
f.ngh.j. (cau;juk;)

ngsjpftpay;
juk; 13

Mrpupau; topfhl;b
(2018k; Mz;bypUe;J eilKiwg;gLj;jg;glTs;sJ)

tpQ;Qhdj;Jiw
tpQ;Qhd njhopDl;gg; gPlk;

Njrpa fy;tp epWtfk;
kfufk



ngsjpftpay;

Mrpupau; topfhl;b

juk; - 13

© Njrpa fy;tp epWtfk;.
Kjy; gjpg;G  2018

tpQ;Qhdj;Jiw

tpQ;Qhd njhopDl;gg; gPlk;

Njrpa fy;tp epWtfk;

kfufk.

ii



gzpg;ghsu; ehafk; mtu;fspd; nra;jp

2007 Mk; Mz;L eilKiwapypUe;j cs;slf;fj;ij mbg;gilahff; nfhz;l

ghltpjhdj;ij etPdg;gLj;jp> Njrpa fy;tp epWtfk;> Muk;g> ,ilepiy fy;tpg;gug;Gfspd;

vl;L tUl Row;rp Kiwahd> Gjpa Njrpakl;lg; ghltpjhdj;jpd; Kjy;ghfj;jpid

mwpKfg;gLj;jpaJ. Njrpa fy;tp Mizf;FOtpdhy; Kd;nkhopag;gl;l Njrpa fy;tp

,yf;Ffis mbg;gil Nehf;fhff; nfhz;L> ,J nraw;gLj;jg;gl;lJld; nghJj;

Nju;r;rpfis tpUj;jp nra;J te;jJ.

gy;NtWgl;l fy;tpahsu;fshy; Nkw;nfhs;sg;gl;l Ma;TfspdJk;> fUj;Jf;fspdJk;

nghUj;jg;ghl;Lld; gFj;jwpT thjj;jpid mbg;gilahff; nfhz;L ghltpjhdk;

eilKiwg;gLj;jg;gl;lJ. mjd; njhlu;r;rpahfg; ghltpjhdr; Row;rpapd; ,uz;lhk;

ghfk; 2015 Mk; Mz;by; ,Ue;J fy;tp Kiwapy; mwpKfg;gLj;jg;gl;L tUfpd;wJ.

,e;jg; gFj;jwpTthj eilKiwapd; fil epiyapy; ,Ue;J cau;epiy tiu midj;Jg;

ghlq;fspYk; xOq;FgLj;jg;gl;l Kiwapy; Nju;r;rpfis tsu;j;njLg;g jw;fhf> fPopUe;J

Nky;Nehf;fpa eilKiwg;gLj;jg;gLk; mZFKiw gad;gLj;jg; gLfpwJ. xNu ghlj;jpd;

cs;slf;fj;jpid Vida ghlq;fspYk; kPz;Lk; ghtpg;g jidf; Fiwg;gjw;fhfTk;>

ghlj;jpd; Nehf;fq;fis kl;Lg;gLj;Jtjw;fhfTk;> nraw;gLj;jf;$bajhd khztu; ikag;

ghltpjhdk; xd;iw cUthf;Fk; Nehf;fpYk; fpilahd xUq;fpizg;ghdJ nraw;gl;L

tUfpd;wJ.

Mrpupau;fspw;F> mtu;fsJ tFg;giwf; fw;gpj;jy;fis topg;gLj;Jtjw;F mtrpakhd

topfhl;Ljy;fis toq;Ftjw;fhfTk;> jq;fisf; fw;wy; - fw;gpj;jy; nraw;ghLfspy;

nghUj;jg;ghl;Lld; <LgLj;jpf;nfhs;tjw;fhfTk;> tFg;giw mstPLfisAk;

kjpg;gPLfisAk; nghUj;jkhfg; gad;gLj;jpf; nfhs;tjid Nehf;fkhff; nfhz;L Gjpa

Mrpupau; topfhl;b E}y;fs; mwpKfg;gLj;jg;gLfpwJ. ,e;j topfhl;b E}y;fs;> Mrpupaiu

xU nghUj;jg;ghLila Mrpupauhf tFg;giwapy; nraw;gl itf;fpd;wJ. ,e;j topfhl;b

E}y;fspD}lhf> Mrpupau;fs; jq;fs; khztu;fspd; Nju;r;rpfis tsu;j;njLf;fj; Njitahd

ju cs;sPLfisAk;> nraw;ghLfisAk; jhq;fshfNt njupe;njLf;Fk; Rje;jpuj;jpidAk;

ngw;Wf;nfhs;fpd;wdu;. tpje;Jiuf;fg;gl;l ghlg; gug;Gf;fspd; ghupa Rikfs; ,y;yh

njhopf;fg;gLfpwJ. Mjyhy;> ,g;Gjpa Mrpupau; topfhl;b E}y;fs; KOg;gad;ghL

cilaitahtjw;F> fy;tp ntspaPl;lhsu;fspdhy; ntspaplg;gLk; tpje;Jiuf;fg;gl;l

ghl E}y;fspd; cr;rg;gad;ghl;bidg; ngw;Wf; nfhs;tJ mtrpakhfpd;wJ. ,g;Gjpa

gFj;jwpTthj ghltpjhdj;jpdJk;> Gjpa Mrpupa topfhl;b E}y;fs;> Gjpa ghlE}y;fspdJk;

mbg;gilf; Fwpf;Nfhs;> khztu;fis Mrpupa ikaf;fy;tpapypUe;J tpLtpj;J>

nraw;ghLfSld; $ba khztu; ikaf;fy;tpapid eilKiwg;gLj;jf;$ba fy;tp

Kiwikapdhy;> g+Nfhs njhopy; re;ijfSf;Fj; Njitahd Nju;r;rpfSk; jpwd;fSk;

kpf;f kdpj tsj;jpid toq;ff;$ba khztu;fspd; vz;zpf;ifapid tpUj;jp nra;af;

$bajhapUj;jNyahFk;. ,e;jr; re;ju;g;gj;jpy; ,e;epWtfg; Nguitapd; mq;fj;jtu;fSf;Fk;>

fy;tp mYty;fs; rigapd; mq;fj;jtu;fSf;Fk;> ,t;thrpupau; topfhl;b E}y;fspd;

cUthf;fj;jpw;Fg; gq;fspg;Gr; nra;j tsthsu;fSf;Fk; kw;Wk; ,t;Taupa Nehf;fj;jpw;fhf

mu;g;gzpg;Gld; gzpahw;wpa midtUf;Fk; vdJ ed;wpfisAk; tho;j;Jf;fisAk;

njuptpj;Jf; nfhs;fpd;Nwd;.

fyhepjp (jpUkjp) up. V. Mu;. [. FzNrfu

gzpg;ghsu; ehafk;

Njrpa fy;tp epWtfk;

kfufk.

iii



fiyj;jpl;lf; FO

topfhl;Ljy; : fyhepjp(jpUkjp) up.V.Mu;.N[. FzNrfu

gzpg;ghsu; ehafk;

Njrpa fy;tp epWtfk;

kfufk.

Nkw;ghu;it : jpU. A.D.A. jp rpy;th

gzpg;ghsu;> tpQ;Qhdj;Jiw>

Njrpa fy;tp epWtfk;.

ghlj; jiyikj;Jtk; : jpU. P. kytpg;gj;jpud

rpNu\;l tpupTiuahsu;;> tpQ;Qhdj;Jiw>

Njrpa fy;tp epWtfk;.

cs;sf tsg;gq;fhw;Wif : jpU. P. kytpg;gj;jpud

rpNu\;l tpupTiuahsu;;> tpQ;Qhdj;Jiw>

Njrpa fy;tp epWtfk;.

nry;tp. R. A. mkurpq;f

cjtp tpupTiuahsu;> tpQ;Qhdj;Jiw>

Njrpa fy;tp epWtfk;.

jpU. M. L. S. gpajp]

cjtp tpupTiuahsu;> tpQ;Qhdj;Jiw>

Njrpa fy;tp epWtfk;.

ghltpjhd FO cWg;gpdu;fs;: jpU. A.D.A. jp rpy;th

gzpg;ghsu;>

tpQ;Qhdj;Jiw> Njrpa fy;tp epWtfk;.

jpU. P. kytpg;gj;jpud

rpNu\;l tpupTiuahsu;;>

tpQ;Qhdj;Jiw> Njrpa fy;tp epWtfk;.

Nguhrpupau;. T. R. Mupauj;jpd

nfhOk;Gg; gy;fiyf;fofk;

Nguhrpupau;. J. C. N. ,uhN[e;jpud;

,yq;if jpwe;j gy;fiyf;fofk;

Nguhrpupau;. S. R. D. Nuh]h

nfhOk;Gg; gy;fiyf;fofk;

Nguhrpupau;. W. A. ju;kuj;jpd

UFZ gy;fiyf;fofk;

jpU. M. N. R. gj;krpwp

gzpg;ghsu; ehafk;>

ePbj;J epiyf;Fk; rf;jp mjpfhu rig

jpU.M. P. tpGyNrdh

gzpg;ghsu;> tpQ;Qhdg;gpupT> fy;tp mikr;R

jpUkjp. S. re;jpkh B nrha;]h

cjtp Mizahsu;>

fy;tp ntspaPl;Lj; jpizf;fsk;.

jpU.P. tpf;ukNrfu

rpNu\;l Mrpupau;>

ngsj;j kfspu; tpj;jpahyak;> fy;fpir.

iv



ntspthup tsg;gq;fhw;Wif:

Nguhrpupau;. S.R.D.fhypq;fKjyp - ngsjpftpay; jpizf;fsk;

fsdp gy;fiyf;fofk;

Nguhrpupau;. L.R.A.K. gz;lhu - ngsjpftpay; jpizf;fsk;

Nguhnjdpahg gy;fiyf;fofk;

fyhepjp. P. W. S. K. gz;lhudhaf;f - ngsjpftpay; jpizf;fsk;

Nguhnjdpahg; gy;fiyf;fofk;

fyhepjp. M. K. n[ahde;j - ngsjpftpay; jpizf;fsk;

nfhOk;Gg; gy;fiyf;fofk;

fyhepjp. D. D. N. B. lah - ngsjpftpay; jpizf;fsk;

nfhOk;Gg; gy;fiyf;fofk;

fyhepjp. J. A. P. Gl;bf - ngsjpftpay; jpizf;fsk;

UFD gy;fiyf;fofk;

jpU. W. A. D. ,uj;jpd#upa - Xa;Tngw;w rpNu\;l nraw;wpl;l mjpfhup

Njrpa fy;tp epWtfk;

jpU. S. M. rYhtld - Xa;Tngw;w cjtpf; fy;tpg;gzpg;ghsu;

jpU. V. P. K. Rkjpghy - Mrpupa MNyhrfu;>

tyaf; fy;tpg; gzpkid> ty];Ks;s.

jpU. B. A. jpyful;d - Xa;Tngw;w rpNu\;l nraw;wpl;l mjpfhup

Njrpa fy;tp epWtfk;

jpU. H. S. K. tp[ajpyf - Xa;Tepiy SLES-I

jpU. D. S. tpjhdhr;rp - Xa;Tngw;w rpNu\;l nraw;wpl;l mjpfhup

Njrpa fy;tp epWtfk;

jpU.P. tpf;ukNrfu - rpNu\;l Mrpupau; [S.L.T.S]
ngsj;j kfspu; tpj;jpahyak;> fy;fp].

jpU. fpj;rpwp B. A. tpjhud - rpNu\;u Mrpupau; [S.L.T.S]
,uh[rpq;f kj;jpa fy;Yhup> Utd;tpy.

jpU. M. D. G. nrdjPu - rpNu\;l Mrpupau;[S.L.T.S]
kfpe;j kj;jpa kfhtpj;jpahyak;>

mfytj;j.

jpU. W. M. S. D. ntd;lNfhd; - rpNu\;u Mrpupau; [S.L.T.S]
kypaNjth fy;Yhup> FUehfy.

v



vi

jpU. S. P. jp\dhaf;fh - rpNu\;l Mrpupau; [S.L.T.S]
Nwhay; fy;Yhup> nfhOk;G.

jpU. W. S. M. G. J. S. ngu;dhe;J - rpNu\;l Mrpupau; [S.L.T.S]
Nwhay; fy;Yhup> nfhOk;G.

jpU. K. G. epkhy; ngNuuh - rpNu\;l Mrpupau; [S.L.T.S]
kfhdhkh fy;Yhup> nfhOk;G.

jpU.S.R.n[aFkhu; - rpNu\;l Mrpupau;

Nwhay; fy;Y}up> nfhOk;G.

jpU.W.S.M.G.J.S.ngu;dhNlh - rpNu\;l Mrpupau;

Nwhay; fy;Y}up> nfhOk;G.

nkhopr; nrk;ikahf;fk; : jpU. j. Kj;Jf;Fkhurhkp

Xa;Tngw;w mjpgu;>

nkhopngau;g;G : jpU. r. Rjhfud;

cjtpf; fy;tpg; gzpg;ghsu;

(ngsjpftpay;)

jpUNfhzkiy.

jpU. v];. =uq;fehjd;

Mrpupa MNyhrfu; (Xa;Tngw;w)

nry;tp. I. tujuh[g; ngUkhs;

ngsjpftpay; Mrpupau;

nfh/ ,e;Jf; fy;Y}up> ,uj;kyhid.

jpU. v];. ,ul;zFkhu;

Mrpupa MNyhrfu; (Xa;Tngw;w)

Kd;ml;ilAk; fzpdpahf;fKk; : nry;tp. fkyNtzp fe;ijah>

Njrpa fy;tp epWtfk;.

mDruiz : jpUkjp. gj;kh tPutu;j;jd>

njhopy;El;g cjtpahsu;

Njrpa fy;tp epWtfk;.

jpU. kq;fs nty;gpl;ba>

njhopy;El;g cjtpahsu;

Njrpa fy;tp epWtfk;.

jpU.wQ;rpj; jatd;r>

cjtpahsu;>

Njrpa fy;tp epWtfk;.
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1

myF 05 - <u;g;Gg;Gyk;

Nju;r;rp 5.0: <u;g;Gg;Gyj; jj;Jtq;fisAk;> tpjpfisAk; gaDWjp

cilajhf md;whlf; fUkq;fspYk; tpQ;Qhd

NtiyfspYk; gad;gLj;Jthu;.

Nju;r;rp kl;lk; 5.1: epa+l;ldpd; <u;g;G tpjpiag; gad;gLj;jpg; nghUs;

fspd; kPJ <u;g ;G tpirapd; tpisitg; gFj;

jhuha;thu;.

ghlNtisfs;: 08

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 ,U jpzpTfSf;fpilapyhd ftu;r;rptpiria <u;g;Gtpir vdf; $Wthu;.

 epA+l;ldpd; <u;g;G tpjpiaf; $Wthu;.

 epA+l;ldpd; tpjpiag; gad;gLj;jp ,U jpzpTfSf;fpilapyhd <u;g;Gtpiriaf;

fzpg;ghu;.

 tpirg; Gyk; vd;Dk; vz;zf;fUit tpsf;Fthu;.

 vy;yhj; jpzpTfSk; <u;g;Gg;Gyj;ij cUthf;Fk; vd;gijf; $Wthu;.

 <u;g;Gg;Gyk; vd;gJ xU tpirg;Gyk; vd;gij tpsq;Fthu;.

 <u;g;Gg;Gyk; vd;Dk; vz;zf;fU ~njhiytpy; jhf;fk;| vd tpsf;Fthu;.

 <u;g;Gtpir vd;gJ nghUspd; jpzptpw;F Neu;tpfpjrkdhFk; vd;gijf; $Wthu;.

 <u;g;Gg;GynrwpT vd;Dk; vz;zf;fUitg; gad;gLj;jp <u;g;Gg;Gyk; xd;wpy;

cs;s jpzptpy; jhf;Fk; tpiriaf; fzpg;ghu;.

 <u;g;Gg;Gyr;nrwpit tiuaWg;ghu;.

 Gs;sp xd;wpy; Gs;spj;jpzpnthd;wpdhy; cz;lhFk; <u;g;Gg; Gyr; nrwptpidAk;>

Nfhsj;jpzpnthd;wpd; Gwj;Nj cs;s <u;g;Gg;Gyr;nrwptpidAk; epa+l;ldpd;

<u;g;G tpjpiag; gad;gLj;jpf; fhz;ghu;.

 Gs;sp xd;wpy; Gs;spj;jpzpnthd;wpdhy; cz;lhFk; <u;g;Gg; Gyr; nrwpT

J}uj;Jldhd khw;wj;jpid tiugpd; %yk; tpghpg;ghu;.

 Gs;sp xd;wpy; <u;g;G mOj;jj;jpid tiuaWg;ghu;.

 <u;g;GGyk; xd;wpy; cs;s jpzpnthd;wpy; <u;g;GmOj;j rf;jp nghjpe;jpUf;Fk;

vd;gij $Wthu;.

 <u;g;Gg; Gyk; xd;wpYs;s xU Gs;spapy; <u;g;G mOj;jj;jpidf; fzpg;ghu;.
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 <u;g;Gg; Gyk; xd;wpYs;s jpzpnthd;wpd; <u;g;G mOj;jr; rf;jpf;fhd Nfhitiag;

gad;gLj;Jthu;.

 Gs;spj;jpzptpy; ,Ue;Jk;> Nfhsj; jpzpnthd;wpd; Gwj;Nj cs;s mjd;

ikaj;jpypUe;Jk; J}uj;Jld; <u;g;G mOj;jj;jpd; khwiy tiugpd; %yk;

fhl;Lthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 epa+l;ldpd; mfpy <u;g;G tpjpiaf; $wp ,U jpzpTfSf;fpilapyhd jk;Kl;

ftu;r;rp tpirf;Fupa rkd;ghl;il toq;Fq;fs;.

 “G” vd;gJ xU mfpy <u;g;G khwpyp /  xUik vd;gij tpsf;Fq;fs;.

 <u;g;G tpirg;Gyk; vd;w vz;zf;fUthdJ njhiyT jhf;fj;jpd; tpisT

vd;W mwpKfg;gLj;Jq;fs;.

 ve;jj; jpzpTk; <u;g;Gg; Gyj;ij cUthf;f KbAk; vdf; $Wq;fs;.

 <u;g;Gg; Gyj;jpYs;s xU jpzpnthd;wpd; kPJ nrYj;jg;gl;l tpir jpzpTf;F

Neu;tpfpj rkkhdJ vd;gij tpsf;Fq;fs;.

 <u;g;Gg; Gyr; nrwpit tiutpyf;fzg;gLj;jp mjd; myif toq;Fq;fs;.

 xU Gs;spj; jpzptpypUe;J mg;ghYs;s Gs;spapYk; xU Nfhsj; jpzptpypUe;J

ntspNaAs;s Gs;spapYk; cs;s Gyr;nrwpTf;Fupa Nfhitiag; ngWtjw;F

epa+l;ldpd; <ug;G tpjpiag; gad;gLj;Jq;fs;.

 J}uj;Jld; <u;g;Gg; Gyr;nrwpT khwiy tiuG %yk; mu;j;jg;gLj;Jq;fs;.

 <u;g;Gg; Gyk; xd;wpy; Gs;sp xd;wpy; <u;g;G mOj;jj;ij tiutpyf;fzg;gLj;jp

myif toq;Fq;fs;.

 Gs;sp xd;wpYs;s <u;g;G mOj;jkhdJ vjpu; (kiw) Fwpiaf; nfhz;bUf;Fk;

vd;gij tpsf;Fq;fs;.

 xU Gs;spj; jpzptpypUe;J mg;ghYs;s Gs;spapYk;>  xU Nfhsj;jpzptpypUe;J

ntspNaAs;s Gs;spapYk; <u;g;G mOj;jj;jpw;fhd Nfhit 
GM

V
r


  vd;gij

toq;Fq;fs;.

 Gs;spj; jpzpT kw;Wk; Nfhsj;jpzptpw;F ntspNa J}uj;Jld; mOj;jj;jpd;

khwiy tiuG %yk; tpsf;Fq;fs;.

 Gyr;nrwpT kw;Wk; mOj;jk; Kbtpypapy; g+r;rpak; vd;gij tpsf;Fq;fs;.

 Gs;sp xd;wpYs;s xU jpzptpd; mOj;jr;rf;jpahdJ jpzptpdJk; mg;

Gs;spapYs;s mOj;jj;jpdJk; ngUf;fkhFk; vd;gij tpsf;Fq;fs;.

 xU Nfhsj;jpzpitr; Rw;wp khwhf; fjpapy; ,aq;Fk; xU nghUspd; nkhj;jr;

rf;jpf;Fkhd rkd;ghl;ilg; ngWtjw;F khztu;fSf;F topfhl;Lq;fs;.

 <u;g;Gg;Gyk; njhlu;ghd gpur;ridfs; jPu;g;gjw;F khztu;fSf;F topfhl;Lq;fs;.

 mfpyj;jpd; fl;likg;igAk; ,Uf;ifiaAk; tpsf;Ftjw;F <u;g;gg;Gy vz;zf;

fUit khztu;fs; tpsq;fpf; nfhs;s topfhl;Lq;fs;.
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Nju;r;rp kl;lk; 5.2: khdplu; Njitfis epiwNtw;Wtjw;F Gtp <u;g;Gg;

Gy mwpitg; gad;gLj;Jk; re ;ju ;g ;gq;fs; gw;wp

Muha;thu;.

ghlNtisfs;: 12

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 <u;g;Gg; Gyk; njhlu;ghf ngwg;gl;l mwpit> xj;j Gtpapd; <u;g;G Gyj;

njhlu;Gfis ca;j;jwptjw;Fg; gad;gLj;Jthu;.

 GtpNkw;gug;gpy; ,Ue;J <u;g;Gg; Gyr;nrwptpd; khwiy tpsf;Fthu;.

 GtpNkw;gug;gpy; <u;g;Gg;Gyr;nrwpTf;fhd Nfhitia ca;j;jwpthu;.

 <u;g;Gg;Gyr;nrwpT vz;zstpy; <u;g;G Mu;KLfYf;Fr; rkdhFk; vdf;

Fwpg;gpLthu;.

 <u;g;G mOj;jr; rf;jpf;fhd Nfhitiag; (mgh) ngWthu;.

 Gtpiar; Rw;wp tl;l kz;lyq;fspy; nra;kjp xd;W ,aq;fj; jpUg;jpg;gLj;jj;

Njitahd epge;jidfis tpsf;Fthu;.

 nra;kjpapd; ,af;fk; njhlu;ghd ngsjpff; fzpaq;fisf; fz;lwpe;J> mt;tif

,af;fq;fspw;fhd epge;jidfis tpgupg;ghu;.

 tl;l kz;lyq;fspy; tyk; tUk; nra;kjpapd; njhlypf;fjp> Nfhzf;fjp>

Rw;wy; fhyk;> kPbwd; vd;gtw;iw tl;l kz;ly MiuAld; njhlu;GgLj;Jthu;.

 Gtprhu; epiyahd nra;kjpapd; ,af;fj;jpw;fhd epge;jidia tpsf;Fthu;.

 tl;l kz;lyq;fspy; ,aq;Fk; nra;kjpfs; njhlu;ghd fzpj;jy;fis

Nkw;nfhs;Sthu;.

 nra;kjpfspd; gad;ghLfs; Fwpj;J nkr;Rthu;.

 jg;GNtfj;jpw;fhd Nfhitiag; ngWthu;.

 jg;GNtfk; vd;Dk; vz;zf;fUit tpsf;Ftjw;fhd cjhuzq;fisj; jUthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 g+kpia xU g+uzkhd Nfhskhff; fUjp> g+kpapd; Nkw;gug;Gf;fUfpy; cs;s

xU Gs;spapy; <u;g;Gg; Gyr; nrwpTf;fhd rkd;ghl;il toq;Fq;fs;.

 xU Gs;spapYs;s <u;g;Gg; Gyr;nrwpTk; <u;g;G Mu;KLfYk; rk gUkd;

cilait vdf; fhl;Lq;fs;.

 Njitg;gLk; epge;jidfisf; $wp mOj;j rf;jp PE = mgh  vDk; Nfhitiag;

ngWtjw;F khztu;fis topfhl;Lq;fs;.
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 g+kpiar; Rw;Wk; nra;kjpapd; tl;l ,af;fj;jpd; ikaehl;l tpirahdJ

<u;g;G tpirapdhy; toq;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 nra;kjpapd; Rw;Wg;ghijapd; MiuAld; mjd; njhlypf;fjp fhyk;> Nfhzf;fjp>

kPbwd; Mfpatw;wpd; njhlu;Gfisg; ngWtjw;F khztu;fis topfhl;Lq;fs;.

 xU Gtp epiyahd nra;kjpf;fhd epge;jidia tpsf;Fq;fs;.

 jg;G Ntfj;ij mwpKfk; nra;J 
2

,  2
GM

Ve Ve gR
R

   vd;w Nfhitfisg;

ngWq;fs;.

 jg;G Ntfj;ijg; gad;gLj;jp tptupf;fg;gLk; Njhw;wg;ghl;ilf; fye;Jiu

ahLq;fs;.
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myF 06 - epiykpd;dpay; tpirg;Gyk;

Nju;r;rp 6.0: epiykpd ;Gyj; jj;Jtq;fisAk; tpj pfisAk;

gaDWjp cilajhf md;whl fUkq;fspYk;

tpQ;Qhd NtiyfspYk; gad;gLj;Jthu;.

Nju;r;rp kl;lk; 6.1: kpd;Ndw;wg;gl;l nghUl;fspdhy; Njhw;Wtpf;fg;gLk;

epiykpd;Gyj;jpd; guk;gy;> gUkd ; vd ; gtw ;iw

mwptjw;F epiykpd;tpir njhlu;ghd tpjpfisg;

nghUj;jkhd Kiwapy; cgNahfpg;ghu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 $Nyhkpd; tpjpiag; gad;gLj;jp ,U Vw;wq;fSf;fpilapyhd epiykpd;tpir

iaf; fzpg;ghu;.

 vy;yh Vw;wq;fSk; kpd;Gyj;ij cUthf;Fk; vd;gijf; Fwpg;gpLthu;.

 kpd;Gyr; nrwpit tiuaWg;ghu;.

 epiykpd; (kpd;) Gyj;jpy; itf;fg;gl;l Vw;wj;jpy; njhopw;gLk; tpiriaf;

fhz;gjw;F EF EQ  vDk; rkd;ghl;ilg; gad;gLj;Jthu;.

 kpd;Gyj;ij tpsf;Ftjw;F kpd; Gyf;NfhLfs; vd;Dk; vz;zf;fUitg;

gad;gLj;Jthu;.

 gy;NtW kpd;Gyq;fspw;F kpd; Gyf; NfhLfis tiuthu;.

 kpd; Gyf;NfhLfspd; ,ay;Gfis tpsf;Fthu;.

 $Nyhkpd; tpjpiag; gad;gLj;jp kpd;Gyj;jpYs;s Gs;spnahd;wpy; kpd;Gyr;

nrwpitf; fzpg;ghu;.

 Gs;sp Vw;wq;fspd; guk;gy;fspdhy; Fwpj;j Gs;sp xd;wpy; tpisAs;

kpd;Gyr;nrwpit fhz;ghu;.

 Gs;sp Vw;wnkhd;wpypUe;J Jhuj;Jld; kpd;Gyr; nrwpT khwiy tiuG %yk;

Kd;itg;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 ,uz;L kpd;Ndw;wq;fSf;fpilapyhd gu];gu (jk;Ks;) tpiriaf; fhz;gjw;

Fupa $Nyhkpd; tpjpiaf; $Wq;fs;.

 RahjPd ntspapd; mDkjpj;jpwd;> Clfj;jpd; mDkjpj;jpwd;> njhlu;G mDkjpj;

jpwd; vd;gtw;iw mwpKfg;gLj;Jq;fs;.
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 VjhtJ kpd;Vw;wk; kpd;Gynkhd;iw cUthf;Ffpd;wnjd;gij tpsf;Fq;fs;.

 kpd;Gyj;jpYs;s Vw;wk; xd;wpd; kPJ cQw;wg;gLk; tpir Vw;wj;jpd; gUkDf;F

Neu;tpfpjrkkhdJ vd tpsf;Fq;fs;.

 kpd;Gyr;nrwpit tiutpyf;fzg;gLj;Jq;fs;. mjd; myFfis toq;Fq;fs;.

 F = EQ vd;w rkd;ghl;il toq;Fq;fs;.

 Gyj;jpd; jpir> Neu; Nrhjid Vw;wj;jpd; kPJ cQw;wg;gLk; tpirapd; jpirahFk;

vd;gij tpsf;Fq;fs;.

 tpirapd; jpir Vw;wq;fspd; (Neu;> kiw) tiff;Nfw;g khWfpd;wnjd;gij

tpsf;Fq;fs;.

 kpd;Gyf; NfhLfs; kpd;Gyj;ijg; gpujpepjpj;Jtg;gLj;jg; gad;gLfpd;wnjd;gij

tpsf;Fq;fs;.

 kpd;Gyf; NfhLfspd; ,ay;Gfis tpsf;Fq;fs;.

 gpd;tUk; kpd;Gyq;fSf;F kpd;Gyf;NfhLfs; tiuAq;fs;.

 xU Gs;sp Vw;wj;ijr; Rw;wp

 xj;j Gs;sp Vw;wq;fisAk; xt;thj Gs;sp Vw;wq;fisAk; Rw;wp

 xt;thj Vw;wk; ngw;w rkhe;jukhd ,U flj;Jk; jfLfSf;fpilNa

 xU Gs;sp Vw;wj;jpw;F mg;ghYs;s xU Gs;spapy; Gyr;nrwpitf; fz;lwpa

$Nyhkpd; tpjpiag; gad;gLj;Jq;fs;.  2

1

4

Q
E

r




 J}uj;Jld; kpd;Gyr;nrwpT khwy;fis tiuG uPjpapy; tpsf;fkspAq;fs;

 Gs;sp Vw;wq;fspd; guk;gy; fhuzkhf xU Gs;spapy; kpd;Gyr; nrwpitf;

fz;lwptjw;F khztu;fSf;F topfhl;Lq;fs;.

 kpd;Gyk; njhlu;ghd gpur;ridfisj; jPu;f;f khztu;f;F xg;gil toq;Fq;fs;.
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Nju;r;rp kl;lk; 6.2: gha khjpupia cgNahfpj;J epiykpd;Gyj;ij

mstpLthu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 gha khjpupiag; nghUj;jkhd cjhuzq;fisg; gad;gLj;jp tpsf;Fthu;.

 fTrpd; Njw;wj;ijf; $Wthu;.

 Gs;sp Vw;wnkhd;iwr; #o> Vw;wq;nfhz;l Nfhsf;flj;jpiar; #o> Vw;wq;

nfhz;l Kbtpyp ePsf; fk;gpiar; #og; Gyr;nrwpitf; fhz;gjw;Ff; fTrpd;

Njw;wj;ijg; gad;gLj;Jthu;.

 Vw;wg;gl;l Nfhsnkhd;wpd; ikaj;jpypUe;jhd Jhuj;Jld; kpd;Gyr; nrwptpd;

khwiy tiuG %yk; gpujpepjpj;Jtg;gLj;Jthu;.

 ntt;NtW Vw;wg;gl;l cly;fspdhy; cz;lhFk; kpd;Gyr; nrwptpid mjw;Fupa

Nfhitfspd; cjtpAld; fzpg;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 gha khjpupia mwpKfk; nra;Aq;fs;.

 ghakhdJ E EA   vd;gjhf mwpKfg;gLj;Jq;fs;.

 Nfhrpd; Njw;wj;ij tpgupAq;fs;.

 Nfhrpd; Njw;wj;ijAk;> ghakhjpupiaAk; gad;gLj;jpg; gpd;tUk; Gyq;fSf;F

Gyr;nrwpTfSf;fhd rkd;ghLfisg; ngWq;fs;.

 Gs;sp Vw;wj;jpw;fUfpy; 2

1

4

Q
E

r




 kpd;Ndw;wg;gl;l xU nky;ypa Kbtpy; flj;Jk; jfLf;F mUfpy; E





 kpd;Ndw;wg;gl;l xU flj;Jk; Nfhsj;jpd; cs;Ns E = 0

 kpd;Ndw;wg;gl;l  flj;Jk;  Nfhsj;jpd; kPJ>  Nfhsj;jpypUe;J  mg;ghy;

2 2

1 1
,   

4 4

Q Q
E E

R r 
 

 

 kpd;Ndw;wg;gl;l xU nky;ypa Kbtpyp ePskhd flj;jpf;F mUfpy; 
2

E
r








 flj;Jk; kpd;Ndw;wg;gl;l Nfhsj;jpd; ikaj;jpypUe;J J}uj;jpw;Nfw;g Gyr;

nrwpT khwiy tiuG %yk; tpsf;fkspAq;fs;.
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Nju;r;rp kl;lk; 6.3: epiykpd;Gyj;jpy; itf;fg;gl;l Vw;wnkhd;wpd;

mOj;jrf;jpia mstpLthu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 kpd; mOj;jj;ij tiuaWg;ghu;.

 Gs;sp Vw;wk; kw;Wk; gy Gs;sp Vw;wq;fspd; guk;gy; fhuzkhf ahjhapDnkhU

Gs;spapy; kpd; mOj;jj;jpidf; fhz;ghu;.

 flj;Jk; Nfhsnkhd;wpd; ikaj;jpypUe;J J}uj;Jld; kpd; mOj;jj;jpd; khwiy

tiugpdhy; tpsf;Fthu;.

 kpd;Gynkhd;wpYs;s Vw;wk; xd;wpd; kpd; mOj;j rf;jpapidf; fhz;ghu;.

 kpd;Gynkhd;wpYs;s ,U Gs;spfSf;fpilapy; mOj;j tpj;jpahrj;ij

tiuaWg;ghu;.

 ,yj;jpud; Nthy;w;W vd;gJ rf;jpapd; xU myF vd tiuaWg;ghu;.

 kpd;Gyr; nrwpT> kpd; mOj;jg;gbj;jpwd; vd;gtw;wpf;fpilapyhd njhlu;igf;

$Wthu;.

 kpd;mOj;jk; kw;Wk; kpd;mOj;jrf;jp njhlu;ghd gpurpdq;fisj; jPh;g;gjw;F

vz;zsT fzpj;jy;fis Nkw;nfhs;thu;.

 NtWgl;l kpd;Gyq;fspy; rkmOj;j Nkw;gug;Gf;fis tiuthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 kpd;Gyk; xd;wpy; xU Gs;spapYs;s kpd; mOj;jj;ij tiutpyf;fzg;gLj;Jq;fs;.

myFfs; toq;Fq;fs;.

 Gs;sp Vw;wnkhd;wpypUe;J mg;ghYs;s Gs;spapy; kpd;dOj;jk; 
1

4

Q
V

r




vd ntspg;gLj;Jq;fs;.

 Vw;wg;gl;l Nfhsf;flj;jpapd; fhuzkhf kpd;dOj;jk; r > R  Mapd;  
1

4

Q
V

r



>

r R  Mapd; 
1

4

Q
V

R



 vd tpgupAq;fs;.

 ikaj;jpypUe;J J}uj;jpw;Nfw;g mOj;jj;jpd; khwiy tiuG %yk; tpsf;f

kspAq;fs;.
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 kpd;Gyk; xd;wpy; ,U Gs;spfSf;fpilapyhd mOj;j tpj;jpahrj;ij tiutpyf;

fzg;gLj;Jq;fs;.

 V vd;w mOj;j NtWghl;bw;F Clhf Q  Vw;wk; mirAk;NghJ nra;ag;gl;l

Ntiy  W = QV vd toq;Fq;fs;.

 ,yj;jpud; - cNthw;W (ev) rf;jpapd; xU myfhf tiutpyf;fzg;gLj;Jq;fs;.

 kpd;Gynkhd;wpy; cs;s Vw;wk; xd;wpd; mOj;j rf;jp gw;wp tpsf;Fq;fs;.

 ,U Vw;wq;fSldhd njhFjp xd;wpw;Fupa mOj;j rf;jpf;fhd Nfhit

xd;iw toq;Fq;fs;.

 xU Gs;spapy; mOj;jg; gbj;jpwd;> /  
dv dv

dx dr
  vd mwpKfg;gLj;Jq;fs;.

 ve;jnthU kpd;Gyj;jpw;Fk;  Gs;sp xd;wpy; kpd;Gyr; nrwpthdJ 
dv

E
dx

 

vd ntspg;gLj;Jq;fs;.

 rPuhd kpd;Gynkhd;wpy; vg;Gs;spapYk; kpd;Gyr;nrwpT 
v

E
d

  vd ntspg;

gLj;Jq;fs;.

 xU kpd;Gyj;jpy; rkmOj;j Nkw;gug;Gfis mwpKfg;gLj;Jq;fs;.

 rktOj;j Nkw;gug;Gf;fspd; ,ay;Gfis tpsf;Fq;fs;.

 gy;NtW kpd;Gyq;fSf;Fr; rktOj;j Nkw;gug;Gfis tiutjw;F khztu;fsplk;

xg;gil toq;Fq;fs;.

 kpd;mOj;jk; njhlu;ghd gpur;ridfisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.
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Nju;r;rp kl;lk; 6.4: kpd;Rw;Wf;fspy; nfhs;sstpfisg; nghUj;jkhd

jhfg; gad;gLj;Jthu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 rkhe;juj;jl;Lf; nfhs;sstpapd; nfhs;ssit tiuaWg;ghu;.

 rkhe;juj; jl;L nfhs;sstpapdJk;> flj;Jk; Nfhsj;jpdJk; nfhs;sstj;

jpw;fhd Nfhitfisg; ngWthu;.

 nfhs;sstpfs; njhlu;> rkhe;ju epiyapy; ,izf;fg;gbd; mtw;wpd; rktY

nfhs;ssitg; ngWthu;.

 Vw;wg;gl;l nfhs;sstpapy; Nrfupf;fg;gl;l rf;jp;f;fhd Nfhitiag; ngWthu;.

 nfhs;sstpfs; njhlu;ghd gpur;rpidfisj; jPu;g;ghu;.

 gy;NtW tbtq;fisAila flj;jpfspd; Vw;wg;guk;giy tiuglq;fs; %yk;

tpsf;Fthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 eilKiwg; ghtidapYs;s gy NtW nfhs;sstp tiffisf; fhl;Lq;fs;.

 xU nfhs;sstpia kpd;Ndw;Wjy;> kpd;dpwf;Fjy; vd;gtw;iwr; nra;J fhl;lr;

nraw;ghL xd;iw xOq;FgLj;Jq;fs;.

 xU nfhs;sstpapd; kpd;Ndw;w> kpd;dpwf;fr; nray;Kiwia tpsf;Fq;fs;.

 xU nfhs;sstp kpd;Ndw;wg;gLk;NghJ mjd; jfLfSf;fpilNa mOj;j

tpj;jpahrk; tpUj;jpahf;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 nfhs;sstj;ij tiutpyf;fzg;gLj;jp myFfis toq;Fq;fs;.

 xU rkhe;juj;jl;L nfhs;sstpapd; nfhs;sstj;jpw;fhd Nfhit 
0K A

C
d




vDk; rkd;ghl;il tUtpAq;fs;.

 K ia kpd;Dioa xUik vd mwpKfg;gLj;Jq;fs;. RahjPd ntsp my;yJ

tspf;F K = 1 vd;gijAk;> NtW VjhtJ Clfj;Jf;F K > 1 vd;gijAk;

$Wq;fs;.

 xU flj;Jk; Nfhsj;jpd; nfhs;sstk; 04C r   vd  tUtpf;f khztu;

fSf;F topfhl;Lq;fs;.
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 nfhs;sstpfs; rkhe;jukhfTk; njhluhfTk; cs;s epiyfspy; rktYf;

nfhs;sstj;Jf;fhd rkd;ghLfis KiwNa 1 2 3 ,nC C C C C      

1 2 3

1 1 1 1 1

nC C C C C
         tUtpg;gjw;F khztu;fSf;F topfhl;Lq;fs;.

 kpd;Ndw;wg;gl;l nfhs;sstpapy; rf;jp Nrkpf;fg;gl;Ls;sJ vd;gijr; nra;J

fhl;Ltjw;Fr; nraw;ghLfs; nra;tjw;F khztu;fSf;F topfhl;Lq;fs;.

 xU nfhs;sstpapy; fsQ;rpag;gLj;jpa rf;jpf;fhd rkd;ghLfis tUtpAq;fs;.

2
21 1 1

,  ,  
2 2 2

Q
W VQ W W CV

C
  

 nfhs;sstpfspd; gad;ghLfs; gw;wp xU fye;Jiuahliy Nkw;nfhs;Sq;fs;.

 gy;NtW tbt flj;jpfspd; Nkw;gug;gpYs;s Vw;wq;fspd; guk;giy tptupAq;fs;.

 kpd;dpwf;fg;gl;l kpd;dpwf;fiy (Gs;sp kpd;dpwf;fk;) tpsf;Fq;fs;.
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myF 07 - fhe;jg;Gyk;

Nju;r;rp 7.0: kpd;Ndhl;lj;jpw;Fk; fhe;jg;Gyj;jpw;Fk; ,ilapyhd

tpisTfis md;whl fUkq;fspYk; tpQ;Qhd

NtiyfspYk; gad;gLj;Jthu;.

Nju;r;rp kl;lk; 7.1: fhe;jg;Gyj;jpy; itf;fg;gl ;l kpd;Ndhl;lj;ijf;

fhTk; flj;jpapYk; ,aq;Fk; Vw;wj;jpYk; njhopw;

gLk ; tpiriaf ; fl ;Lg ;gLj ;Jk ; khw pfisf ;

ifahs;thu;.

ghlNtisfs;: 10

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 ,aq;Fk; Vw;wq;fspdhy; my;yJ kpd;Ndhl;lj;ijf; fhTk; flj;jpfspdhy;

fhe;jg;Gyj;ij cUthf;f KbAk; vdf; $Wthu;.

 kpd;Ndhl;lj; juhirg; gad;gLj;jp kpd;fhe;jtpirapd; jd;ikiar; nra;J

fhl;Lthu;.

 fhe;jg;gha mlu;j;jpia tiuaWg;ghu;.

 fhe;jg;gha mlh;j;jp> kpd;Ndhl;lk;> flj;jpapd; ePsk; vd;gd rhu;ghff;

fhe;jtpirf;fhd Nfhitiag; ngWthu;.

 fhe;jg;Gyj;jpy; ,aq;Fk; Vw;wj;jpy; njhopw;gLk; tpirf;fhd Nfhitiag;

gad;gLj;Jthu;.

 NkNy cs;s fhe;j tpirf;fhd jpiria gpskpq;fpd; ,lf;if tpjpiag;

gad;gLj;jpf; fhz;ghu;.

 fhe;jtpir kw;Wk; fhe;jg;gha mlh;j;jp njhlu;ghd gpur;rpidfisj; jPh;g;ghu;.

 N`hypd; tpisit tpsf;Fthu;.

 N`hypd; mOj;jj;jpw;fhd Nfhitiag; ngWthu;.

 N`hypd; tpisT njhlh;ghd gpur;rpidfisj; jPh;g;ghu;.

 N`hypd; tpisT njhlh;ghd gpuNahfq;fSf;fhd cjhuzq;fisj; jUthu;.
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gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 kpd;Xl;l juhirg; gad;gLj;jp> xU fhe;jg;Gyj;jpy; itf;fg;gl;l kpd;Ndhl;lj;

ijf; fhTk; flj;jp kPJ njhopw;gLk; tpiriar; nra;J fhl;Lq;fs;.

 FwpaPLfis ,dq;fhZtjd; %yk; F BIL  vDk; rkd;ghl;ilg; ngWq;fs;.

 fhe;jg;gha mlu;j;jp vd;gij tiutpyf;fzg;gLj;jp myFfisj; jhUq;fs;.

 gpskpq;fpd; ,lf;if tpjpiaf; $Wq;fs;.

 kpd;Ndhl;lj; jpiria khw;Wjy; kw;Wk; fhe;jg;gha mlu;j;jpapd; jpiria

khw;Wtjd; %yk; tpirapd; jpiriaf; fz;Lgpbf;Fk; nraw;ghl;il

khztuplk; xg;gilAq;fs;.

 flj;jpahdJ fhe;jg;Gyj;jpw;F Nfhzk; “ ” rha;e;jpUf;Fk;NghJ tpir

sinF BIL   tpdhy; jug;gl;lnjd;gij tpsf;Fq;fs;.

 flj;jpahdJ Gyj;jpw;Fr; rkhe;jukhf cs;sNghJ tpir njhopw;glhJ

vd;gijf; $Wq;fs;.

 fhe;jg;Gyj;jpw;Fr; nrq;Fj;jhf  ,aq;Fk; Vw;wg;gl;l Jzpf;if xd;wpd; kPJ

cQw;wg;gl;l tpir F Bqv  vDk; Nfhitia toq;Fq;fs;.

 Jzpf;if xd;W Gyj;Jld; xU Nfhzj;jpy; ,aq;Ffpd;w kw;Wk; Gyj;jpw;Fr;

rkhe;jukhf ,aq;Ffpd;w re;ju;g;gq;fisf; fye;JiuahLq;fs;.

 ,aq;Ffpd;wNghJ NeNuw;wk; ngw;w Jzpf;iffspYk;> vjpNuw;wk; ngw;w

Jzpf;iffspYk; Vw;gLk; tpirapd; jpiriaf; fz;lwpAk;gb khztu;fSf;Fr;

nraw;ghl;il xg;gilAq;fs;.

 N`hy; - tpisit tpsf;Fq;fs;.

 N`hy; - mOj;jj;jpw;fhd Nfhit tUtpf;f khztu;fSf;F topfhl;Lq;fs;.

 N`hy; - tpistpd; gpuNahfk; gw;wpf; fye;Jiuahb> cjhuzq;fis

toq;Fq;fs;.

 fhe;j tpir njhlu;ghd gpur;ridfisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.
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Nju;r;rp kl;lk; 7.2: NjitfSf;Nfw;g khwpfis ifahStjd; %yk;

fhe;jg;Gyj;ij cUthf;Fthu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 gpNah-rth (Biot-Savart) tpjpiaf; $Wthu;.

 kpd;Ndhl;lj;ijf; fhTk; tl;lr;RUspd; ikaj;jpy; fhe;jg;gha mlu;j;jpf;fhd

Nfhitia tUtpg;ghu;.

 kpd;Ndhl;lj;ijf; fhTk; Kbtpyp ePs Neupa flj;jpf;F ntspNa fhe;jg;gha

mlu;j;jpf;fhd Nfhitiaf; $Wthu;.

 kpd;Ndhl;lj;ijf; fhTk; ePz;l tupr;RUspd; mr;rpd; topNa fhe;jg;gha

mlu;j;jpf;fhd Nfhitiaf; $Wthu;.

 kpd;Ndhl;;lj;ijf; fhTk; ,U rkhe;ju Kbtpyp ePs Neupa flj;jpfspy;

njhopw;gLk; tpirf;fhd Nfhitiag; ngWthu;.

 kpd;Ndhl;lj;ijf; fhTk; tl;lr;RUs;> kpd;Ndhl;lj;ijf; fhTk; Kbtpyp ePs

Neupa flj;jp> kpd;Ndhl;lj;ijf; fhTk; ePz;l tupr;RUs; njhlu;ghd

gpur;rpidfisj; jPu;g;ghu;.

 mk;gpau; vd;Dk; myif tiutpyf;fzg;gLj;Jthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 vspa nraw;ghLfspdhy; kpd;Ndhl;lj;jpd; fhe;j tpisitr; nra;J fhl;Lq;fs;.

 khf;]; nty;ypd; jf;ifj; jpUF tpjpiag; gad;gLj;Jtjd; %yk; kpd;NdhLk;

flj;jpf;F mUfpy; Vw;gLk; fhe;jg;Gyj;jpd; jpiriag; ngw;Wf; nfhs;syhk;

vd;gijf; fhl;Lq;fs;.


0

2

sin

4

T
B

r

  






 vDk; rkd;ghl;bw;fhd nrhw;gjq;fis mwpKfk; nra;J

gpNah - rthl; (Biot-Savart) tpjpiaf; $Wq;fs;.

 kpd;NdhLk; jl;ilahd tl;lj; jlj;jpd; ikaj;jpy; fhe;jg; gha mlu;j;jpf;fhd

xU Nfhitia tUtpAq;fs;.

 gpd;tUk; re;ju;g;gq;fspy; fhe;jg;gha mlu;j;jpf;fhd Nfhitfis toq;Fq;fs;.

 Kbtpyp ePs nky;ypa Neuhd kpd;NdhLk; flj;jpf;F mUfpy;

 kpd;flj;Jk; xU tupr;RUspd; mr;R topNa
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 NkYs;s re;ju;g;gq;fspy; fhe;jg;Gyf; Nfhyq;fis khztu;fs; tiutjw;F

nraw;ghnlhd;iw Xg;gilAq;fs;.

 rkhe;jukhd ,U flj;jpfspD}L xNu jpir kw;Wk; vjpu;j;jpirapy; kpd;ghAk;

NghJ xU gu];gu tpir nraw;gLtij tpsf;Fq;fs;.

 ,U rkhe;juf; flj;jpfspYk; kpd;flj;jg;gLk;NghJ Vw;gLk; jk;Ks; (gu];gu)

tpirf;fhd xU Nfhitia tUtpg;gjw;F khztu;fSf;F topfhl;Lq;fs;.

 ~~mk;gpau;|| vDk; myif tiutpyf;fzg;gLj;Jq;fs;.

 fhe;jg;Gyk; njhlu;ghd gpur;ridfisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.
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Nju;r;rp kl;lk; 7.3: kpd;Ndhl;lj;jpw;Fk; fhe;jg;Gyj;jpw;Fk; ,ilapyhd

,ilj;njhlu;G fhuzkhf Row;rp tpistpid

Muha;thu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 rPuhd fhe;jg;Gyj;jpy; itf;fg;gl;l kpd;Ndhl;;lj;ijf; fhTk; nrt;tfr; RUspy;

njhopw;gLk; KWf;fj;jpw;fhd Nfhitiag; ngWthu;.

 Miuad; fhe;jg;Gyj;jpy; itf;fg;gl;l kpd;Ndhl;;lj;ijf; fhTk; nrt;tf

RUspy; njhopw;gLk; KWf;fj;jpw;fhd Nfhitia ca;j;jwpthu;.

 ,aq;F RUs; fy;tNdhkhdpapd; fl;likg;igAk;> njhopw;ghl;ilAk; tpgupg;ghu;.

 ,aq;F RUs; fy;tNdhkhdpf; fhl;bapd; jpUk;gYf;fhd Nfhitiag; ngWthu;.

 ,aq;F RUs; fy;tNdhkhdpapd; Xl;l Gyd; $u;ikia tpghpg;ghu;.

 xU MNkhr;ru; RUs; nfhz;l NeNuhl;l Nkhl;lupd; fl;likg;igAk; njhopw;

ghl;ilAk; tpgupg;ghu;.

 kpd;Ndhl;lj; jlj;jpy; jhf;Fk; KWf;fk; njhlu;ghd gpur;rpidfisj; jPu;g;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 rPuhd fhe;jg;Gynkhd;wpy; itf;fg;gl;l kpd;NdhLk; nrt;tfr; RUs; xd;wpy;

vt;thW KWf;fk; cw;gj;jpahf;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 xU kpd;RUspd; jsk; fhe;jg;Gyj;jpw;Fr; rkhe;jukhf> rha;thf> nrq;Fj;jhf

cs;sNghJ Vw;gLk; KWf;fj;jpd; gUkDf;fhd Nfhitfisj;  tUtpg;gjw;F

khztu;fSf;F topfhl;Lq;fs;.

 Miuad; Miuf; fhe;jg;Gyk; vt;thW ngwg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 Miuad; fhe;jg;Gyj;jpy; itf;fg;gl;l nrt;tfr; RUspd; kPjhd KWf;fj;jpd;

gUkd; khwpyp vd;gij tpsf;Fq;fs;.

 KWf;fj;jpd; gUkDf;fhd Nfhitiag; ngWtjw;F khztu;fSf;F top

fhl;Lq;fs;.

 mirAQ; RUs; fy;tNdhkhdpapd; mikg;igAk; nraw;ghl;ilAk;

tpsf;Fq;fs;.

 kpd;Ndhl;lk; fhuzkhd KWf;fj;jpd; gUkDk;> KWf;F (jpUF) tpw;RUspy;

(kapu; tpw;RUspy;) kPsg; ngwg;gl;l KWf;fj;jpd; gUkDk; rkdhf ,Uf;Fk;NghJ

RUshdJ rkepiyapy; ,Uf;Fnkd;gij tpsf;Fq;fs;.
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 nrhw;gjq;fis ,dq;fz;L C BINA    vDk; njhlu;igg; ngWq;fs;.

 fy;tNdhkhdpf; fhl;bapy; jpUk;gyhdJ mjD}L nry;Yk; kpd;Ndhl;lj;Jf;F

Neu;tpfpjkhdnjd;gijf; fhl;Lq;fs;.

 fy;tNdhkhdpapd; mstPL VfgupkhzkhdJ vd;gij tpsf;Fq;fs;.

 ,aq;F RUs; fy;tNdhkhdp xd;wpd; kpd; czu;jpwid tiutpyf;fzg;

gLj;Jq;fs;.

 kpd; czu;jpwdpy; ghjpg;Gr; nrYj;Jk; fhuzpfs; gw;wpf; fye;JiuahLq;fs;.

 tupg;glq;fisg; gad;gLj;jp xU MNkr;ru; RUs; nfhz;Ls;s Neu; kpd;Ndhl;l

(dc)  Nkhl;lupd; mikg;igAk; njhopw;ghl;ilAk; tpsf;Fq;fs;.

 Ma;T$lj;jpYs;s Nkhl;lu; khjpupiag; gad;gLj;jp xU Neu; kpd;Ndhl;l

(dc) Nkhl;lupd; gpujhd gFjpfis ,dq;fhz;gjw;F khztu;fSf;F top

fhl;Lq;fs;.

 ,j;Nju;r;rp kl;lk; njhlu;ghd gpur;ridfisj; jPu;f;f khztu;fSf;F top

fhl;Lq;fs;.
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myF 08 - Xl;l kpd;dpay;

Nju;r;rp 8.0: Xl;l kpd;dpay; tpjpfs; jj;Jtq;fs;> tpisTfs;

vd;gtw;iwg; nghUj;jkhdjhfTk; gaDWjpAila

jhfTk; gad;gLj;Jthu;.

Nju;r;rp kl;lk; 8.1: Xl;l kpd;dpay; njhlu;ghd ngsjpff; fzpaq;fis

Vw;w re;ju;g;gq;fspYk; nghUj;jkhff; ifahs;thu;.

ghlNtisfs;: 10

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 kpd;Ndhl;lk; vd;gJ Vw;wg;gha;r;ry; tPjk; vd tpsf;Fthu;.

 cNyhff; flj;jpapDlhd kpd;Ndhl;lj;jpw;fhd nghwpKiwia tpsf;Fthu;.

 kpd;Ndhl;lj;jpw;Fk;> ,yj;jpud;fspd; efu;T Ntfj;jpw;Fk; ,ilapyhd

njhlh;igg; ngWthu;.

 Xl;l mlu;j;jpf;fhd Nfhitia ca;j;jwpthu;.

 jilia tiuaWg;ghu;.

 jiliag; ghjpf;Fk; fhuzpfis tpsf;Fthu;.

 jilj;jpwid tiuaWg;ghu;.

 ntg;gepiyAld; flj;jpfspdJk; fhtypfspdJk; jilapd; khw;wj;ij

tpsf;Fthu;.

 kPflj;jpfspd; ,ay;GfisAk; mjd; gad;ghl;ilAk; nkr;Rthu;.

 Xkpd; tpjpiaf; $Wthu;.

 I -V tisapiag; gad;gLj;jp Xkpd; kw;Wk; Xkpd; my;yhj flj;jpfspd;

elj;ijfs; gw;wp tpsf;Fthu;.

 NtWgl;l Nthy;w;wsTfisg; ngWtjw;F mOj;j gpupap Rw;iwg; gad;

gLj;Jthu;.

 vspa tiy Ntiyfspd; rktYj;jiliaf; fhz;ghu;.

 Xkpd; tpjpiag; gad;gLj;jpg; gpurpdq;fisj; jPug;ghu;.
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gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 kpd;Xl;lj;ij tiutpyf;fzg;gLj;jp CS-1   ,y; mstplg;gLk; Nfhit cWjp

kpd;Ndhl;lj;jpw;fhd  I = Q / t   vd toq;Fq;fs;.

 kpd;Ndhl;lj;jpw;fhd ru;tNjr myF (SI) mk;gpau; (A) vdf; Fwpg;gpLq;fs;.

 cNyhff; flj;jpapy; RahjPd ,yj;jpud;fspd; ,Ug;igAk;  RahjPd ,yj;jpud;

fspd; vOe;jkhd mirT gw;wpAk; tpsf;Fq;fs;.

 xU cNyhff; flj;jpapD}lhf ...... Xl;lj;jpd; flj;Jk; nghwpKiwia

tpsf;Fq;fs;.

 RahjPd njhlu;Gila ,yj;jpudpd; efu;T Ntfj;ij mwpKfk; nra;Aq;fs;.

 Vida nrhw;gjq;fis mwpKfk; nra;tjd; %yk; efu;T Ntfj;Jf;Fk; kpd;

Xl;lj;Jf;Fkpilapyhd njhlu;G I = AvNe vDk; Nfhitia tUtpg;gjw;F

khztu;fSf;F topfhl;Lq;fs;.

 Xl;l mlu;j;jpia tiutpyf;fzg;gLj;jp J = vNe vDk; rkd;ghl;il Cfpj;J

cUthf;Ftjw;F khztu;fSf;F topfhl;Lq;fs;.

 mOj;j NtWghl;bw;fhd tiutpyf;fzj;ij epidT$u;e;J mjid kpd;flj;Jk;

flj;jp xd;Wld; njhlu;GgLj;jp tpsf;Fq;fs;.

 flj;jpapd; jilia tiutpyf;fzg;gLj;jp mjd; myFfis mwpKfk;

nra;Aq;fs;.

 nraw;ghLfspD}L jilapy; jhf;fk; nrYj;Jk; fhuzpfis Muha;tjw;F

khztu;fSf;F topfhl;Lq;fs;.


l

R
A

 vDk; rkd;ghl;ilg; ngWq;fs;.

 jilj;jpwid (  ) tiutpyf;fzg;gLj;jp mjd; myFfisg; ngWtjw;F

khztu;fSf;F topfhl;Lq;fs;.

 flj;Jjpwid tiutpyf;fzg;gLj;jp mjd; myFfs; ngWtjw;F khztu;

fSf;F topfhl;Lq;fs;.

 ntg;gepiyAld; cNyhff; flj;jpfspy; jil vt;tpjk; mjpfupf;fpd;wnjd;gij

tpsf;Fq;fs;.

 xU Fwpg;gplg;gl;l ntg;gepiyf;Fupa jilapd; ntg;gepiyf; Fzfj;ij

tiutpyf;fzg;gLj;Jq;fs;.

 nrhw;gjq;fis (Nkw;Fwpg;gpl;l ntg;gepiyf;F   vd;gJ tiuaWf;fg;gl;lJ)

mwpKfk; nra;tjd; %yk; 0 (1 )R R    vd;Dk; njhlu;ig toq;Fq;fs;.

 ntg;gepiyAld; flj;jpfspd; jilf;Fupa khwy;fis tiuG Kiw %yk;

gpujpepjpj;Jtg;gLj;Jq;fs;.
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 ntg;gepiyAld; Fiwflj;jpfspYk;> fhtypfspYk; jil vt;thW Fiwtil

fpd;wnjd;gij tpsf;Fq;fs;.

 ve; epge;jidfspd; fPo; cNyhfk; xd;W kPflj;jpahfr; nraw;gLk; vd;gij

tptupAq;fs;.

 jil - ntg;gepiy tisapiag; gad;gLj;jp cNyhfnkhd;wpd; khW epiy

ntg;gepiy (mtjp ntg;gepiy)ia mwpKfk; nra;Aq;fs;.

 kPflj;jpfspd; ,ay;GfisAk; gad;fisAk; tpsf;Fq;fs;.

 gytpj kPflj;jpfspd; khWepiy ntg;gepiyia toq;Fq;fs;.

 njhluhfTk; rkhe;jukhfTk; ,izf;fg;gl;l jilfspd; rktYj; jilf;fhd

rkd;ghLfs; ngWtjw;F khztu;fsplk; xg;gilr; nraw;ghl;il xg;gilAq;fs;.

 jil tiy Ntitnahd;wpd; rktYj;jil fhz;gjw;F khztu;fSf;F

topfhl;Lq;fs;.

 tpjp typjhtjw;fhd epge;jidapd; fPo; Xkpd; tpjpiaf; $Wq;fs;.

 nghUj;jkhd I -V  tisapfisg; gad;gLj;jp Xkpa> Xkpakw;w flj;jpfis

NtWgLj;Jq;fs;.

 Nthw;wsT gpupg;gp kpd;Rw;Wfis mwpKfk; nra;J nghUj;jkhd rkd;ghLfis

tUtpg;gjw;F khztu;fSf;F topfhl;Lq;fs;.

 Nkw;Fwpj;j Xl;l kpd;dpaypd; mbg;gil vz;zf;fUf;fs; njhlu;ghd gpurpdq;

fisj; jPu;g;gjw;F khztu;fSf;F topfhl;Lq;fs;.
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Nju;r;rp kl;lk; 8.2: Neu; Xl;l kpd;Rw;Wf;fspy; rf;jpiaAk; tYitAk;

mstpLthu;.

ghlNtisfs;: 06

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 ve;j xU kpd;cgfuzj;jpD}lhfTk; kpd;Ndhl;lk; ghAk; NghJ rf;jp

tpuaj;jpw;Fhpa nray; tpsf;fkspf;f vspa nraw;ghLfis elj;Jthu;.

 Vw;wg; gha;r;ry; fhuzkhf rf;jp tpuaj;jpw;fhd #j;jpuj;ij vOJthu;.

 rf;jp tpua tPjj;jpw;fhd #j;jpuj;ij vOJthu;.

 ve;jnthU kpd; rhjdj;jpw;Fk; VItW  > VIP  Mfpatw;iwg; gpuNahfpg;ghu;.

 capu;g;gp;y; jilia tpsf;Fthu;.

 capu;g;gp;y; jilfspy; (passive resisfors) ntg;gtpuaj;ijf; fhz;gjw;F RIP 2 >

R

V
P

2

 > ,2RtIW   t
R

V
W

2

   vd;gtw;iw gad;gLj;Jthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 kpd; cgfuzj;jpD}L kpd;Ndhl;lk; ghAk;NghJ rf;jp tpuakhtij nray;

Kiw tpsf;fkspg;gjw;Fr; nraw;ghLfis khztu;fSf;F xOq;F nra;a

topfhl;Lq;fs;.

 mOj;j NtWghL “V”  gpuNahfpf;Fk;NghJ ve;jnthU kpd;RikapD}Lk; Vw;wk;

Q ghAk;NghJ tpuakhFk; rf;jp W = VQ  vdf; $Wq;fs;.

 t   Neuj;jpy; V   mOj;j NtWghL  cs;sNghJ  ve;jnthU RikapD}Lk;

I  kpd;Ndhl;lk; ghAk;NghJ  rf;jp tpuak; W = VIt  vDk; Nfhitiag;

ngWtjw;F khztu;fSf;F topfhl;Lq;fs;.

 kpd;rhjdnkhd;wpy; xU nrf;fdpy; Vw;gLk; rf;jp tpuak; mjdJ tY vd;W

$WtJld; mjw;fhd Nfhit P = VI  vd;gij toq;Fq;fs;.

 ve;j kpd; Rikf;Fk; P = VI  kw;Wk; W = VIt   vDk; rkd;ghLfisg; gpuNahfpf;f

KbAk; vd;W tpsf;Fq;fs;.

 jilr; Rik xd;wpw;F V = IR   vDk; rkd;ghl;ilg; gad;gLj;jp 2 ,P I R

2 2
2,  ,  

V V t
P W I Rt W

R R
    vDk; Nfhitfisg; ngWtjw;F khztu;

fSf;F topfhl;Lq;fs;.
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 capu;g;gpy; jilfspy; rf;jp ntg;gkhf kl;LNk rf;jp tpuakhfpd;wJ vd

tpsf;Fq;fs;.

 kpd;rf;jpia mstpLtjw;F eilKiw myfhf kWh myif mwpKfg;

gLj;Jq;fs;..

 kWh kw;Wk; J vd;gtw;Wf;F ,ilapyhd njhlu;igg; ngWq;fs;.
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Nju;r;rp kl;lk; 8.3: kpd;Rw;Wf;fspd; tY Kjy;fisj; Njbaha;thu;.

ghlNtisfs;: 10

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 vspa kpd;fyj;jpy; eilngWk; jhf;fj;ijg; gad;gLj;jp Kjnyhd;wpy; kpd;dpaf;f

tpir cUthf;fj;ij tpsf;Fthu;.

 kpd;dpaf;ftpir (kp.,.tp) nfhz;;l Kjy;fspd; rf;jp NtWgl;l tifahd

epiykhw;wj;ij tpgupg;ghu;;.

 kpd;dpaf;ftpir (kp.,.tp) vd;gJ Kjy; xd;wpdhy; rf;jp khw;wg;gLjy; vd;gij

tiuaWg;ghu;.

 Kjy; xd;wpdhy; rf;jp toq;fg;gLk; tPjk; EI ngUf;fj;jpdhy; jug;gLk; vdf;

$Wthu;.

 %ba Rw;nwhd;wpy; mfj;jilAila kpd;dpaf;ftpir Kjnyhd;wpw;F

FWf;Nfahd mOj;j NtWghl;ilf; $Wthu;.

 Kjypd; Kbtplq;fSf;fpilapyhd mOj;j NtWghl;il mfj;jil ghjpf;Fk;

vd;gij tpsq;fpf; nfhs;Sthu;.

 kpd; fyq;fs; njhlu; epiy ,izg;gpy; cs;sNghJ gad;gL kpd; ,af;f

tpiria tpghpg;ghu;.

 ru;t rkkhd kpd; fyq;fisr; rkhe;ju epiy  ,izg ;g pYs ;sNghJ

gad;gL kpd; ,af;f tpiria tpgupg;ghu;.

 tY vjpu; jil (jilf;F vjpuhf tYtpd;) tiuigg; gad;gLj;jp> cau;tY

,lkhw;wj;jpw;fhd epge;jidia tpsf;Fthu;.

 fyk; xd;wpd; kpd;dpaf;ftpiriaAk; mfj;jiliaAk; Jzptjw;fhd

gupNrhjidia elj;Jthu;.

 kpd; ,af;f tpir njhlu;ghd gpurpdq;fisj; jPu;g;gjw;F fzpj;jy;fis

Nkw;nfhs;thu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 kpd;tha; mOj;jj;ijg; gad;gLj;jp vspa fyk; xd;wpy; vt;thW kpd;dpaf;f

tpir cUthf;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 ve;jnthU kpd;Kjy;fspd; Kbtplq;fSf;fpilNa mOj;j NtWghL (tpj;jpahrk;)

cs;snjd;gijf; fhl;Lq;fs;.
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 kpd;%yk; xd;wpD}L toq;fg;gLk; kpd;Xl;lj;ij ve;j kpd;Rw;wpD}Lk; ghar;

nra;tjw;Fj; Njitg;gLtNj mOj;j tpj;jpahrk; vd;gij tpsf;Fq;fs;.

 gytpj kpd;Kjy;fisg; ngaupl;L> mtw;wpd; rf;jp epiykhw;wk; gw;wp tpsq;fpf;

nfhs;tjw;F xU fye;Jiuahliy elj;Jq;fs;.

 kpd;dpaf;f tpiria tiutpyf;fzg;gLj;Jq;fs;.

 Kjy; xd;wpypUe;J rf;jp toq;Fk; tPjkhdJ EI  ngUf;fk; %yk; jug;gLk;

vd;gij tpsf;Fq;fs;.

 Kjy; xd;wpd; mfj; jilia mwpKfk; nra;Aq;fs;.

 xU Kjy; kw;Wk; xU Gwj;jilap nfhz;Ls;s kpd;Rw;Wf;F 2 2EI I R I r 
vd;gijg; ngWtjw;Fr; rf;jpf;fhg;G tpjpiag; gpuNahfpAq;fs;.

 Nkw;jug;gl;l rkd;ghl;bypUe;J V E Ir   vDk; rkd;ghl;ilg; ngWq;fs;.

 Nkw;Fwpj;j rkd;ghl;bypUe;J kpd;Ndhl;lk; ghAk;NghJ Kjnyhd;wpd; Kbtplq;

fSf;fpilapyhd mOj;j tpj;jpahrj;ij tpsf;Fq;fs;.

 V E Ir   Ig; gad;gLj;jpg; gpd;tUtdtw;iw tpsf;Fq;fs;.

 kpd;Ndhl;lg; gha;r;ry; ,y;yhjNghJ Kjy; xd;wpd;  Kbtplq;fSf;fpil

apyhd mOj;j NtWghlhdJ kpd; ,af;f tpirf;Fr; rkd;.

 Kjy; xd;wpd; mfj; jil g+r;rpakhf ,Ug;gpd; ve;jg; ngWkhd kpd;Ndhl;lj;

jpw;Fk;  Kjnyhd;wpd;   Kbtplq;fSf;fpilapyhd  mOj;j  NtWghL

vg;NghJk;  kpd;dpaf;f tpirf;Fr; rkd;.

 cyu; fyk; xd;wpd; cl;jiliaAk; kpd;dpaf;f tpiriaAk; fz;lwptjw;F

xU gupNrhjidia xOq;fikf;Fk;gb khztu;fSf;Fr; nraw;ghl;il

xg;gilAq;fs;.

 njhlu;epiyapYs;s Kjy;fspd; rktY kpd;dpaf;f tpirf;Fk; Kjy; rktY

mfj; jilf;Fk; Nfhitfis toq;Fq;fs;.

 rkhe;ju epiyapYs;s ru;trkkhd Kjy;fspd; rktY kpd; ,af;f tpir

rktY mfj;jilf;F Nfhitfis toq;Fq;fs;.

 Gwj;jilAld; tY tpuak; khWgLtij tiugpy; fhl;Lq;fs;.

 cau;tY tpuaj;jpw;Fj; Njitahd epge;jidiaf; $Wq;fs;.

 kpd;dpaf;f tpir njhlu;ghd gpurpdq;fisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.

Ma;T$lg; gupNrhjidfs;:

 kpd; fynkhd;wpd; kpd;dpaf;f tpir> mfj;jil vd;gdtw;iwj; Jzpjy;

(tiuG Kiw).
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Nju;r;rp kl;lk; 8.4: kpd;Rw;Wf;fis tbtikg;gjw;fhd Xl;lkpd;dpay;

njhlu;ghd jj;Jtq;fisAk; tpjpfisAk; gad;

gLj;Jthu;.

ghlNtisfs;: 06

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 fpu;f;Nfhg;gpd; (Kirchoff’s) tpjpfis vOJthu;.

 Vw;wf;fhg;G vd;gjdbg;gilapy; fpu;f;Nfhg;gpd; KjyhtJ tpjpia tpsf;Fthu;.

 rf;jpf;fhg;gpd; Xu; tbtkhf fpu;f;Nfhg;gpd; ,uz;lhtJ tpjpia tpgupg;ghu;.

 kpd;tiy Ntiyfspy; gpurpdq;fisj; jPu;g;gjw;F fpu;r;Nfhg;gpd; tpjpfisg;

gpuNahfpg;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 kpd;Rw;wpd; re;jp xd;wpw;F Nfu;Nrhtpd; Kjyhk; tpjpiaf; Fwpg;gpLq;fs;.

 Kjyhk; tpjpiag; gad;gLj;jp Vw;wf; fhg;G gw;wp tpsf;Fq;fs;.

 %ba jlj;jpw;F Nfu;Nrhtpd; ,uz;lhk; tpjpiaf; Fwpg;gpLq;fs;.

 xU %ba jlj;Jf;F Nfu;Nrhtpd; ,uz;lhk; tpjpiag; gad;gLj;jp rf;jpf;fhg;G

gw;wp tpsf;Fq;fs;.

 kpd;Rw;Wld; njhlu;Ggl;l gpurpdq;fisj; jPu;g;gjw;F vt;thW Nfu;Nrht; tpjpfs;

gad;gLfpd;wnjd;gij tpsf;Fq;fs;.
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Nju;r;rp kl;lk; 8.5: kpd;dpay; mstpLk; fUtpfisj; jpUj;jkhfTk;

ghJfhg;ghfTk; gad;gLj;Jthu;.

ghlNtisfs;: 10

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 kpd;Ndhl;lj;ij msg;gjw;F mk;gpau;khdpiag; gad;gLj;Jthu;.

 mOj;jNtWghl;il msg;gjw;F Nthy;w;Wkhdpiag; gad;gLj;Jthu;.

 kpd;Ndhl;lk;> mOj;jNtWghL> jil vd;gtw;iw msg;gjw;F gy;khdpiag;

gad;gLj;Jthu;.

 ,yl;rpa mk;gpau;khdp> ,yl;rpa Nthy;w;Wkhdp vd;gtw;wpd; Kf;fpaj;Jtj;ij

tpsf;Fthu;.

 tPw;];ud; ghyk; rkepiyapy; cs;sNghJ jilfspw;F ,ilapyhd njhlu;igg;

ngWthu;.

 jilfspdhy; Md vspa tiyNtiyfspd; rktYj;jiliaf; fhz;gjw;F

tPw;];ud; ghyj; njhlu;igg; gad;gLj;Jthu;.

 jilapd; ntg;gepiyf; Fzfj;ij kpfj;jpUj;jkhff; fhz kPw;wu; ghyj;ijg;

gad;gLj;Jthu;.

 kPw;wh; ghyk; gad;gLj;Jk;NghJ fUj;jpy; nfhs;s Ntz;ba tplaq;fis

tpsf;Fthu;.

 tPw;];ud; ghyj;ijg; gad;gLj;jp gpurpdq;fisj; jPu;g;gjw;F vz;rhu;ghd

fzpj;jy;fis Nkw;nfhs;thu;.

 mOj;jkhdpapidg; gad;gLj;Jk;NghJ fUj;jpy; nfhs;s Ntz;ba tplaq;fis

tpsf;Fthu;.

 mOj;jkhdpapd; jj;Jtj;ij tpgupg;ghu;.

 mOj;jkhdpiag; gad;gLj;jp kp.,.tpirfis xg;gpLthu;.

 fyq;fspd; mfj;jilia mOj;jkhdpiag; gad;gLj;jpj; Jzpthu;.

 mOj;jkhdpg;  gad;ghl;bd;  mD$yq;fisAk;> gpujp$yq;fisAk;

xg;gpLthu;.

 mOj;jkhdp njhlu;ghd gpurpdq;fisj; jPu;g;ghu;.
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gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 kpd;Ndhl;lj;ij mstpLtjw;F kpd;Rw;W xd;wpw;F vt;thW mk;gpau;khdp

,izf;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 mk;gpau;khdp ,izf;fg;gLk;NghJ kpd;Rw;wpD}L kpd;Ndhl;lk; Fiwtij

tpsf;Fq;fs;.

 mk;gpau;khdpapd; cs;sfj; jiliaf; Fiwg;gjd; %yk; Nkw;$wpa tO

,optsthf;fg;glyhk; vd;gij tpsf;Fq;fs;.

 xU ,yl;rpa mk;gpau;khdpapd; ,ay;igf; $Wq;fs;.

 xU kpd;Rw;wpd; ,U Gs;spfSf;fpilapyhd mOj;j NtWghl;il mstpLtjw;F

vt;thW cNthw;Wkhdp kpd;Rw;wpy; ,izf;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 cNthw;Wkhdp ,izf;fg;gLk;NghJ mOj;j NtWghL Fiwtilfpd;w

njd;gij tpsf;Fq;fs;.

 cNthw;Wkhdpapd; cs;sfj; jilia mjpfupg;gjd; %yk; Nkw;Fwpg;gpl;l

tOit ,optsthf;f KbAk; vd;gijf; fhl;Lq;fs;.

 ,yl;rpa cNthw;Wkhdpapd; ,ay;Gfisf; $Wq;fs;.

 mk;gpau;khdpapdJk; cNthw;WkhdpapdJk; msTj; jpl;lq;fs; Vfgupkhd

khdit> Xk; khdpapd; msTj;jpl;lk; Vfgupkhdkw;wit vd;gijf; Fwpg;

gpLq;fs;.

 gy;khdpia mwpKfk; nra;Aq;fs;.

 mstPLfs; vLg;gjw;F mk;gpau;khdp> cNthw;Wkhdp> gy;khdp Mfpatw;iwg;

gad;gLj;j khztu;fis topfhl;Lq;fs;.

 ctPj;jd; ghy kpd;Rw;iw mwpKfk; nra;Aq;fs;.

 Xkpd; tpjpiaAk; Nfu;Nrht; tpjpiaAk; gad;gLj;jp xU juhRg; ghyj;jpYs;s

(rkepiyg; ghyk;) jilfSf;fpilapyhd njhlu;G ngw khztu;fis

topfhl;Lq;fs;.

 ctPj;jd; ghyj;jpd; jj;Jtj;jpdbg;gilapy; kPw;wu; ghyk; cgfuzk;

mike;Js;sJ vd;gij mwpKfk; nra;J mjid tpgupAq;fs;.

 jilapapd; jiliaf; fz;Lgpbf;f kPw;wu; ghyj;ijg; gad;gLj;jyhk; vd;W

tpsf;Fq;fs;.

 kPw;wu; ghyg; gad;ghl;by; cs;s vy;iyg;ghLfisf; $Wq;fs;.

 jilapapd; ntg;gepiyf;Fzfj;ijf; fz;Lgpbg;gjw;F vt;thW xU gupNrhjid

tbtikf;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 mOj;jkhdpj; jj;Jtj;ij tpsf;Fq;fs;.

 nray;Kiw uPjpapy; mOj;jkhdp vt;thW kpd;Rw;Wld; ,izf;fg;gLfpd;w

njd;gij tptupAq;fs;.
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 mOj;jkhdp juq;fzpj;jiy /  msT NfhbLjiy (gbtFf;ifapLjy;)

tpsf;Fq;fs;.

 mOj;jkhdp gad;gLj;Jtjpy; fUj;jpw; nfhs;s Ntz;ba fhuzpfis

tptupAq;fs;.

 gpd;tUk; gupNrhjidfis tptupAq;fs;.

 kpd;dpaf;f tpiria xg;gpLjy;.

 xU kpd;fyj;jpd; cs;sfj; jil fz;Lgpbj;jy;.

 NkYs;s gupNrhjidfis khztu;fs; nra;tjw;F khztu;fSf;F top

fhl;Lq;fs;.

 mOj;jkhdp ghtpj;jypd; mD$yq;fs;> gpujp$yq;fisf; $Wq;fs;.

 mOj;jkhdpAld; njhlu;Ggl;l gpur;ridfisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.

Ma;T$lg; gupNrhjidfs;:

 kPw;wu; ghyj;ijg; gad;gLj;jp jilap xd;wpd; ntg;gepiyf; Fzfj;ijf;

fz;lwpjy;.

 mOj;jkhdpapd; gad;fs;.

 kpd;dpaf;f tpiria xg;gply;.

 fyk; xd;wpd; mfj;jilapid mwpjy;.
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Nju;r;rp kl;lk; 8.6: kpd;fhe;jj; J}z;ly; tpjpfisAk; kw;Wk; epajpfis

Ak; njhopy;El;gj; NjitfSf;fhfg; gad;gLj;Jthu;.

ghlNtisfs;: 20

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 kpd;fhe;j J}z;ly; tpjpfis tpsq;fg;gLj;Jtjw;Fr; nraw;ghLfisr; nra;J

fhl;Lthu;.

 guNlapd; tpjpiaAk; nyd;rpd; tpjpiaAk; $Wthu;.

 fhe;jg;Gynkhd;wpy; ,aq;Fk; xU Nfhypy; Jhz;lg;gl;l kpd;dpaf;ftpirf;fhd

Nfhitfisg; ngWthu;.

 fhe;jg;Gynkhd;wpy; RoYk; xU Nfhypy; Jhz;lg;gl;l kpd;dpaf;ftpirf;fhd

Nfhitfisg; ngWthu;.

 gpskpq;fpd; tyf;if tpjpiag; gpuNahfpj;Jj; J}z;lg;gl;l kpd;Ndhl;lj;jpd;

jpiriaf; fz;lwpthu;.

 fhe;jg;Gynkhd;wpy; RoYk; jl;by; J}z;lg;gl;l kpd;dpaf;ftpirf;fhd

Nfhitfisg; ngw;W vOJthu;.

 rPuhd fhe;jg;Gyj;jpy; RoYk; nrt;tfr; RUspy; J}z;lg;gl;l kpd;dpaf;ftpir

ahdJ RUspd; jsj;jpw;Fk; Gyj;jpw;Fk; ,ilapyhd Nfhzj;Jld; khWgLtij

tpsf;Fthu;.

 fhe;jg;Gyj;jpy; RoYk; nrt;tfr; RUspy; J}z;lg;gl;l kpd;dpaf;ftpirf;fhd

cah; ngWkhdj;jpw;Fhpa Nfhitiag; ngWthu;.

 MlNyhl;l kpd; gpwg;ghf;fpapd; fl;likg;ig tpgupg;ghu;.

 Mly; kpd;Ndhl;l gpwg;ghf;fpapy; Neuj;Jld;> kpd;dpaf;f tpirapd; khwiy

tiugpd; %yk; $Wthu;.

 kpd;Ndhl;lj;jpdJk; mOj;jj;jpdJk; cr;rg; ngWkhdj;jpw;Fk; r. m. s ngWkhdj;

jpw;Fk; ,ilapyhd njhlu;igf; $Wthu;.

 kpd;Ndhl;lj;jpdJk; mOj;jj;jpdJk; r. m. s ngWkhdj;ijg; gad;gLj;jp

jilr;Rw;Wf;fspy; ,il (ruhrup) tYitf; fzpf;fKbAk; vdf; $Wthu;.

 Neu; xl;l Nkhl;lhu; xd;wpy; gpd; kpd;dpaf;ftpir cUthf;fj;ij tpsf;Fthu;.

 njhlf;Fk; Mspapd; (stater switch) gad;ghl;bw;fhd fhuzj;ij tpsf;Fthu;.

 epiykhw;wpapd; fl;likg;G> njhopw;ghl;il tpsf;Fthu;.

 Rw;Wf;fspd; vz;zpf;iff;Fk; mOj;jNtWghLfSf;Fk; ,ilapyhd njhlu;ig

vOJthu;.
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 kpd;tY CLflj;jiyg; gz;gwp uPjpahf tpsf;fkspg;ghu;.

 gpur;rpidfisj; jPu;g;gjw;F vz;rhu;ghd fzpg;Gf;fis Nkw;nfhs;thu;.

 ,yl;rpa epiykhw;wpapd; gag;G nga;g;G tYf;fSf;fpilapyhd njhlu;ig

mOj;jk;> kpd;Ndhl;lk; rhu;ghff; $Wthu;.

 gb $l;L epiykhw;wp> gbFiw epiykhw;wp vd;gtw;iw mwpKfg;gLj;Jthu;.

 gb $l;L epiykhw;wp> gbFiw epiykhw;wp vd;gtw;wpw;F cjhuzk; jUthu;.

 epiykhw;wpapy; A+ypd; ntg;gtpisT fhuzkhd rf;jp ,og;ig tpsf;Fthu;.

 epiykhw;wpapy; Rupay; Xl;lk; fhuzkhd rf;jp ,og;ig tpsf;Fthu;.

 epiykhw;wp njhlu;ghd gpur;rpidfisj; jPu;g;ghu;.

 kpd;tY CLflj;jypy; gb$l;L epiykhw;wp> gbFiw epiykhw;wp vd;gtw;wpd;

gad;ghl;il tpsf;Fthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 fhe;jg; ghaj;ij mwpKfk; nra;J myFfs; toq;Fq;fs;.

 xU RUspd; gha ,izg;ig tpsf;Fq;fs;.

 guNlapd; tpjpiaAk; nyd;rpd; tpjpiaAk; $Wq;fs;.

 ,e;j tpjpfisr; nray; tpsf;fk; nra;tjw;fhfr; nraw;ghLfs; nra;tjw;F

khztu;fSf;F topfhl;Lq;fs;.

 xU rPuhd fhe;jg;Gyj;jpy;> Gyj;jpw;Fr; nrq;Fj;jhf mirAk; Neupa flj;jpapd;

FWf;fhfj; J}z;lg;gLk; kpd;dpaf;f tpirf;fhf xU rkd;ghl;ilg; ngWq;fs;.

 gpskpq;fpd; tyJ if tpjpiaf; $Wq;fs;.

 gpskpq;fpd; tyJ if tpjpiag; gad;gLj;jpj; J}z;lg;gl;l kpd;dpaf;f tpirapd;

jpiriaf; fz;Lgpbg;gjw;F khztu;fSf;F topfhl;Lq;fs;.

 Gyj;jpw;Fr; rupthff; flj;jp mirAk;NghJ Vw;gLk; kpd;dpaf;f tpirf;fhd

Nfhitia toq;Fq;fs;.

 xU fhe;jg; Gyj;jpy; RoYk; xU NfhYf;Ff; FWf;Nf J}z;lg;gl;l kpd;dpaf;f

tpirf;fhd rkd;ghl;ilg; ngWtpf;fr; nra;Aq;fs;.

 xU fhe;jg;Gyj;jpy; RoYfpd;w jl;bd; Rw;wsTf;Fk; mjd; mr;Rf;FkpilNa

J}z;lg;gl;l kpd;dpaf;f tpirf;fhd rkd;ghl;il toq;Fq;fs;.

 Nkw;Fwpg;gpl;l %d;W kpd;dpaf;f tpirfSk; Neu; kpd;Ndhl;l kpd;dpaf;f

tpir vd;gijf; fhl;Lq;fs;.

 xU fhe;jg;Gyj;jpy; RoYk; nrt;tfr; RUspw;Ff; FWf;fhf kpd;dpaf;f tpir

J}z;lg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 RUspd; jsj;jpw;Fk; fhe;jg;Gyj;jpw;Fkpilapyhd Nfhzj;jpw;Nfw;g kpd;dpaf;f

tpir NtWgLk; vd;gij tpsf;Fq;fs;.
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 RUspd; jsk; fhe;jg; Gyj;jpw;Fr; nrq;Fj;jhf mikAk;NghJ J}z;lg;gl;l

kpd;dpaf;f tpirapd; gUkd; g+r;rpak; vd;gij tpsf;Fq;fs;.

 RUspd; jsk; fhe;jg;Gyj;jpw;Fr; rkhe;jukhf cs;sNghJ J}z;lg;gl;l

kpd;dpaf;f tpir cau;thdnjd;gij tpsf;fp me;j cau; kpd;dpaf;f

tpirf;fhd Nfhitiag; ngw khztu;fSf;F topfhl;Lq;fs;.

 tupg;glq;fisg; gad;gLj;jp MlNyhl;l kpd; gpwg;ghf;fpapd; fl;likg;ig

tptupAq;fs;.

 RUs; RoYk;NghJ J}z;lg;gl;l kpd;dpaf;f tpirapd; jpir vt;thW khWfpd;w

njd;gij tpsf;Fq;fs;.

 Neuj;Jld; kpd;dpaf;f tpirapd; gUkdJk; jpirapdJk; khwy;fis tiuGfs;

%yk; ntspg;gLj;Jq;fs;.

 MlNyhl;l kpd;Ndhl;lj;ijAk; cNthw;wsitAk; mwpKfk; nra;Aq;fs;.

 cr;r Nthw;wsT> cr;r kpd;Ndhl;lk;> ,il tu;f;f%y cNthw;wsT> ,il

tu;f;f%y kpd;Ndhl;lk; Mfpa nrhw;gjq;fis mwpKfk; nra;Aq;fs;.

 cr;r Nthw;wsTf;Fk; ,il tu;f;fcNthw;wsTf;Fk;> mt;thNw cr;r

kpd;Ndhl;lj;Jf;Fk; ,il tu;f;fkpd;Ndhl;lj;Jf;Fkpilapyhd njhlu;ig

toq;Fq;fs;.

 MlNyhl;l kpd;Ndhl;lj;jhy; ,aq;Fk; xU kpd;dpay; rhjdj;jpd; tYthdJ

rms rmsP V I  vDk; rkd;ghl;lhy; jug;gLfpd;wnjd;gij tpsf;Fq;fs;.

 capu;g;gpy; jilapapd; (passive resistor)  tY gpd;tUk; rkd;ghLfisg;

gad;gLj;jpg; ngwKbAk; vd;W tpsf;Fq;fs;.

rms rmsP V I > 2
rmsP I R > 

2
rmsV

P
R



 Rupay; Xl;lj;ij mwpKfk; nra;Aq;fs;.

 Rupay; Xl;lj;jpd; ntg;g tpisT kw;Wk; fhe;j tpisT vd;gdtw;wpd; gad;

ghl;bw;fhd cjhuzq;fis toq;Fq;fs;.

 xU Neu; kpd;Ndhl;l Nkhl;lupy; vt;thW gpd;kpd;dpaf;f tpir Njhd;Wfpd;w

njd;gij tpsf;Fq;fs;.

 gpd; kpd;dpaf;ftpir fhuzkhf vt;thW MNkr;ru; kpd;Ndhl;lk; fl;Lg;gLj;jg;

gLfpd;wnjd;gij tpsf;Fq;fs;

 njhlf;f kpd;Ndhl;lk; cau;thdJ vd;W tpsf;fp> mJ MNkr;rUf;F ghjpg;ghf

mikayhk; vd;gijAk; tpsf;Fq;fs;.

 njhlf;f kpd;Ndhl;lj;ijf; fl;Lg;gLj;jj; njhlf;fp Msp gad;gLj;jg;gLk;

vd tpsf;Fq;fs;.

 glnkhd;wpd; %yk; njhlf;fp Mspapd; nraw;ghl;il tpsf;Fq;fs;.
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 Mly; cNthw;wstpd; gUkid khw;Wtjw;F xU rhjdkhf epiykhw;wp

gad;gLj;jg;gLtij mwpKfk; nra;Aq;fs;.

 tupg;glk; %yk; epiykhw;wpapd; fl;likg;ig tptupAq;fs;.

 epiykhw;wp xd;wpd; njhopw;ghl;il tpsf;Fq;fs;.

 khw;wpapd; RUs;fspYs;s Rw;Wf;fspd; vz;zpf;iff;Fk; cNthw;wsTf;Fkpilap

yhd njhlu;ig toq;Fq;fs;.

 Kjd;ikr; RUs;fspdJk; Jizr; RUs;fspdJk; tYitf; $Wq;fs;.

 ,yl;rpa epiykhw;wpnahd;wpd; nga;g;G tY mjd; gag;G tYTf;F rkd;

vd;gij tpsf;Fq;fs;.

 gb$l;L> gbFiwg;G khw;wpfs; gw;wp tpsf;Fq;fs;.

 gb$l;L> gbFiwg;G khw;wpfspd; gad;fSf;fhd cjhuzq;fis toq;Fq;fs;.

 ntg;g (a+ypy;) ,og;Gk;> Rupay; (Zddg) Xl;l fl;lKk; ,U rf;jp ,og;Gfs; vd

tptupAq;fs;.

 vt;thW ,e;j ,og;Gfis ,optsthf;FtJ vd;W tpsf;Fq;fs;.

 tYg; gupkhw;wj;ij(CLflj;jiy)r; RUf;fkhff; fye;JiuahLq;fs;.

 tY CLflj;jpypy; cau; mOj;jk; (Nthy;w;Nur;) gad;gLj;jg;gLfpd;wikf;fhd

fhuzj;ij tpsf;Fq;fs;.

 kpd;fhe;jj; J}z;ly; njhlu;ghd gpur;ridfisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.
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myF 09 - ,yj;jpudpay;

Nju;r;rp 9.0: khdplj; Njitfis tpidj ;j pwDld ; e piwT

nra;J nfhs;tjw;F ,yj;jpudpay; Rw;Wf;fisg;

gad;gLj;Jthu;.

Nju;r;rp kl;lk; 9.1: Fiw flj;jpf; $Wfspd; njhopw;gLk; jj;Jtq;fs;

gw ;wp  Muha;thu;.

ghlNtisfs;: 10

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 J}a rpypf;fDk; N[khdpaKk; cs;sPl;Lf; Fiwflj;jpfs; vdf; fz;lwpthu;.

 ntspaPl;L Fiwflj;jpfis tpsf;Fthu;.

 twpjhf;fy; gpuNjrk; cUthjiyAk;  p - n re;jpapy; jLg;G mOj;jj;ijAk;

tpsf;Fthu;.

 ,yl;rpa ,UthapdJk; nra;Kiw ,UthapdJk;; rpwg;gpay;Gfis tiugpy;

Fwpj;Jf; fhl;Lthu;.

 ,Uthap xd;W Kd;KfNfhlypy; cs;sNghJ mjd; njhopw;ghl;il tpsf;Fthu;.

 ,Uthap xd;W gpd;Kff; Nfhlypy; cs;s NghJ mjd; njhopw;ghl;il

tpsf;Fthu;.

 ghpNrhjidia xOq;fikg;gjd; %yk; nra;Kiw ,Uthapapd; I - V tisapiag;

ngWthu;.

 jFe;j tupg;glj;jpd; cjtpAld; ,Uthap miu miy rPuhf;fpahfg;

gad;gLj;jiy tpsf;Fthu;.

 ghytiyr; rPuhf;fp Xu; KO miyr; rPuhf;fp vd;gij tpsf;Fthu;.

 KO miyr; rPuhf;fj;jpd; xg;gkhf;fiy tpsf;Fthu;.

 ,Uthap Mspahfj; njhopg;gLjiy tpsf;Fthu;.

 ,Uthapfs; njhlu;ghd vz;zpay; rhu;e;j gpur;rpidfisj; jPu;g;ghu;.

 vspa nraw;ghLfs; %yk; rPuhf;;fj;jpd; njhopw;gLjiyr; nra;J fhlLthu;.

 vspa nraw;ghLfs; %yk; Mspahfj; njhopw;gLjiyr; nra;J fhl;Lthu;.

 Nrdu; ,Uthapapd; Nthy;w;wsT rPuhf;fiy tpsf;Fthu;.

 gz;gwp uPjpahf xspfhYk; ,Uthapapd; njhopw;ghl;il tpsf;Fthu;.

 gz;gwp uPjpahf xsp ,Uthapapd; njhopw;ghl;il tpsf;Fthu;.
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gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 IV k; $l;l %yfq;fis rpypf;fd; my;yJ n[u;khdpaj;jpd; xU rhyfj;jpy;

cUthFk; RahjPd ,yj;jpud;fs;> Jisfs; vd;gtw;iw tpsf;Ftjd; %yk;

cs;sPl;Lf; Fiwflj;jpfis mwpKfk; nra;Aq;fs;.

 ntg;gepiy mjpfupg;Gld; RahjPd ,yj;jpud;fs;> Jisfs; cUthFjiy

tpsf;Fq;fs;.

 cs;sPl;Lf; Fiwflj;jpfSld; III k; $l;l my;yJ V k; $l;l %yfq;fis

kh#l;ly; nra;tjd; %yk; ntspaPl;Lf; Fiwflj;jpfs; cUthf;fg;gLfpd;w

njd;gij tpsf;Fq;fs;.

 p - tif> n - tif ntspaPl;Lf; Fiwflj;jpfis mwpKfk; nra;Aq;fs;.

mt;tiffspd; ngUk;ghd;ikf; fhtpfisAk; rpWghd;ikf; fhtpfisAk;

mwpKfk; nra;Aq;fs;

 jhdp mZf;fs;> Vw;ghd; mZf;fs; vDk; gjq;fis mwpKfk; nra;Aq;fs;

 nghUj;jkhd tupg;glq;fs; %yk; p-n re;jpapd; jd;ikia tptupAq;fs;.

 ngUk;ghd;ikf; fhtpfspd; guTifahYk; efu;tpdhYk; twpjhf;Fk; gpuNjrk;

cUthfpd;wnjd;gij tpsf;Fq;fs;.

 Vw;wf; fhtpfspd; guTifapdJk; efu;tpdJk; rkepiy fhuzkhf re;jpf;

fpilapy; epiyapay; mOj;j NtWghL cUthfpd;wnjd;gij mwpKfk;

nra;J mOj;j NtWghl;ilj; jLg;G mOj;jk; vdg; ngaupLq;fs;.

 rpypf;fDf;fhd jLg;G mOj;jk; 0.7 V vd;Wk; n[u;khdpaj;Jf;fhd jLg;G

mOj;jk; 0.3 V vd;Wk; $Wq;fs;

 p-n  re;jpAldhd xU $W vd;W re;jp ,Uthapia mwpKfk; nra;Aq;fs;.

mjd; Kbtplq;fisg; ngaupLjy; %yk; kpd;Rw;Wf; FwpaPl;il toq;Fq;fs;.

 ,Uthapapd; Kbtplq;fSf;Ff; FWf;fhfg; nghUj;jkhd xU mOj;j

NtWghl;ilg; gpuNahfpg;gjd; %yk; ,Uthapapd; Kd;Kff; NfhlyilAk;

my;yJ gpd;Kff; NfhlyilAk; vd tpsf;Fq;fs;.

 Kd;Kff; Nfhlypd;NghJ ,Uthapapy; p apypUe;J n jpir Nehf;fp kpd;

Xl;lk; ghAk; vd;gij tupg;glq;fs; %yk; tpsf;Fq;fs;.

 gpd;Kff; Nfhlypd;NghJ twpjhf;fw; gpuNjrk; mfykhtjdhy; ngUk;ghd;ikf;

fhtpfs; fhuzkhf mr;re;jpapD}L Xl;lk; gha;tjpy;iy vd;gijAk;> Mdhy;

rpWghd;ikf; fhtpfs; fhuzkhf xU frpT Xl;lk; ,Ug;gijAk; tpsf;Fq;fs;.

 ,Uthap xd;wpd; I - V rpwg;gpay;igg; gupNrhjid uPjpahfg; ngWtjw;F

khztu;fSf;F topfhl;Lq;fs;.

 gpd;Kff; Nfhly; Nthy;w;wsT> cilT Nthy;w;wsit tpl mjpfkhFk;

NghJ re;jpahdJ ghjpg;gilayhk; vd;W $Wq;fs;.
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 ,yl;rpa ,Uthap xd;wpd; I - V  tisapia mwpKfk; nra;Aq;fs;.

 nghUj;jkhd Rw;W tupg;glnkhd;wpd; %yk; miu - miyr; rPuhf;fj;ij

tpsf;Fq;fs;.

 fNjhl;Lf; fjpu; miyTfhl;biag; gad;gLj;jp  miy tbtq;fs;  gw;wpr;

nray; tpsf;fkspAq;fs;.

 gag;G> nga;g;G Nthy;w;wsT miy tbtq;fis vLj;Jf;fhl;Lfs; %yk;

tpsf;Fq;fs;.

 nghUj;jkhd Rw;W tupg;glnkhd;wpd; %yk; KO miyr; rPuhf;fj;ij

tpsf;Fq;fs;.

 fNjhl;Lf; fjpu; miyT fhl;biag;  gad;gLj;jp  miytbtq;fs;  gw;wpr;

nray; tpsf;fkspAq;fs;.

 nga;g;G> gag;G Nthy;w;wsT miy tbtq;fis vLj;Jf;fhl;Lfs; %yk;

tpsf;Fq;fs;.

 xU nfhs;sstpiag; gad;gLj;jpg; gag;G Nthy;w;wsthdJ xg;gkhf;fg;glyhk;

vd;gij tpsf;Fq;fs;.

 xg;gkhf;fg;gl;l Nthy;w;wsit gltiuG %yk; vLj;Jf; fhl;Lq;fs;.

 ,Uthap xd;wpd; I - V ,ay;igg; gad;gLj;jp cr;r Neu;khW cNthw;wsit

mwpKfk; nra;Aq;fs;.

 Fw;wiy Nthy;w;wsT Njhd;Wjiy tpsf;Fq;fs;.

 ,yl;rpa ,Uthap xd;wpd; I - V  tisapfisg; nghwpKiw Msp xd;Wld;

xg;gpl;L ,UthapahdJ Mspahfg; gad;glyhk; vd;gij tpsf;Fq;fs;.

 vspa vz;Zf;Fupa cjhuzq;fSld; xU Rw;W %yfkhf ,Uthapfis

toq;Fq;fs;.

 Nrdu; ,Uthapia mwpKfk; nra;J Nrdu; ,Uthapapd; I - V  ,ay;igg;

gad;gLj;jp mjd; nra;if rhjhuz ,UthapapypUe;J vt;thW NtWgLfpd;w

njd;gij tpsf;Fq;fs;.

 Rw;Wf; FwpaPl;ilAk; Nrdu; Nthy;w;wsT vDk; gjj;ijAk; mwpKfk;

nra;Aq;fs;.

 NtWgLk; NeNuhl;l Nthy;w;wsitr; rPuhf;Ftjw;F Nrdu; ,Uthap gad;gLj;jg;

glyhk; vd;gij tpsf;Fq;fs;.

 Nthy;w;wsT rPuhf;Fk; Rw;iw toq;Fq;fs;.

 ghJfhg;Gj; jilap> Nrdu; ,UthapapD}lhd cau;e;jsT Xl;lk; gw;wpAk;

ciuahLq;fs;.

 vz;Zf;Fupa cjhuzq;fisg; gad;gLj;jp Nthy;w;wsT rPuhf;fk; vd;gij

tpsf;Fq;fs;.

 xspfhYk; ,Uthapapd; (LED)  FwpaPl;il toq;fp LED apd; nraw;ghl;il

gz;gwp uPjpapy; tpsf;Fq;fs;.
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 LED  apd; gad;ghLfSf;fhd cjhuzq;fis toq;Fq;fs;.

 xspthap (photodiode)> #upa kpd;fyq;fs; Mfpatw;wpd; nraw;ghl;ilg; gz;gwp

uPjpapy; tptupAq;fs;.

Ma;T$lg; gupNrhjidfs;:

 gupNrhjid ,Uthap xd;wpd; I-V tisapia ngWjy;.
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Nju;r;rp kl;lk; 9.2: jpuhd;r pw ;wu pd ; njhopw ;ghLfisr; nra;Kiwj;

Njitfspy; gad;gLj;Jthu;.

ghlNtisfs;: 14

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 npn,  pnp jpuhd;rpw;wu;fspd; fl;likg;ig tpsf;Fthu;.

 npn jpuhd;rpw;wu; xd;wpd; njhopw;ghl;il ,yj;jpud;fspdJk; JisfspdJk;

,af;fk; rhu;ghf tpsf;Fthu;.

 jFe;j tupg;glq;fspd; cjtpAld; nghJf;fhyp> nghJmb> nghJ Nrfupg;ghd;

cUtikg;Gfis tpgupg;ghu;.

 gupNrhjidfis elj;Jtjd; %yk; nghJfhyp jpuhd;rpw;wu; cUtikg;gpd;

nga;g;G> gag;G ,lkhw;wr; rpwg;gpay;Gfis tiugpdhy; tpsf;Fthu;.

 nghUj;jkhd  tupg;glq;fspd;  cjtpAld;  npn  jpuhd;rpw;whpd; Nfhliy

tpsf;Fthu;.

 nghJf;fhyp cUtikg;gpy; kpd;Ndhl;l tpupayhf;fpahfj; njhopw;ghl;ilAk;

gad;ghl;ilAk; tpgupg;ghu;.

 nghJf;fhyp cUtikg;gpy; Nthy;w;wsT tpupayhf;fpahfTk; njhopw;ghl;ilAk;

gad;ghl;ilAk; tpgupg;ghu;.

 jpuhd;rpw;wu; xd;W Mspahfj; njhopw;gLtij tpgupg;ghu;.

 jpuhd;rpw;wu; njhlu;ghd gpur;rpidfisj; jPug;ghu;.

 n-top> p-top xU KidT jpuhd;rpw;wupd;(FET) fl;likg;ig tpsf;Fthu;.

 n-top xU KidT jpuhd;rpw;wupd;(FET) njhopw;ghl;il tpsf;Fthu;.

 n-top xU KidT jpuhd;rpw;wupd; (FET) mOj;j tpupayhf;fj;ijr; rpwg;gpay;G

tisapiag; gad;gLj;jp tpsf;Fthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 ,uz;L p-n re;jpfSld; xU $whf ,U KidTr; re;jp jpuhd;rpw;wiu (BJT)

mwpKfk; nra;Aq;fs;.

 pnp kw;Wk; npn jpuhd;rpw;wu;fspd; KidTfs;> Rw;Wf; FwpaPL fl;likg;G

Mfpatw;iw mwpKfk; nra;Aq;fs;.

 mbg; gpuNjrk; nky;ypajhfTk; fhypg; gpuNjrk; cau;e;jsT kh#l;lg;gl;l

jhfTk; cs;snjdf; $Wq;fs;.

 nghJ - mb cUtikg;igg; gad;gLj;Jtjd; %yk; npn  jpuhd;rpw;wupd;

njhopw;ghl;il tpsf;Fq;fs;.
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 xU  Rw;W tupg;glk; gad;gLj;jp epakf; FwpaPLfis mwpKfk; nra;Aq;fs;.

(I
B
, I

E
, V

BE
, V

CE
 Nghd;wd)

 tupg;glq;fs; %yk; ngUk;ghd;ikf; fhtpfspd; efu;tpdhy; vt;thW I
E
, I

C
, I

B

kpd;Ndhl;lg; gha;r;ry; epfo;fpwnjd;gij tpsf;Fq;fs;.

 nghJthf I
B  
ikf;FNuh mk;gpau; tPr;rpYk; I

C
, I

E
 vd;gd kpy;yp mk;gpau;

tPr;rpYk; ,Uf;Fk; vd;gijf; $Wq;fs;.

 I
E
, I

C 
kw;Wk; I

B  
vd;gtw;wpw;fpilapyhd njhlu;ig toq;Fq;fs;

 nghJ - mb> nghJ - fhyp> nghJ - Nrfupg;ghd; vd;gjhf jpuhd;rpw;wu;

xd;wpd; Rw;W cUtikg;ig mwpKfk; nra;Aq;fs;.

 npn  jpuhd;rpw;wupd; nghJ - fhyp cUtikg;G Rw;whdJ Kd;Kff; NfhlYldhd

xU B - E   re;jpr; Rw;iwAk;> gpd;Kff; NfhlyhdJ B - C re;jpr; Rw;iwAk;

toq;Ftjd; %yk; mwpKfk; nra;Aq;fs;.

 xU npn jpuhd;rpw;wupd; nghJ - fhyp cUtikg;gpd; tisapfspd; gpd;tUk;

rpwg;gpay;Gfis mwpKfk; nra;Aq;fs;.

 nga;g;Gr; rpwg;gpay;Gfs;> gag;Gr; rpwg;gpay;Gfs;> ,lkhw;Wr; rpwg;gpay;Gfs;

 nga;g;Gr; rpwg;gpay;Gfisg; gad;gLj;jp V
BE

 cld; I
B
 khwy;fis tpsf;Fq;fs;.

 gag;Gr; rpwg;gpay;GfisAk; ,lkhW rpwg;gpay;GfisAk; gad;gLj;jpr;

jpuhd;rpw;wupd; Jz;bg;Gg; gpuNjrk;> capu;g;Gg; gpuNjrk;(Vfgupkhdg; gpuNjrk;)

kw;Wk; epuk;gy; gpuNjrk; Mfpatw;iw mwpKfk; nra;Aq;fs;.

 Jz;bj;j gpuNjrj;jpy; 0CI   vd;W fhl;Lq;fs;.

 capu;g;Gg; gpuNjrj;jpy; C BI I  vd;gijAk; C BI I  vd;Wk;   xU khwpyp

vd;Wk; mjid NeNuhl;leak; vdg; ngaupLq;fs;. mJ Fwpj;j jpuhd;rpw;wUf;F

khwpypahFk;.

 epuk;gy; gpuNjrj;jpy; C BI I  vdf; fhl;Lq;fs;.

 gag;G tisapfisg; gad;gLj;jp> NtWgl;l BI  ngWkhdq;fSf;F CEV

cldhd CI  apd; khwy;fs; gw;wp tpsf;Fq;fs;.

 jpuhd;rpw;wu; xd;W NfhlYWtjpd; Njitia tpsf;Fq;fs;.

 tiuglq;fisg; gad;gLj;Jtjd; %yk; vspa Nthy;w;wsT Kjy; xd;iwg;

gad;gLj;jp> jpuhd;rpw;wupd;  NfhlYWk; Kiwfshf  mb - jil  KiwiaAk;>

Nthy;w;wsT - gpupap KiwiaAk; mwpKfk; nra;Aq;fs;.

 nghJ - fhyp npn jpuhd;rpw;wu; tpupayhf;fpapd; Rw;W tiuglj;ij toq;Fq;fs;.

 0.7BEV V  cld; capu;g;Gg; gpuNjrj;jpy; jpuhd;rpw;wu; NfhlYWfpd;wnjd;gij

tpsf;Fq;fs;.
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 Nrfupg;ghd; mOj;jk; ( )CV MdJ CCV ,d;; miug;gq;F vd;W njupT nra;Ak;

Njit gw;wp tpsf;Fq;fs;.

 tiuglq;fisg; gad;gLj;jp BI  apd; gUkd; nga;g;Gr; iriff;Nfw;g

khwyilfpd;wnjd;gij tpsf;Fq;fs;.

 tiuglq;fisg; gad;gLj;jp BI  apd; khwYf;Nfw;g CI  khwyil

fpd;wnjd;gijf; fhl;Lq;fs;.

 CI  apd; khwyhdJ BI  khwypYk; ghu;f;fg; ngupaJ vd;gij tpsf;fp> mjd;

fhuzkhfNt mJ xU Xl;l tpupayhf;fyhff; fUjg;gLfpd;wnjd;gij

tpsf;Fq;fs;.

 CR  ,w;nfjpuhd mOj;j tPo;r;rpahdJ CI  apd; khwYf;Nfw;g NtWgLfpd;wik

iaf; fhl;Lq;fs;.

 CR  ,w;nfjpuhd mOj;j tPo;r;rp khwYf;Nfw;g CV  khwyilAk; vd;gijf;

fhl;Lq;fs;.

 CV (gag;G Nthy;w;wsT) khwy; nga;g;G Nthy;w;wstpYk; ghu;f;fg; ngupJ

vd;gij tpsf;fp mjd; fhuzkhfNt mJ Nthy;w;wsT tpupayhf;fp vdf;

fUjg;gLfpd;wJ vd;W tpsf;Fq;fs;.

 Nthy;w;wsT tpupayhf;fypy;   Miuad; (  rad)  mtj;ij khw;wk;

cs;sNghJ Xl;l tpupayhf;fj;jpy; mtj;ij khw;wkpy;iy vd;W fhl;Lq;fs;.

 Vd; ,izf;Fk; nfhs;sstpfs; gad;gLj;jg;gLfpd;wd vd;gij tpsf;Fq;fs;.

 Neuj;Jld; nga;g;G irifapd; khwy; ( )inV > mbXl;lk; ( )BI > Nrfupg;ghd; Xl;lk;

( )CI > gag;G Nthy;w;wsT ( )oatV  Mfpatw;iw tiuG uPjpahf mwpKfg;

gLj;Jq;fs;.

 jpuhd;rpw;wupd; Mspahfr; njhopw;gLtij tpsf;f Jz;bg;Gg; gpuNjrj;jpYk;

epuk;gy; gpuNjrj;jpYk; nghJ fhyp cUtikg;gpy; xU npn jpuhd;rpw;wUf;fhd

C CEI V  ,ay;Gfis epidT $Uq;fs;.

 xU jpuhd;rpw;wu; Mspf;fhdr; nray;Kiwr; Rw;iw toq;fp> xU Rw;W tupg;glk;

gad;gLj;jp mjd; njhopw;ghl;il tpsf;Fq;fs;.

 jpuhd;rpw;wu; xd;wpd; Jz;bg;G epiyAk; epuk;gy; epiyAk; KiwNa nghwpKiw

Mspapd; mfw;wy; (off) epiyf;Fk; ,izj;jy; (on) epiyf;Fk; rktYthd

njd;gij tpsf;Fq;fs;.

 ,uz;L Nthy;w;wsT kl;lq;fSf;fpilNa nga;g;G Nthw;wstpy; ngWkhdj;ij

khWgLj;Jtjd; %yk; jpuhd;rpw;wiu Mspahfg; gad;gLj;jyhk; vd;gij

tpsf;Fq;fs;
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 ,U KidT jpuhd;rpw;wiuAk; xU KidT jpuhd;rpw;wiuAk; NtWgLj;jpf;

fhl;Lq;fs;.

 re;jpg;Gy tpisT jpuhd;rpw;wu; (JFET),  xU KidTf;Fupa jpuhd;rpw;wu; vd;W

mwpKfg;gLj;Jq;fs;.

 JFET apd; fl;likg;G> Rw;Wf; FwpaPL> n - top (chanel) p - topfspd; Kbtplq;fs;

vd;gtw;iw mwpKfk; nra;Aq;fs;

 Kbtplq;fisg; gliy(G)> Kjy;(S) kw;Wk; tbfhy;(D) vdg; ngaupLq;fs;.

 nghJ Kjy; cUtikg;Gf;fhd Rw;W tiuglk; toq;Fq;fs;.

 JFET apd; n - topapd; njhopw;ghl;il tpsf;fp D DSI V  ,ay;Gfis toq;Fq;fs;.

 JFET apd; nghJ - Kjy; cUtikg;igg; gad;gLj;jp JFET apd; tpupayhf;fk;

gw;wp tpsf;Fq;fs;.

 BJT,  JFET Mfpa ,U jpuhd;rpw;wu;fisAk; xg;gpLq;fs;.

Ma;T$lg; gupNrhjidfs;:

 nghJf; fhyp cUtikg;gpYs;s jpuhd;rpw;wu; xd;wpd; rpwg;gpay;Gfis

gFg;gha;T nra;jy;.

 nra;Kiwr; Rw;iwg; gad;gLj;jpr; jpuhd;rpw;wupd; Mspr; nraw;ghl;il tpsf;Fjy;.
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Nju;r;rp kl;lk; 9.3: nraw;ghl;L tpupayhf;fpapd; gad;ghL gw;wp EZfp

aha;thu;.

ghlNtisfs;: 06

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 nraw;ghl;L tpupayhf;fpapd; ghj vz;fis ,dq;fhz;ghu;.

 nraw;ghl;L tpupayhf;fpapd; jpwe;j jl rpwg;gpay;ig tpgupg;ghu;.

 jpwe;j jl epiyapy; mOj;j eaj;jpw;fhd Nfhitia ntspg;gLj;Jthu;.

 nraw;ghl;L tpupayhf;fpapd; ,ay;Gfisf; $Wthu;.

 kiwahd gpd;D}l;lypd; Nehf;fj;ijAk; nraw;ghl;L tpupayhf;fpapd; eaj;jpd;

tpisTfisAk; tpsf;Fthu;.

 Neu;khW> Neu;khW my;yhj nraw;ghl;L tpupayhf;fpfspd; njhopw;ghl;ilj;

jFe;j Rw;Wtupg;glq;fSld; tiuG Kiwapy; tpsf;Fthu;.

 nraw;ghl;L  tpupayhf;fpapd;  %ba  jlepiyf;Fhpa  nghd;dhd  tpjpfs;

I  IAk;> II IAk; $Wthu;.

 Neu;khw;W tpupayhf;fp> Neu;khwhj tpupayhf;fp vd;gtw;Wf;Fhpa mOj;j

eaj;jpw;Fhpa Nfhitfisg; ngWthu;.

 nraw;ghl;L tpupayhf;fpia mOj;j xg;ghspahfg; gad;gLj;Jtjd; gaid

tpsf;Fthu;.

 nraw;ghl;L tpupayhf;fp njhlu;ghd gpurpdq;fisj; jPu;g;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 xd;wpizj;j Rw;Wfs;(IC
S
) vd;gjhy; vd;d fUjg;gLfpd;wnjd;gij tptupAq;fs;.

 ,yj;jpudpay; rpg;Gfs;(chips) vt;thW SSI, LSI, MSI, VLSI ngauplg;gLfpd;w

njd;gij tptupAq;fs;.

 xd;wpize;j Rw;Wfspd; (IC
S
) gad;ghLfspd; mD$yq;fisf; $Wq;fs;.

 xd;wpize;j Rw;wpw;F vt;thW ghjq;fSf;F ,yf;fkpLtJ gw;wp mwpKfk;

nra;Aq;fs;.

 xd;wpize;j Rw;iwr; (IC)  nraw;ghl;L tpupayhf;fp vd;W mwpKfg;gLj;Jq;fs;.

 nraw;ghl;L tpupayhf;fpapd; (Op - Amp) Rw;Wf; FwpaPl;ilAk; Kbtplq;fisAk;

mwpKfg;gLj;Jq;fs;.

 jpwe;j jlepiyapy; xU nraw;ghl;L tpupayhf;fpapd; nga;g;G Nthy;w;wsTf;Fk;

gag;G Nthy;w;wsTf;Fkpilapyhd njhlu;ig 0 ( )V A V V      vd;W

$Wq;fs;.
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 jpwe;j jl rpwg;gpay;Gfis toq;Fq;fs;.

 Vfgupkhd gpuNjrj;ijAk; epuk;gy; gpuNjrj;ijAk; mwpKfg;gLj;Jq;fs;.

 rpwg;gpay;GfSf;Nfw;g kpff; FWfpa tPr;rpyhd tpupayhf;fk; gad;gLj;jg;glyhk;

vd;gijf; fhl;Lq;fs;.

 cau; jpwe;j jl Nthy;w;wsT eakhdJ xU FWfpa Vfgupkhdg; gupNjrj;ij

toq;Ffpd;wnjdf; fhl;Lq;fs;.

 jpwe;j jl epiyapYs;s nraw;ghl;L tpupayhf;fpahdJ xU Mspahf my;yJ

Nthw;wsT xg;ghspahfg; gad;gLfpd;wnjdf; fhl;Lq;fs;.

 xU Gw gpd;D}l;L jilapiag; gad;gLj;Jtjd; %yk; gag;G kw;Wk; Neu;khw;Wj;

nga;g;G Kbtplq;fis ,izj;J %ba jl epiy ngwg;gLfpd;wnjd;gijf;

fhl;Lq;fs;.

 Nthy;w;wsT eak; (Gv) vd;gJ %ba  jl epiyapy; xU KbTs;s ngWkhdk;

MFk;.

 nraw;ghl;L tpupayhf;fpf;Fupa kpfr;  rpwe;j  tpjpfshd I  IAk; II IAk;

$Wq;fs;.

 Neu;khwh tpupayhf;fpapdJk; Neu;khw;W tpupayhf;fpapdJk; Rw;W tupg;glq;fs;

toq;Fq;fs;.

 Neu;khwh kw;Wk; Neu;khW tpupayhf;fpfspd; Nthy;w;wsT eaj;jpw;fhd rkd;ghL

ngWk; nghUl;L khztu;fis topfhl;Lq;fs;.

 tpupayhf;fpfspd; nga;g;G - gag;G Nthy;w;wsT rpwg;gpay;Gfis toq;Fq;fs;.

 nraw;ghl;L tpupayhf;fp njhlu;ghd gpur;rpidfisj; jPu;g;gjw;Fg; nghUj;jkhd

cjhuzq;fisg; gad;gLj;Jq;fs;.



43

Nju;r;rp kl;lk; 9.4: ,yf;fr; Rw;Wf;fspd; nraw;ghl;ilf; fl;Lg;gLj;J

tjw;F ju;f;fg;gliyfisg; gad;gLj;Jthu;.

ghlNtisfs;: 12

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 AND, OR, NOT, NAND, NOR, EX-OR,  EX-NOR jUf;fg; gliyfSf;fhd

cz;ik ml;ltiz> g+ypad; Nfhitfis vOJthu;.

 ,uz;L my;yJ %d;W nga;g;Gf;fisf; nfhz;l vspa ,yf;f jUf;f

Rw;Wf;fhd jUf;f Nfhitfis cUthf;Fthu;.

 jug;gl;l jUf;f Nfhitfisj; jUf;fr; Rw;Wf;fshf khw;Wthu;.

 jug;gl;l epge;jidfSf;F mikthf vspa jUf;f Rw;Wf;fis tbtikg;ghu;.

 NOR gliyfisf; nfhz;L jdp epidtf %yfq;fis tpsf;Fthu;.

 cz;ik ml;ltiziag; gad;gLj;jp SR (Set Reset) vO-tpOf;F kpd;Rw;wpd;

njhopw;ghl;il tpgupg;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 xg;Gspf; FwpaPLfisAk; ,yf;ff; FwpaPLfisAk; NtWgLj;Jq;fs;.

 jrk vz;fspw;Fk; Jtpj vz;fspw;Fkpilapyhd (15 jrkq;fs; tiu)

NtWghl;bd; khw;wy;fs;.

 Jtpj vz;fspy; “0” ck; “1”  ck; ,U ntt;NtW Nthy;w;wsT kl;lq;fshfg;

gpujpepjpj;Jtg;gLj;jyhk; vdf; fhl;Lq;fs;.

 xU ,yf;ff; FwpaPl;bd; miytbtkhdJ xU Jtpj ,yf;fk; %yk; gpujpepjpg;

gLj;jyhk; vd;W tpsf;Fq;fs;.

 NOT, AND, OR, NAND, NOR, X-OR,  X-NOR  gliyfSf;fhd Rw;Wf;

FwpaPLfs;> cz;ik ml;ltizfs; g+ypad; rkd;ghLfs; Mfpadtw;iw

toq;Fq;fs;.

 gpl;/Jfs;> igl;/Jz;L> Fiw Kf;fpaj;Jt gpl; (LSB), kpif Kf;fpaj;Jt gpl;

(MSB) Nghd;w nrhw;gjq;fis mwpKfk; nra;Aq;fs;.

 gpd;tUk; nraw;ghLfis Nkw;nfhs;s khztu;fSf;F xg;gilAq;fs;.

 jug;gl;l xU g+ypad; rkd;ghl;bw;F xU cz;ik ml;ltiz ngWq;fs;.

 jug;gl;l xU cz;ik ml;ltizf;F g+ypad; rkd;ghL vOJq;fs;.

 jug;gl;l xU cz;ik ml;ltizf;F xU jUf;fg;gliy Rw;W tbtikAq;fs;.

 jug;gl;l jUf;fg; gliyr; Rw;Wf;F cz;ik ml;ltiz ngWq;fs;.



44

 jug;gl;l ju;f;fr; Rw;wpw;F g+ypad; rkd;ghL ngWq;fs;.

 jug;gl;l xU g+ypad; rkd;ghl;bw;F xU Rw;W tiuglk; tbtikAq;fs;.

 jug;gl;l xU gpur;rpidf;F (3 nga;g;GfSf;F) vspa ju;f;fg;gliy Rw;W

tbtikf;Ff.

 Nru;khd ju;f;fg;gliyfSf;Fk; tupir (njhlu;) Kiwrhu; ju;f;fg;gliyfSf;F

kpilapyhd NtWghLfis tifg;gLj;Jq;fs;.

 NAND  kw;Wk; NOR  ju;f;fr; Rw;Wfisg; gad;gLj;jp SR  vO -tpOf;F vd;gij

tpsf;Fq;fs;.

 SR  vO - tpOf;F vd;gij Xu; rhjdk; vd;W tpsf;fp mjd; gag;G jw;Nghija

epiyapy; kl;Lky;yhJ Kd;ida epiyapYk; cs;snjd tpsf;Fq;fs;.

 xU cz;ik ml;ltiziag; gad;gLj;jp xU SR  vO - tpOf;fpd;

njhopw;ghl;il tpsf;Fq;fs;.

 xU SR   vO - tpOf;fpw;F Neu tiuglj;ij toq;Fq;fs;.

 xU epidtf %yfkhf SR  vO - tpOf;fpd; gad;fis tpsf;Fq;fs;.

Ma;T$lg; gupNrhjidfs;:

 mbg;gilj; jUf;fg; gliyfisg; gFg;gha;T nra;Aq;fs;.
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myF 10 - rlj;jpd; nghwpapay; ,ay;Gfs;

Nju;r;rp 10.0: rlj;jpd; nghwpapay; ,ay;Gfs; gw;wpa mw pit

md;whl NtiyfspYk; tpQ;Qhd nraw;ghLfspYk;

msT uPjpahfg; gpuNahfpg;ghu;.

Nju;r;rp kl;lk; 10.1: kPs;jd;ik gw;wpa mwpitg; gad;gLj;jp md;whl

tho;f;ifj; NjitfSf;Fg; nghUj;jkhf gjhu;j;jq;

fisj; njupT nra;thu;.

ghlNtisfs;: 10

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 ,io my;yJ tpy; xd;wpd; ,Oitf;Fk; ePl;rpf;Fk; ,ilapyhd njhlu;ig

mwpag; gupNrhjid elj;Jthu;.

 `{f;fpd; tpjpiaf; $Wthu;.

 jifg;G> tpfhuk;> aq;fpd; kl;L vd;gtw;iw tiuaWg;ghu;.

 jifg;G vjpu; tpfhuk; tisapiag; gad;gLj;jp gjhu;j;jq;fspd; ,ay;Gfis

tpsf;Fthu;.

 tpfpj rk vy;iy> kPspay; vy;iy> cilGs;sp vd;gtw;iw milahsk;

fhz;ghu;.

 cNyhff; fk;gpnahd;wpd; aq;fpd; kl;ilj; Jzpthu;.

 jifg;Gf;F cl;gl;l fk;gp my;yJ tpy;ypy; Nrfupf;fg;gl;l rf;jpf;fhd

Nfhitiaj; jUthu;.

 kPs;jd;ikAld; njhlu;Ggl;l vz;zpay; rhu;e;j gpur;rpidfisj; jPu;g;ghu;.

 njhopDl;g Nehf;fq;fSf;Fg; gad;gLj;jg;gLk; kPs;jd;ik gw;wpa mwpT

rhu;e;j mwpf;ifia vOJthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 xU vspikahd nray;ghl;ilg; gad;gLj;jp xU kPs;jd;ik ,io my;yJ

RUspf; fk;gpapDila ,Oit kw;Wk; ePl;rpf;fpilapyhd njhlu;gpidg; ngw

khztu;fis topfhl;Lq;fs;.

 `Pf;fpd; tpjpia ntspg;gLj;Jq;fs;.

 tpir khwpyp (tpw;RUs; khwpyp) ,id mwpKfg;gLj;Jq;fs;.
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 jpz;kq;fspy; ePs khw;wk;> tbtpy; khw;wk; kw;Wk; thAtpDila fdtsT

khw;wk; Nghd;w kPs;jd;ik ,ay;Gfis tpsf;Ftjw;F xU fye;Jiuahliy

elhj;Jq;fs;.

 ,ioapd; ,Oit jifg;G kw;Wk; ,Oit tpfhuk; vd;gtw;iw mwpKfg;

gLj;Jq;fs;.

 aq;fpd; kl;bid tiutpyf;fzk; nra;Aq;fs;.



F

AE
e

l


 vDk; Nfhitia toq;fp FwpaPLfis mwpKfg;gLj;Jq;fs;.

 jifg;G vjpu; tpfhuk; tiugpid toq;Fq;fs;.

 tiugpidg; gad;gLj;jpg; gpd;tUk; gjq;fis tpsf;Fq;fs;.

- tpfpj rk vy;iy

- kPs;jd;ik vy;iy

- ,W Gs;sp

- cil jifg;G

- ePSik (ductility) kw;Wk; nehUq;Fik(brittleness) vd;gtw;iw NtWgLj;Jq;fs;.

 cNyhfk; xd;wpd; aq;fpd; kl;ilg; gupNrhjid %yk; Jzpa khztu;fSf;F

topfhl;Lq;fs;.

 <u;f;fg;gl;l ,io my;yJ RUspf; fk;gpnahd;wpy; Nrkpf;fg;gl;l rf;jpiar;

nraw;ghL %yk; Muha;tjw;F khztu;fSf;F topfhl;Lq;fs;.

 Nrkpf;fg;gl;l rf;jpf;fhd Nfhitiag; ngWq;fs;.

 ntg;gepiy khw;wk; fhuzkhfg; nghUj;jg;gl;l Nfhypy; my;yJ ,ioapy;

jifg;G cUthFtjid tpsf;Fq;fs;.

 NkNy vLj;Jf;fhl;bw;fhd Nfhitiag; ngWtjw;F khztu;fSf;F

topfhl;Lq;fs;.

 kPs;jd;ik njhlu;ghd gpur;rpidfisj; jPu;g;gjw;F khztu;fsplk;

xg;gilAq;fs;.

Ma;T$lg; gupNrhjidfs;:

 cNyhff; fk;gpiag; gad;gLj;jp aq;fpd; kl;il Jzpjy;.
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Nju;r;rp kl;lk; 10.2: gpRf;Fik gw;wpa mwpit md;whl NjitfSf;Fk;

tpQ;Qhd NtiyfspYk; cgNahfpg;ghu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 vspa nraw;ghLfspd; %yk; NtWgl;l jputq;fspd; gha;r;rypd; NtWghl;bw;F

nray; Kiw tpsf;Fthu;.

 gpRf;Fikia tpgupf;fj; jputg; gha;r;;rYf;F Ntfg; gbj;jpwd;> njhlypj;jpir>

jifg;G vd;gtw;iwj;njhlu;GgLj;Jthu;.

 gpRf;Fik Fzfj;ij tiuaWg;ghu;.

 gpRf;Fiktpirf;fhd Nfhitiag; gad;gLj;jpg; gpurpdq;fisj; jPu;g;ghu;.

 jput gha;rrYf;fhd GtNrapd; #j;jpuj;ij tpghpg;ghu;.

 GtNrapd; #j;jpuk; typjhtjw;fhd epge;jidfisf; $Wthu;.

 kapu;j;Jis gha;r;ry; Kiwiag; gad;gLj;jp> ePupd; gpRf;Fik Fzfj;ij

JzpAk; gupNrhjidiar; nra;J fhlLthu;.

 gpRf;Fik Clfj;jpD}L epiyf;Fj;jhf ,aq;Fk; Nfhsj;jpy; jhf;Fk; tpiria

tpgupg;ghu;.

 gpRf;Fik Clfj;jpD}L ,aq;Fk; clnyhd;wpd; v - t tiuigg; gad;gLj;jp

KbTNtfj;ij tpsf;Fthu;.

 ];nuhf;fpd; tpjpiaf; $Wthu;.

 gpRf;Fik Clfj;jpD}L epiyf;Fj;jhf ,aq;Fk; Nfhsj;jpd; KbT

Ntfj;jpw;fhd Nfhitiag; ngWthu;.

 gpRf;Fik njhlu;ghd vspa vz;zpay; rhu;e;j gpur;rpidfisj; jPu;g;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 ntt;NtW jputq;fspd; gha;r;ry; tifapd; NtWghLfis Muha;tjw;F

nraw;ghLfis tbtikAq;fs;.

 mUtpf;Nfhl;Lg; gha;r;ry; kw;Wk; nfhe;jspg;Gg; gha;r;ry; vd;gtw;wpw;fpilapyhd

NtWghl;bid tpsf;Fq;fs;.

 mlu;gha;r;rypy; Ntfg;gbj;jpwd; kw;Wk; mOj;jj; jifg;G (sheer stress)

vd;gtw;iw mwpKfg;gLj;Jq;fs;.

 mlu;gha;r;rYf;fhd 
1 2( )V VF

A d



   vDk; Nfhitia toq;Fq;fs;.
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 gpRf;Fikf; Fzfj;ij tiuaWj;J> mjd; myF> gupkhzq;fis toq;Fq;fs;.

 cWjpg;gha;r;rYf;fhf GtNrapd; rkd;ghl;bid toq;Fq;fs;.

 GtNrapd; rkd;ghL typjhtjw;fhd epge;jidfis tpsf;Fq;fs;.

 gupkhzj;ijg; gad;gLj;jpr; rkd;ghL rupnad tha;g;Gg; ghu;g;gjw;F khztu;

fSf;F topfhl;Lq;fs;.

 ePupd; gpRf;Fikf; Fzfj;ij GtNrapd; rkd;ghl;bid cgNahfpj;J

gupNrhjid %yk; Jzpa khztu;fSf;F topfhl;Lq;fs;.

 gpRf;Fik Clfj;jpD}L ,aq;Fk; rpwpa Nfhs nghUspd; kPJ jhf;Fk;

tpirfis tpgupAq;fs;.

 gpRf;Fik tpirapd; gUkdhdJ nghUspd; fjpAld; mjpfupf;fpd;wikia

tpsf;Fq;fs;.

 nghUs; KbT Ntfj;jpid miltjid NkNy Fwpg;gpl;l fhuzj;jpD}lhf

vLj;Jf; fhl;Lq;fs;.

 ];Nuhf;fpd; tpjpia 6F a v   vDk; Nfhit tbtpy; Fwpg;gpl;Lf; FwpaPLfis

mwpKfg;gLj;Jq;fs;.

 gpRf;Fik Clfj;jpD}lhf Nky;Nehf;fp kw;Wk; fPo;Nehf;fp ,aq;Fk; nghUs;

fspd; KbT Ntfj;jpw;fhd Nfhitfisg; ngWtjw;F khztu;fSf;F

topfhl;Lq;fs;.

 gpRf;Fik Clfj;jpy; ,aq;Fk; nghUSf;fhd Ntf - Neu tiugpid

toq;Fq;fs;.

 gpRf;FikAld; njhlu;Gila nra;Kiw cgNahfq;fis milahsk;

fhz;gjw;fhff; fye;Jiuahly; xd;wpid elhj;Jq;fs;.

 gpRf;FikAld; njhlu;Gila gpur;rpidfisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.

Ma;T$lg; gupNrhjidfs;:

 GtNrapapd; Nfhitiag; gad;gLj;jpg; gpRf;Fikf; Fzfj;ijj; Jzpjy;.



49

Nju;r;rp kl;lk; 10.3: gug;G ,Oit gw;wpa mwpit md;whlj; Njitfis

epiwT  nra;tjw;Fk; ,aw;ifj; Njhw;wghLfis

tpsf;Ftjw;Fk; cgNahfpg;ghu;.

ghlNtisfs;: 15

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 vspa nraw;ghLfis cgNahfpj;J jputnkhd;wpd; RahjPd Nkw;gug;gpd;

elj;ijiar; nra;J fhl;Lthu;.

 %yf;$WfSf;fpilNaahd tpiriaf; fUj;jpw; nfhz;L jputnkhd;wpd;

RahjPd Nkw;gug;gpd; elj;ijia tpsf;Fthu;.

 Nkw;gug;gpOitia tiuaWg;ghu;.

 Nkw;gug;Gr; rf;jpia tiuaWg;ghu;.

 Nkw;gug;Gr; rf;jp> Nkw;gug;gpOit vd;gtw;Wf;fpilapyhd njhlu;igg; ngWthu;.

 tupg;glq;fspd; cjtpAld; njhLiff; Nfhzj;ij tpgupg;ghu;.

 Nfhs gpiwAUtpw;F FWf;Nfahd mKf;f NtWghl;bw;fhd Nfhitia

Nkw;gug;gpOtpir> gpiwAUtpd; Miu rhu;ghfg; ngWthu;.

 Nkw;gug;gpOtpir vDk; Njhw;wg;ghl;bd; cjtpAld; kapu;j;Jis Vw;wj;ij

tpsf;Fthu;.

 kapu;j;Jis Vw;wj;jpw;fhd Nfhitia Nkw;gug;gpOtpir> njhLiff;Nfhzk;>

gpiwAUtpd; Miu rhu;ghfg; ngWthu;.

 Nkw;gug;gpOtpiriaj; Jzpa EZf;Ff;fhl;b tOf;fp Kiw gupNrhjidia

elhj;Jthu;.

 Nkw;gug;gpOtpiriaj; Jzpa kapu;Jis Vw;w Kiw gupNrhjidia

elhj;Jthu;.

 Nkw;gug;gpOtpiriaj; Jzpa Nafupd; Kiw gupNrhjidia elhj;Jthu;.

 Nkw;gug;gpOtpir njhlu;ghd gpur;rpidfisj; jPu;g;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 vspa nraw;ghLfis cgNahfpj;J jputnkhd;wpd; RahjPd Nkw;gug;gpd;

,ay;Gfis tha;g;Gg; ghUq;fs;.

 nghUj;jkhd cjhuzq;fisg; gad;gLj;jpj; jputnkhd;wpd; RahjPd

Nkw;gug;gpd; ,ay;Gfis tpsq;Fq;fs;.



50

 %yf;$WfSf;fpilapyhd tpirfis cgNahfpj;Jj; jputnkhd;wpd; RahjPd

Nkw;gug;gpd; ,ay;Gfis tpgupAq;fs;.

 gpizT tpirfs; kw;Wk; xl;lw;gz;G tpirfis mwpKfg;gLj;Jq;fs;.

 Nkw;gug;gpOtpiria tiuaWj;J mjd; myfpid toq;Fq;fs;.

 rk ntg;g Kiwapy; jputnkhd;wpd; RahjPd Nkw;gug;gpid mjpfupg;gjw;Fr;

nra;ag;gl Ntz;ba Ntiyiaf; fUj;jpw; nfhz;L RahjPd Nkw;gug;Gr;

rf;jpia mwpKfg;gLj;Jq;fs;.

 Nkw;gug;gpOtpir kw;Wk; RahjPd Nkw;gug;G rf;jp vd;gtw;wpw;fpilapyhd

njhlu;gpidg; ngWq;fs;.

 jput gpiwAUtpw;fhd njhLiff; Nfhzj;ij mwpKfg;gLj;Jq;fs;.

 900 ,Yk; Fiwe;j 900 kw;Wk; 900 ,Yk; $ba njhLiff; Nfhzq;fs;

Vw;gLk; re;ju;g;gq;fis tpsf;Fq;fs;.

 Nkw;gug;gpOtpiria cgNahfpj;J kapu;j;Jis Vw;wj;jpid tpsf;Fq;fs;.

 tpirfspd; rkepiyiaf; fUJtjd; %yk; 
2 cosT

h g
r


   vDk; rkd;ghl;b

idg; ngWtjw;F khztu;fSf;F topfhl;Lq;fs;.

 Nfhsg; gpiwAUtpw;F 
2

in out

T
P P

r
   vDk; Nfhitiag; ngWtjw;F khztu;

fSf;F topfhl;Lq;fs;.

 Miu rpwpjhf ,Uf;Fk;NghJ mKf;f tpj;jpahrk; cau;thf ,Uf;Fk;

vd;gjid vLj;Jf; fhl;Lq;fs;.

 mKf;f tpj;jpahr Kiwapidf; fUJtjd; %yk; kapu;j;Jis Vw;wj;jpw;fhd

Nfhitiag; ngWtjw;F khztu;fSf;F topfhl;Lq;fs;.

 jputnkhd;wpDs; Vw;gLj;jg;gl;l tspf;Fkpopapy; mKf;f tpj;jpahrk; 
2T

r

,dhy; nfhLf;fg;gLk; vd;gjidf; fhl;Lq;fs;.

 tspapy; Vw;gLj;jg;gl;l jput Nfhsj; Jspapd; mKf;f tpj;jpahrj;jpid

vLj;Jf; fhl;Lq;fs;.

 rtu;f;fhuf; Fkpopapy; jput - tsp ,ilKfq;fs; ,uz;L Mifapdhy;

mq;F mOf;f tpj;jpahrk; 
4T

r
 ,dhy; nfhLf;fg;gLk; vd;gjid vLj;Jf;

fhl;Lq;fs;.
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 Nkw;gug;gpOtpiriaj; Jzptjw;Fg; gpd;tUk; gupNrhjidfis elhj;Jtjw;F

khztu;fSf;F topfhl;Lq;fs;.

- EZf;Ff; fhl;b tOf;fp Kiw

- kapu;j;Jis Vw;w Kiw

- N[fupd; Kiw

 Nkw;gug;gpOtpirAld; njhlu;ghd gpur;rpidfisj; jPu;g;gjw;F khztu;fSf;F

topfhl;Lq;fs;.

 Nkw;gug;gpOtpirapd; cgNahfq;fis tpgupg;gjw;Ff; fye;Jiuahly; xd;wpid

elhj;Jq;fs;.

Ma;T$lg; gupNrhjidfs;:

 EZf;Ff;fhl;b tOf;fp Kiwiag; gad;gLj;jp Nkw;gug;gpOtpiriaj; Jzpjy;.

 kapu;j;Jis Vw;w Kiwiag; gad;gLj;jp Nkw;gug;gpOtpiriaj; Jzpjy;.

 N[fupd; Kiwiag; gad;gLj;jp Nkw;gug;gpOtpiriaj; Jzpjy;.
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myF 11 - rlKk; fjpu;g;Gk;

Nju;r;rp 11.0: etPd ngsjpftpay; nfhs;iffis Muha;thu;.

Nju;r;rp kl;lk; 11.1: nrhl;Lf; nfhs;ifiaf; fUk;nghUs;fspd; fjpu;g;Gr;

nrwpTg; guk;giy tpsf;fg; gad;gLj;Jthu;.

ghlNtisfs;: 06

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 nraw;ghLfspd; %yKk; cjhuzq;fsps; %yKk; tpj;jpahrkhd ntg;g

epiyapy; cs;s cly;fspd; ntg;gf;fjpu;g;ig tpsf;Fthu;.

 fUk;nghUl; fjpu;g;ig tpsf;Fthu;.

 ntt;NtW ntg;gepiyfSf;Fr; nrwpT vjpu; miyePs tiuigg; gad;gLj;jpf;

fUk;nghUs; fjpu;g;gpd; nrwpTg; guk;giy tpsf;Fthu;.

 ];nugdpd; tpjpiaf; $Wthu;.

 ntg;gepiyf;Fk; fUk;nghUl; fjpu;g;gpd; nrwpTf;Fk; ,ilapyhd njhlu;igg;

ngw ];nugdpd; tpjpiag; gad;gLj;Jthu;.

 fUk;nghUsy;yhj nghUl;fSf;F ];nugdpd; tpjpiag; gpuNahfpf;Fk; Kiwia

tpgupg;ghu;.

 tPdpd; ,lg;ngau;r;rp tpjpiaf; $Wthu;.

 njhlu;ghd fzepiyf;F tPdpd; ,lg;ngau;r;rp tpjpiag; gad;gLj;Jthu;.

 fUk;nghUl; fjpu;g;gpid tpsf;Ftjpy; gioa ngsjpfj;jpd; Njhy;tpia

tpgupg;ghu;.

 gpshq;fpd; fUJNfhis tpsf;f Vw;w gjq;fisg; gad;gLj;Jthu;.

 fUk;nghUs; fjpu;g;gpd; Jzpf;if ,ay;ig Vw;ghu;.

 fUk;nghUs; fjpu;g;ig tpsf;fg; gpshq;fpd; nfhs;ifiag; gad;gLj;j KbAk;

vd;gij Vw;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 vspa nraw;ghLfs; kw;Wk; nghUj;jkhd cjhuzq;fisg; gad;gLj;jp

ntg;gkhd clypy; ,Ue;J ntg;g rf;jpf; fjpu;g;G fhyiy tpsf;Fq;fs;.

 kpd;fhe;j jpUrpaj;ij toq;Fq;fs;.
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 ntg;gkhd clypy; ,Ue;J vy;yh miyePsKila fjpu;g;GfSk; fhyyhf;fg;

gLfpd;wJ vd;gjidf; $Wq;fs;.

 ntg;gkhd clypy; ,Ue;J fjpu;g;G fhyy; tPjk; gpd;tUk; fhuzpfspy;

jq;fpAs;sJ vd;gjidf; $Wq;fs;.

- Nkw;gug;gpd; jd;ik

- clypd; ntg;gepiy

- Nkw;gug;gpd; gug;gsT

 fUk;nghUspdhy; fUjg;gLtJ vd;d vd;gjid tpsf;Fq;fs;.

 ];nugdpd; tpjpia ntspg;gLj;Jq;fs;.

 ];nugdpd; khwpypia mfpy khwpypahf mwpKfg;gLj;Jq;fs;.

 Nkw;gug;gpd; cwpQ;ry; Fzfk; kw;Wk; Nkw;gug;gpd; fhyy; jpwd; vd;gtw;iw

tiuaWq;fs;.

 fUk;nghUSf;F NkNy Fwpg;gpl;l ngWkhdq;fs; 1 vdTk; Vida Nkw;gug;Gf;

fSf;F 1 I tpl rpwpnjdTk; fhl;Lq;fs;.

 fUk;nghUsy;yhj nghUs;fSf;F ];nugdpd; tpjpia Kd;itAq;fs;.

 nghUj;jkhd tiugpid cgNahfpj;Jf; fUk;nghUs; fjpu;g;gpDila nrwpTg;

guk;giy Kd;itAq;fs;.

 NkYs;s tiugpy; ,Ue;J ngwf;$ba jfty;fis Kd;itAq;fs;.

 tPdpd; ,lg;ngau;r;rp tpjpia Kd;itAq;fs;.

 tPdpd; tpjpia cgNahfpj;J tpsq;fg;gLj;jf;$batw;wpw;F cjhuzq;fs;

toq;Fq;fs;.

 nrwpTg; guk;gy; mtjhdq;fis tpsf;Ftjpy; gioa ngsjpftpaypd;

Njhy;tpia vLj;Jf; fhl;Lq;fs;.

 ePz;l miyePsKila gpuNjrj;jpid kl;Lk; gioa ngsjpftpaypd;

mbg;gilapy; mike;j Nwyp - [Pd; nfhs;if tpsf;Ffpd;wJ vd;gjid

vLj;Jf; $Wq;fs;.

 FWfpa miyePsKila gpuNjrj;jpid kl;Lk; gioa ngsjpftpaypd;

mbg;gilapy; mike;j tPdpd; nfhs;if tpsf;Ffpd;wJ vd;gjid vLj;Jf;

$Wq;fs;.

 NkNy Fwpg;gpl;l ,U nfhs;iffspd; mbg;gilapy; tiuag;gl;l tiuGld;

gupNrhjidj; juTfis cgNahfpj;J tiuag;gl;l tiugpid xg;gpLq;fs;.

 mtjhdq;fis tpsf;Ftjw;F kf;]; gpshq;fpdpdhy; Kd;itf;fg;gl;l ,U

fUJNfhs;fis vLj;Jf; $Wq;fs;.

 fUk;nghUs; fjpu;g;gpd; nrwpTg; guk;giy tpsf;Ftjw;F ,U fUJNfhs;fis

mbg;gilahf mike;j gpshq;fpd; nfhs;ifiag; gad;gLj;j KbAk; vd;gjid

vLj;Jf; $Wq;fs;.
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 gpshq;fpd; nfhs;ifapd; mbg;gilapy; tiuag;gl;l tiuGld; gupNrhjid

juTfspy; ,Ue;J tiuag;gl;l tiuG nghUe;Jfpd;wJ vd;gjid vLj;Jf;

fhl;Lq;fs;.

 Fwpg;gplg;gl;l fUJNfhs;fspy; ,Ue;J vOe;j rf;jpr; nrhl;L vz;zf;fUthdJ

gy tpsf;fq;fspy; gad;gLj;jg;gLfpd;wJ vd;gjid vLj;Jf; $Wq;fs;.

 fUk;nghUs; fjpu;g;Gld; njhlu;Gila gpur;rpidfisj; jPu;g;gjw;fhf fzpg;Gf;

fis Nkw;nfhs;tjw;F khztu;fSf;F topfhl;Lq;fs;.
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Nju;r;rp kl;lk; 11.2: nrhl;L nfhs;ifia xspkpd; tpisit tpsf;fg;

gpuNahfpg ;ghu ;.

ghlNtisfs;: 06

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 xsp kpd;tpistpd; tpupthd Ma;tpd; %yk; fz;lwpag;gLk; ,ay;Gfis

mbg;gilahff; nfhz;L xspkpd;tpisit tpsf;Fthu;.

 Eiotha; kPbwidf; fz;lwpa Kidthu;.

 epWj;Jk; mOj;jj;ij tpsf;f Kidthu;.

 xspkpd;tpistpw;fhd I-V tiuig tiuthu;.

 gioa ngsjpf nfhs;ifapd; mbg;gilapy; xsp kpd; tpistpd; KbTfis

tpsq;fg;gLj;j KbahJ vd;gjid Vw;ghu;.

 [d;];iud; Kd;itj;j fUJNfhs;fisf; $Wthu;.

 Nghl;Nlhd; nfhs;ifiag; gad;gLj;jp xspkpd; tpistpid tpsf;Fthu;.

 [d;];iudpd; rkd;ghl;bYs;s cWg;Gf;fis ,dq;fhz;gjd; %yk; mjid

tpsf;Fthu;.

 Eiotha; kPbwidAk; Ntiyr; rhu;igAk; njhlu;GgLj;Jthu;.

 epWj;Jk; mOj;jj;jj;ijAk; cau; ,af;fg;ghl;Lr; rf;jpiaAk; njhlu;G

gLj;Jthu;.

 xspkpd; rkd;ghl;ilg; gad;gLj;jp fzpj fzpg;gPLfisj; jPh;g;ghu;.

 cau; ,af;fg;ghl;Lr; rf;jpahdJ  Vd; nrwptpy; jq;fpapUf;ftpy;iy vd;gijAk;

tpsf;Fthu;.

 xspkpd;Ndhl;lk; nrwpTf;F Neu;tpfpjrkd; vd;gij tpsf;Fthu;.

 kpd;fhe;j miyapd; Jzpf;ifj; jd;ikf;fhf xspkpd; tpisT rhd;W gfpUk;

vd;gijf; $Wthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 xspkpd; tpisT njhlu;ghd Muk;g gupNrhjidfs; gw;wpa fye;Jiuahly;

xd;wpid elhj;Jq;fs;.

 xspkpd; tpisT gw;wpr; RUf;fkhf tpsf;Fq;fs;.

 xspkpd; tpisT gupNrhjidfspy; gad;gLj;jg;gLk; xspf;fyk; gw;wp tpgupAq;fs;.

 xspf;fyj;ij cgNahfpj;J elhj;jg;gl;l gupNrhjidfspy; ,Ue;J ngwg;gl;l

mtjhdq;fis Kd;itAq;fs;.
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 Eiotha; kPbwid mwpKfg;gLj;Jq;fs;.

 gupNrhjidj; juTfis mbg;gilahff; nfhz;L tiuag;gl;l gpd;tUk;

tiuGfis Kd;itAq;fs;.

1. nrwpit khwhJ itj;J> fNjhl;bw;Fk; mNdhl;bw;Fk; ,ilapyhd mOj;j

tpj;jpahrj;ij khw;Wjy;@ toq;fpapd; KidTfspd; khw;wq;fisf; fUj;jpw;

nfhs;Sq;fs;.

2. epWj;Jk; mOj;jj;ij mwpKfg;gLj;jp mq;F xsp ,yj;jpud;fs; cau;

,af;fg;ghl;Lr; rf;jpiaf; nfhz;bUf;Fk; vd;gjid tpsf;Fjy;.

3. ntt;NtW nrwpTfisg; gad;gLj;jpg; gupNrhjidia kPsr; nra;jy;.

4. kPbwid khw;whJ nrwptpid khw;Wfpd;w nghOjpYk; epWj;Jk; mOj;jj;jpy;

khw;wk; ,y;iy vd;gjidf; fhl;Lq;fs;.

5. NtWgl;l kPbwd;fSf;Fg; gupNrhjid nra;j nghOJ kPbwd; tpj;jpahrq;

fSf;Nfw;g epWj;Jk; mOj;jk; NtWgLtjidf; fhl;Lq;fs;.

6. epWj;Jk; mOj;jk; vjpu; kPbwd; tiuG.

7. ntt;Ntwhd cNyhfq;fSf;F epWj;Jk; mOj;jj;jpw;Fk; kPbwDf;Fk;

,ilapyhd tiuG.

8. tiuG %yk; ngwg;gl;l mtjhdq;fs; gw;wpa gioa ngsjpftpay;

tpsf;fq;fspd; Njhy;tpia vLj;Jf; $Wq;fs;.

 xspkpd; tpisit tpsf;Ftjw;F my;Ngl; [d;];iudpdhy; Kd;itf;fg;gl;l

fUJNfhis Kd;itAq;fs;.

 cNyhf Nkw;gug;gpw;fhd Ntiyr; rhu;gpid mwpKfg;gLj;Jq;fs;.

 [d;];iudpd; xspkpd; rkd;ghl;bid toq;Fq;fs;.

 Eiotha; kPbwd; kw;Wk; Ntiyr;rhu;G vd;gtw;wpw;fpilapyhd njhlu;gpid

toq;Fq;fs;.

 xsp ,yj;jpud;fspd; cau; ,af;fg;ghl;Lr;rf;jpf;Fk; epWj;Jk; mOj;jj;jpw;F

kpilapyhd njhlu;ig toq;Fq;fs;.

 [d;];iudpd; nfhs;ifiag; gad;gLj;jp xt;nthU mtjhdq;fisAk;

tpsf;Fq;fs;.

 epWj;Jk; mOj;jj;jpw;Fk; kPbwDf;Fkpilapyhd tiuig tpsf;Fq;fs;.

 ntt;NtW cNyhfq;fSf;F tiughdJ xd;Wf;nfhd;W rkhe;jukhf

,Ug;gjw;fhd fhuzj;ij tpsf;Fq;fs;.

 [d;];iudpd; nfhs;iff;Nfw;g kpd;fhe;j miyfspd; Nghl;ld;fs;

Jzpf;ifapay;igf; nfhz;Ls;sJ vd;gjidf; fhl;Lq;fs;.

 xspkpd; tpisT njhlu;ghd gpur;rpidfisf; fzpg;Gfs; Clhfj; jPu;g;gjw;F

khztu;fSf;F topfhl;Lq;fs;.
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Nju;r;rp kl;lk; 11.3: miy - Jzpf;if ,Uik,ay;G gw;wp Muha;thu;.

ghlNtisfs;: 02

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 Jzpf;ifapd; miy ,ay;gpw;fhd rhd;Wfis Kd;itg;ghu;.

 ve;j xU Jzpf;ifapdJk; jd; ce;jk; mjDld; ,ize;j miyePskhdJ

b GNwhf;ypapd; miyePsk; vdf; $wg;gLk; njhlu;ig Vw;Wf;nfhs;Sthu;.

 ,aq;Fk; Jzp;f;ifnahd;wpd;  b GNwhf;ypapd;  miyePsj;ijj;  Jzptjw;F

b GNwhf;ypapd; fUJNfhisg; gpuNahfpg;ghu;.

 ,yj;jpud; EZf;Ff;fhl;bapd; jj;Jtj;ij tpsf;Fthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 Nghl;lDf;Fj; Jzpf;if ,ay;Gs;sJ Nghd;W rlj;jpd; Jzpf;iffSf;Fk;

miyapay;G ,Uf;f Ntz;Lk; vd;gjid b Gnwhf;yp vLj;Jf; $wpdhu;

vd;gjidf; $Wq;fs;.

 rl miyapd; miyePsj;jpw;Fk; ce;jj;jpw;Fkpilapyhd b GNwhf;yp

njhlu;gpid toq;Fq;fs;.

 ,yj;jpud; fw;iwapd; Nfhziyf; fUJtjd; %yk; rl miyfspd; miyePsk;

gupNrhjid uPjpahfg; ngwg;gl;bUg;gij tpgupAq;fs;. rpy tUlq;fspd; gpd;

b GNwhf;yp ,f;fUj;ij vjpu;T $wpapUe;jhu;.

 b GNwhf;ypapd; nfhs;ifapdhy; vjpu;T $wg;gl;l rlj;Jzpf;iffspd;

miyePskhdJ ,yj;jpud; fw;iwg; gupNrhjidapy; ngwg;gl;l Nfhzy;

cUf;fspy; fzpf;fg;gl;l miyePsj;Jld; nghUe;jpaJ vd;gij vLj;Jf;

$Wq;fs;.

 EZf;Ff;fhl;ba Jzpf;iffshd ,yj;jpud;> GNuhj;jd; kw;Wk; epA+j;jpud;

fSf;F kl;Lk; Nfhzy; Nfhyj;jpidg; ngw KbAk; vd;gjid vLj;Jf;

$Wq;fs;.

 vz;fzpj cjhuzq;fisg; gad;gLj;jp EZf;Ff;fhl;ba nghUs;fspy; miy

,ay;gpid mtjhdpf;f KbahJ vd;gjid vLj;Jf; $Wq;fs;.

 EZf;Ff;fhl;b xd;wpd; Jzpg;G tYthdJ gad;gLj;Jk; miyapd;

miyePsj;jpy; jq;fpAs;sJ vd;gjid tpsf;Fq;fs;.

 miyePsk; rpwpajhf ,Uf;Fk;nghOJ Jzpg;G tY mjpfupf;fpd;wJ (cau;thf)

vd;gjid vLj;Jf; fhl;Lq;fs;.
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 fl;Gy xspapd; miyePs tPR;R 700 nm - 400 nm  Mifapdhy; fl;Gy xspiag;

gad;gLj;Jk;nghOJ Jzpg;G tYtpy; Xu; tiuaiw cs;sjid vLj;Jf;

fhl;Lq;fs;.

 Mu;KLFk; ,yj;jpud; fw;iwapy; ,Ue;J kpff; FWfpa miyePsj;ijg;

ngWtJ rhj;jpak; vd;gjid tpsf;Fq;fs;.

 cau; Mu;KLfYila ,yj;jpud; fw;iw gad;gLj;Jtjd; fhuzkhf ,yj;jpud;

EZf;Ff;fhl;b cau; Jzpg;G tYitf; nfhz;Ls;sJ vd;gjid tpsf;Fq;fs;.

 tupg;glj;jpidg; gad;gLj;jp xspapay; EZf;Ff;fhl;b kw;Wk; ,yj;jpud;

EZf;Ff;fhl;bfspy; njhopw;ghl;bid xg;gpLq;fs;.
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Nju;r;rp kl;lk; 11.4: khdplj; Njitfis epiwT nra;J nfhs;tjw;fhf

X-fjpu;fisg; gad;gLj;Jthu;.

ghlNtisfs;: 02

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 X - fjpu;fspd; fz;Lgpbg;ig tpsf;Fthu;.

 X - fjpu;fspd; cw;gj;jp Kiwia tpgupg;ghu;.

 X - fjpu;fspd; ,ay;Gfis tpsf;Fthu;.

 X - fjpu;fs; gad;gLj;jg;gLk; ntt;NtW Jiwfs; gw;wp tpsf;Fthu;.

(kUj;Jtj;Jiw> ifj;njhopy;Jiw Nghd;wd)

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 X- fjpu;fspd; fz;Lgpbg;ig tpgupAq;fs;.

 X-  fjpu; Ma;fUtpia tpgupAq;fs;.

 X- fjpu; Ma;fUtpapd; Kf;fpa gFjpfspd; gad;fis tpsf;Fq;fs;.

 X- fjpu; Ma;fUtpapypUe;J vt;thW X-  fjpu; cw;gj;jpahfpd;wJ vd;gjid

tpgupAq;fs;.

 kpd;fhe;j jpUrpaj;jpd; X-  fjpu;fspd; miyePstPr;ir vLj;Jf; $Wq;fs;.

 nkd; X- fjpu; kw;Wk; td; X- fjpu; Mfpatw;iw NtWgLj;Jq;fs;.

 X-  fjpupd; ,ay;Gfis Kd;itAq;fs;.

 X-  fjpupd; cgNahfq;fs; gw;wpf; fye;Jiuahliy elhj;Jq;fs;.
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Nju;r;rp kl;lk; 11.5: khdplj; Njitfis epiwT nra;J nfhs;tjw;Ff;

fjpu;j; njhopw;ghL gw;wp Muha;thu;.

ghlNtisfs;: 08

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 ,aw;iff; fjpu;j; njhopw;ghl;il tiuaWg;ghu;.

 fjpu;g;G fhyiy tpsf;Fthu;.

 fjpu;g;G fhyypd; ,ay;Gfisf; $Wthu;

 ,Utifahd Jzpf;iffisAk; $Wthu;.

 fjpu;g;Gfspw;fhd nghJr; rkd;ghLfis vOJthu;.

 fjpu;j; njhopw;ghl;L Nja;T tpjpia tpgupg;ghu;.

 Nja;Tkhwpyp> miu MAs; fhyk; vd;gtw;iw mwpKfg;gLj;Jthu;.

 C14 Njjpapliy tpsf;Fthu;.

 fjpu;j; njhopw;ghl;bd; cgNahfq;fSf;fhd cjhuzq;fisj; jUthu;.

 fjpu;g;gpd; Cl;L> RBE fhuzp (Q- fhuzp)> cly; eyf;NfhL vd;Dk;

gjq;fis myFld; mwpKfg;gLj;jy;.

 fjpu;g;gpd; cly; eyf;Nfl;il tpsf;FtJld; ghJfhg;G Kd;Ndw;ghLfisAk;

tpsf;Fthu;.

 #oypYs;s ntt;NtW ,lq;fspy; cs;s fjpu;j; njhopw;ghl;il iffu;

vz;zpiag; gad;gLj;jp mstpLtJld; mjid tpsf;Fthu;.

 fjpu;j; njhopw;ghl;L Nja;T> fjpu;j; njhopw;ghl;L Nja;T tpjp> tiuG vd;gtw;iw

tpgupg;ghu;.

 Nja;T khwpyp njhopw;ghL> miu tho;T fhyk; vd;gtw;iw tpsf;Fthu;.

 kUj;Jtk;> njhopw;Jiw> tptrhak;> fjpu;j; njhopw;ghl;Lj; Njjpaply; vd;g

tw;wpy; njhopw;ghl;bd; cgNahfj;ij tpsf;Fthu;.

 fUk;nghUs; fjpu;g;ig tpsf;fg;gLj;Jthu;.

 fjpu;g;gpd; Cl;il (Gy) tpsf;Fthu;.

 RBE/Q  I tpsf;Fthu;.

 cly;eyf;NfL (Sv) I tpsf;Fthu;.

 fjpu;g;gpw;fhd fhyj;ij tpsf;Fthu;.

 fjpu;g;Gf;F ntspf;fhl;lg;gl;l clypd; gug;G vd;gjid tpsf;Fthu;.
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 ghJfhg;G Kd;Ndw;ghLfis tpsf;Fthu;.

 gpd;dzpf; fjpu;g;G> cly; eyj;jpw;F Mgj;J tpistpf;Fk; fjpu;fs;> ghJfhg;G

Kw;fhg;G vd;gtw;iw tpsf;Fthu;.

 fjpu;j; njhopw;ghL njhlu;ghd vz;dpay; rhu;e;j gpur;rpidfisj; jPu;g;ghu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 fjpu;j;njhopw;ghL gw;wpa Muk;gf; fz;Lgpbg;Gf;fis epidT+l;Ltjw;F

fye;Jiuahly; xd;iw elhj;Jq;fs;.

 fjpu;j;njhopw;ghl;bd; tiutpyf;fzj;ij Kd;itAq;fs;.

 fjpu;j;njhopw;ghl;bid xU fUj;jhf;fkhf mwpKfg;gLj;Jq;fs;.

 ,aw;if fjpu;j;njhopw;ghl;bd; fjpu;g;ghf Jzpf;iffs;> Jzpf;iffs;

kw;Wk; fjpu;fs; Mfpatw;iw mwpKfg;gLj;Jq;fs;.

  fjpu;fspd; ,ay;Gfis mwpKfg;gLj;Jq;fs;.

  fjpu;g;gpd; gz;Gfis Kd;itAq;fs;.

 ,U tifahd  Jzpf;iffs; cz;L vd;gij vLj;Jf; $Wq;fs;.

 fjpu;g;gpw;fhd rkd;ghl;il toq;Fq;fs;.

 xt;nthU fjpu;g;gpw;fhd cjhuzj;ij toq;Fq;fs;.

 fjpu;fspd; ,ay;Gfis xg;gpLtjw;fhf mtw;wpd; ,ay;Gfisf; nfhz;l

ml;ltiznahd;iw toq;Fq;fs;.

 fjpu;j;njhopw;ghl;L gpupe;jopif tpjpia Kd;itAq;fs;.

 Nja;T khwpypia ( )  mwpKfg;gLj;Jq;fs;.

 fjpu;j;njhopw;ghl;L khjpupapYs;s Jzpf;iffspd; vz;zpf;iff;Fk;

Neuj;Jf;Fkpilapyhd tiuig Kd;itAq;fs;.

 “njhopw;ghL||(A), ~~miutho;Tf;fhyk;|| 1
2

( )T  vd;gtw;iw mwpKfg;gLj;Jq;fs;.

 Nja;Tkhwpyp kw;Wk; miutho;Tf;fhyk; vd;gtw;Wf;fpilapyhd njhlu;ig

toq;Fq;fs;.

 fjpu;j;njhopw;ghl;bd; gad;fSf;fhd cjhuzq;fisf; fz;Lgpbg;gjw;fhd

xU tpthjj;ij elhj;Jq;fs;.
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 fhgd; Njjpaply; gw;wpa gpd;tUk; cz;ikfisf; ftdj;jpy; nfhz;L

khztu;fSf;F topfhl;Lq;fs;.

- tspj; Jzpf;iffSf;Fk;  (mZf;fs;)  mz;lf; fjpu;fSf;Fkpilapyhd

jhf;fj;jpd; %yk; epAj;jpud; cw;gj;jpahfpd;wJ.

- epAj;jpud; 14
7 N   MdJ  mZf;fSld;  jhf;fk;  GupAk;NghJ  14

6C  ,J

cw;gj;jpahfpd;wJ.

- 14
6C   cWjpaw;w  fUthifapdhy;  ,jd; Nja;T  Jzpf;iffisAk;

14
7 N IAk; gpwg;gpf;fpd;wJ.

-

14
6

14
7

C

N
 vDk; tpfpjk; ePz;l fhyj;jpw;F xU khwpyp.

 xU gz;ila nghUspd; tajpid vt;thW fhgd; Njjpapliyg; gad;gLj;jp

jPu;khdpf;fg;gLfpd;wnjd;gij tpsf;Fq;fs;.

 fjpu;g;gpd; cly; ey jPq;Ffs; gw;wpa fye;Jiuahly; xd;wpid elhj;Jq;fs;.

 fjpu;g;G Cl;L gjj;jpidAk; myfpidAk; Kd;itAq;fs;.

 fjpu;g;gpw;fhd Q- fhuzpia mwpKfg;gLj;Jq;fs;.

 fjpu;g;gpd; rkkhd Cl;bid mwpKfg;gLj;Jq;fs;.

  kw;Wk; n Nghd;w NtWgl;l fjpu;g;gpDila Q- fhuzpfSf;fhd

ml;ltizia toq;Fq;fs;.

 iffu; - %y;yu; vz;zp gw;wp vLj;Jf; $Wq;fs;.
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Nju;r;rp kl;lk; 11.6: fUr;rf;jpAk; mjd; gad;ghLk; gw;wpAk; Muha;thu;.

ghlNtisfs;: 06

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 mZf;fl;likg;G> fU> rkjhdpfs;> fUf;FwpaPL> mZj;jpzpT myF

vd;gtw;iw ,dq;fhz;ghu;.

 fUtpd; cWjpg;ghl;bid tpsf;Fthu;.

 jpzpTf; Fiwtpid tpsf;Fthu;.

 [d;];iudpd; jpzpT - rf;jpr; rkd;ghl;ilf; $Wthu;.

 gpizg;Gr; rf;jpia tpsf;Fthu;.

 mZntz;zpw;Fk; epAf;fpspNahdpd; gpzpr; rf;jpf;Fkhd tiuig tpsf;Fthu;.

 ,urhadj; jhf;fq;fs;> fUj; jhf;fq;fs; fhuzkhf ntsptplg;gLk; rf;jpapid

xg;gpLthu;.

 fUg;gpsT> rq;fpypj; jhf;fr; nrad;Kiw vd;gd fl;Lg;gLj;jf;$bajhfTk;

(fUtY) my;yJ fl;Lg;gLj;j KbahjjhfTk; (mZFz;L) ,Uf;fyhk;

vd;gjid tpsf;Fthu;.

 kw;iwa el;rj;jpuq;fspy; epfOk; fU xd;wy; jhf;fj;ijAk; cUthFk;

%yfq;fisAk; tpsf;Fthu;.

 jfty; njhopDl;gj;ijg; gad;gLj;jp xU fjpu;g;Gg; Nguoptpd;NghJ Nkw;nfhs;s

Ntz;ba Kw;fhg;ig cWjpg;gLj;Jtjw;F xU fzf;nfLg;ig Nkw;nfhs;S

tJld; mwpf;if jahupf;fTk; KbAk;.

 fU xd;wiy tpsf;FtJld; mjd; nraw;ghL> #upad;. kw;iwa el;rj;jpuq;fs;

vd;gtw;wpDs; fU xd;wy; jhf;fj;ijAk; cUthFk; %yfq;fisAk;

tpsf;Fthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nray; Kiwfs;:

 mZf; fl;likg;G> fU> mZj;jpzpT myF gw;wpa fUj;Jf;fis epidT

$Wtjw;Ff; fye;Jiuahly; xd;wpid elhj;Jq;fs;.

 fUtpd; jpzpthdJ ,jd; $Wfspd; jpzptpYk; rpwpaJ vd;gjidf; $Wq;fs;.

 fU cUthFk;nghOJ jpzpTf; FiwT Vw;gLfpd;wJ vd;gjid tpsf;Fq;fs;.

 jpzpTf; FiwthdJ gpizg;Gr;rf;jpahf cs;sjidf; fhl;Lq;fs;.

 E = mc2 rkd;ghl;bidg; gad;gLj;jpg; gpizg;Gr; rf;jpiaf; fzpg;gjw;F khztu;

fSf;F topfhl;Lq;fs;.
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 jpzpT vz;Zld; fU xd;wpw;fhd gpizg;Gr; rf;jpapd; tiugpid

Kd;itAq;fs;.

 fUtpd; cWjpepiy gw;wpf; fye;JiuahLq;fs;.

 gpizg;Gr;rf;jpahdJ MeV tupirapy; cs;sJ vd;gjid vLj;Jf; $Wq;fs;.

 tiuGf;Nfw;g Fiwe;j jpzpntz;Zila %yfKk; $ba jpzpntz;Zila

%yfKk; cWjpaw;w epiyapYs;sJ vd;gij vLj;Jf; fhl;Lq;fs;.

 235
92U  Nghd;w cau; jpzpntz;Zila mZf;fs; fUg;gpsTj; jhf;fj;jpw;F

cl;gl KbAk; vd;gij vLj;Jf; fhl;Lq;fs;.

 nkJthf ,aq;Fk; epAj;jpud;fshy; 235
92U  mZ Nkhjpabf;Fk;NghJ fUj;

jhf;fk; epfo;fpd;wJ vd;gij Kd;itAq;fs;.

 ,U ghuk; Fiwe;j fUf;fspd; ,ilj;jhf;fj;jpd; %yk; epAj;jpud; cUthfpd;wJ

vd;gijf; fhl;Lq;fs;.

 ,e;epAj;jpud;fs; 235
92U ,d; kw;iwa fUf;fSld; NkhJk;NghJ rq;fpypj;jhf;fk;

epfo;fpd;wJ vd;gjid tpsf;Fq;fs;.

 mZFz;L fl;Lg;gLj;jKbahj fU xd;wy; jhf;fj;jpd; gaid cUthf;FfpwJ

vd;gij tpsf;Fq;fs;.

 fU kpd;tY Miyapy; vt;thW rq;fpypj;jhf;fk; fl;Lg;gLj;jg;gLfpwJ vd;gjid

vLj;Jf; $Wq;fs;.

 fUj;jhf;f kpd;tY epiyaq;fs; fl;Lg;gLj;jg;gl;l cUfy; jhf;fq;fspd;

gaid cUthf;FfpwJ vd;gij tpsf;Fq;fs;.

 Fiwe;j jpzpntz;fSila %yfq;fs; fU xd;wy; jhf;fj;jpD}lhf NkYk;

cWjpahd %yfq;fshf cl;gLfpd;wJ vd;gjid vLj;Jf; $Wq;fs;.

 fU xd;wy; jhf;fj;jpid Muk;gpg;gjw;F 108 K; tupirapy; ntg;gepiy Njit

vd;gjid vLj;Jf;$Wq;fs;.

 #upadpd; mfzpapy; He fUf;fs; cUthFtjw;F H fUf;fs; gad;gLj;jg;

gLfpwJ vd;gjidf; fhl;Lq;fs;.

 #upadpy; eilngWk; fU cUfy; jhf;fj;jpw;fhd rkd;ghl;il Kd;itAq;fs;.

 xU fUj;jhf;f tl;lk; epfOk;NghJ  25 MeV tupirapy; rf;jp ntsptpLfpd;wJ

vd;gjij vLj;Jf; fhl;Lq;fs;.

 #upadpy; 5 gpy;ypad; Mz;LfSf;F ,j;jhf;fk; ,Uf;Fk; vd;gjidAk;

NkYk; 5 gpy;ypad; Mz;LfSf;F #upadpy; NghJkhdsT Ijurd; fhzg;gLk;

vd;gjidAk; vLj;Jf; $Wq;fs;.

 ,urhadj; jhf;fj;jpd;NghJk; fUj;jhf;fj;jpd;NghJk; gupkhw;wg;gLk; rf;jpapd;

msit xg;gpLq;fs;.

 NtW %yfq;fis cUthf;Ftjw;fhd gy;NtW fU xd;wy; jhf;fq;fs;

NtW el;rj;jpuq;fspy; epfo;fpwJ vd;gijf; $Wq;fs;.
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Nju;r;rp kl;lk; 11.7: rlKk; mjd; ,ilj;jhf ;fj;jpdJk; mbg;gil

mikg;Gf;fs; gw;wp Muha;thu;.

ghlNtisfs;: 04

fw;ww; NgWfs;:

,g;ghl myiff; fw;w gpd;du; khztu;>

 Jzpf;if ngsjpftpayhdJ rlj;jpd; rpwpa gFjpfspd; fhyk; fhykhd

NjlYf;fhd Gjpa gjpg;ghFk;.

 rlj;jpd; fl;likg;ig mwpa cau; ce;j Jzpf;iffspd; Njitg;ghL gw;wp

tpsf;Fthh;.

 mz;lf;fjpu;fshdJ cau; rf;jp Jzpf;iffspd; ,aw;if Kjy;fshFk;

vd;gij tpsf;Fthh;.

 cau; rf;jp Jzpf;iffis cUthf;fj; Jzpf;if Mu;KLf;fpfs; gad;gLfpd;wJ

vd;gij tpsf;Fthu;.

 Jzpf;if Nkhjy;fspd; Ngiwg; gFg;gha;T nra;tjw;F czupfs; Njit

vd;gij tpsf;Fthu;.

 ngUksT mbg;gilj; Jzpf;iffspd; fz;Lgpbg;G gw;wp tpsf;Fthu;.

 GNuhj;jd;fSk; ,yj;jpud;fSk; Fthu;f;fpdhy; cUthf;fg;gl;lJ vd;gij

tpsf;Fthu;.

 nyg;lhd; FOtpy; cilikfs; ,yj;jpud;fs; vd;gij tpsf;Fthu;.

 Kjy;fisAk; xt;nthU mbg;gil ,ilj;jhf;fj;jpd; typikiaAk;

fz;bwpthu;.

gupe;Jiuf;fg;gl;l fw;wy; - fw;gpj;jy; nraw;ghLfs;:

 mZf; fl;likg;G> fU> mZj;jpzpT myF gw;wpa fUj;Jf;fis epidT

$Utjw;Ff; fye;Jiuahly; xd;wpid elhj;Jq;fs;.

 rlj;jpd; mbg;gilj; Jzpf;if gw;wpf; ftdk; nrYj;jpa etPd tpQ;Qhdkhf

Jzpf;ifg; ngsjpftpaiy mwpKfg;gLj;Jq;fs;.

 mZf;fspd; fUf;fis Muha;tjw;fhfr; nra;ag;gl;l ujNghu;bd;

gupNrhjidia epidTgLj;Jq;fs;.

 rlj;jpd; ,ay;Gfis ntspf;nfhz;L tUtjw;F cau; ce;jk; cila

Jzpf;iffisg; gad;gLj;Jjy; mtrpak; vd;gijf; fhl;Lq;fs;.

 cau; ce;jKila Jzpf;iffspd; ,aw;if Kjy;fshf mz;lf; fjpu;fis

vLj;Jf; $Wq;fs;.
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 cau; ce;jKila Jzpf;iffisg; ngWtjw;F Mu;KLfYf;Fs;shFk;

Jzpf;iffs; gad;gLj;jg;gLfpd;wJ vd;gij tpsf;Fq;fs;.

 NkhJifapd; tpisit mtjhdpg;gjw;F czupfs; gad;gLj;jg;gLfpd;wd

vd;gjid tpsf;Fq;fs;.

 Fthu;f;Ffs; (quarks) Mf epA+j;jpuDk; GNuhj;jpuDk; mbg;gilj; Jzpf;iffspy;

,Ue;J cUthfpd;wJ vd;gij vLj;Jj; $Wq;fs;.

 ,yj;jpud; nyg;lhd; (lepton)  FLk;gj;jpw;Fr; nrhe;jkhdJ vdf; $Wq;fs;.

 ,aw;ifapy; ehd;F mbg;gil tpirfisg; ngaupLq;fs;.

 mbg;gil tpirfspd; gUkd; tPr;rpid xg;gpLq;fs;.


