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ek=kd] foek,a ,oa lfn'k

foKku ,oa fo'ks"k :i ls HkkSfrdh esa ge ;FkklaHko 'kq¼ ekiu dk iz;kl djrs gSaA foKku
osQ bfrgkl esa 'kq¼ ekiu ls vusd u;s vkfo"dkj vkSj egRoiw.kZ fodkl gq, gSaA Li"Vr;k]
izR;sd ekiu osQ mi;qDr ek=kd gksrs gSaA mnkgj.k osQ fy, ;fn vki vius dejs dh yEckbZ
ekisa rks bldks ,d mi;qDr ek=kd esa vfHkO;Dr fd;k tkrk gSA blh izdkj ;fn vki nks
?kVukvksa osQ chp osQ varjky dk ekiu djrs gsa rks bls fdlh nwljs ek=kd osQ :i esa vfHkO;Dr
fd;k tkrk gSA fdlh HkkSfrd jkf'k osQ ek=kd dh O;qRifÙk varjkZ"Vªh; le>kSrs osQ }kjk fu;r
ewyHkwr ek=kdksa osQ }kjk dh tkrh gSA ewyHkwr ek=kdksa dh èkkj.kk foekvksa dh ladYiuk dks
tUe nsrh gS ftlosQ HkkSfrdh esa egRoiw.kZ vuqiz;ksx gSaA

vki vè;;u djsaxs fd HkkSfrd jkf'k;k¡ lkekU;r;k nks lewgksa esa foHkkftr dh tk ldrh
gSa& vfn'k ,oa lfn'kA vfn'k jkf'k;ksa dk osQoy ifjek.k gksrk gS tcfd lfn'k jkf'k;ksa dk
ifjek.k ,oa fn'kk nksuksa gksrs gSaA lfn'k jkf'k;ksa dh xf.krh; izfØ;k vfn'k jkf'k;ksa osQ fy;s
iz;qDr izfØ;k ls oqQN fHkUu gksrh gSA lfn'k ,oa vfn'k jkf'k;ksa dh ifjdYiuk fofHkUu izko`Qfrd
?kVukvksa dh HkkSfrdh dks le>us esa lgk;d gSaA bldk vuqHko vki bl ikB~;Øe esa djsaxsA

mís';

bl ikB dk vè;;u djus osQ i'pkr~ vki %

HkkSfrdh ds {ks=k] blds fu;eksa dh izÑfr vkSj HkkSfrdh ds fl¼kUrksa ds gekjs nSfud thou
esa vuqiz;ksxksa dk o.kZu dj ldsaxs_

ekiu esa lkFkZd vadksa dh la[;k Kkr dj ldsaxs vkSj ekiu esa muds egRo dks le>k
ldsaxs_

ekSfyd ,oa O;qRiUu jkf'k;ksa esa Hksn dj ik;saxs rFkk buosQ SI ek=kd crk losaQxs_

fofHkUu HkkSfrd jkf'k;ksa dh foek,a fy[k losaQxs_
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foeh; fo'ys"k.k osQ iz;ksx }kjk lehdj.kksa dh 'kq¼rk dh tk¡p dj losaQxs ,oa vKkr
jkf'k;ksa dh foeh; izo`Qfr fu/kZfjr dj ik;saxs_

vfn'k ,oa lfn'k jkf'k;ksa esa Hksn crk losaQxs ,oa buosQ mnkgj.k izLrqr dj losaQxs_

nks lfn'kksa dks tksM+ o ?kVk losaQxs ,oa fdlh lfn'k dks mlosQ ?kVdksa esa fo;ksftr dj
losaQxs_

nks lfn'kksa dk xq.kuiQy Kkr dj losaQxsA

1-1 HkkSfrd txr vkSj ekiu

1-1-1 HkkSfrdh% iz;kstu ,oa iszj.kk

HkkSfrdh dk dk;Z&ifjlj cgqr foLr`r gSA vR;Ur fofo/rkiw.kZ izkÑfrd ifj?kVuk,a blds
vè;;u {ks=k esa vkrh gSaA blesa 'kkfey gSa% ;kfU=kdh_ mQ"ek ,oa mQ"ekxfrdh_ izdkf'kdh_
rjaxsa ,oa nksyu_ fo|qr ,oa pqEcdÙo_ ijekf.od ,oa ukfHkdh; HkkSfrdh_ bysDVªkWfudh ,oa
dEI;wVj vkfnA cgqr le; ls] dqN leL;kvksa ds gy dh vko';drk dks ysdj tSo&
HkkSfrdh] jlk;u&HkkSfrdh] [kxksy&HkkSfrdh] e`nk&HkkSfrdh] Hkw&HkkSfrdh bR;kfn fo"k;ksa dk
fodkl fd;k x;k gS vkSj blls HkkSfrdh dk {ks=k vkSj fodflr gqvk gSA HkkSfrdh esa ge
rkjksa] xzgksa tSls fo'kky rFkk ewy d.kksa tSls lw{e fiaMks dk] 1025 m (czgek.M dk lkbt+)
tSlh fo'kky rFkk 10–14 m (ijek.kq ukfHkd dk lkbt) tSlh vYi nwfj;ksa dk] 1055 kg
(czgek.M dk nzO;eku) tSls fo'kky vkSj 10–30 kg (bysDVªkWu dk nzO;eku) tSls lw{e
nzO;ekuksa dk vè;;u djrs gSaA

HkkSfrdh laHkor% lHkh foKkuksa dk vk/kj gSA vfHk;kaf=kdh vFkok izkS|ksfxdh esa gq, lHkh
fodkl HkkSfrdh ds vuqiz;ksxksa ds vfrfjDr vkSj dqN Hkh ugha gSaA

HkkSfrdh ds vè;;u usa vusd egRoiw.kZ [kkstksa] vkfo"dkjksa vkSj muds vuqiz;ksxksa dks tUe
fn;k gS] mnkgj.kkFkZ%

(i) ,d fxjrs gq, lso ls xq#Rokd"kZ.k dk cks/]

(ii) ty] rkih; ,oa ukfHkdh; 'kfDr&la;U=kksa }kjk fo|qr mQtkZ dk mRiknu (fo|qr foghu
txr vkSj mlds thou dh dYiuk djds nsf[k,)A

(iii) VsfyiQksu ,oa Vsfyfotu }kjk fo'o ds fdlh Hkh Hkkx ls lans'k ,oa n`'; izkIr djukA

(iv) i`Foh ls jkscksV fu;U=k.k iz.kkyh dk mi;ksx dj ds pUnzek ij vorj.k rFkk eaxy tSls
xzgkas ,oa vU; [kxksfyd fiaMksa dk vè;;uA

(v) Ñf=ke mixzgksa vkSj mixzgksa ij yxs VsfyLdksiksa dh lgk;rk ls ckg; vUrfj{k dk
vè;;uA

(vi) ysllZ vkSj muds vusd vuqiz;ksx

(vii) mPp xfr dEI;wVj] rFkk ,sls vusd vuqiz;ksxA
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1-1-2 HkkSfrd fu;ekas dh izÑfr

HkkSfrdhfon~ czg~ek.M dk vUos"k.k djrs gSaA oSKkfud izØeksa ij vk/kfjr muds vUos"k.k ds
ifjlj esa lw{e voijek.kqd d.kksa ls ysdj fo'kky rkjs rd vkrs gSaA

HkkSfrd fu;e izk:fidr% ,sls fu"d"kZ gksrs gSa tks ckj ckj nksgjk, x, iz;ksxksa vkSj dbZ o"kks±
rd fy, x, izs{k.kksa ij vk/kfjr gksrs gSa vkSj ftUgsa oSKkfud lekt }kjk lkoZHkkSfed ekU;rk
izkIr gks pqdh gksrh gSA HkkSfrd fu;e&

• de ls de vius oS/rk {ks=k ds vUrxZr lR; gksrs gSaA

• lkoZHkkSe gksrs gSaA mUgsa czg~ek.M esa gj dgha ykxw fd;k tk ldrk gSA

• ljy gksrs gSaA mUgsa izk:fidr% ,d xf.krh; lehdj.k ds inksa esa O;Dr fd;k tk
ldrk gSA

• fujis{k gksrs gSaA czg~ek.M esa dqN Hkh mUgsa izHkkfor ugha dj ldrkA

• LFkk;h gksrs gSaA [kksts tkus ds ckn vifjo£rr jgrs gSa (gkykafd] muesa dqN mixeu@
vFkok viokn gks ldrs gSa)A

• loZ'kfDreku gksrs gSaA czg~ek.M esa gj oLrq dks mudk ikyu djuk gh gksrk gSA

1-1-3 HkkSfrdh] izkS|ksfxdh ,oa lekt

izkS|ksfxdh] HkkSfrdh ds fu;eksa dk vuqiz;ksx gksrh gS] ftlds }kjk gekjs HkkSfrd thou Lrj
dh xq.koÙkk esa lq/kj ds fy, e'khuksa] ;qfDr;ksa vkfn dk fuekZ.k fd;k tkrk gS ;k muesa
lqèkkj yk;k tkrk gSA mnkgj.k ds fy,%

(i) fofHkUu izdkj ds bUtu (Hkki] iSVªksy] Mht+y vkfn) mQ"ek xfrdh ds fu;eksa ij
vk/kfjr gksrs gSaA

(ii) lapkj ds lk/u tSls jsfM;ks] VsfyiQksu] Vsfyfotu vkfn fo|qr&pqEcdh; rjaxksa ds
izxeu ij vk/kfjr gksrs gSaA

(iii) fo|qr tuu fo|qr pqEcdh; iszj.k ds fl¼kUr ij vk/kfjr gksrk gSA

(iv) ukfHkdh; fj,DVj fu;af=kr&ukfHkdh;&fo[k.Mu ds fl¼kUr ij vk/kfjr gksrk gSA

(v) tsV ok;q;ku rFkk jkWdsV U;wVu ds xfr ds f}rh; ,oa r`rh; fu;eksa ij vk/kfjr gksrs
gSaA

(vi) ,Dl&fdj.kksa] ijkcSaxuh fdj.kksa rFkk vojDr fdj.kksa dk mi;ksx fpfdRlk foKku esa
funku ,oa jksxgj.k ds fy, fd;k tkrk gSA

(vii) eksckby iQksu] ifjdfy=k vkSj lax.kd bysDVªkfudh ds fl¼kar ij vk/kfjr gksrs gSaA

(viii) ysllZ bysDVªkWu la[;k mRØe.k dh ifj?kVuk ij vk/kfjr gksrs gSaA

bl izdkj ds cgqr ls mnkgj.k fn, tk ldrs gSaA
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1-1-4 ekiu dh vko';drk

izR;sd ubZ [kkst lekt dh lajpuk vkSj blds yksxksa ds thou esa Økafrdkjh ifjorZu ykrh
gSA D;k vki bl rF; dks dqN mnkgj.kksa }kjk Li"V dj ldrs gSa\

HkkSfrdh] tSlk ge tkurs gSa] foKku dh ,d 'kk[kk gS ftlesa izÑfr vkSj izkÑfrd
ifj?kVukvksa dk vè;;u fd;k tkrk gSA fdlh ifj?kVuk ds lEiw.kZ ,oa mi;qDr vè;;u
ds fy, blls lac¼ jkf'k;ksa dk ekiu vfuok;Z gksrk gSA mnkgj.k ds fy, fdlh d.k dh
xfr ds vè;;u ds fy, fdlh {k.k fo'ks"k ij blds foLFkkiu] osx ,oa Roj.k dk lgh
ekiu djuk gksrk gSA ftlds fy,] le; vkSj nwjh dk ekiu djuk iM+rk gSA blh izdkj]
fdlh xSl dh voLFkk ds iw.kZ vè;;u ds fy, vk;ru] nkc vkSj rki dk ekiu vko';d
gksrk gSA fdlh nzo ij mQ"ek ds izHkko dk vè;;u djus ds fy, mldk nzO;eku] vk;ru
vkSj rki ekiuk iM+rk gSA vr% ge ns[krs gSa fd izR;sd izkÑfrd ifj?kVuk dk vè;;u
djus ds fy,] nwjh] le;] rki] nzO;eku] cy vkfn jkf'k;ksa dk ekiu djuk gksrk gSA blls
ekiu dh vko';drk Li"V gks tkrh gSA

1-2 eki osQ ek=kd (Unit of Measurement)

HkkSfrdh osQ fu;eksa dks nwjh] pky] le;] cy] {ks=kiQy] vk;ru] fo|qr/kjk] vkfn HkkSfrd
jkf'k;ksa osQ inksa esa O;Dr djrs gSaA ekiu osQ fy;s izR;sd HkkSfrd jkf'k dk ,d ek=kd fu;r
fd;k tkrk gSA mnkgj.k osQ rkSj ij] le; dk ekiu feuVksa] ?kaVksa ;k fnuksa osQ :i esa fd;k
tk ldrk gSA ysfdu fofHkUu O;fDr;ksa osQ chp mi;ksxh oSpkfjd vknku iznku gsrq bl ek=kd
dh rqyuk lHkh dks Lohdk;Z ekud ek=kd ls dh tkuh pkfg;sA mnkgj.kr;k] tc ge dgrs
gSa fd fnYyh ,oa dydÙkk osQ chp dh nwjh yxHkx 2000 fdyksehVj (km) gS rks ge ewyHkwr
ek=kd km osQ :i esa rqyuk djrs gSaA blh izdkj vki laHkor;k nzO;eku osQ ek=kd fdyksxzke
,oa le; osQ ek=kd lsoaQM ls ifjfpr gksaxsA ekud ek=kdksa osQ lanHkZ esa lHkh dk ,d er
gksuk vko';d gSA rkfd tc ge 100 fdyksehVj] 10 fdyksxzke ;k 10 ?kaVs dgsa rks nwljs
yksx bls le> losaQA foKku esa ewyHkwr ek=kdksa osQ lanHkZ esa varjkZ"Vªh; erSD; vko';d
gS vU;Fkk lalkj osQ ,d Hkkx osQ O;fDr;ksa }kjk izkIr ijh{k.kksa osQ ifj.kkeksa dks nwljh Hkk"kk
osQ O;fDr ugha le> ik;saxsA

ekuk vki ikuh esa ,d jlk;u dh foys;rk dk ijh{k.k dj jgs gSaA ;fn vki jlk;u dk
nzO;eku rksyksa esa ,oa ikuh dk vk;ru di osQ ifjek.k ls O;Dr djsa rks D;k vkidk tkikuh
fe=k vkiosQ ijh{k.k osQ ifj.kkeksa dks le> ik;sxk\

vkiosQ fe=k dh le> esa ijh{k.k osQ ifj.kke vkuk vlaHko gS D;ksafd og nzO;eku osQ ek=kd
rksyk ,oa vk;ru&ekiu osQ fy;s iz;qDr di ls lqifjfpr ugha gSA D;ksafd ;s ifjek.k osQ
ekud ek=kd ugha gSaA D;k vc vkioQks loZekU;] ekud ek=kdksa dh vko';drk Li"V gqbZ\

;kn j[ksa fd foKku esa ,d ijh{k.k osQ ifj.kke rHkh LFkkfir ekus tkrs gSa tcfd
leku ifjfLFkfr;ksa esa vU;=k og ijh{k.k fd;s tkus ij leku ifj.kke izkIr gksaA
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Hkkjrh; ijaijkvksa esa ekiu

Hkkjr esa izkphu dky ls gh ;FkkØe ekiu dh ifjikVh jgh gS] euqLe`fr dk fuEufyf[kr
m¼j.k bl ckr dks Hkyh&Hkk¡fr Li"V djrk gS%
¶jktk dks izR;sd 6 ekg esa ckVksa ,oa rqykvksa dk ijh{k.k dj ;g lqfuf'pr dj ysuk
pkfg;s fd ekiu lgh gSa ,oa bUgsa jkteqfnzr dj fn;k x;k gSA¸

& euqLe`fr] 8ok¡ vè;k;] 'yksd la- 403
gM+Iik dky esa ekiu osQ laosQr cgqrk;r esa feyrs gSaA leku :i ls pkSM+h lM+osaQ]  4
: 2 : 1 vuqikr dh b±Vsa] yksFky esa ik;k x;k gkFkh nk¡r dk iSekuk ftldh U;wure eki
1.70 mm Fkh] "kViQydh;  0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200 ,oa 500
bdkbZ;ksa osQ Hkkj (1 bdkbZ = 20 xzke) ik;s x;s]
ekS;Z dky esa yackbZ osQ fuEu ek=kd izpyu esa Fks %

8 ijek.kq = 1 jt%d.k 8 jt%d.k = 1 fy{kk

8 fy{kk = 1 ;wdekè; 8 ;wdekè; = 1 ;oekè;

8 ;oekè; = 1 vaxqy 8 vaxqy = 1 /ueqZf"V

eqxy dky esa 'ksj'kkg ,oa vdcj us Hkkj ,oa ekiu osQ {ks=k esa ,d:irk iquLFkkZiu dk
iz;kl fd;kA vdcj us yackbZ ekius osQ fy;s 41 vaxqy dk xt vkjaHk fd;kA tehu
dk {ks=kiQy&ekiu osQ fy;s ch?kk iz;qDr fd;k (1 ch?kk = 60 xt × 60 xt)A
nzO;eku ,oa vk;ru osQ ek=kdksa dk Li"V mYys[k vk;qosZn esa Hkh ik;k tkrk gSA

1-2-1 ek=kdksa dh SI i¼fr

loZekU; ek=kdksa dh vko';drk dks è;ku esa j[krs gq;s 1971 esa vk;ksftr pkSngoha tujy
dkUizsaQl vku osV~l ,.M estjl esa 7 ewy ek=kdksa dh i¼fr dks viuk fy;k x;kA bu
7 ek=kdksa ij vkèkfjr SI ek=kd iz.kkyh cuhA SI varjkZ"Vªh; ek=kd i¼fr (Système
International d’Unités) dk laf{kIrhdj.k gSA ;g iz.kkyh ehfVªd iz.kkyh osQ uke ls yksdfiz;
gSA SI ek=kd ,oa muosQ izrhd lkj.kh 1-1 esa lwphc¼ gSaA

lkj.kh 1-1 % vk/kjHkwr SI ek=kd

jkf'k ek=kd izrhd

yEckbZ ehVj m

nzO;eku fdyksxzke kg

le; lsdUM s

fo|qr/kjk ,sfEi;j A

rki osQfYou K

T;ksfr rhozrk oSQUMsyk cd

inkFkZ dh ek=kk eksy mol

yEckbZ osQ ek=kd ehy] xt ,oa iqQV vkt Hkh Hkkjr ,oa vU; ns'kksa esa oqQN dk;ks± esa iz;qDr
gksrs gSaA ysfdu oSKkfud dk;Z osQ fy;s ge lnSo SI ek=kdksa dk gh iz;ksx djrs gSaA
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SI iz.kkyh ehfVªd iz.kkyh gSA bldk iz;ksx vklku gS D;ksafd bl iz.kkyh esa ewy ek=kdksa ls
NksVs vkSj cM+s ek=kd nl osQ vioR;ks± ;k viorZdksa osQ :i esa O;Dr fd;s tk ldrs gSaA
ek=kdksa osQ viorZdksa ,oa vioR;ks± dks fo'ks"k uke fn;s x;s gSaA ;s lkj.kh 1-2 esa lwphc¼
gSaA

lkj.kh 1-2 % nl dh ?kkr osQ iwoZyXu

nl dh ?kkr iwoZyXu izrhd mnkgj.k

10–18 ,Vks a ,VksehVj (am)
10–15 isQEVks f isQEVksehVj (fm)
10–12 ihdks p ihdksehVj (pF)
10–9 usuks n usuksehVj (nm)
10–6 ekbØks μ ekbØksu (μm)
10–3 feyh m feyhxzke (mg)
10–2 lsaVh c lsaVhehVj (cm)
10–1 Mslh d MslhehVj (dm)
101 Msdk da Msdkxzke (dag)
102 gsDVks h gsDVksehVj (hm)
103 fdyks k fdyksxzke (kg)
106 esxk M esxkokV (MW)
109 xhxk G xhxkgVZ~l (GHz)
1012 Vsjk T VsjkgVZ~l (THz)
1015 isVk P isVk fdyksxzke (Pkg)
1018 ,Xtk E ,Xtk fdyksxzke (Ekg)

lkj.kh 1-3 % oqQN nzO;ekuksa dh
ifjek.k dksfV

nzO;eku fdyksxzke
bySDVªkWu 10–30

izksVksu 10–27

vehuks vEy 10–25

gheksXyksfcu 10–22

Ýyw ok;jl 10–19

fo'kky vehck 10–8

o"kkZ dh cw¡n 10–6

phaVh 10–2

ekuo 102

lsVuZ 5 jkosQV 106

fijkfeM 1010

ìFoh 1024

lw;Z 1030

vkdk'kxaxk 1041

czãk.M 1052

lkj.kh 1-4 % oqQN yEckbZ;ksa dh
ifjek.k dksfV

yEckbZ ehVj

izksVkWu dh f=kT;k 10–15

ijek.kq dh f=kT;k 10–16

fo"kk.kq dh f=kT;k 10–7

fo'kky vehck dh f=kT;k 10–4

v[kjksV dh f=kT;k 10–2

euq"; dh Å¡pkbZ 100

lokZf/d Å¡pk ioZr 104

i`Foh dh f=kT;k 107

lw;Z dh f=kT;k 109

lw;Z ,oa i`Foh osQ eè; nwjh 1011

lkSj ifjokj dh f=kT;k 1013

fudVre rkjs dh nwjh 1016

vkdk'kxaxk dh f=kT;k 1021

n`';eku czãk.M dh f=kT;k 1026
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lkj.kh 1-3 ls czãk.M dh fofHkUu oLrqvksa osQ nzO;eku] lkj.kh 1-4 ls fofHkUu oLrqvksa osQ
lkbt ,oa lkj.kh 1-5 ls czãk.M dh fofHkUu ?kVukvksa osQ le; varjkyksa dk vuqeku yxk;k
tk ldrk gSA

1-2-2 nzO;eku] yackbZ vkSj le; osQ ekud ek=kd

,d ckj ek=kdkas dh SI i¼fr osQ mi;ksx dk fu'p; dj ysus osQ ckn gesa ewy jkf'k;ksa
osQ fy;s ekud ek=kdksa dk leqPp; (Set) fuf'pr dj ysuk pkfg;sA vc ge nzO;eku] yEckbZ
,oa le; osQ ekud ek=kdksa dks ifjHkkf"kr djrs gSa %

(i) nzO;eku % nzO;eku dk SI ek=kd fdyksxzke gSA
fdyksxzke dk ekud 1857 esa LFkkfir fd;k x;kA
;g IysfVue&bjhfM;e feJèkkrq osQ cus ,d fof'k"V]
vlk/kj.k :i ls LFkk;h csyu dk nzO;eku gS] ftls
izQkal osQ isfjl fLFkr Hkkj rFkk ekiu osQ varjkZ"Vªh;
C;wjks (International Bureau of Weights and

Measures) esa j[kk x;k gSA blh feJ/krq osQ
vkfnizk:i fdyksxzke cukdj lalkj osQ lHkh ns'kksa dks
ns fn;s x;s gSaA Hkkjr dk jk"Vªh; vkfnizk:i fdyksxzke
la[;k 57 gS tks jk"Vªh; iz;ksx'kkyk (National

Physical Laboratory) ubZ fnYyh esa lqjf{kr gS]
(fp=k 1-1)A

lkj.kh 1-5 % oqQN le; varjky dk ifjek.k dksfV

varjky lsoaQM

izdk'k }kjk ukfHkd dks ikj djus esa yxk le; 10–23

n`';eku izdk'k rjaxksa dk vkorZdky 10–15

ekbØksosOt dk vkorZdky 10–10

E;wvkWu dh v/Z vk;q 10–6

mPpre JO; èofu dk vkorZdky 10–4

euq"; osQ ân;Lian dk vkorZdky 100

eqDr U;wVªkWu dh v/Zvk;q 103

i`Foh osQ ?kw.kZu dk vkorZdky (fnu) 105

i`Foh osQ ifjØe.k dkvkorZdky (o"kZ) 107

euq"; dh vk;q 109

IywVksfu;e-239 dh v/Zvk;q 1012

ioZr  Ük`a[kyk dh thou vof/ 1015

i`Foh dh vk;q 1017

czãk.M dh vk;q 1018

fp=k 1-1% fdyksxzke dk
vkfnizk:i
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(ii) yEckbZ % ehVj dks ,d izko`Qfrd ?kVuk osQ :i esa ifjHkkf"kr fd;k tkrk gSA fuokZr
esa izdk'k }kjk 1/299792458 lsoaQM esa pyh xbZ nwjh dks ,d ehVj dgrs gSaA

;g ifjHkk"kk bl rF; ij vkèkkfjr gS fd fuokZr esa izdk'k dh pky 299792458 ehVj
izfr lsoaQM gSA

(iii) le; % lhft;e - 133 ijek.kq dks viuh ewy fLFkfr osQ nks vfrlw{e Lrjksa osQ chp
9192631770 dEiu djus osQ fy;s vko';d le; dks ,d lsoaQM osQ :i esa ifjHkkf"kr
fd;k x;k gSA

lsoaQM dh ;g ifjHkk"kk ,d ;qfDr] osQ fodkl esa lgk;d fl¼ gqbZ ftls ijek.kq ?kM+h
dgrs gSa] (fp=k 1-2)A Hkkjr dh jk"Vªh; HkkSfrd iz;ksx'kkyk esa lqjf{kr lhft;e ?kM+h
dh vfuf'prrk  ± 1 × 10–12  lsoaQM gS tks fd ,d lsoaQM esa ,d fidkslsoaQM dh =kqfV
osQ rqY; gSA orZeku esa 1015 esa 5 Hkkx dh =kqfV rd dh ?kM+h fodflr dh tk pqdh
gSaA bldk vFkZ ;g gS fd ;fn ?kM+h 1015 lsoaQM rd pys rks blesa ± 5 lsoaQM ls de
=kqfV vk;sxhA ;fn lsoaQM dks o"kks± esa ifjo£rr fd;k tk; rks ,d vk'p;Ztud ifj.kke
izkIr gksrk gS fd ;fn ;g ?kM+h 60 yk[k o"kks± rd pyrh jg losQ rks blosQ }kjk le;
ekiu esa ± 1 lsoaQM ls de =kqfV vk;sxhA ;g iz;klksa dh pje lhek ugha gSA izkekf.kdrk
dks vkSj vf/d c<+kus osQ fy;s fujarj iz;kl tkjh gSA varrksxRok ge
1018  lsdaM esa ± 1 lsdaM dh =kqfV okyh ?kM+h cukus dh vk'kk djrs gSaA vkidh rduhdh
miyfC/ laca/h tkudkjh osQ fy;s crk nsa fd ;fn ;g ?kM+h czãk.M osQ tUe (ftls
fcx cSax dgk tkrk gS) osQ le; pykbZ tkrh rks vkt rd blesa ek=k ± 2 lsoaQM dh
=kqfV vkrhA

fp=k. 1.2 : ijek.kq ?kM+h

lhft;e ijek.kq ?kM+h
(S60,000)

lhft;e csfj;e V;wc
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uohu [kkstksa esa ifj'kq¼ ekiu dh Hkwfedk

ykMZ jSys }kjk ukbVªkstu osQ ?kuRo ekiu osQ fy;s fd;s x;s iz;ksx bl rF; dk ,d
vfrfof'k"V mnkgj.k gS fd 'kq¼ ekiu u;s vkfo"dkjksa esa lgk;d gks ldrs gSaA

,d iz;ksx esa mUgksaus ,d uyh esa yky xeZ rk¡cs osQ Åij ,oa nzo veksfu;k osQ chp
ls gok osQ cqycqys xqtkjs vkSj bl izdkj izkIr 'kq¼ ukbVªkstu dk ?kuRo ekikA ,d
nwljs iz;ksx eas mUgksaus gok dks lh/s yky xeZ rk¡cs osQ Åij xqtkjk vkSj 'kq¼ ukbVªkstu
dk ?kuRo ekikA nwljs iz;ksx esa izkIr ?kuRo igys iz;ksx ls izkIr ?kuRo dh rqyuk esa
0-1» vf/d ik;k x;kA bl iz;ksx ls gok esa ukbVªkstu ls Hkkjh xSl dh mifLFkfr
osQ laosQr feysA ckn esa mUgksaus bl xSl&vkxZu dh [kkst dh vkSj blosQ fy;s mUgsa
ukscsy iqjLdkj izkIr gqvkA

nwljk mnkgj.k ekbosQylu vkSj ekSysZ dk vliQy iz;ksx gSA ekbosQylu O;frdj.kekih
dk iz;ksx djrs gq;s os i`Foh dh xfr dh fn'kk ,oa blosQ vuqizLFk fn'kk esa pyus okyh
izdk'k rjaxksa osQ vè;kjksi.k ls izkIr O;frdj.k fp=kke (Interference pattern) esa 0-
4 ¯izQt pkSM+kbZ osQ LFkku ifjorZu dh vis{kk dj jgs FksA mudk ;a=k O;frdj.k fp=kke
esa visf{kr ifjorZu dh vis{kk lkS xquk laosnu'khy FkkA bl izdkj os bZFkj dh rqyuk
esa i`Foh dh xfr ekiu dh vis{kk dj jgs Fks vkSj bl ckr dks fl¼ djuk pkg jgs
Fks fd bZFkj dk okLro esa vfLrRo gSA ysfdu tc mudk ;a=k dksbZ ifjorZu (shift)

lalwfpr ugha dj ldk rks oSKkfud nqfu;k esa foijhr ifj.kkeksa dh O;k[;k dks ysdj
yach cgl fNM+ xbZA blls yackbZ laoqQpu ,oa le; foLiQkj.k dh voèkkj.kkvksa
dk tUe gqvk ftudh ifj.kfr lkis{krk osQ fl¼kar esa gqbZA

LisDVªksLdksih dh ,d ubZ rduhd ls fdlh ukfHkdh; vfHkfØ;k esa fu£er u;s ijek.kqvksa
osQ vo'ks"kksa dk lalwpu lw{erk ls djuk laHko gks ldkA blesa dbZ ubZ [kkstsa laHko
gqb±aA

1-2-3 lkFkZd vad

tc dksbZ fo|kFkhZ fdlh js[kk dh yEckbZ 6-8 cm ekirk gS rks mlds ekiu esa vad 6 rks
fuf'pr gS tcfd 8 vfuf'pr gS D;ksafd 0-8 ls tjk de ;k T;knk eki gksus ij Hkh izs{kd
mls 0-8 gh fy[krk gSA izk;% ekiu ds os lc vad tks fu'p;kRedrk ls Kkr gS tek igyk
vfu'p;kRed vad fey dj lkFkZd vad dgykrs gSaA

bl izdkj 1.4 cm esa nks lkFkZd vad gSaA fdlh jkf'k ds lkFkZd vad mlds ekiu esa iz;qDr
;U=k dh ;FkkFkZrk ij fuHkZj djrs gSaA fdlh jkf'k esa ftrus vf/d lkFkZd vad gksaxs mlds
ekiu esa izfr'kr =kqfV mruh gh de gksxhA ;fn ekiu esa lkFkZd vadksa dh la[;k de gksxh
rks blesa izfr'kr =kqfV vf/d gksxhA

fdlh jkf'k esa lkFkZd vadksa dh la[;k fuEufyf[kr fu;eksa dk vuqlj.k djds izkIr dh tk
ldrh gS%
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(i) fdlh la[;k esa tks vad 'kwU; ugha gksrs os lHkh lkFkZd gksrs gSaA mnkgj.k ds fy,
315-58 esa ik¡p lkFkZd vad gSaA

(ii) nks u&'kwU; (non-zero) vadks ds chp ds lHkh 'kwU; lkFkZd gksrs gSaA mnkgj.kkFkZ
5,300,405,003 esa nl lkFkZd vad gSaA

(iii) ekiu esa fy[ks x, n'keyo i'pkr ds 'kwU; ;k u&'kwU; vad ds nkfguh vksj fy[ks
x, lHkh 'kwU; lkFkZd gksaxsA bl izdkj 50-00 esa pkj lkFkZd vad gS vkSj 0-04050
esa Hkh pkj lkFkZd vad gSaA è;ku nsa fd 0-04050 esa n'keyo ds i'pkr igyk 'kwU;
lkFkZd ugha gS ijUrq vkf[kjh 'kwU; lkFkZd gSA

(iv) n'keyo fHkUu esa n'keyo i'pkr vkSj u&'kwU; vad ls igys ds lHkh 'kwU; lkFkZd
ugha gksrs gSaA mnkgj.kkFkZ 0-00043 esa dsoy nks lkFkZd vad gSa ijUrq 2-00023 esa N%
lkFkZd vad gSA bl ckr ij Hkh è;ku fn;k tk, fd n'keyo ls igys izFkk ds #i
esa fy[kk x;k 'kwU; Hkh lkFkZd ugha gksrk gSA

(v) la[;k esa vfUre u&'kwU; vad ds i'pkr fy[ks x, lHkh 'kwU; lkFkZd gksrs gSa c'krZs
;g la[;k okLrfod ekiu dks O;Dr djrh gksA mnkgj.k ds fy, ;fn nks fiaMksa ds
chp dh nwjh 4050 m (fudVre ehVj eki esa) gS rks 4050 m esa 4 lkFkZd vad gSaA

(vi) ek=kd ifjorZu ls lkFkZd vadksa dh la[;k ugha cnyrhA mnkgj.k ds fy,] ;fn fdlh
oLrq dh yEckbZ 348.6 cm nh xbZ gS rks blesa 4 lkFkZd vad gSaA ;fn yEckbZ ehVj
esa 3.486 m fy[ksa rks vHkh Hkh blesa pkj lkFkZd vad gSaA

(vii) fdlh iw.kZ la[;k esa vfUre u&'kwU; vad ds nkfguh vksj ds 'kwU; lkFkZd ugha gksrsA
mnkgj.k ds fy, 5000 esa dsoy ,d lkFkZd vad gSA

ekiu esa lkFkZd vadksa dk egRo

tSlk igys mYys[k fd;k tk pqdk gS] fdlh jkf'k esa lkFkZd vadksa dh la[;k dk fu/kZj.k
ekiu dh ;FkkFkZrk ls gksrk gSA ekuk fd fdlh flDds dk O;kl 2 cm gSA ;fn dksbZ fo|kFkhZ
bldk O;kl ehVj Ldsy ls ukirk gS tks 0.1 cm rd gh Bhd Bhd ekiu dj ldrk gS
rks fo|kFkhZ bldk O;kl 2.0 cm vFkkZr dsoy nks lkFkZd vadksa rd crk,xkA ;fn O;kl dk
ekiu o£u;j dSfyilZ tSls fdlh ;a=k }kjk fd;k tk, tks 0.01 cm rd Bhd Bhd eki
ldrk gS rks og O;kl dks 2.00 cm vFkkZr rhu lkFkZd vadks rd fy[ksxkA blh izdkj] ;fn
ekiu isapekih tSls fdlh ;a=k }kjk fd;k tk, tks 0.001 cm rd Bhd&Bhd uki ldrk
gS rks O;kl 2.000 cm vFkkZr~ pkj lkFkZd vadks rd fjdkWMZ fd;k tk,xkA vr% ekiu dk
vfHkys[ku ekid ;a=k dh ;FkkFkZrk dks è;ku esa j[krs gq, fd;k tkuk pkfg,A

x.kukvksa dk ifj.kke O;Dr djus esa lkFkZd vadksa dk egRo

ekuk fd dksbZ fo|kFkhZ ,d ?ku dh dksj ehVj Ldsy ls ekirk gS tks 3.2 cm vkrk gSA og
x.kuk }kjk bl ?ku dk vk;ru ifjdfyr djrk gS vkSj bls (3.2 × 3.2× 3.2) ?ku
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lsUVhehVj ;k 32.768 cm3 fjiksVZ djrk gSA ;g ifj.kke xf.kr dh n`f"V ls rks lgh gS ijUrq
oSKkfud ekiu dh n`f"V ls ;FkkFkZ ugha gSA vk;ru dk tks lgh eku crk;k tkuk pkfg,
og gS 33cm3 A ,slk blfy, gS D;ksafd ?ku dh dksj dh eki esa dsoy nks lkFkZd vad
gSa vr% ifj.kke esa Hkh nks gh lkFkZd vad gksus pkfg, tcfd 32.768 esa ik¡p lkFkZd vad
gSa tks Bhd ugha gSA

tksM+] ?kVk] xq.kk vkSj Hkkx lafØ;kvksa esa lkFkZd vad

(i) tksM+ vkSj ?kVk& ekuk gesa rhu jkf'k;ksa 2.7m, 3.68m rFkk 0.486 m dks tksM+uk gSA
bu jkf'k;ksa esa igyk eki dsoy ,d n'keyo vad rd gh Kkr gS vr% ;s jkf'k;k¡
,d n'keyo vad rd gh fuf'pr gksaxhA blfy, bu jkf'k;ksa dk ;ksx 6.848 u fy[k
dj 6-8 fy[kk tkuk pkfg,A

blh izdkj 2.65 × 103 cm vkSj 2.65 × 102 cm dk ;ksx Kkr djus ds fy, igys
lHkh la[;kvksa dks 10 dh leku ?kkrksa ds inksa esa O;Dr djuk pkfg,A rc
jkf'k;k¡ gks tk;saxh] 2.65 × 103 cm rFkk 0.263 × 103 cmA D;ksafd igyh la[;k nks
n'keyo vadkas rd Kkr gS budk  ;ksx Hkh 2 n'keyo vadksa rd gksuk pkfg,A vr%
2.65 × 103 cm + 0.263 × 103 cm = 2.91 ×103 cm.

;gh ckr ?kVkus dh lafØ;k ij Hkh ykxw gksrh gSA mnkgj.k ds fy, 4.6 cm esa ls
2.38 cm ?kVkus ij ifj.kke 2.2 cm gksxk u fd 2.22 cm

(ii) xq.kk ,oa Hkkx& ekuk fd fdlh IysV dh yEckbZ 3.003 m vkSj pkSM+kbZ 2.26 m ekih
xbZ A x.kukRed ifjdyu ds vqulkj bldk {ks=kiQy 6.78678 m2 gksxkA ijUrq
oSKkfud ekiu dh n`f"V ls ;g lgh ugha gSA bl ifj.kke esa N% lkFkZd vad gSaA fdUrq
U;wure lkFkZd vadksa dh la[;k (pkSM+kbZ ds ekiu esa) dsoy rhu gSA vr% ifj.kke
dks Hkh dsoy rhu lkFkZd vadksa rd gh fy[kk tkuk pkfg,A vr% {ks=kiQy dk lgh
eku 6.79 m2 gksxkA

;gh fof/ Hkkx ds fy, Hkh ykxw gksrh gSA mnkgj.k ds fy, 248-57 dks 56-9 ls Hkkx
nsus ij HkkxiQy 4-3685413 izkIr gksrk gSa ijUrq ifj.kke dks rhu lkFkZd vadks rd
gh fy[kuk gS D;ksafd Hkktd esa lkFkZd vadksa dh la[;k rhu gS tks nksuksa la[;kvksa esa
U;wure gSA vr% ifj.kke gksxk% 4-37A

blh izdkj] ;fn dksbZ fiaM 142 s esa 1452 m pyrk gS rks bldh pky] xf.krh;

ifjdyu ls 
1452
142

 m
 s  vFkok 10.225352 ms–1 gksxh ijUrq oSKkfud ekiuksa esa bls

10.2 ms–1 fy[kk tk,xk D;ksafd le; ds eku esa dsoy 3 lkFkZd vad gSaA

(iii) x.kukvksa esa iz;qDr fu;rkadksa ds eku& ;fn o`Ùk dh f=kT;k 3.35 cm gks rks {ks=kiQy
(πr2) dk ifjdyu djus ds fy, π dk eku nks n'keyo vadksa rd (vFkkZr π =
3.14) gh fy;k tkuk pkfg, (3.1416 ugha)A vr% o`Ùk dk {ks=kiQy = πr2 = (3.14
× 3.35 × 3.35) cm2 = 35.2 cm2 gksxk u fd 35.23865 cm2A
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(iv) ;fn fdlh ekfir jkf'k dks fdlh fu;rkad ls xq.kk fd;k tkrk gS rks xq.kuiQy esa lHkh
vad lkFkZd gksrs gSaA mnkgj.k ds fy,] ;fn fdlh xsan dk nzO;eku 32.59 g gS rks
,slh 10 xsnksa dk nzO;eku 32.59 × 10 = 325.90 g gksxkA è;ku nhft, fd blesa
lkFkZd vadksa dh la[;k ik¡p gSA

1-2-4 O;qRiUu ek=kd

vc rd geus nzO;eku] yackbZ vkSj le; ekiu osQ fy;s rhu ewy ek=kdksa dks ifjHkkf"kr
fd;k gSA vusd jkf'k;ksa osQ ekiu osQ fy, gesa vU; ek=kdksa dh vko';drk gksrh gS ftUgsa
ewy ek=kdksa osQ fofHkUu la;ksxksa }kjk izkIr fd;k tkrk gSA bu ek=kdksa dks O;qRiUu ek=kd dgrs
gSaA mnkgj.kr;k yackbZ ,oa le; osQ ek=kdksa dh lgk;rk ls pky ;k osx dk ek=kd izkIr
gksrk gS ftls ms–1 }kjk n'kkZ;k tkrk gSA nwljk mnkgj.k yackbZ osQ ek=kd dh Lo;a osQ lkFk
vU;ksU; fØ;k gS ftlosQ }kjk {ks=kiQy ,oa vk;ru osQ ek=kdksa dh O;qRifÙk gksrh gS vkSj mUgsa
Øe'k% m2 vkSj m3 }kjk n'kkZ;k tkrk gSA

vc ge vkils vkidh lqifjfpr HkkSfrd jkf'k;ksa o buosQ ek=kdksa dh lwph rS;kj fd;s tkus
dh vis{kk djrs gSaA

oqQN O;qRiUu ek=kdksa dks fo'ks"k uke fn;s x;s gSaA fuEu lkj.kh esa lk/kj.kr;k mi;ksx esa vkus
okys O;qRiUu ek=kd fn;s x;s gSaA

lkj.kh 1-6 % fo'ks"k uke okys O;qRiUu SI ek=kdksa osQ mnkgj.k

jkf'k uke izrhd ewy ek=kd izrhd

cy U;wVu N kg m s–2

nkc ikLdy Pa N m–2

ÅtkZ@dk;Z twy J N m

'kfDr okV W J s–1

SI iz.kkyh osQ ek=kdksa osQ iz;ksx dk ,d ykHk ;g gS fd ;s ,d lac¼ leqPp; (coherent

set) cukrs gSa vkSj fdUgha nks SI ek=kdksa osQ xq.ku ;k ijLij foHkkTku }kjk izkIr O;qRiUu ek=kd
,d vU; SI ek=kd gksrk gSA mnkgj.kr;k] cy ,oa yackbZ osQ SI ek=kdksa dk xq.ku dk;Z
osQ SI ek=kd dks fu£er djrk gSA ek=kdksa dks fy[ks tkus osQ Øe esa oqQN lko/kuh cjrh
tkuh pkfg;s] mnkgj.kr;k] Nm dks blh Øe esa fy[kk tkuk pkfg;sA ;fn Hkwy ls ge bls
mN fy[k nsa rks ;g feyhU;wVu cu tkrk gS tks fd iw.kZr;k vyx ckr gSA

;kn j[ksa fd HkkSfrdh esa dksbZ Hkh jkf'k lgh ek=kdksa osQ lkFk iz;ksx dh tkuh pkfg,
vU;Fkk ;g fujFkZd gksxhA

mnkgj.k 1.1 : vkuUn] jhuk ,oa oSQiQ osQ vè;kid us mUgsa ,d chdj esa Hkjs ikuh dk vk;ru
ekius dks dgk

vkuUn us 200 fy[kk_ jhuk us 200 mL fy[kk_ oSQiQ us 200 Lm fy[kk

dkSu lk mÙkj lgh gS\
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gy : igys mÙkj esa dksbZ ek=kd ugha gS vr% blls dksbZ vk'k; Li"V ugha gksrk] rhljk mÙkj
Hkh Bhd ugha gS D;ksafd Lm ek=kd ugha gksrkA osQoy nwljk mÙkj lgh gSA ;g feyhyhVj
ek=kd dks n'kkZrk gSA

,d iqLrd dk nzO;eku kg ;k g esa vfHkO;Dr fd;k tk ldrk gSA vki xzke osQ fy;s gm
iz;ksx u djsa D;ksafd xzke dk lgh izrhd g gS u fd gmA

ukei¼fr ,oa izrhd

(i) ek=kdksa osQ izrhdksa esa iw.kZ fojke dk iz;ksx ugha fd;k tkuk pkfg, vkSj bls ,dopu
esa iz;ksx fd;k tkuk pkfg,A mnkgj.k osQ fy,] isafly dh yackbZ 7cm fy[kh tkuh
pkfg;s u fd 7cm. ;k 7cmsA

(ii) ;fn ,dy iwoZyXu miyC/ gksa rks nksgjs iwoZyXuksa dks iz;ksx ugha fd;k tkuk pkfg,A
mnkgj.kr;k] usukslsoaQM osQ fy;s ns fy[kk tkuk pkfg, u fd mμs; blh izdkj
fidksiSQjM osQ fy;s pF iz;ksx fd;k tkuk pkfg, ufd μμfA

(iii) ,d ek=kd osQ izrhd osQ iwoZ ,d iwoZyXu iz;ksx fd;k tkrk gS rks iwoZyXu vkSj
izrhd osQ la;ksx dks ,d izrhd ekuk tkuk pkfg;s ftls fcuk dks"Bdksa osQ iz;ksx
osQ /ukRed ,oa ½.kkRed ?kkrksa osQ :i esa fy[kk tk ldrk gSA mnkgj.kr;k]
μs–1, cm2, mA2

μs–1 = (10–6s)–1 (u fd 10–6s–1)

(iv) cm s–2 osQ LFkku ij cm/s/s dk iz;ksx u djsa] blh izdkj 1 Iokt = 1 g s–1cm–1 fy[ksa
u fd 1 g/s/cm

(v) tc ,d okD; esa fdlh ek=kd dks iwjk fy[kk tkuk gks rks NksVs v{kjksa dk O;ogkj
fd;k tkuk pkfg;s u fd cM+s v{kjksa dkA mnkgj.kr;k] 6 hertz fy[kk tkuk pkfg;s
u fd 6 HertzA

(vi) cM+h la[;kvksa dks i<+us dh lqfo/k osQ fy;s nk;sa ls ck;sa 3 osQ lewg esa O;ofLFkr
fd;k tkuk pkfg;s fdUrq dksbZ vYifojke iz;ksx ugha fd;k tkuk pkfg;s] mnkgj.kr;k]
1 532; 1 568 320

vYcVZ vczkge ekbosQylu
(1852&1931)

teZu vejhdh HkkSfrd 'kkL=kh] vkfo"dkjd ,oa iz;ksxdÙkkZ ftUgksaus
ekbosQylu O;frdj.kekih dk fuekZ.k fd;k vkSj eksysZ osQ lkFk
feydj] bZFkj osQ lkis{k i`Foh dh xfr irk yxkus dk iz;kl fd;k
ftlesa ;s vliQy jgsA rFkkfi] vliQy iz;ksx us oSKkfud txr
dks iqjkus fl¼karksa ij iqu£opkj djus dks izsfjr fd;k ftlosQ
iQyLo:i uohu HkkSfrdh dk vkfoHkkZo gqvkA
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cká niZ.kksa osQ iz;ksx }kjk mUgksaus nwjchuksa dh foHksnu {kerk c<+kus dh ,d rduhd
fodflr dhA vius u{k=kh; O;frdj.kekih vkSj gqo~Ql osQ 100" nwjchu dh lgk;rk
ls mUgksaus rkjksa osQ ckjs esa oqQN ifj'kq¼ eki fy;sA

vc vkidh izxfr dks ij[kus dk le; vk x;k gSA fuEu iz'uksa dks gy djsa ;fn vkidh
dksbZ leL;k gks rks ikB osQ var esa fn;s x;s mÙkjksa dks ns[ksaA

ikBxr iz'u 1-1

1. HkkSfrdh ds fu;eksa dh izÑfr dh foospuk dhft,A

2. HkkSfrdh ds fu;eksa ds vuqiz;ksx gekjs thou Lrj dh xq.koÙkk esa lq/kj gsrq fdl izdkj
lgk;d gSa\

3. ekiu esa lkFkZd vadksa ls D;k vfHkizk;% gS\

4. lac¼ fu;eksa dks m¼r djrs gq, fuEufyf[kr jkf'k;ksa esa lkFkZd vadksa dh la[;k crkb,A

(i) 426.69 (ii) 4200304.002 (iii) 0.3040 (iv) 4050 m (v) 5000

5. fdlh fn, x, fiaM dh yEckbZ 3.486 m gSA ;fn bl yEckbZ dks lsaVhehVj esa 348.6
cm O;Dr fd;k tkrk gS rks D;k bu nksuksa n'kkvksa esa ekih xbZ yEckbZ esa lkFkZd vadksa
dh la[;k esa dksbZ ifjorZu gksxk\

6. foekvksa ds fl¼kUrksa ds dksbZ pkj vuqiz;ksx fyf[k,A ;s fdl fl¼kUr ij vk/kfjr gSA

7. lw;Z dk nzO;eku 2 × 1030 kg gSA izksVkWu dk nzO;eku 2 × 10–27 kg gSA ;fn lw;Z dks osQoy
izksVkWuksa }kjk cuk eku ysa rks lw;Z esa izksVkWuksa dh la[;k dk ifjdyu dhft,A

8. igys izdk'k dh rjaxnS?;Z dks ,saXLVªe esa O;Dr fd;k tkrk Fkk] ,d ,saXLVªe 10–8 cm osQ cjkcj
gksrk gSA vc izdk'k dh rjaxnS?;Z dks uSuksehVj esa O;Dr fd;k tkrk gSA ,d uSuksehVj esa fdrus
,saXLVªe gksrs gSaA

9. ,d jsfM;ks LVs'ku 1370 kHz oaQiu vko`fÙk laizsf"kr dj jgk gSA bl oaQiu vko`fÙk dks
GHz esa O;Dr dhft,A

10. ,d MsdkehVj esa fdrus MslhehVj gksrs gSa\ ,d GW esa fdrus MW gksrs gSa\

1-3 HkkSfrd jkf'k;ksa dh foek,a

bl ikB~;Øe esa vki ftu HkkSfrd jkf'k;ksa osQ ckjsa esa i<+saxs muesa ls vf/drj ik¡p ewy
foekvksa osQ :i esa O;Dr dh tk ldrh gSA nzO;eku dks (M), yackbZ dks (L), le; dks (T),
fo|qr /kjk dks (A) o rki dks (θ) }kjk O;Dr fd;k tkrk gS D;ksafd ;kaf=kdh esa lHkh jkf'k;ksa
dks nzO;eku] yackbZ ,oa le; osQ :i esa vfHkO;Dr fd;k tk ldrk gS] vr% gekjs orZeku
iz;kstu osQ fy;s osQoy bUgha rhu foekvksa dks O;ogkj esa ykuk i;kZIr gksxkA fuEu mnkgj.kksa
ls ;g ckr Li"V gks tk;sxh fd fdl izdkj HkkSfrd jkf'k;ksa dh foekvksa dks M, L ,oa  T
dh ?kkrksa osQ la;ksx osQ :i esa O;Dr fd;k tk ldrk gS %
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(i) vk;ru osQ fy;s yackbZ osQ rhu ekiksa dh vko';drk gksrh gSA vr% bldks yackbZ esa
rhu foekvksa (L3) osQ :i esa vfHkO;Dr fd;k tkrk gSA

(ii) nzO;eku dks vk;ru ls foHkkftr djus ij ?kuRo izkIr gksrk gSA bldk foeh; lw=k
ML–3  gSA

(iii) pky] bdkbZ le; esa pyh x;h nwjh vFkok yackbZ@le; gS] bldk foeh; lw=k
LT–1 gSA

(iv) Roj.k bdkbZ le; esa osx ifjorZu gS vFkkZr~ yackbZ izfr bdkbZ le; izfr bdkbZ le;]
bldk foeh; lw=k  LT–2  gSA

(v) nzO;eku ,oa Roj.k dk xq.kuiQy cy dgykrk gSA bldk foeh; lw=k  MLT–2  gSA

blh izdkj ge vU; HkkSfrd jkf'k;ksa dh foek;sa fy[k ldrs gSaA

Lej.k jgs fd HkkSfrd ek=kkvksa ls lacaf/r vad foeh; egRo osQ ugha gSaA bl izdkj ;fn
x  dh foek L gS rks 3x  dh foek Hkh  L gh gksxhA

nzO;eku ,oa osx osQ xq.kuiQy laosx rFkk cy ,oa foLFkkiu osQ xq.kuiQy dk;Z dh foek,a
fyf[k,A

Lej.k jgs foek,a ,oa ek=kd ,d&nwljs osQ i;kZ;okph ugha gSaA mnkgj.k osQ fy, pky
dks ehVj@lsoaQM (ms–1) ;k fdyksehVj izfr ?kaVk osQ :i esa ekik tk ldrk gS ysfdu bldh
foek,a lnSo yackbZ dh foek dks le; dh foek ls foHkkftr djosQ ;k  LT–1  }kjk n'kkZ;h
tk;saxhA

foeh; fo'ys"k.k fdlh jkf'k ;k jkf'k;ksa osQ la;kstu dh foekvksa dh tk¡p dh ,d
izfØ;k gSA foeh; fo'ys"k.k dk ,d egRoiw.kZ fl¼kar ;g gS fd fdlh lehdj.k osQ nksuksa
vksj izR;sd jkf'k dh foek leku gksuh pkfg;sA vr% ;fn  x = p + q, rks p vkSj q dh ogh
foek;sa gksaxh tks fd  x dhA blls gesa lehdj.kksa dh lR;rk vkSj fdlh lehdj.k esa iz;qDr
jkf'k;ksa dh foek,sa irk py tkrh gSaA fuEu mnkgj.k foeh; fo'ys"k.k dh mi;ksfxrk dks n'kkZrs
gSaA

1-3-1 foekvksa (vFkok foeh; lehdj.kksa) ds vuqiz;ksx

foekvksa (;k foeh; lehdj.kksa) ds fuEufyf[kr pkj vuqiz;ksx gSaA

(i) fofHkUu HkkSfrd jkf'k;ksa esa laca/ LFkkfir djuk (;k lw=k dh O;qRifÙk)A

(ii) fn, x, lw=k (vFkok fofHkUu HkkSfrd jkf'k;ksa ds chp laca/) dh laxrrk dh tk¡pA

(iii) ,d ek=kd iz.kkyh ls nwljh ek=kd iz.kkyh esa cnyuk] rFkk

(iv) fdlh HkkSfrd jkf'k ds ek=kdksa dh O;qRifÙkA

mi;qZDr vuqiz;ksx bl fl¼kUr ij vk/kfjr gSa fd fdlh HkkSfrd n`f"V ls lgh laca/
@lehdj.k@lw=k ds nksuksa vksj ds izR;sd in dh foek,a leku gksaxhA ;g foekvksa dh lekaxrk
dk fl¼kUr dgykrk gSA
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mnkgj.k 1.2 : vkidks igys ls gh ;g Kku gS fd m nzO;eku osQ d.k dh xfrt ÅtkZ 
1

2
mv2

,oa fLFkfrt ÅtkZ  mgh gS tgk¡ v  d.k dk osx]  h  /jkry ls Å¡pkbZ vkSj  g  xq#Roh; Roj.k
gSA ;s nksuksa vfHkO;fDr;k¡ ,d gh HkkSfrd jkf'k] ÅtkZ dks n'kkZrh gS vr% budh foek,a Hkh
,d leku gksuh pkfg;sA bls nksuksa vfHkO;fDr;ksa dh foek,saa fy[kdj fl¼ djsaA

gy : 
1

2
mv2 dh foek,s M.(LT–1)2  ;k ML2T–2 gSa (Lej.k jgs vadksa dh dksbZ foek ugha gksrh)A

mgh dh foek;sa M.LT–2.L ;k ML2T–2 gSaA Li"Vr;k nksuksa vfHkO;fDr;k¡ leku gSa vkSj leku
HkkSfrd jkf'k dks fu:fir djrh gSaA

vc ge ,d nwljs mnkgj.k }kjk ,d HkkSfrd jkf'k dks vU; HkkSfrd jkf'k;ksa osQ :i esa vfHkO;Dr
djsaxsA

mnkgj.k 1.3 : gekjk vuqHko crkrk gS fd fojkekoLFkk ls izkjaHk djosQ ,dleku Roj.k ls
xfr'khy dkj }kjk r; dh xbZ nwjh x, le;  t rFkk Roj.k a ij fuHkZj djrh gSA foeh; fo'ys"k.k
dk mi;ksx djosQ r; dh xbZ nwjh dk O;atd Kkr dhft,A

gy : ekuk jkf'k x t, dh ?kkr m (tm) ,oa a dh ?kkr n (an ) osQ lekuqikrh gSA bls ge]  x ∝
tm. an  fy[k ldrs gSa tgk¡ α lekuqikr dk izrhd gSA

nksuksa vksj foekvksa osQ :i esa vfHkO;Dr djus ij ge ikrs gSa fd

L1 ∝ Tm (LT–2)n,

;k

L1 ∝ Tm–2n Ln.

nksuksa vksj dh L o T osQ ?kkrksa dh rqyuk djus ij ge ikrs gSa fd  n = 1 o  m = 2, vr%

x ∝ t2 a1,  ;k  x ∝ at2.

ge foeh; fo'ys"k.k }kjk osQoy ;gha rd igq¡p ldrs gSaA blls gesa vkafdd xq.kd izkIr
ugha gksrs D;ksafd vadksa dh dksbZ foek;sa ugha gksrhaA vkafdd xq.kd gesa fl¼kar ;k ijh{k.k
ls izkIr gksrs gSaA bl mnkgj.k esa gesa Kkr gS fd iw.kZ laca/  x = (1/2)at2  }kjk fu:fir gksrk
gSA

vkafdd xq.kdksa osQ vykok nwljh jkf'k;ksa tSls dks.k o f=kdks.kferh; iQyuksa osQ dks.kkad
(T;k] dksT;k vkfn) ,oa y?kqxf.kdh; iQyu foekghu gksrs gSaA  sin x  esa  x, sine (T;k)
iQyu dk dks.kkad (Lora=k pj) dgykrk gSA  ex  esa x pj?kkrkadh iQyu dk dks.kkad (Lora=k
pj) dgykrk gSA

vc ge ,d NksVk lk fojke ysrs gSa vkSj fuEu iz'uksa dh lgk;rk ls vkidh izxfr dh tk¡p
djrs gSaA
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ikBxr iz'u 1-2

1. ljy yksyd }kjk fd;s x;s iz;ksx n'kkZrs gSa fd bldk vkorZdky (T) bldh yackbZ
(l) o xq#Roh; Roj.k (g) ij fuHkZj djrk gSA foeh; fo'ys"k.k dh lgk;rk ls  T  dk
l ,oa  g ls laca/ LFkkfir dhft,A

2. dYiuk dhft;s fd ,d d.k r f=kT;k osQ o`Ùkkdkj iFk esa v osx o a Roj.k ls xfr'khy
gSA foeh; fo'ys"k.k }kjk n'kkZb;s fd  a ∝ v2/r A

3. vkidks ,d lehdj.k mv = Ft fn;k x;k gS] m  nzO;eku]  v  osx] F  cy ,oa t le;
gS bl lehdj.k dh foeh; lR;rk dh tk¡p dhft,A

1.4 lfn'k ,oa vfn'k

1-4-1 lfn'k ,oa vfn'k jkf'k;k¡

HkkSfrd foKku esa ge HkkSfrd jkf'k;ksa dks nks lewgksa esa oxhZo`Qr djrs gSaA ,d n'kk esa ge
osQoy mudk ifjek.k O;Dr djosQ mudh iw.kZ tkudkjh ns nsrs gSaA mnkgj.kr;k] ;fn ge
dgsa fd fdlh xsan dk nzO;eku 50 g gS rks ;g nzO;eku osQ fo"k; esa iw.kZ tkudkjh gSA blh
izdkj ;g dFku fd ikuh dk ?kuRo 1000 kg m–3 gS] Lo;a esa iw.kZ gSA bl izdkj dh jkf'k;ksa
dks vfn'k jkf'k;k¡ dgrs gSaA
nwljh vksj oqQN jkf'k;ksa dh iw.kZ tkudkjh osQ fy;s ifjek.k ,oa fn'kk nksuksa dh vko';drk
gksrh gSA bldk ,d ljy mnkgj.k osx gSa
osQoy ;g dFku fd jsyxkM+h dk osx 100

km h–1 gS i;kZIr ugha gSA gesa jsyxkM+h dh
xfr dh fn'kk Hkh n'kkZuh iM+sxhA nwljk
mnkgj.k cy gSA gesa ifjek.k osQ lkFk cy
dh fn'kk Hkh n'kkZuh vko';d gSA bl izdkj
dh jkf'k;k¡ lfn'k dgykrh gSaA ,d lfn'k
jkf'k esa ifjek.k ,oa fn'kk nksuksa fufgr
gSaA
foLFkkiu] Roj.k] laosx] dks.kh; laosx ,oa vk?kw.kZ vkfn lfn'k jkf'k;k¡ gSa ftudk iz;ksx ;kaf=kdh
esa fd;k tkrk gSA
ÅtkZ D;k gS\ vfn'k ;k lfn'k\
lkspsa D;k ÅtkZ ls fn'kk lacaf/r gS ;fn ugha rks ;g ,d vfn'k jkf'k gSA

1-4-2 lfn'k fu:i.k

,d lfn'k dks ,d rhjkafdr js[kk }kjk fu:fir fd;k tkrk gSA fp=k 1-4 esa lfn'k  AB dks
mnkgj.kLo:i ysaA blesa js[kk dh yackbZ fdlh iSekus esa blosQ ifjek.k dks crykrh gS vkSj

fp=k 1-3% foLFkkiu lfn'k
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rhj bldh fn'kk dks crykrk gSA lfn'k CD dh fn'kk
Hkh lfn'k AB osQ leku gS ¯drq ifjek.k fHkUu gSA
lfn'k EF dk ifjek.k] lfn'k CD osQ cjkcj gS ysfdu
bldh fn'kk fHkUu gSA fdlh Hkh lfn'k esa vkjafHkd
¯cnq (AB esa ¯cnq A) lfn'k iqPN ,oa vafre ¯cnq
(AB esa B) lfn'k 'kh"kZ dgykrk gSA
,d lfn'k dks bldks fu:fir djus okys 'kCn osQ

Åij rhjkadu }kjk n'kkZ;k tkrk gS] mnkgj.kr;k] A
r

lfn'k A
r

 dk ifjek.k A vFkok | A
r

| gSA eqnz.k esa lfn'k
jkf'k dks eksVs v{kj tSls A }kjk n'kkZ;k tkrk gSA

;fn nks lfn'kksa dh fn'kk ,oa ifjek.k ,d gksa rks os lerqY; dgykrs gSaA bldk vk'k; ;g
gqvk fd lHkh lfn'k tks ,d nwljs osQ lekukarj gks] leku ifjek.k okys gksa vkSj ,d gh
fn'kk esa gksa os lHkh lerqY; ekus tk;saxsA fp=k 1-5 esa n'kkZ;s x;s lfn'k A, B vkSj C leku
gSa] vr% A = B = C ysfdu D A osQ lerqY; ugha gSA

;gk¡ lfn'k D dk ifjek.k A osQ cjkcj gS ysfdu bldh fn'kk foijhr gS] bls A dk ½.kkRed
lfn'k ekuk tk ldrk gSA vr% D = –A ;k A = –D

,d HkkSfrd lfn'k jkf'k dk ifjek.k
n'kkZus osQ fy;s lnSo ,d vkuqikfrd
iSekus dk p;u fd;k tkrk gSA mnkgj.kr;k
fnYyh ,oa vkxjk osQ chp osQ 200 km

osQ lfn'k foLFkkiu dks 100 km = 1 cm

osQ iSekus ls n'kkZ;k tk ldrk gSA blh
izdkj  20 N  osQ cy dks 10N = 1cm

osQ iSekus esa 2cm ls lfn'k }kjk n'kkZ;k
tk ldrk gSA

mijksDr mnkgj.kksa ls ;g Li"V gksrk gS fd ;fn ge fdlh lfn'k dks mlosQ lekukarj foLFkkfir
djsa rks ;g vifjo£rr jgrk gSA bl egRoiw.kZ ifj.kke dks lfn'kksa osQ ;ksx esa mi;ksx fd;k
tkrk gSA ns[ksa ;g oSQls gksrk gS\

1-4-3 lfn'kksa dk ;ksx

;kn j[ksa fd osQoy leku izdkj osQ lfn'kksa dk ;ksx fd;k tk ldrk gSA mnkgj.kr;k
nks cyksa vFkok nks osxksa dks tksM+k tk ldrk gSA ysfdu ,d cy rFkk ,d osx dks ugha tksM+k
tk ldrkA

;fn vki lfn'k A vkSj lfn'k B dk ;ksx djuk pkgrs gSa rks loZizFke lfn'k A dks iqu% n'kkZ;sa
(fp=k 1-6 (a)) blosQ fy;s ,d js[kk (;Fkk pq) A osQ lekukarj [khapsA fiQj lfn'k B dks

fp=k 1.4 : lfn'kksa dh fn'kk;sa vkSj
ifjek.k

fp=k 1.5 : rhu lfn'k leku gaS ysfdu pkSFkk
lfn'k D leku ugha gSA
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bl izdkj cuk;sa fd bldk iqPN Hkkx lfn'k A osQ 'kh"kZ ls tqM+ tk;sA blosQ fy;s lfn'k
B osQ lekukarj js[kk  qr  lfn'k A osQ 'kh"kZ ls [khapsA vc lfn'k A osQ iqPN ¯cnq ,oa lfn'k
B osQ 'kh"kZ ¯cnq q dks feykus ij nksuksa lfn'kksa dk ;ksx izkIr gks tk;sxk vkSj budk ifj.kkeh
lfn'k ifjek.k ,oa fn'kk esa js[kk  pr }kjk n'kkZ;k tk;sxkA vc vki vklkuh ls fl¼ dj ldrs
gSa fd lfn'k ;ksx Øefofues; gS vFkkZr~  A + B = B + A tSlk fd fp=k 1-6 (b) esa n'kkZ;k
x;k gSA fp=k 1-6 (b)  esa ge ns[krs gSa fd  pqr ,d f=kdks.k gS ,oa bldh Hkqtk;sa pq ,oa
qr Øe'k% lfn'k A ,oa lfn'k B osQ ifjek.k ,oa fn'kk dks n'kkZrh gSa] ,oa f=kdks.k dh rhljh
Hkqtk pr ifj.kkeh lfn'k pr dks n'kkZrh gS ftldh fn'kk p ls r dh vksj gSA blls gesa nks lfn'kksa
dk ifj.kkeh lfn'k dk fu;e izkIr gksrk gSA

;fn nks lfn'kksa dks ifjek.k ,oa fn'kk esa fdlh f=kHkqt dh nks Øekxr Hkqtkvksa }kjk
n'kkZ;k tk;s rks buosQ ifj.kkeh lfn'k dks f=kHkqt dh rhljh Hkqtk dks foijhr Øe
esa ysdj n'kkZ;k tkrk gSA bls ^lfn'kksa dk f=kHkqth; fu;e* dgk tkrk gSA

nks ;k vf/d lfn'kksa dk ;ksx ifj.kkeh lfn'k dgykrk gSA fp=k 1.6(b) esa pr  A ,oa B dk
ifj.kkeh lfn'k gSA f=kHkqt dh rhuksa Hkqtkvksa osQ vuqfn'k ,d Øe esa yxs rhu cyksa dk ifj.kkeh
cy D;k gksxk\ ;fn vki lksprs gSa fd ifj.kkeh cy 'kwU; gksxk rks vki lgh lksprs gSaA

vc ge nks ls vf/d lfn'kksa dk ;ksx Kkr djuk lh[krs gSaA

nks ls vf/d lfn'kksa A, B vkSj C dk ifj.kkeh Hkh nks lfn'kksa A vkSj B osQ ifj.kkeh dh Hkkafr
izkIr fd;k tk ldrk gSA igys ge A vkSj B dk
ifj.kkeh (A + B) izkIr djrs gSa fiQj bldk ;ksx C
osQ lkFk fd;k tk ldrk gSA oSdfYid :i ls vki
B vkSj C dk ;ksx izkIr dj ldrs gSa (fp=k 1-7)A
nksuksa fLFkfr;ksa esa ifj.kkeh lfn'k leku jgrk gSA vr%
lfn'k ;ksx lkgp;hZ gS] vFkkZr~  A + (B + C) = (A
+ B) + C

blh izdkj ;fn vki rhu ls vf/d lfn'kksa dk ;ksx
izkIr djuk pkgsa rks ifj.kkeh lfn'k izFke lfn'k
osQ iqPN dks vafre lfn'k osQ 'kh"kZ ls feykus ij
izkIr gksxkA

                                    (a)
(b)

fp=k 1.6 : lfn'kksa  A  o  B dk ;ksx

fp=k 1.7 : nks fHkUu Øeksa esa rhu
lfn'kksa dk ;ksx
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dbZ ckj vusd lfn'k ,d gh ¯cnq ij dk;Z djrs gSaA ,slh fLFkfr esa lfn'k ;ksx osQ lekUrj
prqHkqZt fu;e dk mi;ksx vf/d lqfo/ktud gksrk gSA vkb, blosQ laca/ esa vè;;u djsaA

1-4-4 lfn'k ;ksx dk lekarj prqHkqZt fu;e

eku yhft, fd fp=k 1-8 esa n'kkZ;s vuqlkj A vkSj B nks lfn'k gSa vkSj muosQ chp dk dks.k
θ gSA budk ;ksx izkIr djus osQ fy;s ge lekraj prqHkqZt dks iw.kZ djrs gSa (;gk¡ Hkqtk  PQ

lfn'k A vkSj Hkqtk PS lfn'k B dks n'kkZrh gS vkSj d.kZ PR nksuksa osQ ifj.kkeh R dks n'kkZrk
gSA D;k vkidks ;kn gS fd d.kZ PR, A vkSj B dk ;ksx gS\ ;g A vkSj B lfn'kksa dk ifj.kkeh
lfn'k gS] ifj.kkeh lfn'k A dh fn'kk ls α dks.k cukrk gS] ;kn j[ksa fd lfn'k PQ vkSj SR
leku gSa vkSj A osQ rqY; gSA blh izdkj lfn'k PS vkSj lfn'k QR leku gSa vkSj B osQ rqY;
gSa ifj.kkeh lfn'k R dk ifjek.k izkIr djus osQ fy;s ,d yEc RT fxjk;sa tSlk fd fp=k
esa n'kkZ;k x;k gSA rc ifjek.kksa osQ lanHkZ esa

fp=k 1-8% lfn'k ;ksx dk lekarj prqHkqZt fu;e

(PR)2 = (PT)2 + (RT)2

(PR)2 = (PT)2 + (RT)2

= (PQ + QT)2 + (RT)2

= (PQ)2 + (QT)2 + 2PQ.QT + (RT)2

= (PQ)2 + [(QT)2 + (RT)2] + 2PQ.QT (1.1)

= (PQ)2 + (QR)2 + 2PQ.QT

= (PQ)2 + (QR)2 + 2PQ.QR (QT / QR)

R2 = A2 + B2 + 2AB.cosθ

vr% R dk ifjek.k

R = 2 2A B + 2AB.cos+ θ (1.2)
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lfn'k R dh fn'kk izkIr djus osQ fy;s ge ns[krs gSa fd

tanα = 
RT

PT
 =

RT

PQ + QT  = 
Bsin

A + Bcos

θ
θ (1.3)

vr% ifj.kkeh lfn'k dh fn'kk blosQ }kjk vk/kj osQ lfn'k ls cuk;s x;s dks.k }kjk izn£'kr
dh tk ldrh gSA

fof'k"V izdj.k

vkb, vc fopkj djsa fd nks lekarj lfn'kksa dk ifj.kkeh lfn'k D;k gksxk\

è;ku nsa fd nksuksa lfn'kksa osQ chp dk dks.k 'kwU; gS vkSj buosQ ifj.kkeh lfn'k dk ifjek.k
nksuksa osQ ifjek.k osQ ;ksx osQ cjkcj ,oa fn'kk leku jgsxhA

;fn nks lfn'k ,d nwljs osQ yacor~ gksa rks muosQ ifj.kkeh lfn'k dk ifjek.k D;k gksxk\
bl fLFkfr esa θ = 90º vkSj cos θ = 0

;fn bu nksuksa osQ ifjek.k leku gksa rks ifj.kkeh lfn'k dh fn'kk D;k gksxh\

è;ku nsa tan α = B/A = 1 rc α D;k gS\

;g Hkh è;ku nhft, fd ;fn θ = π gS rc nks lfn'k foijhr fn'kk esa lekarj gksrs gSaA bl
fLFkfr esa α = 0A ,slh fLFkfr esa ifj.kkeh lfn'k  A ;k B dh fn'kk esa gksxk vkSj fn'kk bl
ckr ij fuHkZj djrh gS fd fdl lfn'k dk ifjek.k vf/d gSA

mnkgj.k 1.4 vgen ,d xkM+h dks 70 N osQ cy ls mÙkj fn'kk esa [khap jgk gS vkSj gkfen
mlh xkM+h dks 50 N osQ cy ls nf{k.k if'pe fn'kk esa [khap jgk gSA ifj.kkeh cy dk ifjek.k
,oa fn'kk dk ifjdyu dhft,A

gy :

;gk¡ igys cy A dk ifjek.k = 70 N

nwljs cy dk B dk ifjek.k = 50 N

nksuksa cyksa osQ chp dk dks.k θ = 135º (135 fMxzh)

vr% ifj.kkeh cy dk ifjek.k

R = 2 2(70) + (50) + 2×70×50×cos(135)

   = 4900 + 2500 – 7000×sin45

   = 49.5 N

fp=k 1.9: fdlh dks.k ij vkur
cyksa dk ifj.kkeh cy
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R dk ifjek.k = 49.5 N

ifj.kkeh cy dh fn'kk lehdj.k 1-3 }kjk Kkr dh tk;sxh]

tan α = 
B sinθ

A + B cosθ
 = 

50×sin (135)

70 + 50 cos (135)
 = 

50×cos 45

70 – 50 sin 45
=1.0

vr% α = 45.0º bl izdkj ifj.kkeh R mÙkj dh vksj yxus okys 70N cy ls 45º dk dks.k
cukrk gSA bl izdkj R dh fn'kk mÙkj if'pe gS (fp=k 1-9)A

1-4-5 lfn'kksa dk ?kVkuk

ge ,d lfn'k dks nwljs lfn'k ls fdl izdkj ?kVkrs
gS a\ è;ku ns a fd nks lfn'kks a dk varj
A – B okLro esa A + (–B) osQ cjkcj gSA rc vki
nks lfn'kksa dks tksM+us dh iwoZ o£.kr fof/ viuk
ldrs gSaA bldh O;k[;k fp=k 1-10 esa dh x;h gSA
A osQ 'kh"kZ ls –B lfn'k [khapsA A osQ iqPN vkSj –B
osQ 'kh"kZ dks feykus ij ifj.kkeh lfn'k
(A – B) izkIr gks tk;sxkA

vc vkidh izxfr tkuus dk le; gSA

ikBxr iz'u 1.3

nks lfn'k  vkSj  fn;s x;s gSaA

1. buosQ }kjk fp=k cukdj n'kkZ;sa fd fdl izdkj fuEu lfn'k izkIr fd;s tk ldrs gSa%

(a) B – A, (b) A + 2B, (c) A – 2B vkSj (d) B – 2A.

2. nks lfn'kksa A o B osQ ifjek.k 10 bdkbZ ,oa 12 bdkbZ gS vkSj ;s ,d nwljs dh foijhr
fn'kk esa lekarj gSaA ifj.kkeh lfn'k A + B rFkk A – B izkIr djsaA

3. nks lfn'kksa A vkSj B osQ ifjek.k Øe'k% 30 o 60 bdkbZ gSa vkSj buosQ chp dk fn'kk
varj 60º  gSA ifj.kkeh lfn'k izkIr djsa (Lej.k jgs fd ,d lfn'k izkIr djus dk
rkRi;Z bldk ifjek.k ,oa fn'kk nksuksa Kkr djuk gSA

fp=k 1.10 : lfn'k B dks lfn'k A ls
?kVkuk
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1.5  lfn'kksa dk xq.ku

1-5-1 ,d lfn'k dk ,d vfn'k }kjk xq.ku

;fn ge ,d lfn'k A dks ,d vfn'k k ls
xq.kk djsa rks gesa A osQ k xquk ifjek.k dk
lfn'k izkIr gksxkA bldk vFkZ ;g gS fd
ifj.kkeh lfn'k  k A gSA ;fn k  /ukRed gks
rks u;s lfn'k dh fn'kk vifjo£rr jgrh gS
vkSj ;fn  k  ½.kkRed gks rks u;s lfn'k dh
fn'kk ewy lfn'k dh fn'kk osQ foijhr gks
tkrh gSA mnkgj.kkFkZ] lfn'k 3A dk ifjek.k A osQ ifjek.k ls rhu xquk gS vkSj fn'kk leku
gSA ysfdu  –3A lfn'k dh fn'kk lfn'k A osQ foijhr gS] ;|fi bldk ifjek.k lfn'k A osQ
ifjek.k dk rhu xquk gSA

1-5-2 lfn'kksa dk vfn'k xq.ku

nks lfn'kksa A vkSj B osQ xq.ku dks A.B fy[kk tkrk gS vkSj bldk eku AB cosθ gksrk gS tgk¡
θ nksuksa lfn'kksa osQ chp dk dks.k gSA fp=k 1-11 dks è;ku ls ns[kus ij vki ik;saxs fd  B

cosθ lfn'k B dk lfn'k A ij iz{ksi gSA vr% A vkSj B dk vfn'k xq.ku A osQ ifjek.k ,oa
B osQ A dh fn'kk esa iz{ksi osQ cjkcj gksrk gSA nwljh è;ku nsus ;ksX; ckr ;g gS fd
;fn ge nks lfn'kk s a osQ chp osQ dks.k  θ dks (360 – θ) ls fu:fir djs a rks bldk
dksbZ izHkko ugha iM+rk D;ksafd nksuksa osQ dksT;k vFkkZr~ cosθ vkSj cos (360 – θ) dk eku leku
gSA pw¡fd nks lfn'kksa osQ chp ,d ¯cnq vfn'k xq.ku dks n'kkZrk gS vr% bls ¯cnq xq.ku Hkh
dgrs gSaA ;kn j[ksa fd nks lfn'kksa dk fcanq xq.kuiQy ,d vfn'k jkf'k gksrh gSA

vfn'k xq.ku dk ,d lqifjfpr mnkgj.k fdlh xfr'khy fudk; ls ,d dks.k cukrs gq, yxus
okys cy }kjk fd;k x;k dk;Z gSA ;fn fudk; dk foLFkkiu d vkSj F osQ chp dk dks.k θ
gks rks cy }kjk fd;k x;k dk;Z Fdcosθ gksrk gSA

¯cnq xq.ku vfn'k gksus osQ dkj.k Øefofues;h gS] vFkkZr~  A.B = B.A = ABcosθ ;g forj.kh;
Hkh gS vFkkZr~ A.(B + C) = A.B + A.C (xq.ku dk forj.k fu;e)

1-5-3 lfn'kksa dk lfn'k xq.ku

eku yhft, gekjs ikl nks lfn'k A vkSj B gSa ftuosQ chp dk dks.k θ gSA ge ,d ,slk ry
cuk ldrs gSa ftuesa ;s nksuksa lfn'k fLFkr gksaA bl ry dks ge Ω ls lalwfpr djrs gSa vkSj
;g dkxt osQ ry esa gSA vc bu lfn'kksa dk xq.kuiQy A ×B ,d lfn'k C gksxk (fp=k
1.12 a) ftldk ifjek.k AB sinθ gS vkSj bldh fn'kk Ω ry osQ yacor~ gSA lfn'k C dh
fn'kk nkfgus gkFk osQ fu;e }kjk Kkr dh tk ldrh gS (fp=k 1.12 b)A dYiuk dhft, fd
vkidh vaxqfy;k¡ A ls B dh fn'kk esa bu lfn'kksa osQ chp osQ U;wu dks.k osQ vuqfn'k eqM+h

fp=k 1.11: B dk A esa iz{ksi
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gSA rc vaxwBk ifj.kkeh lfn'k  C dh fn'kk dks n'kkZrk gSA ;fn vki bl fu;e dk ikyu
djsa rks vki vklkuh ls ik;saxs fd lfn'k B ××××× A dh fn'kk lfn'k A ××××× B dh fn'kk osQ foijhr
gSA bldk vFkZ gqvk fd lfn'k xq.ku Øefofues;h ugha gSA pw¡fd lfn'k xq.ku esa nks lfn'kksa
osQ chp ØkWl dk fpUg iz;ksx fd;k tkrk gS vr% bls ØkWl xq.ku Hkh dgrs gSaA

(a) (b)

fp=k 1.12 (a) : lfn'kksa dk lfn'k xq.ku (b) xq.ku osQ iQyLo:i izkIr lfn'k  C dh fn'kk C =A ×××××
B nkfgus gkFk osQ fu;e }kjk fu/kZfjr gksrh gS ;fn vkidh vaxqfy;k¡ U;wudks.k cukrs gq, nks lfn'kksa
osQ chp A ls B dh fn'kk esa eqM+h gksa rks vaxwBk C dh fn'kk dks izn£'kr djrk gSA

lfn'k xq.ku dk ,d lqifjfpr mnkgj.k ?kw.kZu djrs gq, fudk; dk dks.kh; laosx gSA

viuh izxfr dk vkadyu djus osQ fy, fuEu iz'uksa dks gy djus dk iz;kl djsaA

ikBxr iz'u 1.4

1. ekuk ,d lfn'k A, lfn'k B osQ lekarj gSA mudk lfn'k xq.kuiQy D;k gksxk\ ;fn B,
A osQ foijhr fn'kk esa gks rks budk lfn'k xq.kuiQy D;k gksxk\

2. ekuk gekjs ikl ,d lfn'k A vkSj ,d lfn'k C = 
1

2
 B gSA A × B dh fn'kk vkSj

A × C dh fn'kk osQ chp D;k laca/ gS\

3. ;fn vki lfn'k A vkSj B dks muosQ ry esa ?kqek;sa rks C = A ××××× B dh fn'kk fdl izdkj
izHkkfor gksxh\

4. ;fn vki lfn'k A vkSj B dks bl izdkj ?kqek;sa fd os vius ry ij gh cusa jgsa rks D;k
vki lfn'k C = A ××××× B dh fn'kk foijhr dj losaQxs\

5. ;fn lfn'k A  x-v{k vkSj lfn'k B y-v{k osQ vuqfn'k gksa rks lfn'k C = A ××××× B dh
fn'kk D;k gksxh\ ;fn A  y-v{k vkSj B x-v{k osQ foijhr gksa rks blls C fdl izdkj
izHkkfor gksxk\

6. ;fn lfn'k A vkSj lfn'k B ijLij yacor~ gksa rks (a) A . B vkSj (b) A × B dk eku ifjdfyr
dhft,A

Ω
θ
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1.6  lfn'kksa dk fo;kstu

lfn'kksa dk fo;kstu lfn'kksa osQ la;kstu osQ foijhr izfØ;k gSA fo;kstu esa ge fu;r funsZ'kkad
v{kksa dh fn'kk esa lfn'kksa osQ ?kVdksa dk eku Kkr djrs gSaA ekuk gekjs ikl ,d lfn'k A
gS tSlk fd fp=k 1-13 esa fn[kk;k x;k gS vkSj ge x-v{k o  y-v{k dh fn'kk esa blosQ ?kVdksa
dks Kkr djuk pkgrs gSaA ekuk ;s ?kVd Øe'k%  A

x
 vkSj A

y
 gSaA ljy f=kdks.kfefr n'kkZrh gS

fd

A
x

= A cos θ (1.4)

,oa A
y

= A sin θ, (1.5)

;gk¡ A vkSj x-v{k osQ chp dk dks.k θ gSA  ;fn X-v{k vkSj A osQ chp dks.k φ gks rks X vkSj
Y v{k dh fn'kk esa lfn'k A osQ ?kVdksa dk D;k eku gksxk\ (fp=k 1-13)A

A
X

= A cos φ

A
Y

= A sin φ.

;gk¡ ,d ckr Li"V le> ysa fd lfn'k osQ ?kVdksa dk eku fu;r ugha gS oju ,d fo'ks"k
v{kksa osQ p;u osQ vuqlkj ifjorZu'khy gSaA ;g Hkh è;ku nsa fd lfn'k A dk ifjek.k ,oa
fn'kk blosQ ?kVdksa osQ lanHkZ esa fuEu :i ls n'kkZ;h tk ldrh gSA

A = 2 2A Ax y+  = 2 2
X YA A+ (1.6)

vkSj
tan θ = A

y
 / A

x
, tan φ = A

Y
 /A

X
. (1.7)

vr% ;fn gesa ,d lfn'k osQ ?kVd ekywe gksa rks bu lehdj.kksa dh lgk;rk ls ge lfn'k
A izkIr dj ldrs gSaA

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

fp=k  1.13 : lfn'k A osQ nks fu/kZfjr funsZ'kkad leqPp;ksa (x, y) vkSj (X, Y) osQ vuqfn'k fo;kstu
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1.7  bdkbZ lfn'k

vc ge bdkbZ lfn'k dh ladYiuk dk lekos'k djrs gSaA tSlk fd uke ls Li"V gS bdkbZ
lfn'k dk bdkbZ ifjek.k gksrk gS vkSj ,d fuf'pr fn'kk gksrh gSA bldk dksbZ ek=kd ;k
foek ugha gksrhA mnkgj.k osQ rkSj ij ge lfn'k A dks A n̂  fy[k ldrs gSa tgk¡ n̂  lfn'k A
dh fn'kk esa ,d bdkbZ lfn'k dks bafxr djrk gSA è;ku nsa fd ek=kd lfn'k dk lekos'k
,d lfn'k dh fn'kk dh tkudkjh osQ fy;s fd;k x;k gS_ A dk ifjek.k  A  }kjk bafxr fd;k
tkrk gSA funsZ'kkad v{kksa dh fn'kk esa bdkbZ lfn'k fo'ks"k :i ls egRoiw.kZ gSA x-v{k dh

fn'kk esa bdkbZ lfn'k dks î ,  y-v{k dh fn'kk esa ĵ  vkSj z-v{k dh fn'kk esa k̂  }kjk n'kkZ;k
tkrk gSA bl vadu i¼fr osQ mi;ksx ls] lfn'k A dks] ftlosQ x o y v{kksa dh fn'kk esa ?kVd
Øe'k%  A

x
 vkSj A

y 
gSa] fuEu izdkj fu:fir fd;k tk ldrk gSA

A = A
x
 î  + A

y ĵ (1.8)

blh izdkj nwljs lfn'k B dks fuEu izdkj fy[kk tk ldrk gS

B = B
x
 î  + B

y
 ĵ (1.9)

bu nks lfn'kksa dk ;ksx bl izdkj fy[kk tk ldrk gS

A + B = (A
x
 + B

x
) î  + (A

y
 + B

y
) ĵ (1.10)

vfn'k xq.ku osQ fu;ekuqlkj vki n'kkZ ldrs gSa fd

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ=1, =1, =1, = 0, = 0, = 0i. i j . j k .k i . j i .k j.kvkSj (1.11)

vc nks lfn'kksa A o B osQ chp dk ¯cnq xq.kuiQy (vfn'k xq.kuiQy) fuEu izdkj fy[kk tk
ldrk gS

A . B = (A
x
 î  + A

y
 ĵ  ). (B

x
 î  + B

y
 ĵ )

= A
x
B

x
 ( î  . î ) + A

x
B

y
 ( î  . ĵ ) + A

y
B

x
 ( ĵ  . î ) + A

y
B

y
 ( ĵ  . ĵ )

= A
x
B

x
 + A

y
B

y
, (1.12)

;gk¡ geus lehdj.k 1-11 osQ ifj.kkeksa dk mi;ksx fd;k gSA

mnkgj.k 1.4 ,d funsZ'kkad ra=k esa (lHkh pkj prqFkk±'kksa
dks n'kkZrs gq;s) fuEu lfn'kksa dks n'kkZb,A muosQ ifjek.k
,oa fn'kk,a Kkr dhft,A

A = 4 î  + 0 ĵ , B = 0 î  + 5 ĵ  , C = 4 î  + 5 ĵ ,

D = 6 î  – 4 ĵ .

gy : lfn'kksa dks muosQ ?kVdksa osQ :i esa fn;k x;k gSA

î  dk xq.ku x ?kVd vkSj ĵ  dk xq.kd  y ?kVd gSA lHkh
lfn'kksa dks funsZ'kkad fxzM esa fn[kk;k x;k gS (fp=k 1-14)A fp=k 1.14
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lfn'k A osQ ?kVd (vo;o) A
x
 = 4, A

y
 = 0, bldk ifjek.k  A = 4 gS vkSj bldh fn'kk

1
A

tan
A

y

x

− ⎛ ⎞
⎜ ⎟
⎝ ⎠

 = 0 gS vr% fn'kk  x-v{kh; gSA lfn'k B osQ ?kVd (vo;o) x-vo;o = 0

vr% bldh fn'kk y-v{kh; gS vkSj bldk ifjek.k 5 gSA

vc ge lfn'k C ij fopkj djrs gSa] ;gk¡ C
x
 = 4 vkSj C

y
 = 5 vr% C dk ifjek.k  C =

2 24 5 41+ = . gS vkSj blosQ }kjk x-v{k ls cuk dks.k tan–1 (C
y 
/C

x
) = 51.3 fMxzh gSA

blh izdkj  D dk ifjek.k D = 60  vkSj bldh fn'kk tan–1 (D
y
/D

x
) = tan–1 (0.666) = –

33.7º (pkSFks prqFkk±'k esa gS)

mnkgj.k 1.5 mnkgj.k 1-4 esa fn, x, lfn'kksa osQ fy, xq.ku C . D dk eku izkIr dhft,A

gy : C vkSj D dk ¯cnq xq.ku (vfn'k xq.ku) lehdj.k (1-12) dh lgk;rk ls izkIr fd;k
tk ldrk gS

C . D = C
x
D

x
 + C

y
D

y
 = 4×6 + 5×(-4) = 24 – 20 = 4.

nks lfn'kksa osQ ØkWl xq.ku (lfn'k xq.ku) dks Hkh bdkbZ lfn'kksa osQ :i esa n'kkZ;k tk ldrk
gSA blosQ fy;s gesa igys bdkbZ lfn'kksa osQ ØkWl xq.ku (lfn'k xq.ku) dh vko';drk gksrh

gSA bdkbZ lfn'kksa osQ chp dk dks.k 90º gksrk gSA mnkgj.k osQ fy,] î  × ĵ  dks ysa] pw¡fd buosQ

chp osQ dks.k dh T;k (sine) dk eku ,d gksrk gS blfy;s lfn'k xq.ku dk ifjek.k Hkh

1 gksrk gSA bldh fn'kk î  ,oa ĵ  dh fLFkfr osQ ry (xy ry) osQ vfHkyacor~ z-v{kh; gSA

nkfgus gkFk osQ fu;e osQ vuqlkj ge ikrs gsa fd ;g fn'kk /ukRed z-v{kh; gS] z - v{k

esa bdkbZ lfn'k k̂  }kjk n'kkZ;k tkrk gSA vr%

î  × ĵ  = k̂ . (1.13)

blh roZQ osQ vk/kj ij ge n'kkZ ldrs gsa fd

 ĵ  × k̂  = î , k̂  × î  = ĵ , ĵ  × î  = – k̂ , k̂  × ĵ  = – î , î  × k̂  = – ĵ ,  (1.14)

vkSj

î  × î = ĵ  × ĵ  = k̂  × k̂  = 0. (1.15)

mnkgj.k 1.6 mnkgj.k 1-4 esa fn;s x;s lfn'kksa C ,oa D osQ ØkWl xq.ku dk eku Kkr dhft,A

gy : C × D = (4 î  + 5 ĵ  ) × (6 î  – 4 ĵ  )

= 24 ( î  × î  ) –16 ( î  × ĵ ) + 30 ( ĵ  × î ) –20 ( ĵ  × ĵ )

(lehdj.kksa 1-13 & 1-15 osQ ifj.kkeksa osQ mi;ksx ls)
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C × D = –16 k̂  – 30 k̂  = – 46 k̂

vr% C vkSj D dk Økl xq.ku ,d lfn'k gS ftldk ifjek.k 46 bdkbZ vkSj fn'kk ½.kkRed
z-v{kh; gSA pw¡fd C vkSj D  xy-ry esa gS vr% Li"V gS fd budk ØkWl xq.kd bl ry
osQ yacor~ gksxk vFkkZr~ z-fn'kk esa gksxkA

iqu% ;g Lo;a ijh{k.k dk le; gSA fuEu iz'uksa dk gy izkIr djsaA

ikBxr iz'u 1.5

1. ,d lfn'k A, xy funsZ'kkad ra=k esa x-v{k ls 60º dk dks.k cukrk gSA bldk ifjek.k 50
bdkbZ gS] blosQ x vkSj y fn'kkvksa esa ?kVd izkIr djsaA ;fn nwljk lfn'k ftldk ifjek.k
leku gS vkSj ;g  x-v{k ls 30º dk dks.k cukrk gS rks blosQ ?kVdksa dks izkIr djsaA
D;k ;s igys ?kVdksa osQ leku gSa\

2. nks lfn'kksa A vkSj B dks Øe'k%  3 î  – 4 ĵ  vkSj –2 î  + 6 ĵ  }kjk n'kkZ;k x;k gSA funsZ'kkad

fxzM esa bUgsa n'kkZ,aA budk ifjek.k Kkr djsa vkSj buosQ }kjk  x-v{k osQ lkFk cus dks.k
Kkr djsa (fp=k 1-14)A

3. iz'u 2 esa fn;s lfn'kksa osQ ¯cnq xq.kuiQy (vfn'k xq.kuiQy) ,oa ØkWl xq.kuiQy izkIr
djsaA

vkius Åij lh[kk fd ,d lgh lehdj.k esa izR;sd in dh foek;sa leku gksuh pkfg;sA
lfn'k jkf'k;ksa dh tkudkjh osQ ckn ge blesa ;g tksM+ ldrs gSa fd lehdj.k osQ lgh
gksus dh fLFkfr esa blesa izR;sd in osQ vfHky{k.k leku gksa ;k rks os lHkh lfn'k
gksa ;k lHkh vfn'kA

vkius D;k lh[kk

lkFkZd vadksa dh la[;k fdlh eki dh ;FkkZFkrk fu/kZfjr djrh gSA

izR;sd HkkSfrd jkf'k dk ekiu fo'ks"k ek=kdksa }kjk fd;k o n'kkZ;k tkrk gSA oSKkfud izfrosnu
osQ fy, ge lkoZf=kd :i ls SI ek=kdksa dks viukrs gSaA

nzO;eku] yackbZ vkSj le; osQ fy;s ewy  SI  ek=kd Øe'k% kg, m vkSj s gSaA ewy ek=kdksa
osQ vfrfjDr O;qRiUu ek=kd Hkh gksrs gSaA

izR;sd HkkSfrd jkf'k dh foek;sa gksrh gSaaA lehdj.kksa dh 'kq¼rk tk¡pus osQ fy;s foeh;
fo'ys"k.k ,d mi;ksxh lk/u gSA

HkkSfrdh esa ge lkekU;r;k nks izdkj dh jkf'k;ksa dk iz;ksx djrs gSa&vfn'k vkSj lfn'kA
vfn'k dk osQoy ifjek.k gksrk gS vkSj lfn'k dk ifjek.k o fn'kk nksuksa gksrs gSaA
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lfn'k jkf'k;ksa dks lekUrj prqHkqZt fu;e osQ vuqlkj tksM+k tkrk gSA

nks lfn'k jkf'k;ksa dk fcUnq xq.kuiQy vfn'k gksrk gSA

nks lfn'kksa dk ØkWl xq.kuiQy lfn'k gksrk gS vkSj ;g bu lfn'kksa osQ ry osQ yacor~
gksrk gSA

lfn'kksa dks ,d fo'ks"k funsZ'kkad v{kksa dh fn'kk esa ?kVdksa osQ :i esa fo;ksftr fd;k
tk ldrk gSA

ikBkar iz'u

1. cgqr yach nwjh ekiu osQ fy;s iz;qDr ek=kd izdk'k o"kZ dgykrk gSA ;g izdk'k }kjk
,d o"kZ esa r; dh x;h nwjh gSA izdk'k o"kZ dks ehVj esa O;Dr dhft,A (izdk'k dh
pky = 3 × 108 m s–1)

2. mYdk,a pV~Vku osQ NksVs VqdM+s gSa tks fd ;nk dnk cgqr mPp osx ls i`Foh osQ ok;qe.My
esa izos'k djrs gSaA ok;qe.My osQ ?k"kZ.k ls os vR;f/d xeZ gks tkrs gSa vkSj vYidkfyd
fofdj.k mRl£tr djrs gq, /hjs&/hjs iw.kZr;k ty tkrs gSaA blosQ ifj.kkeLo:i ,d
izdk'k js[kk fn[kkbZ nsrh gS ftls ^VwVus okyk rkjk* dgrs gSaA mYdk dh xfr
51 kms–1 gSA bldh rqyuk esa  200C rki ij ok;q esa èofu dk osx 340 ms–1 gSA nksuksa
xfr;ksa osQ ifjek.kksa dk vuqikr Kkr dhft,A

3. izkjafHkd osx u o leku Roj.k a ls xfr'khy d.k }kjk  t  le; esa r; dh x;h nwjh
dks  s = ut + (1/2)at2  lehdj.k }kjk n'kkZ;k tkrk gSA foeh; fo'ys"k.k }kjk lehdj.k
dh 'kq¼rk dh tk¡p dhft,A

4. U;wVu osQ xq#Rokd"kZ.k fu;e osQ vuqlkj r  nwjh ij fLFkr nks nzO;ekuksa m
1
 o m

2
 osQ chp

yxus okyk cy

F = G 1 2
2

m m

r

gS] tgk¡ G lkoZf=kd fu;rkad gS] G dh foek;sa Kkr dhft,A

5. gehnk ,d est dks ,d fo'ks"k fn'kk esa 10 N osQ cy ls /osQy jgh gS mldh fe=k
yhyk blh est dks 8 N osQ cy ls gehnk }kjk vkjksfir cy dh fn'kk ls 60o dk dks.k
cukrs gq;s /osQy jgh gSA est ij vkjksfir ifj.kkeh cy dk ifjek.k ,oa fn'kk Kkr
dhft,A

6. ,d HkkSfrd jkf'k nks lfn'k jkf'k;ksa dk ̄ cnq xq.kuiQy (vfn'k xq.kuiQy) gSA ;g jkf'k
vfn'k gS ;k lfn'k\ nks lfn'kksa osQ ØkWl (lfn'k xq.ku) }kjk izkIr HkkSfrd jkf'k dh
izo`Qfr D;k gS\

7. tkWu ,d xkM+h dks /jkry osQ lekarj cy yxkdj [khapuk pkgrk gSA mldk fe=k jke
bl ckr ij tksj nsrk gS fd /jkry ls 30º dk dks.k cukrs gq;s cy yxkdj xkM+h dks
[khapuk vf/d vklku gS] nksuksa esa dkSu lgh gS vkSj D;ksa\
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8. nks jkf'k;k¡ 5 î  – 3 ĵ  vkSj 3 î  – 5 ĵ  ls fu:fir dh x;h gSaA buosQ vfn'k ,oa lfn'k

xq.kuiQy izkIr dhft,A

ikBxr iz'uksa osQ mÙkj

1-1

4. (i) 5 (ii) 10 (iii) 4 (iv) 4 (v) 1

5. ugha] nksuksa n'kkvksa esa lkFkZd vadksa dh la[;k 4 jgsxhA

7. lw;Z dk nzO;eku = 2 × 1030 kg

izksVkWu dk nzO;eku = 2 × 10–27 kg

lw;Z esa izksVkWuksa dh la[;k = 
30

57
27

2 10 kg
10

2 10 kg−

× =
×

8. 1 ,axLVªkWe = 10–8 cm = 10–10 m

1 uSuksehVj (nm) = 10–9 m

∴ 1 nm/1 Å = 10–9 m /10–10 m = 10 vr% 1 nm = 10 Å

9. 1370 kHz = 1370 × 103 Hz = (1370 × 103 )/109 GHz = 1.370 × 10–3 GHz

10. 1 MsdkehVj (dam) = 10 m

1 MslhehVj (dm) = 10–1 m

∴ 1 dam = 100 dm

1 MW = 106 W

1 GW = 109 W

∴ 1 GW = 103 MW

1-2

1. yackbZ dh foek = L

le; dh foek = T

g dh foek = LT–2

ekuk vkorZdky t , lα vkSj gβ  osQ xq.kuiQy osQ lekuqikrh gS

vr% nksuksa vksj dh foek;sa fy[kus ij  T = Lα (LT–2)β = Lα+β T–2β

L o T dh ?kkrksa dh rqyuk djus ij
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α + β = 0, 2β = –1 ⇒ β = –1/2 vkSj α = 1/2

vr% t ∝
l

g
 .

2. a dh foek = LT–2

v dh foek = LT–1

r dh foek = L

ekuk a  vα ,oa rβ osQ xq.kuiQy dk lekuqikrh gS

vr% foeh; n`f"Vdks.k ls

LT–2 = (LT–1)α Lβ = Lα+β T–α

L o T dh ?kkrksa dh rqyuk djus ij
α + β = 1, α = 2, ⇒ α = –1

vr%]  a ∝ v2/r

3. mv dh foek;sa = MLT–1

Ft dh foek;sa = MLT–2 T1 = MLT–1

nksuksa vksj dh foek;sa leku gSa vr% lehdj.k foeh; :i ls lgh gSA

1.3

1. ekuk

(a)   (b)

(c)         (d)

2.
A

10
⎯⎯⎯⎯→

bdkbZ          
B

12
←⎯⎯⎯⎯

bdkbZ



ekWM~;wy  - 1 ek=kd] foek,a ,oa lfn'k

xfr] cy ,oa ÅtkZ

fVIif.k;k¡

HkkSfrdh 32

B 12
A 10

= −←⎯⎯⎯⎯⎯⎯→
=

bdkbZ
bdkbZ

A + B = 10 + (–12)

= –2 units

vkSj

A – B = 22 bdkbZ

3.

| A B |+  = 77 bdkbZ

1-4

1. ;fn A  vkSj B lekarj gksa rks muosQ chp dk dks.k θ 'kwU; gksxk] vr% mudk ØkWl
xq.kuiQy

A × B = AB sin θ = 0.

;fn os foijhr fn'kk esa lekarj gksa rks muosQ chp dk dks.k 180o A vr%

A × B = AB sin θ = 0, D;ksafd sin 180o = 0.

2. ;fn B dk ifjek.k vk/k gks tk; vkSj ;g iwoZorhZ ry ij gh fLFkr jgs rks lfn'k
xq.kuiQy C = A × B dh fn'kk vifjo£rr jgsxhA

3. D;ksafd lfn'k A vkSj B ,d gh ry esa ?kwers gSa] vr% muosQ lfn'k xq.kuiQy C =
A × B dh fn'kk vifjo£rr jgsxhA

4. eku yks vkjaHk esa A vkSj B osQ chp dk dks.k 0º o 180o osQ chp esa gS] rc  C =
A × B dh fn'kk ry osQ ÅèoZyacor~ gksxhA ;kn`PN ifjek.k esa ?kw.kZu osQ iQyLo:i



 33HkkSfrdh

ek=kd] foek,a ,oa lfn'k ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

;fn muosQ chp dk dks.k 180o ls vf/d gks tkrk gS rks C dh fn'kk ry osQ
v/ksyacor~ gksxhA

5. ;fn A, x-v{k osQ vuqfn'k vkSj B, y-v{k osQ vuqfn'k gS rks nksuksa xy ry ij fLFkr
gSA budk lfn'k xq.kuiQy  C = A × B, z-fn'kk osQ vuqfn'k gksxkA ;fn A, y-v{k osQ
vuqfn'k ,oa B, x-v{k osQ vuqfn'k gks rks C ½.kkRed z-v{k osQ vuqfn'k gksxkA

6. (a) A . B = |A| |B| cos θ = 0 ;fn θ = 90º

(b) A × B = |A| |B| sin θ = |A| |B| D;ksafd sin θ = 1 at θ = 90º

1-5

1. ;fn A x-v{k ls 60o dk dks.k cuk;s rks

 Ax = A cos 60 = 50  (½) = 25 bdkbZ

Ay = A sin 60 = 50 (√3/2) = 50 (0.866)

= 43.3 bdkbZ

 ;fn A x-v{k ls 30o dk dks.k cuk;s rks

Ax = 50 cos 30 = 50 (0.866) = 43.3 bdkbZ;k¡

Ay = 50 sin 30 = 50  (½) = 25 bdkbZ;k¡

 nksuksa fLFkfr;ksa esa ?kVdksa osQ eku leku ugha gSaA

2. funsZ'kkad fxzM ij lfn'kksa dh fLFkfr fp=k 1-14 esa n'kkZ;h x;h gS

ekuk A x-v{k ls θ dks.k cukrk gS] rc

tan θ = – 4/3 ⇒ θ = tan–1(– 4/3)

= –53o 6′ or 306o 54′

;fn B x-v{k ls φ dks.k cukrk gS rks

tan φ = 6/–2 = –3 ⇒ φ = tan–1(–3)

= 108o 24′

3. A vkSj B dk ¯cnq xq.ku (vfn'k xq.ku)

A . B = (3 î  – 4 ĵ ).(–2 î  + 6 ĵ )

= –6( î . î ) – 24( ĵ . ĵ ) = –30

D;ksafd î . ĵ  = ĵ . î  = 0, vkSj î . î  = ĵ . ĵ  = 1

 A ,oa B dk ØkWl xq.kuiQy

A × B = (3 î  – 4 ĵ ) × (–2 î  + 6 ĵ )
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lehdj.k (1.14) vkSj (1.15) dk mi;ksx djus ij]

= 18 ( î  × ĵ ) + 8 ( ĵ  × î ) = 18 k̂  – 8 k̂  = 10 k̂

D;ksafd  A ,oa B xy  ry esa gSa] vr% ØkWl xq.kuiQy z&v{k dh fn'kk esa gSA

ikBkar vH;kl ekyk

1. 1 ly = 9.4673 × 1015 m.

2.
51 3

20º C 340 20
= =mYdk dh pky

 ij ok; q esa èouh dh pky

5. 15.84 N and α = tan–1 
1

2
⎛ ⎞
⎜ ⎟
⎝ ⎠

8. A . B = 30

A × B = ( ) ( )ˆ ˆ ˆ ˆ5 3 3 5− × −i j i j  ,d ,dy lfn'k C gS ftlesa |C| = 16 bdkbZ

½.kkRed  z-v{k osQ vuqfn'k
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