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4-1 Hkwfedk

fiNys vè;k; esa geus fLFkfr] foLFkkiu] osx ,oa Roj.k dh èkkj.kkvksa dks
fodflr fd;k Fkk] ftudh fdlh oLrq dh ljy js[kh; xfr dk o.kZu djus
osQ fy, vko';drk iM+rh gS A D;ksafd ,dfoeh; xfr esa ek=k nks gh fn'kk,¡
laHko gSa] blfy, bu jkf'k;ksa osQ fn'kkRed i{k dks $ vkSj & fpÉksa ls O;Dr
dj ldrs gSa A ijarq tc ge oLrqvksa dh xfr dk f}foeh; (,d lery) ;k
f=kfoeh; (fno~QLFkku) o.kZu djuk pkgrs gSa] rc gesa mi;qZDr HkkSfrd jkf'k;ksa
dk vè;;u djus osQ fy, lfn'kksa dh vko';drk iM+rh gS A vr,o loZizFke
ge lfn'kksa dh Hkk"kk (vFkkZr lfn'kksa osQ xq.kksa ,oa mUgsa mi;ksx esa ykus dh
fofèk;k¡) lh[ksaxs A lfn'k D;k gS \ lfn'kksa dks oSQls tksM+k] ?kVk;k ;k xq.kk fd;k
tkrk gS \ lfn'kksa dks fdlh okLrfod la[;k ls xq.kk djsa rks gesa D;k ifj.kke
feysxk \ ;g lc ge blfy, lh[ksaxs ftlls fdlh lery esa oLrq osQ osx ,oa
Roj.k dks ifjHkkf"kr djus osQ fy, ge lfn'kksa dk mi;ksx dj losaQ A blosQ ckn
ge fdlh lery esa oLrq dh xfr ij ifjppkZ djsaxs A fdlh lery esa xfr
osQ ljy mnkgj.k osQ :i esa ge ,dleku Rofjr xfr dk vè;;u djsaxs rFkk
,d iz{ksI; dh xfr osQ fo"k; esa foLrkj ls i<s+axs A o`Ùkh; xfr ls ge HkyhHkk¡fr
ifjfpr gSa ftldk gekjs nSfud thou esa fo'ks"k egÙo gS A ge ,dleku o`Ùkh;
xfr dh oqQN foLrkj ls ppkZ djsaxs A

ge bl vè;k; esa ftu lehdj.kksa dks izkIr djsaxs mUgsa vklkuh ls
f=kfoeh; xfr osQ fy, foLrkfjr fd;k tk ldrk gS A

4-2 vfn'k ,oa lfn'k

ge HkkSfrd jkf'k;ksa dks vfn'kksa ,oa lfn'kksa esa oxhZÑr djrs gSa A nksuksa esa ewy
varj ;g gS fd lfn'k osQ lkFk fn'kk dks lac¼ djrs gSa ogha vfn'k osQ lkFk
,slk ugha djrs A ,d vfn'k jkf'k og jkf'k gS ftlesa ek=k ifjek.k gksrk gS A
bls osQoy ,d la[;k ,oa mfpr ek=kd }kjk iw.kZ :i ls O;Dr fd;k tk ldrk
gS A blosQ mnkgj.k gSa % nks fcanqvksa osQ chp dh nwjh] fdlh oLrq dh lagfr
(nzO;eku)] fdlh oLrq dk rkiØe] rFkk og le; ftl ij
dksbZ ?kVuk ?kVrh gS A vfn'kksa osQ tksM+ esa ogh fu;e ykxw gksrs gSa tks
lkekU;r;k chtxf.kr esa A vfn'kksa dks ge Bhd oSls gh tksM+ ldrs gSa] ?kVk
ldrs gSa] xq.kk ;k Hkkx dj ldrs gSa tSlk fd ge lkekU; la[;kvksa osQ lkFk
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67lery esa xfr

* osQoy leku ek=kd okyh jkf'k;ksa dk tksM+ o ?kVkuk lkFkZd gksrk gS A tcfd vki fHkUu ek=kdksa okys vfn'kksa dk xq.kk ;k Hkkx dj ldrs gSa A
** gekjs vè;;u esa lfn'kksa dh fLFkfr;ka fuèkkZfjr ugha gSa A blfy, tc ,d lfn'k dks Lo;a osQ lekarj foLFkkfir djrs gSa rks lfn'k vifjofrZr

jgrk gS A bl izdkj osQ lfn'kksa dks ge ^eqDr lfn'k* dgrs gSa A gkyakfd oqQN HkkSfrd mi;ksxksa esa lfn'k dh fLFkfr ;k mldh fØ;k js[kk
egÙoiw.kZ gksrh gS A ,sls lfn'kksa dks ge ^LFkkuxr lfn'k* dgrs gSaA

djrs gSa * A mnkgj.k osQ fy,] ;fn fdlh vk;r dh yackbZ vkSj
pkSM+kbZ Øe'k% 1-0 m rFkk 0-5 m gS rks mldh ifjeki pkjksa
Hkqtkvksa osQ ;ksx] 1.0 m + 0.5 m + 1.0 m + 0.5 m =

3.0 m  gksxkA gj Hkqtk dh yackbZ ,d vfn'k gS rFkk ifjeki
Hkh ,d vfn'k gS A ge ,d nwljs mnkgj.k ij fopkj djsaxs %
;fn fdlh ,d fnu dk vfèkdre ,oa U;wure rki Øe'k%
35-6 °C rFkk 24-2 °C gS rks bu nksuksa dk varj 11-4 °C

gksxk A blh izdkj ;fn ,Y;qfefu;e osQ fdlh ,dleku Bksl
?ku dh Hkqtk 10 cm gS vkSj mldk nzO;eku 2.7 kg gS rks
mldk vk;ru 10–3 m3  (,d vfn'k) gksxk rFkk ?kuRo
2.7×103 kg/m3 Hkh ,d vfn'k gS A

,d lfn'k jkf'k og jkf'k gS ftlesa ifjek.k rFkk fn'kk
nksuksa gksrs gSa rFkk og ;ksx lacaèkh f=kHkqt osQ fu;e vFkok
lekukUrj prqHkqZt osQ ;ksx lacaèkh fu;e dk ikyu djrh
gS A bl izdkj] ,d lfn'k dks mlosQ ifjek.k dh la[;k rFkk
fn'kk }kjk O;Dr djrs gSa A oqQN HkkSfrd jkf'k;k¡ ftUgsa lfn'kksa
}kjk O;Dr djrs gSa] os gSa foLFkkiu] osx] Roj.k rFkk cy A

lfn'k dks O;Dr djus osQ fy, bl iqLrd esa ge eksVs
v{kjksa dk iz;ksx djsaxs A tSls fd osx lfn'k dks O;Dr djus
osQ fy, v fpÉ dk iz;ksx djsaxs A ijarq gkFk ls fy[krs le;
D;ksafd eksVs v{kjksa dk fy[kuk FkksM+k eqf'dy gksrk gS] blfy,
,d lfn'k dks v{kj osQ mQij rhj yxkdj O;Dr djrs gSa] tSls
→
v  A bl izdkj v rFkk →

v  nksuksa gh osx lfn'k dks O;Dr djrs
gSa A fdlh lfn'k osQ ifjek.k dks izk;% ge mldk ̂ ije eku*
dgrs gSa vkSj mls |v| = v  }kjk O;Dr djrs gSa A bl izdkj
,d lfn'k dks ge eksVs v{kj ;Fkk A ;k a, p, q, r, ..... x,

y ls O;Dr djrs gSa tcfd buosQ ifjek.kksa dks Øe'k% ge A
;k a, p, q, r, .... x, y }kjk O;Dr djrs gSa A

4-2-1 fLFkfr ,oa foLFkkiu lfn'k

fdlh lery esa xfreku oLrq dh fLFkfr O;Dr djus osQ fy,
ge lqfoèkkuqlkj fdlh fcanq O dks ewy fcanq osQ :i esa pqurs
gSa A dYiuk dhft, fd nks fHkUu&fHkUu le;ksa t  vkSj t'  ij
oLrq dh fLFkfr Øe'k% P vkSj P' gS (fp=k 4.1a) A ge P
dks O ls ,d ljy js[kk ls tksM+ nsrs gSa A bl izdkj OP le;
t ij oLrq dh fLFkfr lfn'k gksxh A bl js[kk osQ fljs ij ,d
rhj dk fu'kku yxk nsrs gSa A bls fdlh fpÉ (eku yhft,)
r ls fu:fir djrs gSa] vFkkZr~ OP = r A blh izdkj fcanq P'

dks ,d nwljs fLFkfr lfn'k OP' ;kuh r' ls fu:fir djrs gSaA

lfn'k r dh yackbZ mlosQ ifjek.k dks fu:fir djrh gS rFkk
lfn'k dh fn'kk og gksxh ftlosQ vuqfn'k P (fcanq O ls ns[kus
ij) fLFkr gksxk A ;fn oLrq P ls pydj P' ij igqap tkrh
gS rks lfn'k PP' (ftldh iqPN P ij rFkk 'kh"kZ P' ij gS)
¯cnq P (le; t) ls P' (le; t') rd xfr osQ laxr
foLFkkiu lfn'k dgykrk gS A

fp=k 4.1 (a) fLFkfr rFkk foLFkkiu lfn'k] (b) foLFkkiu lfn'k
PQ rFkk xfr osQ fHkUu&fHkUu ekxZ A

;gk¡ ;g ckr egRoiw.kZ gS fd ̂ foLFkkiu lfn'k* dks ,d
ljy js[kk ls O;Dr djrs gSa tks oLrq dh vafre fLFkfr dks
mldh izkjfEHkd fLFkfr ls tksM+rh gS rFkk ;g ml okLrfod
iFk ij fuHkZj ugha djrk tks oLrq }kjk fcanqvksa osQ eè; pyk
tkrk gS A mnkgj.kLo:i] tSlk fd fp=k 4.1b esa fn[kk;k x;k
gS] izkjfEHkd fLFkfr P rFkk vafre fLFkfr Q osQ eè; foLFkkiu
lfn'k PQ ;|fi ogh gS ijarq nksuksa fLFkfr;ksa osQ chp pyh xbZ
nwfj;ka tSls PABCQ, PDQ rFkk PBEFQ vyx&vyx gSa A
blh izdkj] fdUgha nks fcanqvksa osQ eè; foLFkkiu lfn'k dk
ifjek.k ;k rks xfreku oLrq dh iFk&yackbZ ls de gksrk
gS ;k mlosQ cjkcj gksrk gSA fiNys vè;k; esa Hkh ,d ljy
js[kk osQ vuqfn'k xfreku oLrq osQ fy, bl rF; dks HkyhHkkafr
le>k;k x;k Fkk A

4-2-2 lfn'kksa dh lerk

nks lfn'kksa A rFkk B dks osQoy rHkh cjkcj dgk tk ldrk
gS tc muosQ ifjek.k cjkcj gksa rFkk mudh fn'kk leku gks** A

fp=k 4.2(a) esa nks leku lfn'kksa A rFkk B dks n'kkZ;k
x;k gS A ge budh lekurk dh ij[k vklkuh ls dj ldrs
gSa A B dks Lo;a osQ lekarj f[kldkb;s rkfd mldh iqPN Q
lfn'k A dh iqPN O osQ laikrh gks tk, A fiQj D;ksafd muosQ
'kh"kZ S ,oa P Hkh laikrh gSa vr% nksukssa lfn'k cjkcj dgyk,axs A
lkekU;r;k bl lekurk dks A = B osQ :i esa fy[krs gSa A bl

2020-21



68 HkkSfrdh

ckr dh vksj è;ku nhft, fd fp=k 4.2(b) esa ;|fi lfn'kksa
A' rFkk B' osQ ifjek.k leku gSa fiQj Hkh nksuksa lfn'k leku ugha
gSa D;ksafd mudh fn'kk;sa vyx&vyx gSa A ;fn ge B' dks
mlosQ gh lekarj f[kldk,a ftlls mldh iqPN Q', A' dh
iqPN O' ls laikrh gks tk, rks Hkh B' dk 'kh"kZ S', A' osQ 'kh"kZ
P' dk laikrh ugha gksxk A

4-3 lfn'kksa dh okLrfod la[;k ls xq.kk

;fn ,d lfn'k A dks fdlh èkukRed la[;k λ ls xq.kk djsa
rks gesa ,d lfn'k gh feyrk gS ftldk ifjek.k lfn'k A osQ
ifjek.k dk λ xquk gks tkrk gS rFkk ftldh fn'kk ogh gS tks
A dh gS A bl xq.kuiQy dks ge λA ls fy[krs gSa A

|||| AA λ=λ ;fn 0>λ
mnkgj.kLo:i] ;fn A dks 2 ls xq.kk fd;k tk,] rks ifj.kkeh
lfn'k 2A gksxk (fp=k 4.3a) ftldh fn'kk A dh fn'kk gksxh
rFkk ifjek.k || A  dk nksxquk gksxk A lfn'k A dks ;fn ,d
Í.kkRed la[;k –λ  ls xq.kk djsa rks ,d vU; lfn'k izkIr gksrk
gS ftldh fn'kk A dh fn'kk osQ foijhr gS vkSj ftldk
ifjek.k || A  dk λ xquk gksrk gS A

;fn fdlh lfn'k A dks Í.kkRed la[;kvksa &1

o &1-5 ls xq.kk djsa rks ifj.kkeh lfn'k fp=k 4-3(b) tSls
gksaxs A

HkkSfrdh esa ftl ?kVd λ }kjk lfn'k A dks xq.kk fd;k
tkrk gS og dksbZ vfn'k gks ldrk gS ftldh Lo;a dh foek,¡
gksrh gSa A vr,o λΑΑΑΑΑ dh foek,¡ λ o A dh foekvksa osQ
xq.kuiQy osQ cjkcj gksaxh A mnkgj.kLo:i] ;fn ge fdlh
vpj osx lfn'k dks fdlh (le;) varjky ls xq.kk djsa rks gesa
,d foLFkkiu lfn'k izkIr gksxk A

4-4 lfn'kksa dk ladyu o O;odyu % xzkIkQh fofèk

tSlk fd [k.M 4-2 esa cryk;k tk pqdk gS fd lfn'k ;ksx osQ
f=kHkqt fu;e ;k lekUrj prqHkqZt osQ ;ksx osQ fu;e dk ikyu
djrs gSa A vc ge xzkiQh fofèk }kjk ;ksx osQ bl fu;e dks
le>k,axs A ge fp=k 4.4 (a) esa n'kkZ, vuqlkj fdlh lery
esa fLFkr nks lfn'kksa A rFkk B ij fopkj djrs gSa A bu lfn'kksa
dks O;Dr djus okyh js[kk&[k.Mksa dh yackb;k¡ lfn'kksa osQ
ifjek.k osQ lekuqikrh gSa A ;ksx A + B izkIr djus osQ fy, fp=k
4-4(b) osQ vuqlkj ge lfn'k B bl izdkj j[krs gSa fd
mldh iqPN lfn'k A osQ 'kh"kZ ij gks A fiQj ge A dh iqPN

fp=k 4.2 (a) nks leku lfn'k A rFkk B, (b) nks lfn'k A' o
B' vleku gSa ;|fi mudh yackb;k¡ ogh gSa A

fp=k 4-3 (a) lfn'k A rFkk mls èkukRed la[;k nks ls xq.kk
djus ij izkIr ifj.kkeh lfn'k] (b) lfn'k A rFkk
mls Í.kkRed la[;kvksa &1 rFkk &1-5 ls xq.kk djus
ij izkIr ifj.kkeh lfn'k A

fp=k 4-4 (a) lfn'k A rFkk B, (b) lfn'kksa A o B dk xzkiQh fofèk }kjk tksM+uk] (c) lfn'kksa B o A dk xzkiQh fofèk }kjk tksM+uk]
(d) lfn'kksa osQ tksM+ ls lacafèkr lkgp;Z fu;e dk izn'kZu A
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dks B osQ fljs ls tksM+ nsrs gSa A ;g js[kk OQ ifj.kkeh lfn'k
R dks O;Dr djrh gS tks lfn'kksa A rFkk B dk ;ksx gSA D;ksafd
lfn'kksa osQ tksM+us dh bl fofèk esa lfn'kksa esa ls fdlh ,d osQ
'kh"kZ dks nwljs dh iqPN ls tksM+rs gSa] blfy, bl xzkiQh fofèk
dks 'kh"kZ o iqPN fofèk osQ uke ls tkuk tkrk gS A nksuksa lfn'k
rFkk mudk ifj.kkeh lfn'k fdlh f=kHkqt dh rhu Hkqtk,a cukrs
gSa A blfy, bl fofèk dks lfn'k ;ksx osQ f=kHkqt fu;e Hkh
dgrs gSa A ;fn ge B+A dk ifj.kkeh lfn'k izkIr djsa rks Hkh
gesa ogh lfn'k R izkIr gksrk gS (fp=k 4.4c)A bl izdkj
lfn'kksa dk ;ksx ^Øe fofues;* (lfn'kksa osQ tksM+us esa ;fn
mudk Øe cny nsa rks Hkh ifj.kkeh lfn'k ugha cnyrk) gS A

A + B = B + A (4.1)

lfn'kksa dk ;ksx lkgp;Z fu;e dk Hkh ikyu djrk gS tSlk fd
fp=k 4.4 (d) esa n'kkZ;k x;k gS A lfn'kksa A o B dks igys
tksM+dj vkSj fiQj lfn'k C dks tksM+us ij tks ifj.kke izkIr
gksrk gS og ogh gS tks lfn'kksa B vkSj C dks igys tksM+dj fiQj
A dks tksM+us ij feyrk gS] vFkkZr~

(A + B) + C = A  + (B + C) (4.2)

nks leku vkSj foijhr lfn'kksa dks tksM+us ij D;k ifj.kke
feyrk gS \ ge  nks lfn'kksa A vkSj –A ftUgsa fp=k 4.3(b)

esa fn[kyk;k gS] ij fopkj djrs gSa A budk ;ksx A + (–A) gSA
D;ksafd nks lfn'kksa dk ifjek.k ogh gS fdUrq fn'kk foijhr gS]
blfy, ifj.kkeh lfn'k dk ifjek.k 'kwU; gksxk vkSj bls 0 ls
O;Dr djrs gSaA

A – A = 0 |0| = 0 (4.3)

0 dks ge 'kwU; lfn'k dgrs gSa A D;ksafd 'kwU; lfn'k dk
ifjek.k 'kwU; gksrk gS] blfy, bldh fn'kk dk fuèkkZj.k ugha
fd;k tk ldrk gS A njvly tc ge ,d lfn'k A dks
la[;k 'kwU; ls xq.kk djrs gSa rks Hkh ifj.kkeLo:i gesa ,d
lfn'k gh feysxk fdUrq mldk ifjek.k 'kwU; gksxk A O lfn'k
osQ eq[; xq.k fuEu gSa%

A  + 0 = A
λ 0 = 0

0 A = 0 (4-4)

'kwU; lfn'k dk HkkSfrd vFkZ D;k gS \ tSlkfd fp=k 4.1(a)

eas fn[kk;k x;k gS ge fdlh lery esa fLFkfr ,oa foLFkkiu
lfn'kksa ij fopkj djrs gSa A eku yhft, fd fdlh {k.k t ij
dksbZ oLrq P ij gS A og P' rd tkdj iqu% P ij okil vk
tkrh gS A bl fLFkfr esa oLrq dk foLFkkiu D;k gksxk \ pwafd
izkjafHkd ,oa vafre fLFkfr;ka laikrh gks tkrh gSa] blfy,
foLFkkiu ¶'kwU; lfn'k¸ gksxk A
lfn'kksa dk O;odyu lfn'kksa osQ ;ksx osQ :i esa Hkh
ifjHkkf"kr fd;k tk ldrk gS A nks lfn'kksa A o B osQ varj
dks ge nks lfn'kksa A o –B osQ ;ksx osQ :i esa fuEu izdkj
ls O;Dr djrs gSa %

A – B = A + (–B) (4.5)

bls fp=k 4-5 esa n'kkZ;k x;k gS A lfn'k –B dks lfn'k A esa
tksM+dj R

2 
= (A – B) izkIr gksrk gS A rqyuk osQ fy, blh fp=k

esa lfn'k R
1
 = A + B dks Hkh fn[kk;k x;k gS A lekUrj

prqHkqZt fofèk dks iz;qDr djosQ Hkh ge nks lfn'kksa dk ;ksx Kkr
dj ldrs gSa A eku yhft, gekjs ikl nks lfn'k A o B gSaA
bu lfn'kksa dks tksM+us osQ fy, mudh iqPN dks ,d mHk;fu"B
ewy fcanq O ij ykrs gSa tSlk fp=k 4.6(a) esa fn[kk;k x;k gSA
fiQj ge A osQ 'kh"kZ ls B osQ lekarj ,d js[kk [khaprs gSa vkSj
B osQ 'kh"kZ ls A osQ lekarj ,d nwljh js[kk [khapdj lekarj
prqHkqZt OQSP iwjk djrs gSa A ftl fcanq ij ;g nksuksa js[kk,a
,d nwljs dks dkVrh gSa] mls ewy fcanq O ls tksM+ nsrs gSaA
ifj.kkeh lfn'k R dh fn'kk lekUrj prqHkqZt osQ ewy fcanq O
ls dVku fcanq S dh vksj [khaps x, fod.kZ OS osQ vuqfn'k
gksxh [fp=k 4.6 (b)]A fp=k 4.6 (c) esa lfn'kksa A o B dk
ifj.kkeh fudkyus osQ fy, f=kHkqt fu;e dk mi;ksx fn[kk;k
x;k gS A nksuksa fp=kksa ls Li"V gS fd nksuksa fofèk;ksa ls ,d gh
ifj.kke fudyrk gS A bl izdkj nksuksa fofèk;k¡ lerqY; gSaA

fp=k 4.5 (a) nks lfn'k A o B, –B dks Hkh fn[kk;k x;k gS A (b) lfn'k A ls lfn'k B dk ?kVkuk&ifj.kke R
2
 gS A rqyuk osQ fy,

lfn'kksa A o B dk ;ksx R
1
 Hkh fn[kyk;k x;k gS A
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gy %  o"kkZ ,oa gok osQ osxksa dks lfn'kksa v
r
 rFkk v

w
 ls fp=k

4-7 esa n'kkZ;k x;k gSA budh fn'kk,a iz'u osQ vuqlkj iznf'Zkr
dh xbZ gSa A lfn'kksa osQ ;ksx osQ fu;e osQ vuqlkj v

r
 rFkk v

w

dk ifj.kkeh R fp=k esa [khapk x;k gS A R dk ifjek.k
gksxk&

R v vr

2

w

2= + = + =− −
35 12  m s 37 m s

2 2 1 1

mQèokZèkj ls R dh fn'kk θ gksxh&

12
tan 0.343

35
w

r

v
 

v
θ = = =

;k θ = tan–1 (0.343) = 19°

vr,o yM+osQ dks viuk Nkrk mQèokZèkj ry esa mQèokZèkj
ls 19° dk dks.k cukrs gq, iwoZ fn'kk dh vksj j[kuk
pkfg, A ¶¶¶¶¶

4-5 lfn'kksa dk fo;kstu
eku yhft, fd a o b fdlh lery esa fHkUu fn'kkvksa okys
nks 'kwU;srj ('kwU; ugha) lfn'k gSa rFkk A blh lery esa dksbZ
vU; lfn'k gS A (fp=k 4-8) rc A dks nks lfn'kksa osQ ;ksx osQ
:i esa fo;ksftr fd;k tk ldrk gS A ,d lfn'k a osQ fdlh
okLrfod la[;k osQ xq.kuiQy osQ :i esa vkSj blh izdkj nwljk
lfn'k b osQ xq.kuiQy osQ :i esa gS A ,slk djus osQ fy, igys
A [khafp, ftldk iqPN O rFkk 'kh"kZ P gS A fiQj O ls a osQ
lekarj ,d ljy js[kk [khafp, rFkk P ls ,d ljy js[kk b osQ
lekarj [khafp, A eku yhft, os ,d nwljs dks Q ij dkVrh
gSa A rc]

A = OP = OQ + QP (4.6)

ijarq D;ksafd OQ, a osQ lekarj gS rFkk Q P, b osQ lekarj gS
blfy,

 λ µ= =O Q a QP brFkk (4.7)

tgka  λ rFkk µ dksbZ okLrfod la[;k,¡ gSa A

fp=k 4.6 (a) ,d gh mHk;fu"B fcanq okys nks lfn'k A o  B  ij, (b) lekUrj  prqHkqZt fofèk }kjk A+B ;ksx izkIr djuk] (c) nks lfn'kksa
dks tksM+us dh lekUrj prqHkqZt fofèk f=kHkqt fofèk osQ lerqY; gS A

••••• mnkgj.k 4-1 fdlh fnu o"kkZ 35 m s–1 dh pky ls
mQèokZèkj uhps dh vksj gks jgh gS A oqQN nsj ckn gok
12 m s–1 dh pky ls iwoZ ls if'pe fn'kk dh vksj
pyus yxrh gS A cl LVki ij [kM+s fdlh yM+osQ dks
viuk Nkrk fdl fn'kk esa djuk pkfg, \

fp=k 4.7

fp=k 4-8 (a) nks vjSf[kd lfn'k a o  b, (b) lfn'k A dk a
o b osQ inksa esa fo;kstu A

vr% λ µ= +A a b (4.8)

ge dg ldrs gSa fd A dks a o b osQ vuqfn'k nks
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lfn'k&?kVdksa Øe'k%  λa rFkk µb esa fo;ksftr dj fn;k x;k
gS A bl fofèk dk mi;ksx djosQ ge fdlh lfn'k dks mlh
lery osQ nks lfn'k&?kVdksa esa fo;ksftr dj ldrs gSa A ,dkad
ifjek.k osQ lfn'kksa dh lgk;rk ls ledksf.kd funsZ'kkad fudk;
osQ vuqfn'k fdlh lfn'k dk fo;kstu lqfoèkktud gksrk gS A
,sls lfn'kksa dks ,dkad lfn'k dgrs gSa ftl ij vc ge
ifjppkZ djsaxs A
,dkad lfn'k % ,dkad lfn'k og lfn'k gksrk gS ftldk
ifjek.k ,d gks rFkk tks fdlh fo'ks"k fn'kk osQ vuqfn'k gks A
u rks bldh dksbZ foek gksrh gS vkSj u gh dksbZ ek=kd A ek=k
fn'kk O;Dr djus osQ fy, bldk mi;ksx gksrk gS A fp=k 4.9a

esa iznf'Zkr ,d ^vk;rh; funsZ'kkad fudk;* dh x, y rFkk z
v{kksa osQ vuqfn'k ,dkad lfn'kksa dks ge Øe'k% j,i ˆˆ rFkk k̂

}kjk O;Dr djrs gSa A D;ksafd ;s lHkh ,dkad lfn'k gSa] blfy,
1|ˆ||ˆ||ˆ| === kji (4.9)

;s ,dkad lfn'k ,d nwljs osQ yacor~ gSa A nwljs lfn'kksa
ls budh vyx igpku osQ fy, geus bl iqLrd esa eksVs Vkbi
i, j, k osQ mQij ,d oSQi (^) yxk fn;k gS A D;kasfd bl
vè;k; esa ge osQoy f}foeh; xfr dk gh vè;;u dj jgs
gSa vr% gesa osQoy nks ,dkad lfn'kksa dh vko';drk gksxh A

;fn fdlh ,dkad lfn'k n̂ dks ,d vfn'k λ ls xq.kk
djsa rks ifj.kkeh ,d lfn'k λ n̂ gksxk A lkekU;r;k fdlh
lfn'k A dks fuEu izdkj ls O;Dr dj ldrs gSa %

ˆ| |=A A n (4.10)

;gk¡ A osQ vuqfn'k n̂  ,dkad lfn'k gS A
ge fdlh lfn'k A dks ,dkad lfn'kksa î rFkk ĵ osQ inksa

esa fo;ksftr dj ldrs gSa A eku yhft, fd fp=k (4.9b) osQ
vuqlkj lfn'k A lery x-y esas fLFkr gS A fp=k 4.9(b) osQ
vuqlkj A osQ 'kh"kZ ls ge funsZ'kkad v{kksa ij yac [khaprs gSa A
blls gesa nks lfn'k A

1
 o A

2 
bl izdkj izkIr gSa fd

A
1
 + A

2
 = A A D;ksafd A

1
 ,dkad lfn'k î  osQ lekUrj gS

rFkk A
2
 ,dkad lfn'k ĵ  osQ lekUrj gS] vr%

A
1
 = A

x
 î , A

2
 = A

y
 ĵ (4.11)

;gk¡ A
x 
 rFkk A

y 
 okLrfod la[;k,¡ gSsa A

bl izdkj A = A
x
 î + A

y
 ĵ (4.12)

bls fp=k (4.9c) esa n'kkZ;k x;k gS A jkf'k;ksa A
x 
o A

y 
dks ge

lfn'k A osQ x- o y- ?kVd dgrs gSa A ;gk¡ ;g ckr è;ku nsus
;ksX; gS fd A

x 
lfn'k ugha gS] oju~ A

x î ,d lfn'k gS A blh
izdkj A

y ĵ ,d lfn'k gS A
f=kdks.kfefr dk mi;ksx djosQ A

x
 o A

y 
 dks A osQ

ifjek.k rFkk mlosQ }kjk x&v{k osQ lkFk cuus okys dks.k θ
osQ inksa esa O;Dr dj ldrs gSa %

A
x
 = A cos θ

A
y
 = A sin θ (4.13)

lehdj.k (4-13) ls Li"V gS fd fdlh lfn'k dk ?kVd
dks.k θ ij fuHkZj djrk gS rFkk og èkukRed] Í.kkRed ;k
'kwU; gks ldrk gS A

fdlh lery esa ,d lfn'k A dks O;Dr djus osQ fy,
vc gekjs ikl nks fofèk;k¡ gSa %
(i) mlosQ ifjek.k A rFkk mlosQ }kjk x&v{k osQ lkFk cuk,

x, dks.k θ }kjk] vFkok
(ii) mlosQ ?kVdksa A

x
 rFkk A

y
 }kjk A

;fn A rFkk θ gesa Kkr gSa rks A
x 
vkSj A

y 
 dk eku

lehdj.k (4-13) ls Kkr fd;k tk ldrk gS A ;fn A
x
 ,oa

A
y
 Kkr gksa rks A rFkk θ dk eku fuEu izdkj ls Kkr fd;k

tk ldrk gS %

A A A Ax

2

y

2 2 2 2 2+ = +cos sinθ θ  = A2

vFkok A A Ax
2

y
2= + (4-14)

,oa tan tan 
A

A
,  

A

A

y

x

1 y

x

θ θ= = − (4-15)

vHkh rd bl fofèk esa geus ,d (x-y)lery esa
fdlh lfn'k dks mlosQ ?kVdksa esa fo;ksftr fd;k gS fdUrq blh

fp=k 4.9 (a) ,dkad lfn'k j,i ˆˆ , k̂  v{kksa x, y, z osQ vuqfn'k gS] (b) fdlh lfn'k A dks x ,oa y v{kksa osQ vuqfn'k ?kVdksa A
1
 rFkk

A
2

  esa fo;ksftr fd;k gS] (c) A
1
 rFkk A

2
 dks î rFkk ĵ osQ inksa esa O;Dr fd;k gS A

2020-21



72 HkkSfrdh

fofèk }kjk fdlh lfn'k A dks rhu foekvksa esa x, y rFkk z

v{kksa osQ vuqfn'k rhu ?kVdksa esa fo;ksftr fd;k tk ldrk gS A
;fn A o x-, y-, o z- v{kksa osQ eè; dks.k Øe'k% α, β rFkk
γ gks* ¹fp=k 4.9 (d)º rks

A
x
= A cos α, A

y
= A cos β, A

z 
= A cos γ

4.16(a)

B i j= +B Bx y
� � (4.18)

eku yhft, fd R budk ;ksx gS] rks
R= A+B

   ( ) ( )= + + +A A B Bx y x y
� � � �i j i j (4.19)

D;ksafd lfn'k Øefofues; rFkk lkgp;Z fu;eksa dk ikyu djrs
gSa] blfy, lehdj.k (4-19) eas O;Dr fd, x, lfn'kksa dks
fuEu izdkj ls iqu% O;ofLFkr dj ldrs gSa %

   ( ) ( )R i j= + + +A B A Bx x y y
� � (4.19a)

D;ksafd R i j= +R Rx y
� � (4.20)

blfy,R
x
 = A

x 
+ B

x
, R

y
= A

y
+ B

y
(4.21)

bl izdkj ifj.kkeh lfn'k R dk izR;sd ?kVd lfn'kksa A vkSj
B osQ laxr ?kVdksa osQ ;ksx osQ cjkcj gksrk gS A

rhu foekvksa osQ fy, lfn'kksa A vkSj B dks ge fuEu
izdkj ls O;Dr djrs gSa %

  A i j k= + +A A Ax y z
� � �

B i j k= + +B B Bx y z
� � �

R A B i j k= + = + +R R Rx y z
� � �

tgk¡ ?kVdksa R
x
, R

y
 RkFkk R

z
 osQ eku fuEu izdkj ls gSa%

  R
x
 = A

x 
+ B

x

  R
y
 = A

y 
+ B

y

  R
z
 = A

z 
+ B

z
(4.22)

bl fof/ dks vusd lfn'kksa oQks tksM+us o ?kVkus osQ fy,
mi;ksx eas yk ldrs gSa A mnkgj.kkFkZ] ;fn a, b rFkk c rhuksa
lfn'k fuEu izdkj ls fn, x, gksa %

  a i j k= + +a a ax y z
� � �

b i j k= + +b b bx y z
� � �

c i j k= + +c c cx y z
� � � (4.23a)

rks lfn'k T = a + b – c osQ ?kVd fuEufyf[kr gksaxs%
  T

x
 = a

x 
+ b

x
 – c

x

  T
y
 = a

y 
+ b

y
 – c

y

  T
z
 = a

z 
+ b

z
 – c

z
(4.23b)

* bl ckr ij è;ku nhft, fd α, β, o γ  dks.k fno~QLFkku eas gSa A ;s ,slh nks js[kkvksa osQ chp osQ dks.k gSa tks ,d lery eas ugha gSa A

fp=k 4.9(d) lfn'k A dk x, y ,oa z  - v{kksa osQ vuqfn'k ?kVdksa
esa fo;kstu A

lkekU; :i ls]
ˆ ˆ ˆ

x y zA A A= + +A i j k (4.16b)

lfn'k A dk ifjek.k
2 22

x y zA A A A= + + (4.16c)

gksxk A
,d fLFkfr lfn'k r dks fuEufyf[kr izdkj ls O;Dr fd;k tk
ldrk gS %

r i j k= + +x y z � � � (4.17)

;gka x, y  rFkk z  lfn'k r osQ v{kksa x-, y-, z- osQ vuqfn'k
?kVd gSa A
4-6 lfn'kksa dk ;ksx % fo'ys"k.kkRed fof/

;|fi lfn'kksa dks tksM+us dh xzkiQh fof/ gesa lfn'kksa rFkk muosQ
ifj.kkeh lfn'k dks Li"V :i ls le>us eas lgk;d gksrh gS]
ijUrq dHkh&dHkh ;g fof/ tfVy gksrh gS vkSj bldh 'kq¼rk
Hkh lhfer gksrh gS A fHkUu&fHkUu lfn'kksa dks muosQ laxr ?kVdksa
dks feykdj tksM+uk vf/d vklku gksrk gSA eku yhft, fd
fdlh lery eas nks lfn'k A rFkk B gSa ftuosQ ?kVd Øe'k%
A

x
, A

y
 rFkk B

x
, B

y
 gSa rks

A i j= +A Ax y
� �

••••• mnkgj.k 4-2 fp=k 4-10 eas fn[kk, x, nks lfn'kksa A

RkFkk B  osQ chp dk dks.k θ  gS A buosQ ifj.kkeh lfn'k
dk ifjek.k rFkk fn'kk muosQ ifjek.kksa rFkk θ osQ in esa
fudkfy, A

(d)
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73lery esa xfr

gy  fp=k 4-10 osQ vuqlkj eku yhft, fd OP rFkk OQ

nks lfn'kksa A rFkk B dks O;Dr djrs gSa] ftuosQ chp dk
dks.k θ gS A rc lfn'k ;ksx osQ lekUrj prqZHkqt fu;e }kjk gesa
ifj.kkeh lfn'k R izkIr gksxk ftls fp=k esa OS }kjk fn[kk;k
x;k gS A bl izdkj

R = A + B

fp=k eas SN, OP osQ yacor~ gS rFkk PM, OS  osQ yacor~ gS A
∴ OS2= ON2 + SN2

fdUrq  ON = OP + PN = A + B cos θ
  SN = B sin θ
OS2 = (A+B cos θ ) 2 + (B sin θ)2

vFkok R2 = A2 + B2 + 2AB cos θ

      (4.24a)

f=kHkqt OSN eas]      SN = OS sin α = R sin α
,oa f=kHkqt PSN eas] SN = PS sin θ = B sin θ
vr,o R sin α = B sin θ

vFkok (4.24b)

blh izdkj]   PM = A sin α  = B sin β

vFkok
A B

sin sin β α
= (4.24c)

lehdj.kksa (4.24b) rFkk (4.24c) ls gesa izkIr gksrk gS&
R A

sin sin sin θ β α
= =

B
(4.24d)

lehdj.k (4.24d) osQ }kjk ge fuEukafdr lw=k izkIr djrs gSa&

sin sin α θ=
B

R
(4.24e)

;gk¡ R dk eku lehdj.k (4.24a) eas fn;k x;k gS A

;k] 
sin

tan
cos

SN B

OP PN A B

θ
α

θ
= =

+ +
(4.24f)

lehdj.k (4.24a)  ls ifj.kkeh R dk ifjek.k rFkk
lehdj.k (4.24e) ls bldh fn'kk ekywe dh tk ldrh gS A
lehdj.k (4.24a) dks dksT;k&fu;e rFkk lehdj.k (4.24d)

dks T;k&fu;e dgrs gSa A ¶

gy  fp=k 4-11 eas lfn'k v
b
 eksVjcksV osQ osx dks rFkk v

c 
ty

/kjk osQ osx dks O;Dr djrs gSa A iz'u osQ vuqlkj fp=k esa budh
fn'kk;sa n'kkZbZ xbZ gSa A lfn'k ;ksx osQ lekarj prqHkZqt fu;e osQ
vuqlkj izkIr ifj.kkeh R dh fn'kk fp=k eas n'kkZbZ

fp=k 4.10

• mnkgj.k 4-3 ,d eksVjcksV mÙkj fn'kk dh vksj
25 km/h osQ osx ls xfreku gS A bl {ks=k eas ty&/kjk dk
osx 10 km/h gS A ty&/kjk dh fn'kk nf{k.k ls iwoZ dh
vksj 60ñ ij gS A eksVjcksV dk ifj.kkeh osx fudkfy, A

fp=k 4.11

xbZ gS A dksT;k&fu;e dk mi;ksx djosQ ge R dk ifjek.k
fudky ldrs gSa A

       = 25 10 2 25 10 -1/2 22 km/h2 2+ + × × ( ) ≅

R dh fn'kk Kkr djus osQ fy, ge ^T;k&fu;e* dk mi;ksx
djrs gSa&&

R vc

sin sin θ φ
=   ;k, sin  φ θ=

v

R 

c
sin 

=
10 sin120

21.8

10 3

2 21.8
0.397

×
=

×
≅

�

φ ≅  23.4
� t

4-7 fdlh lery eas xfr

bl [k.M esa ge lfn'kksa dk mi;ksx dj nks ;k rhu foekvksa
esa xfr dk o.kZu djsaxs A
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4-7-1 fLFkfr lfn'k rFkk foLFkkiu

fdlh lery esa fLFkr d.k P dk x-y funsZ'kra=k osQ ewy fcanq
osQ lkis{k fLFkfr lfn'k r [fp=k (4.12)] dks fuEufyf[kr
lehdj.k ls O;Dr djrs gSa %

r = x i
^
 + y j

^

;gk¡ x rFkk y v{kksa x&rFkk y& osQ vuqfn'k r osQ ?kVd gSa A
bUgsa ge d.k osQ funZs'kkad Hkh dg ldrs gSa A

eku yhft, fd fp=k (4.12b) osQ vuqlkj dksbZ d.k eksVh js[kk
ls O;Dr oØ osQ vuqfn'k pyrk gS A fdlh {k.k t ij bldh
fLFkfr P gS rFkk nwljs vU; {k.k t' ij bldh fLFkfr P' gS A
d.k osQ foLFkkiu dks ge fuEufyf[kr izdkj ls fy[ksaxs]

∆r = r' – r (4.25)

bldh fn'kk P ls P' dh vksj gS A

         = +� �i j∆ ∆x y

;gk¡ ∆x = x ′ – x, ∆y = y′ – y (4.26)

osx
oLrq osQ foLFkkiu vkSj laxr le; varjky osQ vuqikr dks ge
vkSlr osx ( v) dgrs gSa] vr%

ˆ ˆ
ˆ ˆ∆ ∆ + ∆ ∆ ∆

= = = +
∆ ∆ ∆ ∆
r i j

v i j
x y x y

t t t t
(4.27)

vFkok]  �ˆ
x yv v= +v  i j

D;ksafd v
r

=
∆

∆t
] blfy, fp=k (4.12)  osQ vuqlkj vkSlr osx

dh fn'kk ogh gksxh] tks ∆r dh gS A

xfreku oLrq dk osx (rkR{kf.kd osx) vfr lw{e
le;kUrjky (∆t→0 dh lhek eas)foLFkkiu ∆r dk le;
vUrjky ∆t ls vuqikr gS A bls ge v ls O;Dr djsaxs] vr%

v
r r

= =
→

lim
t tt∆

∆
∆0

d

d
(4.28)

fp=kksa 4.13(a) ls ysdj 4.13(d)  dh lgk;rk ls bl lhekUr
izØe dks vklkuh ls le>k tk ldrk gS A bu fp=kksa eas eksVh
js[kk ml iFk dks n'kkZrh gS ftl ij dksbZ oLrq {k.k t ij fcanq
P ls pyuk izkjEHk djrh gS A oLrq dh fLFkfr  ∆t

1
, ∆t

2
, ∆t

3
,

le;ksa osQ mijkar Øe'k% P
1
, P

2
, P

3
, ls O;Dr gksrh gS A bu

le;ksa eas d.k dk foLFkkiu ozQe'k% ∆r
1
, ∆r

2
, ∆r

3
, gS A fp=kksa

(a), (b) rFkk (c) esa Øe'k% ?kVrs gq, ∆t osQ ekuksa vFkkZr~ ∆t
1
,

∆t
2
, ∆t

3
, (∆t

1
> ∆t

2
> ∆t

3
) osQ fy, d.k osQ vkSlr osx v  dh

fn'kk dks fn[kk;k x;k gS A tSls gh ∆t →0 rks  ∆r→0 ,oa
∆r iFk dh Li'kZ js[kk osQ vuqfn'k gks tkrk gS (fp=k 4.13d)A
bl izdkj iFk osQ fdlh fcanq ij osx ml fcanq ij [khaph

xbZ Li'kZ js[kk }kjk O;Dr gksrk gS ftldh fn'kk oLrq dh
xfr osQ vuqfn'k gksrh gSA

lqfoèkk osQ fy, v oQks ge izk;% ?kVd osQ :i eas fuEufyf[kr
izdkj ls O;Dr djrs gSa %

v
r

=
d

dt

   = +










→
lim

x

t

y

tt∆

∆

∆

∆

∆0

� �i j (4.29)

   = +
→ →

� �i jlim
x

t
lim

y

tt t∆ ∆

∆

∆

∆

∆0 0

fp=k 4.12 (a) fLFkfr lfn'k r, (b) foLFkkiu ∆r rFkk d.k dk
vkSlr osx 

_
v

(b)

(a)

lehdj.k (4.25)  dks ge lfn'kksa osQ ?kVd osQ :i eas
fuEuakfdr izdkj ls O;Dr djsaxs]

   ∆r   ( ) ( )= + − +x' y' x � � � �i j i jy 
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;k]          v i j i j= + = +� � � �d

d

d

d

x

t

y

t
v vx y .

;gk¡  v
x

t
v

y

tx y= =
d

d

d

d
,                  (4.30a)

vr% ;fn le; osQ iQyu osQ :i esa gesa funsZ'kkad x vkSj y
Kkr gSa rks ge mijksDr lehdj.kksa dk mi;ksx  v

x
 vkSj v

y
 fudkyus

esa dj ldrs gSa A
lfn'k v dk ifjek.k fuEufyf[kr gksxk]

v v vx
2

y
2= + (4.30b)

rFkk bldh fn'kk dks.k θ }kjk fuEu izdkj ls O;Dr
gksxh %

tan   tan
1θ θ= =













−v

v

v

v

y

x

y

x

, (4.30c)

fp=k 4-14 esa fcUnq P ij fdlh osx lfn'k v osQ fy, v
x
,

v
y
 rFkk dks.k θ dks n'kkZ;k x;k gS A

fp=k 4-14 osx v osQ ?kVd v
x
, v

y
 rFkk dks.k θ tks  x-v{k ls

cukrk gS A fp=k esa v
x
 = v cos θ ,  v

y
 = v sin θ

Roj.k
x-y lery esa xfreku oLrq dk vkSlr Roj.k (

_
a) mlosQ osx

esa ifjorZu rFkk laxr le; varjky ∆t osQ vuqikr osQ cjkcj
gksrk gS %

( )
a

v i j
i j= =

+
= +

∆

∆

∆

∆

∆

∆

∆

∆t

v v

t

v

t

v

t

x y x y
� �

� �   (4.31a)

vFkok  a i j= +a ax y
� � .        (4.31b)

Roj.k (rkR{kf.kd Roj.k) vkSlr Roj.k osQ lhekUr eku osQ cjkcj
gksrk gS tc le; varjky 'kwU; gks tkrk gS %

a
v

=
→

lim
tt∆

∆

∆0
         (4.32a)

D;ksafd ∆v = î∆v
x 
+ ĵ ∆v

y
, blfy,

a i j= +
→ →

� �lim
v

t
lim

v

tt

x

t

y

∆ ∆

∆

∆

∆

∆0 0

vFkok   a = îa
x 
+ ĵay

(4.32b)

tgk¡ a
v

t
,  a

v

t
x

x
y

y
= =

d

d

d

d
(4.32c)*

osx dh Hkk¡fr ;gk¡ Hkh oLrq osQ iFk dks iznf'kZr djus okys fdlh
vkys[k esa Roj.k dh ifjHkk"kk osQ fy, ge xzkiQh fof/ ls lhekUr
izØe dks le> ldrs gSa A bls fp=kksa (4-15a) ls (4-15d)
rd esa le>k;k x;k gS A fdlh {k.k t ij d.k dh fLFkfr fcanq
P }kjk n'kkZbZ xbZ gS A ∆t

1
, ∆t

2
, ∆t

3
, (∆t

1
>∆t

2
>∆t

3
) le; osQ

ckn d.k dh fLFkfr Øe'k% fcanqvksa P
1
, P

2
, P

3
 }kjk O;Dr dh

dh fn
'kk

dh fn
'kk

fp=k 4-13 tSls gh le; varjky ∆ t 'kwU; dh lhek dks Li'kZ dj
ysrk gS] vkSlr osx  &v oLrq osQ osx  v osQ cjkcj gks
tkrk gS A v  dh fn'kk fdlh {k.k iFk ij Li'kZ js[kk osQ
lekarj gSA

dh fn
'kk dh fn

'kk

*   x o y osQ inksa esa a
x
 rFkk a

y
 dks ge fuEu izdkj ls O;Dr djrs gSa %

  
2

2

2

2

d

d

d

d

d

d
         

d

d

d

d

d

d

t

y

t

y

t
a,

t

x

t

x

t
a

yx =





==






=
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76 HkkSfrdh

xbZ gS A fp=kksa (4-15) a, b vkSj c esa bu lHkh fcanqvksa P,

P
1
, P

2
, P

3
 ij osx lfn'kksa dks Hkh fn[kk;k x;k gS A izR;sd ∆t

osQ fy, lfn'k ;ksx osQ f=kHkqt fu;e dk mi;ksx djosQ ∆v

dk eku fudkyrs gSa A ifjHkk"kk osQ vuqlkj vkSlr Roj.k dh
fn'kk ogh gS tks ∆v dh gksrh gS A ge ns[krs gSa fd tSls&tSls
∆t dk eku ?kVrk tkrk gS oSls&oSls ∆v dh fn'kk Hkh cnyrh
tkrh gS vkSj blosQ ifj.kkeLo:i Roj.k dh Hkh fn'kk cnyrh
gS A varr% ∆t →0  lhek esa ¹fp=k 4-15 (d)º vkSlr Roj.k]
rkR{kf.kd Roj.k osQ cjkcj gks tkrk gS vkSj bldh fn'kk fp=k
esa n'kkZ, vuqlkj gksrh gS A

è;ku nsa fd ,d foek esa oLrq dk osx ,oa Roj.k lnSo
,d ljy js[kk esa gksrs gSa (os ;k rks ,d gh fn'kk esa gksrs
gSa vFkok foijhr fn'kk esa) A ijarq nks ;k rhu foekvksa
esa xfr osQ fy, osx ,oa Roj.k lfn'kksa osQ chp 0ñ ls 180ñ

osQ chp dksbZ Hkh dks.k gks ldrk gSA

••••• mnkgj.k 4-4 fdlh d.k dh fLFkfr
r = 3.0 t$i + 2.0 t2$j + 5.0 $$$$$ k gS A
tgka t lsdaM esa O;Dr fd;k x;k gS A vU; xq.kdksa osQ
ek=kd bl izdkj gSa fd r ehVj esa O;Dr gks tk,¡A
(a) d.k dk v(t) o a(t) Kkr dhft,_ (b) t = 1.0 s

ij v(t) dk ifjek.k o fn'kk Kkr dhft, A

 dr     d  gy v(t) =    =   (3.0 t $$$$$i + 2.0 t 2$$$$$j + 5.0$$$$$k)
 dt     dt

= 3.0 $i + 4.0 t$j

dva(t) = = 4.0 $j
dt

a = 4.0 m s–2 y- fn'kk esa
t = 1.0 s ij v = 3.0$i + 4.0$$$$$j

bldk ifjek.k 2 2 1-= 3 4 5.0 m sv + =  gS] rFkk

bldh fn'kk  
-1 1 4

= tan tan 53
3

y

x

v

v
θ −    °= ≅   

  
¶

4-8 fdlh lery esa ,dleku Roj.k ls xfr

eku yhft, fd dksbZ oLrq ,d lery x-y esa ,d
leku Roj.k a ls xfr dj jgh gS  vFkkZr~ a dk eku fu;r
gS A fdlh le; varjky esa vkSlr Roj.k bl fLFkj Roj.k
osQ eku a  osQ cjkcj gksxk a  = a A vc eku yhft, fdlh
{k.k t = 0 ij oLrq dk osx v

0
 rFkk nwljs vU; {k.k t ij mldk

osx v gS A

rc ifjHkk"kk osQ vuqlkj

a
v v v v0 0=

−
−

=
−

t t0

vFkok v = v
0
 + a t (4.33a)

mi;ZqDr lehdj.k dks lfn'kksa osQ ?kVd osQ :i esa fuEufyf[kr
izdkj ls O;Dr djrs gSa&

v
x
 = v

0x
+a

x
t

v
y
 = v

0y
 + a

y
t (4.33b)

vc ge ns[kasxs fd le; osQ lkFk fLFkfr lfn'k r fdl izdkj
cnyrk gS A ;gk¡ ,dfoeh; xfr osQ fy, crkbZ xbZ fof/
dk mi;ksx djsaxs A eku yhft, fd t = 0 rFkk t = t {k.kksa ij
d.k osQ fLFkfr osQ lfn'k Øe'k% r

0
 rFkk r gSa rFkk bu {k.kksa

ij d.k osQ osx v
0
 rFkk v gSa A rc le; varjky t – 0 = t

esa d.k dk vkSlr osx (v
o
 + v)/2 rFkk foLFkkiu r – r

0
 gksxk A

D;ksafd foLFkkiu vkSlr rFkk le; varjky dk xq.kuiQy gksrk gS]

fp=k 4-15 rhu le; varjkyksa (a) ∆t
1
, (b) ∆t

2
, (c) ∆t

3
, (∆t

1
>∆t

2
>∆t

3
) osQ fy, vkSlr Roj.k a  (d) ∆t→0 lhek osQ varxZr vkSlr

Roj.k oLrq osQ Roj.k osQ cjkcj gksrk gS A

_
a 
d
h f
n'
kk

_
a 
d
h f
n'
kk

_
a 
d
h f
n'
kk

a
 d

h 
fn
'k
k
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77lery esa xfr

vFkkZr~

= v
0
 + 

2

1
at2

vr,o]

r r v a0 0= + +t t
1

2
2 (4.34a)

;g ckr vklkuh ls lR;kfir dh tk ldrh gS fd lehdj.k

(4-34a)dk vodyu 
td

dr  lehdj.k (4.33a) gS rFkk lkFk

gh t = 0 {k.k ij r = r
0
 dh 'krZ dks Hkh iwjh djrk gS A lehdj.k

(4.34a) dks ?kVdksa osQ :i esa fuEufyf[kr izdkj ls O;Dr
dj ldrs gSa %

x = x
0
 + v

ox 
t + 

2

1  a
x 
t2

y = y
0
 + v

oy 
t + 

2

1  a
y 
t2 (4.34b)

lehdj.k (4.34b) dh lh/h O;k[;k ;g gS fd x o y

fn'kkvksa esa xfr;k¡ ,d nwljs ij fuHkZj ugha djrh gSa A vFkkZr~]
fdlh lery (nks foek) esa xfr dks nks vyx&vyx
ledkfyd ,dfoeh; ,dleku Rofjr xfr;ksa osQ :i
essa le> ldrs gSa tks ijLij yacor~ fn'kkvksa osQ vuqfn'k
gksa A ;g egRoiw.kZ ifj.kke gS tks nks foekvksa esa oLrq dh
xfr osQ fo'ys"k.k esa mi;ksxh gksrk gS A ;gk¡ ifj.kke f=kfoeh;
xfr osQ fy, Hkh gS A cgqr&lh HkkSfrd fLFkfr;ksa esa nks yacor~
fn'kkvksa dk pquko lqfo/ktud gksrk gS tSlk fd ge iz{ksI; xfr
osQ fy, [k.M (4-10) esa ns[ksaxs A

••••• mnkgj.k 4-5 t = 0 {k.k ij dksbZ d.k ewy fcanq ls
5-0$$$$$i m/s osQ osx ls pyuk 'kq: djrk gS A x - y  lery
esa ml ij ,d ,slk cy yxrk gS tks mlesa ,dleku
Roj.k (3.0$$$$$i + 2.0$$$$$j) m/s2  mRiUu djrk gS A (a) ftl
{k.k ij d.k dk x funsZ'kkad 84 m gks ml {k.k mldk
y  funsZ'kkad fdruk gksxk \ (b) bl {k.k d.k dh pky
D;k gksxh\

gy lehdj.k (4-34 a) ls r
0
= 0 ij iz'ukuqlkj d.k dh fLFkfr

fuEukafdr lehdj.k ls O;Dr gksxh]

r(t) = v
0 
t + 

2

1
a t2

= 5.0$i t + 
2

1  (3.0$i + 2.0$$$$$j)t2

= (5.0t + 1.5t2)$$$$$i + 1.0t2$$$$$j

vr,o] x(t) = 5.0 t + 1.5 t2

y(t) = 1.0 t2

tc x(t) = 84 m rc t = ?

∴ 84 = 5.0 t + 1.5 t2

gy djus ij

t = 6.0 s ij y = 1.0(6)2 = 36.0 m

   ( )d ˆ ˆ5.0 3.0 2.0
d

t t
t

= = + +
r

v i j

t = 6 s osQ fy,]  v = 23.0$i + 12.0$j

vr% d.k dh pky] −= + ≅2 2 123 12 26 m sv    ¶

4-9 nks foekvksa esa vkisf{kd osx

[k.M 3-7 esa fdlh ljy js[kk osQ vuqfn'k ftl vkisf{kd osx
dh /kj.kk ls ge ifjfpr gq, gSa] mls fdlh lery esa ;k f=kfoeh;
xfr osQ fy, vklkuh ls foLrkfjr dj ldrs gSa A
ekuk fd nks oLrq,¡ A o B  osxksa v

A
 rFkk v

B
 ls xfreku gSa

(izR;sd xfr fdlh lkekU; funsZ'k ra=k tSls /jrh osQ lkis{k gS)A
vr% oLrq A dk B osQ lkis{k osx %

v
AB

= v
A 
– v

B
(4.35a)

gksxk A blh izdkj] oLrq B dk A osQ lkis{k osx fuEu gksxk %

v
BA

= v
B 
– v

A

vr,o]        v
AB

= – v
BA

(4.35b)

rFkk |v
AB

| = |v
BA

| (4.35c)

••••• mnkgj.k 4-6 % mQèokZ/j fn'kk esa 35 m s–1 dh pky
ls o"kkZ gks jgh gS A dksbZ efgyk iwoZ ls if'pe fn'kk esa
12 m s–1  dh pky ls lkbfdy pyk jgh gS A o"kkZ ls
cpus osQ fy, mls Nkrk fdl fn'kk esa yxkuk pkfg, \

gy  fp=k 4-16 esa v
r
 o"kkZ osQ osx dks rFkk v

b
 efgyk }kjk

pykbZ tk jgh lkbfdy osQ osx dks O;Dr djrs gSa A ;s nksuksa
osx /jrh osQ lkis{k gSa A D;ksafd efgyk lkbfdy pyk jgh gS
blfy, o"kkZ osQ ftl osx dk mls vkHkkl gksxk og lkbfdy
osQ lkis{k o"kkZ dk osx gksxk A vFkkZr~

v
rb
 = v

r
 - v

b

fp=k 4-16 osQ vuqlkj ;g lkis{k osx lfn'k mQèokZ/j ls θ
dks.k cuk,xk ftldk eku

tan 
12

35
0.343  θ = = =

v

v

b

r

gksxk A vFkkZr~ θ ≅ 190
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78 HkkSfrdh

fp=k 4-16

vr% efgyk dks viuk Nkrk mQèokZ/j fn'kk ls 190 dk dks.k
cukrs gq, if'pe dh vksj j[kuk pkfg, A

vki bl iz'u rFkk mnkgj.k 4-1 osQ varj ij è;ku nhft, A
mnkgj.k 4-1 esa ckyd dks nks osxksa osQ ifj.kkeh
(lfn'k ;ksx) dk vkHkkl gksrk gS tcfd bl mnkgj.k
esa efgyk dks lkbfdy osQ lkis{k o"kkZ osQ osx (nksuksa
osxksa osQ lfn'k varj) dk vkHkkl gksrk gS A ¶

4-10 iz{ksI; xfr

blls igys [k.M esa geus tks fopkj fodflr fd, gSa]
mnkgj.kLo:i mudk mi;ksx ge iz{ksI; dh xfr osQ vè;;u
osQ fy, djsaxs A tc dksbZ oLrq mNkyus osQ ckn mM+ku esa gks
;k iz{ksfir dh xbZ gks rks mls iz{ksI; dgrs gSa A ,slk iz{ksI;
iqQVckWy] fØosQV dh ckWy] csl&ckWy ;k vU; dksbZ Hkh oLrq
gks ldrh gS A fdlh iz{ksI; dh xfr dks nks vyx&vyx
ledkfyd xfr;ksa osQ ?kVd osQ ifj.kke osQ :i esa fy;k tk
ldrk gS A buesa ls ,d ?kVd fcuk fdlh Roj.k osQ {kSfrt
fn'kk esa gksrk gS rFkk nwljk xq#Roh; cy osQ dkj.k ,dleku
Roj.k ls mQèokZ/j fn'kk esa gksrk gS A

loZizFke xSyhfy;ks us vius ys[k Mk;ykWx vku fn xszV
oYMZ flLVEl  (1632) esa iz{ksI; xfr osQ {kSfrt ,oa mQèokZ/j
?kVdksa dh Lora=k izÑfr dk mYys[k fd;k Fkk A

bl vè;;u esa ge ;g ekusaxs fd iz{ksI; dh xfr ij ok;q
dk izfrjks/ ux.; izHkko Mkyrk gS A ekuk fd iz{ksI; dks ,slh
fn'kk dh vksj v

0
 osx ls isaQdk x;k gS tks x- v{k ls

(fp=k 4-17 osQ vuqlkj) θ
0 
dks.k cukrk gS A

isaQdh xbZ oLrq dks iz{ksfir djus osQ ckn ml ij xq#Ro osQ dkj.k
yxus okys Roj.k dh fn'kk uhps dh vksj gksrh gS %

a = –g$$$$$j

vFkkZr~ a
x
 = 0, rFkk a

y
 = –g (4.36)

fp=k 4-17 v
0
 osx ls θ

0
 dks.k ij iz{ksfir fdlh oLrq dh xfr A

izkjafEHkd osx v
0
 osQ ?kVd fuEu izdkj gksaxs %

v
ox
 = v

0
 cos θ

0

v
oy

 = v
0
 sin θ

0
(4.37)

;fn fp=k 4-17 osQ vuqlkj oLrq dh izkjafHkd fLFkfr funsZ'k ra=k
osQ ewy fcanq ij gks] rks

x
0
 = 0, y

0
 = 0

bl izdkj lehdj.k (4-34b) dks fuEu izdkj ls fy[ksaxs %
x = v

ox
 t = (v

0
cos θ

0
)t

rFkk] y = (v
0
sin θ

0
) t – 

2

1
g t2 (4.38)

lehdj.k (4-33b) dk mi;ksx djosQ fdlh le; t osQ fy,
osx osQ ?kVdksa dks uhps fy[ks x, lehdj.kksa ls O;Dr djsaxs %

v
x
 = v

ox
 = v

0 
cos θ

0

v
y
 = v

0 
sin θ

0
 – g t (4.39)

lehdj.k (4-38) ls gesa fdlh {k.k t ij izkjafHkd osx v
0

rFkk iz{ksI; dks.k θ
0
 osQ inksa esa iz{ksI; osQ funsZ'kkad x- vkSj

y- izkIr gks tk,¡xs A bl ckr ij è;ku nhft, fd x o y fn'kkvksa
osQ ijLij yacor~ gksus osQ pquko ls iz{ksI; xfr osQ fo'ys"k.k
esa i;kZIr ljyrk gks xbZ gS A osx osQ nks ?kVdksa esa ls ,d
x- ?kVd xfr dh iwjh vof/ esa fLFkj jgrk gS tcfd nwljk
y- ?kVd bl izdkj ifjofrZr gksrk gS ekuks iz{ksI; Lora=krkiwoZd
uhps fxj jgk gks A fp=k 4-18 esa fofHkUu {k.kksa osQ fy, bls
vkys[kh fof/ ls n'kkZ;k x;k gS A è;ku nhft, fd vf/dre
m¡QpkbZ okys fcanq osQ fy, v

y
 = 0 rFkk

θ = =−tan 01
v

v

y

x
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79lery esa xfr

iz{ksid osQ iFk dk lehdj.k

iz{ksI; }kjk pys x, iFk dh vkÑfr D;k gksrh gS \ blosQ fy,
gesa iFk dk lehdj.k fudkyuk gksxk A lehdj.k (4-38) esa
fn, x,  x o y O;atdksa  ls  t dks foyqIr djus ls fuEufyf[kr
lehdj.k izkIr gksrk gS %

( )
( )

y x
g

v
x= −tan 

2 cos
o

o o

2

2θ
θ       (4.40)

;g iz{ksI; osQ iFk dk lehdj.k gS vkSj bls fp=k 4-18 esa fn[kk;k
x;k gS A D;ksafd g, θ

0
 rFkk v

0
 vpj gSa] lehdj.k (4-40)

dks fuEu izdkj ls O;Dr dj ldrs gSa %
y = ax + bx2

blesas a rFkk b fu;rkad gSa A ;g ,d ijoy; dk lehdj.k
gS] vFkkZr~ iz{ksI; dk iFk ijoyf;d gksrk gS A

fp=k 4-18 iz{ksI; dk iFk ijoy;kdkj gksrk gS A

vf/dre m¡QpkbZ dk le;
iz{ksI; vf/dre m¡QpkbZ rd ig¡qpus osQ fy, fdruk le; ysrk
gS\ eku yhft, fd ;g le; t

m
 gS A D;ksafd bl fcanq ij v

y

= 0 blfy, lehdj.k (4-39) ls ge t
m 
dk eku fudky ldrs

gSa %
v

y
 = v

0
 sin θ

0
 – gt

m
 = 0

vFkok    t
m
 = v

o
 sinθ

o 
/g                (4.41a)

iz{ksI; dh mM+ku dh vof/ esa yxk oqQy le; T
f
 ge

lehdj.k (4-38) esa y = 0 j[kdj fudky ysrs gSa A blfy,]
T

f
 = 2 (v

o
 sin θ

o
 )/g                  (4.41b)

T
f
 dks iz{ksI; dk mM~M;u dky dgrs gSa A ;g è;ku nsus dh

ckr gS fd T
f
 = 2t

m
 A iFk dh lefefr ls ge ,sls gh ifj.kke

dh vk'kk djrs gSa A

iz{ksI; dh vf/dre m¡QpkbZ
lehdj.k (4-38) esa t = t

m
  j[kdj iz{ksI; }kjk izkIr vf/dre

m¡QpkbZ h
m
 dh x.kuk dh tk ldrh gS A

( )y h v
v

g

g v

g
m 0

0 0= =












 −













sin

sin

2

sin
0

0 0

2

θ
θ θ

;k
( )

h
v

m

0
=

sin 0θ
2

2g
     (4.42)

iz{ksI; dk {kSfrt ijkl
izkjafHkd fLFkfr (x = y = 0) ls pydj ml fLFkfr rd tc
y = 0 gks iz{ksI; }kjk pyh xbZ nwjh dks {kSfrt ijkl] R, dgrs
gSaA {kSfrt ijkl mM~M;u dky T

f
 esa pyh xbZ nwjh gS A blfy,]

ijkl R gksxk %

R = (v
0
cos θ

0
)(T

f
)

   =(v
o
 cos θ

o
)  (2 v

o
 sin θ

o
)/g

vFkok R
v

g

0

2

=
 sin 2 0θ

(4.43)

lehdj.k (4-43) ls Li"V gS fd fdlh iz{ksI; osQ osx
v

0
 fy, R vf/dre rc gksxk tc θ

0
 = 450 D;ksafd

sin 900 = 1 (tks sin 2θ
0
 dk vf/dre eku gS) A bl izdkj

vf/dre {kSfrt ijkl gksxk

R
v

g
m

0

2

=     (4.43a)

••••• mnkgj.k 4-7 % xSyhfy;ks us viuh iqLrd ¶Vw U;w
lkbals”k¸ esa dgk gS fd ¶mu mUu;uksa osQ fy, ftuosQ
eku 45ñ ls cjkcj ek=kk }kjk vf/d ;k de gSa] {kSfrt
ijkl cjkcj gksrs gSa̧  A bl dFku dks fl¼ dhft, A

gy  ;fn dksbZ iz{ksI; θ
0 
 dks.k ij izkajfHkd osx v

0
 ls isaQdk

tk,] rks mldk ijkl

2
0 0sin2v

R
g

θ
=  gksxkA

vc dks.kksa (450 $ α) rFkk (450 & α) osQ fy, 2θ0 dk
eku Øe'k% (900 $ 2α) rFkk (900 & 2α) gksxk A sin(900

+ 2α) rFkk sin(900 – 2α) nksuksa dk eku leku vFkkZr~ cos

2α gksrk gS A vr% mu mUu;uksa osQ fy, ftuosQ eku 450 ls
cjkcj ek=kk }kjk de ;k vf/d gSa] {kSfrt ijkl cjkcj
gksrs gSa A ¶
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• • • • • mnkgj.k 4-8 % ,d iSny ;k=kh fdlh [kM+h pêðku osQ
dksus ij [kM+k gS A pêðku tehu ls 490 m maQph gS A
og ,d iRFkj dks {kSfrt fn'kk esa 15 m s–1 dh vkjafHkd
pky ls isaQdrk gS A ok;q osQ izfrjks/ dks ux.; ekurs
gq, ;g Kkr dhft, fd iRFkj dks tehu rd igq¡pus esa
fdruk le; yxk rFkk tehu ls Vdjkrs le; mldh
pky fdruh Fkh\ (g = 9.8 m s–2)A

gy  ge [kM+h pêðku osQ dksus dks x- rFkk y- v{k dk ewy
fcanq rFkk iRFkj isaQosQ tkus osQ le; dks t = 0 ekusaxs A x- v{k
dh /ukRed fn'kk vkjafHkd osx osQ vuqfn'k rFkk y-v{k dh
/ukRed fn'kk mQèokZ/j mQij dh vksj pqurs gSa A tSlk fd ge
igys dg pqosQ gSa fd xfr osQ x- o y- ?kVd ,d nwljs ij fuHkZj
ugha djrs] blfy,

x(t) = x
0
 + v

ox 
t

y(t) = y
0
 + v

oy
 t + (1/2) a

y
 t2

;gk¡ x
o
 = y

o
 = 0, v

oy
 = 0, a

y 
 = –g = –9.8 m s-2

v
ox

 = 15 m s-1.

iRFkj ml le; tehu ls Vdjkrk gS tc y(t) = – 490 m

∴ – 490 m = – (1/2) (9.8)t2

vFkkZr~ t = 10 s

osx ?kVd v
x 
= v

ox 
rFkk v

y 
= v

oy
– g t gksaxs A

vr%] tc iRFkj tehu ls Vdjkrk gS] rc
v

ox
 = 15 m s–1

v
oy

 = 0 – 9.8 × 10 = –98 m s–1

blfy, iRFkj dh pky

2 215 98 99 m s2 2 1
x yv v  −+ = + =  gksxh A ¶

••••• mnkgj.k 4-9 :  {kSfrt ls mQij dh vksj 30ñ dk dks.k
cukrs gq, ,d fØosQV xsan 28 m s–1 dh pky ls isaQdh
tkrh gS A (a) vf/dre m¡QpkbZ dh x.kuk dhft,]
(b) mlh Lrj ij okil igq¡pus esa yxs le; dh x.kuk
dhft,] rFkk (c) isaQdus okys fcanq ls ml fcanq dh nwjh
tgk¡ xsan mlh Lrj ij igq¡ph gS] dh x.kuk dhft, A

gy  (a) vf/dre m¡QpkbZ

      (v
0
sin θ

0
)2      (28 sin 300)2

h
m
 =    =  m

2 g              2(9.8)

= 10.0 m gksxh A

(b) mlh /jkry ij okil vkus esa yxk le;
T

f 
= (2 v

o
 sin θ

o 
)/g = (2 × 28 × sin 30° )/9.8

    = 28/9.8 s = 2.9 s  gksxk A

(c) isaQdus okys fcanq ls ml fcanq dh nwjh tgk¡ xsan mlh
Lrj ij ig¡qprh gS%

R
( )2

o ov sin 2 28 28 sin60
69 m

9.8

o

g

θ × ×
= = =  gksxhA

¶

ok;q izfrjks/ dh mis{kk djuk & bl vfHk/kj.kk
dk okLrfod vFkZ D;k gS\

iz{ksI; xfr osQ fo"k; esa ckr djrs le;] geus dgk gS]
fd geus ;g eku j[kk gS] fd ok;q osQ izfrjks/ dk
iz{ksI; dh xfr ij dksbZ izHkko ugha gksrkA vkidks ;g
le>uk pkfg,] fd bl dFku dk okLrfod vFkZ D;k
gS\ ?k"kZ.k] ';kurk cy] ok;q izfrjks/ ;s lHkh {k;dkjh
cy gSaA xfr dk fojks/ djrs ,sls cyksa dh mifLFkfr osQ
dkj.k xfreku ̄iM dh ewy ÅtkZ] vkSj ifj.kker% blosQ
laosx] esa deh vk,xhA vr% vius ijoy;kdkj iFk ij
xfreku dksbZ iz{ksI; ok;q izfrjks/ dh mifLFkfr esa
fuf'pr :i ls] vius vkn'kZ xeu&iFk ls fopfyr gks
tk,xkA ;g /jkry ls mlh osx ls vkdj ugha Vdjk,xk
ftlls ;g isaQdk x;k FkkA ok;q izfrjks/ dh vuqifLFkfr
esa osx dk x-vo;o vpj jgrk gS vkSj osQoy y-vo;o
esa gh lrr ifjorZu gksrk gSA rFkkfi] ok;q izfrjks/ dh
mifLFkfr esa] ;s nksuksa gh vo;o izHkkfor gksaxsA bldk
vFkZ ;g gksxk fd iz{ksI; dk {kSfrt ijkl lehdj.k
(4.43) }kjk izkIr eku ls de gksxkA vf/dre Å¡pkbZ
Hkh lehdj.k (4.42) }kjk izkxqDr eku ls de gksxhA
rc] D;k vki vuqeku yxk ldrs gSa] fd ma;u dky
eas D;k ifjorZu gksxk\

ok;q&izfrjks/ ls cpuk gks] rks gesa iz;ksx] fuokZr esa] ;k
cgqr de nkc dh fLFkfr esa djuk gksxk tks vklku dk;Z
ugha gSA tc ge ̂ ok;q izfrjks/ dks ux.; eku yhft,*
tSls okD;ka'kksa dk iz;ksx djrs gSa] rks ge ;g dguk pkgrs
gSa] fd ijkl] Å¡pkbZ tSls izkpyksa esa] blosQ dkj.k gksus
okyk ifjorZu] ok;qfoghu fLFkfr esa Kkr buosQ ekuksa dh
rqyuk esa cgqr de gSA fcuk ok;q&izfrjks/ dks fopkj esa
yk, x.kuk djuk vklku gksrk gS cfuLcr ml fLFkfr osQ
tc ge ok;q izfrjks/ dks x.kuk esa ykrs gSaA
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4-11 ,dleku o`Ùkh; xfr
tc dksbZ oLrq ,dleku pky ls ,d o`Ùkkdkj iFk ij pyrh
gS] rks oLrq dh xfr dks ,dleku o`Ùkh; xfr dgrs gSa A 'kCn
¶,dleku¸ ml pky osQ lanHkZ esa iz;qDr gqvk gS tks oLrq dh
xfr dh vof/ esa ,dleku (fu;r) jgrh gS A ekuk fd fp=k
4-19 osQ vuqlkj dksbZ oLrq ,dleku pky v ls R f=kT;k okys
o`Ùk osQ vuqfn'k xfreku gS A D;ksafd oLrq osQ osx dh fn'kk esa
fujUrj ifjorZu gks jgk gS] vr% mlesa Roj.k mRiUu gks jgk gSA
gesa Roj.k dk ifjek.k rFkk mldh fn'kk Kkr djuh gS A

ekuk r o r'  rFkk v o v' d.k dh fLFkfr rFkk xfr lfn'k
gSa tc og xfr osQ nkSjku Øe'k% fcanqvksa P o P'  ij gS
(fp=k 4-19a) A ifjHkk"kk osQ vuqlkj] fdlh fcanq ij d.k dk
osx ml fcanq ij Li'kZ js[kk osQ vuqfn'k xfr dh fn'kk esa gksrk
gS A fp=k 4-19(a1) esa osx lfn'kksa v o v' dks fn[kk;k x;k
gSA fp=k 4-19(a2) esa lfn'k ;ksx osQ f=kHkqt fu;e dk mi;ksx
djosQ ∆v fudky ysrs gSa A D;ksafd iFk o`Ùkh; gS] blfy, fp=k
esa] T;kfefr ls Li"V gS fd v, r osQ rFkk v', r' osQ yacor~ gSa A
blfy,] ∆v, ∆r osQ yacor~ gksxk A iqu% D;ksafd vkSlr Roj.k

∆v
v

a =







∆
∆t

 osQ vuqfn'k gS] blfy, a  Hkh ∆r osQ yacor~

gksxk A vc ;fn ge ∆v dks ml js[kk ij j[ksa tks r o r' osQ
chp osQ dks.k dks f}Hkkftr djrh gS rks ge ns[ksaxs fd bldh
fn'kk òÙk osQ osaQnz dh vksj gksxh A bUghs jkf'k;ksa dks fp=k 4.19(b)

esa NksVs le; varjky osQ fy, fn[kk;k x;k gS A ∆v, vr% a

dh fn'kk iqu% osaQnz dh vksj gksxh A fp=k (4-19c) esa ∆t→0

gS] blfy, vkSlr Roj.k] rkR{kf.kd Roj.k osQ cjkcj gks tkrk
gS A bldh fn'kk osaQnz dh vksj gksrh gS* A bl izdkj] ;g fu"d"kZ
fudyrk gS fd ,dleku o`Ùkh; xfr osQ fy, oLrq osQ Roj.k
dh fn'kk o`Ùk osQ osaQnz dh vksj gksrh gS A vc ge bl Roj.k
dk ifjek.k fudkysaxsA
ifjHkk"kk osQ vuqlkj] a dk ifjek.k fuEufyf[kr lw=k ls O;Dr
gksrk gS]

a
v

=
→

lim
∆t 0

∆
∆t

eku yhft, r o r' osQ chp dk dks.k ∆θ gS A D;ksafd osx
lfn'k v o v' lnSo  fLFkfr lfn'kksa osQ yacor~ gksrs gSa] blfy,
muosQ chp dk dks.k Hkh ∆θ gksxk A vr,o fLFkfr lfn'kksa }kjk
fufeZr f=kHkqt (∆CPP') rFkk osx lfn'kksa  v, v' o ∆v }kjk
fufeZr f=kHkqt (∆GHI)  le:i gSa (fp=k 4-19a) A bl izdkj
,d f=kHkqt osQ vk/kj dh yackbZ o fdukjs dh Hkqtk dh yackbZ
dk vuqikr nwljs f=kHkqt dh rnuq:i yackb;ksa osQ vuqikr osQ
cjkcj gksxk] vFkkZr~

∆ ∆v r

v R
=

;k ∆
∆

v
r

= v
R

fp=k 4-19 fdlh oLrq dh ,dleku o`Ùkh; xfr osQ fy, osx rFkk Roj.k A fp=k (a) ls (c) rd ∆t ?kVrk tkrk gS (fp=k c esa 'kwU;
gks tkrk gS) A o`Ùkkdkj iFk osQ izR;sd fcanq ij Roj.k o`Ùk osQ osaQnz dh vksj gksrk gS A

∗∆t→0 lhek esa ∆r, r osQ yacor~ gks tkrk gS A bl lhek esa D;ksafd ∆∆∆∆∆v→→→→→ 0  gksrk gS] iQyLo:i ;g Hkh v osQ yacor~ gksxk A vr% o`Ùkh;
iFk osQ izR;sd fcanq ij Roj.k dh fn'kk osaQnz dh vksj gksrh gSA
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blfy,]

a
v r r

=
→

=
→

=
→∆

∆

∆ ∆

∆

∆ ∆

∆

∆t 0 0 R R 0t t

v

t

v

t t

;fn ∆t NksVk gS] rks ∆θ Hkh NksVk gksxk A ,slh fLFkfr esa pki
PP' dks yxHkx |∆r| osQ cjkcj ys ldrs gSa A

vFkkZr~] |∆r| ≅ v ∆t

;k 
∆
∆
r

t
v≅  vFkok ∆

∆

∆t 0 t
v

→
=

r

bl izdkj] vfHkosaQnz Roj.k a
c
 dk eku fuEufyf[kr gksxk]

a
c
  =   

v

R

 
 
 

v = v2/R (4.44)

bl izdkj fdlh R f=kT;k okys o`Ùkh; iFk osQ vuqfn'k v pky
ls xfreku oLrq osQ Roj.k dk ifjek.k v2/R gksrk gS ftldh
fn'kk lnSo o`Ùk osQ osaQnz dh vksj gksrh gS A blh dkj.k bl
izdkj osQ Roj.k dks vfHkosaQnz Roj.k dgrs gSa (;g in U;wVu
us lq>k;k Fkk) A vfHkosaQnz Roj.k ls lacaf/r laiw.kZ fo'ys"k.kkRed
ys[k loZizFke 1673 esa ,d Mp oSKkfud fØfLp;ku gkbxsUl
(1629&1695) us izdkf'kr djok;k Fkk] fdUrq laHkor;k U;wVu
dks Hkh oqQN o"kks± iwoZ gh bldk Kku gks pqdk Fkk A vfHkosaQnz
dks vaxzsth esa lsaVªhihVy dgrs gSa tks ,d xzhd 'kCn gS ftldk
vfHkizk; osaQnz&vfHkeq[k (osaQnz dh vksj) gS A D;ksafd v rFkk
R nksuksa vpj gSa blfy, vfHkosaQnz Roj.k dk ifjek.k Hkh vpj
gksrk gSA ijarq fn'kk cnyrh jgrh gS vkSj lnSo osaQnz dh vksj
gksrh gSA bl izdkj fu"d"kZ fudyrk gS fd vfHkosaQnz Roj.k
,dleku lfn'k ugha gksrk gS A

fdlh oLrq osQ ,dleku o`Ùkh; xfr osQ osx rFkk Roj.k
dks ge ,d nwljs izdkj ls Hkh le> ldrs gSa A fp=k 4-19

esa fn[kk, x, vuqlkj ∆t (=t'–t) le; varjky esa tc d.k P
ls P' ij igq¡p tkrk gS rks js[kk CP dks.k ∆θ ls ?kwe tkrh gS A
∆θ dks ge dks.kh; nwjh dgrs gSa A dks.kh; osx ω (xzhd v{kj
^vksesxk*) dks ge dks.kh; nwjh osQ le; ifjorZu dh nj osQ
:i esa ifjHkkf"kr djrs gSa A bl izdkj]

ω
θ

=
∆

∆t
(4-45)

vc ;fn ∆t le; esa d.k }kjk pyh nwjh dks ∆s ls O;Dr djsa
(vFkkZr~ PP'=∆s) rks]

v
s

t
=

∆
∆

fdarq ∆s = R∆θ] blfy,  R
θ ω∆

= =
∆

v R
t

vr% v = ωR (4-46)

vfHkosaQnz Roj.k dks ge dks.kh; pky osQ :i esa Hkh O;Dr dj
ldrs gSa A vFkkZr~]

a
v

R

R

R
Rc = = =

2 2
2ω

ω
2

;k   Rac
2ω= (4-47)

o`Ùk dk ,d pDdj yxkus esa oLrq dks tks le; yxrk gS mls
ge vkoRkZdky T dgrs gSa A ,d lsoaQM esa oLrq ftrus pDdj
yxkrh gS] mls ge oLrq dh vko`fÙk ν dgrs gSa A
ijarq brus le; esa oLrq }kjk pyh xbZ nwjh s = 2πR gksrh gS]
blfy,

v = 2πR/T = 2πRν (4-48)

bl izdkj ω] v rFkk a
c 
dks ge vko`fRk ν osQ in esa O;Dr dj

ldrs gSa] vFkkZr~

ω = 2πν

v = 2πνR

a
c
 = 4π2ν2R (4-49)

••••• mnkgj.k 4-10 % dksbZ dhM+k ,d o`Ùkh; [kk¡ps eas
ftldh f=kT;k 12cm gS] i¡Ql x;k gS A og [k¡kps osQ
vuqfn'k fLFkj pky ls pyrk gS vkSj 100 lsoaQM esa 7
pDdj yxk ysrk gSA (a) dhM+s dh dks.kh; pky o
jSf[kd pky fdruh gksxh\ (b) D;k Roj.k lfn'k ,d
vpj lfn'k gSA bldk ifj.kke fdruk gksxk\

gy  ;g ,dleku o`Ùkh; xfr dk ,d mnkgj.k gS A ;gk¡
R = 12 cm gS A dks.kh; pky ω dk eku

ω = 2π/T = 2π × 7/100 = 0.44 rad/s

gS rFkk jSf[kd pky v dk eku

v = ω R = 0.44 × 12 cm = 5.3 cm s–1

gksxk A o`Ùk osQ gj fcanq ij osx v  dh fn'kk ml fcanq ij Li'kZ
js[kk osQ vuqfn'k gksxh rFkk Roj.k dh fn'kk o`Ùk osQ osaQnz dh
vksj gksxh A D;ksafd ;g fn'kk yxkrkj cnyrh jgrh gS] blfy,
Roj.k ,d vpj lfn'k ugha gS A ijarq Roj.k dk ifjek.k vpj
gS] ftldk eku
a = ω2 R = (0.44 s–1)2 (12 cm) = 2.3 cm s–2  gksxkA  ¶

lim

limlim lim
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lkjka'k

1- vfn'k jkf'k;k¡ os jkf'k;k¡ gSa ftuessa osQoy ifjek.k gksrk gS A nwjh] pky] lagfr (nzO;eku) rFkk rki vfn'k jkf'k;ksa osQ
oqQN mnkgj.k gSa A

2- lfn'k jkf'k;k¡ os jkf'k;k¡ gSa ftuessa ifjek.k rFkk fn'kk nksuksa gksrs gSa A foLFkkiu] osx rFkk Roj.k vkfn bl izdkj dh jkf'k
osQ oqQN mnkgj.k gSa A ;s jkf'k;k¡ lfn'k chtxf.kr osQ fof'k"V fu;eksa dk ikyu djrh gSa A

3- ;fn fdlh lfn'k A dks fdlh okLrfod la[;k λ ls xq.kk djsa rks gesa ,d nwljk lfn'k B izkIr gksrk gS ftldk ifjek.k
A osQ ifjek.k dk λ xquk gksrk gS A u, lfn'k dh fn'kk ;k rks A osQ vuqfn'k gksrh gS ;k blosQ foijhr A fn'kk bl
ckr ij fuHkZj djrh gS fd λ èkukRed gS ;k ½.kkRed A

4- nks lfn'kksa A o B dks tksM+us osQ fy, ;k rks 'kh"kZ o iqPN dh xzkiQh fofèk dk ;k lekUrj prqHkqZt fof/ dk mi;ksx
djrs gSa A

5- lfn'k ;ksx Øe&fofues; fu;e dk ikyu djrk gS&
A + B = B + A

lkFk gh ;g lkgp;Z osQ fu;e dk Hkh ikyu djrk gS vFkkZr~  (A + B) + C = A + (B + C)

6- 'kwU; lfn'k ,d ,slk lfn'k gksrk gS ftldk ifjek.k 'kwU; gksrk gS A D;ksafd ifjek.k 'kwU; gksrk gS blfy, blosQ lkFk
fn'kk crykuk vko';d ugha gS A
blosQ fuEufyf[kr xq.k gksrs gSa %

A + 0 = A
λ0 = 0

0A = 0

7- lfn'k B dks A ls ?kVkus dh fØ;k dks ge A o –B dks tksM+us osQ :i esa ifjHkkf"kr djrs gSa&
A – B = A + (–B)

8- fdlh lfn'k A dks mlh lery esa fLFkr nks lfn'kksa a rFkk b osQ vuqfn'k nks ?kVd lfn'kksa esa fo;ksftr dj ldrs
gSa%

A = λa + µb

;gk¡ λ o µ okLrfod la[;k,¡ gSa A
9- fdlh lfn'k A ls lacafèkr ,dkad lfn'k og lfn'k gS ftldk ifjek.k ,d gksrk gS vkSj ftldh fn'kk lfn'k A osQ

vuqfn'k gksrh gS A ,dkad lfn'k 
||

ˆ
A

A
n =

,dkad lfn'k î , ĵ , k̂  bdkbZ ifjek.k okys os lfn'k gSa ftudh fn'kk,¡ nf{k.kkorhZ fudk; dh v{kksa Øe'k% x-, y-

o  z-  osQ vuqfn'k gksrh gSa A
10- nks foek osQ fy, lfn'k A dks ge fuEu izdkj ls O;Dr djrs gSa&

A = A
x 

î  + A
y 

ĵ

;gk¡ A
x
 rFkk A

y
 Øe'k% x-, y-v{kksa osQ vuqfn'k A osQ ?kVd gSa A ;fn lfn'k A,  x-v{k osQ lkFk θ dks.k cukrk

gS] rks A
x
 = A cos θ, A

y
 = A sin θ rFkk

2 2 ,  tan = .
y

x y

x

A
A A A

A
θ= = +A

11- fo'ys"k.kkRed fofèk ls Hkh lfn'kksa dks vklkuh ls tksM+k tk ldrk gS A ;fn x-y lery esa nks lfn'kksa A o B dk
;ksx R gks] rks

R = R
x

î  + R
y

ĵ     tgk¡ R
x
 = A

x
 + B

x
 rFkk R

y
 = A

y
 + B

y

12- lery esa fdlh oLrq dh fLFkfr lfn'k r dks izk;% fuEu izdkj ls O;Dr djrs gSa %

r = x i
^
 + yj

^

fLFkfr lfn'kksa r o r' osQ chp osQ foLFkkiu dks fuEu izdkj ls fy[krs gSa %
∆r = r' – r

= (x' – x) i
^ 
+ (y' – y) j

^

=∆x i
^ 
+∆y j

^
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13- ;fn dksbZ oLrq le; varjky ∆t  esa ∆r  ls foLFkkfir gksrh gS rks mldk vkSlr osx  
t∆

∆
=

r
v  gksxk A fdlh {k.k t

ij oLrq dk osx mlosQ vkSlr osx osQ lhekUr eku osQ cjkcj gksrk gS tc ∆t 'kwU; osQ lfUudV gks tkrk gS A vFkkZr~

tt d

d
lim

0t

rr
v =

∆
∆

=
→∆

bls ,dkad lfn'kksa osQ :i eas Hkh O;Dr djrs gSa %

v = v
x
i
^
+ v

y 
j
^
+v

z 
k
^

tgk¡
t

z
v 

t

y
v

t

x
v zyx d

d
=,

d

d
= ,

d

d
=

tc fdlh funsZ'kkad fudk; esa d.k dh fLFkfr dks n'kkZrs gSa] rks v dh fn'kk d.k osQ iFk osQ oØ dh ml fcanq ij
[khaph xbZ Li'kZ js[kk osQ vuqfn'k gksrh gS A

14- ;fn oLrq dk osx ∆t  le; varjky eas v ls v' eas cny tkrk gS] rks mldk vkSlr Roj.k 
tt ∆

∆
=

∆
−

=
vvv

a
'

gksxk A

tc ∆t dk lhekUr eku 'kwU; gks tkrk gS rks fdlh {k.k t ij oLrq dk Roj.k 
tt d

d

t

vv
a =

∆
∆

=
→∆ 0

lim  gksxk A

?kVd osQ inksa eas bls fuEu izdkj ls O;Dr fd;k tk ldrk gS %

a = a
x
i
^
+ a

y 
j
^
 + a

z 
k
^

;gk¡]

a
dv

dt
,  a

dv

dt
,  a

dv

dtx
x

y
y

z
z= = =

15- ;fn ,d oLrq fdlh lery eas ,dleku Roj.k 22
|| yx aaa +== a ls xfreku gS rFkk {k.k t=0 ij mldk fLFkfr

lfn'k r
o
 gS] rks fdlh vU; {k.k t ij mldk fLFkfr lfn'k 2

00 2

1
tt avrr ++= gksxk rFkk mldk osx v = v

0
+ at

gksxk A

;gk¡ v
0
] t = 0 {k.k ij oLrq osQ osx dks O;Dr djrk gS A

?kVd osQ :i eas

21

2
o ox xx x v t a t= + +

21

2
o oy yy y v t a t= + +

v
x
 = v

0x
 + a

x 
t

v
y
 = v

0y
 + a

y 
t

fdlh lery esa ,dleku Roj.k dh xfr dks nks vyx&vyx ledkfyd ,dfoeh; o ijLij yacor~ xfr;ksa osQ
vè;kjksi.k osQ :i esa eku ldrs gSa A

16- iz{ksfir gksus osQ mijkar tc dksbZ oLrq mM+ku eas gksrh gS rks mls iz{ksI; dgrs gSa A ;fn x&v{k ls θ0 dks.k ij oLrq dk
izkjafHkd osx v

0
 gS rks t {k.k osQ mijkar iz{ksI; osQ fLFkfr ,oa osx laca/h lehdj.k fuEuor~ gksaxs&

x = (v
0
cos θ0) t

y = (v
0
sin θ0) t− (1/2) g t2

v
x
 = v

0x
= v

0
cos θ0

v
y
 = v

0 
sin θ0 –gt

iz{ksI; dk iFk ijoyf;d gksrk gS ftldk lehdj.k
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( )
( )

2

0 2
tan

coso o

gx
y x –

2 v
θ

θ
=  gksxk A

iz{ksI; dh vf/dre Å¡pkbZ , rFkk

bl Å¡pkbZ rd igqapus eas yxk le; g

v
t oo
m

θsin 
=  gksxk A

iz{ksI; }kjk viuh izkjafHkd fLFkfr ls ml fLFkfr rd] ftlosQ fy, uhps mrjrs le; y = 0 gks] pyh xbZ {kSfrt nwjh
dks iz{ksI; dk ijkl R dgrs gSa A

vr% iz{ksI; dk ijkl 
2

sin2o
o

v
R

g
θ= gksxk A

17- tc dksbZ oLrq ,dleku pky ls ,d o`Ùkh; ekxZ eas pyrh gS rks bls ,dleku o`Ùkh; xfr dgrs gSa A ;fn oLrq dh
pky v gks rFkk bldh f=kT;k R gks] rks vfHkosaQnz Roj.k] a

c
= v2/R gksxk rFkk bldh fn'kk lnSo o`Ùk osQ osaQnz dh

vksj gksxh A dks.kh; pky ωdks.kh; nwjh osQ leku ifjorZu dh nj gksrk gS A jSf[kd osx v =ωR gksxk rFkk
Roj.k a

c
 = ω2R gksxk A

;fn oLrq dk vkorZdky T rFkk vko`fÙk ν gks] rks ω , v rFkk a
c
 osQ eku fuEuor~ gksaxs A

ω= 2πν,    v = 2πνR,    a
c 
= 4π2ν2R

HkkSfrd jkf'k izrhd foek ek=kd fVIi.kh

fLFkfr lfn'k r [L] m lfn'k A fdlh vU; fpg~u ls
Hkh bls O;Dr dj ldrs gSa

foLFkkiu ∆r [L] m **

osx [LT–1] m s–1

(a) vkSlr v& = ∆r/∆t] lfn'k

(b) rkR{kf.kd v = dv/dt] lfn'k

Roj.k [LT–2] m s–2

(a) vkSlr &a = ∆v/∆t] lfn'k

(b) rkR{kf.kd a = dv/dt] lfn'k

iz{ksI; xfr

(a) vf/dre
ÅapkbZ eas yxk
le; t

m
[T] s

0 0sinv

g

θ
=

(b) vf/dre ÅapkbZ h
m

[L] m

2
0 0( sin )

2

v

g

θ
=

(c) {kSfrt ijkl R [L] m
2
0 0sin 2v

g

θ
=

o`RRkh; xfr

(a) dks.kh; pky ω [T–1] rad/s = ∆θ/∆t = v/R

(b) vfHkosaQnz a
c

[LT–2] m s–2 = v2/R

Roj.k
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 fopkj.kh; fo"k;

1- fdlh oLrq }kjk nks fcanqvksa osQ chp dh iFk&yackbZ lkekU;r;k] foLFkkiu osQ ifjek.k osQ cjkcj ugha gksrh A foLFkkiu
osQoy iFk osQ vafre fcanqvksa ij fuHkZj djrk gS tcfd iFk&yackbZ (tSlkfd uke ls gh Li"V gS) okLrfod iFk ij fuHkZj
djrh gS A nksuksa jkf'k;ka rHkh cjkcj gksaxh tc oLrq xfr ekxZ esa viuh fn'kk ugha cnyrh A vU; nwljh ifjfLFkfr;ksa eas
iFk&yackbZ foLFkkiu osQ ifjek.k ls vf/d gksrh gS A

2- mijksDr fcanq 1 dh n`f"V ls oLrq dh vkSlr pky fdlh fn, le; varjky eas ;k rks mlosQ vkSlr osx osQ ifjek.k
osQ cjkcj gksxh ;k mlls vf/d gksxh A nksuksa cjkcj rc gksaxh tc iFk&YkackbZ foLFkkiu osQ ifjek.k osQ cjkcj gks A

3- lfn'k lehdj.k (4.3a) rFkk (4.34a) v{kksa osQ pquko ij fuHkZj ugha djrs gSa A fu%lansg vki mUgas nks Lora=k v{kksa
osQ vuqfn'k fo;ksftr dj ldrs gSa A

4- ,dleku Roj.k osQ fy, 'kq¼xfrdh osQ lehdj.k ,dleku o`Ùkh; xfr eas ykxw ugha gksrs D;ksafd blesas Roj.k dk ifjek.k
rks fLFkj jgrk gS ijarq mldh fn'kk fujarj cnyrh jgrh gS A

5- ;fn fdlh oLrq osQ nks osx v
1
 rFkk v

2
 gksa rks mudk ifj.kkeh osx v =v

1
+ v

2 
gksxk A mijksDr lw=k rFkk oLrq 2 osQ

lkis{k oLrq dk 1 osQ osx vFkkZr~% v
12

 = v
1
- v

2 
 osQ chp Hksn dks HkyhHkakfr tkfu, A ;gka v

1
rFkk v

2 
fdlh mHk;fu"B

funsZ'k rU=k osQ lkis{k oLrq dh xfr;ka gSa A

6- o`Ùkh; xfr eas fdlh d.k dk ifj.kkeh Roj.k o`Ùk osQ osaQnz dh vksj gksrk gS ;fn mldh pky ,dleku gS A

7- fdlh oLrq dh xfr osQ ekxZ dh vko`Qfr osQoy Roj.k ls gh fu/kZfjr ugha gksrh cfYd og xfr dh izkjafHkd n'kkvksa
(izkjafHkd fLFkfr o izkjafHkd osx) ij Hkh fuHkZj djrh gS A mnkgj.kLo:i] ,d gh xq#Roh; Roj.k ls xfreku fdlh
oLrq dk ekxZ ,d ljy js[kk Hkh gks ldrk gS ;k dksbZ ijoy; Hkh] ,slk izkjafHkd n'kkvksa ij fuHkZj djsxk A

vH;kl

4-1 fuEufyf[kr HkkSfrd jkf'k;ksa esa ls crykb, fd dkSu&lh lfn'k gSa vkSj dkSu&lh vfn'k %

vk;ru] nzO;eku] pky] Roj.k] ?kuRo] eksy la[;k] osx] dks.kh; vko`fÙk] foLFkkiu] dks.kh; osxA

4-2 fuEukafdr lwph esa ls nks vfn'k jkf'k;ksa dks Nk¡fV,&

cy] dks.kh; laosx] dk;Z] /kjk] jSf[kd laosx] fo|qr {ks=k] vkSlr osx] pqacdh; vk?kw.kZ] vkisf{kd osxA

4-3 fuEufyf[kr lwph esa ls ,dek=k lfn'k jkf'k dks Nk¡fV,&

rki] nkc] vkosx] le;] 'kfDr] iwjh iFk&yackbZ] mQtkZ] xq#Roh; foHko] ?k"kZ.k xq.kkad] vkos'kA

4-4 dkj.k lfgr crkb, fd vfn'k rFkk lfn'k jkf'k;ksa osQ lkFk D;k fuEufyf[kr chtxf.krh; lafØ;k,¡ vFkZiw.kZ gSa\

(a) nks vfn'kksa dks tksM+uk] (b) ,d gh foekvksa osQ ,d lfn'k o ,d vfn'k dks tksM+uk] (c) ,d lfn'k dks ,d
vfn'k ls xq.kk djuk] (d) nks vfn'kksa dk xq.ku] (e) nks lfn'kksa dks tksM+uk] (f) ,d lfn'k osQ ?kVd dks mlh lfn'k
ls tksM+uk A

4-5 fuEufyf[kr esa ls izR;sd dFku dks è;kuiwoZd if<+, vkSj dkj.k lfgr crkb, fd ;g lR; gS ;k vlR; %

(a) fdlh lfn'k dk ifjek.k lnSo ,d vfn'k gksrk gS] (b) fdlh lfn'k dk izR;sd ?kVd lnSo vfn'k gksrk gS]
(c) fdlh d.k }kjk pyh xbZ iFk dh oqQy yackbZ lnSo foLFkkiu lfn'k osQ ifjek.k osQ cjkcj gksrh gS] (d) fdlh d.k
dh vkSlr pky (iFk r; djus esa yxs le; }kjk foHkkftr oqQy iFk&yackbZ) le; osQ leku&varjky esa d.k osQ vkSlr
osx osQ ifjek.k ls vf/d ;k mlosQ cjkcj gksrh gS A (e) mu rhu lfn'kksa dk ;ksx tks ,d lery esa ugha gSa] dHkh
Hkh 'kwU; lfn'k ugha gksrk A

4-6 fuEufyf[kr vlfedkvksa dh T;kfefr ;k fdlh vU; fof/ }kjk LFkkiuk dhft, %

(a) |a+b| ≤ |a| + |b|

(b) |a+b| ≥ ||a| – |b||
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Q

fp=k 4-20

(c) |a–b| ≤ |a| + |b|

(d) |a–b| ≥ ||a| – |b||

buesa lfedk (lerk) dk fpÉ dc ykxw gksrk gS \

4-7 fn;k gS a + b + c + d = 0, uhps fn, x, dFkuksa esa ls dkSu&lk lgh gS %

(a) a, b, c rFkk d esa ls izR;sd 'kwU; lfn'k gS]

(b) (a + c) dk ifjek.k (b + d) osQ ifjek.k osQ cjkcj gS]

(c) a dk ifjek.k b, c  rFkk d osQ ifjek.kksa osQ ;ksx ls dHkh Hkh vf/d
ugha gks ldrk]

(d) ;fn a rFkk d lajs[kh; ugha gSa rks b + c vo'; gh a  rFkk d osQ lery
esa gksxk] vkSj ;g a rFkk d osQ vuqfn'k gksxk ;fn os lajs[kh; gSa A

4-8 rhu yM+fd;k¡ 200 m f=kT;k okyh o`Ùkh; ciQhZyh lrg ij LosQfVax dj jgh
gSa A os lrg osQ fdukjs osQ fcanq P ls LosQfVax 'kq: djrh gSa rFkk P osQ O;klh;
foijhr fcanq Q ij fofHkUu iFkksa ls gksdj igq¡prh gSa tSlk fd fp=k 4-20 esa fn[kk;k
x;k gS A izR;sd yM+dh osQ foLFkkiu lfn'k dk ifjek.k fdruk gS \ fdl yM+dh
osQ fy, ;g okLro esa LosQV fd, x, iFk dh yackbZ osQ cjkcj gS A

4-9 dksbZ lkbfdy lokj fdlh o`Ùkh; ikoaZQ osQ osaQnz O ls pyuk 'kq: djrk gS rFkk ikoZQ osQ fdukjs P ij igq¡prk gSA iqu%
og ikoZQ dh ifjf/ osQ vuqfn'k lkbfdy pykrk gqvk QO osQ jkLrs (tSlk fp=k 4.21 esa fn[kk;k x;k gS) osaQnz ij
okil vk tkrk gS A ikoZQ dh f=kT;k 1 km gS A ;fn iwjs pDdj esa 10 feuV yxrs gksa rks lkbfdy lokj dk (a)

oqQy foLFkkiu] (b) vkSlr osx] rFkk (c) vkSlr pky D;k gksxh\

fp=k 4-21

4-10 fdlh [kqys eSnku esa dksbZ eksVj pkyd ,d ,slk jkLrk viukrk gS tks izR;sd 500 m osQ ckn mlosQ ckb± vksj 60ñ

osQ dks.k ij eqM+ tkrk gSA fdlh fn, eksM+ ls 'kq: gksdj eksVj pkyd dk rhljs] NBs o vkBosa eksM+ ij foLFkkiu
crkb,A izR;sd fLFkfr esa eksVj pkyd }kjk bu eksM+ksa ij r; dh xbZ oqQy iFk&yackbZ osQ lkFk foLFkkiu osQ ifjek.k
dh rqyuk dhft,A

4-11dksbZ ;k=kh fdlh u, 'kgj esa vk;k gS vkSj og LVs'ku ls fdlh lh/h lM+d ij fLFkr fdlh gksVy rd tks 10 km

nwj gS] tkuk pkgrk gSA dksbZ csbZeku VSDlh pkyd 23 km osQ pDdjnkj jkLrs ls mls ys tkrk gS vkSj 28 feuV esa
gksVy esa igq¡prk gSA

(a) VSDlh dh vkSlr pky] vkSj (b) vkSlr osx dk ifjek.k D;k gksxk\ D;k os cjkcj gSa\

4-12o"kkZ dk ikuh 30 m s–1 dh pky ls mQèokZ/j uhps fxj jgk gSA dksbZ efgyk mÙkj ls nf{k.k dh vksj 10 m s–1 dh
pky ls lkbfdy pyk jgh gSA mls viuk Nkrk fdl fn'kk esa j[kuk pkfg,A
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4-13dksbZ O;fDr fLFkj ikuh esa 4.0 km/h dh pky ls rSj ldrk gS A mls 1.0 km pkSM+h unh dks ikj djus esa fdruk
le; yxsxk ;fn unh 3.0 km/h dh fLFkj pky ls cg jgh gks vkSj og unh osQ cgko osQ yac rSj jgk gks A tc
og unh osQ nwljs fdukjs igq¡prk gS rks og unh osQ cgko dh vksj fdruh nwj igq¡psxk\

4-14 fdlh canjxkg esa 72 km/h dh pky ls gok py jgh gS vkSj canjxkg esa [kM+h fdlh ukSdk osQ mQij yxk >aMk
N-E fn'kk esa ygjk jgk gS A ;fn og ukSdk mÙkj dh vksj 51 km/h pky ls xfr djuk izkjaHk dj ns rks ukSdk
ij yxk >aMk fdl fn'kk esa ygjk,xk \

4-15 fdlh yacs gky dh Nr 25 m mQaph gS A og vf/dre {kSfrt nwjh fdruh gksxh ftlesa 40 m s–1 dh pky ls isaQdh
xbZ dksbZ xsan Nr ls Vdjk, fcuk xqtj tk, \

4-16 fØosQV dk dksbZ f[kykM+h fdlh xsan dks 100 m dh vf/dre {kSfrt nwjh rd isaQd ldrk gS A og f[kykM+h mlh
xsan dks tehu ls mQij fdruh maQpkbZ rd isaQd ldrk gS \

4-1780 cm yacs /kxs osQ ,d fljs ij ,d iRFkj ck¡/k x;k gS vkSj bls fdlh ,dleku pky osQ lkFk fdlh {kSfrt o`Ùk
esa ?kqek;k tkrk gS A ;fn iRFkj 25 s esa 14 pDdj yxkrk gS rks iRFkj osQ Roj.k dk ifjek.k vkSj mldh fn'kk D;k
gksxh \

4-18 dksbZ ok;q;ku 900 km h–1 dh ,dleku pky ls mM+ jgk gS vkSj 1.00 km f=kT;k dk dksbZ {kSfrt ywi cukrk
gS A blosQ vfHkosaQnz Roj.k dh xq#Roh; Roj.k osQ lkFk rqyuk dhft, A

4-19 uhps fn, x, dFkuksa dks è;kuiwoZd if<+, vkSj dkj.k nsdj crkb, fd os lR; gSa ;k vlR; %

(a) o`Ùkh; xfr esa fdlh d.k dk usV Roj.k ges'kk o`Ùk dh f=kT;k osQ vuqfn'k osaQnz dh vksj gksrk gS A

(b) fdl fcanq ij fdlh d.k dk osx lfn'k lnSo ml fcanq ij d.k osQ iFk dh Li'kZ js[kk osQ vuqfn'k gksrk gSA

(c) fdlh d.k dk ,dleku o`Ùkh; xfr esa ,d pØ esa fy;k x;k vkSlr Roj.k lfn'k ,d 'kwU; lfn'k gksRkk gSA

4-20 fdlh d.k dh fLFkfr lfn'k fuEufyf[kr gS %

m)ˆ0.4ˆ0.2ˆ 0.3(
2

kjir +−= tt

le; t lsoaQM esa gS rFkk lHkh xq.kdksa osQ ek=kd bl izdkj ls gSa fd r esa ehVj esa O;Dr gks tk, A
(a) d.k dk v rFkk a fudkfy,]
(b) t = 2.0 s ij d.k osQ osx dk ifjek.k rFkk fn'kk fdruh gksxh \

4-21dksbZ d.k t = 0 {k.k ij ewy fcanq ls 1
s  m ̂10

−
j  osQ osx ls pyuk izkajHk djrk gS rFkk x-y lery esa ,dleku Roj.k

(8.0 
^
i + 2.0 

^
j) m s-2 ls xfr djrk gS A

(a) fdl {k.k d.k dk x-funsZ'kkad 16 m gksxk \ blh le; bldk y-funsZ'kkad fdruk gksxk \
(b) bl {k.k d.k dh pky fdruh gksxh \

4-22 î o ĵ Øe'k% x- o y-v{kksa osQ vuqfn'k ,dkad lfn'k gSa A lfn'kksa  ji ˆˆ+ rFkk ji ˆˆ−  dk ifjek.k rFkk fn'kk D;k

gksxk \ lfn'k j  iA  ̂3ˆ 2 +=  osQ ji ˆ  ˆ + o j  i ˆˆ −  osQ fn'kkvksa osQ vuqfn'k ?kVd fudkfy,A [ vki xzkiQh fof/ dk mi;ksx

dj ldrs gSa ]
4-23 fdlh fno~QLFkku ij ,d LosPN xfr osQ fy, fuEufyf[kr laca/kas esa ls dkSu&lk lR; gS \

(a) v
vkSlr

 = (1/2) (v (t
1
) + v (t

2
))

(b) v 
vkSlr

 = [r(t
2
) - r(t

1
) ] /(t

2
 – t

1
)

(c) v (t) = v (0) + a t

(d) r (t) = r (0) + v (0) t + (1/2) a t2

(e) a 
vkSlr

 =[ v (t
2
) - v (t

1
 )] /( t

2
 – t

1
)

;gk¡ ^vkSlr* dk vk'k; le; varjky t
2
 o t

1
 ls lacaf/r HkkSfrd jkf'k osQ vkSlr eku ls gS A
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4-24 fuEufyf[kr esa ls izR;sd dFku dks è;kuiwoZd if<+, rFkk dkj.k ,oa mnkgj.k lfgr crkb, fd D;k ;g lR; gS ;k
vlR; %
vfn'k og jkf'k gS tks
(a) fdlh izfØ;k esa lajf{kr jgrh gS]
(b) dHkh Í.kkRed ugha gksrh]
(c) foekghu gksrh gS]
(d) fdlh LFkku ij ,d fcanq ls nwljs fcanq osQ chp ugha cnyrh]
(e) mu lHkh n'kZdksa osQ fy, ,d gh eku j[krh gS pkgs v{kksa ls muosQ vfHkfoU;kl fHkUu&fHkUu D;ksa u gksa A

4-25dksbZ ok;q;ku i`Foh ls 3400 m dh mQapkbZ ij mM+ jgk gS A ;fn i`Foh ij fdlh voyksdu fcanq ij ok;q;ku dh
10.0 s dh nwjh dh fLFkfr;ka 30ñ dk dks.k cukrh gSa rks ok;qeku dh pky D;k gksxh \

vfrfjDr vH;kl

4-26 fdlh lfn'k esa ifjek.k o fn'kk nksuksa gksrs gSaA D;k fno~QLFkku esa bldh dksbZ fLFkfr gksrh gS\ D;k ;g le; osQ lkFk
ifjofrZr gks ldrk gSA D;k fno~QLFkku esa fHkUu LFkkuksa ij nks cjkcj lfn'kksa a o b dk leku HkkSfrd izHkko vo';
iMs+xk\ vius mÙkj osQ leFkZu esa mnkgj.k nhft,A

4-27 fdlh lfn'k esa ifj.kke o fn'kk nksuksa gksrs gSaA D;k bldk ;g vFkZ gS fd dksbZ jkf'k ftldk ifjek.k o fn'kk gks] og
vo'; gh lfn'k gksxh\ fdlh oLrq osQ ?kw.kZu dh O;k[;k ?kw.kZu&v{k dh fn'kk vkSj v{k osQ ifjr% ?kw.kZu&dks.k }kjk
dh tk ldrh gSA D;k bldk ;g vFkZ gS fd dksbZ Hkh ?kw.kZu ,d lfn'k gS\

4-28 D;k vki fuEufyf[kr osQ lkFk dksbZ lfn'k lac¼ dj ldrs gSa % (a) fdlh ywi esa eksM+h xbZ rkj dh yackbZ] (b) fdlh
lery {ks=k] (c) fdlh xksys osQ lkFk\ O;k[;k dhft,A

4-29dksbZ xksyh {kSfrt ls 30ñ osQ dks.k ij nkxh xbZ gS vkSj og /jkry ij 3.0 km nwj fxjrh gS A blosQ iz{ksI; osQ dks.k
dk lek;kstu djosQ D;k 5.0 km nwj fLFkr fdlh y{; dk Hksn fd;k tk ldrk gS \ xksyh dh ukyeq[k pky dks
fu;r rFkk ok;q osQ izfrjkss/ dks ux.; ekfu, A

4-30dksbZ yM+kowQ tgkt 1-5 km dh mQapkbZ ij 720 km/h dh pky ls {kSfrt fn'kk esa mM+ jgk gS vkSj fdlh ok;q;ku
Hksnh rksi osQ Bhd mQij ls xqtjrk gS A mQèokZ/j ls rksi dh uky dk D;k dks.k gks ftlls 600 m s–1 dh pky
ls nkxk x;k xksyk ok;qeku ij okj dj losQ A ok;q;ku osQ pkyd dks fdl U;wure mQapkbZ ij tgkt dks mM+kuk pkfg,
ftlls xksyk yxus ls cp losQA (g = 10 m s–2)

4-31 ,d lkbfdy lokj 27 km/h dh pky ls lkbfdy pyk jgk gSA tSls gh lM+d ij og 80 m f=kT;k osQ o`Ùkh;
eksM+ ij igqaprk gS] og czsd yxkrk gS vkSj viuh pky dks 0-5 m/s dh ,dleku nj ls de dj ysrk gSA o`Ùkh;
eksM+ ij lkbfdy lokj osQ usV Roj.k dk ifjek.k vkSj mldh fn'kk fudkfy,A

4-32 (a) fl¼ dhft, fd fdlh iz{ksI; osQ x-v{k rFkk mlosQ osx osQ chp osQ dks.k dks le; osQ iQyu osQ :i esa fuEu
izdkj ls O;Dr dj ldrs gSa

(b) fl¼ dhft, fd ewy fcanq ls isaQosQ x, iz{ksI; dks.k dk eku  gksxkA ;gk¡ iz;qDr izrhdksa osQ

vFkZ lkekU; gSaA
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