yk; ABNvd;wnrq;NfhzKf;Nfhzk; fpilf;fpwJ.  
 

cos cos
AN

AN B
B

 =  =  kw;Wk; 

sin sin
BN

BN B
B

 =  =  

ΔOBN y; OB2 = ON2 + BN2  
 

  R2 = (A + B cos θ)2 + (B sin θ)2  
  R2 = A2 + B2 cos2 θ + 2AB cos θ + B2 sin2 θ 
  R2 = A2 + B2 (cos2 θ + sin2 θ) + 2AB cos θ 
  R2 = A2 + B2 + 2AB cos θ 

  R = 2 2
2 cosA B AB + +  

 
 

,r;rkd;ghL Akw;Wk; B ntf;lh;fspd; njhFgad; ntf;lhpd; vz;kjpg;igj; jUfpwJ. 
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(2) njhFgad; ntf;lhpd; jpir: 

 Akw;Wk; B ntf;lh; ,ilNacs;sNfhzk;  vdpy; 
  2 2

2 cosA B A B AB + + +  

R ntf;lh; Antf;lUld; Vw;gLj;Jk; Nfhzk; vdpy; OBN y; 

  tan α = 
BN BN

ON OA AN
=

+
 

  tan α = 
sin

cos

B

A B


+

 

  α = 1 sin
tan

cos

B

A B




−  
 + 

 

 
vLj;Jf;fhl;L 2.1 

 Akw;Wk; B vd;w ,uz;L ntf;lh;fs; xd;Wf;nfhd;W 60 Nfhzj;jpy; rha;e;j 
epiyapy; cs;sd. mtw;wpd; vz; kjpg;Gfs; Kiwna 5 myFfs; kw;Wk; 7 myFfs; 

MFk;. njhFgad; ntf;lhpd; vz; kjpg;G kw;Wk; Aiag; nghUj;J njhFgad; ntf;lhpd; 
jpir Mfpatw;iwf; fhz;f. 

 
jPh;T 

ntf;lh;fspd; Kf;Nfhztpjpg;gbnjhFgad; ntf;lh; R = A  + B vdvOjyhk;.  
 fPo;f;fz;lglk; ntf;lh;fspd; $Ljiyvt;thWKf;Nfhztpjpapd;mbg;gilapy; fhzyhk; 
vd;gijtpsf;FfpwJ. 

 

njhFgad; ntf;lhpd; ( R ) vz; kjpg;G 

   2 2
5 7 2 5 7cos60R R= = + +     

   
70 1

25 49 109
2


+ + =  myFfs;  

 

R kw;Wk; Af;F ,ilNa cs;sNfhzk;  (njhFgad; ntf;lhpd; jpir) 
fPo;f;fz;lthWfzf;fplg;gLfpwJ. 

  tan = α = 
sin

cos

B

A B


+

 

vdNt> 

 
7 sin60 7 3 7 3

tan 0.713
5 7cos60 10 7 17

  
= = = 

+  +
 

  35    
   
 

 
ntf;lh;fspd; fopj;jy;: 
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ntf;lh;fs; vz;k jpg;igAk;> jpiriaAk; ngw;wpUg;gjhy; mtw;iw rhjhuz ,aw;fzpj 
tpjpfisg; gad;gLj;jpf; fopf;f KbahJ. vdNtntf;lh; fopj;jiy tbtpay; Kiw my;yJ 
gFg;GKiwapy; fhzNtz;Lk;. tbtpay; Kiwapy; ,uz;L ntf;lh;fisvt;thW 
fopf;fNtz;Lk; vd;gij glj;jpy; fhzyhk;. 

 Akw;Wk; B vd;w ,uz;L Ropaw;w ntf;lh;fs;  Nfhzj;jpy; xd;Wf;nfhd;W 

rha;e;jepiyapy; cs;sd. A - B  d; njhFgad; kjpg;G fPo;f;fhZkhW ngwg;gLfpwJ. B Ig; 

ngwNtz;Lk;. A  kw;Wk; B f;F ,ilg;gl;lNfhzk; 180 -MFk;. 
 

ntf;lh;fspd; fopj;jy; 

A >B,d; NtWghL A - B vd;gij> A +(- B )vd;Wk; vOjyhk;. 
rkd;ghL (2.1)ypUe;J 

 2 2
2 cos(180 )A B A B AB − = + + −  

 

,q;Fcos (180 -  ) = - cos   

 
2 2

2 cosA B A B AB  − = + +  

rkd;ghL 2.2 Ig; Nghd;wkw;nwhUrkd;ghl;bypUe;J 

  
2

sin (180 )
tan

cos(180 )

B

A B




−
=

+ −
 

Mdhy; sin  (180 -  ) =  sin   

 2

sin
tan

cos

B

A B




 =
−

 

A >B ntf;lh;fspd; NtWghL ( A -B ) xUntf;luhFk;. NkYk; mjd; vz;kjpg;Gkw;Wk; 
jpiriarkd;ghLfs; (2.4) kw;Wk; (2.6) MfpaitnfhLf;fpd;wd. 
 
vLj;Jf;fhl;L 2.2 

 Akw;Wk; B vd;w ,uz;L  ntf;lh;fs; xd;Wf;nfhd;W 60Nfhzj;jpy; rha;e;jepiyapy; 
cs;sd. mtw;wpd; vz;kjpg;Gfs; KiwNa 5 myFfs; kw;Wk; 7 myFfs; MFk;. 

njhFgad; ntf;lh; A -Bd; vz;kjpg;igAk;> Antf;liug; nghUj;JnjhFgad; ntf;lh; A -

B jpiriaAk; fhz;f.  
jPh;T: 
rkd;ghL (2.4) ypUe;J 
 

A B− = 2 2
5 7 2 5 7cos60  + −     

= 25 49 35 39+ − = myFfs;  

Antf;liug; nghUj;J A - B Vw;gLj;Jk; jpir 
 

 α2 = tan-1 (4.041)   76˚ 
 

2.4 ntf;lh; $Wfs; (COMPONENTS OF A VECTOR ) 
 

 fhh;Brpad; Ma mr;Rj;njhFg;gpy;>ve;j xU ntf;liuAk ;( A )x,y kw;Wk; 

zmr;rpd;jpirapy; nray;gLk; %d;W $Wfshfg; gphpf;fyhk;.  

 Kg;ghpkhz Ma mr;Rj;njhFg;gpd; gb ntf;lh; xd;iw ( A ) mjd; $Wfshf 
fPo;f;fz;lthW vOjyhk;. 

 A = 
2
ˆˆ ˆ

x yA i A j A k+ +  
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,U ghpkhzfhh;Brpad; Ma mr;Rj;njhFg;G 
 

Kg;ghpkhzfhh;Brpad; Ma mr;Rj;njhFg;G 
,U ghpkhzkw;Wk; Kg;ghpkhzntf;lh; $Wfs; 

,q;FA x vd;gJx - mr;rpy; Antf;lhpd; $W.  

 A y vd;gJy - mr;rpy; Antf;lhpd; $W. 
   kw;Wk; 

 A z vd;gJz - mr;rpy; Antf;lhpd; $W. 

,U ghpkhz Ma mr;Rj; njhFg;gpd; gbntf;lh; A,d; $WfisfPo;f;fz;lthWvOjyhk;. 

  A = ˆ ˆ
x yA i A j+  

AMdJxmr;Rld; Vw;gLj;Jk; Nfhzk; >NkYk; A x kw;Wk; A y vd;gitxmr;Rkw;Wk; ymr;rpy; 

Antf;lhpd; $Wfs;.   
A x =  A cos   
A y = A sin   

,q;F‘A’vd;gJ Antf;lhpd; vz;kjpg;G (ePsk;) MFk;. 
2 2

x yA A A= +  

 
ntf;lh; gFg;G 

vLj;Jf;fhl;L 2.3 
vjph;f;Fwpx,ykw;Wk; zmr;Rj; jpirapy; nray;gLk; XuyFntf;lh;fs; ahit? 
jPh;T 
gpd;tUk; glk;>vjph;f;Fwpx,ykw;Wk; zmr;Rjpirapy; nray;gLk; XuyFntf;lh;fisf; 
fhl;LfpwJ. 

 
 

 glj;jpypUe;J> vjph;f;Fwp x mr;R y mr;R kw;Wk; z mr;R jpirfspy; nray;gLk; 

XuyFntf;lh;fs; KiwNa– î , - ĵ kw;Wk; - k̂ MFk;. 

2.4.1. ntf;lh; $Wfspd; mbg;gilapy; ntf;lh;fspd; $Ljy; 
 

 ,Jtiu tbtpay; Kiwapy; ,uz;L ntf;lh;fspd; $Ljy; kw;Wk; fopj;jy; 
Mfpatw;iwg; gw;wpg; gbj;Njhk;. jw;NghJ Ma mr;Rj; njhFg;gpidg; gad;gLj;jp vt;thW 
,uz;L ntf;lh;fspd; $Ljy; kw;Wk; mtw;wpd; fopj;jiyvspikahff; fhzyhk; vd;gijg; 
gw;wpg; gbf;fyhk;. 

 fhh;Brpad; Ma mr;Rj; njhFg;gpy; cs;s ,uz;Lntf;lh;fis( Akw;Wk;B ) 
fPo;f;fhZkhWvOjyhk;.  

  x y z
A A i A j A k+ = + +  

x y z
B B i B j B k= + +  

 
 nfhLf;fg;gl;l ,t;tpuz;Lntf;lh;fspd; x>ykw;Wk; zmr;Rfspd; vz;fspd; $LjyhdJ 
,t;tpuz;Lntf;lh;fspd; $LjYf;Fr; rkkhFk;. mjhtJ 

  ( ) ( ) ( )
x x y y z z

A B A B i A B j A B k+ = + + + + +  

,Nj Nghd;Wntf;lh;fspd; fopj;jiyak; fhzyhk;. 

( ) ( ) ( )
x x y y z z

A B A B i A B j A B k+ = − + − + −  

 
 
Nkw;fz;l ,uz;ltpjpfSk; gFg;GKiwapy; nfhLf;fg;gl;l ,uz;L ntf;lh;fspd; $Ljy; 
kw;Wk; fopj;jiyf; fhz;gjw;fhd topKiwiaf; nfhLf;fpd;wd. 
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vLj;Jf;fhl;L 2.4 

 Akw;Wk; B vd;w ,uz;Lntf;lh;fs; mtw;wpd; $Wfs; tbtpy; nfhLf;fg;gl;Ls;sd.  

A =5 î +7 ĵ -4 k̂ kw;Wk; B =6 î +3 ĵ +2 k̂ vdpy; fPo;f;fz;ltw;iwf; fhz;f 

   , , ,A B B A A B B A+ + − −  
 
 
jPh;T: 

(5 7 4 ) (6 3 2 )A B i j k i j k− = + − + + −  

= 11 10 2i j k+ −  

(6 3 2 ) (5 7 2 )B A i j k i j k+ = + + + + −  

= (6 5) (3 7) (2 4)i j k+ + + + −  

= 11 10 2i j k+ −  

 (5 7 4 ) (6 3 2 )A B i j k i j k− = + − − + +    

  = 4 6i j k− + −  

4 6B A i j k− = − +  

A + ; B kw;Wk; B + A  xd;Wf;nfhd;Wrkk;. Mdhy; A - B kw;Wk; B - A  
Mfpaitxd;Wf;nfhd;Wvjpuhfcs;sijftdpf;fTk;. 
 

2.5 xU ];Nfyuhy; ntf;liug; ngUf;Fjy; 
 

 XU ];Nfyuhy; ntf;liug; ngUf;Fk; NghJ>kw;nwhUntf;lh; fpilf;Fk;. vd;w 
xUNeh;f;Fwp vz;iz Antf;lUld;  ngUf;Fk; NghJ> fpilf;Fk; ntf;lh;  AMFk;. ,jd; 

jpir A,d; jpirapNyNa ,Uf;Fk;. Mdhy; xU vjph;f;Fwp vz; vdpy;  A ,d; jpir A  
ntf;lhpd; jpirf;F vjph;j;jpirapy; ,Uf;Fk;. 
 
vLj;Jf;fhl;L 2.5 

A =2 î +3 ĵ vdpy; 3 A If; fhz;f 

jPh;T 

 3 3(2 3 ) 6 9A i j i j+ = + = +  

 

Antf;lhpd; jpir Antf;lhpd; jpirapNyNa ,Uf;Fk;. 
 
vLj;Jf;fhl;L 2.6 

 glj;jpy; fhl;lg;gl;Ls;s A  ntf;lhpypUe;J 4 Akw;Wk; -4 AIf; fhz;f 
jPh;T 

 
,aw;gpaypy; rpyntf;lh; msTfs;>kw;nwhUntf;lhpd; ];Nfyh; klq;fhf ,Ug;gijf; 
fhzyhk;. 
 
vLj;Jf;fhl;lhf 

(1) tpirF ma=  ,q;F epiw‘m’ xU Neh;f;Fwp ];Nfyh; kw;Wk; KLf;fk; a  xUntf;lh; 
MFk;. ,q;Ftpirapd; jpirapNyNa nghUs; KLf;fkilfpwJ. 

(2) ce;jk; p  = m v,q;F v  vd;gJ nghUspd; jpirNtfk;. vdNt ,q;FnghUs; ,aq;Fk; 
jpirapNyNa Neh;f;Nfhl;L ce;jKk; nray;fLfpwJ. 
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(3) xU kpd;Gyj;jhy;>kpd;D}l;lKs;s xU Jfspd; kPJnray;gLk; tpirF q= E ,q;F q 

vd;gJkpd;D}l;lk;>xU ];Nfyh; kw;Wk; kpd;Gyk; E xUntf;lh;. tpirF ,d; 

jpirkpd;D}l;lk; Neh;f;Fwpvdpy; Ed;jpirapYk; kpd;D}l;lk; vjph;f;Fwpvdpy; 

E jpirf;Fvjph;j;jpirapYk; ,Uf;Fk;. 
 
 

2.5.1. ,uz;Lntf;lh;fspd; ];Nfyh; ngUf;fy; (Gs;spg; ngUf;fy;) 
 

tiuaiw 
 

,uz;L ntf;lh;fspd; ];Nfyh; ngUf;fy; (Gs;spg; ngUf;fy;) vd;gJ> mt;tpuz;L 
ntf;lh;fspd; vz;kjpg;Gfs; kw;Wk; mt;tpuz;L ntf;lh;fSf;F ,ilg;gl;l Nfhzj;jpd; 
nfhird; kjpg;G Mfpatw;wpd; ngUf;fy; gyDf;Fr; rkkhFk;. 

 Akw;Wk; B vd;w ,uz;L ntf;lh;fSf;F ,ilg;gl;l Nfhzk; vdpy; mtw;wpd; 
];Nfyh; ngUf;fy; fPo;f;fhZkhW tiuaiw nra;ag;gLfpwJ. 

 A >B  =ABcos ,q;FAkw;Wk; BMfpait Akw;Wk;B ntf;lh;fspd; vz;kjpg;Gfs; MFk;. 
 
gz;Gfs; 

i. ];Nfyh; ngUf;fypd; njhFgad; kjpg;Gvg;NghJk; xU ];Nfyh; MFk;. ,uz;L 

ntf;lh;fSf;F ,ilNa cs;s Nfhzk; FWq;Nfhzk; vdpy; (<90) ];Nfyh; 

ngUf;fypd; vz;kjpg;G Neh;FwpAlDk;> tphpNfhzk; vdpy; (90<<180) 
vjph;FwpAlDk; ,Uf;Fk;. 

ii. ];Nfyh; ngUf;fy; ghpkhw;Wtpjpf;F cl;gl;lJ. mjhtJ A +;B = B + A 

iii. ];Nfyh; ngUf;fy; gq;fPl;Ltpjpf;F cl;gl;lJ. mjhtJ A .(B + C )= A . B + A .C  

iv. ];Nfyh; ngUf;fypd; gb ,uz;L ntf;lh;fSf;F ,ilg;gl;l Nfhzk; 

1 .
cos

A B

AB
 −  
=  

 
 

v. ,uz;L ntf;lh;fs; ,izahf cs;sNghJ mjhtJ =0vdpy; mtw;wpd; ];Nfyh; 

ngUf;;fy; ngUkk; MFk;. Vnddpy; cos 0=1 

( A . B )ngUkk; =AB  

vi. ,uz;L ntf;lh;fs; xd;Wf;nfhd;W vjpuhf cs;sNghJ mjhtJ=180vdpy; mtw;wpd; 

];Nfyh; ngUf;;fy; rpWkk; MFk;. Vnddpy; cos 180= -1 

( A . B )rpWkk;= - AB  

vii. ,uz;L ntf;lh;fs; xd;Wf;nfhd;Wn rq;Fj;jhf cs;sNghJ> mjhtJ=90vdpy; 
mtw;wpd; ];Nfyh; ngUf;;fy; RopahFk;. Vnddpy; cos 90= 0 vdNt me;j 

ntf;lh;fis> nrq;Fj;J ntf;lh;fs; (orthogonal vectors) vd miof;fyhk;. 

viii. xU ntf;lh;> mNj ntf;lUld; ];Nfyh; ngUf;fy; nra;ag;gl;lhy;> mjw;F jw;rhh;G 

];Nfyh; ngUf;fy; vd;Wngah;. ( A )2 = A . A  =AAcosA2. ,q;FNfhzk; =0 

A - ,d; kjpg;G A = A= .A A  

ix. XuyFntf;lh; n̂If; fUJk;NghJ n̂ . n̂ =1x1x cos 0 =1 vLj;Jf;fhl;lhf 

î . î = ĵ . ĵ  = k̂ . k̂  =1 

x. nrq;Fj;J XuyF ntf;lh;fisf; fUJk;NghJ ( î , ĵ kw;Wk; k̂  ) 

î . ĵ = ĵ . k̂ = k̂ . î  =1.1 cos 90  = 0 
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xi. ntf;lh; $Wfspd; mbg;gilapy; Akw;Wk;B  ntf;lh;fspd; ];Nfyh; ngUf;fiyf; 
fPo;f;fz;lthW vOjyhk;. 

2 2
. ( ).( )

x y x y
A B A i A j A k B i B j B k= + + + +  

. x x y y z zA B A B A B A B= + +  

 kw;wmidj;Jg; ngUf;fw;gyd;fSk; RopahFk;. 

 A - ,d; vz; kjpg;G 2 2 2

2x y
A A A A A= = + +   

 
vLj;Jf;fhl;L 2.7 

nfhLf;fg;gl;l A =2 î +4 ĵ +5 k̂ kw;Wk; B = î +3 ĵ +6 k̂ ntf;lh;fspd; ];Nfyh; ngUf;fy; A , 

B kw;Wk; A , B,d; vz; kjpg;GfisAk; fhz;f. NkYk; nfhLf;fg;gl;l ,t;tpuz;L 
ntf;lh;fSf;F ,ilg;gl;lNfhzj;jpd; kjpg;G vd;d? 
 
jPh;T 

  .A B  = 2 + 12 + 30 = 44 

  A ntf;lhpd; vz;kjpg;G  

  A = 4 16 25 45+ + =  myFfs;  

  B ntf;lhpd; vz;kjpg;G  

   B = 1 9 36 46+ + =  myFfs;  
,uz;L ntf;lh;fSf;Fk; ,ilg;gl;lNfhzk; 

  1 .
cos

A B

AB
 −  
=  

 
 

  1 144 44
cos cos

45.4945 46
 − −   = =      

 

  = cos-1 (0.967) 

  15    
   
 
vLj;Jf;fhl;L 2.8 
nfhLf;fg;gl;l ntf;lh;fs; xd;Wf;nfhd;W nrq;Fj;J ntf;lh;fsh vd Muha;f. 

 i. 2 3A i j= −  kw;Wk; 4 5B i j= −  

 ii. 5 2C i j= −  kw;Wk; 2 5D i j= −  
 
jPh;T 

(i) A , B =8-15 = -7≠ 0 

vdNt Akw;Wk; B ntf;lh;fs; xd;Wf;nfhd;W nrq;Fj;J ntf;lh;fs; my;y. 

(i)C . D =10 -10 = 0 

vdNtC kw;Wk; DMfpait xd;Wf;nfhd;W nrq;Fj;Jntf;lh;fs; MFk;. 

fPo;f;fhZk; glk; tbtpay; Kiwapy; vt;thWC kw;Wk; Dntf;lh;fs; 
nrq;Fj;Jntf;lh;fs; vd;gijj; njspthff; fhl;LfpwJ. 

   

,aw;gpaypy; F  vd;w tpirapdhy; nghUnshd;W d r njhiyT ,lg;ngah;r;rp milAk;NghJ> 
mt;tpirapdhy; nra;ag;gl;l Ntiyia gpd;tUkhW tiuaiw nra;ayhk;. 

W = F . d r  
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W = F . d r  cos  
tpirapdhy; nra;ag;gl;l Ntiy vd;gJ tpir ntf;lUf;Fk;> ,lg;ngah;r;rp ntf;lUf;Fk; 
,ilNaahd ];Nfyh; ngUf;fy; MFk;. Ntiyiag; NghyNt NkYk; gy;NtW ,aw;gpay; 
msTfSk; ];Nfyh; ngUf;fypdhy; tiuaiw nra;ag;gl;Ls;sd vd;gij epidtpy; 
nfhs;sTk;.  
 

2.5.2. ,uz;Lntf;lh;fspd; ntf;lh; ngUf;fy; 
 

tiuaiw 
 
,uz;L ntf;lh;fspd;> ntf;lh; ngUf;fy; my;yJ FWf;F ngUf;fy; nra;Ak; NghJ 
fpilf;Fk; njhFgad; ntf;lhpd; vz;kjpg;ghdJ> mt;tpU ntf;lh;fspd; vz; kjpg;Gfspd; 
ngUf;fy;gyd; kw;Wk; mt;ntf;lh;fSf;F ,ilg;gl;l Nfhzj;jpd; ird;kjpg;G Mfpatw;wpd; 
ngUf;fy; gyDf;Fr; rkkhFk;. NkYk; tyJif jpUFtpjp my;yJ tyJif ngUtpuy; 
tpjpapd; mbg;gilapy;> njhFgad; ntf;lhpd; jpirahdJ. ,uz;Lntf;lh;fspd; jsj;jpw;Fr; 
nrq;Fj;Jj; jpirapy; ,Uf;Fk;.  

 Akw;Wk; B ; vd;w ,uz;L ntf;lh;fspd; ntf;lh; ngUf;fypdhy; fpilf;Fk; njhFgad; 

ntf;lh;C I fPo;f;fz;lthW Fwpg;gplyhk;. 

 C = A x B = (AB sin ) n̂  

 A x B,d; myFntf;lh; n̂d; jpir>mjhtJC d; jpir> Akw;Wk;B ; ntf;lh;fspdhyhd 

jsj;jpw;Fr; nrq;Fj;jhf ,Uf;Fk;. NkYk; tyJif jpUF xd;iw Antf;lhpy; ,Ue;J (Kjy; 

ntf;lh;) B ;ntf;liuNehf;fp (,uz;lhtJntf;lh;) mtw;wpd; rpwpaNfhzj;jpd; topNa Row;Wk; 

NghJ jpUF Kd;NdWk; jpirapy; C ntf;lhpd; jpir ,Uf;Fk;. 
 

ntf;lh; ngUf;fypd; (FWf;Fg; ngUf;fy;) gz;Gfs; 
 

(i) ,uz;L ntf;lh;fspd;>ntf;lh; ngUf;fy; kw;nwhUntf;liuNa jUk;. mt;ntf;lhpd; 
ntf;lh; ngUf;fy; (FWf;Fg; ngUf;fy;) 

Akw;WkB ; Mfpatw;wpd; ntf;lh; ngUf;fyp;dhy; A x B fpilf;Fk; %d;whtJ 

ntf;lh; C MdJ.  
 

,uz;Lntf;lh;fspd; ntf;lh; ngUf;fy; 
jpir> mt;tpuz;L ntf;lh;fspdhyhd jsj;jpw;Fr; nrq;Fj;jhf ,Uf;Fk;. NkYk; 

Akw;Wk; B ; ntf;lh;fs; xd;Wf;nfhd;W nrq;Fj;jhf ,Ue;jhYk;> 
,y;iynad;whYk; njhFgad; ntf;lh; ,t;tpuz;L ntf;lh;fSf;Fk; nrq;Fj;jhf 
,Uf;Fk;. 
 

a. ,uz;L ntf;lh;fspd; ntf;lh; ngUf;fy; ghpkhw;W tpjpf;F cl;glhJ mjhtJ 

A x B ≠ B x AMdhy; A x B  = -[ B x A ]NkYk; A x B  = B x A  = AB sin , 

mjhtJ A x B kw;Wk; B x A,tw;wpd; vz;kjpg;Gfs; rkk;. Mdhy; ,itapuz;Lk; 
vjpnujph;jpirapy; nray;gLk;. 
 

b. ,uz;L ntf;lh;fspd; ntf;lh; ngUf;fy; sin =1vd;wepge;jidapy; (=90) ngUk; 
kjpg;igg; ngWk;. mjhtJ nfhLf;fg;gl;l ntf;lh;fs; nrq;Fj;J ntf;lh;fs; vdpy; 
ntf;lh; ngUf;fy; ngUk; kjpg;igg; ngWk;. 

( A x B )ngUkk; =AB n̂  
 

c. ,uz;L Ropaw;w ntf;lh;fspd>; ntf;lh; ngUf;fy; sin =0, vd;w epge;jidapy; 

(=0my;yJ 180) rpWk kjpg;igg; ngWk;.( A x B )rpWkk; =0. mjhtJ nfhLf;fg;gl;l 
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ntf;lh;fs; xd;Wf;nfhd;W ,izahfNth my;yJ vjpuhfNth cs;sNghJ mtw;wpd; 
ntf;lh;; ngUf;fy; gyd; RopahFk;. 

 

d. jw;rhh;G ntf;lh; ngUf;fy; mjhtJ xUntf;liu mNj ntf;lUld; FWf;F ngUf;fy; 

nra;Ak;NghJ mJ Ropkjpg;igg; ngWk;. mjid Ropntf;lh; vd;W miof;fyhk;. A x A = 

AA sin  n̂ = 0 ,aw;gpaypy; Ropntf;lh; vspikahfRop vd;Nw Fwpf;fg;gLfpwJ. 
 

(ii) XuyF ntf;lh;fspd; jw;rhh;Gntf;lh; ngUf;fYk; RopahFk;. î x î = ĵ x ĵ  = k̂ x k̂  =0 

(iii) tyJ if jpUFtpjpapd;gb nrq;Fj;J XuyF ntf;lh;fspd; ntf;lh; ngUf;fy; 
fPo;f;fz;lthW fhzg;gLk;. 

î x ĵ = k̂ , ĵ x k̂ = î kw;Wk; k̂  x î = ĵ  

 
NkYk;> ntf;lh; ngUf;fy; ghpkhw;Wtpjpf;F cl;glhjjhy;> fPo;f;fhZkhW    
vOjyhk;. 

ĵ  x î  = - k̂ , k̂ x ĵ =- î kw;Wk; î  x k̂ = - ĵ  

 
(iv) ntf;lh; $W Kiwapy; ,uz;Lntf;lh;fspd; ntf;lh; ngUf;fiy fPo;f;fz;lthW 

fz;lwpayhk;. 

x y z

x y z

i j k

A B A A A

B B B

 =  

( )
y z z y

i A B A B+ −  

( )z x x zj A B A B+ −  

( )
x y y x

k A B A B+ −  

Fwpg;G: ĵ $wpd; ngUf;fypd; thpirahdJ î th $W kw;Wk; k̂ th$Wfspd; ngUf;fypd; 

thpirapypUe;J khWgl;L cs;sijf; ftdpf;fTk;. 
 

(v) Akw;Wk; B ; vd;w ,uz;Lntf;lh;fis ,izf;fuk; xd;wpd; mLj;jLj;jgf;fq;fshff; 

fUjpdhy;> A x B - d; vz;kjpg;G A x B mt;tpizfuj;jpd; gug;gsitf; nfhLf;Fk;. 
 

,izfuk; xd;wpd; gug;gsT 
 

 xU ,izfuj;ijehk; ,uz;LrkmsTs;sKf;Nfhzkhfg; gphpf;fKbAk;. ntf;lh; 

Akw;Wk; B ; ,U gf;fkhff; nfhz;lxUKf;Nfhzj;jpd; gug;gsTvd;gJ
1

2
 A x B f;Fr; rkkhf 

,Uf;Fk;.  
 

Kf;Nfhzj;jpd; gug;gsT 
 

 ,aw;gpaypy; gad;gLj;jg;gLk; gy;NtW msTfs; ntf;lh; ngUf;fypd; thapyhf 
tiuaiw nra;ag;gLfpd;wd. Fwpg;ghfr; Row;rpapd; tpisTfis> vLj;Jf;fhl;Lk; 
jpUg;Gtpir> Nfhz ce;jk; Nghd;w msTfis tiuaiw nra;Ak; NghJntf;lh; ngUf;fy; 
gad;gLfpwJ. 
 
vLj;Jf;fhl;Lfs;; 
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i. jpUg;Gtpir = r x F ,q;FF vd;gJtpirkw;Wk; r vd;gJ nghUspd; epiy 
ntf;lh; MFk;. 

ii. Nfhzce;jk; L = r x p ,q;F p vd;gJNeh;f;Nfhl;Lce;jkhFk;. 

iii. Neh;f;Nfhl;lj; jpirNtfk; v =  x r ,q;F vd;gJNfhzj;jpirNtfkhFk;. 
 

vLj;Jf;fhl;L 2.9 

 nfhLf;fg;gl;lntf;lh; r =2 î +3 ĵ +5 k̂ kw;Wk; ntf;lh; F =3 î -2 ĵ +4 k̂ Mfpatw;wpd; 

njhFgad; ntf;lh;   = r x F I fhz;f: 
jPh;T 

 2 3 5

3 2 4

i j k

r F =  =
−

 

 (12 ( 10) (15 8) ( 4 9)i j k = − − + − + − −  

 22 7 13i j k = + −  

 
2.5.3. ntf;lh; $Wfspd; gz;Gfs; 

 

 ,uz;L ntf;lh;fs; Akw;Wk;B  Mfpait xd;Wf; nfhd;Wrkkhf ,Ug;gpd;> mtw;wpd; 
$WfSk; xd;Wf;nfhd;Wrkkhf ,Uf;Fk;. 

 A = B vd;f. $W Kiwapy; 

  xx y z y z
A i A j A k B i B j B k+ + = + +  

  vdNt Ax = Bx, Ay = By, Az = Bz  
 
vLj;Jf;fhl;L 2.10 
nfhLf;fg;gl;l ntf;lh; rkd;ghLfspd; $Wfisxg;gpLf 

m) F =m a,q;FmxUNeh;f;Fwpvz;  

M) p = 0  

 
jPh;T 
Neh;T : m) 

  F ma=  

 x 2
ma

x y z y
F i F j F k i ma j ma k+ + = + +  

 
ntf;lh; $Wfisxg;gpLk; NghJ 

  Fx = max, Fy = may, Fz = maz  
 
,J ekf;F czh;j;JtJ> xUntf;lh; rkd;ghL %d;W ];Nfyh; rkd;ghLfSf;F 
,izahdjhFk;. 
Neh;T : M) 

  0p =  

 0 0 0
x y z

p i p j p k i j k+ + = + +  
 
ntf;lh; $Wfisxg;gpLk; NghJ 

 px = 0, py = 0, pz = 0 
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vLj;Jf;fhl;L 2.11 
nfhLf;fg;gl;lntf;lh; rkd;ghl;bypUe;J‘T’ d; kjpg;igf; fhz;f: 

5 ĵ -T ĵ = 6 ĵ +3T ĵ  
jPh;T 
 ntf;lh; $Wfisxg;gpLk;NghJ 

  5 – 6 = 3T + T 
     -1 = 4T 

    T = - 
1

4
 

 
vLj;Jf;fhl;L 2.12 

nfhLf;fg;gl;lntf;lh; rkd;ghl;bd; $Wfisxg;gpLf: F 1+ F 2+ F 3 = F 4 
jPh;T 
fhh;Brpad; Ma mr;Rj; njhFg;gpd; mbg;gilapy; nfhLf;fg;gl;lntf;lh; rkd;ghl;ilx,ykw;Wk; 
z $Wfshfg; gFj;Jmjd; $Wfisxg;gplNtz;Lk;. 

  F1x + F2x + F3x = F4x  
  F1y + F2y + F3y = F4y 
  F1z + F2z + F3z = F4z  
 

2.6 epiyntf;lh; (POSITION VECTOR) 
 

 ve;jxUFwpg;gpl;lNeuj;jpYk; Jfs; xd;wpd; epiyapidf; Fwpg;ghak; my;yJ Ma 
mr;Rj; njhFg;gpidg; nghUj;JFwpg;gpLk; ntf;lh;>epiyntf;lh; MFk;. 
 P vd;wGs;spapy; cs;sJfs; xd;wpd; epiyntf;lhiufPo;fhZkhWFwpg;gplyhk;. 

 r =x î +y ĵ +z k̂  

,q;F x,y kw;Wk; z Mfpait epiyntf;lh; r d; $Wfs; MFk;. NkYk; î , ĵ kw;Wk; 

k̂ Mfpait nrq;Fj;J mr;Rfshd x,y kw;Wk; zmr;rpy; nray;gLk; nrq;Fj;J XuyF 
ntf;lh;fs; MFk;.  

 
fhh;Brpad; Ma mr;Rj; njhFg;gpy; cs;sepiyntf;lh; 

vLj;Jf;fhl;L 2.13 
glj;jpy; fhl;lg;gl;Ls;sP,Q,R,SGs;spfspy; cs;sJfs;fspd; epiyntf;lh;fisf; fhz;f 

 
jPh;T 

P Gs;spapy; cs;sJfspd; epiyntf;lh; r p =3 î  

Q  Gs;spapy; cs;sJfspd; epiyntf;lh; r Q =5 î +4 ĵ  

R  Gs;spapy; cs;sJfspd; epiyntf;lh;  r R =-2 î  

S  Gs;spapy; cs;sJfspd; epiyntf;lh r S =3 î - 6 ĵ  
vLj;Jf;fhl;L 2.14 
 njhlf;fj;jpy; Xa;Tepiyapy; cs;skdpjh; xUth; (1) tlf;FNehf;fp 2 kPl;lUk; (2) 
fpof;FNehf;fp 1 kPl;lUk; gpd;G (3) njw;FNehf;fp 5 kPl;lUk; elf;fpwhh;. ,Wjpahf (4) 
Nkw;FNehf;fp 3mele;J Xa;Tepiyf;F tUfpwhh;. ,Wjpepiyapy; mk;kdpjhpd; 
epiyntf;liuf; fhz;f. 
 
jPh;T 
glj;jpy; fhl;bAs;sthW Neh;Fwp x mr;irfpof;F jpirahfTk;> Neh;Fwp y mr;ir tlf;F 
jpirahfTk; fUJf. 
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gazKbtpy; P Gs;spia mile;jkdpjhpd; epiyntf;lh; r =2 î - 3 ĵ MFk;. NkYk; 

,lg;ngah;r;rpapd; jpirnjd; Nkw;FMFk;. 
 

2.7 fle;jnjhiyTkw;Wk; ,lg;ngah;r;rp 
 

fle;jnjhiyT 
nfhLf;fg;gl;lfhy ,ilntspapy; nghUs; fle;J nrd;wghijapd; nkhj;jePsk; fle;j 
njhiyT vdg;gLk;. ,J xU Neh;f;Fwp ];Nfyh; msTMFk;. 
 
,lg;ngah;r;rp 
nfhLf;fg;gl;l fhy ,ilntspapy; nghUspd; ,Wjp epiyf;Fk;> mjd; Muk;gepiyf;Fk; 
cs;s NtWghL ,lg;ngah;r;rpvdg;gLk;. NkYk; nghUspd; ,UepiyfSf;F ,ilNa cs;s 
kpff;Fiwe;j njhiyTvdTk; tiuaiw nra;ayhk;. ,lg;ngah;r;rpapd; jpirahdJ 
njhlf;fg;Gs;spapypUe;J ,Wjpepiyg; Gs;spia Nehf;fp ,Uf;Fk;. ,J xUntf;lh; 
msthFk;. glj;jpy; ,lg;ngah;r;rpf;Fk;> fle;j njhiytpw;Fk; cs;sN tWghl;bidj; 
njspthff; fhl;LfpwJ. 

 
,lg;ngah;r;rpkw;Wk; fle;jnjhiyT 

vLj;Jf;fhl;L 2.15 
cq;fs; gs;spf;$lk; cq;fs; tPl;bypUe;J 2kmnjhiytpy; cs;sJ vdf ;fUJf. 
tPl;bypUe;J gs;spf;$lj;jpw;Fk;> gpd;dh; khiy gs;spf;$lj;jpw;Fk;> gpd;dh; khiy 
gs;spf;$lj;jpypUe;J tPl;bw;Fk; tUfpwPh;fs; vdpy;> ,e;epfo;r;rpapy; ePq;fs; fle;Jnrd;w 
njhiyT kw;Wk; mile;j ,lg;ngah;r;rpvd;d? 
jPh;T: 
 

 
 
,e;jgazj;jpy; mile;j ,lg;ngah;r;rpRop> Vnddpy; Muk;gepiy kw;Wk; ,WjpepiyMfpa 
,uz;Lk; xNuGs;spahFk;. Mdhy; fle;jnjhiyT 4kmMFk;. 
 
vLj;Jf;fhl;L 2.16 
xU jlfstPuh; 50m MuKila tl;ltbt XL ghijapy; %d;W Kiw Rw;wp tUfpwhh;. mth; 
fle;j njhiyT kw;Wk; mile;j ,lg;ngah;r;rpiaf; fhz;f. 
 
jPh;T 

 
Jlfs tPuh; fle;j njhiyT 
  = 3x XL ghijapd; Rw;wsT 

  = 3x 2 x 50m = 300 m  
 (my;yJ) 
fle;j njhiyT= 300 x 3.14 = 942m 
jlfs tPuh; mile;j ,lg;ngah;r;rp Rop> Vnddpy; jlfs tPuhpd; njhlf;f epiy kw;Wk; 
,Wjpepiy Mfpait xNu Gs;spapy; cs;sd. 
 

2.7.1. fhh;Brpad; Ma mr;Rj;njhFg;gpy; ,lg;ngah;r;rpntf;lh; 
 

epiy ntf;liu mbg;gilahff; nfhz;L ,lg;ngah;r;rp ntf;liu vt;thW mikg;gJ vd;gJ 

gpd;tUkhW tpsf;fg;gl;Ls;sJ. Jfs; xd;Wepiyntf;lh; r 1=x1 î +y1 ĵ +z1 k̂  nfhz;l P1 

Gs;spapypUe;J epiy ntf;lh; r 2=x2 î +y2 ĵ +z2 k̂  nfhz;l P2 Gs;spf;F efh;fpd;wJ vd;f. 

,j;Jfspd; ,lg;ngah;r;rp ntf;liu fPo;f;fz;lthW vOjyhk;. 
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,lg;ngah;r;rpntf;lh; 
vLj;Jf;fhl;L 2.17 
glj;jpy; fhl;lg;gl;Ls;sthW Jfs; xd;W P Gs;spapypUe;J Q Gs;spf;F efh;fpd;wJ vdpy;> 
mj;Jfspd; ,lg;ngah;r;rp ntf;lh; kw;Wk; ,lg;ngah;r;rpapd; vz; kjpg;igAk; fhz;f. 
 
jPh;T 

,lg;ngah;r;rpntf;lh;  r = r 2 - r 1 

,q;F 

 1r i j= +  kw;Wk; 2 4 2r i j= +  

 2 1) (4 2 ) ( )r r r i j i j = − = + − +  

   = (4 – 1) i + (2 – 1) j    

   3r i j = +  

,lg;ngah;r;rp ntf;lhpd; vz;kjpg;G  r = 2 2
3 1 10+ = myF. 

 
2.8 tifEz;fzpjk; (Differential Calculus) 

 
rhh;Ggw;wpafUj;J (Concept of a function) 

i. ve;j xU ,aw;gpay; msTk;> fzpjtpaypd; xU rhh;ghf (function) Fwpf;fg;gLfpwJ. 
vLj;Jf;fhl;lhf ntg;gepiy T If; fUJNthk;. Rw;Wr;#oypd; ntg;gk; ehs; KOtJk; 
xNu rPuhf ,Ug;gjpy;iy. mJ ez;gfypy; mjpfhpf;fTk;> khiy Ntisapy; 
FiwaTk; nra;fpwJ. 

ii. ehk; fUJk; ve;jnthU “t” Neuj;jpYk; ntg;gepiy T xU Fwpg;gpl;l kjpg;gpidg; 

ngw;wpUf;Fk;. fzpjtpjpfspd; mbg;gilapy; ,jid ‘T(t)’ vdf; Fwpg;gplyhk;. NkYk; 

,jid“ Neuj;ijr; rhh;e;j ntg;gepiy” vd miof;fyhk;. ,jpypUe;Jehk; mwpe;J 
nfhs;tJ vd;dntdpy; Neuk; “t” nfhLf;fg;gl;lhy; me;jFwpg;gpl;l Neuj;jpy; cs;s 

ntg;gepiyia rhh;G‘T(t)’nfhLf;Fk;. ,Nj Nghd;W x mr;rpd; jpirapy; nry;Yk; 

NgUe;J xd;wpd; ,af;fj;jpid x(t) vdf; Fwpg;gplyhk;. mjhtJ x vd;gJ Neuj;ijr; 
rhh;e;j xUrhh;G MFk;. ,q;F x vd;gJ me;jNgUe;jpd; x Ma mr;rpidf; Fwpf;fpwJ. 

 
vLj;Jf;fhl;L 
f(x) = x2 vd;wrhh;igf; fUJf. rpy Neuq;fspy; ,jid y=x2 vdTk; Fwpg;gplyhk;. ,q;F 

yvd;gJ x Ir; rhh;e;j khwp>Mdhy; x vd;gJ rhh;gw;wkhwp MFk;. x y; khw;wk; Vw;gLk; 

Nghnjy;yhk; yapYk; khw;wk; Vw;gLk; vd;gij ,J czh;j;JfpwJ. 
  

 ,aw;gpay; msT xd;wpidr; rhh;Gtbtpy; Fwpg;gpl;lgpd;G> me;jrhh;G Neuj;ijg; 
nghUj;J vt;thW khWgLfpwJ (my;yJ) ,aw;gpay; msT rhh;gw;w khwpfisg; nghUj;J 
vt;thW khWgLfpwJ vd;gij mwpayhk;. ve;jxU ,aw;gpay; mstpy; Vw;gLk; khw;wj;ijAk; 
gFj;J Muha Ez;fzpjk; (Calculus) vd;wfzpjtpaypd; gphpTgad;gLj;jg;gLfpwJ. 

y= f(x) vd;gJ xU rhh;G vdpy; x Ig; nghUj;Jy ,d; Kjy; tiff;nfOit 
dy

dx  
vdf;Fwpg;gplyhk;. fzpjtpaypd; gby = f(x) vd;gJx ,d; gy;NtW kjpg;GfSf;F y ,y; 
Vw;gLk; khw;wj;ij vLj;Jf; fhl;LfpwJ. 
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 fzpj Nfhl;ghl;bd; gbtiff;nfO 
dy

dx  
fPo;f;fz;lthW tiuaiw nra;ag;gLfpwJ. 

 

  
0

( ) ( )
lim

x

y y x x y x

x x →

 +  −
=

 
 

  
0

lim
x

y

x →




 

x Ropapid neUq;Fk;NghJ (x→0) 
y

x


  

milAk; vy;iyia 
dy

dx  
fhl;LfpwJ.  

 
vLj;Jf;fhl;L 2.18  
 y= x2  vd;w rhh;gpidf; fUJf. ‘rhh;Gvy;iy’ fUj;ijg; gad;gLj;jpx = 2vd;wGs;spapy; 

mjd; tiff;nfO 
dy

dx  
If; fhz;f. 

jPh;T 
x1= 2 kw;Wk; x2= 3 vd;w ,uz;L Gs;spfisf; fUjpdhy; y1= 4 kw;Wk; y2= 9vd;w ,uz;L 
Gs;spfs; fpilf;Fk;. 

  ,q;F Δx = 1 kw;Wk; Δy = 5 

  vdNt> 
9 4

5
3 2

y

x

 −
= =

 −
 

 
x1= 2 kw;Wk; x2= 2.5 vdpy; y1= 4 kw;Wk; y2= (2.5)2=6.25 vdf; fpilf;Fk;  

  ,q;F Δx = 0.5 = 
1

2
kw;Wk; Δy = 2.25 

  vdNt> 
6.25 4

4.5
0.5

y

x

 −
= =


 

 
x1= 2kw;Wk; x2= 2.25 vdpy; y1= 4kw;Wk; y2= 5.0625 vdf; fpilf;Fk;. 

,q;Fx=0.25=
1

4
kw;Wky= 1.0625vdNt> 

 
5.0625 4 (5.0625 4)

10.25

4

y

x

 − −
= =


 

  = 4(5.0625 – 4) = 4.25  
 
x1= 2 kw;Wk; x2= 2.1 vdpy; y1= 4kw;Wk; y2= 4.41 vdf; fpilf;Fk;. 

,q;Fx=0.1=
1

10
kw;Wk;y=0.41 

 
(4.41 4)

10(4.41 4) 4.1
1

10

y

x

 −
= = − =


 

KbTfs; fPo;f;fz;lthWml;ltizg; gLj;jg;gl;Ls;sd. 

 
x1 x2 Δx y1 y2 y

x
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2 2.25 0.25 4 5.0625 4.25 

2 2.1 0.1 4 4.41 4.1 

2 2.01 0.01 4 4.0401 4.01 

2 2.001 0.001 4 4.004001 4.001 

2 2.0001 0.0001 4 4.00040001 4.0001 

 
Nkw;fz;l 
ml;ltizapypUe;J gpd;tUk; KbTfisg; ngwyhk;.  

• x Ropapid neUq;Fk; NghJ 
y

x


  

vz;kjpg;G 4 vd;w vy;iyia neUq;FfpwJ. 

• x = 2 vd;w Gs;spapy;>tiff;nfO 
dy

dx
=4 MFk;. 

• kw;nwhU ftdpf;f Ntz;ba mk;rk; vd;dntdpy;> x→ vd;gijx=0vdf; fUjf;$lhJ. 

Vnddpy; x = 0 vd;W gpujpapl;lhy; 
y

x




I tiuaWf;fKbahJ.  

• nghJthfrhh;G y= x2 d; tiff; nfOitf; fPo;f;fz;lthW fhzyhk;. 
 

  
2 2 2 2 2

( ) 2y x x x x x x x x

x x x

 + − +  + −
= =

  
 

  = 
2

2
2

x x x
x x

x

 +
= +


 

  
0

2 2lim
x

dy
x x x

dx  →

= +  =  

gpd;tUk; ml;ltiz ,aw;gpaypy; gad;gLj;jg;gLk; rpy nghJthd rhh;GfisAk;>mtw;wpd; 
tiff; nfOf;fisAk; fhl;LfpwJ. 
  

rhh;G tiff;nfO 

y = x dy/dx = 1 

y = x2 dy/dx = 2x 

y = x3 dy/dx = 3x2 

y = xn dy/dx = nxn-1 

y = sinx dy/dx = cos x 

y = cosx dy/dx = -sinx 

y = khwpyp dy/dx = 0 

y = AB dy/dx = 
dB dA

B
dx dx

   +   
   

 

 
,aw;gpaypy;> jpirNtfk;> Ntfk; kw;Wk; KLf;fk; Mfpait Neuk; t Ig; nghUj;jtiff; 
nfOf;fs; MFk;. mtw;iwg; gw;wp mLj;j gFjpapy; fhzyhk;. 
 
vLj;Jf;fhl;L 2.19 
nfhLf;fg;gl;l rhh;Gx = A0+ A1t+ A2t2 d; tiff;nfOtpid t I nghWj;Jf; fhz;f. ,q;F 

A0 , A1kw;Wk; A2 Mfpait khwpypfs; MFk;. 
jPh;T 
,q;F rhh;gw;w khwp tkw;Wk; rhh;Gila khwp x MFk;. ekf;Fj; Njitahd tiff;nfO 
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dx/dt = 0+A1+2 A2t  

,uz;lhk; gbtiff;nfO
2

2

d x

dt
=2 A2 MFk;.  

2.9 njhifEz;fzpjk; (Integral Calculus) 
 

 njhifaply; vd;gJ gug;gpidf; fz;lwpAk; xU nrayhFk;. rpy xOq;fhd 
tbtq;fSf;F vspjhfgug;gpidf; fz;lwpayhk;. Mdhy; xOq;fw;w tbtq;fspd; gug;gpid 
mt;thW fhz KbahJ. ,j;jifa Neh;Tfspy; njhif Ez;fzpjj;ijg; gad;gLj;jp 
vspikahf gug;gpidf; fhzyhk;. vLj;Jf;fhl;lhf glj;jpy; fhl;lg;gl;Ls;s nrt;tfk; kw;Wk; 
xOq;fw;w tisNfhL Mfpatw;iwf; fUJf. nrt;tfj;jpd; gug;GA=ePsk; xmfyk;= (b-a)cvd 
vspjhff; fz;lwpayhk;. Mdhy; xOq;fw;w tisNfhl;bd; fPNo mikAk; gug;ig mt;thW 
fhz KbahJ. 
 
f(x) vd;wrhh;ghff; fUjg;gLk; xOq;fw;wtis Nfhl;bw;F fPNo cs;sgug;gp;idg; glj;jpy; 
fhl;lg;gl;Ls;sJ. nrt;tfg; gl;ilfshfg; gphpj;J> mtw;wpd; $Ljiy xOq;fw;wtis 
Nfhl;bw;Ff; fPNo cs;sgug;gpd; Njhuhakhff; nfhs;syhk;. 

  A = f(a) Δx + f (x1) Δx + f(x2) Δx + f (x3) Δx  
 
,q;Ff(a) vd;gJx = a vd;wepiyapy; f(x) ,d; kjpg;ghFk;. NkYk; f(x1) vd;gJx = 
x1vd;wepiyapy; f(x) ,d; kjpg;ghFk;. ,t;thNw kw;w kjpg;GfisAk; fhz Ntz;Lk;. 
nrt;tfg; gl;ilfspd; vz;zpf;if mjpfhpf;Fk; NghJ> gug;ig mstpLjypd; 
Jy;ypaj;jd;ik nkd;NkYk; mjpfhpf;Fk;. 
 
tis Nfhl;bw;Ff; fPNo cs;sgug;gpid N gl;ilfshfg; gFf;Fk;NghJ> tisNfhl;bw;Ff; 
fPNo cs;s gug;ig 

   A = 
1

( )
N

n n

n

A f x x
=

   

vdf; Fwpg;gplyhk;. 

 nrt;tfg; gl;ilfspd; vz;zpf;if <wpyhkjpg;gpidneUq;Fk; NghJN→ mtw;wpd; 
$Ljy;> njhifaplyhf khWfpwJ. 

  A = 
b

a

F (x) dx 

  (Fwpg;G N → ∞ vdpy; Δx → 0) 
 
,e;jj; njhifaply; tisNfhL f(x)f;F fPNo cs;s nkhj;jg; gug;gpidf; nfhLf;fpwJ. 

 
$LjYf;Fk; njhifaplYf;Fk; cs;snjhlh;G 

 
vLj;Jf;fhl;Lfs;: 
nghUnshd;W a Gs;spapypUe;J b Gs;spf;F xUghpkhz ,af;fj;jpy; efUk;NghJ tpir f(x) 
My; nra;ag;gl;l Ntiyia fPo;f;fz;lthW Fwpg;gplyhk;. 

  W =
b

a

F (x)dx 

(,q;F ];Nfyh; ngUf;fy; mtrpakpy;iy. Vnddpy; nghUs; xu;ghpkhz ,af;fj;ij 
Nkw;nfhs;fpwJ) 
1) tpirapdhy; nra;ag;gl;l Ntiy> tpir-,lg;ngah;r;rp tisNfhl;bw;F fPNo cs;s 
gug;gpw;Fr; rkk;. 

 
tpirapdhy; nra;ag;gl;lNtiy 



 

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

 

2) t=0 kw;Wk; t= t1 vd;w rpwpafhy ,ilntspapy; tpirapdhy; Vw;gl;l fzj;jhf;ifn 
jhifaply; %yk; fzf;fplyhk;. 
 

fzj;jhf;FI = 
1

0

t

 Fdt 

tpirr; rhh;G F (t) kw;Wk; Neuk; (t) tiuglj;jpd; gug;G> fzj;jhf;fpw;Fr; rkk;.  
 
ruhrhpj; jpirNtfk; 
 
njhlf;fj;jpy; Pvd;w Gs;spapy; cs;sJfs; xd;iwf; fUJf. mjd; epiyntf;lh; 

r 1MFk;.t vd;w rpwpafhy ,ilntspapy; mj;Jfs; Qvd;w Gs;spia milfpwJ. Mjd; 

epiyntf;lh; r 2 MFk; Jfspd; ,lg;ngah;r;rp ntf;lh;  r = r 2  - r 1 ,lg;ngah;r;rp ntf;lh; 
kw;Wk; mjw;fhdfhy ,ilntsp Mfpatw;wpd; tpfpjk; ruhrhpjpir Ntfj;jpidf; nfhLf;Fk;.  

avg

r
v

t


=


 

,J xUntf;lh; msthFk;. ruhrhpj; jpitNtfj;jpd; jpir> ,lg;ngah;r;rp ntf;lhpd; 

jpirapy; ( r ) mikAk;. 
ruhrhpNtfk; 
 
Jfs; fle;J nrd;wghijapd; nkhj;j ePsj;jpw;Fk;> vLj;Jf; nfhz;l fhy ,ilntspf;Fk; 
cs;sjfT> ruhrhp NtfkhFk;. 
ruhrhpNtfk; = ghijapd; nkhj;jePsk; /nkhj;j Neuk; 
 
vLj;Jf;fhl;L 2.20 
glj;jpy; cs;sthW nghUnshd;W O Gs;spapypUe;J P Gs;spf;F 5 tpdhbapy; 
fle;Jnry;fpwJ. mg;nghUspd; ruhrhpj; jpirNtfk; kw;Wk; ruhrhpNtfk; Mfpatw;iwfhz;f: 

  ruhrhp jpirNtfk; 
p o

avg

r r
v

t

−
=


 

  ,q;F Δt = 5 s 

   0or =  

   10pr i=  

    110
2

5
avg

i
v icms

−= =  

ruhrhpj; jpirNtfk; Neh;f;Fwp x mr;R jpirapy; cs;sJ. 

ruhrhpNtfk; = 
ghijapd; nkhj; j esP k;

nkhj; j Neuk;  

  

1 15
3.14

5

cm
cms cms

  − −= =   

,q;F ruhrhp Ntfk;> ruhrhpj; jpirNtfj;ij tpl mjpfk; vd;gijg; Ghpe;J nfhs;sNtz;Lk;. 
 
cldbj; jpirNtfk; (my;yJ) jpirNtfk;. 
 
t Neuj;jpy; ,Uf;Fk; cldbj; jpirNtfk; my;yJ vspikahf t Neuj;jpy; jpirNtfk; 

vd;gJ t → 0.vd;w epge;jidapy; fpilf;fg; ngWk; ruhrhpj; jpirNtfk; MFk;. 
 NkYk; jpirNtfk; vd;gJ Neuj;ijg; nghUj;J epiyntf;lh; khWk; tPjkhFk;. ,J 
xUntf;lh; msthFk;. 
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0
lim

t

r d r
v

t dt →


= =


  

ntf;lh; $WKiwapy; Jfs; xd;wpd; jpirNtfk; 

  ( )
d r d

v xi y j zk
dt dt

= + + +  

  
dx dy dz

i j k
dt dt dt

+ +  

  ,q;F 
x

dx
v

dt
= =jpirNtfj;jpd; x $W  

y

dy
v

dt
= =  jpirNtfj;jpd; y $W 

  
z

dz
v

dt
= =  jpirNtfj;jpd; z $W  

jpirNtfj;jpd; vz;kjpg;GNtfk; vdg;gLk; mjid v vdFwpg;gplyhk;. 

  2 2 2

x y zv v v v= + +  

Ntfk; vg;NghJk; xUNeh;f;Fwp ];Nfyh; MFk;. Ntfj;jpd; myFm s-1MFk;. 
 
vLj;Jf;fhl;L 2.21 

Jfnshd;wpd; epiy ntf;lh; r =2 t î +3 t2 ĵ -5 k̂  

m) t vd;w ve;jnthU Neuj;jpYk; cs;s jpirNtfk; kw;Wk; Ntfj;jpidf; fzf;fpLf: 

M) t= 2 tpdhb vd;w Neuj;jpy; cs;s jpirNtfk; kw;Wk; Ntfj;jpidf; fzf;fpLf 
jPh;T: 

jpirNtfk; v =
d r

dt
=2 î +6t ĵ  

v(t) = 2 2
2 (6 )t+ ms-1 

t = 2 tpdhbapy; Jfspd; jpirNtfk; v (2s) = 2 î +12 ĵ  

t = 2 tpdhbapy; Jfspd; jpirNtfk; 

  2 2
(2 ) 2 12 4 144v s = + = +  

  1
148 12.16ms

−    
JfshdJ x, y jpirfspy; jpirNtfj;jpd; $Wfisg; ngw;Ws;sJ z jpirapy; epiyntf;lh; 
(-5) vd;wkhwhj kjpg;gpidg; ngw;Ws;sJ. ,J Neuj;ijr; rh;e;jjy;y. vdNtz- jpirapy; 
jpirNtfj;jpd; $W RopahFk;. 
 
vLj;Jf;fhl;L 2.22 
A,B kw;Wk; Cvd;w %d;W Jfs;fspd; jpirNtfq;fs; fPNo nfhLf;fg;gl;Ls;sd. ,tw;Ws; 
ve;jj; Jfs; mjpfNtfj;jpy; nry;Yk;. 
  

3 5 2Av i j k= − +  

 2 3Bv i j k= + +  

5 3 4Cv i j k= + +  

jPh;T: 
ehk; mwpe;jgbNtfk; vd;gJ> jpirNtfj;jpd; vz;kjpg;G MFk;. vdNt> 
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A Jfspd; Ntfk; 2 2 2
(3) ( 5) (2)

A
v = + − +  

1
9 25 4 38 ms

−+ + =  

B Jfspd; Ntfk; 2 2 2
(1) (2) (3)

B
v = + +  

1
1 4 9 14 ms

−+ + =  

 

C Jfspd; Ntfk; 2 2 2
(5) (3) (4)

C
v = + +  

  1
25 9 16 50 ms

−+ + =  

C Jfs; kw;;w Jfs;fis tpl Ntfkhfr; nry;Yk;  

   50 38 14   
 
 
vLj;Jf;fhl;L 2.23 

,uz;Lfhh;fspy; xd;W v 1 =10 ms-1 vd;w jpirNtfj;jpy; fpof;fhfTk; kw;nwhd;W 

v 2 =10 ms-1 vd;w jpirNtfj;jpy; Nkw;fhfTk; nry;fpd;wd. mtw;wpd; Ntfq;fisf; 

fzf;fpLf. 
 
jPh;T 
,uz;L fhh;fSk; ntt;Ntwhd jpirapy; xNu vz;kjpg;Gila jpirNtfj;jpy; nry;fpd;wd. 
vdNt ,uz;Lfhh;fSk; ntt;NtWjpirNtfj;jpy; nry;fpd;wdvdf; fUjyhk;. Mdhy; 
jpirNtfj;jpd; vz;kjpg;GNtfk; MFk;. ,jw;Fj; jpir ,y;iy. vdNt ,uz;Lfhh;fSk; 
ntt;NtW thpirfspy; nrd;whYk; rkNtfj;jpy; nry;fpd;wd vd;gijmwpayhk;. 

 
ce;jk; Jfs; xd;wpd; Neh;f;Nfhl;L ce;jk; my;yJ ce;jk; vd;gJ mj;Jfspd; epiwf;Fk;> 
mjd; jpirNtfj;jpw;Fk; cs;s ngUf;fw;gyd; MFk;. ,jid vdf; Fwpg;gplyhk;. ,J 

xUntf;lh; msTMFk;. p  = m v . 
jpirNtfj;jpd; jpirapNyNa ce;jj;jpd; jpirAk; ,Uf;Fk;. ce;jj;jpd; 

vz;kjpg;GJfspd; epiw kw;Wk; Ntfj;jpd; ngUf;fy; gyDf;Fr; rkk;. p= mv 

$WKiwapy; ce;jj;jpid gpd; tUkhWFwpg;gplyhk;. x y z x y z
p i p j p k mv i mv j mv k+ + = + +  

,q;F 
Px =ce;jj;jpd; x -$W> ,J mvxf;Fr; rkk; 

Py =ce;jj;jpd; y -$W> ,J mvyf;Fr; rkk; 

Pz =ce;jj;jpd; z -$W> ,J mvzf;Fr; rkk; 
 

epA+l;ld; tpjpfspy; ce;jj;jpd; gq;F kpf Kf;fpakhdjhFk;. gpd;tUk; 
vLj;Jf;fhl;bypUe;J ce;jj;jpd; ,aw;gpay; Kf;fpaj;Jtj;jpid mwpayhk;. xU 
tz;zj;Jg;G+r;rp rpwpa fy; Mfpa ,uz;Lk; 5ms-1 vd;w jpirNtfj;jpy; cq;fs; kPJ 
NkhJfpwJ vd;f. Nkhjypd; tpisTfs; ,uz;Lk; rkkhf ,Ug;gjpy;iy. Vnddpy; tpisT 
jpirNtfj;jpid kl;Lk; nghUj;jjpy;iy. epiwiaAk; nghUj;jJ. 
. 
 rpwpa fy;ypd; epiw> tz;zj;Jg;G+r;rpapd; epiwia tpl mjpfk;. vdNt rpwpa 
fy;ypd; ce;jk; tz;zj;Jg; G+r;rpapd; ce;jj;ij tpl mjpfk;. MfNt ,af;fj;jpy; cs;s 
nghUspd; epiyia tpsf;Ftjpy; ce;jj;jpd; gq;Fkpf mjpfkhFk;.  
 ce;jj;jpd; myFkg m s-1MFk;. 
 
vLj;Jf;fhl;L 2.24 
10g kw;Wk; 1kg epiwnfhz;l ,uz;L nghUl;fs; 10 ms-1 vd;w xNu Ntfj;jpy; nry;fpd;wd. 
mtw;wpd; ce;jq;fspd; vz;kjpg;igf; fhz;f. 
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jPh;T 
p = mv vd;f.  
10gepiwAilanghUspd; ce;jk;. 

P=0.01x10=0.1 kg ms-1 

1kg epiwAilanghUspd; ce;jk;. 

P=1x10=10 kg ms-1 
,uz;Lk; xNuNtfj;jpy; nrd;whYk; fdkhdnghUspd; ce;jk;>NyrhdnghUspd; ce;jj;ijtpl 
100 klq;Fmjpfk; vd;gij ,e;jvLj;Jf;fhl;bypUe;Jmwpayhk;. 
 

2.10 xUghpkhz ,af;fk; 
2.10.1 ruhrhpj; jpirNtfk; 
 
 Jfnshd;W xU ghpkhzj;jpy; ,aq;FfpwJ vd;f. vLj;Jf;fhl;lhf x jpirapy; 
,aq;FfpwJ vd;W vLj;Jf;nfhz;lhy; mj;Jfspd; ruhrhpj; jpirNtfk;  

  2 1

2 1

x x x

t t t

 −
= =
 −

 

ruhrhpj; jpirNtfk; xUntf;lh; msthFk;. Mdhy; xU ghpkhzj;jpy; ekf;F ,uz;L 
jpirfs; kl;LNk rhj;jpak; (Neh;f;Fwpkw;Wk; vjph;f;Fwpxjpir) vdNtjpirapiff; Fwpf;f 
Neh;f;Fwpkw;Wk; vjph;f;Fwp ,uz;bidAk; gad;gLj;jyhk;. 
 cldbj; jpirNtfk; my;yJ jpir Ntfj;jpidg; gpd;tUkhWtiuaWf;fyhk;. 

  
0

lim
t

x dx
v

t dt →


= =


 

 
 tiuglKiwapy; Jfspd; ,lg;ngah;r;rp Neuk; tiuglj;jpd; rha;T> Jfspd; 
jpirNtfj;jpidf; nfhLf;Fk;. mNj Neuj;jpy; Jfspd; jpirntfk;- Neuk; tiuglj;jpd; 
tisNfhl;bw;F fPNo cs;sgug;G ,lg;ngah;;r;rp kw;Wk; fle;jnjhiytpidf; nfhLf;Fk;. 
mjidg; gpdtUkhWtpsf;fyhk;. 

 ehkwpe;jgb>jpirNtfk; =
dx

dt
 = v 

vdNtdx= vdtvdvOjyhk;. 

,uz;Lgf;fKk; njhifg;gLj;j
2

1

x

x

  d x=  
2

1

t

t

 v dt vdf;fpilf;Fk;. 

Kw;gFjpapy; $wg;gl;lgbnjhifaply; vd;gJ tisNfhl;bw;F fPNo cs;s gug;gpidf; 

fhz;gjw;Fr; rkk;. vdNt
2

1

t

t

 v dt vd;wgjk; jpirNtfk;> fhyj;jpd; rhh;ghfcs;sNghJVw;gLk; 

tisNfhl;bw;F fPNo cs;sgug;gpidf; Fwpf;fpwJ.  
,lJifg; gf;fKs;s njhifaply; t1 Neuj;jpypUe;J t2 Neuj;jpy;Jfs; mile;j 

,lg;ngah;r;rpiaf; Fwpf;fpwJ. jpirNtfk;  
 

2.10.1 xUghpkhzkw;Wk; ,Ughpkhz ,af;fj;jpy; rhh;Gj; jpirNtfk; 
 

 A kw;Wk; Bvd;w ,uz;LnghUl;fs; ntt;NtW jpirNtfq;fspy; nry;fpd;wd vd;f. B 
nghUisg; nghUj;J A nghUspd; jpirNtfk; vd;gJBnghUisg; nghUj;J A nghUspd; 
rhh;Gj; jpirNtfk; vdg;gLk;. 
 
Neh;T -1 
A,Bvd;w ,uz;LnghUs;fs; glj;jpy; cs;sthWVA kw;Wk; VBvd;w rPuhd jpirNtfq;fspy; 
Neh;f;Nfhl;Lg;ghijapy; jiuiag; nghUj;JxNujpirapy; nry;fpd;wd.  

A
V , B

V  
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B nghUisg; nghUj;JAnghUspd; rhh;Gj;jpirNtfk; ABV = A
V - B

V  

A nghUisg; nghUj;J B nghUspd; rhh;Gj; jpirNtfk;  BAV = B
V - A

V  

 vdNt> ,uz;L nghUl;fs; xNu jpirapy; ,aq;Fk; NghJ. xUnghUisg; nghUj;J 
kw;nwhd;wpd; rhh;Gj; jpirNtfj;jpd; vz; kjpg;G> ,t;tpuz;L nghUs;fspd; jpirNtfq;fspd; 
vz; kjpg;Gfspd; NtWghl;bw;Fr; rkkhFk;. 
 
 
vLj;Jf;fhl;L 2.26 
 A kw;Wk; Bvd;w ,uz;Lfhh;fs; ,izahdghijapy; xNujpirapy; jiuiag; 

nghUj;JrPuhdjpirNtfj;jpy; nry;fpd;wd. A kw;Wk; Bfhh;fspd; jpirNtfq;fs; KiwNa 

35km h-1kw;Wk; 40 km h-1fpof;fhfnry;fpd;wd. Afhhpidg; nghUj;JBfhhpd; rhh;Gj; 
jpirNtfk; vd;d? 
 
jPh;T 

Afhhpidg; nghUj;J B fhhpd; rhh;Gj; jpirNtfk; v BA = v B - v A = 5 km h-1fpof;Fjpirapy;  

,Nj Nghd;W B fhhpidg; nghUj;J A fhhpd; rhh;Gj; jpirNtfk; 

v AB = v A- v B= 5 km h-1 Nkw;Fj;jpirapy; A fhhpy; cs;sgazpf;F B fhuhdJ fpof;FNehf;fp 
5km h-1vd;w jpirNtfj;jpy; nry;tJNghd;W Njhd;Wk;. Bfhhpy; cs;sgazpf;FA fhuhdJ 
Nkw;F Nehf;fp5km h-1vd;w jpirNtfj;jpy; nry;tJNghd;WNjhd;Wk;. 
 
Neh;T– 2 
A, B vd;w ,uz;L nghUl;fs; VA kw;Wk; VBvd;w rPuhdjpir Ntfq;fspy; xd;Wf;nfhd;W vjph; 
jpirapy; Neuhd ghijapy; nry;fpd;wd. 
 

A BV V
⎯⎯→ ⎯⎯  

BnghUisg; nghUj;JA nghUspd; rhh;Gj; jpirNtfk; 

 ( )AB A B A BV V V V V= − − − = +  

 
AnghUisg; nghUj;JB nghUspd; rhh;Gj; jpirNtfk; 

  ( )BA B A A BV V V V V= − − = − +  
 
vdNt ,uz;LnghUl;fs; xd;Wf;nfhd;W vjph; jpirapy; ,aq;Fk; NghJ> xUnghUisg; 
nghUj;J kw;nwhU nghUspd; rhh;Gj; jpirNtfkhdJ> ,uz;LnghUl;fspd; jpirNtfq;fspd; 
vz; kjpg;Gfspd; $LjYf;Fr; rkkhFk;. 
 
Neh;T– 3 
v A kw;Wk; v BjpirNtfj;jpy; ,uz;LnghUl;fs;  Nfhzj;jpy; ,aq;Fk; NghJ. B nghUisg; 

nghUj;J A nghUspd; rhh;Gj; jpirNtfk; v AB  = v A - v B 
rhh;Gj; jpirNtfj;jpd; vz;kjpg;G kw;Wk; jpir fPo;fz;lthW toq;fg;gLfpwJ. 

  vAB = 2 2
2 cos

A B A B
v v v v + − kw;Wk;  

  tan β = 
sin

cos

B

A B

v

v v


−

 

(,q;F  vd;gJ v AB  kw;Wk; v Bf;F ,ilg;gl;lNfhzkhFk;.) 

1. ,U nghUl;fSk; Neuhd ,izg; ghijapy; xNu jpirapy; ,aq;Fk;NghJ=0vdNt> 
 VAB = ( VA- VB) NkYk; VAB ,d; jpirVA ,d; jpirapy; ,Uf;Fk;> ,Nj Nghd;W 

 VBA = ( VB- VA) NkYk; VBA ,d; jpirVB ,d; jpirapy; ,Uf;Fk;> 
2. ,U nghUl;fSk; Neuhd ,izg; ghijapy; xd;Wf; nfhd;Wvjph;j;jpirapy; ,aq;Fk; 

NghJ= 180vdNt> 
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VAB = ( VA+ VB)NkYk; ,jd; jpirVA ,d; jpirapy; ,Uf;Fk;> 
,Nj Nghd;W 
VBA = (VB+VA)NkYk; ,jd; jpirVB ,d; jpirapy; ,Uf;Fk;> 

3. ,U nghUl;fSk; xd;Wf;nfhd;W nrq;Fj;jhf nry;Yk; NghJ= 90B nghUisg; 

nghUj;J A nghUspd; rhh;Gj; jpirNtfj;jpd; vz;kjpg;G vAB = 2 2

A B
V V+  

 

4. Fil gpbj;j gb fpilj;jsg; ghijapy; ele;J nry;Yk; kdpjhpd; jpirNtfk; V M 

vd;f. mthpd; kPJ nrq;Fj;jhfV R jpirNtfj;jpy; kionghopfpwJ vdpy; kdpjiug; 

nghUj;J kioapd; rhh;Gj; jpirNtfk; V RM=V R−V M 

NkYk;V RM ,d; vz;kjpg;G VRM = 2 2

R M
V V+  kw;Wk; nrq;Fj;J mr;irg; nghWj;J 

jpir= tan -1 M

R

V

V

 
 
 

 

 kioapypUe;J jd;idg; ghjfhj;Jf; nfhs;s kdpjh; nrq;Fj;J mr;irg; nghWj;J  
Nfhzj;jpy; Filapid rha;j;Jg; gpbf;f Ntz;Lk;.  
 
vLj;Jf;fhl;L 2.27 
 
A kw;Wk; B vd;w ,uz;Luapy; tz;bfs; ,izahd ,uapy; ghijapy; xd;Wf;nfhd;W vjph; 

jpirapy; nry;fpd;wd. ,uapy; tz;bA d; jpirNtfk; fpof;F Nehf;fp 40km h-1kw;Wk; 

,uapy; tz;bB d; jpirNtfk; Nkw;FNehf;fp 40km h-1,uapy; tz;bfspd; rhh;Gj; 
jpirNtfq;fisf; fhz;f. 
 
jPh;T 
,uapy; tz;bB Ig; nghUj;J> ,uapy; tz;bA d; rhh;Gj; jpirNtfk;> 

 VAB= 80km h-1fpof;FN ehf;fp>mjhtJ ,uapy; tz;bB y; cs;sgazpf;F ,uapy; 

tz;b A fpof;FNehf;fp 80km h-1jpirNtfj;jpy; nry;tJ Nghd;W Njhd;Wk;. ,uapy; tz;bA 

Ig; nghUj;J> ,uapy; tz;bB d; rhh;Gj; jpirNtfk; VBA= 80km  
 
h-1 Nkw;FNehf;fp> mjhtJ ,uapy; tz;bA y; cs;s gazpf;F ,uapy; tz;b B 
Nkw;FNehf;fp 80km h-1 jpirNtfj;jpy; nry;tJ Nghd;W Njhd;Wk;. 
 
vLj;Jf;fhl;L 2.28 
A kw;Wk; B vd;w ,uz;L ,uapy; tz;bfs; ,izahd ,uapy; ghijapy; xNu jpirapy; 

fpof;FNehf;fp 50km h-1 vd;w jpirNtfj;jpy; nry;fpd;wd. ,uapy; tz;bfspd; rhh;Gj; 
jpirNtfq;fisf; fhz;f. 
 
jPh;T 
,uapy; tz;bAitg; nghUj;J ,uapy; tz;bB d; rhh;Gj; jpirNtfk;> 
VBA = VB- VA 
 =  50km h-1+ (-50)km h-1 

=  0km h-1  

 ,t;thNw> ,uapy; tz;b B Ig; nghUj;J ,uapy; tz;b A d; rhh;Gj; jpirNtfk; 

VAB RopahFk;.  
 vdNt ,e;j ,U ,uapy; tz;bAk; xd;W kw;nwhd;iwg; nghUj;J Xa;T epiyapy; 
,Ug;gJ Nghd;W Njhd;Wk;. 
 
vLj;Jf;fhl;L 2.29 
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36 km h-1 Ntfj;jpy; nry;Yk; ,uapy; tz;bapd; [d;dy; Xuk; mkh;e;jpUf;Fk; rpWtd;> vjph; 

jpirapy;18 km h-1 Ntfj;jpy; nry;Yk; 90 m ePsKs;s ,uapiy vt;tsT Neuj;jpw;Fg; 
ghh;f;fKbAk;. 
 
jPh;T 
rpWtidg; nghUj;J vjph;jpirapy; nry;Yk; ,uapy; tz;bapd; rhh;Gj; jpirNtfk; 
= (36+18)  km h-1 =  54 km h-1 

  = 54x
5

18
m s-1 = 15m s-1 

rpWtd; vjph; jpirapy; nry;Yk; ,uapy; tz;bia KOtJk; ghh;g;gjw;fhd Neuj;jpidf; 
fzf;fpl Ntz;Lk;. 

15 =
90

t
 (my;yJ) t = 

90

15
 = 6s 

 
vLj;Jf;fhl;L; 2.30 
 Mw;WePNuhl;lj;jpd; jpirapy; ePe;Jk; ePr;ry; tPuhpd; jpirNtfk; 12 km h-1Mw;W 

ePNuhl;lj;jpd; jpirf;F vjph;jpirapy; mthpd; ePr;ry; jpirNtfk; 6 km h-1 vdpy; mikjp 
epiyapy; ,Uf;Fk; ePhpidg; nghUj;J ePr;ry; tPuhpd; Ntfj;ijAk; kw;Wk; Mw;W 
ePNuhl;lj;jpd; jpirNtfj;ijAk; fhz;f 
 
jPh;T: 
jiuiag; nghUj;J ePr;ry; tPuh; kw;Wk; Mw;W ePNuhl;lj;jpd; jpirNtfq;fs; KiwNa vs 

kw;Wk; vrvd;f 

vs   + vr = 12   (1) 
kw;Wk;  
vs   - vr = 6   (2) 
 
,uz;L rkd;ghLfisAk; $l;Lk; NghJ> 
2 vs     = 12 + 6 = 18 km h-1 (my;yJ)  
vs= 9 km h-1   
rkd;ghL (1) y; ,Ue;J 
9 + vr= 12 (my;yJ) vr  =  3 km h-1 ePr;ry; tPuh; Mw;WePNuhl;lk; gha;e;J nfhz;bUf;Fk; 

mNjjpirapy; ePe;Jk; NghJ mthpd; njhFgad; jpirNtfk; 12 km h-1 

 

KLf;fptplg;gl;l ,af;fk;: 
 
rPuw;w ,af;fj;jpy; cs;snghUspd; jpirNtfk; xt;nthU Neuj;jpYk; khw;wkile;J 
nfhz;Nl ,Uf;Fk;. mjhtJ jpirNtfk; Neuj;ijg; nghUj;Jkhw;wkile;Jnfhz;Nl 
,Uf;Fk;. ,t;tifahd ,af;fj;jpw;F KLf;fptplg;gl;l ,af;fk; vd;Wngah;. 

i. KLf;fp tplg;gl;l ,af;fj;jpy; XuyF Neuj;jpy; khw;wkile;j nghUspd; jpirNtfk; 
rkkhf (khwpypahf) ,Ug;gpd;>mg;nghUs; rPuhf KLf;fptplg;gl;l ,af;fj;jpy; cs;sJ 
vdf; fUjyhk;. 

ii. XuyF Neuj;jpy; khw;wkile;j nghUspd; jpirNtfk; ntt;NtW Neuj;jpy; 
ntt;Ntwhf ,Ug;gpd; mg;nghUs; rPuw;w KLf;fp tplg;gl;l ,af;fj;jpy; cs;sJ vdf; 
fUjyhk;. 

 
ruhrhpKLf;fk;: 

t = (t2 – t1) fhy ,ilntspapy; jpirNtfk; V 1 ypUe;J V 2 f;F khw;wkile;j nghUspd; 

ruhrhp KLf;fj;ij> jpirNtf khWghL kw;Wk; vLj;Jf;nfhz;lfhy ,ilntsp t=(t2–t1) 
,tw;wpd; jfT vd tiuaiw nra;ayhk;. 
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  vdNt 
2 1

2 1

avg

v v v
a

t t t

− 
= =

− 
 

ruhrhpKLf;fk; xUntf;lh; msthFk;. mjd; jpirV d; jpirapy; ,Uf;Fk;. 
 
cldbKLf;fk;: 
nghJthf ruhrhp KLf;fk;> KO fhy ,ilntspapy; nghUspd; jpirNtfj;jpy; Vw;gLk; 
khWghl;ilf; nfhLf;Fk;. Mdhy; ,J xU Fwpg;gpl;l fz Neuj;jpy; (t) jpirNtfj;jpy; 
Vw;gl;l khw;wj;ijf; nfhLf;fhJ. 

 t Ropia neUq;Fk; NghJ> Neuj;ijg; nghUj;J jpir Ntfj;jpy; Vw;gl;l khWghL 
cldb KLf;fk; my;yJ KLf;fk; vd miof;fg;gLfpwJ. 
 

KLf;fk;  
0

lim
t

v dv
a

t dt →


= =


  

 
 NtWtifapy; $wpd;> t Neuj;jpy; nghUspd; KLf;fkhdJ me;Neuj;jpy; Vw;gl;l 
jpirNtf khWghl;bw;Fr; rkkhFk;. 

i. KLf;fk; xU ntf;lh; msT MFk;. ,jd; SI myF ms-2 ghpkhz tha;g;ghL ML1T-2 

ii. jpirNtfk; mjpfhpf;Fk; NghJ w;gLk; KLf;fj;ij Neh;f;Fwp KLf;fk; vdTk; 
jpirNtfk; FiwAk NghJ Vw;gLk; KLf;fj;ij vjph;f;Fwp KLf;fk; vdTk; 
miof;fpNwhk;. ,jid vjph;KLf;fk; vd;Wk; miof;fyhk;. $W Kiwapy; 
KLf;fj;jpid fPo;f;fz;lthW vOjyhk;. ,jpypUe;J> 

 

yx z
dvdv dv dv

a i j k
dt dt dt dt

= + + =  

 
vdNt> 
 

 
vd mwpayhk;. ,itfs; cldb KLf;fj;jpd; $Wfs; MFk;. 
 jpirNtfj;jpd; midj;J $WfSk;> mjw;Fj; njhlh;Gila Ma mr;Rf; $Wfspd; 
tiff;nfOf;fshFk;. ,Nj Nghd;W KLf;fntf;lh;ax, ay kw;Wk; azMfpatw;iwfPo;f;fz;lthW 
vOjyhk;.  

  
2 2 2

2 2 2
, ,x y z

d x d y d z
a a a

dt dt dt
= = =  

 

 vdNt>KLf;fntf;lh; aI fPo;f;fz;lthWk; vOjyhk;.  

  
2 2 2 2

2 2 2 2

d x d y d z d r
a i j k

dt dt dt dt
= + + =  

 
 Nkw;fz;l njhlh;gpypUe;J KLf;fk; epiy ntf;lhpd; Neuj;ijg; nghUj;j ,uz;lhk; 
tiff;nfO vd;W mwpayhk;. 
 tiuglKiwapy; KLf;fk; vd;gJjpirNtfk; - Neuk; tiuglj;jpd; rha;T MFk;.  
 NkYk; tiuglKiwapy; KLf;fk; - Neuk; tiuglk; nfhLf;fg;gl;bUg;gpd; 
tisNfhl;bw;F fPNo cs;sgug;G jpirNtfj;ijf; nfhLf;Fk;.  
dv

dt
= a  ,jpypUe;Jdv = adtvdvOjyhk;. 
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vdNtv= 
2

1

t

t

adt  

 ,q;Ft1 kw;Wk; t2njhlf;fkw;Wk; ,WjpNeuj;ijf; Fwpf;fpwJ. 
 
vLj;Jf;fhl;L 2.31 
x mr;Rj; jpirapy; ,aq;Fk; Jfnshd;wpd; jpirNtfk; - Neuk; tiuglk; 
nghLf;fg;gl;Ls;sJ. mjpypUe;J fPo;f;fz;ltw;iwf; fhz;f. 

 
 
m) 0 Kjy; 55 tpdhb fhy ,ilntspapy; Jfspd; ,af;fj;jpid tpsf;fTk;. 
M) 0 Kjy; 40 tpdhbfhy ,ilntspapy; Jfs; fle;jnjhiyT kw;Wk; Jfspd;  
   ,lg;ngah;r;rpiaf; fzf;fplTk;. 
,) t =5 tpdhb kw;Wk; t=20 tpdhbapy; Jfspd; KLf;fj;jpidf; fzf;fplTk;. 
jPh;T: 
m) OKjy; Atiu (0 tpdhbKjy; 10 tpdhbtiu) 

t = 0 tpdhbapy; Jfspd; jpirNtfk; Ropmjd; gpd;GJfs; Neh;f;FwpjpirNtfj;ijg; ngWk;. 

vdNtJfs; Neh;f;Fwpxjpirapy; ,aq;Fk;. 0 tpdhbapypUe;J 10 tpdhbtiutisNfhl;bd; 

rha;T(
dv

dt
) Neh;f;FwpMFk;. ,J Jfspd; Neh;f;FwpKLf;fj;jpidf; fhl;LfpwJ. NkYk; 0 

tpdhbapypUe;J 10 tpdhbtiuJfspd; jpirNtfk; mjpfhpg;gijf; fhzyhk;. 
 
AKjy; Btiu: (10 tpdhbapypUe;J 15 tpdhbtiu)  
10 tpdhb Kjy; 15 tpdhbtiu 60 ms-1vd;w khwhj jpirNtfj;jpy; Jfs; cs;sJ. ,J 
Jfspd; RopKLf;fj;jpidf; fhl;LfpwJ. NkYk; Jfs; njhlh;e;J Neh;f;Fwpjpirapy; 
,aq;Ftij ,J fhl;LfpwJ. 
 
BKjy; Ctiu ( 15 tpdhbapypUe;J 30 tpdhbtiu) 
15 tpdhbapypUe;J 30 tpdhbtiutisNfhl;bd; rha;Tvjph;f;FwpMFk;. ,J 15 
tpdhbapypUe;J 30 tpdhbtiuJfspd; jpirNtfk; Fiwtijf; fhl;LfpwJ. ,Ug;gpDk; 
Jfs; Neh;f;Fw px mr;RjpirapNyNanjhlh;e;J ,aq;Ffpd;wJ. 30 tpdhbapy; Jfspd; 

jpirNtfk; RopahfpwJ. Jfs; Neh;f;Fwpxjpirapy; ngUk; J}uj;ijf; fle;Jgpd;Gfz Neu 
Xa;tpid milfpwJ.  
 
C apypUe;J Dtiu ( 30 tpdhbapypUe;J 40 tpdhbtiu) 
30 tpdhbapypUe;J 40 tpdhbtiuJfs; vjph;f;FwpjpirNtfj;jpidmilAk;. ,J Jfs; 
vjph;f;Fwp x mr;Rjpirapy; ,aq;fj; njhlq;Ftijf; fhl;LfpwJ. jpirNtfj;jpd; vz;kjpg;G 
40ms-1 vd;wngUkjpg;gpidmilfpwJ.  
 
D  apypUe;J Etiu ( 40 tpdhbapypUe;J 55 tpdhbtiu) 
40 tpdhbapypUe;J 55 tpdhbtiujpirNtfk; vjph;f;Fwpapy; jhd; ,Uf;fpwJ. mJ kl;Lkpd;wp 
Fiwaj; njhlq;FfpwJ. t =55 tpdhbapy; Jfspd; jpirNtfk; Ropapidmile;JJfs; 
Xa;Tepiyf;F tUk;. 
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M) 0 Kjy; 40 tpdhb tiu nfhLf;fg;gl;l tisNfhl;bd; fPNo cs;s gug;GJfspd; 
,lg;ngah;r;rpiaf; nfhLf;Fk;. ,q;F O Kjy; Ctiu cs;s gug;GJfs; Neh;f;Fwp x jpirapy; 
mile;j ,lg;ngah;r;rpiaAk;> C Kjy; Dcs;sgug;GJfs; vjph;f;Fwpxjpirapy; mile;j 
,lg;ngah;r;rpiaak; nfhLf;Fk;.  

0 tpdhbKjy; 10 tpdhb tiu Jfs; mile;j ,lg;ngah;r;rp = 
1

2
x10x60 = 300 m 

10 tpdhbKjy; 15 tpdhbtiuJfs; mile;j ,lg;ngah;r;rp= 60x5 = 300 m 

15 tpdhbKjy; 30 tpdhbtiuJfs; mile;j ,lg;ngah;r;rp= 
1

2
x15x60 = 450 m 

30 tpdhbKjy; 40 tpdhbtiuJfs; mile;j ,lg;ngah;r;rp= 
1

2
x10x(-40) = 200 m 

,q;F vjph;f;FwpahdJ> Jfs; vjph;f;Fwp x mr;Rjpirapy; 200m nrd;wijf; fhl;LfpwJ. 
0 tpdhbKjy; 40 tpdhb tiuJfs; mile;j nkhj;j ,lg;ngah;r;rp 
  

300 m+300 m+450 m-200 m = + 850 m 
  
,q;F Neh;f;FwpahdJ Jfspd; njhFgad; ,lg;ngah;r;rp Neh;f;Fwp mr;rpd; jpirapy; cs;sJ 
vd;gijf; fhl;LfpwJ. 
  
0 tpdhbKjy; 40 tpdhb tiuJfs; fle;j nkhj;j J}uk; (ghijapd; ePsk;)   
  
=300 +300+450 +200= 1250 m 
 
(,) jpirNtfk; - Neuk; tiuglj;jpd; rha;TJfspd; KLf;fj;ijf; nfhLf;Fk;. Kjy; 10 
tpdhbfSf;F jpirNtfk; (khwhjKLf;fk;)  

vdNt> KLf;fk; = 2 1

2 1

v v

t t

−
−

,q;F 

 v2   = 60 ms-1kw;Wk; v1   = 0 

a=
60 0

10 0

−
−

= 60 ms-2 

NkYk; Jfs; 15 tpdhbapypUe;J 30 tpdhb tiu khwhj vjph;f;Fwprha;tpidf; 
nfhz;Ls;sJ. ,e;epfo;tpy; v2= 0 kw;Wk; v2 = 60 ms-1 vdNt t = 20 tpdhbapy; 

KLf;fkhdJ a = 
0 60

30 15

−
−

= 4 ms-2vjph;f;Fwprha;thdJJfspd; vjph; KLf;fj;ijf; fhl;LfpwJ.  

 
vLj;Jf;fhl;L 2.32 

Jfspd; epiyntf;lh; r =3 t 2 î +5 t ĵ +4 k̂  ,jpypUe;J fPo;f;fz;ltw;iwf; fhz;f. 

m) t=3 tpdhbapy; Jfspd; jpirNtfk; 
M) t= 3 tpdhbapy; Jfspd; Ntfk; 
,) t=3 tpdhbapy; Jfspd; KLf;fk; 
 
jPh;T : 

m) jpirNtfk; ˆˆ ˆdr dx dy dz
v i j k

dt dt dt dt
= = + +  

,q;F ˆ ˆ( ) 6 5v t ti j= +  

 jpirNtfk; ,uz;L $Wfis kl;LNk gw;Ws;sJ. mjhtJvx= 6t (Neuj;ijr; 

rhh;e;Js;sJ ) kw;Wk; vy= 5 (Neuj;ijr; rhuhjJ)  

t= 3 tpdhbapy; jpirNtfk; v (3)=18 î +5 ĵ  
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M) t= 3 tpdhbapy; Jfspd; Ntfk; 2 2 1
18 5 349 18.68v ms

−= + =   

,) KLf;fk; = 
2

2
ˆ6

d r
a i

dt
= =  

 KLf;fk; x- $wpid kl;LNk ngw;Ws;sJ. NkYk; ,J Neuj;ijr; rhuhjJ. t = 3 

tpdhbapYk; KLf;fk; khwhj kjpg;ghda = 6 î  I ngw;wpUf;Fk; vd;gij ftdpf;fNtz;Lk;. 
NkYk; ,e;epfo;tpy; Jfs; rPuw;w jpirNtfj;ijAk; rPuhdKLf;fj;ijAk; ngw;Ws;sJ.  
 
vLj;Jf;fhl;L 2.33 
nghUnshd;iw nrq;Fj;jhffPo; Nehf;fp vwpAk; NghJ mJ vt;tifahd KLf;fj;jpidg; 
ngWk;? 
 
jPh;T: 
ehk; mwpe;jgb> jilapd;wpj; jhNd Gtpia Nehf;fptpOk; nghUs; Gtp<h;g;G tpirapdhy; xU 
KLf;fj;ijg;ngWk; mJ Gtp<h;g;G KLf;fkhFk;. g= 9.8 ms-2glj;jpy; cs;sgb ehk; jFe;j 
Ma mr;Rj; njhFg;gpid Njh;T nra;aNtz;Lk;. 

 
,jpypUe;JKLf;fkhdJvjph;f;Fwpyjpirapy; nray;gLk; vdmwpayhk;. 

a = g ( - ĵ )= -g ĵ  

 
2.10.3. Ez;fzpjKiwapy; rPuhdKLf;fkile;jnghUspd; ,af;fr; rkd;ghLfs; 

 
 Neh;Nfhl;by; ,aq;Fk; nghUs; xd;wpidf; fUJf. mjd; rPuhd KLf;fk; ‘a’vd;f. 
,q;F rPuhd KLf;fk; vd;gJKLf;fk; xU khwpyp: mJ Neuj;ijr; rhuhjJ vd;W nghUs;. 
 Neuk; t = 0 tpdhbapy; nghUspd; jpirNtfk; u vd;f. Neuk; t tpdhbapy; nghUspd; 
jpirNtfk; vvd;f. 
 
jpirNtfk; - Neuk; njhlh;G 
 

(i) ve;j xU Neuj;jpYk; nghUspd; KLf;fk; vd;gJNeuj;ijg; nghUj;JjpirNtfj;jpd; 
Kjy; tiff;nfOthFk;. 

a= 
dv

dt
(my;yJ) dv = a dt 

,af;f epge;jidapd;gb (mjhtJ Neuk; 0 tpypUe;J t tiukhWk; NghJ> jpirNtfk; 
u tpypUe;J v f;FkhWk;) ,uz;Lgf;fKk; njhifg;gLj;Jf.  

    
0

0 0

v t t
t

u u

dv adt a dt v a t= =  =    

  v – u = at (or) v = u + at  
,lg;ngah;r;rp– Neuk; njhlh;G 
 

(ii) nghUspd; jpirNtfk; vd;gJ Neuj;ijg; nghUj;J nghUspd; ,lg;ngah;r;rpapd; Kjy; 
tiff; nfOthFk;. 

v= 
ds

dt
 (my;yJ) ds = v dt 

,q;Fv= u = at, 
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vdNt>ds= (u+ at ) dt. 
Neuk; t=0 tpdhbapy; nghUs; njhlf;fg;Gs;spapy; cs;sJvdTk; ‘t’fhy 
,ilntspapy; nghUspd; ,lg;ngah;r;rp‘s’vdTk; fUJf. NkYk; nghUspd; KLf;fk; 
Neuj;ijr; rhh;e;jjy;yvdf; fUJf. 

 
0 0 0

s t t

ds udt at dt= +    (my;yJ) s = ut + 
1

2
at2  

jpirNtfk; - ,lg;ngah;r;rpnjhlh;G 
nghUspd; KLf;fnkd;gJ> Neuj;ijg; nghUj;J jpirNtfj;jpd; Kjy; tiff;nfOthFk;. 

a = 
dv dv ds dv

v
dt ds dt ds

= =  

[ds/dt= v] ,q;Fsvd;gJfle;jnjhiyTMFk;. 

 a = 
2

1 ( )

2

d v

ds
my;yJds = 21

( )
2

d v
a

 

NkNy cs;s rkd;ghl;il njhifg;gLj;j mjhtJ jpirNtfk; u tpypUe;J vf;F 
khWk; NghJJfs; 0 tpypUe;J s tiu ,lg;ngah;r;rpmilAk;. 

 2

0

1
( )

2

s v

u

ds d v
a

=   

 / s = 
1

2a
 (v2 – u2)  

 / v2 = u2 + 2as 
 

Muk;g jpirNtfk; ‘u’kw;Wk; ,Wjpj; jpirNtfk; ‘v’ ,tw;iwg; nghUj;Jk; Jfspd; 
,lg;ngah;r;rpia tUtpf;fyhk;. rkd;ghL (2.7) ypUe;J 

 at = v-u 
,jidr; rkd;ghL (2.8) y; gpujpapLk;nghJ 

 s = ut +
1

2
(v-u)t  

 
( )

2

u v t
s

+
=  

vdf; fpilf;Fk;. 
rkd;ghLfs; (2.7) (2.8) (2.9) kw;Wk; (2.10) Mfpait ,af;fr; rkd;ghLfs; vdg;gLk;. 
,it eilKiwapy; gy;NtW ,lq;fspy; ekf;Fg; gad;gLfpd;wd. 

 
,af;fr; rkd;ghLfs; 

 v = u + at  

 s = ut + 
1

2
at2  

 v2 = u2 + 2as  

 s = 
( )

2

u v t+
 

,af;fr; rkd;ghLfs; midj;Jk;> Neh;f;Nfhl;by; ,aq;Fk; rPuhdKLf;fk; ngw;w 
nghUl;fSf;F kl;LNk nghUe;Jk; ,it tl;l ,af;fk; kw;Wk; miytpaf;fj;jpy; cs;s 
nghUl;fSf;Fg; nghUe;jhJ. 
 
Gtp<h;g;gpdhy; ,aq;Fk; nghUspd; ,af;fr; rkd;ghLfs;: 
 

eilKiwapy; Gtpg;gug;gpw;F rw;Nw NkNy ,aq;Fk; nghUspd; ,af;fj;jpid rPuhd 
KLf;fk; ngw;w Neh;f;Nfhl;by; ,aq;Fk; nghUspd; ,af;fkhff; fUjyhk;. Ehk; mwpe;j gb 
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Gtpg;gug;gpw;F mUfpy; GtpaPh;g;G KLf;fk; ‘g’xUkhwpypMFk;. ,e;j GtpaPh;g;G KLf;fj;jpdhy; 
Neh;f;Nfhl;by; ,aq;Fk; nghUspd; ,af;fj;jpid> ,af;fr; rkd;ghLfspd; JizAld; ed;F 
Ghpe;J nfhs;s ,aYk;. 
epfo;T (1) h cauj;jpypUe;J jhNd tpOk; nghUs;: 
 
‘m’ epiwAila nghUnshd;W ‘h’ cauj;jpypUe;J tpOfpd;wJ vdf; fUJf. ,q;F 

fhw;Wj;jilia Gwf;fzpf;fTk;. (neglect) glj;jpy; fhl;bAs;sthW fPo;Nehf;fpa jpiria 
Neh;f;Fwp y mr;rhff; fUJf. nghUs; Gtpg;gug;gpw;F mUNf tpOtjhy; mJ rPuhd Gtp<h;g;G 
KLf;fj;ijg; ngWk;. ehk; ,af;fr; rkd;ghLfisf; nfhz;L ,t;tpaf;fj;jpid tpsf;fyhk;. 

 KLf;fk; a = g ĵ  
 $Wfis xg;gpLk; NghJ 

  ax = 0, az = 0, ay = g  
 
Vspikahfay = a=gvdf; nfhs;f. 

‘u’Muk;g jpirNtfj;Jld; Neh;f;Fwp y mr;Rjpirapy; nghUis fPo;Nehf;fp vwptjhff; 
fUJf. 
t vd;w e;jnthUNeuj;jpYk; nghUspd; ,Wjpj;jpirNtfk; 

v= u+ gt  (2.11)s 
tvd;wve;jnthUNeuj;jpYk; nghUspd; epiy 

  y= ut+ 
1

2
 gt2 

nghUs; yGs;spapy; cs;sNghJnghUspd; ,UkbNtfk; 

  v2= u2+2gy   (2.13) 
(y vd;gJ kiyapd; cr;rpapypUe;J cs;s njhiyT) 

nghUs; Xa;T epiyapypUe;J tpoj;J tq;fpdhy; u = 0, vdNt ve;jnthU Neuj;jpYk; 
nghUspd; jpirNtfk;. 
 v=gt   (2.14) 
 
ve;jnthU Neuj;jpYk; nghUspd; epiy 

 y=
1

2
 gt2  (2.15) 

nghUs; y Gs;spapy; cs;sNghJmjd;  ,UkbNtfk; 

  v2= 2gy (2.16) 
nghUs; jiuia mila vLj;Jf; nfhs;Sk; Neuk; (t= T) vdpy;  
(2.15) ypUe;J 

h=
1

2
 gT2 (2.17) 

,q;Fy = h vd;f. 

T=
2h

g
 (2.18) 

rkd;ghL (2.18)ypUe;Jh d; kjpg;Gmjpfhpf;Fk;NghJnghUs; jiuiamilamjpfNeuk; 

vLj;Jf;nfhs;Sk; vd;gijmwpayhk;. NkYk; h d; kjpg;GFiwTvdpy; nghUs; 
jiuiamilaFiwe;jNeukhFk; vd;gijmwpayhk;. 
rkd;ghL (2.16) ypUe;JjiuiamilAk; NghJ (y=h) nghUspd; Ntfj;jpidf; fzf;fplyhk;. 

  vground = 2gh  



 

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

 

rkd;ghL (2.19) ypUe;Jh d; kjpg;Gmjpfhpf;Fk; NghJ nghUs; kpf mjpf Ntfj;Jld; 

jiuiamilAk;. NkYk; h d; kjpg;GFiwAk; NghJnghUs; Fiwthd Ntfj;Jld; 
jiuiamilAk; vd;gijmwpayhk;. 
 Fiwe;j nrq;Fj;J cauj;jpypUe;J (h <<R) GtpaPh;g;G tpirapdhy; kl;LNk Gtpapid 
Nehf;fptpOk; nghUspd; ,af;fj;jpid> jilapd;wpj; jhNd tpOk; nghUspd; ,af;fk; vd 
miof;fyhk;. ( ,q;FR vd;gJ Gtpapd; MukhFk;.) 
 
vLj;Jf;fhl;L 2.34 

10 m cauj;jpypUe;J ,Uk;Gg; ge;J kw;Wk; ,wF ,uz;Lk; xNu Neuj;jpy; 
tpOfpd;wd. ,Uk;Gg; ge;J kw;Wk; ,wF ,uz;Lk; jiuia mila vLj;Jf; nfhs;Sk; Neuk; 
vt;tsT? 
m) ,Uk;Gg; ge;J kw;Wk; ,wF ,uz;Lk; jiuia milAk;NghJ mtw;wpd; jpirNtfq;fs; 
vt;tsT? (fhw;Wj; jiliag; Gwf;fzpf;fTk; NkYk; g=10  ms-2vd;f) 
 
jPh;T: 

,af;fr; rkd;ghLfs; epiwiar; rhh;e;jjy;y. rkd;ghL (2.18) ypUe;J> ,Uk;Gg; 
ge;Jkw;Wk; ,wF ,uz;Lk; xNuNeuj;jpy; jiuia milAk;. ,jidg; gpd;tUkhW mwpayhk;. 
 

T=
2 2 10 10

200

gh =  
= 

2 10
2 1.414

10
s s


=   

vdNt ,Uk;Gg; ge;Jkw;Wk; ,wF ,uz;Lk; xNuNeuj;jpy; jiuiamilAk; rkd;ghL 
(2.19) ypUe;J ,Uk;Gg; ge;Jkw;Wk; ,wFjiuiamilAk;NghJmtw;wpd; jpirNtfq;fs; rkk;. 
,jidg; gpd;tUkhWmwpayhk;. 

 

v = 2 2 10 10gh =    

200 ms-114.14ms-1 

ntw;wplj;jpy; midj;Jg; nghUl;fSk; ‘g’vd;wrkKLf;fj;Jld; fPNotpOk; vd;gijf; 
fypypNahfz;lwpe;jhh;. 
 
vLj;Jf;fhl;L2.35 
 
 ,af;fr; rkd;ghLfisg; gad;gLj;jpfpzw;wpd; Moj;ijmsf;fKbAkh? 
 

jz;zPh; ,y;yhj fpzW xd;iwf; fUJf. mjd; Mok; dvd;f. xU rpwpa 
vYkpr;rk;gok; kw;Wk; epWj;J fbfhuj;ij vLj;Jf;nfhs;f. vYkpr;rk;goj;ij fpzw;wpd; 
tpspk;gpypUe;J NghLk; NghJ fbfhuj;ij ,af;fTk;. mJ fpzw;wpd; jiuia milAk;NghJ 
fbfhuj;ij epWj;jp jiuia mila vLj;Jf;nfhz;l Neuj;ijf; fz;Lgpbf;fTk;. mjidt 
vd;f.   
 vYkpr;rk;goj;jpd; Muk;gjpirNtfk; u = 0NkYk; fpzW KOtJk; GtpaPh;g;G KLf;fk; 

‘g’khwpyp. vdNtrPuhdKLf;fk; ngw;wnghUspd; ,af;fr; rkd;ghLfis ,q;F gad;gLj;jyhk;. 

s= ut +
1

2
 at2 

u=0, s=d, a=g  (fPo; Nehf;fpa ,lg;ngah;r;rpia Neh;f;Fwp y mr;R jpirapy; fUJf) 

d= 
1

2
 gt2 

g= 9.8 ms-2 vdg; gpujpapl;Lfpzw;wpd; Moj;jpidf; fzf;fplyhk;. 
 

fzf;fPl;by; Vw;gl;l gpioapidf; fz;lwpa ekf;Ff; fpzw;wpd; rupahd Mok; njhpa 
Ntz;Lk;. ,jid xU fapw;wpidg; gad;gLj;jp mwpayhk;. xU fapw;wpid vLj;J mijf; 
fpzw;wpd; jiuiaj; njhLk; msTf;F njhq;ftpl Ntz;Lk;. ,g;NghJ fapw;wpd; ePsk; dcorrect 

Fwpf;fg;gLfpwJ.  
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gpio= dcorrect - d 
 

rhh;Gg;gpio= correct

correct

d

d

d−
 

 

 rhh;Gg;gpiorjtPjk; = correct

correct

d

d

d−
x 100 

gpiof;fhdfhuzk; vd;d? 
 
Nrhjidiantt;NtWepiwfSf;F kPz;Lk; epfo;j;jpmjd; Kbtpiddcorrectcld; 
xt;nthUKiwAk; xg;gplTk;. 
 
Neh;T (ii)nghUnshd;iwnrq;Fj;jhfNky;Nehf;fpvwpjy;: 
 
‘m’ epiwAila nghUnshd;iw ‘u’vd;w Muk;g jpir Ntfj;Jld; nrq;Fj;jhf Nky; Nehf;fp 

vwpf. fhw;Wj; jiliag; Gwf;fzpf;fTk;. Nky; Nehf;fpa nrq;Fj;J jpiry mr;rpd; jpir 
vdf; fUJf. 
 

,e;epfo;tpy; KLf;fk; a= - g> Vnddpy; ‘g’ vjph;f;Fwp‘y’mr;rpd; jpirapy; 
nray;gLfpwJ. ,t;tifahd ,af;fj;jpw;fhd ,af;fr; rkd;ghLfs; gpd;tUkhW. 

 
ve;jnthUNeuj;jpYk; nghUspd; jpirNtfk;  

v=u-gt    (2.20) 
 

 ve;jnthUNeuj;jpYk; nghUspd; epiy 

s= ut +
1

2
 gt2   (2.21) 

ve;jnthUepiyapYk; ynghUspd; jpirNtfk; 
v2 =u2-2gy   (2.22)  

 
vLj;Jf;fhl;L 2.36 
 
,uapy; tz;bnahd;W 54 km h-1 vd;w ruhrhp Ntfj;jpy; nrd;W nfhz;bUf;fpwJ. jilia 

nrYj;jpa gpd;G mt;tz;b 225mnrd;W epw;fpwJ vdpy; ,uapy; tz;bapd; vjph; 
KLf;fj;ijf; fhz;f. 
 
jPh;T: 
,uapy; tz;bapd; ,Wjpj; jpirNtfk; v=0 ,uapy; tz;bapd; Muk;gj;jpirNtfk;  

 u = 54x
5

18
ms-1 = 15 ms-1 

 s =225 m 
vjph; KLf;fk; vg;NghJk; jpirNtfj;jpw;Fvjpuhf ,Uf;Fk; vdNt> 

  v2 = u2 – 2as 
  0 = (15)2 – 2a (225)  
  450 a = 225  

  a = 
1

2
ms-2 

vdNt> vjph;KLf;fk; = 0.5 ms-2 
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2.11 vwpnghUspd; ,af;fk; (PROJECTILE MOTION) 
2.11.1 mwpKfk; 
 
 njhlf;fj; jpirNtfk; kl;Lk; nfhLf;fg;gl;lgpd;GGtp<h;g;Gtpirapdhy; kl;Lk; fhw;wpy; 
,aq;Fk; nghUs; vwpnghUs; vdg;gLk;. vwpnghUs; Nkw;nfhs;Sk; ghijvwpghij(trajectory) 
vdg;gLk;. 
 
vwpnghUSf;FvLj;Jf;fhl;Lfs;; 
 

1. XLk; ,uapypd; [d;dypypUe;J fPNo Nghlg;gLk; nghUs;  
2. Jg;ghf;fpapypUe;J ntspNaWk; Fz;L.  
3. VNjDk; xUjpirapy; tPrp vwpag;gLk; ge;J.  
4. jlfstPuh; vwpAk; <l;b my;yJ Fz;L.  
5. jz;zPh; njhl;bapd; mbg;gf;fj;jpy; cs;sFoha; topahf gPr;rp mbf;Fk; jz;zPh;. 

vwpnghUspd; ,af;fkhdJ ,uz;L jpirNtfq;fspd; $l;LtpisT vdf; 
fz;lwpag;gl;Ls;sJ.  

fhw;Wj;jil ,y;yhjepiyapy; fpilj;jsj; jpirapy; cs;skhwhj; jpirNtfk;. 
Gtp<h;g;G tpirapdhy; rPuhf khWk; (mjhtJ mjpfhpg;G my;yJ FiwT) nrq;Fj;Jj; 

jpirNtfk;. 
 

vwpnghUspd; ,af;fk; ,uz;Ltifg;gLk;. 

• fpilj;jsj;jpy; vwpag;gLk; vwpnghUspd; ,af;fk;. 

• fpilj;jsj;Jld; Fwpg;gpl;lNfhzj;jpy; vwpag;gLk; vwpnghUspd; ,af;fk;. 
 

• vwpnghUs; ,af;fj;jpid mwpe;J nfhs;s fPo;f;fz;l fUj;Jf;fis epidtpy; epWj;j 
Ntz;Lk;.  

• fhw;Wj;jilia Gwf;fzpf;f Ntz;Lk;. 

• Gtpapd; Row;rp tpisT kw;Wk; Gtpapd; tisT Mug; gz;Gfisg; Gwf;fzpf;f 
Ntz;Lk;. 

• vwpnghUspd; ,af;fk; KOtjpYk; Gtp<h;g;G KLf;fj;jpd; vz;kjpg;G kw;Wk; 
jpirkhwhJ.  

 
2.11.2. fpilj;jsj;jpy; vwpag;gLk; vwpnghUspd; ,af;fk;  

 
vwpnghUs; xd;iwf; fUJf. mjhtJ h cauKs;s fl;blk; xd;wpd; cr;rpapypUe;J u  

vd;w njhlf;fj; jpirNtfj;Jld; fpilj;jsj;jpy; vwpag;gLk; ge;J xd;wpidf; fUJf. 
ge;J ,aq;Fk; NghJ u  vd;wkhwhjfpilj;js jpirNtfj;jpdhy; flf;Fk; fpilj;jsj; 

njhiyitAk; rPuhd GtpaPh;g;G KLf;fj;jpdhy; flf;Fk; fPo;Nehf;fpa nrq;Fj;Jj; 
njhiyitAk;  

 
ngw;wpUf;Fk;. vdNt> ,t;tpuz;L tpisTfspdhy; ge;J OPA vd;w ghijapy; ,aq;Fk;. 

,t;tpaf;fk; ,Ughpkhzj; jsj;jpy; cs;sJ. ge;Jjiuapy; cs;s A Gs;spia mila 

vLj;Jf;nfhs;Sk; Neuk; tvd;f. 
 ge;Jfle;j fpilj;jsj; njhiyT>x(t) = x 
 ge;Jfle;j nrq;Fj;Jj; njhiyT>y (t) = y 
 

ehk; ,af;fr; rkd;ghLfis jdpj;jdpNa x mr;Rj; jpirapYk; kw;Wk; y mr;Rj; 
jpirapYk; gad;gLj;jNtz;Lk;. ,q;FvwpnghUspd; ,af;fk; ,U ghpkhzKilaJ. vdNt 
jpirNtfk;> fpilj;jsf; $Wuxkw;Wk; nrq;Fj;Jf; $W uyMfpa ,U $WfisAk; 
ngw;wpUf;Fk;.  
 
fpilj;jsj;jpirapy; vwpnghUspd; ,af;fk; 
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 ge;J‘x’mr;Rj; jpirapy; vt;tpj KLf;fj;jpidAk; ngw;wpUf;ftpy;iy. vdNt ,af;fk; 
KOtJk; njhlf;fj; jpirNtfk; khwhjkjpg;igg; ngw;wpUf;Fk;. 

 ‘t’ Neuj;jpy; vwpnghUs; fle;jfpilj;jsj; njhiyTx= ux t +
1

2
 at2 

 ,q;F x d; jpirapy; a = OvdNtx= ux t   (2.23) 
fPo;Nehf;fpaj; jpirapy; vwpnghUspd; ,af;fk;. 
,q;Fuy =0  (Muk;gj; jpirNtfj;jpw;F fPo; Nehf;fpaf; $W ,y;iy) a=g (fPo; Nehf;fpa 
,af;fj;ij Neh;f;Fwp y mr;RtopNa Fwpg;gplTk;.)>NkYk; s=y 

/ rkd;ghl;bypUe;J y= uy t +
1

2
 at2 

y= 
1

2
 gt2        (2.24) 

rkd;ghL (2.23)ypUe;J‘t’ ,d; kjpg;igrkd;ghL (2.24) ,y; gpujpapl;lhy; 
 

  
y= Kt2      (2.24) 

,q;F
2

2
x

g
K

u
= xUkhwpyp 

rkd;ghL (2.25) xUgutisar; rkd;ghLvdNtvwpnghUspd; ghijxUgutisak; MFk;. 
 

(1) gwf;Fk; Neuk;: vwpnghUs; jd;DilaghijiaepiwTnra;avLj;Jf;nfhs;Sk; Neuk; 
my;yJvwpnghUs; vwpag;gl;lfzj;jpypUe;J>jiuiamilavLj;Jf;nfhs;Sk; Neuk; 
gwf;Fk; Neuk; vdg;gLk;. 
vLj;Jf;fhl;lhf>fl;blj;jpd; cauk; hvd;f. vwpnghUs; vwpag;gl;lfzj;jpypUe;Jmjd; 

ghijtopNajiuiamilavLj;Jf;nfhz;lNeuj;ijTvd;f. 
ehk; mwpe;jgbnrq;Fj;J ,af;fj;jpw;F 

  sy= uy t +
1

2
 at2 

,q;F  
 
sy= h,  t= T,  uy= 0 (Muk;g nrq;Fj;Jj; jpirNtfk; Rop) 

a= g (vwpnghUs; Gtp<h;g;G tpirapd; fhuzkhf fPNo tpOfpwJ) 

h = 
1

2
 gT2 my;yJT= 

2h

g
 

vdNt> gwf;Fk; Neuk; fl;blj;jpd; cauj;ijr; rhh;e;Js;sJ. Mdhy; mJ 
fpilj;jsj; jpir Ntfj;ijr; rhh;e;jjy;y. xU ge;J nrq;Fj;jhf NkypUe;J fPo; 
Nehf;fp tpOfpwJ. mNj Neuj;jpy; xU Fwpg;gpl;l jpirNtfj;jpy; ge;J xd;W 
fpilj;jsj;jpy; tPrp vwpag;gLfpwJ. ,t;tpuz;L ge;JfSk; xNuNeuj;jpy; 
jiuiamilAk;. 
 

 
2) fpilj;jsneLf;fk;: vwpag;gl;l Gs;spf;FNeh; fPNo fl;blj;jpd; jiuapypUe;J 
vwpnghUs; jiuia mile;j Gs;sp tiu cs;s njhiyT> fpilj;js neLf;fk; 
vdg;gLk;. 

 
 ehk; mwpe;j gbfpilj;js ,af;fj;jpy; 

sx= ux t +
1

2
 at2 
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,q;F sx= R (fpilj;js neLf;fk;) ux= u, a= 0 (fpilj;jsj;jpirapy; KLf;fk; 

,y;iy)> gwf;Fk; Neuk; ‘T’vdNt fpilj;js neLf;fk; = uT. 

ehk; mwpe;jgb gwf;Fk; Neuk; 
2h

g
 

vdNt fpilj;js neLf;fk; R= u
2h

g
 

Nkw;fz;l rkd;ghl;bypUe;J fpilj;js neLf;fk; Muk;gj; jpirNtfj;jpw;F (u) 
Neh;j;jftpYk;> GtpaPh;g;G KLf;fj;jpd; (g) ,Ukb %yj;jpw;F vjph;j;jftpYk; 
cs;sijf; fhl;LfpwJ. 

 
3) njhFgad; jpirNtfk; (xU Fwpg;gpl;l Neuj;jpy; vwpnghUspd; jpirNtfk;) xU 
Fwpg;gpl;l Neuk; t apYk; vwpnghUSf;F x– mr;R kw;Wk; y- mr;R Mfpa ,uz;L 
mr;RfspYk; jpirNtff; $Wfs; cs;sd. ,t;tpuz;L $Wfspd; njhFgad;> 
vwpnghUspd; njhFgad; jpirNtfj;ijf; nfhLf;Fk;. 

 
fpilj;jsj; jpirapy; (x-mr;rpy;) jpirNtff;$W  

vx= ux  +axt,q;Fux= u, ax =0   

vdNtvx= u   →(2.26) 
  

nrq;Fj;Jj;jpirapy; (y-mr;rpy;) jpirNtff;$W  

vy= uy  +ay t  ,q;Fuy= 0, ay=g   

vdNtvy= gt →(2.27) 
ve;jnthUFwpg;gpl;lNeuj;jpYk; vwpnghUspd; jpirNtfk; 

 v =u î +gt ĵ   
ve;jnthUFwpg;gpl;lNeuj;jpYk; vwpnghUspd; Ntfk; 

 v= 2 2

x yv v+  

vwpnghUs; jiuiaj; njhLk;NghJmjd; Ntfk; 

 v= 2 2 2
u g t+  

 
vwpnghUs; vwpag;gl;lfzj;jpypUe;JjiuiamilavLj;Jf; nfhs;Sk; Neuk; 

= T 
2h

g
 

vwpnghUspd; fpilj;jsj;jpirNtff;$W khwhjJmjhtJ vx= u    

TNeuj;jpy; vwpnghUspd; nrq;Fj;Jj; jpirNtff;$W  vy= gT =g
2h

g
= 2gh  

vdNtvwpnghUs; jiuiaj; njhLk; NghJmjd; Ntfk; v= 2
2u gh+  

 
2.11.3 fpilj;jsj;Jld; Fwpg;gpl;lNfhzj;jpy; vwpag;gLk;  

vwpnghUspd; ,af;fk 
; 

vwpnghUs; xd;W>fpilj;jsj;Jld; Fwpg;gpl;lNfhzj;jpy; vwpag;gLfpwJ. ( 
rha;epiyapy; vwpag;gl;lvwpnghUs;) 
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vLj;Jf;fhl;Lfs; 

• rha;epiyapy; gpbf;fg;gl;ljz;zPh; FohapypUe;JntspNaWk; ePh; 

• gPuq;fpapypUe;JRlg;gl;lFz;L. 

fpilj;jsj;Jld; Nfhzj;jpy; vwpag;gLk; vwpnghUspd; Muk;gjpirNtfk; u vd;f. ,jidf; 
fPo;f;fz;lthWvOjyhk;. 

u =ux î +uy ĵ  

Muk;gjpirNtfj;jpd; fpilj;jsf;$W ux= u cos kw;Wk; mjd; nrq;Fj;Jf;$W uy= u sin  
,q;FGtpaPh;g;Gtpirnrq;Fj;Jf;$Wf;Fuyvjph;j;jpirapy;  nray;gLfpwJ. ,J nrq;Fj;Jf; 

$wpidgbg;gbahff; Fiwj;JvwpnghUspd; ngUk; cauj;jpy; mjidRopahf;Fk;. uy=0 ,Nj 
GtpaPh;g;GtpirvwpnghUisfPo;Nehf;fp ,aq;fitj;Jjiuiamilar; nra;Ak;. vwpnghUspd; 
,af;fk; KOikf;Fk; x–mr;Rj;jpirapy; vt;tpjkhdKLf;fKk; ,y;iy. 

vdNtjpirNtfj;jpd; fpilj;jsf; $W (ux= u cos ) vwpnghUs; jiuiamilAk; 
tiukhwhJ. 
 tfhyj;jpw;Fgpd;Gfpilj;jsj;jpirNtfk;>vx= ux  +ax t   

,q;Fax =0vdNtvx= ux  =u cos  

tNeuj;jpy; vwpnghUs; fpilj;jsj;jpy; fle;jnjhiyTsx= ux t +
1

2
 a x t2 

 
Muk;gj;jpirNtfj;jpd; ,U $Wfs; 

 

,q;Fsx= x, ux = u cos , ax=0 

vdNt>x = u cos , t my;yJ t = 
cos

x

u 
  (2.28) 

t Neuj;jpw;Fgpd;Gnrq;Fj;Jj;jpirNtfk; vy=uy+ay t 

,q;Fuy= u sin, ay = -g(GtpaPh;g;GKLf;fk; ,af;fj;jpw;Fvjph;j;jpirapy; nray;gLfpwJ. 

vdNtvy= u sin -gt  (2.29) 

vwpnghUs; mNjtNeuj;jpy; mile;jnrq;Fj;Jj; njhiyTsy= uy t +
1

2
 a yt2 

,q;Fsy=y,  uy=u sin ,  ay= - g vdNt 
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y= u sin t -
1

2
gt2   (2.30) 

rkd;ghL (2.28) ypUe;Jt ,d; kjpg;igrkd;ghL (2.30) ,y; gpujpapLk; NghJ 

 y = u sin 
2

2 2

1

cos 2 cos

x x
g

u u


 
−  

 y = x tan θ - 
2

2 2

1

2 cos

x
g

u 
 

 

 Nkw;fz;l rkd;ghl;il cw;W Nehf;Fk; NghJ vwpnghUs; Nkw;nfhz;l ghij xU 
jiyfPohd gutisak; vdmwpayhk;. 
 
ngUkcauk; (hmax) 
 
vwpnghUs; jd;Dilagazj;jpy; milAk; mjpfgl;rnrq;Fj;Jcauk;>ngUkcauk; 
(hmax)vdg;gLk;. mjidf; fPo;f;fz;lthWfzf;fplyhk;. 

 2 2
2y y yv u a s= +  

,q;Fvy= u sin , ay= - g, s= hmaxNkYk; ngUkcauj;jpy; vy=0 
vdNt 

  (0)2 = u2 

 (0)2 = u2 sin2 θ -2 ghmax 

  (my;yJ) hmax = 
2 2
sin

2

u

g


 

 
gwf;Fk; Neuk; ( Tf) 
 
 vwpag;gl;lGs;spapypUe;J>vwpag;gl;lGs;spcs;sfpilj;jsj; jiuiamilavwpnghUs; 
vLj;Jf;nfhs;Sk; Neuk;>gwf;Fk; Neuk; vdg;gLk;. ,q;Fgwf;Fk; Neuk; vd;gJvwpnghUs; 
OGs;spapypUe;JAGs;sptopahfBGs;spiamilavLj;Jf;nfhs;Sk; NeukhFk;.  

 ehk; mwpe;jgbsy= uy t +
1

2
 a y t2 

 ,q;Fsy=y = 0 ( y -mr;Rjpirapy; njhFgad; ,lg;ngah;r;rpRop ) uy= u sin ,  a y =-g, t= 
Tf 

  0 = u sin θ Tf – 
1

2
 gT 2

f  

   Tf = 2u 
sin

g


 

 
fpilj;jsneLf;fk; (R) 
 
vwpag;gl;l Gs;spf;Fk;> vwpag;gl;l Gs;sp cs;s fpilj;jsj;jpy; vwpnghUs; tpOe;j 
,lj;jpw;Fk; ,ilNa cs;s njhiyT vwpnghUspd; fpilj;js neLf;fk; vdg;gLk;. Muk;gj; 
jpirNtfj;jpd; fpilj;jsf; $wpy; vt;tpj khw;wKk; ,y;iy vdNt> 
fpilj;js neLf;fk; R = jpirNtfj;jpd; fpilj;jsf; $W x gwf;Fk; Neuk;. 

R= u cos  × 
2

2 sin 2 sin cosu u

g g

  
=  
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2
sin 2u

R
g


 =  

fpilj;js neLf;fkhdJ Muk;gj;jpirNtfk; (u) vwpNfhzj;jpd; ,U klq;fpd; ird; kjpg;G 

(sin 2) ,tw;wpw;F Neh;j;jftpYk; GtpaPh;g;G KLf;fj;jpw;F (g) vjph;j;jftpYk; ,Uf;Fk;. 

 ngUk fpilj;js neLf;fj;jpw;F sin 2 ngUkkhf ,Uf;f Ntz;Lk;. sin 2 = 1 

,jpypUe;J 2= /2vdf; fpilf;Fk;. 

 vdNt>=
4


 

 vdNt fpilj;jsj;Jld; 45Nfhzj;jpy; vwpnghUspid vwpe;jhy; mJ ngUk 
fpilj;js neLf;fj;ij milAk; vd;gijmwpayhk;. 

 hmax=
2

u

g
 

 
jkpofj;jpy; Mh;t%l;Lk; xUghuk;ghpakhdtpisahl;Lcs;sJ. mjw;F 

‘fpl;bGs;’vd;Wngah;. fpl;bapdhy; Gs;ismbf;Fk; NghJGs;  
gutisaghijapy; (parabolic path)nry;Yk;. 

vLj;Jf;fhl;L 2.37 

vwpnghUs; xd;W 10ms-1vd;wMuk;gj;jpirNtfj;Jld; fpilj;jsj;Jld; 
4


Nfhzmstpy; 

vwpag;gLfpwJ. mjd; fpilj;jsneLf;fj;ijf; fz;Lgpb. mNjvwpnghUisKd;dh; 
vwpe;jthNwepytpy; vwpAk; NghJmjd; fpilj;jsneLf;fj;jpy; VNjDk; khw;wk; epfOkh? 
epfOk; vdpy; vt;tifahdkhw;wk; vd;Wtpsf;Ff. 

( epytpd; <h;g;GKLf;fk;  gepyT= 
1

6
 g) 

jPh;T 
vwpnghUs; ,af;fj;jpy; fpilj;jsneLf;fk; 

 
2
sin 2u

R
g


=  

 / 4 =  
 u = v0 = 10ms-1 

 RGtp = 
2

(10) sin / 2

9.8
R


=  = 100/9.8 

RGtp = 10.20 m (Njhuhakhf 10m) 
 
,Nj vwpnghUisepytpy; vwpAk; NghJmjd; fpilj;jsneLf;fk; mjpfhpf;Fk;. Vnddpy; 
epytpd; <h;g;GKLf;fk; Gtpapd; <h;g;GKLf;fj;ijtplf; FiwT. 

 gepyT = 
6

g
 

 RepyT = 
2
sin 2u

g



epyT

 

  = 
2

0
sin 2

/ 6

v

g


 

 RepyT = 6RGtp 

RepyT = 6 × 10.20 = 61.20 
 (Njhuhakhf 60 m)  
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epytpy; vwp nghUspd; fpilj;js neLf;fk;> Gtpapy; vwpnghUspd; fpilj;js neLf;fj;ij 
tpl MW klq;F mjpfk;. 
 
vLj;Jf;fhl;L 2.38 
 glj;jpy; fhl;bathW fphpf;nfl; tPuh; ge;J xd;wpid kl;ilahy; mbj;j gpd;G>mg;ge;J 

30ms-1vd;w jpir Ntfj;JlDk;> 30 Nfhzj;jpYk; gwe;J nry;fpwJ. ikjhdj;jpd; 

vy;iyahdJ ge;jpid mbj;j fphpf;nfl; tPuhpypUe;J 75 m njhiytpy; cs;sJ. mg;ge;J 
ikjhdj;jpd; vy;iyia gwe;J nrd;W fphpf;nfl; tPuUf;F MW ud;fisg; ngw;Wj;jUkh? 
(fhw;Wj;jiliag; Gwf;fzpf;fTk; kw;Wk; GtpaPh;g;G KLf;fk; g = 10 ms-2 vdf; fUJf.) 

 
jPh;T 
 
fphpf;nfl; ge;jpd; ,af;fj;ij vwpnghUspd; ,af;fkhff; fUjyhk;. ehk; Kd;dh; ghh;j;jgb 
fpilj;jsj; njhiyT. 

R = 
2
sin 2u

g


 

Muk;gj; jpirNtfk; u = 30 ms-1 

vwpNfhzk; = 30 
 

fphpf;nfl; ge;jpd; fpilj;jsneLf;fk; 

 
2

3
900

(30) sin 60 2 77.94
10 10

R m

 
= = =  

 
fpilj;jsneLf;fk; ikjhdj;jpd; vy;iyahd 75 kPl;liutplmjpfkhfcs;sJ. 
vdNt>ge;Jvy;iyiaf; fle;Jgwe;JtPuUf;F MW ud;fisg; ngw;Wj;jUk;. 
 
2.11.4bfphpkw;Wk; Nubad;fs; mwpKfk;. 
 

Nfhzq;fismstPLnra;tjw;Fgy;NtWmyFfs; gad;gLj;jg;gLfpd;wd. mtw;Ws; 
nghJthfmidtuhYk; gad;gLj;jg;gLk; myFbfphpkw;Wk; Nubad; MFk;. 
gug;G>gUkd;>Rw;wsTNghd;wtw;iwmsg;gjw;FNubad; gad;gLfpwJ. 

 
 Nubad;: tl;ltpy; tl;likaj;jpy; xUjsf; Nfhzj;ijcUthf;FfpwJ. tl;ltpy;ypd; 
ePsj;ij>tl;lj;jpd; Muj;jhy; tFf;ff; fpilf;Fk; kjpg;NgNubad; MFk;. tl;lj;jpd; 
Muj;jpw;FrkkhdePsKs;stl;ltpy;>tl;likaj;jpy; Vw;gLj;Jk; Nfhzk; xUNubad; MFk;.  
 
 Nfhzj;jpd; msptpidmsg;gjw;Fg; gad;gLk; xUmyFbfphpvdg;gLk;. ,J Nfhzj; 
jpirapidf; fhl;LfpwJ. xUNfhzk;>tl;lj;ijxU KO Rw;WRw;Wk;NghJmjd; nkhj;jf; 

Nfhzk; 360. vdNtxU KO tl;lk;360iag; ngw;Ws;sJ. xUKOtl;lk; vd;gJ 

2NubaidFwpf;fpwJ.  
 vdNt 360= 2rad 

my;yJ 1 rad = 
180


 degree 

  1 rad  57.27 
 
vLj;Jf;fhl;L 2.39 
 glj;jpy; cs;stl;lr;rf;fuj;jpd; mUfUNfcs;s ,uz;LMur;rl;lq;fSf;F 

(SPOKES),ilNacs;sNfhzk; itf; fhz;f. cq;fspd; tpiliaNubad; kw;Wk; bfphp 
,uz;bYk; Fwpg;gplTk;. 
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jPh;T: 

 KOr;ruk; ikaj;jpy; 2Nubad;fisVw;gLj;Jk; rf;fuk; 12 gphpTfshfg; (tl;ltpy;) 
gphpf;fg;gl;Ls;sJ. 
vdNt>xUgphpTVw;gLj;Jk; Nfhzk; 

 = 
2

12


= 

6


 

ehk; mwpe;jgb=  rad = 180, 
6


rad = 30/ vdNt> 2 Mur;rl;lq;fSf;F ,ilg;gl;lNfhzk; 

= 30 
 
2.11.5 Nfhz ,lg;ngah;r;rp 
 

Jfnshd;WOvd;wGs;spiaikakhfnfhz;LrMuKilatl;lg;ghijiaRw;wptUfpwJvd;

f. t = 0 vd;wNeuj;jpy; Jfs; AGs;spapYk;>tNeuj;jpw;Fgpd;Gmj;Jfs; BGs;spapYk; cs;sJ. 

vdNtRow;rpikaj;ijg; nghUj;J (my;yJtl;likak;O) nfhLf;fg;gl;lNeuj;jpy; Jfs; 
Vw;gLj;Jk; Nfhzk;>Nfhz ,lg;ngah;r;rpvdg;gLk;.  

mjhtJNfhz ,lg;ngah;r;rp= AOB = 
Nfhz ,lg;ngah;r;rpapd; myFNubad; MFk;. 

Nfhz ,lg;ngah;r;rp ()>tl;ltpy;ypd; ePsk; s (AB) kw;Wk; Muk; r ,tw;Wf;F 

,ilNacs;sj; njhlh;G= 
s

r
my;yJs = r  

 
Nfhzj;jpirNtfk; (  ) 
 
 Nfhz ,lg;ngah;r;rpkhWk; tPjNkNfhzj;jpirNtfk; vdg;gLk;. 

 t Neuj;jpy; Vw;gl;lNfhz ,lg;ngah;r;rpvdpy; Nfhzj;jpirNtfk;.  

   
0

lim
t

d

t dt

 
 →


= =


 

 Nfhzj;jpirNtfj;jpd; myFNubad; /tpdhb ( rad s-1 )  
 Nfhzj;jpirNtfj;jpd; jpirtyJ if ngUtpuy; tpjpapd; gb Roy; mr;rpd;  

jpirapy; ,Uf;Fk;.  
 

NfhzKLf;fk; ( ) 
 
 Nfhzj; jpirNtfk; khWk; tPjk;>NfhzKLf;fk; vdg;gLk;. 

   = 
d

dt


 

NfhzKLf;fk; xUntf;lh; msthFk;. ,jd; jpirNfhzj;jpirNtfj;jpd; jpirapNyNa 
,Uf;fNtz;bamtrpakpy;iy. 
 
njhLNfhl;L KLf;fk; 

nghUnshd;WrMuKilatl;lg;ghijapy; ,aq;FfpwJvd;f. tvd;wfhy ,ilntspapy; 

nghUs; svd;wtl;ltpy; njhiyitf; flf;fpwJ. mJVw;gLj;Jk; Nfhzk;MFk;. 

itg; gad;gLj;jps I gpd;tUkhWvOjyhk;. 

 s = r   (2.35) 

tvd;wfhy ,ilntspapy; 

 
s

t




= r 
t




   (2.36) 

t→ 0,vd;wvy;iyapy; Nkw;fz;lrkd;ghl;bid 
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ds

dt
=r   (2.37) 

vd vOjyhk;. ,q;F
ds

dt
vd;gJ Neh;f;Nfhl;L NtfkhFk;. (v) ,J tl;lj;jpd; njhLNfhl;bd; 

topNa nray;gLk;. NkYk;  vd;gJ NfhzNtfkhFk;. 

vdNt rkd;ghL (2.37) Iv =r 
vd vOjyhk;. ,r;rkd;ghL> Neh;Nfhl;L Ntfj;jpw;Fk;> Nfhz Ntfj;jpw;Fk; cs;s 

njhlh;igf; fhl;LfpwJ. 
,r; rkd;ghL (2.38) tl;l ,af;fj;jpw;F kl;LNk nghUe;Jk;. nghJthf Neh;f;Nfhl;L 

jpirNtfj;jpw;Fk;> Nfhzj;jpir Ntfj;jpw;Fk; cs;s njhlh;G 

v r=     (2.39) 
tl;lg;ghij ,af;fj;jpy; rkd;ghL (2.39) rkd;ghL (2.38) MfkhWk;. Vnddpy;  kw;Wk; 
r xd;Wf;nfhd;W nrq;Fj;jhFk;. 
 Neuj;ijg; nghUj;J rkd;ghL (2.38) I tifg;gLj;jpdhy; (,q;F r vd;gJ khwpyp) 

  
dv rd

r
dt dt

 = =  

,q;F
dv

dt
vd;gJ njhLNfhl;L KLf;fkhFk;. ,jid at vdTk; 

d

dt


vd;gJ Nfhz KLf;fk;. 

,jid () vdTk; vOjyhk;. vdNt rkd;ghL (2.40) MdJ. 

 at = r   (2.41) 
,q;F at vd;gJ nghUs; ngUk; njhLNfhl;L KLf;fkhFk;. 
 

njhLNfhl;L KLf;fk; Neh;f;nfhl;Lj; jpirNtfj;jpd; jpirapy; nray;gLtij ,q;F 
epidtpy; nfhs;sTk;. 
 
2.11.6 tl;l ,af;fk; (Circular Motion) 
 
xU Gs;spg;nghUs; khwhj Ntfj;jpy; xU tl;lg;ghij topNa Rw;wp tUfpwJ. mg;nghUs; 
rkfhy ,ilntspfspy; tl;lg;ghijapd; rk J}uj;ijf; flf;fpwJ vdpy;> mg;nghUs; 
rPuhdtl;l ,af;fj;jpy; cs;sJ vdf; $wyhk;.  

 
rPuhdtl;l ,af;fj;jpy; jpirNtfk; vg;NghJk; khw;wkile;Jnfhz;Nl ,Uf;Fk;. 

Mdhy; Ntfk; khwhJ ,aw;gpay; gb jpirNtf ntf;lhpd; vz; kjpg;G epiyahfTk;;> mjd; 
jpir njhlh;e;J khw;wkiltij mJ fhl;LfpwJ. 

 
tl;l ,af;fj;jpy; jpirNtfj;jpd; vz; kjpg;G kw;Wk; jpir ,t;tpuz;Lk; 

khw;wkile;jhy; ekf;F rPuw;wtl;l ,af;fk; fpilf;Fk;. 
 

ikaNehf;FKLf;fk;: 
 

rPuhdtl;l ,af;fj;jpy; jpirNtf ntf;lhpd; vz;kjpg;G (Ntfk;) khwhky; mjd; jpir 
njhlh;e;J khw;wkile;J nfhz;Nl tUk; vd;gij ehk; Kd;dh; ghh;j;Njhk;.  

 
rPuhdtl;l ,af;fk; eilngWk; NghJ jpirNtf ntf;lhpd; (ePytz;zk;) ePsk; 

khw;wkilahky; cs;sij ftdpf;fTk;. ,J Ntfk; khwhky; cs;sijf; fhl;LfpwJ. 
,Ug;gpDk; jpirNtfk; tl;lj;jpd; xt;nthU Gs;spapYk; njhLNfhl;Lj; jpirapy; 
nray;gLfpwJ. NkYk;> KLf;fk; tl;lj;jpd; Muj;jpd; topNa ikaj;ij Nehf;fp 
nray;gLfpwJ. ,k;KLf;fj;ijika Nehf;F KLf;fk; vd miof;fyhk;. ,J vg;NghJk; 
tl;likaj;ij Nehf;fpNa nray;gLk;.  
 

 
epiy  ntf;lh; kw;Wk; jpirNtf ntf;lhpd; vspa tbtpay; njhlh;gpypUe;J> 

ikaNehf;F KLf;fr; rkd;ghl;il tUtpf;fyhk;. 
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epiy ntf;lh; kw;Wk; jpirNtf ntf;lh; ,uz;Lk; t vd;w rpwpa fhy ,ilntspapy; 

 Nfhzk; ,lg;ngah;r;rp miltij fhl;LfpwJ. rPuhd tl;l ,af;fj;jpy; r= 1
r = 2

r kw;Wk;    

v= 1
v = 2

v . Jfspd; epiy ntf;lh; 
1
r ypUe;J

2
r f;F khWk;NghJ Vw;gLk; ,lg;ngah;r;rpia 

 r = r 2 - r 1vdTk; mjd; jpirNtfk; 
1

v ypUe;J
2

v f;F khw;wkiltij v  = 
2

v - 
1

v vdTk; 

Fwpg;gplyhk;. ,lg;ngah;r;rp ntf;lhpd; vz;kjpg;Gkw;Wk; jpirNtfntf;lhpd; vz;kjpg;G 
,uz;Lk; gpd;tUk; njhlh;gpid epiwNtw;w Ntz;Lk;.  

r

r


= -

v

v


= 0 

,q;Fvjph;f;Fwp> v tl;likaj;ijNehf;fp (Muk; topNacs;Nehf;fp) nray;gLtijf; 
fhl;LfpwJ. 

  Δv = -v 
r

r

 
 
 

 

  
2

v r v
a

t t r

  = =− = −   
 

rPuhdtl;l ,af;fj;jpypUe;J v= r> ,q;F  vd;gJ ikaj;ijg; nghUj;JJfspd; 

Nfhzj;jpir NtfkhFk;. vdNt ikaNehf;F KLf;fj;ij gpd;tUkhW vOjyhk;. 2
a r=  

 
rPuw;wtl;l ,af;fk; 

tl;l ,af;fj;jpy; Ntfk; khw;wkile;J nfhz;Nl ,Ue;jhy;> mjid rPuw;w tl;l 
,af;fk; vd miof;fyhk;. vLj;Jf;fhl;lhf Cry; Fz;Lfl;lg;gl;l fapW nrq;Fj;J 
tl;lj;jpy; Rw;wp tUk; NghJ Fz;bd; Ntfk; vy;yh Neuq;fspYk; rkkhf ,Ug;gjpy;iy. 
tl;l ,af;fj;jpd; Ntfk; khw;wkilAk; Nghnjy;yhk; Jfs; glj;jpy; cs;sthWika Nehf;F 
KLf;fk; (ac) kw;Wk; njhL Nfhl;LKLf;fk; (at) ,uz;ilAk; ngWk;. 
 

 
rPuw;wtl;l ,af;fj;jpy; njhFgad; KLf;fk; aR 

 
ikaNehf;F KLf;fk; kw;Wk; njhLNfhl;L KLf;fk; ,tw;wpd; ntf;lh; $Ljypd; 

topNa njhFgad; KLf;fj;jpid (aR) ngwyhk;. 

ikaNehf;F KLf;fk;
2

v

r
vdpy; njhFgad; KLf;fj;jpd; vz; kjpg;ig gpd;tUkhW 

Fwpg;gplyhk;. 

aR  = 

2
2

2

t

v
a

r

 
+  
 

 

,e;jj; njhFgad; KLf;fk;> Muntf;lUld;  Nfhzj;ij Vw;gLj;Jtij glk; fhl;LfpwJ. 

NkYk; Nfhzk; it gpd;tUkhW Fwpg;gplyhk;.  

  

( )2
tan t

a

v
r

 = MFk;. 
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vLj;Jf;fhl;L 2.40 
 Jfnshd;W  10 m MuKila tl;lg;ghijapy; Rw;WfpwJ. mjd; Neh;f;Nfhl;LNtfk; v 
= 3t. ,q;Ft tpdhbapYk; kw;Wk; v MdJ ms-1Yk;cs;sJ. 

(m) t=2tpdhbapy; Jfspd; ikaNehf;F KLf;fk; kw;Wk; njhLNfhl;L KLf;fk; 
Mfpatw;iwf; fhz;f. 
(M) njhFgad; ntf;lh;>Muntf;lUld; Vw;gLj;Jk; Nfhzj;ijf; fhz;f. 
 
jPh;T 
t=2tpdhbapy; Jfspd; Ntfk; v= 3t =6 ms-1 

t=2tpdhbapy; Jfspd; ikaNehf;FKLf;fk; 
2 2

2(6)
3.6

10
c

v
a ms

r

−= = =  

njhLNfhl;LKLf;fk; aR  =
dv

dt
=3 ms-2 

Mu ntf;lUf;Fk;>njhFgad; ntf;lUf;Fk; cs;sNfhzk; 

  tan θ = 
3

3.6

t

c
a


=  = 0.833 

  θ =  tan-1 (0.833) = 0.69 Nubad;  
 bfphpapy; θ = 0.69 × 57.27 ˚ ≈ 40 
 
,uTgfy; ,U NtisfspYk; #hpaidg; nghWj;Jehk; xNuNtfj;jpy; nry;fpNwhkh? 
 
Gtp> #hpaid ePw;tl;lg;ghijapy; Rw;wp tUfpwJ. #hpaidg; nghWj;j Gtpikaj;jpd;  

jpirNtfj;ijv cvd;f. v c ,e;j #hpaidg; nghWj;J Gtp ePs;tl;lg;ghijapy; Rw;wp 

tUtjhy; Vw;gLfpwJ. mNj Neuj;jpy; Gtpjd; mr;rpidg; nghWj;J jw;Row;rp ,af;fj;ij 
Nkw;nfhs;fpwJ. Gtpapd; Nkw;gug;gpy; cs;s midj;Jg; nghUl;fSk; Gtpapd; jw;Row;rp 

mr;rpidikakhff; nfhz;Lv svd;w jpirNtfj;jpy; tl;lg;ghij ,af;fj;ij 

Nkw;nfhs;fpd;wd. ,uT Neuq;fspy; v ckw;Wk; v s,uz;Lk; xNujpirapy; my;yJ 

xd;Wf;nfhd;W FWq;Nfhz NtWghl;Ljpirapy; nray;gLfpd;wd. vdNt ,utpy; #hpaidg; 

nghUj;JGtpapd; Nkw;gug;gpy; cs;snghUspd; jpirNtfk; v ,uT= v c + v sMFk;; ,jpypUe;J 

Gtpapd; gug;gpy; ve;j xU nghUSk; gfiytpl ,uTNeuj;jpy; #hpaidg; nghWj;JNtfkhfr; 
nry;Yk; vd mwpayhk;. ,J Gtpapd; Row;rpahy; Vw;gLfpwJ. ,jid gpd;tUk; glj;jpd; 
%yk; mwpayhk;.  
 
 
tl;l ,af;fj;jpd; ,af;fr; rkd;ghLfs; 
 

khwhj Nfhz KLf;fj;Jld;  nghUnshd;W tl;l ,af;fj;ij Nkw;nfhz;lhy; 
Neh;f;Nfhl;L ,af;fj;ijg; Nghd;Nw tl;l ,af;fj;jpw;Fk; ,af;fr; rkd;ghLfis 

jUtpf;fyhk;.tl;l ,af;fj;jpYs;s Jfnshd;wpd; Muk;gf; Nfhzj; jpirNtfk; 0 vd;f.t 

fhyj;jpw;Fg; gpd;G mj;Jfs; milAk; ,WjpNfhzj;jpirNtfk; . ,f;fhy ,ilntspapy; 
Jfs; mile;jNfhz ,lg;ngah;r;rp  vd;f.Nfhzj; jpirNtfj;jpy; khw;wk; cs;sjhy; 

Jfs; vd;w Nfhz KLf;fj;ijg; ngw;wpUf;Fk;.  
 

gphpT (2.4.3) ,y; Neh;f;Nfhl;L ,af;fj;jpw;Fk; cs;sijg; nghd;Nwtl;l ,af;fj;jpw;Fk; 
,af;fr; rkd;ghLfisvOjyhk;. 

Neh;f;Nfhl;L ,lg;ngah;r;rp (s) I Nfhz ,lg;ngah;r;rpvdTk;  
jpirNtfk (v) I Nfhzj;jpirNtfk; () vdTk; 
KLf;fk; (a) itNfhzKLf;fk; () vdTk; 
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Muk;g jpirNtfk; (u) I Muk;gf;Nfhzj;jpirNtfk; (0) vdTk; khw;wTk;.  
,k;kugpid gpd;gw;wpagpd;G fpilf;Fk; tl;l ,af;fj;jpd; ,af;fr; rkd;ghLfs; gpd;tUk; 
ml;ltizapy; jug;gl;Ls;sd. 
 

Neh;f;Nfhl;L ,af;fj;jpd; 
,af;fr; rkd;ghLfs; 

tl;l ,af;fj;jpd; ,af;fr; 
rkd;ghLfs;  

v = u + at  ω = ω0 + αt 
s = ut + 

1

2
 at2 2

0

1

2
t t  =  

v2 = u2 + 2as  ω2 = ω 2

0
 + 2αθ 

S= 
( )

2

v u t+
 0

( )

2
t

  +
=  

 
vLj;Jf;fhl;L 2.41 
 

tl;lg;ghij ,af;fj;jpYs;s Jfs; xd;wpd; NfhzKLf;fk;  = 0.2 rad s-2 
m) ,j;Jfs; 5 tpdhbfSf;Fg; gpd;dh; mile;j Nfhz ,lg;ngah;r;rp kw;Wk;. 
M) Neuk; t= 5 tpdhbapy; ,j;Jfspd; Nfhzj; jpirNtfk; Mfpatw;iwf; fhz;f. 

(Jfspd; Muk;gf; Nfhzj;jpirNtk; Mfpatw;iwf; fhz;f. (Jfspd; Muk;gf; Nfhzj; 
jpirNtfk; Rop vdf; fUJf.  

 
jPh;T: 

 Jfspd; Muk;gf; Nfhzj;jpirNtfk; (0=0)Jfspd; Nfhz ,lg;ngah;r;rp 

   2

0

1

2
t t  =  

   11
2 10 25 25

2
rad −=    =  

bfphpapy; 2.5 57.27 143 =      
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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)). 
 



 

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

 

 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;: 
 

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. 
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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. 
 
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; 
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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. 
 

( )d mv dv
F m ma

dt dt
= = =  

  

F = ma  
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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; 
 
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;. 
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,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 
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;: 
 



 

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

 

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 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; 
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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; 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;. 
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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;. 
 
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; 
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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 
 
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 ˆ
gF 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;. 
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ˆT Tj=  

,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

= = + +  
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ˆ ˆ3 10
d r

i tj
dt

= +  

 
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. 
 
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 
z

v =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 
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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. 

  
ˆ

ˆ
g

F 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. 
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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)  
 
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; 
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: 
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,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 

r
F - 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) 
 
,J gpd;tUk; glj;jpy; Fwpg;gpl;l fhl;lg;gl;Ls;sJ. 
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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) 

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;. 
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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  ;2f;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. 
(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
=

+
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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 
 

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 
12

f  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 2
f 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; 
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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; 
 
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 2
T 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 1
T 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 
 

2
T m a=  

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

O vd;w Gs;spapy; nray;gLk; 1, 2F F  kw;Wk; 3F  vd;w %d;W xU js kw;Wk; xUika 
tpirfs; 
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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> 

( ) ( ) ( )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  
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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
= −  

 

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. 
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,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;. 
 
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 
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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;. 
 
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.  
 
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;. 
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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

=

− =

 


 

i
p  vd;gJ 

i
t vd;w Neuj;jpy; nghUspd; Muk;g ce;jk; 

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

 

fp -
i

p p vd;gJ ft -
i

t = 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  
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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 
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 15 150
i

p kg=  = ms-1 
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nghUspd; ,Wjp ce;jk; 0fp =  

 

150 0 150p kg = − =  ms-1 

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

 
(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;. 
 
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;. 



 

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

 

 
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;. 
,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 s
o 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 
s

f d; kjpg;G (
s

f =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;. (
s

f =
ext

F ) ,Ug;gpDk; 
s

f d; kjpg;G 
s
N I 

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

cuha;T tpir (
s

f ) 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. 
 
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;. 
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jPu;T 
 
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 s
f 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; 
s

f = Fext 

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

s
f = 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) 
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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 

<. 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 s
f N mg=  =   
max

0.9 7 9.8 61.74sf N=   =  

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

T< max

s
f  

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

s
f ,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;tpd; vz;kjpg;G fPo;f;fhZk; rkd;ghl;bd;gb mika Ntz;Lk; vd;W 
Nrhjidfspd; mbg;gilapy; fz;lwpag;gl;Ls;sJ. 
 

Nrhbg; nghUl;fSf;fpilNaahd Xa;Tepiy cuha;Tf; Fzfk; 
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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 k
f 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

s
f > 

k
f 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= −   

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

s
f ) 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

s
R f N= +   

 
max

tan sf

N
 =  

 
cuha;Tf; Nfhzk; 
 

cuha;Tj; njhlu;GfspypUe;J max

s s
f 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; 
 

tan
s

 =  
 
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;. 
 
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 cosMFk; 
 
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= =    
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,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 tan
s

 =   =  
 

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; 
 

sin
k

mg 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
f

f mg
 −

=  
 
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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;. 
 
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 
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. 
 
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;: 
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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 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. 
 
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;. 
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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; 
 
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; 
2

v
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> 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 
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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. 
 
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 =
2

mv

r
 

,q;F r vd;gJ Gtpapd; ikaj;jpypUe;J nraw;iff;Nfhs; cs;s njhiyT 
 
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 =
2

mv

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;  

Nfhs;fspd; kPJ #hpadpd; <u;g;Gtpir =
2

mv

r
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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

cp
F 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; 
2

v
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 m
R a =  

,q;F 
m

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

 
 vd;gJ Nfhzj; jpirNtfk; 
 

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

klq;fhFk;. 
 

6 6
60 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 m
a R=    
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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 
 

2
mv

r
>

s
mg , 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; 
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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 1
0.81 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;. 
 
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) 

 
nrq;Fj;J tpir N I ,uz;L $Wfshfg; gpupf;fyhk;. ,it N coskw;wk; N sinMFk;. 

,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; 
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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;.  
 
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; 
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Row;rpf; Fwpg;ghaj;ijg; nghUj;J> tl;likaj;ij Nehf;fpr; nray;gLk; ikNehf;F 

tpirahd 2
m r−   cld;> mjw;Fr; rkkhd vjpu;jpirapy; ntspNehf;fpr; nray;gLk; 2

m 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. 

( 2
m r−  2

m r+  =0) ,q;F ntspNehf;fpr; nray;gLk; 2
m 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;. 
 
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;. 
 

 
ikatpyf;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. 
 
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 
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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 3
60 (7.268 10 ) 6400 10

cos(13 ) 1.9678

cf
F

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: 
 
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 

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

 

 
 
 

11th Physics 
 

myF 5 Jfs;fshyhd mikg;G kw;Wk; jpz;kg;nghUl;fspd;  ,af;fk; 
 
mwpKfk; 
 
 md;whl tho;f;ifapy; ehk; gad;gLj;Jk; nghUl;fspy; ngUk;ghyhdit mjpf 
vz;zpf;if nfhz;l Jfs;fshy; MdNJ. ,jw;F Kd; cs;s myFfspy; nfhUl;fspd; 
cUt kw;Wk; tbt mikg;igf; fUjhky;> mtw;wpd; ,af;fj;ijg; gw;wp gapd;Nwhk;. 
,Jtiu kpfg; ngupa nghUshf ,Ue;jhYk; mij xU Gs;spg; nghUshf (Point object) 
kl;LNk fUjpNdhk;. ,e;j myfpy;> nghUspd; cUt kw;Wk; tbt mikg;gpw;F 
Kf;fpaj;Jtk; nfhLf;f cs;Nshk;. nghJthfNt Kf;fpaj;Jtk; nfhLf;f cs;Nshk;. 
nghJthfNt ,j;jifa nghUl;fs; mjpf mstpyhd Jfs;fshy; Mdit. MfNt mg; 
nghUs;fs; efUk; NghJ mij Jfs;fshy; Md xU njhFg;gpd; xl;L nkhj;j 
,af;fkhfNt fUJfpNwhk;. ,j;Jfs;fshy; Md mikg;gpidf; fzf;fpy; nfhs;Sk; NghJ> 
epiw ikak; vd;w fUj;ij ehk; tiuaWf;fyhk;. 
 
 ,g;ngupa (fdkhd) nghUl;fspd; kPJ nray;gLk; tpirfs; mf kw;Wk; Gw tpirfs; 
vd tifg;gLj;jg;gLfpd;wd. nghUspd; mikg;gpw;Fs; cs;s Jfs;fSf;fpilNa nray;gLk; 
tpiria mftpir vd;fpNwhk;. ntspg;Gwj;jpy; ,Ue;J Jfs;fs; mlq;fpa mikg;gpd; kPJ 
nray;gLk; tpiria Gw tpir vdfpNwhk;. ,g;gFjpapy;> Jfs;fspdhy; Md mikg;gfisf; 
nfhz;L cUthf;Fk; jpz;kg;nghUl;fisg; gw;wp gbf;f cs;Nshk;. xU nghUspd; kPJ 
vj;jifa Gwtpir  nray;gl;lhYk;> mJ jdJ gupkhzj;ijNah> cU mikg;igNah 
khw;whky; ,Uf;FNkahdhy; mg;nghUs; jpz;kg;nghUs; vdg;gLk;. mjhtJ Gwtpirfs; 
nray;gLk;NghJk; jpz;kg; nghUspd; mZtpilj; njhiyT khwhJ. Mdhy; eilKiwapy; 
KOikahd jpz;kg; nghUs; vd;gJ fpilahJ. Vnddpy; tpir nray;gLk; NghJ 
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midj;Jg; nghUl;fSNk jdJ tbtj;ijNah my;yJ cUt mikg;igNah khw;wpf; 
nfhs;fpd;wd. ,e;j myfpy; jpz;kg; nghUl;fspy; Vw;gLk; cUt khw;wj;ijg; 
Gwf;fzpf;fj;jf;fjhf vLj;Jf;nfhs;fpNwhk;. myF 7 ,y; jplg;nghUl;fspd; kPl;rpapay; vd;w 
jiyg;gpd; fPo; nghUl;fspd; kPjhd cUt khw;wj;ijg; gw;wp jdpahfg; gapy cs;Nshk;. 
 
epiw ikak; (CENTER OF MASS) 
 
 ,aq;Fk; jpz;kg;nghUnshd;wpy; cs;s midj;J Jfs;fSk; xNu ghijapy; 
,aq;Ftjpy;iy. ,af;fj;jpd; tifiag; nghUj;J xt;nthU JfSk; ntt;Ntwhd 
ghijia Nkw;nfhs;Sk;. vLj;Jf;fhl;lhf> xU gug;gpy; cUSk; rf;fuj;jpy;> ikaj;jpd; 
ghijAk;> kw;w Gs;spfspd; ghijAk; ntt;Ntwhf ,Uf;Fk;. ,e;j myfpy; jpz;kg;nghUspd; 
,lg;ngau;T kw;Wk; Roy; ,af;fq;fisg; gw;wpAk; ,it ,uz;Lk; ,ize;j ,af;fj;ijg; 
gw;wpAk; tpupthfg; gbf;f cs;Nshk; 
 
jpz;kg; nghUspd; epiw ikak; 
 
 nghUnshd;W (fpupf;nfl; kl;il - bat) fhw;wpy; Fwpg;gpl;l Nfhzj;jpy; vwpag;gLk; 
NghJ epiwikak; nry;Yk; ghij glk; 5.1 ,y; fhl;lg;gl;Ls;sJ. kl;ilapd; midj;Jg; 
Gs;spfSk; gutisag; ghijia Nkw;nfhs;fpd;wdth?. cz;ikapd; xNu xU Gs;sp kl;LNk 
gutisg; ghijiaAk; kw;w Gs;spfs; ntt;NtW ghijiaAk; Nkw;nfhs;Sk;. 
 
 gutisag; ghijia Nkw;Nfhs;Sk; mf;Fwpg;gpl;l Gs;spNa nghUspd; epiw ikak; 
vd;wiof;fg;gLfpwJ. ,t;tpaf;fkhdJ jdpj;J vwpag;gl;l Gs;spg;nghUspd; ,af;fj;ij 
mj;jpUf;Fk;. nghUnshd;wpd; xl;L nkhj;j epiwAk; nrwpe;jpUg;gjhfj; Njhd;Wk; 
Gs;spahdJ nghUspd; epiw ikak; vd tiuaWf;fg;gLfpwJ. MfNt ,g;Gs;spahdJ xl;L 
nkhj;jg; nghUisAk; Fwpf;fpwJ. 
 
 xOq;fhd tbtk; kw;Wk; rPuhd epiwiag; ngw;wpUf;Fk; nghUl;fspy; 
epiwikakhdJ nghUspd; tbtpay; ikaj;jpy; (Geometric centre) mike;jpUf;Fk;. 
vLj;Jf;fhl;lhf tl;lk; kw;Wk; Nfhsg; nghUl;fSf;F epiw ikakhdJ mjd; ikaj;jpYk;> 
rJuk; kw;Wk; nrt;tf tbtg; nghUl;fs;> fdrJuk; kw;wk; fdnrt;tfg; nghUl;fSf;F 
mtw;wpd; %iytpl;lq;fs; re;jpf;Fk; Gs;spapYk; epiwikak;  mike;jpUf;Fk;. kw;w 
nghUl;fSf;Fr; rpy Kiwfisg; gad;gLj;jpf; fhzyhk;. epiw ikakhdJ nghUl;fspd; 
cs;NsNah my;yJ ntspNaNah mikayhk;. 
 
gutyhf mike;j Gs;sp epiwfspd; epiwikak; 
 
 xU Gs;sp epiw vd;gJ vt;tpj tbtKk; msTk; ,y;yhky; Ropaw;w epiwiaf; 
nfhz;ljhf mDkhdpf;fg;gl;l xU Gs;spahFk;. m1> m2> m3…mn vd;w n Gs;sp 
epiwfisf; nfhz;l njhFg;gpd; epiw ikaj;ijf; fz;lwpa> Kjypy; ehk; 
Mjpg;Gs;spiaAk; jFe;j Ma mr;R mikg;igAk; njupT nra;a Ntz;Lk;. glk; 5.2 ,y; 
fhl;bAs;s gb x1> x2> x3…xn Mfpait x mr;rpy; Gs;sp epiwfspd; Ma mr;R 
epiyfshff; fUJNthk;. 
 
 xcm vd;gJ vy;yh Gs;sp epiwfspd; epiw ika epiyapd; x Maj; njhiyT vdpy;> 
mjd; rkd;ghL 
 

i i

cm

i

m x
x

m
=

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,q;F> im vd;gJ vy;yhj; Jfs;fspd; nkhj;j epiw. mjhtJ> M vd;gJ 

( im =M) MFk;. 

 

i i

cm

m x
x

M
=   

 ,ijg;Nghd;Nw gutyha; mike;Js;s Gs;sp epiwfspd; epiw  ikaj;jpw;fhd y> z 
Maj;njhiyTfisAk; ehk; fz;lwpayhk;. 
 

i i

cm

i i

cm

m y
y

M

m z
z

M

=

=




 

 MfNt> fhu;l;Brpad; Ma mr;R mikg;gpy; ,g;Gs;sp epiwfspd; epiw ikaj;jpd; 
epiy (xcm, ycm, zcm) MFk;. nghJthf> epiwikaj;jpd; epiyia ntf;lu; tbtpNyNa 
vOJfpNwhk;. 
 

 
ii

cm

m r
r

M
=  

 

,q;F> ˆˆ ˆ
cm cm cm cmr x i y j z k= + +  vd;gJ epiw ikaj;jpd; epiy ntf;lu; MFk;. NkYk;> 

ˆˆ ˆ
i i i ir x i y j z k= + +  vd;gJ xU Fwpg;gpl;l Gs;sp epiwapd; epiy ntf;lu; MFk;. ,q;F 

ˆˆ ˆ, ,i j k vd;git KiwNa Z> Y kw;Wk; Z mr;Rfspd; jpirapy; mike;j XuyF ntf;lu;fs; 
MFk;. 
 
,UGs;sp epiwfspd; epiw ikak; 
 
 epiw ikaj;jpw;fhd Nkw;fz;l rkd;ghl;bd; %yk;> X mr;rpy; KiwNa x1 kw;Wk; x2 

njhiytpy; mike;Js;s m1> m2 vd;w ,uz;L Gs;sp epiwfspd; epiw ikaj;ijf; 
fz;lwpNthk;. ,e;Neu;tpy;> Ma mr;R mikg;igg; nghUj;J epiw ikaj;jpd; epiyiaf; 
fPo;f;fz;l %d;W topfspy; fhzyhk;. 
 
i. epiwfs; Neu; X mr;rpy; cs;sNghJ  
 
 glk; 5.3 (a) ,y; fhl;lg;gl;Ls;sijg; Nghy m1> m2 vd;w epiwfs; jd;dpr;irahf 

vLf;fg;gl;l Mjpg;Gs;spiag; nghUj;J Neu; X mr;rpy; KiwNa x1> kw;Wk; x2 epiyfspy; 

cs;sjhf vLj;Jf; nfhs;Nthk;. Neu; X mr;rpNyNa xcm vd;w njhiytpy; mike;j epiw 
ikaj;jpd; rkd;ghlhdJ. 
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1 1 2 2

1 2

CM

m x m x
X

m m

+
=

+
 

  
ii. epiwfspy; VNjDk; Xd;W MjpAld; xd;wpAs;sNghJ 
 
 glk; 5.3 (b) ,y; fhl;lg;gl;Ls;sthW VNjDk; xU epiw Ma mr;rpd; 
Mjpg;Gs;spNahL xd;wpAs;s NghJ fzf;fPlhdJ ,d;Dk; vspjhf;fg;gLfpwJ. Gs;sp epiw 
m1 Mjpg;Gs;spNahL xd;Wk;NghJ> mjd; epiy x1 RopahfpwJ mjhtJ> x1 = o vdNt>  
    

( )1 2 2

1 2

0
CM

m m x
X

m m

+
=

+
 

 
,ij NkYk; vspjhf;Fk; NghJ 
 

2 2

1 2

CM

m x
X

m m
=

+
 

 
iii. epiwikahdJ MjpAld; xd;wpAs;sNghJ 
 
 Ma mr;R mikg;gpd; Mjpg;Gs;spahdJ epiw ikaj;NjhL xd;wpAs;s NghJ Xcm 
=0 NkYk; glk; 5.3 (c) ,y; fhl;bAs;sgb epiw m1 d; epiyahdJ vjpu;Fwp X mr;rpy; 
mikAk;. vdNt ,jd; epiy vjph;Fwpahf ,Uf;Fk;. 
 

( )

( )

1 1 2 2

1 2

1 1 2 2;

1 1 2 2

0

0

m x m x

m m

m x m x

m x m x

− +
=

+

= − +

=

 

 
NkNy nfhLf;fg;gl;Ls;s rd;ghL jpUg;Gjpwd;fspd; jj;Jtk; vdg;gLfpwJ. ,ijg;gw;wp 

gpupT 5.3.3 ,y; tpupthfg; gapyyhk;. 
 

 
 
vLj;Jf;fhl;L 
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 3kg> 5kg vd;w ,U Gs;sp epiwfs; X mr;rpy; Mjpg;Gs;spapypUe;J KiwNa 4m> 

8m vd;w njhiytpy; cs;sd. ,U Gs;sp epiwfspd; epiw ikaj;jpd; epiyfis> 
 
i. Mjpg;Gs;spapypUe;Jk; 

ii. 3kg epiwapypUe;Jk; fhz;f. 
 
jPu;T 
 
m1=3 kg, m = 5 kg vd vLj;Jf; nfhs;Nthk;.  
 
i. Mjpg;Gs;spapypUe;J epiw ikaj;ijf; fz;lwpjy; 
 

 
Gs;sp epiwfs; X mr;rpy; Mjpg;Gs;spapypUe;J x1 = 4m, x2 = 8m vd;w njhiytpy; 

cs;sd. vdNt epiw ikak;. 

XCM = 1 1 2 2

1 2

m x m x

m m

+
+

 

XCM = 
(3 4) (5 8)

3 5

 + 
+

 

XCM = 
12 40 52

6.5
8 8

m
+

= =  

 
Mjpg;Gs;spapypUe;J epiw ikak; 6.5 m njhiytpy; mike;jpUf;Fk;. 
 
ii. 3 kg epiwapypUe;J epiw ikaj;ijf; fz;lwpjy; 

 3 kg epiwia Mjpg;Gs;spf;F X mr;rpy; ,lkhw;wk; nra;tjhf nfhs;Nthk;. 

Mjpg;Gs;spahdJ x mr;rpy; 3 kg epiwAs;s ,lj;jpy; vLj;Jf; nfhs;sg;gLfpwJ. vdNt 3 
kg Gs;sp epiwapd; epiy RopahFk; (x1 = 0) khw;wg;gl;l Mjpg; Gs;spapypUe;J  epiw 4 m 
njhiytpy; cs;sJ. (x2 = 4m) 
 

 
 

( ) ( )3 0 5 4

3 5
CMX

 + 
=

+
 

 
0 20 20

2.5
8 8

CMX m
+

= = =  

 
3 kg Gs;sp epiwapypUe;J 2.5m njhiytpy; (5 kg Gs;sp epiwapypUe;J 1.5m 

njhiytpYk;) epiw ikak; mike;Js;sJ. 
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➢ ,k;KbthdJ> epiw ikak; mjpf epiwf;F mUfpy; cs;sijf; fhl;LfpwJ. 

 
➢ Mjpg;Gs;sp epiwikaj;jpy; mikAkhW fUJk;NghJ> jpUg;Gj; jpwd;fspd; 

jj;Jtj;ij xj;J mikfpwJ. 
 

1 1 2 2
;3 2.5 5 1.5;7.5 7.5m x m x=  =  =  

 
 epfo;T (i) ia (ii) cld; xg;gpLk; NghJ 3kg epiwapd; epiwikaj;jpid 6.5m 

vdTk; fz;lwpayhk; ,J epfo;T (i) ,d; epiwikaj;jpd; epiyapNyNa cs;sJ.  
 
vLj;Jf;fhl;L 
 
 R MuKila rPuhd gug;G epiw mlu;j;jp nfhz;l tl;lj;jl;ypUe;J R/2 MuKiwa 
xU rpW jl;L tbtg; gFjp glj;jpy; fhl;bAs;sthW ntl;b vLf;fg;gLfpwJ. kPjKs;s 
gFjpapd; epiw ikaj;ijf; fzf;fpLf. 
 
jPu;T 
 
 ntl;lg;glhj tl;lj;jl;bd; epiwahdJ M vd vLj;Jf; nfhs;f. ,jDila epiw 
ikakhdJ tl;lj;jl;bd; tbtpay; ikaj;jpy; mikAk;. ,g;Gs;spapNyNa Mjpg;Gs;spAk; 
xUq;fikfpwJ. 
 
 ntl;b vLf;fg;gl;l rpW tl;lj;jl;bd; epiw m vd;f. (mjd; epiw ikak; 

Mjpg;Gs;spf;F) tyJ Gwj;jpy; R/2 vd;w njhiytpy; glj;jpy; fhl;bAs;sthW 
mike;jpUf;Fk; 
 
 vdNt tl;lj;jl;bd; kPjKs;s gFjpapd; epiw ikak; Mjpg;Gs;spf;F ,lJ Gwj;jpy; 
X njhiytpy; cs;sjhf vLj;Jf; nfhs;Nthk;. jpUg;Gj;jpwd;fspd; jj;Jtj;jpypUe;J> 
fPo;fz;lthW vOj KbAk;. 
 

 
  

 

( )

( )

( )
2

2

R
M m X m

m R
X

M m

− =

 
=  − 

 

 

gug;G epiw mlu;j;jp 
2

M

R
 =


 (vd;gJ XuyF gug;gpd; epiw) vdpy;> rpwpa tl;lj; jl;bd; 

epiw (m) vd;gJ 
 
m = gug;G epiw mlu;j;jp x gug;G 
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2

2 2

2 2

2

2 4 4

4 4

32 2

4 4

6

R
m

M R M R M
m

R R

M

R R
X

M M
M

R
X

 =  
 

   =  =  =       

=  = 
   −   
   

=

 

kPjKs;s tl;lj; jl;bd; epiwikahdJ  
 
tl;lj; jl;bd;  ikaj;jpw;F ,lg;Gwk; R/2 vd;w njhiytpy; ,Uf;Fk;. 
 

➢ ngupa tl;lj;jl;bypUe;J nghJthd ikaj;ij 
(common centre) nghUj;J rpwpa gFjp 
ntl;bnaLf;fg;gl;lhy; kPjKs;s tl;lj;jl;bd; epiw 
ikak; vq;F mikAk;? 

 
vLj;Jf;fhl;L 
 
 10 kg, 5 kg epiwAila ,U Gs;sp epiwfspd; epiy ntf;lu;fs; KiwNa 

( ) ( )ˆ ˆˆ ˆ ˆ ˆ3 2 4 , 3 6 5i j k m i j k m− + + + + MFk;. epiw ikaj;jpd; epyiyiaf; fz;lwpaTk;. 

 
jPu;T: 
 

( )
( )

1

2

1

2

1 1 2 2

1 2

10

5

ˆˆ ˆ3 2 4

ˆˆ ˆ3 6 5

ˆ ˆˆ ˆ ˆ ˆ10( 3 2 4 ) 5(3 6 5 )

10 5

ˆ ˆˆ ˆ ˆ ˆ30 20 40 ) 15 30 25

15

ˆˆ ˆ15 50 65

15

10 13 ˆˆ ˆ
3 3

m kg

m kg

r i j k m

r i j k m

m r m r
r

m m

i j k i j k
r

i j k i j k

i j k

r i j k m

=
=

= − + +

= + +

+
=

+

− + + + + +
 =

+
− + + + + +

=

− + +
=

 = − + +  

 

 

r  vd;gJ epiwikaj;jpd; epiy ntf;liuf; Fwpf;Fk; 
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rPuhfg; gutpAs;s epiwapd; epiw ikak; 
 
 xU nghpa nghUspy; epiwahdJ rPuhf gutpAs;sJ. vdpy; mjpy; xU rpwpa epiw 
( m ) MdJ Gs;sp epiwahf vLj;Jf; nfhs;sg;gLfpwJ. NkYk; mr;rpwpa Jfs;fSila 
epiwfspd; $l;Lj;njhifapidf; nfhz;L epiwikaj;jpd; Maj;njhiyTfSf;fhd 
rkd;ghl;bidg; ngwyhk;. 
 

( )

( )

( )

i i

CM

i

i i

CM

i

i i

CM

i

m x
x

m

m y
y

m

m y
y

m


=




=




=











 

 
kw;nwhU tifapy; me;jr; rpwpa Jfs;fspd; epiwia kPEz; (infinitesimally small) 

kjpg;ghf (kpfr;rpwpaJ) (dm) fUJk;nghOJ $l;Lj;njhifia fPo;f;fz;lthW 
njhifaPlhff; $wyhk;. 
 

CM

CM

CM

xdm
x

dm

ydm
y

dm

zdm
z

dm

=

=

=








 

➢ kPEz; kjpg;gsT Ropia Nehf;fpr; 
nry;yf;$ba kpf kpfr; rpwa 
msthFk;. 

 
vLj;Jf;fhl;L 
 
 M epiw l ePsKk; nfhz;l rPuhd ePs; mlu;j;jp nfhz;l (uniform rod) jz;bd; epiw 
ikaj;ijf; fz;f. 
 
jPu;T 
 
 M epiwAk; l ePsKk; cila xU rPuhd ePs; mlu;j;jp nfhz;l jz;bidf; (uniform 
rod) fUJf. mjd; xU Kid glj;jpy; fhl;bAs;sgb Mjpg;Gs;spAld; xd;wpapUg;gjhf 

vLj;Jf;nfhs;Nthk;. jz;lhdJ x mr;rpy; itf;fg;gl;Ls;sJ. jz;bDila epiw 

ikaj;ijf; fz;lwpa> Mjpg;Gs;spapypUe;J x njhiytpy; dx ePsKk; dm vd;w kPEz; 
epiwAk; nfhz;l rpWgFjpia vLj;Jf; nfhs;Nthk;.  
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jz;bd; ePs; mlu;j;jp (XuyF ePsj;jpw;fhd epiw) 
M

 =  

rpwpa gFjpapd; epiw dm = 
M

 dx jz;bd; epiw ikaj;jpw;fhd rkd;ghl;il 

fPo;f;fz;lthW vOjyhk;. 
 

1
2 2

0
2 2

2

CM

o
CM

o

CM

xdm
x

dm

M
x dx

l
x xdx

M

l x l

x

=

 
 
 = =

   
= =   

   

=





  

 

epiy 
2
 vd;gJ jz;bd; tbtpay; ikakhFk;. ,jpypUe;J rPuhd jz;bidg; nghWj;jtiu 

mjd; tbtpay; ikaj;jpNyNa (Gepmetric center) epiw ikak; mikAk; vd;w Kbtpw;F 
tuyhk;. 
 
epiw ikaj;jpd; ,af;fk; 
 
 xU jpz;kg; nghUs; ,aq;Fk; NghJ> mjd; epiw ikaKk; nghUNshL Nru;e;Nj 
,aq;Fk;. epiw ikaj;jpd; jpir Ntfk; (vCM) KLf;fk; (aCM) Nghd;w ,af;ftpay; 
msTfisg; ngw> epiw ikaj;jpd; epiyia njhlu; tifaPL nra;tjd;%yk; ngwyhk;. 
Vspikahff; fzf;fpl> nghUs; x-mr;rpy; kl;Lk; ,aq;Ftjhff; fUJNthk;. 
 
rkd;ghL 5.5 ypUe;J 
 

i

i

CM
CM

i

ii
CM

i

i

i

CM CM
CM

i

ii
CM

i

d x
m

dtd x
v

dt m

m v
v

m

dv
m

dtd d x dv
a

dt dt dt m

m a
a

m

 
 
 = =

=

 
      = = =   

   

=













 

 

Gwtpirfs; ,y;yhj NghJ> 0extF =  mikg;gpd; jdpj;jdpahd Jfs;fs; mftpirapdhy; 
kl;LNk ,af;fNkh my;yJ ,lg;ngau;Nth milAk;. ,J epiwikaj;jpd; epiyia 
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ghjpf;fhJ. mjhtJ Gwtpir ,y;yhjNghJ epiw ikak; Xa;T epiyapNyh my;yJ rPuhd 

,af;fepiyapNyh ,Uf;Fk;. vdNt epiw ikak; Xa;T epiyapy; ,Uf;Fk; NghJ CMv  
RopahFk;. rPuhd ,af;fj;jpy; cs;sNghJ epiwikaj;jpd; jpirNtfk; khwpypahf ,Uf;Fk;. 

( CMv =0 or CMv =khwpyp). ,q;Nf epiw ikakhdJ KLf;fj;jpidf; nfhz;bUf;fhJ ( CMa =0). 
 
rkd;ghL 5.7 kw;Wk; 5.8 ypUe;J> 
 

0
ii

CM

i

m v
v

m
= =


 

 

0
ii

CM

i

m v
v

m
= =


 

,q;F xt;nthU JfSk; mftpirapd; fhuzkhf mtw;wpd; jpirNtfk; kw;Wk; 
KLf;fj;Jld; ,aq;Ffpd;wd.  
 

 Gwtpirfs; nray;gLk;NghJ ( 0
ext

F = )> epiwikaj;jpd; KLf;fj;jpw;fhd rkd;ghl;il 

fPo;f;fz;lthW ngwyhk;. 
 

( ) ; ;
ext

ext ext CMCM CMi

F
F m a F M a

M
= = =  

vLj;Jf;fhl;L 
 
 50 kg epiwAs;s xU kdpju; epiyahd ePupd; gug;gpy; kpje;j nfhz;bUf;Fk; 300 kg 
epiwAila glfpy; xU Kidapy; epd;W nfhz;bUf;fpwhu;. mth; jiuapy; epiyahf cs;s 
xUtiu nghUj;J glfpd; kWKidia Nehf;fp 2ms-1 vd;w khwh jpirNtfj;jpy; ele;J 

nry;fpwhu;. (a) epiyahd cw;WNehf;Fgtiu nghUj;Jk; (b) glfpy; ele;J nfhz;bUf;Fk; 
kdpjiug; nghUj;Jk; 
 
glfpd; jpirNtfk; vd;d? 
 

 
 
[jfty; : glFf;Fk; kdpjUf;Fk; ,ilNa cuha;T cs;sJ. Mdhy; glFf;Fk; ePUf;Fk; 

,ilNa cuha;T fpilahJ.] 
 
jPu;T 
 
kdpjupd; epiw m1 = 50 kg 
glfpd; epiw m2 = 300 kg  
epiyahd cw;WNehf;Fgtiug; nghUj;J: 
kdpju; efUk; jpirNtfk; v1 = 2ms-1 NkYk; 
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glF efUk; jpirNtfk; v2 (fz;lwpag;gl Ntz;baJ) vd;f. 
 
i. jiuapy; epiyahf cs;s cw;W Nehf;Fgtiug; nghUj;J glfpd; jpirNtfj;ijf; 
fzf;fpLjy; 
 

mikg;gpd; kPJ Gwtpirfs; nray;glhj NghJ> glF – kpdj mikg;gpd; 
mftpirahf nray;gLk; cuha;tpd; fhuzkhf kdpjd; - glF mikg;G (boat – man 
system) ,aq;FfpwJ. MfNt epiw ikaj;jpd; jpirNtfk; RopahFk; (vcm = 0). 
 
epiwikaj;jpd; rkd;ghL (5.7) ypUe;J> 
 

,q;Nf> epiyahf cs;s cw;WNehf;FgtUf;F vjpu; jpirapy; glF nry;tij 
vjpu;Fwp fhl;LfpwJ. 
 

ii. elf;Fk; kdpjiug; nghUj;J glfpd; jpirNtfj;ijf; fz;lwpjy;: glfpd; rhu;gj; 
jpirNtfj;ij gpd;tUkhW fzf;fplyhk;. 
 

V21 = v2 – v1 
 

,q;Nf> v21 vd;gJ elf;Fk; kdpjiug; nghUj;J glfpd; rhu;Gj; jpirNtfkhFk;. 
 

21

1

21

( 0.33) (2)

2.33

v

v ms
−

= − −

= −
 

kdpju; jd;Dila tyg;Gwk; efUk;NghJ glF mtupd; ,lJ Gwkhf efu;tij tpilapy; 
cs;s vjpu;Fwp fhl;LfpwJ. 
 

▪ elf;Fk; kdpjidg;nghUj;J glfpd; rhu;Gj; jpirNtfj;jpd; 
vz;kjpg;ghdJ> epiyahf cw;WNehf;Fgtiug; nghUj;J glfpd; 
rhu;Gj; jpirNtfj;jpd; vz;kjpg;ig tpl mjpfk;. 

 
▪ epiyahf cw;WNehf;FgtUf;Fk; glfpy; ele;J nry;gtUf;Fk; 

vjpu;jpirapy; glF ,aq;Ftjhy; ,U tpilfSk; vjpu;Fwpapy; 
cs;sd. 

 
ntbj;jypd; epiw ikak; 
 
 Xa;T epiyapNyh my;yJ rPuhd ,af;fj;jpNyh cs;s nghUspd; mftpirfspdhy; 
(Internal forces) ntbj;jy; eilngWfpwJ vdpy;> mjd; epiw ikaj;jpd; epiy 
ghjpf;fg;gLtjpy;iy. mJ> mNj Xa;T epiyapNyh my;yJ rPuhd jpirNtfj;jpNyh 
,Uf;Fk;. Mdhy; ntbj;jgFjpfspd; ,af;ftpay; msTfs; (kinematic quantities) 
ghjpf;fg;gLk;. ntbj;jyhdJ Gwtpirfspd; fhuzkhf epfo;fpwJ vdpy; epiwiak;> kw;Wk; 
ntbj;j gFjpfs; Mfpatw;wpd; ,af;ftpay; msTfs; ghjpf;fg;gLk;. 
 
vLj;Jf;fhl;L  
 
5 kg epiwAs;s vwpakhdJ> (projectile) mJ ,af;fj;jpy; cs;sNghNj jhdhf ntbj;j 

,U $Wfshfg; gupfpwJ. mjpy; 3 kg epiwAila 
 

xU $whdJ> tPr;rpd; ehd;fpy; %d;W gq;F 
3

4
R  njhiytpy; tpOfpwJ. kw;nwhU $W vq;F 

tpOk;? 
 
jPu;T 
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Gwtpirfspd; Jizapd;wp jhdfh ntbg;gjhy; vwpaj;jpd; epiw ikak; 

ghjpf;fg;glhJ. NkYk; epiwiakhdJ njhlu;e;J gutisag; ghijapNyNa nry;Yk;. Mdhy; 
mjd; $WfshdJ gutisag; ghijia Nkw;nfhs;shJ. $Wfs; midj;Jk; jiuapy; 
tpOk;NghJ epiwikak; vwpag;gl;l Gs;spapypUe;J glj;jpy; fhl;lg;gl;lJNghy; R 
njhiyit (neLf;fk;) milfpwJ. MfNt ,Wjpapy;> glj;jpy; fhl;bAs;sgb epiw 
ikakhdJ vwp Gs;spapypUe;J R njhiytpy; (neLf;fk;) mike;jpUf;Fk;. 
 
epiwikaj;jpd; ,Wjp epiyia Mjp Gs;spahf vLj;Jf; nfhz;lhy;> jpUg;Gj;jpwd;fspd; 
jj;Jtj;jpd; gb 
 

1 1 2 2
m v m v+  

,q;F> m1 = 3 kg,  m2 = 2 kg, x1 = 
1

4
R  kw;Wk; x2 = d vd vLj;Jf; nfhs;f. 

1 3
3 2 ;

4 8
R d d R =  =  

vwp Gs;spf;Fk; 2 kg epiw tpOe;Js;s Gs;spf;Fk; ,ilNaAs;s njhiyT R+d. 
 

3 11
1.375

8 8
R d R R R R+ = + = =  

vdNt 2 kg epiwAila kw;nwhU $whdJ vwpGs;spapypUe;J 1.375 R vd;w njhiytpy; 
tpOfpwJ. (,q;F R vd;gJ vwpnghUspd; fpilj;js neLf;fkhFk;) 
 
jpUg;G tpir kw;Wk; Nfhz ce;jk; (Torque and Angular Momentum) 
xU nghUspd; kPJ epfu tpir nray;gLk;NghJ> mt;tpirahdJ Neu;Nfhl;L ,af;fj;ij 
tpirapd; jpirapy; Vw;gLj;Jk;. nghUshdJ xU Gs;spapNyh my;yJ mr;rpNyh 
nghUj;jg;gl;Ls;sJ vdpy;> mt;tpirahdJ nghUis Royr; nra;fpwJ. Row;rpahdJ tpir 
nray;gLk; Gs;spiag; nghWj;J mikAk;. ,t;thW tpir Vw;gLj;Jk; Row;rp tpisit 
tpirapd; jpUg;Gj;jpwd; vd;fpNwhk;. ,J jpUg;Gtpir vdTk; miof;fg;gLfpwJ. ,t;tif 
,af;fj;jpw;F eilKiw tho;f;ifapy; Vuhskhd vLj;Jf;fhl;Lfs; cs;sd. mtw;wpy; rpy: 
fPy;fisg; nghWj;J fjTfis jpwe;J %Ljy; kw;Wk; jpUF FwL (wrench) %yk; jpUF 

kiwia (nut) Royr;nra;jy;. 
 
Row;rpapd; msthdJ tpirapd; vz;kjpg;G> mjd; jpir> kw;Wk; tpir nray;gLk; 
Gs;spf;Fk; mr;Rf;Fk; ,ilgl;l njhiyT ,tw;iw rhu;e;jJ. jpUg;G tpirahdJ Row;rp 
,af;fj;ij Vw;gLj;Jk; nghOJ mg;nghUspd; khWgLk; ,g;gFjpapy; jpUg;G tpir kw;Wk; 
jpz;kg;nghUspy; mjd; tpiwT Mfpait gw;wpa gapy;Nthk;. 
 
jpUg;G tpirapd; tiuaiw 
 
xU Gs;sp my;yJ mr;irg; nghUj;J nghUspd; kPJ nray;gLj;jg;gLk; Gwtpirapd; 
jpUg;Gj;jpwd; jpUg;G tpir vd tiuaWf;fg;gLfpwJ. jpUg;G tpirapd; rkd;ghL 
 

r F =   

,q;F> r  vd;gJ glk; 5.4 y; fhl;bAs;sthW MaGs;spapypUe;J nghUspd; kPJ F  vd;w 
tpir nray;gLk; Gs;spapd; epiy ntf;luhFk;. 
 

,q;F r kw;Wk; F  ,d; ngUf;Fj; njhifia ntf;lu; ngUf;fk; my;yJ FWf;Fg; ngUf;fk; 
vdyhk;. ,U ntf;lu;fis> ntf;lu; ngUf;fk; my;yJ FWf;F ngUf;fk; nra;Ak;NghJ tUk; 
ntf;luhdJ mt;tpU ntf;lu;fSf;F nrq;Fj;Jj; jpirapy; ,Uf;Fk;. (myF 2 gpupT 2.5 ,y; 

fhz;f:jiyg;G : 2.5) vdNt jpUg;G tpir   vd;gJ ntf;lu; msthFk;. 
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jpUg;G tpirahdJ vz;zstpy; rFsin , vd;w vz;kjpg;igAk;> r  kw;Wk; F  f;F 

nrq;Fj;jhd jpirAk; ngw;wpUf;fpwJ. ,jd; myF Nm. 
 

 ˆ( sin )rF n =   

,q;F  vd;gJ r   kw;Wk; F  f;F ,ilg;gl;l Nfhzk; kw;Wk; n̂  vd;gJ   ,d; jpirapy; 
mike;j XuyF ntf;lu;. jpUg;Gtpir   vd;gJ r  kw;Wk; F  Mfpa ,U ntf;lu;fspy; 

,Ue;J ngwg;gLtjhy;> ,jid Nghyp ntf;lu; (pseudo vector) vd;Wk; miof;fyhk;  
 
jpUg;G tpirapd; jpirapid tyf;if tpjpia gad;gLj;jp fhzyhk;. ,t;tpjpapd;gb> 
tyJifapd; tpuy;fs; epiyntf;lupd; jpirapYk; cs;sq;if tpirapd; jpiriag; 
ghu;;j;jthWk; itj;Jf;nfhz;L tpuy;fis klf;Fk; NghJ ePl;lg;gl;l fl;iltpuy; jpUg;G 
tpirapd; jpiriaf; Fwpf;Fk;. ,J glk; 5.5 ,y; fhl;lg;gl;Ls;sJ. 
 
jpUg;G tpirapd; jpiriaf; nfhz;L> mj;jpUg;G tpir vt;tifahd Row;fpia Vw;gLj;Jk; 
vd;W fz;lwpayhk;. Cjhuzkhf jpUg;G tpirapd; jpirahdJ jsj;jpw;F ntspNa 
nray;gLfpwJ vdpy; jpUg;G tpirapdhy; Vw;gLk; Row;rp fbfhu Ks; RoYk; (,lQ;Rop) 
jpirf;F vjpu;j; jpirapYk;> khwhf jsj;ij Nehf;fp jpUg;G tpirahdJ nray;gLfpwJ 
vdpy; Row;rpapd; jpir fbfhu Ks; RoYk; jpirapNyNa (tyQ;Rop) nray;gLfpwJ. ,it 
glk; 5.6 ,y; fhl;lg;gl;Ls;sd. 
 
jpUg;G tpirapd; vz;kjpg;Gk;> jpirAk; gy epfo;Tfspy; jdpj;jdpNa ngwg;gLfpd;wd. 
jpUg;G tpirapd; jpiriaf; fz;lwpa tyf;iftpjp my;yJ ntf;lu; tpjpia gad;gLj;jpAk;> 
vz;kjpg;ig fz;lwpa ];Nfyu; tbtj;ij gad;gLj;jpAk;> mjhtJ 
 

sinrF =   
 

vd;w rkd;ghl;bd; %yKk; ngwyhk;. 
jpUg;G tpirapd; vz; kjpg;ig ngw sin it r my;yJ f cld; Nru;j;J ,Utiffspy; 
Fwpf;fyhk;. 
 

( sin ) ( )

( sin ) ( )

r F r F

r F r F

 =  =  ⊥
 =  = ⊥ 

 

 

,q;F> (F sin  ) vd;gJ r  f;F nrq;Fj;jhd F ,d; $W. mNj Nghy; (r sin  ) vd;gJ F  

f;F nrq;Fj;jhd r  d; $W. ,t;tpU epfo;TfisAk; glk; 5.7 ,y; fhzyhk;.  
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r  kw;Wk; F  f;F ,ilg;gl;l Nfhzk;   it mbg;gilahff; nfhz;L jpUg;G tpirahdJ 
ntt;NtW kjpg;Gfisg; ngWk;. 
 

r  kw;Wk; F  MdJ xd;Wf;nfhd;W nrq;Fj;jhf cs;sNghJ jpUg;G tpirapd; kjpg;G 

ngUkkhFk;. mjhtJ = 90˚ vDk; nghOJ sin 90˚ =1, vd;gjhy; 
max

rF =  

 

r  kw;Wk; F ,izahf xNu jpirapNyh> vjpnujpu; jpirapNyh nray;gLk;NghJ jpUg;G 
tpirapd; kjpg;G RopahfpwJ. ,U ntf;lu;fSk; ,izahf xNu jpirapy; cs;sNghJ = 
0˚ kw;Wk; sin 0˚ = 0. ,U ntf;lu;fSk; ,izahf vjpnujpu; jpirapy; cs;sNghJ  = 180˚ 
kw;Wk; sin 180˚= 0. vdNt tpirahdJ Mjhug;Gs;spapy; nray;gLfpwnjdpy; r = 0 kw;Wk; 
 =0 mjhtJ jpUg;G tpirapd; kjpg;G RopahFk;. ,jd; ntt;Ntwhd epfo;Tfis fPo;fz;l 
ml;ltiz 5.1 fhzyhk;. 
 

 
 
vLj;Jf;fhl;L 
 
 ];Ngdupd; ifg;gpbf;F nrq;Fj;jhf glj;jpy; fhl;bAs;sthW tpir nrYj;jg;gLfpwJ. 
(i) jpUF kiw (Nut) apd; ikaj;ijg; nghUj;J tpirapd; jpUg;G tpir (ii) jpUg;G 

tpirapd; jpir kw;Wk; (iii) jpUF kiwiag; (Nut) nghUj;J jpUg;G tpir Vw;gLj;Jk; 
Row;rpapd; tif Mfpatw;iwf; fhz;f. 
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jPu;T 
 
];Ngdupd; ifg;gFjpapd; ePsk;> r =15 cm = 15x10-2 m 
nrYj;jg;gl;l tpir> F = 2.5 N 
r f;Fk; F f;Fk; ,ilg;gl;l Nfhzk; = 90˚ 
 

 
 
(i) jpUg;G tpir> sinrF =   
 

( )2
15 10 2.5 sin 90

− =     

[,q;F> sin 90˚ =1] 
 

  2
37.5 10 Nm

− =   

(ii) tyf;if tpjpg;gb> jpUg;G tpirapd; jpirahdJ jhspd; jsj;jpypUe;J ntspNehf;fp 
mike;Js;sJ. 
 
(iii) jpUg;G tpir Vw;gLj;jpa Row;rp fbfhuj;jpd; jpirf;F vjpu;jpirapy; cs;sJ. 
 
vLj;Jf;fhl;L 
 

( )ˆˆ ˆ4 3 5i j k− +  N tpirahdJ ( )ˆˆ ˆ7 4 2i j k+ − M vd;w Gs;spapy; mike;j epiyntf;lupd; kPJ 

nray;gLfpwJ. Mjpiag; nghUj;J jpUg;G tpirapd; kjpg;G fhz;f.  
 
jPu;T 

ˆˆ ˆ7 4 2

ˆˆ ˆ4 3 5

r i j k

F i j k

= + −

= − +
 

jpUg;G tpir> r F =   
 

( ) ( ) ( )

( )

ˆˆ ˆ

7 4 2

4 3 5

ˆˆ ˆ20 6 35 8 21 16

ˆˆ ˆ14 43 37

i j k

i j k

i j k Nm

 = −
−

 = − − + + −

 = − −

 

 
vLj;Jf;fhl;L 
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gS J}f;fp xd;wpd; fuj;jpd; ePsk; 20m mf;fukhdJ nrq;Fj;J mr;fNfhL 30˚ Nfhzj;jpy; 
epWj;Jg;gl;Ls;sJ. 2 ld; vilahdJ fuj;jhy; J}f;fp epWj;jg;gl;Ls;sJ. gSJ}f;fpapd; fuk; 
nghUj;jg;gl;l epiyahd Gs;spiag; nghUj;J GtpaPu;g;Gtpir Vw;gLj;jpa jpUg;G tpiriaf; 
fhz;f. 
 
[jfty;: 1 ld; = 1000 kg; g = 10 ms-2, fuj;jpd; vil Gwf;fzpf;fj;jf;fJ] 
 

 
 
jPu;T 
 
njhq;ftplg;gl;l epiwapdhy; Vw;gLk; tpir 
 
F = mg = 2000 x 10 = 20000 N; 
fuj;jpd; ePsk; r = 20m 
 
,e;j fzf;fpw;F %d;W ntt;NtW Kiwfspy; jPu;T fhzyhk;. 
 
Kiw - I 
 
tpir F f;Fk; fuj;jpd; ePsk; r f;Fk; ,ilNaahd Nfhzk; = 105˚  
 
nghUj;jg;gl;l epiy Gs;spiag; nghUj;J fuj;jpd; jpUg;G tpir 
 

( )
( )

sin

20 20000 sin 105

400000 sin 90 60

rF = 

 =  

=  +

 

[,q;F> ( )sin 90 cos+  = ] 

( )

5

400000 cos 60

1 1
400000 cos60

2 2

200000

2 10

Nm

Nm

= 

 =  =  
=

 = 

 

 
Kiw - II 
 
tpiriaAk;> gSJ}f;fpapy; fuk; nghUj;jg;gl;l Gs;spapypUe;J nrq;Fj;J njhiyitAk; 
fUJNthk;. 
 



 

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

 

 
( )

cos

20 cos60 20000

r F

r mg

 = ⊥

 = 

 =  

 

5

1
20 20000

2

200000

2 10

Nm

Nm

 

=

 = 

 

 
Kiw – III 
 
gS J}f;fpapd; fuk; nghUj;jg;gl;l Gs;spiaAk; nrq;Fj;J tpiriaAk; fUNthk;. 
 

 
( )

cos

20 20000 cos60

r F

r mg

 = ⊥

 = 

 =  

 

5

1
20 20000

2

200000

2 10

Nm

Nm

 

=

 = 

 

%d;W KiwfSk; xNu jPu;tpid jUfpwJ. 
 
mr;irg; nghUj;J jpUg;G tpir (Torque about an axis) 
 
,Jtiu xU Gs;spiag; nghUj;J jpUg;G tpiriag; gw;wp gapd;Nwhk;. ,g;gFjpapy; mr;irg; 
nghUj;J jpUg;G tpiriag; gw;wp gapyyhk;. jpz;kg;nghUs; xd;W AB iag; nghUj;J 

Roy;tJ glk; 5.8 ,y; fhl;lg;gl;Ls;sJ. jpz;kg;nghUspy; P vd;w Gs;spapy; F tpir 
nray;gLfpwJ vd nfhs;f. tpir F MdJ jsk; ABP y; mikahky; ,Uf;fyhk;. mr;R AB 
apy; VNjDk; xU Gs;spia Mjpg;Gs;sp O vd vLj;Jf;nfhs;Nthk;. 
 

Gs;sp O itg;nghUe;J F d; jpUg;Gtpir> r F =   NkYk; mr;rpd; jpirapy; ,j;jpUg;G 
tpirapd; $whdJ mr;irg;nghWj;J tpirapd; jpUg;G tpirahFk;. ,jid fz;lwpa ehk; 
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Kjypy; jpUg;G tpir ntf;lu; r F =  f;Fk; kw;Wk; mr;R AB f;Fk; ,ilNaahd Nfhzk; 

ia fhz Ntz;Lk;. (tpirapd; jsk; ABP apy; ,y;iy vd;gij epidtpy; nfhs;f) AB 

ia nghUj;J cs;s jpUg;Gtpir vd;gJ AB ,d; topahfr; nry;Yk; jpUg;G tpir r F  

apd; fpilj;jsf;$W r F cos   MFk;. mijg;Nghy AB f;F nrq;Fj;jhd jpUg;G tpir 

r F  sin   mr;irg;nghUj;J xU nghUspd;kPJ nray;gLk; jpUg;Gtpir> mg;nghUspd; 

mr;irg;nghUj;J Row;WfpwJ. NkYk; mr;Rf;F nrq;Fj;jhf cs;s jpUg;G tpir Roy; 
mr;ir nghUj;J Row;WfpwJ. ,it ,uz;L xNu Neuj;jpy; jpz;kg;nghUspd; kPJ nray;gLk; 
NghJ nghUshdJ mr;Rr; Row;rpia (Precession) Nkw;nfhs;Sk;. RoYk; gk;guk; xd;W 
Xa;T epiyia neUq;Fk; NghJ mr;R Row;rpia Nkw;nfhs;Sk; vd;gij glk; 5.9 ypUe;J 
mwpayhk;. 
   
 
mr;Rf; Row;rpia tpsf;FtJ vd;gJ ek; ghlg;gFjpf;F mg;ghw;gl;lJ. vdNt> jpUg;G 
tpirfspd; nrq;Fj;J $Wfspd; tpisit ePf;Ftjw;F rpy tuk;Gfisf; fUjpdhy; Roy; 
mr;R Row;rp milahky; xNu mr;rpy; epiy ngw;W ,Uf;fpwJ. vdNt jpUg;Gtpirapd; 
nrq;Fj;J $Wfis fUj ntz;ba mtrpak; ,y;iy. ,jd; gpd;du; jpz;kg;nghUl;fspd; 
jpUg;G tpirfspd; fzf;fPLfSf;F fPo;f;fz;ltw;iw kl;Lk; fUjpdhy; NghJkhdJ. Mit 
gpd;tUkhW 
 
1. mr;rpw;F> nrq;Fj;jhd jsj;jpy; mike;j tpirfis kl;Lk; fUj Ntz;Lk; (kw;Wk; 
mr;rpid ntl;br;nry;yTk; $lhJ) 
 
2. mr;rpw;F nrq;Fj;jhf cs;s epiy ntf;liuNa fUj Ntz;Lk;. 
 
vLj;Jf;fhl;L 
 
AB, OC, GH vd;w rl;lq;fs; xd;Wf;nfhd;W nrq;Fj;jhf glj;jpy; fhl;bAs;sthW jiuapy; 
epiyahf nghUj;jg;gl;Ls;sJ. xU fk;gp C vd;w Gs;spapy; fl;lg;gl;Ls;sJ. fk;gpapd; 

jdpj;j Kid D ahdJ tpir F ,dhy; ,Of;fg;gLfpwJ. tpir cUthf;fpa jpUg;G 
tpirapd; vz; kjpg;igAk;> jpiriaAk; 
 

 
 
jPu;T 
 

i. D iag; nghUj;J jpUg;G tpir Rop. (D topahf F nray;gLfpwJ). 
C iag; nghUj;J jpUg;G tpir Rop. (C topahf F nray;gLfpwJ) 
O iag; nghUj;J jpUg;G tpir (OC) x FGH topahf nray;gLfpwJ). 
B iag; nghUj;J jpUg;G tpir (GH tpopahf nray;gLfpwJ) 

(F-Ig; nghUj;J B-apypUe;J nrq;Fj;J njhiyT OC) 
 

ii. CD iag; nghUj;J jpUg;G tpir Rop (F MdJ CD f;F ,iz). 
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OC iag; nghUj;J jpUg;G tpir Rop (AB f;F F ,izahfpwJ). 

AB iag; nghUj;J jpUg;G tpir (OC) x F (GH jpirapy; mikAk;.) 
 
Xu; mr;irg; gw;wpa tpirapd; jpUg;G tpir Mjpg;Gs;spia me;j mr;rpNyNa 
Nju;e;njLj;jhy; Mjpia Nju;e;njLg;gij rhu;e;jpuhky; mikAk;. ,jid fPo;f;fz;lthW 
fhzyhk;. 
 
jpz;kg; nghUnshd;wpy; cs;s AB vd;w Row;rp mr;rpy; cs;s O vd;w Mjpg;Gs;spia 

vLj;Jf;nfhs;Nthk;. Gs;sp P apd; kPJ tpir F nray;gLtij glj;jpy; fhl;bAs;sthW 

fUJNthk;. Gs;sp O’ I glj;jpy; fhl;bAs;sthW> Nju;T nra;a Ntz;Lk;. 
  
O’ iag; nghUj;j tpirapd; jpUg;G tpir> 
 

( )' 'O P F O O OP F = +   

  ( ) ( )'O O F OP F=  +   

 

'O O F vd;gJ 'O O  f;F nrq;Fj;jhf ,Ug;gjhy;> ,g;gFjpahdJ AB topahf ve;j 

$iwAk; ngw;wpUg;gjpy;iy. vdNt> 'O O F ,OP F  Mfpati AB topahf rk $wpiidg; 
ngw;wpUf;Fk;. 
 
jpUg;G tpir kw;Wk; Nfhz KLf;fk; (Torque and Angular Acceleration) 
 
epiyahd mr;irg; nghUj;J RoYk; jpz;kg; nghUisf; fUJf. xU Gs;sp epiw m MdJ 
glj;jpy; fhl;bAs;sthW epiyahd mr;irg; nghUj;J tl;l ,af;fj;ij Nkw;nfhs;fpwJ. 

njhLtpay; tpir F  MdJ Gs;sp epiwia Royr; nra;a Njitahd jpUg;G tpiria 

mspf;fpwJ. ,e;j njhLtpir F MdJ Gs;sp epiwapd; epiy ntf;lUf;F nrq;Fj;jhf 
nray;gLfpwJ. 
 
,J Gs;sp epiw  m ,d; kPJ cUthf;Fk; jpUg;G tpirahdJ  
 

 
( )
( )2

sin 90 sin 90 1r F rF

r ma F ma

r m r mr a r

 = = =

 = =  
 =  =  =   

 

( )2
mr =  

,t;tpirahdJ epiy ntf;lu; r  f;F nrq;Fj;jhf Gs;sp epiwapd; kPJ nray;gLfpwJ. 
mr;irg;nghUj;J Gs;sp epiwapd; kPJ nray;gLk; jpUg;G tpirahdJ me;j 
mr;irg;nghUj;J Gs;spepiwapd; kPJ Nfhz KLf;fk;>   it cUthf;FfpwJ. 
 
ntf;lu; tbtpy;  
 

( )2
mr =   

  kw;Wk;   ,tw;wpy; jpirahdJ RoYk; mr;rpd; topahfNt mikAk;.   ,d; jpirapy;   
mike;jhy;> ,J Nfhz KLf;fj;ij Vw;gLj;Jk;. khwhf>   d; jpir Tf;F vjpuhf 
mike;jhy;  Nfhz vjpu;KLf;fj;ij cUthf;Fk;. rkd;ghLfs; 5.14 kw;Wk; 5.15 ,y; cs;s 
Nfhit “mr2” Gs;sp epiwapd; epiykj;jpUg;Gj; jpwd; vd;W miof;fg;gLfpwJ. jpz;kg; 
nghUshdJ Gs;sp epiwiag; Nghd;w gy Jfs;fshy; Mf;fg;gl;Ls;sJ. vdNt> 
mg;nghUspd; epiykj; jpUg;Gj;jpwd; vd;gJ mg;nghUs; cs;slf;fpa jdpj;jdpahd vy;yh 
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Gs;sp epiwfspd; epiykj; jpUg;Gj; jpwd;fspd; $Ljy; 2

i iI m r= MFk;. vdNt> jpUg;G 

tpirapd; rd;ghL 

( )2

ˆˆ
i i

m r

I

 = 

 = 


 

ntt;Ntwhd tbtk; nfhz;l nghUl;fspd; epiykj;jpUg;Gjpwd; kw;Wk; mjd; 
Kf;fpaj;Jtj;ij NkYk; gpupT 5.4 ,y; gapyyhk;. 
 
Nfhz ce;jk; 
 
Row;rp ,af;fj;jpy; Nfhzce;jk; vd;gJ ,lkngau;T ,af;fj;jpy; cs;s Neu;Nfhl;L 
ce;jj;jpw;F ,izahf xU ,aw;gpay; msT. Neu;Nfhl;L ce;jj;jpd; jpUg;Gj;jpwdhJ 
Gs;spepiwapd; Nfhzce;jk; vd tiuaWf;fg;gLfpwJ khwhf> xU Gs;sp my;yJ 

mr;rpypUe;J r  epiyapy; cs;s xU Gs;sp epiwapd; Neu;Nfhl;L ce;jk; P  vdpy;> mjd; 

Nfhz ce;jk; L  -I fzpjtpaypd;gb gpd;tUkhW vOjyhk;. 
 

L r P=   
 
Nfhz ce;jj;jpd; vz;kjpg;G  
 

sinL r P=   
 

,q;F   vd;gJ r  f;Fk; P  f;Fk;> ,ilg;gl;l Nfhzk;. Nfhz ce;jk; L  MdJ r   kw;Wk; 

P  ,Uf;Fk; jsj;jpw;F nrq;Fj;jhd jsj;jpy; mikAk;. jpUg;G tpiria Ke;ija 

epfo;Tfspy; vOjpa Nghd;Nw ,q;Fk; sin   it r   my;yJ P   NahL Nru;e;J vOj KbAk;. 
 

( ) ( )
( ) ( )

sin

sin

L r p r p

L r p r p

=  = ⊥

=  = ⊥
 

 
,q;F> p ⊥  vd;gJ r f;F nrq;Fj;jhd Neu;Nfhl;L ce;jj;jdd; $W> mijg;Nghd;w r ⊥  

vd;gJ p f;F nrq;Fj;jhd epiyntf;lupd; $W. 
 

Neu;f;Nfhl;L ce;jk; RopahFk; NghNjh (p=0) my;yJ jfshdJ Mjpg;Gs;spapy; ( r =0) 

cs;sNghNjh my;yJ r  kw;Wk; P   ,izahd jpirapNyh> vjpnujpuhd jpirapNyh 
mike;jpUf;Fk; (=0˚or 180˚) NghNjh Nfhz ce;jk; Rop (L=0) MFk;. 
 
Nfhz ce;jk; Row;rp ,af;fj;jpw;F kl;Lk; njhlu;GilaJ vd jtWjyhf Gupe;J nfhs;sf; 
$lhJ. ,J cz;ikay;y. Nfhz ce;jkhdJ Neu;Nfhl;L ,af;fj;jpw;Fk; njhlu;GilaJ. 
,jid fPo;f;fz;l vLj;Jf;fhl;bypUe;J mwpe;J nfhs;syhk;. 
 
vLj;Jf;fhl;L 
 
m epiw nfhz;l JfshdJ v vd;w khwhj jpir Ntfj;Jld; ,aq;FfpwJ. VNjDk; xU 
Gs;spiag; nghUj;J ,af;fk; KOtjpYk; ,jd; Nfhz ce;jk; khwhjJ vdf; fhl;Lf.  
 
jPu;T 
 
m epiw nfhz;l JfshfJ v vd;w khwhj jpir Ntfj;Jld; ,aq;FfpwJ. VNjDk; xU 
Gs;spiag; nghUe;J ,af;fk; KOtjpYk; ,jd; Nfhz ce;jk; khwhjJ vdf; fhl;Lf. 
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jPu;T 
 

m epiw nfhz;l Q  JfshdJ khwh jpirNtfk; v  Ald; nry;tjhf nfhs;Nthk;. 
 

 
khwh jpirNtfk; vd;gjhy; Jfspd; ghij Neu;f;Nfhl; ghijahf mikak;. mjd; ce;jKk; 

( p = m v ) mNj ghijapy; Neu;Nfhl;by; mikAk;. mg;ghijapypUe;J nrq;Fj;J njhiytpy; 

(d)Mjpg;Gs;sp O it vLj;Jf; nfhs;Nthk;. xU Fwpg;gpl;l fzj;jpy; Q vd;w Gs;spapy; 

mike;J Jfspd; ntf;lu; OQ r=  vd;f. xU Fwpg;gpl;;l fzj;jpy; r  f;Fk; p  f;Fk; 

,ilg;gl;l Nfhzk;   vd;f vdNt mf;fzj;jpy; Nfhz ce;jj;jpd; vz;kjpg;G 
 

( )sin sin sinL OQ p OQ mv OQ=  =    

 

,q;F ( )sinOQ   vd;gJ Mjpg;Gs;spf;Fk; nghUs; nry;Yk; jpirf;Fk; cs;s nrq;Fj;Jj; 

njhiyT MFk;. vdNt> Jfs; Q tpd; Mjpiag;nghWj;j Nfhz ce;jk; 
 

L mvd=  

 
Nkw;fz;l Nfhz ce;jj;jpd; rkd;ghL Nfhzk;   it ngw;wpUg;gjpy;iy. Neu;Nfhl;L ce;jk; 

p (p = m v) kw;Wk; nrq;Fj;J njhiyT d ,uz;Lk; khwpypfs;. Mjyhy;> Jfspd; Nfhz 
ce;jKk; khwhJ. vdNt Nfhz ce;jkhdJ Neu;Nfhl;L ,af;fj;jpy; cs;s nghUl;fNshLk; 
njhlu;GilaJ. nghUs; nry;Yk; Neu;f;Nfhl;L jpir> xUNtis Mjpg;Gs;sp topahfr; 
nrd;why; Nfhz ce;jk; RopahfTk;> mJ khwhjjhfTk; ,Uf;Fk;. 
 
Nfhz ce;jk; kw;Wk; Nfhzj;jpirNtfk; 
 
jpz;kg; nghUs; xd;W epiyahd mr;irg; gw;wp Roy;fpwJ. xU Gs;sp epiw m MdJ glk; 
5.12 ,y; fhl;bAs;sthW tl;l ,af;fj;ij Nkw;nfhs;fpwJ. 
 
RoYk; mr;rpypUe;j r  njhiytpy; Gs;spepiw m  mike;Js;sJ. tl;lg;ghijapy; ve;jnthU 
fzj;jpYk; Neu;Nfhl;L ce;jkhdJ tl;lg;gijapd; njhLNfhl;L jpirapy; ,Uf;Fk;. Nfhz 

ce;jk; L  MdJ r  kw;Wk; p  -f;F tl;lg;gijapd; nrq;Fj;jhf ,Uf;Fk;. vdNt Nfhz 

ce;jk; RoYk; mr;rpd; jpirapy; mikak;. ,e;epfo;tpy;   vd;gJ r   Fk; p  f;Fk; 

,ilg;gl;l Nfhzk;. Nfhz ce;jk; (L ) ,d; kjpg;G   = 90˚ vDk;NghJ 
 

sin90L r mv r mv= =  

 
,q;F> v vd;gJ Neu;Nfhl;L jpirNtfk;. tl;l ,af;fj;jpy; Nfhz jpir Ntfj;jpw;Fk;  , 
Neu;f;Nfhl;L jpir Ntfj;jpw;Fkhd njhlu;G v r=  
 

( )2

L rmr

L mr

= 

= 
 

L kw;Wk;   Mfpatw;wpd; jpir RoYk; mr;rpd; jpirapNyNa ,Uf;Fk;. Nkw;fz;l 
rkdg;ghl;bd; ntf;lu; tbtk;>  
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( )2
L mr=   

 
Kd;du; tpthjpj;jJ Nghy rkd;ghL 5.22 kw;Wk; 5.23 ,y; Nfhit cWg;G mr2  MdJ Gs;sp 
epiwapd; epiykj; jpUg;Gj;jpwd; MFk;. jpz;kg; nghUshdJ Gs;sp epiwg;Nghd;w gy 
Jfs;fspdhy; cUthf;fg;gl;Ls;sJ. vdNt jpz;kg; nghUspd; epiyk jpUg;Gj;jpwd; vd;gJ 

mg;Gs;sp epiwfspd; epiykj; jpUg;Gjpwdpd; $l;Lj; njhif ( )2

i i
I m r=  MFk;. vdNt> 

nghUspd; Nfhzce;jkhdJ> 
 

( )2

i iL m r

L I

= 

= 


 

gpupT 5.4y; epiykj; jpUg;Gjpwd; gw;wp njspthf gapyyhk;. 
 
jpUg;G tpir kw;Wk; Nfhz ce;jk; 
 
jpz;kg; nghUspd; Nfhz ce;jk; vz;zstpy; L = I  kw;Wk; jpz;kg; nghUspd; jpUg;G 

tpir I =   
 
NkYk; jpUg;Gtpirapd; rkd;ghl;il gpd;tUkhW vLjyhk;. 
 

d d
I

dt dt

   =  = 
 

 

 
,q;F   vd;gJ Nfhzj; jpirNtfk;. 
 

( )d I

dt

dL

dt


 =

 =  

Nkw;fz;l rkd;ghl;bd; %yk; ehk; fhz;gJ Gw jpUg;G tpirahdJ jpz;kg;nghUs;fspd; 
kPJ epiyahd mr;irg;nghUj;J Nfhz ce;j khWgl;L tPjj;ij mjDs; Vw;gLj;Jk;. ,J 
Row;rp gw;wpa epA+l;ldpd; ,uz;lhtJ tpjpahFk;. NkYk; ,r;rkd;ghlhdJ Neu;f;Nfhl;L 

,af;fj;jpd; rd;ghlhd F= 
dp

dt
 tbtj;ij xj;Js;sJ.  

 
Nfhz ce;j khwh tpjp (Conservation of angular momentum) 
 
rkd;ghL 5.27 ypUe;J> Gwj;jpUg;GtpirahdJ jpz;kg; nghUl;fspd; kPJ nray;gLk; NghJ 
Nfhz ce;j khWghl;il Vw;gLj;Jk; vd;gij mwpfpNwhk;.  
 

0 0;
dL

L
dt

 = = =vdpy; khwpyp 

 
Nkw;fz;l rkd;ghL Nfhz ce;jkhwhtpjpiaf; Fwpf;fpwJ. ,jidg; gw;wp gFjp 5.5 ,y; 
NkYk; gapyyhk;. 
 
jpz;kg; nghUl;fspd; rkepiy (EQUILIBRIUM OF RIGID BODIES) 
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Xu nghUshdJ Nkirapd; kPJ ,af;fkpd;wp Xa;T epiyapy; cs;sNghJ nghUspd; kPJ 
ve;j tpirAk; nray;gltpy;iy vd;fpNwhk;. cz;ikapy; NkirahdJ nghUspd; kPJ 
fPo;Nehf;fpAk; NkirahdJ nghUspd; kPJ Vw;gLj;Jk; vjpu;tpirahdJ Nky; Nehf;fpAk; 
mike;jpUf;Fk;. ,t;tpUtpirfs; xd;iw xd;W rkd; nra;J nfhs;fpd;wd. vdNt> 
nghUspd; kPJ epfu tpir nray;gltpy;iy. nghUspd; kPJ tpir nray;gltpy;iy 
vd;gjw;Fk;. epfu tpir nray;gl tpy;iy vd;gjw;Fk; mjpf NtWghL cs;sJ. Nkw;$wpa 
tpthjkhdJ jpUg;Gj;jpwd; my;yJ jpUg;G tpirapd; mbg;gilapy; mike;J Row;rp 
,aq;fj;jpw;Fk; nghUe;Jk;. 
 
jpz;kg; nghUspd; Neu;Nfhl;L ce;jk; kw;Wk; Nfhz ce;jk; khwpypahf ,Ue;jhy; 
mg;nghUspd; kPJ nray;gLk; efputpir RopahFk;. 
 

0netF =  
 
,e;epge;jidapd; gb nghUshdJ ,lg;ngau;tpy; rkepiyapy; cs;sJ. ,jd;gb> nghUspd; 

kPJ ntt;ntwhd jpirfspy; nray;gLk; 1 2 3, , ....F F F  vd;w tpirfspd; ntf;lu; $Ljy; 

RopahfpwJ.  
 

1 2 3.... 0F F F F+ + + =  
 

nghUspd; kPJ 1 2 3, , ....F F F  vd;w tpirfs; ntt;Ntwhd jpirfspy; nray;gLfpd;wd  vdpy; 
mtw;wpd; tpisit KiwNa fpilj;js kw;Wk; nrq;Fj;J $Wfspd; %yk; jPu;T fhzyhk;. 
,e;jpfo;tpy; fpilj;jsr; rkepiyf;Nfh nrq;Fj;J rkepiyf;Nfh rhj;jpak; cs;sJ.  
 
,NjNghy; Nfhz ce;jk; khwpypahf cs;s NghJ nghUspd; kPjhd epfu jpUg;G tpir 
RopahFk;. 
 

0net =  
 
,e;epge;jidapd; gb nghUshdJ Row;rp rkepiyapy; cs;sJ. Row;rpr; rkepiyapy; 

ntt;Ntwhd Row;rpia cUthf;Fk; jpUg;G tpirfs; 1 2 3, , ....    Mfpatw;wpd; ntf;lu; 

$Ljy; RopahfpwJ. 
 

1 2 3.... 0 +  +  +  =  
 
NkYk; xU jpz;kg;nghUspd; kPJ epfu tpirAk;> epfu jpUg;G tpirAk; Ropahf ,Ue;jhy; 
mj;jpz;kg; nghUs; ve;jputpay; rkepiyapy; cs;sJ vd $wyhk;. 
 

0 0net netF =  =kw; Wk;  

 
tpirfSk;> jpUg;G tpirfSk; ntf;lu; msT vd;gjhy; ,jd; jpirfis jf;f 
FwpaPLfSld; gad;gLj;j Ntz;Lk;. 
 
rkepiyapd; tiffs; 
 
Nkw;fz;l tpthjj;jpd;gb> ntt;Ntwhd epge;jidfspd; mbg;gilapy; ntt;NtW tifahd 
rkdpiyfSf;F tha;g;Gs;sJ vd;w KbTf;F tuyhk;. ,it ml;ltiz 5.2 ,y; 
njhFf;fg;gl;Ls;sd. 
vLj;Jf;fhl;L  
 
28 mg epiwAk; 10 m ePsKk; nfhz;l rPuhd kuj;Jz;il mUz; kw;Wk; ghG Rke;J 

nry;fpd;wdu;. kuj;Jz;bd; KidfspypUe;J ,tu;fs; KiwNa 1 m kw;Wk; 2 m njhiytpy; 
gpbj;Js;sdu;. ,tu;fspy; ahu; kuj;Jz;bd; vilia mjpfk; jhq;fpr; nry;fpd;whu;. 
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jPu;T 
 
kuj;Jz;lhdJ ,ae;jputpay; rkepiyapy; cs;s vdf; nfhs;f. mjd;gb kuj;Jz;bd; kPJ 
epfu tpir kw;Wk; epfu jpUg;G tpirapd; kjpg;G Rop. Gtp <u;g;G tpirahdJ kuj;Jz;bd; 
epiwiaj;jpd; fPo; Nehf;fp nray;gLk;. mUz; kw;wk; ghG KiwNa A kw;Wk; B Gs;spfspy; 
nrYj;Jk; RA, RB  vd;w nrq;Fj;J tpirfs; fPo;Nehf;fpa GtpaPu;g;G tpiria rd; nra;fpwJ. 
 
kuj;Jz;bd; nkhj;j vil> W = 28 x 10 = 280 N,  MdJ ,UtuhYk; jhq;fg;gLfpwJ. kPs; 
nray; tpiria ,UtUk; jdpj;jdpNa mspf;fpd;wdu;. kuj;Jz;bd; kPJ nray;gLk; 
midj;J tpirfisAk; jdpj;j nghUspd; tpirg;glk; %yk; fhzyhk;. 
 
gy;NtW tifahd rkepiyfSk; mjw;fhd epge;jidfSk; 
 
rkepiyapd; tiffs; epge;jidfs; 
,lg;ngau;T rkepiy ▪ Neu;Nfhl;L ce;jk; khwpypahFk; 

▪ epfu tpir Rop 
Row;rp rkepiy ▪ Nfhz ce;jk; khwpyp 

▪ epfu jpUg;G tpir Rop 
Xa;Tr; rkepiy ▪ Neu;Nfhl;L kw;Wk; Nfhz ce;jq;fspd; kjpg;G Rop 

▪ epfutpir kw;Wk; epfuj; jpUg;Gtpir Rop 
,af;fr; rkepiy ▪ Neu;Nfhl;L kw;Wk; Nfhz ce;jq;fs; khwpyp 

▪ Epfu tpir kw;Wk; epfuj; jpUg;G tpirfs; Rop. 
cWjpr; rkepiy ▪ Neu;Nfhl;L kw;Wk; Nfhz ce;jq;fspd; kjpg;G rop 

▪ nghUshdJ mjd; epiyapy; rpwpa khw;wk; nra;Ak; NghJ 
kPz;Lk; rkepiyf;F tiu Kaw;rpf;Fk;. 

▪ rkepiyapy; Vw;gLk; khw;wj;jpdhy; nghUspd; 
epiwikaj;jpd; epiyahdJ rw;Nw caUk; 

▪ nghUs; rkepiyapy; ,Uf;Fk;NghJ> mjd; epiy Mw;wy; 
rpWkkhf ,Uf;Fk;. rkwpiyapy; ,Ue;J khWk;NghJ mjd; 
epiy Mw;wy; rw;Nw caUk;. 

cWjpaw;wr; rkepiy ▪ Neu;Nfhl;L kw;Wk; Nfhz ce;jq;fs; Rop 
▪ nghUshdJ rkepiyapypUe;J rw;Nw khw;wk; nra;J 

tplg;gLk; NghJ kPz;Lk; rkepiyf;Fj; jpUk;g tuhJ. 
▪ nghUspd; epiwiakhdJ rkepiyapypUe;J rw;W fPo;Gwkhf 

efu;e;J mikAk;. 
▪ Epiy Mw;wyhdJ rpWkkhf ,Uf;fhJ. NkYk; rkepiyapy; 

khw;wk; milAk;NghJ> epiy Mw;wy; FiwfpwJ. 
eLepiy rkepiy ▪ Neu;Nfhl;L ce;jKk; kw;Wk; Nfhz ce;jKk; rop. 

▪ nghUspd; epiyapy; khw;wk; nra;J tplg;gLk; NghJk; 
rkepiyapNyNa ,Uf;Fk;. 

▪ nghUspd; epiyapy; rpwpa khw;wk; nra;Ak; NghJk; epiy 
Mw;wy; khw;wk; milahJ. 

 
,lg;ngau;T rkepiyapd; gb: 
 
kuj;Jz;bd; kPJ nray;gLk; epfu tpir RopahfpwJ 
 

( ) 0A BR mg R+ − + =  

 

,q;F> 
A

R  kw;Wk; 
B

R  tpirfs; Nky;Nehf;fpa Neu; FwpapYk;. <u;g;gpay;    <u;g;G tpir 

(my;yJ vil) fPo;Nehf;fp vjpu; FwpapYk; nray;gLfpwJ. 
A

R + 
B

R =mg  
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Row;rp rkwpiyapd; gb: 
 
kuj;Jz;bd; kPj nray;gLk; epfu jpUg;G tpirapd; kjpg;G RopahfpwJ. tpirfs; 
njhiytpw;F nrq;Fj;J vd;gjhy;> 
 

( ) ( ) ( )0 4 7 0BR mg R+ − + =  

 

,q;F> vjpu;tpid 
A

R  MdJ jhq;Fk; Gs;sp A apNyNa nray;gLtjhy;  A  ia nghUj;J 

RA apd; jpUg;Gtpir RopahFk;. Mdhy; vil mg ahdJ A iag; nghUj;J fbfhu 

jpirapYk;> vjpu;tpid RB MdJ A iag; nghUj;J vjpu; fbfhu jpirapYk; jpUg;G 
tpirfis Vw;gLj;Jk;. 
 

7 4

4

7

4
28 10 160

7

B

B

B

R mg

R mg

R N

=

=

=   =

 

B
R  apd; kjpg;ig gpujpapl> 

RA = mg – RB 
RA = 28 x 10 - 160 = 280 -160 = 120 N 
RA MdJ RB I tpl mjpfkhf ,Ug;gjhy;> ghG mUiztpl mjpf vilia Rkf;fpwhu;. 
 
,ul;il (Couple) 
 
AB vd;w rPuhd nky;ypaf; fk;gpia fUJf> ,jd; epiwiak; ikag;Gs;s C apy; mike;J 

cs;sJ. fk;gpapd; ,U Kidfs; A, B apy; rkkhd vjpnujpuhd tpirfs; KiwNa fk;gpf;F 

nrq;Fj;jhf 2r ,ilntspiapy; nray;gLfpwJ. glk; 5.13 y; fhl;bAs;sthW ,t;tpU 
tpirfSk; nray;gLfpwJ. 
 
,U rkkhd tpirfs; vjpnujph; jpirapy; nray;gl;L xd;iw xd;W rkd; nra;tjhy; 
fk;gpapd; kPjhd epfu tpir RopahFk;. ,g;nghOJ fk;gpahdJ ,lg;ngau;T rkepiyapy; 
cs;sJ Mdhy; Row;rp rkepiyapy;; ,y;iy. vg;gb Row;rp rkepiyapy; ,y;iy vd;gijf; 
fhz;Nghk;. fk;gpapd; Kid A apy; nray;gLk; tpirapd; jpUg;Gj;jpwd; ikag;Gs;sp C  iag; 
nghUj;J vjpu; fbfhur; Rw;W (,lQ;Rop) jpirapy; Row;rpia Vw;gLj;Jk;. ,Nj Nghd;W 
fk;gpapd; kWKid B-y; nray;gLk; tpirapd; jpUg;Gj; jpwdhdJ vjpu; fbfhur; Rw;W 
(,lQ;Rop) jpirapNy Row;rpia cUthf;FfpwJ. ,t;tpU tpirapd; jpUg;Gj;jpwd;fshdJ 
czur; nra;fpwJ. vdNt> fk;gpahdJ ,lg;ngau;T rkepiyapy; cs;s NghJk;> row;rp 
,af;fj;jpw;F my;yJ jpUg;G tpistpw;F cs;shfpwJ. 
 
xNu Neu;Nfhl;by; mikahj> nrq;Fj;Jj; njhiytpy; gpupf;fg;gl;Ls;s ,U rkkhd vjpnujpu; 
tpirfs; Vw;gLj;Jk; jpUg;G tpisT ,ul;ilapd; jpUg;Gj;jpwd; vdg;gLk; md;whl tho;tpy; 
ehk; fhZk; gy nray;fspy; ,ul;ilapy; jpUg;gj;jpwid glk; 5.14 y; fhzyhk;. 
 
jpUg;Gj; jpwd;fspd; jj;Jtk; 
 
nky;ypa> Gwf;fzpf;fj;jf;f (negligible) epiwAs;s fk;gpj; Jz;L> ePsj;jpd; topahf 

Roypaf;f ikaj;jpy; nghUj;jg;gl;Ls;sJ. F1 kw;Wk; F2 vd;Dk; ,U tpirfshdJ d1 

kw;Wk; d2 njhiyTfspy; fk;gpapd; Kidfspy; nray;gLtJ glk; 5.15 ,y; 

fhl;lg;gl;Ls;sJ. F1 kw;Wk; F2 vd;w ,U tpirfs; jhq;F ikaj;jpypUe;J d1 kw;Wk; d2 
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njhiyTfspy; nray;gLtjdhy; glj;jpy; rhl;bAs;sthW nrq;Fj;J vjpu;tpid N epiw 
Roypaf;f ikaj;jpy; nray;gLfpwJ. fk;gpahdJ fpilj;js epiyapy; Xa;thf ,Ug;gjw;F 
mJ Neu;Nfhl;L kw;Wk; Row;rp rkepiyapy; ,Uf;f Ntz;Lk;. vdNt> epfu tpir kw;Wk; 
epfu jpUg;G tpir ,uz;Lk; RopahFk;. 
 

Roypaf;f ikaj;ij gw;wpa epfu tpir Ropahdhy;> 
1 2

F N F− + +  

 

1 2
N F F= +  

 

epfu jpUg;Gtpir Ropahtjw;F> 
1 1 1 2

0d F d F− =  

 

1 1 1 2
d F d F=  

 

,j;jj;Jtj;ijf; nfhz;L Nfhy; juhrhdJ> 
1 2

d d= ; 
1 2

F F=  vd;w epge;jidapd; gb 

nghUl;fspd; epiwia mstpLfpwJ. rkd;ghL 5.33 ia khw;wp mikf;f  
 

1 2

2 1

F d

F d
=   

 

1
F gS vdTk;> 

2
F it ekJ Kaw;rp vdTk; fUjpdhy; 

1 2
d d vd;w epge;jidapy; ekf;F 

mD$ykhf mikAk;. ,J 
1 2

F F vd;gijf; Fwpf;fpwJ. vdNt> ngupa gSitf; $l rpwpa 

Kaw;rpapdhy; cau;j;j KbAk;. jfT 2

1

d

d

 
 
 

 vspa nek;GNfhypd; ,ae;jpuyhgk; vdg;gLk;. 

Roypaf;f ikag;Gs;spia Mjhug;Gs;sp vd;Wk; miof;fyhk;.  
 

,ae;jpu yhgk; (MA) = 2

1

d

d
  

 
Nkw;fhZk; jj;Jtj;jpd; gb gy vspa ,ae;jpuq;fs; ,aq;Ffpd;wd. 
 
<u;g;G ikak; 
 
jpz;kg; nghUl;fs; midj;Jk; gy Gs;sp epiwfshy; Mf;fg;gLs;sJ. Gs;sp epiwfs; 
midj;Jk; Gtpapd; ikaj;ij Nehf;fpa <u;g;gpay; tpirapid czu;fpwJ. eilKiw 
tho;tpy; ve;jNthU jpz;kg; nghUspd; msit tpl Gtp kpf ngupajhf ,Ug;gjhy; 
,t;tpirfs; midj;Jk; fPo;Nehf;fp ,izahf nray;gLtjhf ehk; fUjyhk;. ,J glk; 
5.16 ,y; fhl;Lg;gl;Ls;sJ. 
 
,e;j ,izahd tpirfspd; njhFgad; tpir vg;nghOJk; xU Gs;sp topNa 
nray;gLfpwJ. mg;Gs;spNa nghUspd; <u;g;G ikak; vd;wiof;fg;gLfpwJ (Gtpiag; 
nghUj;J). xU nghUspd; epiy kw;Wk; jpiriaf; fUjhj NghJ> mg;nghUspd; nkhj;j 
vilAk; nray;gLtjhfj; Njhd;Wk; Gs;sp mg;nghUspd; <u;g;G ikak; vdg;gLk;. 
 
rPuhd GtpaPu;g;G Gyj;jpy; xU jpz;kg;nghUspd; epiwikaKk;> <u;g;G ikaKk; xNu Gs;spapy; 
mikAk;. GtpaPu;g;G Gyj;ijg; gw;wp myF 6 ,y; tpsf;fg;gl;Ls;sJ. 
 
ehk; rPuhd xOq;fw;w tbtKs;s nky;ypa jfl;bd; <u;g;G ikaj;ijf; $l ntt;Ntwhd 
Roypaf;f Gs;spfspy; nghUj;jpg;ghu;j;J fz;lwpayhk;. 
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nky;ypa nghUshdJ fpilf;if epiyapy; ,Uf;Fk;NghJ> nghUspd; nkhj;j vilahdJ 
nray;gLk; Gs;spahd <u;g;G ikaj;jpy; Roypaf;f Gs;sp mike;jpUg;gij glk; 5.17 ,y; 
fhzyhk;. glk; 5.17y; fhl;bAs;sgb epfu <u;g;G tpirfs; nray;gLk; Gs;spahd <u;g;G 
ikaj;jpy;> nky;ypa nghUshdJ epiyepWj;jg;gLk; NghJ fplf;ifahfNt cs;sJ. 
 
nghUshdJ <u;g;G ikaj;jpy; epWj;jg;gl;Ls;sNghJ jpz;kg; nghUspy; cs;s vy;yh Gs;sp 
epiwfspd; kPJ nray;gLk; jpUg;Gtpirfspd; njhFgad; RopahFk;. NkYk; nghUspd; 
vilahdJ Roypaf;f Gs;spapy; nray;gLk; nrq;Fj;J tpirapdhy; rkd;nra;ag;gLfpwJ. 
nghUshdJ cWjpr; rkepiyapy; fpilf;if epiyapNyNa mike;jpUf;Fk;;. 
 
xOq;fw;w nky;ypa nghUl;fspd; <u;g;G ikaj;jpid kw;nwhU Kiwapd; %yKk; 
fz;lwpayhk;. nghUshdJ P, Q, R vd;w ntt;Ntwhd Gs;spfspy; glk; 5.18 ,y; 

fhl;bAs;sthW njhq;ftplg;gLfpwJ vdpy;> PP’, QQ’, RR’ Mfpa Fj;Jf; NfhLfs; 
midj;Jk; <u;g;G ikak; topahf nry;fpwJ. ,q;F nghUs; njhq;ftplg;gl;l Gs;spapy; 
nray;gLk; vjpu; tpirAk; epiwikaj;jpd; kPJ nray;gLk; GtpaPu;g;G tpirAk; xd;iw xd;W 
rkd; nra;fpwJ. NkYk; ,tw;why; Vw;gLk; jpUg;G tpirfSk; Fj;J NfhLfspd; kPJ 
cs;sNghJ xd;iw xd;W rkd; nra;fpwJ.  
 
tl;lg;ghijapy; kpjptz;b xl;Lgtupd; rha;T ,af;fk; 
 
 kpjptz;b Xl;Lgtu; rkepiyapy; r Muk; cs;s tl;lg;ghijapy; (cau;j;jg;glhj 

ghijapy;) v Ntfj;Jld; nry;y Kaw;rpg;gjhff; fUJNthk;. kpjptz;b kw;Wk; xl;LgtiuAk; 

Nru;j;J m epiw nfhz;l xNu mikg;ghff; (simple system) fUJNthk;. ,t;tikg;gpd; 

epiwikak; C kw;Wk; ,J O it ikakhf nfhz;L r Muk; nfhz;l tl;lg; ghijapy; 

nry;fpwJ. glj;jpy; fhl;bAs;sthW OC ia X mr;rhfTk;> O-topNa nry;Yk; nrq;Fj;Jf; 

NfhL OZ-I Z-mr;rhfTk; nfhs;Nthk;. 
 
,t;tikg;G (system) Z -mr;ir Roy; mr;rhff; nfhz;L> vd;w Nfhzj; jpirNtfj;jpy; 

,
v

r

   = 
 

 mr;irg; nghWj;J Roy;fpwJ. ,t;tikg;ghdJ RoYk; Fwpg;ghaj;jpy; Xa;T 

epiyapy; cs;sJ. RoYk; Fwpg;ghaj;ijf; nfhz;L ehk; jPu;Tfis fhZk;NgJ mikg;gpd; 

kPJ ikatpyf;F tpir (Nghyp tpir) 
2

mv

r
 nray;gLtjhff; fUjNtz;Lk;. ,t;tpirahdJ 

<u;g;G ikak; topahf nray;gLfpwJ. ,t;tikg;gpd; kPJ nray;gLk; tpirfshtd (i) 
GtpaPu;g;G tpir mg (ii) nrq;Fj;J tpir N (iii) cuha;T tpir f kw;Wk; (iv) ika tpyf;F 

tpir 
2

mv

r

 
 
 

. Row;rp Fwpg;ghaj;jpy; mt;tikg;ghdJ rkepiyapy; ,Uf;F Ntz;Lkhdhy; 

mjd; kPJ nray;gLk; epfu tpir kw;Wk; epfu jpUg;G tpirapd; kjpg;G Ropahf Ntz;Lk;. A 
vd;w Gs;spiag; nghUj;J midjJ jpUg;G tpirfSk; nray;gLtjhff; fUJNthk;. 
Midj;J jpUg;G tpirfSk; glj;jpy; fhl;lg;gl;Ls;sJ vdf; fUJf. 
 

      
kpjptz;b xl;Lgtupd; kPJ tisTg; ghijapy;  

nray;gLk; tpirfs; 
 
Row;rp rkepiyapy; 
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0net =  
 
Gs;sp A itg; nghUj;J> Gtp<u;g;G tpir mg My; Vw;gLk; jpUg;G tpir 
 
 = mg (AB) (fbfhu jpirapy;) 
 
ikaNehf;F tpirapd; jpUg;G tpir 
 

 = 
2

mv

r
 (BC) (vjpu; fbfhu jpirapy;) 

Vjpu; fbfhu jpiria Neu;f;FwpahfTk;> fbfhu jpiria vjpu;f;FwpahfTk; nfhs;tJ kuG.  
 
vdNt> 
 

2

2

0
mv

mg AB BC
r

mv
mgAB BC

r

− + =

=

 

 
, sinABC AB AC =  kw;Wk; cosBC AC=   

 

 

2

2

cos

tan

mv
mg AC AC

r

v

rg

= 

 =
 

  
2

1
tan

v

rg

− =  

r Muk; nfhz;l rkkhd tl;lg; ghijapy; v jpirNtfj;Jld; kpjptz;b xl;Lgtu; flf;f 

Kaw;rpf;Fk;NghJ fPNo tpohky; rkepiyapy; ,Uf;f   Nfhzk; rha;e;j epiyapy; flf;f 
Ntz;Lk;. 
 
vLj;Jf;fhl;L 
 

20 ms 1−  vd;w jpirNtfj;Jld; tl;lg;ghijapy; kpjptz;b xl;Lgtu; nrq;Fj;J jsj;Jld; 

30˚ Nfhzk; rha;e;j epiyapy; flf;fpwhu;. tl;lg;ghijapd; Muk; vd;d? 
 

(g = 10 ms 2−  vdf; nfhs;f) 
 
jPu;T: 
 

kpjptz;b xl;Lgtupd; jpirNtfk;> V = 20 ms 1−   
 
Fj;Jr;Rld; Nfhzk; =30˚ 

tl;lg;ghijiaf; flf;f epge;jid tan  =
2

v

rg
 

Nkw;fz;l rkd;ghl;il khw;wp mikf;f Muk; 
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2

tan

v
r

g
=


 I gpujpapl> 

 

( )
( ) ( )

2
20 20 20

tan 30 10 tan 30 10
r


= =

 
 

   
400

1
10

3

=
  
 

 

( )3 40 1.732 40

69.28

r

r m

=  = 

=
 

 
epiykj; jpUg;Gj;jpwd; (MOMENT OF INERTIA) 
 
 jpz;kg;nghUs;lfspd; ,J gUg;nghUl;fshf fUjg;gLfpw (Bulk Object). jpUg;Gtpir 

kw;Wk; Nfhz ce;jj;jpd; rkd;ghLfspy; 2

i im r  Nfhitia (term) ehk; mwpe;Js;Nshk;. 

,J kjpg;G gUg;nghUspd; epiykj;jpUg;Gj;jpwd; vd;W miof;fg;gLfpwJ. 
i

m  Gs;sp 

epiwahdJ mr;rpupUe;J 
i

r  njhiytpy; cs;s NghJ mjd; epiykj;jpUg;Gj;jpwd; 2

i i
m r  

 
Gs;sp epiwapd; epiykj;jpUg;Gj;jpwd 
 

2

i i
I m r=  

 
gUg;nghUspd; epiykj;jpUg;Gj;jpwd; 
 

2

i iI m r=  

 
,lg;ngauT ,af;fj;jpy; epiwia epiykj;jpd; msthfTk;> mNjNghy; Row;rp ,af;fj;jpy; 
epiykjpUg;Gj;jpwid Row;rpapy; epiykkhfTk; ehk; fUjyhk;. epiykj;jpUg;Gj;jpwdpd; 

myF 2
kg m . ,jd; gupkhz tha;g;ghL ML2. nghJthf> gUg;nghUspd; epiwahdJ 

khwhjJ (fpl;lj;jl;l xspapd; jpirNtfj;jpy; gazpf;Fk; nghUl;fisj; jtpu;j;J) Mdhy;> 
epiykj;jpUg;Gj;jpwd; kjpg;ghdJ khwf;$bajhFk;. ,J nghUspd; epiwia 
kl;Lf;$bajhFk;. ,J nghUspd; epiwia kl;Lky;yhJ RoYk; mr;irg; nghUj;J epiw 
gutp ,Uf;Fk; jd;ikiaAk; rhu;e;Js;sJ. xU nghUspy; rPuhf gutpAs;s epiwapd; 
epiyikj;jpUg;Gj;jpwidf; fz;lwpa Kjypy;> ehk; gUg;nghUspd; kPEz;epiw (dm) ia xU 

Gs;sp epiwahfTk;> mr;irg;nghUj;J mjd; epiyia (r) vd;Wk; fUJNthk;. mg;Gs;sp 
epiwapd; epiykj;jpUg;Gj;jpwd; 

2
( )dI dm r=  

 
vdf; Fwpf;fyhk;. gUg;nghUspd; nkhj;j epiykj;jpUg;Gj;jpwid Nkw;fz;l rkd;ghl;il 
njhiyaPL nra;a> 
 

 ( ) 2
I dI dm r= =   

           2
I r dm=   

 
Nkw;fhZk; rkd;ghl;il gad;gLj;jp nghJthd tbtq;fshd cNyhfj;jz;L> tisak;> 
tl;lj;jl;L Nghd;w gUg;nghUl;fspd; epiykj;jpUg;Gj;jpwid fz;lwpayhk;. 
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rPuhd epiw mlu;j;jp nfhz;l jpz;kj; jz;bd; (uniform rod) epiykj;jpUg;Gj;jpwd; 
 
(M) epiwAk; (l) ePsKk; nfhz;l rPuhd epiw mlu;j;jp nfhz;l jpz;kj; jz;L glj;jpy; 
fhl;lg;gl;Ls;sJ. mj;jpz;kjz;bd; epiwikaj;jpd; topahftk; mjd; ePsj;jpw;F 
nrq;Fj;jhfTk; nry;Yk; mr;irg; nghUj;J epiykj; jpUg;Gjpwdpw;fhd rkd;ghl;ilg; 
ngwyhk;. Kjypy; Mjpg;Gs;spia Ma mr;R mikg;igj; jpz;kj;jz;bd; tbtpay; 
ikaj;jpy; mike;Js;s epiwikaj;Jld; nghUj;j Ntz;Lk;. ,g;nghOJ jpz;kj;jz;lhdJ 
x mr;rpy; mike;Js;sjhff; fUJNthk;. MjpapypUe;J x njhiytpy; xU kPEz; epiw 

(dm) If; fUJNthk;. 
 

      
rPuhd epiw mlu;j;jp nfhz;l jpz;kj; jz;bd;  

epiykj; jpUg;Gj;jpwd; 
 
mr;irg;nghUj;J> nghUspd; kPEz; epiwapw;fd (dm) epiykj;jpUg;Gj; jpwd; (dI) vdpy;> 
 

2
( )dI dm x=  

 

epiwahdJ rPuhf gutpAs;s NghJ> xuyF ePsKs;s jz;bd; epiw 
M

 =  kpfr;rpwpa 

ePsKs;s jz;bd; epiw 
 

M
dm dx dx=  =  

 
jpz;kj;jz;bd; ePsk; KOtjw;Fk; epiykj;jpUg;Gj;jpwidf; fhz dl njhifaPL nra;a> 
 

  2 2
( )

M
I dI dm x dx x

l

 = = =  
     

  2M
I x dx

l
=   

 
Mjpg;Gs;spapd; ,U GwKk; epiwahdJ gutp ,Ug;gjhy; njhifaPL fhz mjd; vy;iyia 

/ 2− Kjy; / 2  tiu fUJNthk;.  

 I = 
/ 2/ 2 3

2

/ 2
3

ll

l

M M x
x dx

l l−

 
=  

 
  

 
3 3 3 3

24 24 24 24

M l l M l l
I

l l

    
= − − − = +    

    
 

  
3

2
24

M l
I

l

  
=   

  
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  21

12
I Ml=  

 
vLj;Jf;fhl;L 
 
 rPuhd epiw mlu;j;jp nfhz;l jpz;kj;jz;bd; epiykj; jpUg;Gj;jpwid mjw;F 
nrq;Fj;jhfTk; VNjDk; xU Kidapd; topNa nry;Yk; mr;irg;nghUj;J fhz;f. 
 
jPu;T 
 
epiykj; jpUg;Gj;jpwdpw;fhd fUj;JUthdJ Ke;ija tUtpj;jypd;gb njhifaPL nra;J 
rkd;ghl;ilg; ngwyhk;. ,g;nghOJ jpz;kj;jz;bd; ,lJ Kidapid Mjpahff; nfhz;L 
njhifaPL fhz vy;iyia 0 Kjy; l vdf; fUjpdhy;> 

  I = 
3 3

2

0 0
3 3

ll
M M x M l

x dx
l l l

   
= =   

   
  

  21

3
I Ml=  

  
rPuhd epiw mlu;j;jp nfhz;l tl;l tisaj;jpd; (uniform ring) epiykj; jpUg;Gj;jpwd; 
 
m epiwAk; R MuKk; nfhz;l rPuhd epiw mlu;j;jp nfhz;l tl;l tisaj;ijf; fUJf. 
tl;l tisaj;jpd; jsj;jpw;F nrq;Fj;jhfTk;> mjd; ikak; topr;nry;Yk; mr;irg; 
nghUj;J epiykj; jpUg;Gj;jpwidf; fhz mt;tisaj;jpypUe;J kPEz;epiw dm MdJ 

kpfr; rpwpa ePsk; dx njhiytpy; ,Ug;gjhf nfhs;Nthk;. ,jpy; dm MdJ R njhiytpy; 
cs;sJ vdf;nfhz;lhy;> mj;njhiyT glj;jpy; fhl;lg;gl;lJ Nghy; mr;rpypUe;J 
tisaj;jpd; Muj;ijf; Fwpf;fpwJ. 
 

 
    rPuhd tl;l tisaj;jpd; epiykj;  
     jpUg;Gj;jpwd; 
 
kPEz;epiw (dm) ,d; epiykj; jpUg;Gj; jpwd;. 
 

( ) 2
dI dm R=  

 
tl;ltisaj;jpd; ePskhdJ mjd; Rw;wsTf;Fr; ( 2 R ) rkkhdJ. epiwahdJ rPuhf 
gutpAs;s NghJ> XuyF ePsKs;s epiwapd; kjpg;G 

 = =
epiw

ePslu; j; jp 
ePsk;

 
2

M

R
 

 
kpfr;rpspa ePsk; nfhz;l Jz;bd; epiw 
 

2

M
dm dx dx

R
=  =


 

 
tl;l tisak; KOtjw;fhd epiykj; jpUg;Gj;jpwd; 
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  2 2
( )

2

M
I dI dm R dx R

R
 = = =  
    

   I = 
2

MR
dx

   

 
tl;l tisaj;jpd; nkhj;j ePsj;ijAk; fzf;fpl> njhifapYf;fhd vy;iyia o Kjy; 

2 R  vd vLj;Jf; nfhs;s Ntz;Lk;. 

 
2

0
2

R
MR

I dx




=   

   2

0
2 0

2 2

RMR MR
K x R

 
 

= = −  

 I = MR2 
 
rPuhd epiw mlu;j;jp nfhz;l tl;lj;jl;bd; (uniform disk) epiykj; jpUg;Gj;jpwd; 
 
m epiwAk; R MuKk; nfhz;l tl;lj;jl;ilf; fUJf. glj;jpy; fhl;lg;gl;lJ Nghy 
tl;lj;jl;lhdJ kpfr;rpwpa tisaq;fshy; Mf;fg;gl;;Ls;sJ. ,jpy; xU tisaj;jpd; kPEz; 
epiw dm kpfr;rpwpa jbkd; dr> kw;Wk; Muk; r vdf; nfhs;f. kpfr;rpwpa tl;l tisaj;jpd; 
epiykj; jpUg;Gj;jpwd; dI MdJ 
 

( ) 2
dI dm r=  

 
epiwahdJ rPuhf ,Ug;gjhy; 
 

 =
epiw

gug; G
= 

2

M

R
(  -gug;G mlu;j;jp) 

 

2
2

M
dm r dr dx

R
=   =


 

 

,q;F 
2

M

R
 dr vd;gJ kpfr; rpwpa tisaj;jpd; gug;G> (2 r  vd;gJ mjd; ePsk; kw;Wk; dr 

vd;gJ jbkd;) vd;why; 
2

2M
dm rdr

R
=  

 3

2

2M
dI r dr

R
=  

 
rPuhd epiw mlu;j;jp nfhz;l tl;lj;jl;bd;  

epiykj; jpUg;Gj;jpwd; 
tl;lj;jl;L KOtjw;Fkhd epiykj; jpUg;Gj;jpwd (I) fPo;f;fz;l njhlu;gpd; gb> 

dI  

I 3 3

2 2

0 0

2 2
R R

M M
r dr r dr

R R
=   

I = 
4 4

2 2

0

2 2
0

4 4

R

M r M R

R R

   
= −   

   
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21

2
I MR=  

  
Row;rp Muk; (Radius of Gyration) 
 
xOq;fhd cUt mikg;G nfhz;l gUg;nghUl;fspd; epiwahdJ rPuhf gutp cs;sJ vdf; 
fUjpdhy;> mr;irg; nghUj;j epiykj; jpUg;Gj;jpwdpw;fhd rkd;ghL vd;gJ mjd; nkhj;j 
epiw kw;Wk; tbtpay; mk;rq;fshd Muk;> ePsk;> mfyk; Nghd;wtw;iwAk;> nghUspd; msT 
kw;Wk; tbtk; Mfpatw;iwAk; cs;slf;fpaJ vd;gij ftdj;jpy; nfhs;s Ntz;Lk;. 
Mdhy; ekf;Fj; Njitahd epiykj; jpUg;Gj;jpwdpw;fhd Nfhit vd;gJ nghUspd; epiw> 
tbtk;> msT kl;Lky;yhky; RoYk; mr;irg; nghUj;J mjd; epiyiaAk; Nru;j;jjhf 
,Uf;f Ntz;Lk;. ,J Nghd;w rkd;ghlhdJ rPuw;w tbtk; kw;Wk; rPuw;w epiw guty; 
nfhz;l nghUl;fSf;Fk; nghUe;jf;$ba nghJthd rkd;ghL MFk;. epiykj; 
jpUg;Gj;jpwdpd; nghJthd rkd;ghL ,q;F> M vd;gJ nghUspd; nkhj;j epiw kw;Wk; K 
vd;gJ Row;rp Muk; vd;W miof;fg;gLfpwJ.  
 

2
I MK=  

 
xU nghUspd; Row;rp Muk; vd;gJ RoYk; mr;rpypUe;J rkhd Gs;sp epiw Jfspd; 
nrq;Fj;Jj; njhiyT MFk;. ,e;j rkhd Gs;sp epiwahdJ nghUspd; xj;j epiwiaAk;> 
epiykj; jpUg;Gj;jpwidAk; mtrpak; ngw;wpUf;f Ntz;Lk;. 
 
Row;rp Muj;jpd; myF> njhiyitg; Nghd;Nw kPl;lu; (m) MFk;. mjd; gupkhzk; L MFk;. 
 
Row;rp ,af;fj;jpy; ,Uf;Fk; jpz;kg; nghUshdJ 
 

1 2 3
, , ,...

n
m m m m  vd;w Gs;sp epiwfshy; Mdjhff; fUJNthk;. ,e;j epiwfs; Row;rp 

mr;rpypUe;J KiwNa 
1 2 3
, , ,...

n
r r r r  njhiytpy; cs;sd vd;f    

 
me;jg; nghUspd; epiykj;jpUg;Gj;jpwd; gpd;tUkhW vOjg;gLfpwJ 
 

2 2 2 2 2

1 1 2 2 3 3
....

n

i i n n

i l

I m r m r m r m r m r
=

= = + + + +  

“n” vz;zpf;if nfhz;l midj;J Gs;sp epiwfspd; epiwia rkk; vdf; nfhz;lhy; 
 

m= 
1

m = 
2

m = 
3

m =…= 
n

m  

 
gpwF> 
 

 2 2 2 2

1 2 3
... nI mr mr mr mr= + + + +  

               

( )2 2 2 2

1 2 3

2 2 2 2

1 2 3

...

...

n

n

m r r r r

r r r r
nm

n

= + + + +

 + + + +
=  

 

 

 2
I MK=  

 
,q;F> nm vd;gJ nghUspd; nkhj;j epiw M kw;Wk; K vd;gJ Row;rp Muk; MFk;. 
 

2 2 2 2

1 2 3
... nr r r r

K
n

+ + + +
=  
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NkNy cs;s rkd;ghl;by; Row;rp Muk; K vd;gJ> RoYk; mr;irg; nghUj;J Gs;sp 
epiwfspd; nrq;Fj;J njhiytpd; ,Ukb %yj;jpd; ruhrupapd; tu;f;fj;jpw;F rkkhFk;. 
 

vdNt> ve;jnthU nghUspd; epiykj; jpUg;Gj;jpwidAk; 2
I MK=  vd;w rkd;ghl;bd; gb 

$w ,aYk;. 
 
cjhuzkhf> M epiwAk; kw;Wk;  ePsKk; nfhz;l xU rPuhd epiw mlu;j;jp nfhz;l 
jpz;kj;jz;bd; epiykj;jpUg;Gj;jpwid vLj;Jf; nfhs;f. epiwiaj;jpw;F nrq;Fj;jhfr; 
nry;Yk; mr;rpypUe;J epiyikj; jpUg;Gj;jpwd;  
 

21

12
I M=  

Row;rp Muj;jpd thapyhf> K = MK2 

vd;gjhy;> MK2 = 
1

12
Ml2  

   K2 = 
1

12
l2 

  K = 
1

12
lmy;yJ K = 

1

2 3
l  my;yJ  

  K = (0.289) l 
 
vLj;Jf;fhl;L 
 
M epiwAk;> R MuKk; nfhz;l tl;lj;jl;L xd;wpd; epiw ikaj;jpd; topahfTk; mjd; 
jsj;jpw;F nrq;Fj;jhfTk; nry;Yk; mr;irg; gw;wpa Row;rp Muj;ij fhz;f. 
 
jPu;T  
 
tl;lj;jl;bw;F nrq;Fj;jhfTk;> epiw ikak; topahfTk; nry;Yk; mr;irg; gw;wpa epiykj; 

jpUg;Gj;jpwd; 21

2
I MR=  

 Row;rp Muj;jpw;fhd njhlh;gpypUe;J> I = MK2  

 vd;gjdhy;> MK2 = 
1

2
MR2; K2 = 

1

2
R2  

  
1

2
K R= my;yJ 

1

1.414
K R= my;yJ  

  K = (0.707)R  
 
,jdhy; Row;rp Muk; vd;gJ gUg;nghUspd; tbtpy; mk;rq;fshd ePsk;> mfyk;> Muk; 
,itfNshL xd;wpize;J xU Neu;f;Fwp vz;zpd; ngUf;fy; gydhf ,Uf;Fk;. 
 
epiyj; jpUg;Gj;jpwdpd; Njw;wq;fs; 
 
xU nghUspd; epiykj; jpUg;gGj;jpwdhdJ RoYK;. mr;ir rhu;e;jpUg;gJ kl;Lky;yhky;> 
mr;rpypUe;J RoYk; jpiraikg;igg; nghUj;Jk;> ntt;Ntwhd mr;Rf;fis nghUj;Jk;   
khWgLk;. RoYk; mr;Rf;fis ,lg;ngau;T nra;J epiykj; jpUg;Gjpwidf; fhz;gjw;Fj; 
Njitahd ,U Kf;fpakhd Njw;wq;fisg; gapyTs;Nshk;. 
 
(i) ,izar;Rj; Njw;wk; 
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nghUspd; ve;jnthU mr;irg;gw;wpa epiyikj; jpUg;Gj;jpwdhdJ epiw ikaj;jpd; topNa 
nry;Yk; ,iz mr;irg; gw;wpa epiykj; jpUg;Gj; jpwd; kw;Wk; nghUspd; epiwiaAk; ,U 
mr;RfSf;F ,ilg;gl;l njhiytpd; ,UkbiaAk; ngUf;fp tUk; ngUf;fw;gyd; 
Mfpatw;wpd; $LjYf;Fr; rkkhFk;. 
 
M epiw nfhz;l nghUspd; epiw ikaj;jpd; topahfr; nry;Yk; mr;irg; nghUj;j 

epiykj; jpUg;Gj;jpsd; Ic vdpy; d njhiytpy; ,t;tr;rpw;F ,izahf mr;irg; gw;wp 
epiykj;jpUg;Gj; jpwd;> 
 

 2

c
I I Md= +  

 
jpz;kg;nghUs; xd;wpid glk; 5.25 ,y; cs;sJ Nghy; fUJf. epiw ikak; C apd; topr; 
nry;Yk; mr;R AB f;F ,izahfTk;> AB apypUe;J d nrq;Fj;Jj; njhiytpy; kw;nwhU 
mr;R DE iag; nghUj;J nghUspd; epiykj;jpUg;Gj;jpwd; I vd;f. jpUg;Gj;jpwd; I ,d; 
rkd;ghl;il Ic ia nfhz;L jUtpf;f Kaw;rpf;fyhk;. ,jw;F nghUspd; epiw 

ikaj;jpypUe;J x njhiytpy; mike;Js;s Gs;sp epiw m I vLj;Jf; nfhs;Nthk;. DE 

mr;irg; nghUe;J Gs;sp epiwapd; epiykj; jpUg;Gj; jpwd; m ( )2
x d+  

cly; gUkd;> kw;Wk; mjNdhL $ba cly; cghijfshd KJF typ> %l;L 
typ Nghd;wit clypd; epiwikaj;jpd; ,lg;ngau;tpdhy; Vw;gLfpwJ. 
epiwiaj;jpd; ,lg;ngau; tpdhy; rkhdkw;w (unbalanced) jpUg;G tpir 
nray;gl;L ,e;j cly; cghijfSf;F fhuzkhfpwJ clypd; ika 
mr;rpypUe;J epiwahdJ J}ukhf gutp ,Ug;gjhy; clypd; 
epiykj;jpUg;Gj;jpwd; mjpfupf;fpwJ ,jdhy; cliy jpUg;GtJ fbdkhf 
,Uf;Fk;. 
 

 

 ( )2
I m x d= −  

 
NkYk; ,r;rkd;ghl;il jPu;f;f 

  I =Σm (x2 + d2 + 2xd)  
  I = Σ (mx2 + md2 + 2dmx)  
  I = Σmx2 + Σmd2 + 2d Σmx 
 

,q;F> 2
mx  vd;gJ epiw ikak; topr;nry;Yk; mr;irg; gw;wpa epiykj; 

jpUg;Gj;jpwdhFk;. 2

cI mx=  

 

NkYk;> 0mx =  Vndd;why; x vd;gJ AB Iiag; nghUj;J Neu; kw;Wk; vjpu;f;Fwp 

kjpg;Gfisg; ngw;wpUf;Fk;. ,tw;wpy; $Ljy; ( )mx  RopahFk;. 

 

vdNt> ( )2 2

c c
I I md I m d= + = +   

 

,q;F> m  vd;gJ nghUspd; nkhj;j epiwiaf; Fwpf;Fk; ( )m M=  

 

 2

c
I I Md= +  
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,iz mr;Rj; Njw;wk; ep&gpf;fg;gl;lJ 
 
(ii) nrq;Fj;J mr;Rj; Njw;wk; 
 
,e;jj; Njw;wkhdJ nky;ypa nghUl;fSf;F kpfTk; nghUj;jkhdJ. nky;ypa rkjsg; 
gug;gpw;F nrq;Fj;jhd mr;irg; gw;wpa epiykj; jpUg;Gj;jpwdhdJ me;j jsj;jpNyNa 
mike;j xd;Wf;nfhd;W nrq;Fj;jhd ,U mr;Rfisg; gw;wp epiykj;jpUg;Gj;jpwd;fspd; 
$LjYf;F rkk;. ,e;j %d;W mr;RfSk; xd;Wf;nfhd;W nrq;Fj;jfTk; xU nghJg; 
Gs;spapy; re;jpf;FkhW mike;jpUf;Fk;. 
 
X kw;Wk; Y mr;Rfspdhy; Md jsj;jpy; Z mr;Rf;F nrq;Fj;jhd nky;ypa nghUspd; jsk; 

vdJ Z mr;rpw;F nrq;Fj;jhf mike;Js;sJ vdf; nfhs;f. X kw;Wk; Y mr;Rfisg; 

nghUj;j epiykj; jpUg;Gj;j jpwd;fs; KiwNa 
X

I  kw;Wk; 
Y

I  vdpy; Z mr;irg; nghUj;j 

epiykj; jpUg;Gj;jpwd; 
Z

I  MFk;. vdNt> nrq;Fj;J mr;Rj; Njw;wj;jpd; rkd;ghL> 

 

  
Z X Y

I I I= +  

 
,jid ep&gpf;f Gwf;fzpf;fj;jf;f (negligible) jbkd; nfhz;l nky;ypa nghUspd; kPJ 

Mjpg;Gs;sp O itf; fUJf. glk; 5.26 ,y; fhl;lg;gl;lJ Nghy; Z mr;Rf;F nrq;Fj;jhf X> 
Y mr;Rfshy; Md jsk; cs;sJ. ,k;nky;ypa nghUshdJ m epiw nfhz;l gy 

Jfs;fshy; MdJ vdf; nfhs;f O tpypUe;J Ma Gs;spfs; (x> y) cila P vd;w 
Gs;spia vLj;Jf; nfhs;Nthk;. 
 
   

Z mr;irg; nghUj;J Jfspd; epiykj; jpUg;Gj; jpwd; 2
mr  

 
Z mr;irg; nghUj;J nky;ypa nghUspd; KOtjw;Fkhd epiykj;jpUg;Gj; jpwd; 

2

zI mr=  

 

,q;F> 2 2 2
r x y= +  

 

vdNt> ( )2 2

z
I m x y= +  

 
2 2

zI mx my= +   

 

,jpy; 2
mx  vd;gJ y mr;irg; nghUj;J epiykj; jpUg;Gj;jpwdhfTk;> mNjNghy; 2

my  

vd;gJ x mr;irg; nghUj;j epiykj;jpUg;Gj; jpwd; vdg;gLk;. vdNt> 
 

2

X
I my  kw;Wk; 2

YI mx=  

Z
I  rkd;ghl;by; gpujpapl 

 

 
Z X Y

I I I= +  

 
nrq;Fj;J mr;Rj; Njw;wk; ep&gpf;fg;gl;lJ. 
 
 
vLj;Jf;fhl;L 
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3 kg epiwAk; 50 cm MuKk; nfhz;l tl;lj; jl;L xd;wpd; epiykj;jpUg;Gj;jpwid 
gpd;tUk; mr;Rfisg; nghUj;J fhz;f. 
 

i.tl;lj;jl;bd; ikaj;jpd; jsj;jpw;F nrq;Fj;jhf nry;Yk; mr;R. 

ii. tl;lj;jl;bd; gupjpa VNjDk; xU Gs;spapd; topr;nry;tJk; nsj;jpw;F 
nrq;Fj;jhdJkhd mr;R. 

iii. tl;lj;jpd; ikak; topahfTk; mNj jsj;jpNyNa nry;tJkhd mr;R> 
 
jPu;T  
 

epiw> M= 3 kg Muk; R = 50 cm = 50 2
10 0.5m m

− =  
 

(i)  tl;l jl;bd; ikaj;jpy; jsj;jpw;F nrq;Fj;jhf nry;Yk; mr;irg; gw;wpa 

epiykj;jpUg;Gj; jpwd; (I) MdJ. 
 

 
2

2

2

1

2

1
3 (0.5) 0.5 3 0.5 0.5

2

0.375

I MR

I

I kg m

=

=   =   

=

 

 

(ii) tl;lj;jl;bd; gupjpapy; VNjDk; xU Gs;sp 
 

2

c
I I Md= +  

 
topr; nry;tJk; jsj;jpw;F nrq;Fj;jhdJkhd mr;irg; gw;wpa epiykj;jpUg;Gj;jpwd; (I) ia 
,izar;R Njw;wj;jpd; gb 
 

,q;F> 21

2
CI I MR= =  kw;Wk; d R=  

  I = 
1

2
MR2 + MR2 = 

3

2
MR2  

  I = 
3

2
× 3 × (0.5)2 = 1.5 × 3 × 0.5 × 0.5  

  I = 1.125 kg m2 
  
(ii) tl;lj;jl;bd; ikak; topahfTk; mNj jsj;jpNyNa nry;tJkhd mr;irg; gw;wpa 

epiykj;jpUg;Gj; jpwid> nrq;Fj;J mr;R Njw;wj;jpd; gb (I)> 
 
 

  
Z X Y

I I I= +  

,q;F 
X Y

I I= = I, kw;Wk; 21

2
ZI MR=  

  Iz = 2I; I = 
1

2
Iz  
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  I = 
1

2
× 

1

2
MR2 = 

1

4
MR2  

  I = 
1

4
× 3 × (0.5)2 = 0.25 × 3 × 0.5 × 0.5  

  I = 0.1875 kgm2  
 

epiykj;jpUg;Gj;jpwd; kjpg;G ve;j mr;irg; nghUj;J Row;Wk; NghJ rpWkkhf 
cs;sNjh me;j mr;irg; nghUj;J Row;WtJ vspikahdJ. ,e;j 
vLj;Jf;fhl;by; %d;whtjhf nry;yg;gl;bUf;Fk; mr;irg;nghUj;J Row;WTJ 
vspjhdJ. 

 
ntt;NtW tbtKila jpz;kg; nghUl;fspd; epiykj;jpUg;Gj;jpwd;  
 
ntt;NtW tbtKila ntt;NtW mr;Rfis nghUj;j epiykj;jpUg;Gj;jpwd;fs; ml;ltiz 
5.3 ,y; nfhLf;fg;gl;Ls;sJ. 
 
vLj;Jf;fhl;L 
 
fPNo glj;jpy; fhl;lg;gl;Ls;s nky;ypa jz;bdhy; ,izf;fg;gl;Ls;s ,U jpz;kf; 
Nfhsq;fisf; nfhz;l mikg;gpd; epiykj; jpUg;Gj;jpwid mjd; tbtpay; ikaj;ij 
(Geometric centre) nghWj;Jf; fhz;f. 
 
jPu;T: 
 
NkNy fhl;lg;gl;bUf;Fk; mikg;ghdJ %d;W nghUs;fshy; Mf;fg;gl;bUf;fpwJ. (xU 
nky;ypa jz;L kw;Wk; ,uz;L jpz;kf; Nfhsk;)  
 
jz;bd; epiw> M = 3 kg kw;Wk; 
jz;bd; ePsk;> I = 80 cm =0.8 m 
epiwikaj;ijg; nghUj;J jz;bd; epiykj;jpUg;Gj; jpwd;> 
 

2 21 1 1
, 3 (0.8) 0.64

2 12 4
rod rodI M I= =   =   

 

 
rod

I =0.16 kg m 2  

 
Nfhsj;jpy; epiw> M = 5 kg kw;Wk; Muk;> R = 10 cm =0.1 m  

epiw ikaj;ijg; nghUj;J Nfhsj;jpd;  epiykj;jpUg;Gj;jpwd;> 21

2
CI MR=  

mikg;gpd; tbtpay; ikaj;ijg; nghUj;J Nfhsj;jpd; epiykj; jpUg;Gj;jpwd;  
 

 2

sph CI I Md= +  

 
,q;F> d = 40 cm + 10 cm = 50 cm = 0.5 m 

  Isph = 
2

5
MR2 + Md2  

  Isph =
2

5
× 5 × (0.1)2 + 5 × (0.5)2  

  Isph = (2 × 0.01) + (5 × 0.25) = 0.02 + 1.25  
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  Isph = 1.27 kgm2 
 
 
,t;tikg;ghdJ ,U Nfhsq;fisAk; jz;bidAk; ngw;wpUg;gjhy; tbtpay; ikaj;ijg; 

nghUj;j epiykj;jpUg;gj;jpwd; (I) MdJ> I = 
rod

I + (2   
sphI ) 

= (0.16) + (21.27) = 0.16 + 2.54 = 2.7 kg m 2  
 
Roy; ,af;ftpay; (ROTATIONAL DYNAMICS) 
 
jpUg;G tpir> Nfhz KLf;fk;> Nfhz ce;jk;> Nfhzj; jpirNtfk; kw;Wk; 
epiykj;jpUg;Gj;jpwd; ,itfSf;F ,ilNaahd njhlu;Gfisg; gFjp 5.2 ,y; gapd;Nwhk;. 
,jd; njhlu;r;rpahf ,g;gFjpapy; jpz;kg;nghUs; xd;wpd; kPJ jpUg;G tpirapdhy; 
nra;ag;gl;l Ntiy> ,af;f Mw;wy; Nghd;w ,af;ftpay; msTfSf;F ,ilNaahd 
njhlu;Gfisg; gapyyhk;. ,Wjpahf ,lg;ngau;T ,af;fj;jpw;Fk;> row;rp ,af;fj;jpw;Fk; 
,ilNaahd kjpg;Gfis xg;gplyhk;. 
 
jpz;kg; nghUs; xd;wpd; kPJ RoYk; mr;irg; nghUj;J Gw jpUg;G tpir nray;gLk;NghJ 
RoYk; nghUshdJ mr;irg; nghWj;J Nfhz KLf;fj;jpw;Fk; ,ilNaahd njhlu;G 
vz;kjpg;gpy; 
 
 I =  
 
vLj;Jf;fhl;L 
 
500g epiwAk; 10cm MuKk; nfhz;l tl;lj;jl;L xd;W jd;dpr;irahf glj;jpy; 
fhl;lg;gl;lJ Nghy epiyahd mr;irg; nghUj;Jr; Roy;fpwJ. vilaw;w kw;Wk; 
kPl;rpj;jd;ikaw;w fk;gpahdJ tl;lj;jpd; tpsk;gpy; Rw;Wfs; Rw;wg;gl;L kw;nwhU 
KizahdJ 100g epiwAld; ,izf;fg;gl;Ls;sJ. 100g epiwapd; KLf;fj;ij fhz;f. 

[jfty; : fk;gpahdJ tl;lj;jl;bd; tpspk;gpy; eOttpy;iy. khwhf tl;lj;jl;Lld; Roy;fpwJ 

g = 10 m s 2− ] 
 
 

tl;lj;jl;bd; epiwia 
1

m  vdTk; mjd; Muj;ij R vdTk; nfhs;f njhq;ftplg;gl;l 

nghUspd; epiw 
2

m . 

  m1 = 500 g = 500 × 10-3 kg = 0.5 kg  
  m2 = 100 g = 100 × 1003 kg = 0.1 kg  
  R = 10 cm = 10 × 10-2 m = 0.1 m  
tl;lj;jl;bd; tpsk;gpy; gy Kiw Rw;wg;gl;Ls;s kpff; Fiwe;j epiwAs;s kw;Wk; kPl;rpaw;w 
fk;gpahdJ eOTjy; ,y;yhky; tl;lj; jl;Lld; Roy;fpwJ. epiwAs;s kw;Wk; kPl;rpaw;w 

fk;gpahdJ eOTjy; ,y;yhky; tl;lj; jl;Lld; Roy;fpwJ. epiw 
2

m  tpd; njhLNfhl;L 

KLf;fKk; epiw 
1

m  ,d; ,lk;ngau;T KLf;fKk; rkk;. 
1

m  kw;Wk; 
2

m  tpw;F jdpj;jdpNa 

jdpj;j nghUspd; tpir (FBD) (Free Body Diagram) glj;ij tiuf. 
 
tl;lj;jl;bw;fhd jdpj;j nghUspd; tpirg;glk; (FBD) (Free Body Diagram) 
 

tl;lj;jl;bd; kPJ nray;gLk; GtpaPu;g;G tpir (
1

m g) MdJ fPo;Nehf;fpAk; tl;lj;jl;lhdJ 

ikaj;jpy; nghUj;jg;gl;Ls;s ikag; Gs;spapd; topahf nrq;Fj;J tpir (N) Ak; 
nray;gLfpwJ. tl;lj;jl;bd; gupjpapy; roYk; mr;rpw;Fr; nrq;Fj;jhff; fPo;Nehf;fp ,Otpir 
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T nray;gLfpwJ. NkYk; Gtpapu;g;G tpirAk; (
1

m g) Ak; nrq;Fj;J tpir N k; xd;iw 

xd;W rkd;nra;fpwJ. 
1

m g = N 

 
,Otpir T MdJ jpUg;G tpiria (R T) mspg;gjhy; tl;lj;jl;lhdJ Nfhz KLf;fk; 

a

R

  = 
 

 Tld; Row;rp ,af;fj;jpw;F cl;gLfpwJ. ,q;F a vd;gJ tl;lj;jl;bd; tpl;lj;jpy; 

cs;s Gs;sp njhLtpay; jpirapy; czUk; Neu;Nfhl;L KLf;fkhFk;. ,t;tl;lj;jl;bd; 
epiykj;jpUg;Gj;jpwd; I kw;Wk; ,jd; Row;rp Muk; K vdpy; 
 
 

gy;NtW jpz;kg; nghUspd; epiykj;jpUg;Gj;jpwd;fs;  
 

t.v
z; 

nghUs; mr;irg;nghUj;J  glk; epiykj; 
jpUg;Gj;jpw

d; 

(I)kgm2 

Row;rp 
Muk; 
(k)m  

tpfpjk; 
2

2

K

R

 
 
 

  

1. nky;ypa 
rPuhdjz;L  
 
epiw = M  
ePsk; = l  

ePsj;jpw;Fr; nrq;Fj;jhfTk; 
ikak; topahfTk; 
nry;tJkhd mr;R  

 21

12
Ml  

12

l
  

 
 

__ 
jz;bd; xUKid 
topahfTk; ePsj;jpw;F 
nrq;Fj;jhf nry;tJkhd 
mr;R  

 
21

3
Ml  

3

l
 

2. nky;ypa 
nrt;tfj; 
jfL  
epiw = M  
ePsk; = l 
myfk; = b 

jsj;jpw;Ff; nrq;Fj;jhd 
ikaj;jpd; topr; 
nry;tJkhd mr;R   

2 21
( )

12
M l b+

 

2 2
( )

12

l b+

 

 
 
 

__ 

3.  
 
 
 
 
 
nky;ypa 
rPuhd tll 
tisak; 
epiw = M  
Muk; = R 

tl;l tisaj;jpd; 
jsj;jpw;F nrq;Fj;jhfTk; 
mjd; ikak; topr; 
nry;tJkhd mr;R  

 
MR2 R 1 

tl;l tisaj;jpd; 
jsj;jpw;F ,izahfTk; 
ikak; topr; nry;tJkhd 
mr;R  

 
2MR2 ( )2 R  2 

tl;l tisaj;jpd; 
jsj;jpw;F ,izahfTk; 
ika topr; nry;tJkhd 
mr;R  

 1

2
MR2 1

2
R

 
 
 

 
1

2  

tl;l tisaj;jpd; 
jsj;jpw;F ,izahdJk; 
tpspk;G top nry;tJkhd 
mr;R  

 
3

2
MR2 3

2
R

 
  
 

 
3

2  

4.  
 
 
nky;ypa 
rPuhd tl;l 
jl;L  

tl;lj;jl;bd; jsj;jpw;F 
nrq;Fj;jhfTk;> ikaj;jpd; 
topr; nrt;tJkhd mr;R   

1

2
MR2 1

2
R

 
 
 

 
1

2  
tl;lj;jsj;jpw;F 
nrq;Fj;jhfTk; tpspk;gpd; 
topNa VNjDk; xU Gs;sp 
topr; nry;tJkhd mr;R  

 

3

2
MR2 3

2
R

 
  
 

 
3

2  
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epiw = M  
Muk; = R 

tl;lj;jl;bd; jsj;jpw;F 
,izahfTk; ikak;topr; 
nry;tJkhd mr;R  

 
1

4
MR2 1

2
R

 
 
 

 
1

4  
tl;lj;jl;bd; jsj;jpw;F 
,izahfTk; tpspk;gpd; 
topNa VNjDk; xU Gs;sp 
nry;tJkhd mr;R  

 
5

4
MR2 5

4
R

 
  
 

 
5

4  

5. nky;ypa 
rPuhd 
cs;sPlw;w 
cUis 

epiw = M  
ePsk; = l  
Muk; = R  

cUisapd; ikak; topahf 
mjd; mr;rpd; topr; 
nry;tJkhd mr;R   

MR2 R 1 

cUisapd; iak; topahf 
mjd; mr;rpw;F nrq;Fj;jhf 
nry;tJkhd mr;R  

 

2 2

2 12

R l
M
 

+ 
 

 2 2

2 12

R l
+  __ 

6. rPuhd 
jpz;k 
cUis  

epiw = M 
ePsk; = l  
Muk; = R  

cUisapd; ikak; topahf 
mjd; mr;rpd; topr; 
nry;tJkhd mr;R   

1

2
MR2 1

2
R

 
 
 

 
1

2
 

cUisapd; ikak; topahf 
mjd; mr;rpw;F nrq;Fj;jhf 
nry;tJkhd mr;R   

2 2

4 12

R l
M
 

+ 
 

 2 2

4 12

R l
+  __ 

7. rPuhd 
nky;ypa 
Nfhsff; 
$L  

epiw = M 
Muk; = R 

Nfhsfj;jpd; tpl;lj;jpd; 
topahfTk; ikak; top 
nry;tJkhd mr;R  

 
2

3
MR2 2

3
R

 
  
 

 
2

3
 

Nfhsfj;jpd; tpspk;G 
nry;tJkhd mr;R   

5

3
MR2 5

3
R

 
  
 

 
5

3
 

8. rPuhd 
jpz;kf; 
Nfhsk;  

epiw = M 
Muk; = R  

Nfhsfj;jpd; tpl;lj;jpd; 
topahfTk; ikak; top 
nry;tJkhd mr;R  

 
2

5
MR2 2

5
R

 
  
 

 
2

5
 

Nfhsfj;jpd; tpspk;Gtopr; 
nry;tJkhd mr;R   

7

5
MR2 7

5
R

 
  
 

 
7

5
 

 

  RT = Iα; RT – (m1K2) 
a

R
 

  T = (m1K2) 
2

a

R
 

fk;gpapd; xU Kidapy; fl;lg;gl;l epiwapd; jdpj;j nghUspd; tpirg;glk; (FBD)  
 

,jd; GtpaPu;g;G tpir (
2

m g ) fPo;Nehf;fpr; nray;gLfpwJ kw;Wk; ,Otpir T Nky;Nehf;fp 

nray;gLfpwJ. ,tw;wpd; njhF gad; tpir epiwapd; kPJ fPo;Nehf;fp nray;gLfpwJ. 

(T<
2

m g ) 
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  m2g – T = m2a  
 
tl;lj;jl;bdhy; nray;gLk; ,Otpir T ia gpujpapl 

  m2g – (m1K2) 
2

a

R
 = m2a  

  m2g = (m1K2) 
2

a

R
 + m2a 

  m2g = 
2

1 22

K
m m a

R

  
+  

  
 

   2

2

1 22

m
a g

K
m m

R

=
  

+  
  

 

 
2

2

K

R

 
 
 

 vd;w rkd;ghL tl;lj;jl;bd; jsj;jpw;F nrq;Fj;jhfTk; ikak; topr; nry;Yk; 

mr;irg; gw;wp Roy;tjhy; gpujpapl;L RUf;f> 
2

2

1

2

K

R
=  KLf;fj;jpw;fhd rkd;ghL 

fPo;f;fz;lthW fpilf;Fk;. 

  2 2

1 1 2
2

2
;

[ 2 ]

2

m m
a g a g

m m m
m

= =
  +  +    

 

kjpg;Gfisg; gpjupapl> 

  
2 0.1 0.2

10 10
[0.5 0.2] 0.7

a


=  = 
+

 

  a = 2.857 ms-2 
 
Nfhzce;j khwh tpjp 
 
ntspg;Gw jpUg;Gtpir nray;glhj tiu> RoYk; jpz;kg; nghUspd; nkhj;jf; Nfhzce;jk; 
khwhJ. ,JNt Nfhz ce;j khwh tpjp 

   
dL

dt
 =  

   τ = 0 vdpy;> L = khwpyp   
 
Nfhz ce;jk; L = I , vDk; NghJ Nfhzce;j khwh tpjpapd;gb  

njhlf;f Nfhzce;jk; = ,Wjp Nfhz ce;jk; 
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  Iiωi = Ifωf my;yJ Iω = khwpyp  
,r;rkd;ghl;bd; %yk;> Nfhz ce;jk; khwhky; ,Uf;f I mjpfupf;Fk; NghJ  FiwaTk;> 
my;yJ  mjpfupf;Fk; NghJ I FiwaTk; nra;Ak; vd mwpayhk;. 
 
Nfhz ce;j khwh tpjpapd; jj;JtkhdJ gy #o;epiyfspy; gad;ghl;by; cs;sJ. kpfr; 
rpwe;j cjhuzkhd I]; eldf; fiyQupd; Row;rp tpisahl;L glk; 5.27 ,y; 
fhl;lg;gl;Ls;sJ. eldf; fiyQu; jd;idj; jhNd Row;Wk; NghJ mtuJ iffis 
ntspg;Gwkhf ePl;bdhy; RoYk; Ntfk; FiwfpwJ. Vndd;why; iffis clYf;F 
ntspg;Gwkhf ePl;Lk; NghJ epiykj;jpUg;Gj;jpwd; mjpfupg;gjhy; Nfhzj;jpirNtfk; Fiwe;J 
RoYk; Ntfk; FiwfpwJ. 
  
iffis cliy Nehf;fp cl;Gwkhf klf;Fk; NghJ epiykj;jpUg;Gj;jpwd; Fiwtjhy; 
RoYk; Ntfk; mjpfupf;fpwJ. 
 
ePr;ry; Fsj;jpy; cauj;jpypUe;J Fjpf;Fk; ePr;ry; tPuu; jdJ cliy cl;Gwkhf RUf;fp 
nfhs;tjd; %yk; epiykj;jpUg;Gj; jpwid Fiwg;gJ Row;rp Ntfj;ij mjpfupf;f 
cjTtjhy;> fhw;wpy; gwe;J tUk;NghJ gy Fl;bfu;zq;fisf; fhw;wpy; Nkw;nfhs;fpwhu;. 
 
vLj;Jf;fhl;L 
 
Nfhzj; jpirNtfj;Jld; RoYk; tl;l Nkirapd; kPJ ru;f;f]; tPuu; xUtu; iffis ePl;ba 
epiyapy; cs;shu;. mtu; iffisj; jd;id Nehf;fp cl;Gwkhf klf;Fk; NghJ 
epiykj;jpUg;Gj; jpwdhdJ Muk;g kjpg;gpypUe;J %d;wpy; xU gq;fhff; FiwfpwJ. mtuJ 
Gjpa epiyapy; Nfhz jpir Ntfj;ij fhz;f. (jfty; - Gwj;jpUg;G tpir nray;glhj 
epiyapy;  
 
jPu;T  
 
iffs; ePl;lg;gl;l epiyapy; ru;f;f]; tPuupd; epiykj;jpUg;Gj;jpwd; I vd;f. ru;f;f]; tPuupd; 
kPJk; Roy;Nkir kPJk; jpUg;G tpir vJTk; nray;glhj epiyapy; Nfhz ce;jk; khwhJ 
vdNt Nfhz ce;jj;jpd; rkd;ghlhdJ. 

   Iiωi = Ifωf 

   Iiωi = 
1

3
Iiωf  

1

3
f

I I
 = 
 

 

   ωf = 3 ωi 
 
Nkw;fz;l KbtpypUe;J Muk;gf; Nfhzj; jpirNtfkhdJ %d;W klq;F mjpfupj;Js;sJ 
vd;gJ njspthfpwJ. 
 
jpUg;G tpirapdhy; nra;ag;gl;l Ntiy 
 
jpz;kg;nghUnshd;W epiyahd mr;irg; gw;wp Roy;fpwJ vdf; nfhs;f. ,e;jg;ghlg; Gj;jfj; 
jhspd; jsj;jpw;Fr; nrq;Fj;jhd mr;irg; nghWj;Jr; Royf; $ba nghUs; xd;wpd; FWf;F 
ntl;Lj; Njhw;wj;ijg; glk; 5.29 ,y; fhzyhk;. F vd;w njhLNfhl;L tpir nghUspd; kPJ 
P vd;w Gs;spapy; nray;gLfpwJ. 
 
,j;jj; njhLNfhl;L tpir F MdJ nghUisr; rpwpa mstpy; ,lg;ngau;r;rp (ds) nra;fpwJ. 
tpirapdhy; nra;ag;gl;l Ntiy (dw)  
  
  dW = F ds 
 
,lg;ngau;r;rp ds f;Fk; Row;rpf; Nfhzk; d  f;Fk; ,ilNaahd njhlu;G  
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  Ds = r d  
tpirapdhy; nra;ag;gl;l Ntiyf;fhd rkd;ghL 
 
  dw = F ds; dW = F r d  
 
,jpy; F r MdJ tpirapdhy; nghUspd; kPJ cUthf;fg;gl;l jpUg;G tpir   vd;gjhy;> 
 
  dW = d  
 
xU epiyahd mr;irg; nghUj;J RoYk; nghUspd; kPJ ntspg;Gwj; jpUg;G tpirapdhy; 
(  ) nra;ag;gl;l Ntiy Nkw;fz;l rkd;ghl;bdhy; ngwg;gLfpwJ. 
 
,lg;ngau;T ,af;fj;jpw;Fj; njhlu;Gila tpirapdhy; nra;ag;gl;;l Ntiyapd; rkd;ghL. 
 
  dW = F ds 
 
Row;rp ,af;fj;jpd; ,af;f Mw;wy; 
 
jpz;kg; nghUs; xd;W mr;irg; nghUj;Jff; Nfhzj; jpirNtfk;   Tld; Roy;tijg; 
glj;jpy; fhzyhk;. nghUspd; cs;s xt;nthU JfSk; mr;irg; nghWj;J xNu Nfhz 
jpirNtfj;ijAk; () Mdhy; ntt;Ntwhd njhLNfhl;Lj; jpirNtfq;fisAk;> 

ngw;wpUf;Fk;. RoYk; mr;rpypUe;J 
i

m epiwAld; 
i

r  njhiytpy; cs;s Jfisf; fUJf. 

,e;jj; Jfs; fPo;f;fz;l rkd;ghl;bd; 
i i

v r=  njhLNfhl;Lj; jpirNtfk; nfhz;bUe;jhy; 

mj;Jfspd; ,af;f Mw;wy;> 

21

2
i i iKE m v=  

 
,r;rkd;ghl;il Nfhz jpirNtfj;ijg; gad;gLj;jp vOj 

  2 2 21
( )

2
i i i i iKE m r m r =  

,Nj Nghd;w Jfs;fshy; Mf;fg;gl;Ls;s nkhj;j nghUspd; ,af;f Mw;wy; 

  ( )2 21

2
i iKE m r =   

 

,q;F 2

i im r vd;gJ nghUspd; epiykj;jpUg;Gj;jpwdhFk; 

 

  I= 2

i im r  

 
jpz;kg; nghUspd; Row;rp ,af;fj;jpy; ,af;f Mw;wYf;fhd rkd;ghL 
 

  21

2
KE I=   

 
,e;j rkd;ghl;Lf;F ,izahd ,lg;ngau;r;rp ,af;f Mw;wy; rkd;ghL> 
   

21

2
KE Mv=  

Roy; ,af;f Mw;wYf;Fk; Nfhz ce;jj;jpw;Fk; ,ilNaahd njhlu;G 
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epiykj; jpUg;Gj;jpwd; I nfhz;l jpz;kg;nghUnshd;W   Nfhzj;jpir Ntfj;Jld; 
roy;fpwJ vdf; nfhs;f. 
 
nghUspd; Nfhz ce;jk;>  L = I  
 

nghUspd; Roy; ,af;f Mw;wy;> 21

2
KE I=   

,r;rkd;ghl;bd; gFjpiaAk; njhFjpiaAk; I My; ngUf;f> I kw;Wk; ,af;f Mw;wy; (KE) 
,ilNaahd njhlu;igg; ngwyhk;> 

   KE = 
2 2 2

1 1 ( )

2 2

I I

I I

 
=  

   KE = 
2

2

L

I
 

 
  
vLj;Jf;fhl;L 
 
 9 kg epiwAk; 3 m MuKk; nfhz;l tisakhdJ> me;j tisaj;jpd; jsj;jpw;F 

nrq;Fj;jhfTk;> ikak; topr; nry;Yk; mr;irf; gw;wp 240 rpm Ntfj;jpy; RoYk;NghJ mJ 
ngw;Ws;s Roy; ,af;f Mw;wiy fzf;fpLf. 
 
jPu;T  
 

nghUspd; Roy; ,af;f Mw;wy;> 21

2
KE I=   

tisaj;jpd; epiykj;jpUg;Gj;jpwd; I = 2
MR  

 

 2 2
9 3 9 9 81I kg m=  =  =  

 

 ( )

( ) ( )

1

2

2

2 2

240 2
240

60

1 240 2 1
81 81 8

2 60 2

1
81 64 2592

2

rpm rad s

KE

KE

− 
 = =

  =   =    
 

=     =  

 

  ( )2
25920 10

25.920

KE J

kE kJ

  

=
 

 
jpUg;G tpirapd; jpwd; (Power Delivered Torque) 
 
 jpwd; vd;gJ xuyF Neuj;jpy; nra;ag;gl;l NtiyahFk;. nra;ag;gl;l Ntiyia 
Ntiy nra;ag;gl;l rpwpa Neuj;jhy; tFf;f fpilg;gJ. cldbj;jpwd; (P) vdg;gLk;. 
 
jpwd; vd;gJ xuyF Neuj;jpy; nra;ag;gl;l NtiyahFk;. Nra;ag;gl;l Ntiyia Ntiy 
nra;ag;gl;l rpwpa Neuj;jhy; tFf;f fpilg;gJ. cldbj;jpwd; (P) vdg;gLk;. 

   ( )
dw d

P dw d
dt dt

  = = =  
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 P =   

 
,e;jr; rkd;ghl;bw;F ,izahd ,lg;ngau;r;rp ,af;fj;jpd; cldbj; jpwdpw;fhd rkd;ghL 
 
 P = Fv 
  
,lg;ngau;r;rp kw;Wk; Row;rp ,af;f msTfSf;fhd xg;Gpl 
 
 Row;rp ,af;fj;jpYs;s ngUk;ghd;ikahd rkd;ghLfs; ,lg;ngau;r;rp ,af;fj;jpidg; 
Nghd;Nw ,Ug;gjhy; Row;rp ,af;fj;jpy; cs;s msTfis ,lg;ngau;r;rp ,af;fj;jpy; cs;s 
msTfnshL ml;ltiz xg;gplg;gl;Ls;sJ. 
 

#oy; kw;Wk; ,lg;ngah;r;rp ,af;fq;fspd; xg;gPL  
 

t.vz; ,lg;ngah;r;rp ,af;fk; Row;rp ,af;fk;  

1. ,lg;ngah;r;rp> ×  Nfhz ,lg;ngah;r;rp> θ 
2. Neuk;> t Neuk;> t 

3. jpirNtfk;> v = 
dx

dt
 Nfhz jpirNtfk; 

d

dt

 =  

4. KLf;fk; a = 
dv

dt
  Nfhz KLf;fk; 

d

dt

 =  

5. epiw> m  epiykj;jpUg;Gj;jpwd;> I  

6. tpir F = ma  jpUg;G tpir> τ = Iα 

7. ce;jk;> p = mv Nfhz ce;jk; L = Iω 

8. fzj;jhf;F> F Δt = Δ p Nfhzfzj;jhf;F τΔt = ΔL 

9. tpirapdhy; nra;ag;gl;l 

Ntiy W = Fs  
jpUg;Gtpirapdhy; nra;ag;gl;l 

Ntiy> W = τθ  
10. ,af;f Mw;wy; KE = 

1

2
 mv2  ,af;f Mw;wy; 21

2
KE I=  

11. jpwd;> P  Fv  jpwd; P = τω 
 

 
cUSk; ,af;fk; (ROLLING MOTION) 
 
cUSk; ,af;fj;ij ngUk;ghyhd jpdrup tho;tpay; nray;fspy;> fhz ,aYk;. rf;fuj;jpd 
,af;fk; cUSk; ,af;fj;jpw;F rpwe;j vLj;Jf;fhl;L. tl;l tbt nghUl;fshd tisak;> 
tl;lj;jl;L> Nfhsk; Nghd;wtw;wpd; ,af;fk; cUSk; ,af;fj;jpw;F rpwe;j 
vLj;Jf;fhl;LfshFk;. 
 
fpilj;jsg;gug;gpy; tl;lj;jl;L xd;wpd; cUSk; ,af;fj;jpidg;gw;wp ehk; ,g;NghJ 
fw;fhyhk;. tl;lj;jl;bd; tpspk;gpy; P vd;w Gs;spia fUJf. cUSk; NghJ mg;Gs;spahdJ 
epiw ikaj;jpid nghWj;J Row;rp ,af;fj;jpidAk;. NkYk;> epiwikaj;NjhL Nru;e;J 
,lg;ngau;r;rp ,af;fj;jpw;Fk; cs;shfpwJ. 
 
,lg;ngau;r;rpAk; Row;rpAk; Nru;e;j ,af;fk; 
 
cUSk; ,af;fj;jpy; ,lg;ngau;rp kw;Wk; Row;rp ,af;fq;fs; vt;thW njhlu;GilaJ 
vd;gij ,g;gFjpapy; gapyyhk;. RoYk; jl;bd; Muk; R vdpy; xU KO Row;rpapd; NghJ 

mjd; epiwiakhdJ milAk; ,lg;ngau;r;rp 2 R  xU KO Row;rpapd; NghJ epiwikak; 
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kl;Lky;yhky; tl;lj;jl;by; cs;s midj;J Jfs;fSk; mNj msthd 2 R > 
,lg;ngau;r;rpia mile;Js;sJ ,e;epfo;tpy; epiwikakhdJ Neu;Nfhl;Lg; ghijapy; 
,aq;Ffpd;wJ. Mdhy; kw;w Gs;spfs; midj;Jk; ,lg;ngau;r;rp kw;Wk; Row;rp Mfpa 
,uz;L ,af;fq;fisAk; ngw;Ws;sd. tl;lj;jl;bd; tpspk;gpy; cs;s Gs;sp Nkw;nfhs;Sk; 
ghijia glk; 5.31 njspthf tpsf;FfpwJ. ,J Nkw;nfhs;Sk; rpwg;Gg; ghijf;F 
irf;sha;L (cucloid) vd;W ngau;. 
 

epiw ikaj;jpd; jpirNtfk; 
CM

V  vd;gJ ,lg;ngau;r;rp jpirNtfk; 
TRANS

V  (
CM

V =
TRANS

V ) 

f;Fr; rkk;. kw;w midj;J Gs;spfSk; ,U jpirNtfq;fis ngw;Ws;sd. Kjyhtjhf 

,lg;ngau;r;rpj; jpirNtfk; (
TRANS

V ) epiwikaj;jpd; [jpirNtfj;ij Nghd;Nw] kw;Wk; 

,uz;lhtjhf Row;rpj; jpirNtfk; 
ROT

V  (
ROT

V =r  ,q;F r vd;gJ epiw ikaj;jpypUe;J 

Gs;spapd; njhiyT kw;Wk;  Nfhzj;jpir Ntfk;). xU Fwpg;gpl;l fzj;jpy; ehk; fUjpa 

Gs;spapd; jpirNtfk; 
ROT

V  MdJ epiyntf;lUf;F nrq;Fj;jhf glk;5.32 (a) ,y; mikAk; 

,t;tpU jpirNtfq;fspd; njhFgad; jpirNtfk; V vdg;gLk;. nghJshdJ cUSk; 
epiyapy; fpilg;gug;ig njhLk; Gs;spapypUe;J ngwg;gLk; epiy ntf;lUf;F nrq;Fj;jhf 
njhFgad; jpirNtfk; V mike;jpUg;gij glk; (b) ,y; fhzyhk;. 
 
cUSk; ,af;fj;jpd; NghJ njhLGs;spapd; Kf;fpaj;Jtj;ij fUJNthk;. eOTjyw;w 
cUSjy; (pure rolling) NghJ> jiug;gug;ig njhLk; Gs;sp fzNeuj;jpw;F mikjp 
epiyapy ,Uf;Fk;. nghUspd; tpspk;gpy; cs;s midj;Jg; Gs;spfSf;Fk; ,Nj epfo;thdJ 
nghUe;Jk;. cUSjypd; NghJ> tpspk;gpy; cs;s midj;J Gs;spfSk; xd;wd; gpd; xd;whf 
fpilg;gug;Gld; njhlu;G nfhs;Sk;NghJ fzNeuj;jpw;F mikjp epiyia mile;J> Kd;Ng 
$wpaJ Nghy; irf;sha;L ghijia Nkw;nfhs;fpwJ. 
 
vdNt eOTjyw;w cUSjy; ,af;fj;ij ,U tiffshf fUjyhk;. 
 
(i) epiw ikaj;ijg; nghWj;J ,lg;ngau;r;rp kw;Wk; Row;rp ,af;fq;fs;. 
  
(my;yJ) 
(ii) cUk; ,af;fj;jpd; NghJ fpilg;gug;ig njhLk; Gs;spapd; fz Neu Row;rp ,af;fk;. 
 
eOTjyw;w cUSjypd; NghJ fpilg;gug;ig njhLk; Gs;spapypUe;J mikjp epiyia 
miltjhy; tpisTj; jpirNtfk; V RopahfpwJ (v = o). cjhuzkhf> glk; 5.33> ypUe;J 

TRANS
V  Kd;Ndhf;fpAk; kw;Wk; 

ROT
V  gpd;Ndhf;fpAk; vz;zstpy; rkkhfTk; xd;Wf; nfhd;W 

vjpu; jpirapYk; ,Ug;gij 
TRANS

V - 
ROT

V = o Fwpf;fpwJ. 
TRANS

V  kw;Wk; 
ROT

V Mfpait 

eOTjyw;s cUSjypd; NghJ nghUspd; tpspk;gpy; cs;s midj;J Gs;spfSk; 

fpilg;gug;igj; njhLk; NghJ 
TRANS

V  kw;Wk; 
ROT

V  vz;zstpy; rkkhfTk; cs;sJ 

(
TRANS

V =
ROT

V ) vdf; $w ,aYk;. vdNt 
TRANS

V = 
CM

V  kw;Wk; 
ROT

V = R , vDk; NghJ 

eOTjyw;w cUSjy; gpd;tUkhW vOjg;gLfpwJ.  

  
CM

V = R  

 
rkd;ghL 5.55 MdJ rpwg;G mk;rq;fisf; nfhz;Ls;sJ vd;gij ehk; epidtpy; nfhs;s 
Ntz;Lk;. Row;rp ,af;fj;jpd NghJ> V = r  vd;w njhlu;gpd; gb> tl;lj;jl;bd; ikaj;jpy; r 
Ropahtjhy; ikag;Gs;sp jpirNtfj;ij ngw;wpUf;fhJ. Mdhy; cUs; ,af;fj;jpd; NghJ 

rkd;ghL 5.55 ,d; gb tl;lj;jl;bd; ikakhdJ 
CM

V  vd;w jpir Ntfj;ij ngw;wpUg;gij 

Rl;bf;fhl;LfpwJ. 
 

eOTjyw;w cUSjypd; NghJ ngUk caua; Gs;spahdJ 
TRANS

V  kw;Wk; 
ROT

V  vd;w ,U 

jpirNtfq;fisAk; xNu vz;kjpg;igAk;> xNu jpiriaAk; (tyg;gf;fkhf) ngw;wpUf;Fk;. 
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vdNt> njhFgad; jpirNtfk;> V = 
TRANS

V + 
ROT

V  ,d;ndhU tbtpy; glk; 5.34 ,y; 

fhl;lg;gl;Ls;sJ Nghy; jpirNtfk;> V = 2 
CM

V  

 
eOTjYk; rWf;FjYk; (Slipping and Sliding) 
 
Nfhstbtg; nghUl;fs; ,aq;Fk; nghOJ ve;jtif fpilg;gug;gpYk; cuha;Tf; Fzfk; (> 

o) Ropia tpl mjpfkhf cs;sNghJ cUs Muk;gpf;Fk;. xU nghUs; cUs Njitg;gLk; 
cuha;T tpiria cUSjypd; cuha;T vd;fpNwhk;. eOTjyw;w cUSjypd; NghJ 
fpilg;gug;igj; njhLk; Gs;spahdJ rhu;Gj;jpirNtfj;ijg; njhLk; Gs;spahdJ 
rhu;Gj;jpirNtfj;ijg; ngw;wpUf;fhJ cUSjypd;NghJ nghUspd; Ntfj;ij mjpfupf;fNth 
my;yJ Fiwf;fNt Kiwg;gjhNyh Vw;gLfpwJ. ,J jpBnud;W elf;Fk;NghJ> cUSk; 
nghUs; eOtNth my;yJ rWf;fNth nra;fpwJ. 
 
rWf;Fjy; 
 

rWf;Fjy; vd;gJ 
CM

V > R  (
TRANS

V >
ROT

V ) vDk; epge;jidapd;NghJ epfo;fpwJ. 

,lg;ngau;r;rp ,af;fk; mjpfk;. ,t;tifahdJ> xU ,aq;Fk; thfdk;; jpBnud jilia 
(brake) czUk;NghNjh my;yJ thfdk; tOtOg;ghd gug;gpy; ,aq;f Muk;gpf;Fk; NghNjh 

Vw;gLfpwJ. ,e;epfo;tpd; NghJ fpilg;gug;ig njhLk; Gs;spapy; 
TRANS

V  
ROT

V tpl 
TRANS

V  

mjpfkhf ,Uf;Fk;. ,jd; njhFgad; jpirNtfkhdJ Kd;Ndhf;fpa jpirapy; glk; 5.35 
,y; fhl;lg;gl;lJ Nghy; mikAk;. ,af;f cuha;T tpirahdJ (fk) rhu;G ,af;fj;ij 
vjpu;f;Fk;. vdNt ,t;tpir rhu;Gj; jpirNtfj;jpw;F vjpu; jpirapy; nray;gLk;. cuha;T 
tpirahdJ ,lk;ngau;T jpir Ntfj;ij Fiwa nra;J nghUshdJ eOTjyw;w 
cUSjiy Vw;gLj;Jk; tiu Nfhz jpirNtfj;ij mjpfupf;f nra;Ak;. rWf;Fjy; vd;gij 
Kd;Ndhf;F eOTjy; vd;Wk; $wyhk;. 
 
eOTjy; 
 

eOTjy; vd;gJ 
CM

V < R  (
TRANS

V < 
ROT

V ) vDk; epge;jidapd;NghJ epfo;fpwJ. 

eOTjypd;NghJ ,lg;ngu;r;rp ,af;fj;ij tpl Row;rp ,af;fk; mjpfk;. ,t;tifahdJ 
,aq;Fk; thfdk; Xa;T epiyapypUe;J jpBnud; Ntfkhf ,aq;f Muk;gpf;Fk;NghJ my;yJ 
Nrw;wpy; khl;ba thfdk; ,aq;Fk; NghNjh Vw;gLfpwJ. ,e;epfo;tpd; NghJ fpilg;gug;ig 

njhLk; Gs;spapy; 
TRANS

V  it tpl 
ROT

V mjpfkhf ,Uf;Fk;. ,jd; njhFgad; 

jpirNtfkhdJ gpd;Ndhf;fpa jpirapy; glk; 5.36 ,y; fhl;lg;gl;Ls;sJ Nghy; ,Uf;fFk;. 
,af;f cuha;T tpirahdJ (fk) rhu;G ,af;fj;ij vjpu;f;Fk;. vdNt ,t;tpir rhu;Gj; 
jpirNtfj;jpw;F vjpu; jpirapy; jpir Ntfj;ij Fiwar; nra;J nghUshdJ eOTjyw;w 
cUSjiy Vw;gLj;Jk; tiu ,lk; ngau;Tf;F jpirNtfj;ij mjpfupf;Fk;. ,t;tif 
rWf;Fjiy gpd;Ndhf;fp eOTjy; vd;Wk; $wyhk;. 
 
vLj;Jf;fhl;L  
 

 cUSk; rf;fuk; xd;wpd; epiwikahdJ 5 1
ms

−  jpirNtfj;Jld; ,aq;FfpwJ. ,jd; 

Muk; 1.5 m kw;Wk; Nfhz jpirNtfk; 3rad 1
s
−  ,r;rf;uk; eOTjyw;w cUSjypy; cs;sjh 

vd Nrhjpf;f? 
 
jPu;T 
 

,lk;ngau;T jpirNtfk; (
TRANS

V ) my;yJ epiwikaj;jpd; jpirNtfk; 

CM
V = 5 1

ms
−  

Muk;> R = 1.5m kw;Wk; Nfhz jpirNtfk;  
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= 3rad 1
s
−  

 

Row;rp jpirNtfk;> 
ROT

V = R  

   vROT = 1.5 × 3 
  vROT = 4.5 m s-1 
   

vdNt 
CM

V > R . my;yJ 
TRANS

V > R . ,e;j ,af;fkhdJ eOTjyw;w cUSjy; ,y;iy 

khwhf rWf;Fjy; ,af;fj;jpy; cs;sJ. 
 
eOTjyw;w cUSjypd; ,af;f Mw;wy; 
 
eOTjyw;w cUSjy; ,af;fkhdJ ,lk;ngau;T kw;Wk; Row;rp ,af;fk; ,ize;j 

,af;fkhifahy; nkhj;j ,af;f Mw;wiy ,lk;ngau;T ,af;f Mw;wy; (
TRANS

KE ) kw;Wk; 

Row;rp ,af;f Mw;wy; (
ROT

KE ) ,tw;wpd; $Ljy; vdyhk;. 

  KE = KETRANS + KEROT 
 

cUSk; nghUspd; epiw M> epiwikaj;jpd; jpirNtfk; 
CM

V > mjd; epiykj;jpUg;Gj;jpwd; 

epiwikaj;ijg; nghUj;J 
CM

I  kw;Wk; Nfhz jpirNtfk;   vd;why;> 

   KE = 
1

2
Mv2

CM +
1

2
ICMω2  

 
epiwikaj;ij Mjhukhfg; nghUj;J 
 

epiwikaj;ijg; nghUj;J cUSk; nghUspd; epiykj;jpUg;Gj;jpwd; (
CM

I )> kw;Wk; 
CM

V = R. 

,q;F> k vd;gJ Row;rp Muk;.  

  KE = 
1

2
Mv2

CM +  
1

2
(MK2) 

2

2

CM
v

R
 

  KE = 
1

2
Mv2

CM +  
1

2
 Mv2

CM 

2

2

K

R

 
 
 

 

KE = 
1

2
Mv2

CM 
2

2
1

K

R

 
+ 

 
 

fpilg;gug;ig njhLk; Gs;spiag; nghUj;J 
 
cUSjypd; NghJ fpilg;gug;igj; njhLk; Gs;spiag; nghUj;J Vw;gLk; fzr; Row;rpia 
vLj;Jf;nfhz;L ,af;f Mw;wYf;fhd rkd;ghl;il ehk; ngw ,aYk; (cUSjYf;fhd 
kw;nwhU Kiw) njhLk;Gs;spia O vd vLj;Jf;nfhz;lhy;> 

  KE = 
1

2
Ioω2  

 

,q;F> I  njhLk; Gs;spiag; nghWj;J epiykj; jpUg;Gj;jpwd;. ,izar;R Njw;wj;jpd; gb> 

2

CM
I I MR= +  ,jid> 2 2

I MK MR= +  vd ehk; $wyhk;. 
cm

v R=  (m) cmv

R
 =  

  

  KE = =
1

2
(MK2 + MR2) 

2

2

CM
v

R
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  KE =
1

2
Mv2

CM 

2

2
1

K

R

 
+ 

 
 

rkd;ghLfs; (5.59)>(5.60) ,uz;Lk; rkk;> Mjyhy; eOTjyw;w cUSjYf;fhd 
fzf;FfSf;fd jPu;Tfis fPo;f;fz;l VNjDk; xU epfo;tpd; %yk; jPu;khdpf;fyhk;. kw;Wk; 
Roy; ,af;fk; ,uz;LK; ,ize;J epfo;T (m) 
 
(ii) njhLk;Gs;spapy; fzr; Row;rpiag; nghUj;j epfo;T. 
 
vLj;Jf;fhl;L 
 
jpz;kf; Nfhsk; xd;W eOTyw;w cUSjypy; cs;s. mjd; ,lg;ngau;r;rp ,af;f 
Mw;wYf;Fk;> Row;rp ,af;f Mw;wYf;Fk; ,ilNaahd tpfpjk; vd;d? 
 
jPu;T 
 
eOTjyw;w cUSjypd; nkhj;j Mw;wYf;fhd rkd;ghL> 

KE = KETRANS + KEROT 
  
nkhj;j ,af;f Mw;wYf;fhd rkd;ghLfspypUe;J (5.58) kw;Wk; (5.59)> 

  KE = 
1

2
Mv2

CM + 
1

2
Mv2

CM 
2

2

K

R

 
 
 

 

  KE = 
1

2
Mv2

CM 
2

2
1

K

R

 
+ 

 
 

 
vd;gjhy;> 

1

2
Mv2

CM 
2

2
1

K

R

 
+ 

 
 =

1

2
Mv2

CM + =
1

2
Mv2

CM 
2

2

K

R

 
 
 

 

  
Nkw;fz;l rkd;ghl;bypUe;J eOTjyw;w cUSjypd; nkhj;j ,af;f Mw;wypw;Fk; 
,lg;ngau;r;rp kw;Wk; Row;rp ,af;f Mw;wypw;Fk; ,ilNaahd jfT 

  KE : KETRANS : KEROT :: 
2

2
1

K

R

 
+ 

 
 : 1 : 

2

2

K

R

 
 
 

 

 

,g;nghOJ KETRANS : KEROT :: 1 : 
2

2

K

R

 
 
 

 

  jpz;k Nfhsfj;jpw;F  
2

2

2

5

K

R
=  

  vdNt> KETRANS : KEROT : : 1 : 
2

5
or  

     KETRANS : KEROT : : 5 : 2  
 
rha;jsj;jpy; cUSjy; 
 
rha;jsj;jpy; epiw m, Muk; R nfhz;l cUis tbtg;nghUs; eOthky; fPo; Nehf;fp 
cUs;tij glk; (5.34) fhl;LtJ Nghy; fUJf. rha;jsj;jpy; nghUspd; kPJ ,U tpirapd; 
$W (mg sin  )> kw;nwhd;W epiy cuha;T (f) MFk;. GtpaPu;g;G tpirapd; kw;nwhU $W 

(mg cos ) MdJ jsj;jpw;Fr; nrq;Fj;jhf nray;gLk; nrq;Fj;J tpirapdhy; rkd; 
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nra;ag;gLfpwJ. MfNt rha;jsj;jpd; kPJ Vw;gLk;> ,t;tpaf;fj;jpw;fhd rkd;ghl;il jdpj;j 
nghUspd; tpirg;glk; %yk; ngwyhk;.  
 

    
    rha;jsj;jpy; cUSk; ,af;fk;  
 
thdJ ,lg;ngau;r;rp ,af;fj;ij Vw;gLj;Jk; tpirahTk;> cuha;T tpir ,lg;ngau;r;rp 
,af;fj;ij vjpu;f;Fk; tpirahfTk; ,Uf;fpwJ. 

  mg sin θ – f = ma   
 
Row;rp ,af;fj;jpd; NghJ> nghUspd; ikaj;ij nghUj;J jpUg;G tpiria fUJf. mg 
sin tpd; $W jpUg;G tpiria Vw;gLj;jhJ> Mdhy; cuha;T tpir f jpUg;G tpir Rf 
ia Vw;gLj;Jk;. 
 
  Rf I=   

a = r I = m 2
K , vd;w njhlu;Gfspd; gb> 

  Rf = mK2 
a

R
; f = ma 

2

2

K

R

 
 
 

 

rkd;ghlhdJ> 

  mg sin θ – ma 
2

2

K

R

 
 
 

 = ma  

  mg sin θ = ma + ma 
2

2

K

R

 
 
 

 

  
2

2
1

K
a

R

 
= + 
 

= g sin θ   

 
rkd;ghl;il gpd;tUkhW vOjpdhy; KLf;fkhdJ (a) 

 a = 
2

2

sin

1

g

K

R


 
+ 

 

 

 
rha;jsj;jpy; cUSk; nghUspd; ,Wjp jpirNtfj;ij ,af;fr; rkd;ghLfspd; %d;whtJ 

rkd;ghlhd 2 2
2v u as= +  %yKk; fhzyhk;. nghUshdJ. mikjp epiyapypUe;J cUs 

Muk;gpf;Fk; NghJ Muk;g jpir Ntfk; Rop> (u = 0). rha;jsj;jpd; Fj;Jauk; h vDk; NghJ> 

rha;jsj;jpd; ePsk; s MdJ> 
sin

h
s =


 

 v2 = 2 
2 2

2 2

sin 2

sin
1 1

g h gh

K K

R R




 =     + +   
   

 

 
,UGwKk; tu;f;f %yk; fhz> 
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2

2

2

1

gh
v

K

R

=
 
+ 

 

 

 
cUSk; nghUs; rha;jsj;jpy; fPo;Nehf;fpa ,aq;f (mbg;gFjpia mila) 
vLj;Jf;nfhs;Sk; fhyj;ij ,af;fr; rkd;ghl;by; KjyhtJ rkd;ghlhd> v = u + at %yk; 

ngwyhk;. nghUshdJ mikjp epiyapypUe;J cUs Muk;gpf;Fk; NghJ (u = 0)>  

  
v

t
a

=  

2

2

2

1

gh
t

K

R

 
 
 =   

+     

2

2
1

sin

K

R

g 

  
+  

  
 
 
 

 

2

2

2

2 1
K

h
R

t
g sin 

 
+ 

 =  

 
 
,r;rkd;ghl;bd; %yk; ehk; mwptJ> nfhLf;fg;gl;l xU rha;jsj;jpy;> kpff;Fiwe;j Row;rp 
Muk; nfhz;l cUSk; nghUs; Kjyhtjhf te;jilAk;. 
 
vLj;Jf;fhl;L 
 
ehd;F cUis tbt nghUl;fshd tisak;> tl;lj;jl;L> cs;sPlw;w Nfhsk; kw;Wk; 
jpz;kf; Nfhsk; Mfpait xj;j Muk; R cld; xNu Neuj;jpy; rha;jsj;jpy; cUs 
Muk;gpf;fpwJ. ve;j nghUs; rha;jsj;jpd; mbg;gFjpia Kjypy; te;jilAk; vd;gijf; 
fhz;f. 
 
jPu;T 
 
tisak;> tl;lj;jl;L> cs;sPlw;wf; Nfhsk; kw;wk; jpz;k Nfhsk; Mfpa ehd;fpd; row;rp 
 

 Muq;fs; K MdJ R>   
 
(ml;ltiz (5.3) ,d;gb ,jd; vz;tbt KiwNa 1R, 0.707 R, 0.816 R, 0.632 R MFk; 
Neuj;jpw;fhd rkd;ghL  
 

  

2

2

2

2 1
K

h
R

t
g sin 

 
+ 

 =  

 
Row;rp Muk; Fiwthfg; ngw;Ws;s nghUs; mbg;gFjpia mila Fiwe;j Neuj;ij 
vLj;Jf; nfhs;Sk;. rha;jsj;jpy; nghUl;fs;> te;jilAk; tupir: Kjypy; jpz;kf;Nfhsk;> 
,uz;lhtJ tl;lj;jl;L> %d;whtJ cs;sPlw;w Nfhsk;> ehd;fhtJ tisak; vd mikAk;.  
 

  


