
vè;k; 3

ljy js[kk esa xfr

3.1 Hkwfedk
3.2 fLFkfr] iFk&yackbZ ,oa foLFkkiu
3.3 vkSlr  osx rFkk vkSlr  pky
3.4 rkR{kf.kd osx ,oa pky
3.5 Roj.k
3.6 ,dleku Roj.k ls xfreku oLrq dk

'kq¼xfrdh laca/h lehdj.k
3.7 vkisf{kd osx

lkjka'k
fopkj.kh; fo"k;
vH;kl
vfrfjDr vH;kl

ifjf'k"V 3.1

3.1 Hkwfedk
fo'o dh izR;sd oLrq izR;{k ;k vizR;{k :i ls xfreku jgrh gS A gekjk
pyuk] nkSM+uk] lkbfdy lokjh vkfn nSfud thou esa fn[kkbZ nsus okyh fØ;k,¡
xfr osQ oqQN mnkgj.k gSa A bruk gh ugha] funzkoLFkk eas Hkh gekjs isQiQM+ksa eas ok;q
dk izos'k ,oa fu"dklu rFkk gekjh /efu;ksa ,oa f'kjkvksas eas #f/j dk lapj.k
gksrk jgrk gS A ge isM+ksa ls fxjrs gq, iÙkksa dks rFkk ck¡/ ls cgrs gq, ikuh dks
ns[krs gSa A eksVjxkM+h vkSj ok;q;ku ;kf=k;ksa dks ,d LFkku ls nwljs LFkku dks ys
tkrs gSa A i`Foh 24 ?kaVs eas ,d ckj viuh v{k osQ ifjr% ?kw.kZu djrh gS rFkk
o"kZ eas ,d ckj lw;Z dh ifjØek iwjh djrh gS A lw;Z vius xzgksa lfgr gekjh
vkdk'kxaxk uked eankfduh eas fopj.k djrk gS] rFkk tks Lo;a Hkh LFkkuh;
eankfdfu;ksa osQ lewg eas xfr djrh gS A

bl izdkj le; osQ lkis{k oLrq dh fLFkfr eas ifjorZu dks xfr dgrs gSa A
le; osQ lkFk fLFkfr oSQls ifjofrZr gksrh gS \ bl vè;k; eas ge xfr osQ ckjs
eas Ik<+asxs A blosQ fy, geas osx rFkk Roj.k dh /kj.kk dks le>uk gksxk A bl
vè;k; eas ge viuk vè;;u oLrq osQ ,d ljy js[kk osQ vuqfn'k xfr rd gh
lhfer j[ksaxs A bl izdkj dh xfr dks ljy js[kh; xfr Hkh dgrs gSa A ,dleku
Rofjr ljy js[kh; xfr osQ fy, oqQN ljy lehdj.k izkIr fd, tk ldrs gSaA
varr% xfr dh vkisf{kd izo`Qfr dks le>us osQ fy, ge vkisf{kd xfr dh
/kj.kk izLrqr djsaxs A

bl vè;;u eas ge lHkh xfreku oLrqvksa dks vfrlw{e ekudj fcanq :i eas
fu:fir djsaxs A ;g lfUudVu rc rd ekU; gksrk gS tc rd oLrq dk vkdkj
fuf'pr le; varjky eas oLrq }kjk pyh xbZ nwjh dh vis{kk i;kZIr :i ls de
gksrk gS A okLrfod thou eas cgqr&lh fLFkfr;kas eas oLrqvksa osQ vkeki (lkb”k)
dh mis{kk dh tk ldrh gS vkSj fcuk vf/d =kqfV osQ mUgas ,d fcanq&oLrq ekuk
tk ldrk gS A

'kq¼xfrdh eas] ge oLrq dh xfr osQ dkj.kksas ij è;ku u nsdj osQoy mldh
xfr dk gh vè;;u djrs gSa A bl vè;k; ,oa vxys vè;k; eas fofHkUu izdkj
dh xfr;kas dk o.kZu fd;k x;k gS A bu xfr;kas osQ dkj.kksa dk vè;;u ge ik¡posa
vè;k; eas djsaxs A
3.2 fLFkfr] iFk&yackbZ ,oa foLFkkiu
igys vkius i<+k gS fd fdlh oLrq dh fLFkfr esa ifjorZu dks xfr dgrs gSaA
fLFkfr osQ fu/kZj.k osQ fy, ,d lanHkZ fcanq rFkk v{kksa osQ ,d leqPp; dh
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vko';drk gksrh gSA blosQ fy, ,d ledksf.kd funsZ'kkad&fudk;
dk pquko lqfo/ktud gksrk gSA bl fudk; esa rhu ijLij
yEcor v{k gksrs gSa ftUgsa x-, y- rFkk z-v{k dgrs gSaA bu
v{kksa osQ izfrPNsn fcanq dks ewy fcanq (O) dgrs gSa rFkk ;g
lanHkZ fcanq gksrk gSA fdlh oLrq osQ funsZ'kkad (x, y, z) bl
funsZ'kkad fudk; osQ lkis{k ml oLrq dh fLFkfr fu:fir djrs
gSaA le; ukius osQ fy, bl fudk; esa ,d ?kM+h j[k nsrs gSaA
?kM+h lfgr bl funsZ'kkad&fudk; dks funsZ'k ra=k (frame of

reference) dgrs gSaA
tc fdlh oLrq osQ ,d ;k vf/d funsZ'kkad le; osQ lkFk

ifjo£rr gksrs gSa rks oLrq dks xfreku dgrs gSaA vU;Fkk oLrq dks
ml funsZ'k ra=k osQ lkis{k fojkekoLFkk esa ekurs gSsaA

fdlh funsZ'k ra=k esa v{kksa dk pquko fLFkfr fo'ks"k ij fuHkZj
djrk gSA mnkgj.k osQ fy,] ,d foek esa xfr osQ fu:i.k osQ
fy, gesa osQoy ,d v{k dh vko';drk gksrh gSA nks@rhu
foekvksa eas xfr osQ fu:i.k osQ fy, nks@rhu v{kksa dh
vko';drk gksrh gSA

fdlh ?kVuk dk o.kZu blosQ fy, pqus x, funsZ'k&ra=k ij
fuHkZj djrk gSA mnkgj.k osQ fy,] tc ge dgrs gSa fd lM+d
ij dkj py jgh gS rks okLro esa ̂ dkj dh xfr* dk o.kZu ge
Lo;a ls ;k tehu ls layXu funsZ'k ra=k osQ lkis{k djrs gSaA ;fn
ge dkj esa cSBs fdlh O;fDr ls layXu funsZ'k ra=k osQ lkis{k
dkj dh fLFkfr dk o.kZu djsa rks dkj fojkekoLFkk esa gksxhA

,d ljy js[kk esa fdlh oLrq dh xfr osQ fooj.k gsrq ge
,d v{k (eku yhft, x&v{k) dks bl izdkj pqu ldrs gSa
fd og oLrq osQ iFk osQ laikrh gks A bl izdkj oLrq dh fLFkfr
dks ge viuh lqfo/kuqlkj pqus x, fdlh ewy fcanq (eku
yhft, fp=k 3.1 eas n'kkZ, x, fcanq O) osQ lkis{k fu:fir
djrs gSa A fcanq O osQ nk;ha vksj osQ funsZ'kkad dks ge /ukRed
rFkk ck;ha vksj osQ fLFkfr&funsZ'kkad dks Í.kkRed dgsaxs A bl
i¼fr osQ vuqlkj fp=k 3.1 eas fcanq P vkSj Q osQ fLFkfr&funsZ'kkad
Øe'k% $360 m vkSj $240 m gSa A blh izdkj fcanq R dk
fLFkfr&funsZ'kkad &120 m gS A
iFk&yackbZ
dYiuk dhft, fd dksbZ dkj ,d ljy js[kk osQ vuqfn'k
xfreku gS A ge x&v{k bl izdkj pqurs gSa fd ;g xfreku
dkj osQ iFk osQ laikrh gks A v{k dk ewy fcanq og gS tgk¡ ls
dkj pyuk 'kq: djrh gS vFkkZr le; t =0 ij dkj x = 0

ij Fkh (fp=k 3.1) A eku yhft, fd fHkUu&fHkUu {k.kksa ij
dkj dh fLFkfr fcanqvksa P, Q rFkk R ls O;Dr gksrh gS A ;gk¡ ge

xfr dh nks fLFkfr;kas ij fopkj djsaxs A igyh eas dkj O ls P
rd tkrh gS A vr% dkj }kjk pyh xbZ nwjh OP = +360

m gS A  bl nwjh dks dkj }kjk pyh xbZ iFk&yackbZ dgrs
gSa A nwljh fLFkfr eas dkj igys O ls P rd tkrh gS vkSj fiQj
P ls Q  ij okil vk tkrh gS A xfr dh bl vof/ eas dkj
}kjk pyh xbZ iFk&yackbZ = OP + PQ = 360 m + (+120

m) = +480 m gksxhA D;ksafd iFk&yackbZ eas osQoy ifjek.k
gksrk gS fn'kk ugha] vr% ;g ,d vfn'k jkf'k gS (vè;k; 4
nsf[k,) A

foLFkkiu
;gk¡ ;g izklafxd gksxk fd ge ,d nwljh mi;ksxh HkkSfrd jkf'k
foLFkkiu dks oLrq dh fLFkfr eas ifjorZu osQ :i eas ifjHkkf"kr
djsa A dYiuk dhft, fd le; t

1
 o t

2 
 ij oLrq dh fLFkfr

Øe'k%  x
1
 o x

2 
  gS A rc le; ∆t (= t

2
– t

1
) eas mldk

foLFkkiu] ftls ge ∆x ls O;Dr djrs gSa] vafre rFkk izkjafHkd
fLFkfr;kas osQ varj }kjk O;Dr fd;k tkrk gS %

∆x = x
2
–x

1

(;gk¡ ge xzhd v{kj MsYVk (∆) dk iz;ksx fdlh jkf'k eas
ifjorZu dks O;Dr djus osQ fy, djrs gSa)A

;fn x
2
 > x

1 
rks ∆x  /ukRed gksxk] ijarq ;fn x

2
 < x

1 
rks

∆x  Í.kkRed gksxk A foLFkkiu eas ifjek.k o fn'kk nksuksa gksrs
gSa] ,slh jkf'k;ksa dks lfn'kksa }kjk fu:fir fd;k tkrk gS A vki
lfn'kksa osQ fo"k; eas vxys vè;k; eas i<+saxs A bl vè;k; eas ge
,d ljy js[kk osQ vuqfn'k ljy xfr (ftls ge js[kh; xfr
dgrs gSa) osQ fo"k; eas gh i<+saxs A ,d&foeh; xfr eas osQoy
nks gh fn'kk;as gksrh gSa (vxzorhZ ,oa i'pxkeh vFkok v/ksxkeh
,oa ÅèoZxkeh) ftueas oLrq xfr djrh gS A bu nksukas fn'kkvksa
dks ge lqxerk osQ fy, $ vkSj & laosQrkas ls O;Dr dj ldrs
gSa A mnkgj.k osQ fy,] ;fn dkj fLFkfr O ls P ij ig¡qprh
gS] rks mldk foLFkkiu

∆x = x
2
 – x

1
 =  (+360 m) – 0 m = +360 m

gksxk A bl foLFkkiu dk ifjek.k 360 m gS rFkk bldh fn'kk
x dh /ukRed fn'kk eas gksxh ftls ge $ laosQr ls fpfÉr djsaxs A
blh izdkj dkj dk P ls Q rd dk foLFkkiu 240 m –

360 m = –120 m gksxk A Í.kkRed fpÉ foLFkkiu dh fn'kk
dks bafxr djrk gS A vr,o] oLrq dh ,d&foeh; xfr
osQ fooj.k osQ fy, lfn'k laosQr dk mi;ksx vko';d ugha
gksrk gS A

fp=k 3.1 x&v{k] ewy fcanq rFkk fofHkUu le;kas eas dkj dh fLFkfr;k¡ A
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fp=k 3.3 fdlh dkj dk fLFkfr&le; xzkIkQ A

fp=k 3.2 fLFkfr&le; xzkiQ] tc (a) oLrq fLFkj gS] rFkk (b) tc oLrq ,dleku xfr ls py jgh gS A

foLFkkiu dk ifjek.k xfreku oLrq }kjk pyh xbZ
iFk&yackbZ osQ cjkcj gks Hkh ldrk gS vkSj ugha Hkh gks
ldrk gS A mnkgj.k osQ fy,] ;fn dkj fLFkfr O ls py dj
P ij igq¡p tk,] rks iFk&yackbZ = $360 m rFkk foLFkkiu =
$360 m gksxk A ;gk¡ foLFkkiu dk ifjek.k (360 m)
iFk&yackbZ (360 m) osQ cjkcj gS A ijarq ;fn dkj O ls
pydj P rd tk, vkSj fiQj Q ij okil vk tk, rks]
iFk&yackbZ = (+360 m) + (+120 m) = +480 m  gksxh ijarq
foLFkkiu = (+240 m) – (0 m) = +240 m  gksxk A bl ckj
foLFkkiu dk ifjek.k (240 m) dkj }kjk pyh xbZ iFk&yackbZ
(480 m) osQ cjkcj ugha (okLro eas de) gS A

foLFkkiu dk ifjek.k xfr dh fdlh vof/ osQ fy, 'kwU;
Hkh gks ldrk gS tcfd rnuq:i iFk&yackbZ 'kwU; ugha gSA
mnkgj.k  osQ fy,] fp=k 3.1 eas ;fn dkj O ls py dj P rd
tk, vkSj iqu% O ij okil vk tk, rks dkj dh vafre fLFkfr
izkjafHkd fLFkfr osQ laikrh gks tkrh gS vkSj foLFkkiu 'kwU; gks
tkrk gS A ijarq dkj dh bl iwjh ;k=kk osQ fy, oqQy iFk&yackbZ
OP + PO =  +360 m + 360 m = +720 m gksxh A

tSlk fd vki igys i<+ pqosQ gSa fdlh Hkh oLrq dh xfr
dks fLFkfr&le; xzkiQ }kjk O;Dr fd;k tk ldrk gS A bl

izdkj osQ xzkiQ ,sls l'kDr lk/u gksrs gSa] ftuosQ ekè;e ls
oLrq oQh xfr osQ fofHkUu igyqvkas dk fu:i.k ,oa fo'ys"k.k
vklkuh ls fd;k tk ldrk gS A fdlh ljy js[kk (tSls&
x&v{k) osQ vuqfn'k xfreku oLrq osQ fy, le; osQ lkFk
osQoy x&funsZ'kkad gh ifjofRkZr gksrk gS A bl izdkj geas
x - t xzkiQ izkIr gksrk gS A ge loZizFke ,d ljy fLFkfr ij
fopkj djsaxs] ftleas oLrq mnkgj.kkFkZ] ,d dkj x = 40 m ij
fLFkr gS A ,slh oLrq osQ fy, fLFkfr&le; (x- t) xzkiQ
le;&v{k osQ lekarj ,d lh/h ljy js[kk gksrk gS tSlk fd
fp=k 3.2(a) eas fn[kk;k x;k gS A

;fn dksbZ oLrq leku le; varjky eas leku nwjh r; djrh
gS] rks ml oLrq dh xfr ,dleku xfr dgykrh gS A bl
izdkj dh xfr dk fLFkfr&le; xzkiQ fp=k 3.2(b) eas fn[kyk;k
x;k gS A

vc ge ml dkj dh xfr ij fopkj djsaxs tks ewy fcanq O
ls t = 0 s ij fojkekoLFkk ls pyuk izkjaHk djrh gS A bldh
pky mRrjksRrj t = 10 s rd c<+rh tkrh gS A blosQ ckn og
t = 18 s rd ,dleku pky ls pyrh gS A bl le; bleas
czsd yxk;k tkrk gS ftlosQ ifj.kkeLo:i og t = 20 s  ij
vkSj  x = 296 m ij #d tkrh gS A ,slh dkj dk fLFkfr&le;

t(s)�

↑

x
(m)

(a) (b)

2020-21



HkkSfrdh42

fp=k 3.3 eas n'kkZbZ xbZ dkj dh xfr osQ fy, x-t xzkiQ dk
t = 0 s rFkk t = 8 s osQ chp osQ Hkkx dks cM+k djosQ fp=k
3-4 esa fn[kk;k x;k gS A tSlk fd vkys[k ls Li"V gS]
t = 5 s rFkk t =7 s osQ eè; le; varjky eas dkj dk
vkSlr&osx gksxk%

(((( ))))
(((( ))))

1–

12

12
sm  8.7

s 57

m 010427
====

−−−−

−−−−
====

−−−−

−−−−
====

..

tt

xx
v

;g eku fp=k 3.4 eas n'kkZbZ xbZ ljy js[kk P
1 
P

2 
 dh izo.krk

osQ cjkcj gksxk A ;g ljy js[kk dkj dh izkjafHkd fLFkfr P
1

dks mldh vafre fLFkfr  P
2 
ls feykrh gS A

vkSlr osx dk Í.kkRed ;k /ukRed gksuk foLFkkiu osQ
fpÉ ij fuHkZj djrk gS A ;fn foLFkkiu 'kwU; gksxk rks vkSlr
osx dk eku Hkh 'kwU; gksxk A /ukRed rFkk Í.kkRed osx ls
pyrh gqbZ oLrq osQ fy, x–t xzkiQ Øe'k% fp=k 3.5(a) rFkk
fp=k 3.5(b) eas n'kkZ, x, gSa A fdlh fLFkj oLrq osQ fy,
x-t xzkIkQ fp=k 3.5(c) esa n'kkZ;k x;k gS A

(a) (b) (c)

fp=k 3.5 fLFkfr&le; xzkiQ ml oLrq osQ fy, tks (a) /ukRed
osx ls xfreku gS] (b) Í.kkRed osx ls xfreku gS] rFkk
(c) fojkekoLFkk eas gS A

vkSlr osx dks ifjHkkf"kr djus osQ fy, osQoy foLFkkiu dk
Kku gh vko';d gksrk gS A ge ;g ns[k pqosQ gSa fd foLFkkiu
dk ifjek.k okLrfod iFk&yackbZ ls fHkUu gks ldrk gS A
okLrfod iFk ij oLrq dh xfr dh nj osQ fy, ge ,d nwljh
jkf'k dks iz;qDr djrs gSa ftls vkSlr pky dgrs gSa A

oLrq dh ;k=kk dh vof/ eas pyh xbZ oqQy iFk&yackbZ ,oa
bleas yxs le; osQ HkkxiQy dks vkSlr pky dgrs gSa A

vkSlr pky =
lia .w kZ iFk &yca kbZ
lia .w kZ  le;kof/ (3.2)

vkSlr pky dk ogh ek=kd (m s–1) gksrk gS tks osx dk gksrk
gS A ijarq vkSlr pky ls ;g irk ugha py ikrk fd oLrq fdl
fn'kk eas xfreku gS A bl n`f"Vdks.k ls vkSlr pky lnSo
/ukRed gh gksrh gS (tcfd vkSlr osx /ukRed ;k Í.kkRed

xzkiQ fp=k 3.3 eas fn[kk;k x;k gS A ge bl xzkiQ dh ppkZ blh
vè;k; eas vkxs vkus okys oqQN [kaMksa eas iqu% djsaxs A

3.3  vkSlr osx rFkk vkSlr pky
tc dksbZ oLrq xfreku gksrh gS rks le; osQ lkFk&lkFk mldh
fLFkfr ifjofrZr gksrh gS A iz'u mBrk gS fd le; osQ lkFk
fdruh rsth ls oLrq dh fLFkfr ifjofrZr gksrh gS rFkk ;g
ifjorZu fdl fn'kk eas gksrk gS \ blosQ fooj.k osQ fy, ge
,d jkf'k ifjHkkf"kr djrs gSa ftls vkSlr ossx dgk tkrk gS A
fdlh oLrq dh fLFkfr eas ifjorZu vFkok foLFkkiu (∆x) dks
le; varjky (∆t) }kjk foHkkftr djus ij vkSlr osx izkIr
gksrk gS A bls v-- ls fpfÉr djrs gSa %

     v
x x

t t

x

t

2 1

2 1

=
−

−
=

∆

∆
(3.1)

;gka x
1
] vkjafHkd le; t

1
 ij rFkk x

2
 vafre le; t

2 
 ij]

oLrq dh fLFkfr dks O;Dr djrk gS A ;gk¡ osx osQ izrhd (v)

osQ Åij yxkbZ xbZ ̂ js[kk* osx osQ vkSlr eku dks O;Dr djrh
gSA fdlh jkf'k osQ vkSlr eku dks n'kkZus dh ;g ,d ekud
i¼fr gS A osx dk SI  ek=kd m/s vFkok m s–1 gS ;|fi
nSfud mi;ksxksa eas mlosQ fy, km/h dk Hkh iz;ksx gksrk gSA

foLFkkiu dh Hkk¡fr ekè;&osx Hkh ,d lfn'k jkf'k gS A
blesa fn'kk ,oa ifjek.k nksuksa lekfgr gksrs gSa A ijarq tSlk fd
ge ihNs Li"V dj pqosQ gSa] ;fn oLrq ,d ljy js[kk eas
xfreku gks rks mlosQ fn'kkRed i{k dks + ;k & fpÉksa }kjk
izdV dj ldrs gSa A blfy, bl vè;k; eas osx osQ fy, ge
lfn'k laosQru dk mi;ksx ugha djsaxs A

fp=k 3.4 vkSlr pky ljy js[kk P
1 
P

2
 dh izo.krk gS A
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oqQN Hkh gks ldrk gS)A ;fn oLrq ,d ljy js[kk osQ vuqfn'k
xfreku gS vkSj osQoy ,d gh fn'kk eas pyrh gS rks foLFkkiu
dk ifjek.k oqQy iFk&yackbZ osQ cjkcj gksxk A ,slh ifjfLFkfr;kas
eas oLrq osQ vkSlr osx dk ifjek.k mldh vkSlr pky osQ
cjkcj gksxk A ijarq ;g ckr ges'kk lgh ugha gksxh A ;g vki
mnkgj.k 3.1 eas ns[ksaxs A

;fn mnkgj.k 3-1 eas dkj fLFkfr O ls P  fCkanq rd tk, rFkk mlh
le; varjky eas og O fLFkfr ij okil vk tk, rks dkj dh
ekè; pky 20 m s–1  gksxh] ijarq mldk vkSlr osx
'kwU; gksxk!

3.4  rkR{kf.kd osx ,oa pky
tSlk fd ge i<+ pqosQ gSa fd vkSlr osx ls gesa ;g Kkr gksrk
gS fd dksbZ oLrq fdlh fn, x, le; varjky eas fdl xfr ls
py jgh gS] fdUrq blls ;g irk ugha py ikrk fd bl le;
varjky osQ fHkUu&fHkUu {k.kksa ij og fdl xfr ls py jgh gSA
vr% fdlh {k.k t ij osx osQ fy, ge rkR{kf.kd osx ;k
osQoy osx v dks ifjHkkf"kr djrs gSa A

xfreku oLrq dk rkR{kf.kd osx mlosQ vkSlr osx osQ cjkcj
gksxk ;fn mlosQ nks le;ksa (t rFkk t + ∆t) osQ chp dk varjky
(∆t) vuUr% lw{e gks A xf.krh; fof/ ls ge bl dFku dks
fuEu izdkj ls O;Dr djrs gSa &

          ∆x
               v= lim   — (3.3a)

         
∆t→0    ∆t

      
d

d

x

t
= (3.3b)

;gk¡ izrhd 
0→∆t

lim  dk rkRi;Z mlosQ nk;ha vksj fLFkr jkf'k

(tSls 
t

x

∆

∆
) dk og eku gS tks ∆t osQ eku dks 'kwU; dh vksj

(∆t→0) izo`Rr djus ij izkIr gksxk A dyu xf.kr dh Hkk"kk

eas lehdj.k (3.3a) esa nk;ha vksj dh jkf'k 







t

x

d

d
 x dk t

osQ lkis{k vodyu xq.kkad gSA (ifjf'k"V 3.1 nsf[k,)A
;g xq.kkad ml {k.k ij oLrq dh fLFkfr ifjorZu dh nj
gksrh gS A

fdlh {k.k ij oLrq dk osx fudkyus osQ fy, ge lehdj.k
(3.3a) dk mi;ksx dj ldrs gSa A blosQ fy, xzkfIkQd ;k
xf.krh; fof/ dks iz;ksx eas ykrs gSa A eku yhft, fd ge
fp=k (3.3) eas fu:fir xfreku dkj dk osx t = 4 s (fcanq
P) ij fudkyuk pkgrs gSa A x.kuk dh vklkuh osQ fy, bl
fp=k dks fp=k 3.6 eas vyx iSekuk ysdj iqu% [khapk x;k gSA
igys ge t = 4 s dks osaQnz eas j[kdj ∆ t dks 2 s ysa A vkSlr
osx dh ifjHkk"kk osQ vuqlkj ljy js[kk P

1
P

2
 (fp=k 3.6) dh

izo.krk 3 s ls 5 s osQ varjky eas oLrq osQ vkSlr osx dks
O;Dr djsxh A vc ge ∆t dk eku 2 s ls ?kVkdj 1 s dj nsrs
gSa rks P

1
P

2
 js[kk Q

1
Q

2
 gks tkrh gS vkSj bldh izo.krk 3.5 s ls

4.5 s varjky esa vkSlr osx dk eku nsxh A varr% lhekar eku

• mnkgj.k 3.1 dksbZ dkj ,d ljy js[kk (eku yhft,
fp=k 3-1 eas js[kk OP) osQ vuqfn'k xfreku gS A dkj
O ls pydj 18 s eas P rd igaqprh gS] fiQj 6.0 s eas
fLFkfr Q  ij okil vk tkrh gS A dkj osQ vkSlr osx
,oa vkSlr pky dh x.kuk dhft,] tc (a)  dkj O  ls
P rd tkrh gS] vkSj (b) tc og O ls P  rd tk dj iqUk%
Q ij okil vk tkrh gS A

gy  (a)

=
foLFkkiu

vklS r  oxs
le;kof/

  vFkok      1+ 360 m 
20 m s

18 s
v −= = +

 iFk nwjhvkSlr pky = 
le;kof/

     
1360 m 

20 m s
18 s

−= =

vr% bl fLFkfr esa vkSlr pky dk eku vkSlr osx osQ ifjek.k
osQ cjkcj gS A
(b)

( )
240m

=
18+6.0 s

+
=

foLFkkiuvklS r  oxs
le;kof/

           =   +10  m s–1

=
iFk & yEckbZvkSlr  pky
le;kof/

= 
OP+PQ

t∆

= 
(360+120)m

24 s

= 20 m s–1

vr% bl fLFkfr eas vkSlr pky dk eku vkSlr osx osQ ifjek.k
osQ cjkcj ugha gS A bldk dkj.k dkj dh xfr osQ nkSjku xfr
esa fn'kk ifjorZu gS ftlosQ iQyLo:i iFk&yackbZ foLFkkiu osQ
ifjek.k ls vf/d gS A blls Li"V gS fd oLrq dh pky
lkekU;r;k osx osQ ifjek.k ls vf/d gksrh gS A ¶
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∆t→0 dh ifjfLFkfr eas js[kk  P
1
P

2 
fLFkfr&le; oØ osQ fcanq

P ij Li'kZ js[kk gks tkrh gS A bl izdkj t = 4 s {k.k ij dkj
dk osx ml fcanq ij [khaph xbZ Li'kZ js[kk dh izo.krk osQ cjkcj
gksxk A ;|fi xzkfiQd fof/ ls bls iznf'kZr djuk oqQN
dfBu gS rFkkfi ;fn blosQ fy, ge xf.krh; fof/ dk
mi;ksx djssa rks lhekar izfØ;k vklkuh ls le>h tk ldrh
gS A fp=k 3.6 eas [khaps x, xzkiQ osQ fy, x = 0.8 t3 gS A
lkj.kh 3.1 eas t =4 s dks osaQnz esas j[kdj ∆t = 2.0 s, 1.0 s,

0.5 s, 0.1 s rFkk 0.01 s osQ fy, ∆x/∆t osQ ewY;ksa dks
n'kkZ;k x;k gS A nwljs vkSj rhljs dkWye eas t

1
(=t–∆t/2) rFkk

t
2
(=t–∆t/2) vkSj pkSFks ,oa ik¡posa dkWye eas x osQ rnuq:i

ekuksas vFkkZr x(t
1
) = 0.08 t3

1
 rFkk x(t

2
) = 0.03 t3

2 
dks

fn[kyk;k x;k gS A NBs dkWye eas varj ∆x = x(t
2
)–x(t

1
)  dks

rFkk vafre dkWye eas ∆x o ∆t osQ vuqikr dks O;Dr fd;k
x;k gS A ;g vuqikr izFke dkWye eas vafdr ∆t osQ fHkUu&fHkUu
ekuksa osQ laxr vkSlr osx dk eku gS A

lkj.kh 3.1 ls Li"V gS fd tSls&tSls ∆t dk eku
2.0 s ls ?kVkrs&?kVkrs 0.01 s djrs gSa rks vkSlr osx varr%

lhekar eku 3.84 ms-1 osQ cjkcj gks tkrk gS tks t=4 s ij
dkj dk osx gS vFkkZr t=4 s ij dx/dt dk eku A bl izdkj
fp=k 3.3 esa n'kkZbZ xbZ xfr osQ gj {k.k osQ fy, ge dkj dk
osx fudky ldrs gSa A bl mnkgj.k osQ fy, le; osQ lkis{k
osx eas ifjorZu fp=k 3.7 eas n'kkZ;k x;k gS A

fp=k 3.7 fp=k 3.3 eas n'kkZbZ xbZ oLrq dh xfr osQ rnuq:i
osx&le; xzkiQ A

;gk¡ ;g ckr è;ku nsus ;ksX; gS fd oLrq dk rkR{kf.kd osx
fudkyus osQ fy, xzkfiQd fof/ lnSo lqfo/ktud ugha gksrh
gS A bl fof/ (xzkfiQd fof/) eas ge xfreku oLrq osQ
fLFkfr&le; xzkiQ dks lko/kuhiwoZd [khaprs gSa rFkk ∆t dks
mÙkjksÙkj de djrs gq, oLrq osQ vkSlr osx ( v ) dh x.kuk
djrs tkrs gSa A fHkUu&fHkUu {k.kksa ij oLrq dk osx fudkyuk rc
cgqr vklku gks tkrk gS tc fofHkUu le;ksa ij gekjs ikl oLrq
dh fLFkfr osQ i;kZIr vk¡dM+s miyC/ gksa vFkok oLrq dh
fLFkfr dk le; osQ iQyu osQ :i eas gekjs ikl ;FkkFkZ O;atd
miyC/ gks A ,slh fLFkfr eas miyC/ vk¡dM+ksa dk mi;ksx djrs
gq, le; varjky ∆t dks Øe'k% lw{e djrs gq, ∆x/∆t dk
eku fudkyrs tk,¡xs vkSj varr% lkj.kh 3-1 eas n'kkZbZ xbZ fof/

lkj.kh 3.1  t = 4 s osQ fy,  ∆∆∆∆∆x /∆∆∆∆∆t dk lhekar eku

∆∆∆∆∆ t t
1

t
2

x(t
1
) x(t

2
) ∆∆∆∆∆x ∆∆∆∆∆x/∆∆∆∆∆t

(s) (s) (s) (m) (m) (m) (m s–1)

2.0 3.0 5.0 2.16 10.0 7.84 3.92

1.0 3.5 4.5 3.43 7.29 3.86 3.86

0.5 3.75 4.25 4.21875 6.14125 1.9225 3.845

0.1 3.95 4.05 4.93039 5.31441 0.38402 3.8402

0.01 3.995 4.005 5.100824 5.139224 0.0384 3.8400

fp=k 3.6 fLFkfr&le; xzkiQ ls osx Kkr djuk A t = 4 s ij osx ml
{k.k ij xzkiQ dh Li'kZ js[kk dh izo.krk gS A
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osQ vuqlkj ∆x/∆t dk lhekar eku izkIr dj ysaxs A vU;Fkk
fdlh fn, x, O;atd osQ fy, vody xf.kr dk iz;ksx djosQ
xfreku oLrq osQ fHkUu&fHkUu {k.kksa osQ fy, dx/dt dh x.kuk
dj ysaxs tSlk fd mnkgj.k 3-2 eas crk;k x;k gS A

• mnkgj.k 3.2 x-v{k osQ vuqfn'k fdlh xfreku oLrq
dh fLFkfr fuEufyf[kr lw=k ls O;Dr dh tkrh gS %
x=a+bt2  A ;gk¡ a = 8.5 m, b = 2.5 m s–2  rFkk
le; t dks lsoaQM eas O;Dr fd;k x;k gS A t=0 s rFkk
t=2.0 s {k.kksa ij oLrq dk osx D;k gksxk \ t=2.0 s rFkk
t=4.0 s osQ eè; osQ le; varjky eas oLrq dk vkSlr
osx D;k gksxk \

gy  vody xf.kr dh i¼fr osQ vuqlkj oLrq dk osx

( )2d d
2 5 0

d d

x
v a bt bt .

t t
= = + = = t m s–1

t =0 s {k.k osQ fy, v = 0 m/s, rFkk t =2.0 s le; ij]
v =10 m s–1

   vkSlr osx =
( ) ( )−−

=
− −

2 1

2 1

4.0 2.0( ) ( )

4.0 2.0

x xx t x t

t t

= 
( 16 ) ( 4 )

2.0

+ − +a b a b
  = 6.0b

=   6.0 ×2.5  =   15 m s–1 ¶

fp=k 3.7 ls ;g Li"V gS fd t=10 s ls 18 s osQ eè;
osx fLFkj jgrk gS A t=18 s ls t=20 s osQ eè; ;g ,dleku
:i ls ?kVrk tkrk gS tcfd  t=0 s ls t=10 s osQ chp ;g
c<+rk tkrk gS A è;ku nhft, fd ,dleku xfr eas gj le;
(rkR{kf.kd) osx dk ogh eku gksrk gS tks vkSlr osx dk
gksrk gSA

rkR{kf.kd pky ;k osQoy pky xfreku oLrq osQ osx dk
ifjek.k gS A mnkgj.k osQ rkSj ij] osx + 24.0 m s–1 rFkk
–24.0 m s–1  nksuksa eas izR;sd dk ifjek.k 24.0 m s–1 gksxkA
;gk¡ ;g rF; è;ku eas j[kuk gS fd tgk¡ fdlh lhfer le;
varjky eas oLrq dh vkSlr pky mlosQ vkSlr osx osQ ifjek.k
osQ ;k rks cjkcj gksrh gS ;k mlls vf/d gksrh gS  ogha fdlh
{k.k ij oLrq dh rkR{kf.kd pky ml {k.k ij mlosQ rkR{kf.kd
osx osQ ifjek.k osQ cjkcj gksrh gS A ,slk D;ksa gksrk gS \

3.5  Roj.k

LkkekU;r% oLrq dh xfr dh vof/ eas mlosQ osx eas ifjorZu
gksrk jgrk gS A osx eas gks jgs bl ifjorZu dks oSQls O;Dr djsa A
osx eas gks jgs bl ifjorZu dks le; osQ lkis{k O;Dr djuk
pkfg, ;k nwjh osQ lkis{k \ ;g leL;k xSyhfy;ks osQ le;
Hkh Fkh A xSyhfy;ks us igys lkspk fd osx eas gks jgs ifjorZu

dh bl nj dks nwjh osQ lkis{k O;Dr fd;k tk ldrk gS ijarq
tc mUgksaus eqDr :i ls fxjrh gqbZ rFkk ur lery ij xfreku
oLrqvksa dh xfr dk fof/or~ vè;;u fd;k rks mUgksaus ik;k
fd le; osQ lkis{k osx ifjorZu dh nj dk eku eqDr :i ls
fxjrh gqbZ oLrqvksa osQ fy,] fLFkj jgrk gS tcfd nwjh osQ lkis{k
oLrq dk osx ifjorZu fLFkj ugha jgrk oju tSls&tSls fxjrh gqbZ
oLrq dh nwjh c<+rh tkrh gS oSls&oSls ;g eku ?kVrk tkrk gSA
bl vè;;u us Roj.k dh orZeku /kj.kk dks tUe fn;k ftlosQ
vuqlkj Roj.k dks ge le; osQ lkis{k osx ifjorZu osQ :i eas
ifjHkkf"kr djrs gSa A

tc fdlh oLrq dk osx le; osQ lkis{k cnyrk gS rks ge
dgrs gSa fd mleas Roj.k gks jgk gS A osx eas ifjorZu rFkk
rRlacaf/r le; varjky osQ vuqikr dks ge vkSlr Roj.k dgrs
gSa A bls a& ls iznf'kZr djrs gaS %

2 1

2 1

–

–

v v v
a

t t t

∆
= =

∆ (3.4)

;gka t
1
, t

2
{k.kksa ij oLrq dk osx Øe'k% v

1
 RkFkk v

2
 gS A ;g

,oQkad le; eas osx eas vkSlr ifjorZu gksrk gS A Roj.k dk
SI ek=kd m s–2 gS A

osx&le; (v-t) xzkiQ ls ge oLrq dk vkSlr Roj.k fudky
ldrs gSa A ;g bl izdkj osQ xzkiQ eas ml ljy js[kk dh izo.krk
o s Q cjkcj gk srk g S tk s fc an q (v

2
, t

2
) dk s fc an q

(v
1
, t

1
) ls tksM+rh gS A uhps osQ mnkgj.k eas fp=k 3-7 eas n'kkZbZ

xbZ xfr osQ fHkUu&fHkUu le; varjkyksa eas geus oLrq dk vkSlr
Roj.k fudkyk gS %

0 s - 10 s
( )

( )

–1
–224 – 0 m s

2.4 m s
10 – 0 s

a = =

10 s - 18 s   
( )

( )

–1
–224 – 24 m s

0 m s
18 – 10 s

a = =

18 s - 20 s    
( )

( )

–1
–20 – 24 m s

– 12 m s
20 – 18 s

a = =

 a
 (
m

 s
–
2
)

fp=k 3.8 fp=k 3.3 eas n'kkZbZ xfr osQ laxr le; osQ iQyu osQ :i
eas oLrq dk Roj.k A
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rkR{kf.kd Roj.k % ftl izdkj geus iwoZ eas rkR{kf.kd osx dh
O;k[;k dh gS] mlh izdkj ge rkR{kf.kd Roj.k dks Hkh
ifjHkkf"kr djrs gSa A oLrq osQ rkR{kf.kd Roj.k dks a ls fpfÉr
djrs gSa] vFkkZr

d

dt 0

v v
a lim

t t∆ →

∆
= =

∆
(3.5)

v–t xzkiQ eas fdlh {k.k oLrq dk Roj.k ml {k.k oØ
ij [khaph xbZ Li'kZ js[kk dh izo.krk osQ cjkcj gksrk gS A fp=k
3.7 eas n'kkZ, x, v–t oØ eas izR;sd {k.k osQ fy, Roj.k izkIr
dj ldrs gSa A ifj.kkeLo:i miyC/ a–t oØ fp=k
3.8 eas fn[kk;k x;k gS A fp=k ls Li"V gS fd 0 s ls 10 s

dh vof/ eas Roj.k vleku gS A 10 s–18 s osQ eè; ;g
'kwU; gS tcfd 18 s rFkk 20 s osQ chp ;g fLFkj gS rFkk
bldk eku &12 m s–2 gS A tc Roj.k ,dleku gksrk gS rks
;g Li"V gS fd og ml vof/ eas vkSlr Roj.k osQ cjkcj
gksrk gSA

pw¡fd osx ,d lfn'k jkf'k gS ftleas fn'kk ,oa ifjek.k nksuksa
gksrs gSa vr,o osx ifjorZu esa buesa ls dksbZ ,d vFkok nksuksa
fufgr gks ldrs gSa A vr% ;k rks pky (ifjek.k) esa ifjorZu]
fn'kk eas ifjorZu vFkok bu nksuksa eas ifjorZu ls Roj.k dk
mn~Hko gks ldrk gS A osx osQ leku gh Roj.k Hkh /ukRed]
Í.kkRed vFkok 'kwU; gks ldrk gS A blh izdkj osQ Roj.k
laca/h fLFkfr&le; xzkIkQksa dks fp=kksa 3.9 (a), 3.9 (b) rFkk
3.9 (c) esa n'kkZ;k x;k gS A fp=kksa ls Li"V gS fd /ukRed
Roj.k osQ fy, x–t xzkiQ Åij dh vksj ofØr gS fdUrq
Í.kkRed Roj.k osQ fy, xzkiQ uhps dh vksj ofØr gS A 'kwU;
Roj.k osQ fy, x–t xzkiQ ,d ljy js[kk gS A vH;kl osQ fy,
fp=k 3.3 eas n'kkZbZ xbZ xfr osQ mu rhuksa Hkkxksa  dks igpkfu,
ftuosQ fy, Roj.k +a, –a vFkok 'kwU; gS A

;|fi xfreku oLrq dk Roj.k le; osQ lkFk&lkFk cny
ldrk gS] ijarq lqfo/k osQ fy, bl vè;k; eas xfr laca/h

;fn {k.k t=0 ij oLrq dk osx vñ rFkk t {k.k ij mldk osx
v  gks] rks Roj.k a = a = 

0

0

v v

t

−

−
 gksxk A

vr,o] v= vñ+at (3.6)

vc ge ;g ns[ksaxs fd oqQN ljy mnkgj.kksa eas osx&le;
xzkiQ oSQlk fn[kykbZ nsrk gS A fp=k 3.10 eas fLFkj Roj.k osQ
fy, pkj vyx&vyx fLFkfr;ksa eas v – t xzkiQ fn[kk, x, gSa%

(a) dksbZ oLrq /ukRed fn'kk eas /ukRed Roj.k ls xfreku gS A
mnkgj.kkFkZ] fp=k 3-3 eas t = 0 s ls t = 10 s osQ chp dh
vof/ eas dkj dh xfr A

(b) dksbZ oLrq /ukRed fn'kk esa Í.kkRed Roj.k ls xfreku
gS A mnkgj.kkFkZ] fp=k 3.3 eas t = 18 s ls t = 20 s osQ
chp dh vof/ eas dkj dh xfr A

(c) dksbZ oLrq Í.kkRed fn'kk eas Í.kkRed Roj.k ls xfreku
gS A mnkgj.kkFkZ] fp=k 3.1 eas O ls x dh Í.k fn'kk eas
Rofjr gksrh dkj A

(d) dksbZ oLrq igys t
1
 le; rd /ukRed fn'kk eas pyrh gS

vkSj fiQj Í.kkRed fn'kk eas Í.kkRed Roj.k osQ lkFk

fp=k 3.10 fLFkj Roj.k osQ lkFk xfreku oLrq dk osx&le; xzkiQ
(a) /ukRed Roj.k ls /ukRed fn'kk eas xfr] (b)

Í.kkRed Roj.k ls /ukRed fn'kk ea s xfr]
(c) Í.kkRed Roj.k ls Í.kkRed fn'kk eas xfr]
(d) Í.kkRed Roj.k osQ lkFk oLrq dh xfr tks le;
t
1
 ij fn'kk cnyrh gS A 0 ls t

1
 le;kof/ esa ;g

/ukRed x dh fn'kk eas xfr djrh gS tcfd t
1
 o

t
2
 osQ eè; og foijhr fn'kk eas xfreku gS A

(a) (b)

(c) (d)

fp=k 3.9 ,slh xfr osQ fy, fLFkfr&le; xzkiQ ftlosQ fy,
(a) Roj.k /ukRed gS] (b) Roj.k Í.kkRed gS rFkk
(c) Roj.k 'kwU; gS A

(a) (b) (c)

/ukRed ½.kkRed

gekjk vè;;u ek=k fLFkj Roj.k rd gh lhfer jgsxk A ,slh
fLFkfr eas vkSlr Roj.k a  dk eku xfr dh vof/ eas fLFkj
Roj.k osQ eku osQ cjkcj gksxk A
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xfreku gS A mnkgj.k osQ fy,] fp=k 3.1 eas dkj dk t
1

le; rd O ls ¯cnq Q rd eanu osQ lkFk tkuk] fiQj]
eqM+dj mlh Í.kkRed Roj.k osQ lkFk t

2
 le; rd pyrs

jguk gS A
fdlh xfreku oLrq osQ osx&le; xzkiQ dk ,d egÙoiw.kZ

y{k.k gS fd v–t xzkiQ osQ varxZr vkus okyk {ks=kiQy oLrq
dk foLFkkiu O;Dr djrk gSA bl dFku dh lkekU; miifÙk
osQ fy, vody xf.kr dh vko';drk iM+rh gS rFkkfi
lqxerk osQ fy, ,d fLFkj osx u ls xfreku oLrq ij fopkj
djosQ bl dFku dh lR;rk izekf.kr dj ldrs gSa A bldk
osx&le; xzkiQ fp=k 3.11 eas fn[kk;k x;k gS A

fp=k 3.11 v-t xzkiQ osQ varxZr vkus okyk {ks=kiQy oLrq }kjk
fuf'pr le; varjky eas foLFkkiu O;Dr djrk gS A

fp=k eas v-t oØ le; v{k osQ lekarj ,d ljy js[kk gS A
t=0 ls t=T  osQ eè; bl js[kk osQ varxZr vkus okyk {ks=kiQy
ml vk;r osQ {ks=kIkQy osQ cjkcj gS ftldh Å¡pkbZ u rFkk
vk/kj T gS A vr,o {ks=kiQy = u × T = uT, tks bl le; eas
oLrq osQ foLFkkiu dks O;Dr djrk gS A dksbZ {ks=kiQy nwjh osQ
cjkcj oSQls gks ldrk gS \ lksfp, ! nksuksa funsZ'kkad v{kksa osQ
vuqfn'k tks jkf'k;k¡ vafdr dh xbZ gSa] ;fn vki mudh foekvksa
ij è;ku ns axs rks vkidks bl iz'u dk mÙkj fey
tk,xkA

è;ku nhft, fd bl vè;k; eas vusoQ LFkkuksa ij [khaps x,
x–t, v–t rFkk a–t xzkIkQksa eas oqQN fcanqvksas ij rh{.k eksM+
gSa A bldk vk'k; ;g gS fd fn, x, iQyuksa dk bu
fcanqvksa ij vodyu ugha fudkyk tk ldrk A ijarq fdlh
okLrfod ifjfLFkfr esa lHkh xzkiQ fu"dks.k oØ gksaxs vkSj
muosQ LkHkh fcanqvksa ij iQyuksa dk vodyu izkIr fd;k
tk ldrk gSA

bldk vfHkizk; gS fd osx rFkk Roj.k fdlh {k.k
lglk ugha cny ldrsA ifjorZu lnSo lrr gksrk gSA

3.6 ,dleku Roj.k ls xfreku oLrq dk 'kq¼xfrdh
laca/h lehdj.k

vc ge ,dleku Roj.k ‘a’ ls xfreku oLrq osQ fy, oqQN
xf.krh; lehdj.k O;qRiUu dj ldrs gSa tks ik¡pksa jkf'k;ksa

dks fdlh izdkj ,d nwljs ls lacaf/r djrs gSa A ;s jkf'k;k¡ gSa%
foLFkkiu (x), fy;k x;k le;  (t),  t = 0 le; ij oLrq dk
izkjafHkd osx (vo )] le; t chr tkus ij vafre osx (v), rFkk
Roj.k (a) A ge igys gh vo  vkSj v osQ eè; ,d lehdj.k
(3.6) izkIr dj pqosQ gSa ftleas ,dleku Roj.k a rFkk le;
t fufgr gSa A ;g lehdj.k gS %

v =   vo  + at (3.6)

bl lehdj.k dks fp=k 3.12 eas xzkiQ osQ :i eas fu:fir fd;k
x;k gS A

fp=k 3.12 ,dleku Roj.k ls xfreku oLrq osQ fy, v-t oØ osQ
uhps dk {ks=kiQy A

bl oØ osQ varxZr vkus okyk {ks=kiQy :
0 ls t  le; osQ chp dk {ks=kiQy = f=kHkqt ABC  dk
{ks=kiQy +  vk;r OACD dk {ks=kiQy

= 
2

1
(v–v0 ) t + v0 t

tSls fd igys Li"V fd;k tk pqdk gS] v-t xzkiQ osQ varxZr
vkus okyk {ks=kiQy oLrq dk foLFkkiu gksrk gSA vr% oLrq dk
foLFkkiu x gksxk%

x = 
2

1
(v–v0 ) t + v0 t (3.7)

ijarq v–v0  = at

vr% x  = 
2

1
at2 + v0 t

vFkok x = v0 t +
2

1
at2 (3.8)

lehdj.k (3.7) dks ge fuEu izdkj Hkh fy[k ldrs gSa
        v+v0
x =   t
          2

    = & v.t (3.9a)
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nksuksa i{kksa osQ lekdyu ls

d dv a t
v

v t

0 0∫ ∫=

= ∫a t
t

d
0

(a vpj gS)

0–v v at=

       0v v at= +

iqu%       
d

d

x
v

t
=

      dx = v dt

nksuksa i{kksa osQ lekdyu ls

dx
x

x

0
∫ = ∫ v t

t

d
0

= +( )∫ v at t
t

0
0

d

2
0 0

1
–

2
x x v t a t= +

      x   = 
2

0 0

1

2
x v t a t+ +

ge fy[k ldrs gSa %

d d d d

d d d d

v v x v
a v

t x t x
= = =

vFkok] v dv = a dx

nksuksa i{kksa osQ lekdyu ls

v v a x
v

v

x

x

d d
0 0

∫ ∫=

( )
2 2

0
0

–
–

2

v v
a x x=

( )2 2
0 02 –v v a x x= +

bl fof/ dk ykHk ;g gS fd bldk iz;ksx vleku Roj.k
okys xfr osQ fy, Hkh dj ldrs gSaA

vc ge mijksDr lehdj.kksa dk mi;ksx oqQN egÙoiw.kZ
mnkgj.kksa eas djsaxs A

• mnkgj.k 3.4 fdlh cgqeaftys Hkou dh Åijh Nr ls
dksbZ xsan  20 m s–1  osQ osx ls Åij dh vksj ÅèokZ/j
fn'kk eas isaQdh xbZ gS A ftl fcanq ls xsan isaQdh xbZ
gS /jrh ls mldh Å¡pkbZ 25.0 m gS A (a)  xsan fdruh
Åij tk,xh \] rFkk (b) xsan /jrh ls Vdjkus osQ igys
fdruk le; ysxh\ g = 10 m s–2 A

           
0

2

v v
v

+
=   (ek=k fLFkj Roj.k osQ fy,)

(3.9b)

lehdj.k (3.9a) rFkk (3.9b) dk vfHkizk; gS fd oLrq dk
foLFkkiu x ekè; osx & v  ls gksrk gS tks izkjafHkd ,oa vafre
osxksa osQ lekarj ekè; osQ cjkcj gksrk gS A

lehdj.k (3.6) ls t = (v–v0)/a A ;g eku lehdj.k (3.9a)

esa j[kus ij

2 2
0 0 0

2 2

v v v v v v
x v t .

a a

+ − −
= = =

       2 2
0 2v v ax= + (3.10)

;fn ge lehdj.k (3.6) ls t  dk eku lehdj.k (3.8) esa
j[k nsa rks Hkh mijksDr lehdj.k dks izkIr fd;k tk ldrk gSA
bl izdkj ikapksa jkf'k;ksa v0, v, a, t rFkk x osQ chp laca/ LFkkfir
djusokys gesa rhu egÙoiw.kZ lehdj.k izkIr gq,&

0v v at= +

   
2

0

1

2
x v t at= +

2 2
0 2v v ax= + (3.11a)

;s lHkh ,dleku Rofjr ljy js[kh; xfr osQ 'kq¼xfrd
lehdj.k gSa A

O;atd (3.11a) esa tks lehdj.k fn, x, gSa] mldh
O;qRifRr osQ fy, geus ekuk gS fd {k.k t = 0 ij oLrq dh
fLFkfr 0 gS (vFkkZr~ x = 0) A ijarq ;fn ge ;g eku ysa fd
{k.k t = 0 ij oLrq dh fLFkfr 'kwU; u gks] oju~ v'kwU; ;kuh
x

0
 gks rks lehdj.k (3.11a) vkSj O;kid lehdj.k eas

:ikarfjr gks tk,xh (;fn ge x osQ LFkku ij x–x
0
 fy[ksa)%

0v v at= +

2
0 0

1

2
x x v t at= + + (3.11b)

2 2
0 02 ( )v v a x x= + − (3.11c)

• mnkgj.k 3.3 dyu&fof/ dk mi;ksx dj ,dleku
Roj.k osQ fy, 'kq¼xfrd lehdj.k izkIr dhft,A

gy  ifjHkk"kk ls

d

d

v
a

t
=

 dv = a dt
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gy  (a) y – v{k dks fp=k 3.13 eas fn[kk, x, vuqlkj
ÅèokZ/j fn'kk eas Åij dh vksj bl izdkj pqurs gSa fd v{k dk
'kwU; fcanq /jrh ij gks A

vc] v
o
 
= + 20 m s–1,

   a  =  – g = –10 m s–2,

   v  =  0 m s–1

;fn isaQosQ x, fcanq ls xsan y  Å¡pkbZ rd tkrh gS rks lehdj.k

v2 = 2
0v

 
+ 2a(y – y

0
) ls gesa fuEUkfyf[kr ifj.kke feysxk&

0 = (20)2 + 2(–10)(y – y
0
)] gy djus ij]

∴ y – y
0
 = 20 m

(b) bl [k.M dk mÙkj ge nks izdkj ls izkIr dj ldrs gSa A
bu nksuksa fof/;ksa dks è;kuiwoZd le>sa A

dh vksj fxjrh gS A D;ksafd xsan y dh Í.kkRed fn'kk osQ
vuqfn'k pyrh gS] blfy, fuEufyf[kr lehdj.k dk mi;ksx
djosQ ge t

2
 dk eku fudky ysrs gSa&

2
0 0

1

2
y y v t at= + +

gesa y
0 
= 45 m fn;k gS rFkk y = 0, v

0
= 0, a = –g =

–10 m s–2

∴ 0 = 45 +(1/2) (–10) t
2
2

vr% t
2 
= 3 s

blfy, /jrh ij Vdjkus osQ igys xsan }kjk fy;k x;k oqQy
le; t

1
 + t

2 
= 2 s + 3 s = 5 s gksxk A

nwljh fof/ % ewy fcanq osQ lkis{k xsan osQ izkjafHkd rFkk vafre
fLFkfr;ksa osQ funsZ'kkadksa dks fuEufyf[kr lehdj.k eas mi;ksx djosQ
ge xsan }kjk fy, x, oqQy le; dh x.kuk dj ldrs gSa %

1 2
0 0 2

y y v t at= + +

y =  0 m,  y
0 
= 25 m,

 
v

0 
= 20 m s–1, a = –10 m s–2,

t = ?

0 = 25 + 20 t + (1/2) (–10)t2

;k     5t2– 20t – 25 = 0

t osQ fy, ;fn bl f}?kkrh lehdj.k dks gy djsa] rks

t = 5 s

è;ku nhft, fd nwljh fof/ igyh ls Js"B gS D;ksafd blesa
gesa xfr osQ iFk dh fpark ugha djuh gS D;ksafd oLrq fLFkj
Roj.k ls xfreku gS A ¶

• mnkgj.k 3.5  eqDr iru % Lora=krkiwoZd uhps dh
vksj fxjrh gqbZ oLrq dh xfr dk o.kZu dhft, A
ok;qtfur izfrjks/ dh mis{kk dh tk ldrh gS A

gy  ;fn /jrh dh lrg ls FkksM+h ÅapkbZ ij ls dksbZ oLrq NksM+
nh tk, rks og ìFoh dh vksj xq#Ro cy osQ dkj.k Rofjr gksxhA
xq#Rotfur Roj.k dks ge g ls O;Dr djrs gSa A ;fn oLrq ij
ok;q osQ izfrjks/ dks ge ux.; ekusa rks ge dgsaxs fd oLrq dk
iru eqDr :i ls gks jgk gS A ;fn fxjrh gqbZ oLrq }kjk pyh
xbZ nwjh i`Foh dh f=kT;k dh rqyuk eas cgqr de gS] rks ge g
osQ eku dks fLFkj vFkkZr 9.8 m s–2 ys ldrs gSaA

fp=k 3.13

igyh fof/ % bleas] ge xsan osQ ekxZ dks nks Hkkxksa eas foHkkftr
djrs gSa % Åij dh vksj xfr (A ls B) rFkk uhps dh vksj xfr
(B ls C) rFkk laxr le; t

1
 o t

2 
fudky ysrs gSa A D;ksafd B

ij osx 'kwU; gS] blfy, %
v =v

0
 + at

0  =20 – 10 t
1

;k t
1   

=2 s

bl le; eas xsan fcanq A ls B ij igqaprh gS A B vFkkZr
vf/dre Å¡pkbZ ls xsan xq#Rotfur Roj.k ls eqDr :i ls uhps
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(a)

(b)

(c)

bl izdkj eqDr iru ,dleku Roj.k okyh xfr dk ,d
mnkgj.k gS A

ge ;g ekusaxs fd oLrq dh xfr &y fn'kk eas gS] D;ksafd
Åij dh fn'kk dks ge /ukRed ekurs gSa A xq#Roh; Roj.k dh
fn'kk lnSo uhps dh vksj gksrh gS] blfy,  bls ge Í.kkRed
fn'kk eas yssrs gSa A

vr,o] a = –g = – 9.8 m s–2

oLrq dks y = 0 fLFkfr eas fojkekoLFkk ls fxjkrs gSa A blfy,
v

0
=0  vkSj oLrq osQ fy, xfr laca/h (3.11a)  esa fn, x,

fp=k 3.14 eqDr iru esa oLrq dh xfr A (a)  le; osQ vuq:i
oLrq osQ Roj.k eas ifjorZu] (b) le; osQ vuq:i oLrq
osQ osx eas ifjorZu] (c) le; osQ vuq:i oLrq dh
fLFkfr eas ifjorZu A

lehdj.k fuEufyf[kr izdkj ls O;Dr fd, tk ldrs gSa&

 v =  0 – g t = –9.8 t  m s–1

y =  0 – ½  g t2 = –4.9 t 2 m

v2 = 0 – 2 g y = –19.6 y m2 s–2

;s lehdj.k oLrq osQ osx] vkSj mlosQ }kjk pyh xbZ nwjh dks
le; osQ iQyu osQ :i eas rFkk nwjh osQ lkis{k mlosQ osx eas
ifjorZu dks O;Dr djrs gSa A le; osQ lkis{k Roj.k] osx rFkk
nwjh osQ ifjorZu dks fp=k 3.14(a), (b) rFkk (c) esa fn[kyk;k
x;k gS A ¶

• mnkgj.k 3.6 xSyhfy;ks dk fo"ke vad lacaf/r
fu;e % bl fu;e osQ vuqlkj ^^fojkekoLFkk ls fxjrh
gqbZ fdlh oLrq }kjk leku le; varjkyksa eas pyh xbZ
nwfj;k¡ ,d nwljs ls mlh vuqikr eas gksrh gSa ftl vuqikr
eas ,d ls izkjaHk gksus okys fo"ke vad [vFkkZr 1% 3% 5%
7,.......]’’A bl dFku dks fl¼ dhft, A

gy  ge fojkekoLFkk ls fxjrh gqbZ fdlh oLrq osQ le;
varjky dks cgqr&ls leku le; varjkyksa τ eas foHkDr dj
ysrs gSa rFkk Øe'k% bu le; varjkyksa eas oLrq }kjk pyh xbZ
nwjh fudkyrs tkrs gSa A bl fLFkfr eas oLrq dk izkjafHkd osx
'kwU; gS] vr%

21

2
y gt= −

bl lehdj.k dh lgk;rk ls ge fHkUu&fHkUu le; varjkyksa
0, τ, 2τ, 3τ, ...... esa oLrq dh fLFkfr;ksa dh x.kuk dj ldrs
gSa ftUgsa lkj.kh 3-2 osQ nwljs dkWye eas fn[kk;k gS A ;fn izFke
le; varjky τ ij oLrq dk fLFkfr funsZ'kkad y

0
 ysa (y

0

= (–1/2)gτ2)  rks vkxs osQ le; varjkyksa osQ ckn oLrq dh
fLFkfr;ksa dks y

0 
 osQ ek=kd eas dkWye rhu eas fn, x, rjhosQ

ls O;Dr dj ldrs gSa A Øfed le; varjkyksa (izR;sd τ) esa
pyh xbZ nwfj;ksa dks dkWye pkj eas O;Dr fd;k x;k gS A Li"V
gS fd Øe'k% le; varjkyksa eas oLrq }kjk pyh xbZ nwfj;k¡
1:3:5:7:9:11...... osQ ljy vuqikr esa gSa tSlk fd vafre
dkWye eas fn[kk;k x;k gS A

bl fu;e dks loZizFke xSyhfy;ks xSfyyh (1564-1642)
us izfrikfnr fd;k Fkk ftUgksaus eqDr :i ls fxjrh gqbZ
oLrq dk igyh ckj fof/or ifjek.kkRed vè;;u
fd;k Fkk A
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• mnkgj.k 3.7 okguksa dh vojks/u nwjh % vojks/u
nwjh ls gekjk vfHkizk; ml nwjh ls gS tks xfreku oLrq
czsd yxkus osQ dkj.k #dus ls igys py pqdh gksrh gS A
lM+d ij xfreku okguksa dh lqj{kk osQ laca/ eas ;g ,d
egÙoiw.kZ dkjd gS A ;g nwjh okgu osQ izkjafHkd osx (v

o
)

rFkk mlosQ czsd dh {kerk ;k czsd yxk, tkus osQ
ifj.kkeLo:i okgu eas mRiUu eanu –a ij fuHkZj djrh
gSA fdlh okgu dh vojks/u nwjh osQ fy, v

o
 rFkk a

osQ inksa eas O;atd fudkfy, A

gy  eku yhft, fd okgu #dus osQ iwoZ d
s
 nwjh py pqdk

gS A xfr laca/h lehdj.k v2 = v
0
2 + 2ax esa ;fn vafre osx

v = 0 rks vojks/u nwjh
2
0–

2
s

v
d

a
=

gksxhA vr% vojks/u nwjh okgu osQ izkjafHkd osx osQ oxZ
osQ lekuqikrh gksrh gS A ;fn izkjafHkd osx dks nwuk dj
fn;k tk, rks mlh eanu osQ fy, vojks/u nwjh pkj xquh gks
tk,xhA

dkj osQ fdlh fof'k"V ekWMy osQ fy, fofHkUu osxksa 11,

15, 20 rFkk 25 m s–1 osQ laxr vojks/u nwfj;k¡ Øe'k%
10 m, 20 m, 34 m rFkk 50 m ikbZ xbZ gSa tks mijksDr
lehdj.k ls izkIr ekuksa osQ yxHkx laxr gSa A

oqQN {ks=kksa] tSls fdlh fo|ky; osQ fudV okguksa dh pky
dh lhek osQ fu/kZj.k eas vojks/u nwjh dk Kku ,d egÙoiw.kZ
dkjd gksrk gS A ¶

• mnkgj.k 3.8 izfrfØ;k dky % dHkh&dHkh gekjs
lkeus ,slh ifjfLFkfr iSnk gks tkrh gS fd gels rR{k.k
dk;Zokgh dh vis{kk dh tkrh gS foaQrq vuqfØ;k O;Dr
djus eas gels oqQN le; yx tkrk gS A izfrfØ;k dky
fdlh O;fDr dks dksbZ ?kVukØe ns[kus eas] mlosQ fo"k;
eas lkspus eas RkFkk dk;Zokgh djus eas yxus okyk le; gS A
mnkgj.kLo:i] eku yhft, fd dksbZ O;fDr lM+d ij
dkj pyk jgk gS vkSj vpkud jkLrs eas ,d yM+dk lkeus
vk tkrk gS rks dkj eas rsth ls czsd yxkus osQ igys
O;fDr dks tks le; yx tkrk gS] mls izfrfØ;k dky
dgsaxs A izfrfØ;k dky ifjfLFkfr dh tfVyrk ,oa
O;fDr fo'ks"k ij fuHkZj djrk gS A

vki Lo;a dk izfrfØ;k dky ,d lk/kj.k iz;ksx
}kjk eki ldrs gSa A vki vius fe=k dks ,d :yj nsa
vkSj mlls dgsa fd og vkiosQ gkFk osQ vaxwBs vkSj rtZuh
osQ chp dh [kkyh txg ls :yj ÅèokZ/j fn'kk eas fxjk
ns (fp=k 3.15) A T;ksagh :yj dks NksM+k tk, vki mls
idM+ ysa A bu nksuksa ?kVukvksa (:yj dks NksM+us rFkk vkiosQ
}kjk idM+us) osQ chp yxs le; t

r
 rFkk :yj }kjk pyh

xbZ nwjh d dks uki ysa A fdlh fo'ks"k mnkgj.k eas d = 21.0

cm gS rks izfrfØ;k dky dh x.kuk dhft, A

gy  :yj eqDr :i ls fxjrk gS] vr% v
0
 = 0, a = – g =

–9.8 ms–2 izfrfØ;k dky t
r
 rFkk r; dh xbZ nwjh (d) eas

laca/ gS]

2
r

1
d gt

2
= −

;k
2

sr

d
t  

g
=

lkfj.kh 3.2

t y y dk eku] Øfed le; pyh xbZ nwfj;ksa
y

0 
osQ inksa eas varjkyksa eas pyh dk vuqikr

y
o 
[=(–1/2)g τττττ2] xbZ nwjh

0 0 0

τ –(1/2)gτ2 y
o

y
o

1

2τ –4(1/2)gτ2 4y
o

3y
o

3

3τ –9(1/2)gτ2 9y
o

5y
o

5

4τ –16(1/2)gτ2 16y
o

7y
o

7

5τ –25(1/2)gτ2 25y
o

9y
o

9

6τ –36(1/2)gτ2 36y
o

11y
o

11 ¶
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fp=k 3.15 izfrfØ;k dky dk ekiu A

vkidk gkFk

:yj

fe=k dk gkFk

;fn d = 21.0 cm vkSj g = 9.8 ms–2 gS] rks

   
2×0.21

 s 0.2 s
9.8

rt = ≅

3.7  vkisf{kd osx

vkidks jsyxkM+h eas ;k=kk djus rFkk ;k=kk osQ nkSjku ;g ns[kus
dk volj feyk gksxk fd ,d nwljh jsyxkM+h tks vkidh gh
fn'kk eas xfreku gS] vkils vkxs fudy tkrh gS A D;ksafd ;g
jsyxkM+h vkils vkxs fudy tkrh gS blfy, ;g vkidh
jsyxkM+h ls vf/d rhoz xfr ls py jgh gS A ijarq ;g vkidks
ml O;fDr dh vis{kk /heh pyrh fn[kkbZ ns jgh gksxh] tks
/jrh ij [kM+k gksdj nksuksa jsyxkfM+;ksa dks ns[k jgk gS A ;fn
/jrh osQ lkis{k nksuksa jsyxkfM+;ksa dk osx leku gS rks vkidks
,slk yxsxk fd nwljh xkM+h fcyoqQy Hkh ugha py jgh gS A bu
vuqHkoksa dks le>us osQ fy, vc ge vkisf{kd osx dh
ladYiuk dks izLrqr djrs gSa A

,slh nks OkLrqvksa A o B ij fopkj dhft, tks ,d&foek
(eku yhft, fd x&v{k) osQ vuqfn'k vkSlr osxksa v

A
 rFkk v

B

ls xfreku gSa A (tc rd fo'ks"k :i ls mYyssf[kr u gks bl
vè;k; eas osxksa dks /jrh osQ lkis{k O;Dr fd;k x;k gS) A ;fn
t=0 {k.k ij oLrq A o B dh fLFkfr;k¡ Øe'k% x

A
(0) rFkk

x
B
(0) 

 
gksa] rks fdlh vU; {k.k t ij ;s fLFkfr;k¡ fuEuor gksaxh %

x
A
(t) = x

A
(0) + v

A
t (3.12a)

x
B
(t) = x

B
(0) + v

B
t (3.12b)

oLrq A rFkk oLrq B osQ eè; foLFkkiu
x

BA
(t) = x

B
(t) – x

A
(t)

= [x
B
(0) – x

A
(0)] + (v

B
–v

A
)t (3.13)

gksxk A lehdj.k (3.13) dh ge vklkuh ls O;k[;k dj ldrs
gSa A bl lehdj.k ls ;g ekywe iM+rk gS fd tc oLrq A ls
ns[krs gSa rks oLrq B dk osx v

B
–v

A 
gksrk gS D;ksafd A ls B rd

foLFkkiu ,dkad le; eas v
B
–v

A 
dh nj ls vuojr cnyrk

tkrk gS A vr% ge ;g dgrs gSa fd oLrq B dk osx oLrq A
ds lkis{k v

B
–v

A 
gksrk gS%

v
BA 

= v
B
–v

A
(3.14a)

 
blh izdkj oLrq A  dk osx oLrq B osQ lkis{k

v
AB 

= v
A
–v

B
(3.14b)

gksxk A blls ;g fudyrk gS fd]
v

BA 
= –v

AB
(3.14c)

fp=k 3.16 leku osx ls xfreku oLrqvksa A o B osQ fy,
fLFkfr&le; xzkiQ A

vc ge oqQN fo'ks"k ifjfLFkfr;ksa ij fopkj djsaxs %
(a) ;fn v

B 
= v

A
, v

B
– v

A
= 0,

 
 rks lehdj.k (3.13) ls

x
B
(t)–x

A
(t) = x

B
(0) – x

A
(0) A bldk vk'k; ;g gS fd nksuksa

oLrq,¡ ,d nwljs ls lnSo fLFkj nwjh (x
B
(0) – x

A
(0)) ij gSa vkSj

muosQ fLFkfr&le; xzkiQ ijLij lekarj ljy js[kk,¡ gksrh gSa]
tSlk fp=k 3.16 ls n'kkZ;k x;k gS A bl mnkgj.k eas vkisf{kd
osx v

AB
 ;k v

BA
 'kwU; gS A

(b) ;fn v
A 
> v

B
, v

B
 – v

A
 ½.kkRed gS A ,d oLrq osQ xzkiQ

dk <ky nwljh oLrq osQ xzkiQ osQ <ky dh vis{kk vf/d gS A
nksuksa xzkiQ ,d mHk;fu"B fcanq ij feyrs gSa A mnkgj.k osQ rkSj
ij ;fn v

A
 = 20 m s–1 ,oa x

A
(0) = 10 m; rFkk v

B
 =

10 m s-1 vkSj x
B
(0) = 40 m gksa rks ftl {k.k ij nksuksa oLrq

,d nwljs ls feyrh gSa og t = 3 s gksxk (fp=k 3-17) A bl
{k.k os nksuksa oLrq,¡ x

A
(t) = x

B
(t) = 70 m ij gksaxh A bl izdkj

bl {k.k ij oLrq A oLrq B ls vkxs fudy tk,xh A bl mnkgj.k
esa v

BA
 = 10 m s–1 – 20 m s–1 = –10 m s–1 = –v

AB

¶
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(c) eku yhft, fd v
A
 o v

B
 foijhr fpg~uksa osQ gSa A

mnkgj.kLo:i] mijksDr mnkgj.k esa ;fn oLrq A fLFkfr
x

A
(0)=10 m ls 20 m s–1 osQ osx ls rFkk oLrq B fLFkfr x

B
(0)

= 40 m  ls –10 m s–1 osx ls pyuk izkjaHk djrh gSa rks os t=1 s

(fp=k 3.18) ij feyrh gSa A A osQ lkis{k B dk osx]

lkjka'k

1. ;fn fdlh oLrq dh fLFkfr le; osQ lkFk cnyrh gS rks ge dgrs gSa fd oLrq xfreku gSA ,d ljy jSf[kd xfr esa
oLrq dh fLFkfr dks lqxerk osQ n`f"Vdks.k ls pqus x, fdlh ewy fcanq osQ lkis{k fufnZ"V fd;k tk ldrk gS A ewy fcanq
osQ nk;ha vksj dh fLFkfr;ksa dks èkukRed rFkk ck;ha vksj dh fLFkfr;ksa dks Í.kkRed dgk tkrk gS A

2. fdlh oLrq }kjk pyh xbZ nwjh dh yackbZ dks iFk&yackbZ osQ :i esa ifjHkkf"kr djrs gSa A
3. oLrq dh fLFkfr esa ifjorZu dks ge foLFkkiu dgrs gSa vkSj bls ∆x ls fu:fir djrs gSa_

∆x = x
2
 – x

1

t(s)

fp=k 3.17 vleku osxksa ls xfreku oLrqvksa osQ fLFkfr&le; xzkiQ
ftlesa feyus dk le; n'kkZ;k x;k gS A

v
BA

 = [–10–(20)] m s–1 = –30 m s–1= –v
AB

  gksxk A bl
mnkgj.k esa] v

BA
 ;k v

AB
 dk ifjek.k (=30 m s–1) oLrq A ;k

B osQ osx osQ ifjek.k ls vf/d gS A ;fn fopkjk/hu oLrq,a¡
nks jsyxkfM+;k¡ gSa rks ml O;fDr osQ fy, tks fdlh ,d jsyxkM+h
esa cSBk gS] nwljh jsyxkM+h cgqr rst pyrh gqbZ izrhr gksrh gSA

è;ku nhft, fd lehdj.k (3.14) rc Hkh lgh gksxh tc
v

A
 vkSj v

B
 rkR{kf.kd osxksa dks O;Dr djrs gSa A

mnkgj.k 3.9  nks lekarj jsy iVfj;k¡ mÙkj&nf{k.k fn'kk
esa gSa A ,d jsyxkM+h A mÙkj fn'kk esa 54 km/h dh
pky ls xfreku gS rFkk nwljh jsyxkM+h B nf{k.k fn'kk
esa 90 km/h dh pky ls py jgh gS A
(a) A osQ lkis{k B dk vkisf{kd osx fudkfy,]
(b) B osQ lkis{k i`Foh dk vkisf{kd osx fudkfy,]
(c) jsyxkM+h A dh Nr ij xfr dh foijhr fn'kk esa

(jsyxkM+h A osQ lkis{k 18 km/h–1 osQ osx ls)
nkSM+rs gq, ml canj osQ osx dh x.kuk dhft, tks
i`Foh ij [kM+s O;fDr }kjk ns[kk tk jgk gS A

gy  (a) x-v{k dh /ukRed fn'kk dks nf{k.k ls mÙkj dh
vksj pqfu, A rc]

v
A
 = +54 km/h–1 = 15 m s–1

v
B
 = –90 km/h–1 = –25 m s–1

A osQ lkis{k B dk vkisf{kd osx v
B
–v

A
 = – 40 m s-1 gksxk A

bldk vfHkizk; ;g gS fd jsyxkM+h B jsyxkM+h A osQ
lkis{k mÙkj ls nf{k.k fn'kk esa 40 m s–1 dh xfr ls pyrh
izrhr gksxh A

(b) B osQ lkis{k i`Foh dk vkisf{kd osx = 0 – v
B
 =

25 m s–1

(c) eku yhft, fd ìFoh osQ lkis{k canj dk osx v
M
 gS A blfy,

A osQ lkis{k canj dk osx v
MA 

= v
M
–v

A
 = –18km h–1

= –5 m s–1A iQyLo:i] v
M
 = (15–5) m s–1 =  10m s–1 ¶

fp=k 3.18 ijLij foijhr fn'kkvksa esa xfreku nks oLrqvksa osQ
fLFkfr&le; xzkiQ ftlesa nksuksa osQ feyus dk le;
n'kkZ;k x;k gS A
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x
1
 vkSj x

2 
oLrq dh Øe'k% izkjafHkd rFkk vafre fLFkfr;k¡ gSa A

iFk&yackbZ mUgha nks fcanqvksa osQ chp foLFkkiu osQ ifj.kke osQ cjkcj ;k mlls vfèkd gks ldrh gS A

4. tc dksbZ oLrq leku le; varjky esa leku nwfj;k¡ r; djrh gS rks ,slh xfr dks ,dleku xfr dgrs gSa A ;fn ,slk
ugha gS rks xfr vleku gksrh gS A

5. foLFkkiu dh vofèk osQ le; varjky }kjk foLFkkiu dks foHkkftr djus ij tks jkf'k izkIr gksrh gS] mls vkSlr osx
dgrs gSa rFkk bls v  }kjk fpfÉr djrs gSa_

v
x

t
=

∆

∆

x – t  xzkiQ esa fdlh fn, x, varjky dh vofèk esa vkSlr osx ml ljy js[kk dh izo.krk gS tks le; varjky dh
izkajfHkd ,oa vafre fLFkfr;ksa dks tksM+rh gS A

6. oLrq dh ;k=kk dh vofèk esa pyh xbZ oqQy iFk&yackbZ ,oa blesa yxs le; varjky vuqikr dks vkSlr pky dgrs gSa A
fdlh oLrq dh vkSlr pky fdlh fn, x, le; vUrjky esa mlosQ vkSlr ossx osQ ifj.kke osQ cjkcj vFkok vfèkd
gksrh gS A

7. tc le; vrajky ∆t vR;Yi gks rks oLrq osQ vkSlr osx osQ lhekUr eku dks rkR{kf.kd osx ;k osQoy osx dgrs gSa %

d

dt 0 t 0

x x
v lim v lim

t t∆ → ∆ →

∆
= = =

∆
fdlh {k.k oLrq dk osx ml {k.k LFkku le;&xzkiQ dh izo.krk osQ cjkcj gksrk gS A

8. oLrq osQ osx esa ifjorZu dks laxr le; varjky ls foHkkftr djus ij tks jkf'k izkIr gksrh gS] mls vkSlr Roj.k dgrs gSa %

v
a

t

∆
=

∆

9. tc le; varjky vR;Yi ∆t→0 gks rks] oLrq osQ vkSlr Roj.k osQ lhekUr eku dks rkR{kf.kd Roj.k ;k osQoy Roj.k
dgrs gSa %

d

dt 0 t 0

v v
a lim a lim

t t∆ → ∆ →

∆
= = =

∆

fdlh {k.k oLrq dk Roj.k ml {k.k osx&le; xzkiQ dh izo.krk osQ cjkcj gksrk gS A ,dleku xfr osQ fy, Roj.k
'kwU; gksrk gS rFkk x - t xzkiQ le;&v{k ij vkur ,d ljy js[kk gksrh gS A blh izdkj ,dleku xfr osQ
fy, v - t xzkiQ le;&v{k osQ lekarj ljy js[kk gksrh gS A ,dleku Roj.k osQ fy, x - t xzkiQ ijoy; gksrk gS tcfd
v - t xzkiQ le;&v{k osQ vkur ,d ljy js[kk gksrh gS A

10. fdUgha nks {k.kksa t
1
 rFkk t

2
 osQ eè; [khaps x, osx&le; oØ osQ varxZr vkus okyk {ks=kiQy oLrq osQ foLFkkiu osQ cjkcj

gksrk gS A
11. ,dleku Roj.k ls xfreku oLrq osQ fy, oqQN lkekU; lehdj.kksa dk ,d lewg gksrk gS ftlls ik¡p jkf'k;k¡ ;Fkk foLFkkiu

x] rRlacaf/r le; t, izkjafHkd osx v
o
, vafre osx v rFkk Roj.k a ,d nwljs ls lacaf/r gksrs gSa A bu lehdj.kksa dks

oLrq osQ 'kq¼xfrd lehdj.kksa osQ uke ls tkuk tkrk gS %

v = v
0
 +  at

       x v t
1

2
at0

2
= +

             v v 2ax
2

0

2= +

bu lehdj.kksa esa {k.k t = 0 ij oLrq dh fLFkfr x = 0 yh xbZ gS A ;fn oLrq x = x
o
 ls pyuk izkjaHk djs rks mi;qZDr

lehdj.kksa esa x osQ LFkku ij (x – x
o
) fy[ksaxs A
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HkkSfrd jkf'k izrhd foek,¡ ek=kd fVIi.kh

iFk&yackbZ [L] m

foLFkkiu ∆x [L] m = x
2
 - x

1

,d foek esa bldk fpÉ fn'kk dks
bafxr djrk gS A

osx [LT-1] m s–1

(a) vkSlr v t
x

∆
∆=

(b) rkR{kf.kd  v
0

d

dt

x x

t t
lim
∆ →

∆
= =

∆

,d foek esa bldk fpÉ fn'kk
dks bafxr djrk gS

pky [LT–1] m s–1

(a) vkSlr =
le; vra jky

iFk & yca kbZ

(b) rkR{kf.kd =  
t

x

d

d

Roj.k [LT–2] m s–2

(a) vkSlr a
v

t

∆
=

∆

(b) rkR{kf.kd a
d

0 d

v v
lim
t t t

∆
= =

∆ → ∆

,d foek esa bldk fpÉ fn'kk
dks bafxr djrk gS

fopkj.kh; fo"k;

1. lkekU;r;k nks fcanqvksa osQ eè; fdlh oLrq }kjk pyh xbZ iFk&yackbZ foLFkkiu osQ ifjek.k osQ cjkcj ugha gksrh A foLFkkiu
Nksj osQ fcanqvksa ij fuHkZj djrk gS tcfd iFk&yackbZ (tSlk uke ls irk pyrk gS) okLrfod iFk ij fuHkZj djrh gSA
,d foek esa nksuksa jkf'k;k¡ rHkh cjkcj gksrh gaS tc oLrq xfr dh vof/ esa viuh fn'kk ugha cnyrh gS A vU; lHkh mnkgj.kksa
esa iFk&yackbZ foLFkkiu osQ ifjek.k ls vf/d gksrh gS A

2. mijksDr fcanq 1 osQ vuqlkj fdlh fn, x, le; varjky osQ fy, oLrq dh vkSlr pky dk eku ;k rks vkSlr osx osQ
ifjek.k osQ cjkcj gksrk gS ;k mlls vf/d gksrk gS A nksuksa rHkh cjkcj gksaxs tc iFk&yackbZ foLFkkiu osQ ifjek.k osQ
cjkcj gksxhA

3. ewy fcanq rFkk fdlh v{k dh /ukRed fn'kk dk p;u viuh #fp dk fo"k; gS A vkidks lcls igys bl p;u dk
mYys[k dj nsuk pkfg, vkSj blh osQ ckn jkf'k;ksa_ tSls& foLFkkiu] osx rFkk Roj.k osQ fpÉksa dk fu/kZj.k djuk pkfg, A
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4. ;fn fdlh oLrq dh pky c<+rh tk jgh gS rks Roj.k osx dh fn'kk esa gksxk ijarq ;fn pky ?kVrh tkrh gS rks Roj.k osx
dh foijhr fn'kk esa gksxk A ;g dFku ewy fcanq rFkk v{k osQ pquko ij fuHkZj ugha djrk A

5. Roj.k osQ fpÉ ls gesa ;g irk ugha pyrk fd oLrq dh pky c<+ jgh gS ;k ?kV jgh gS A Roj.k dk fpÉ (tSlk fd
mijksDr fcanq 3 esa cryk;k x;k gS) v{k osQ /ukRed fn'kk osQ p;u ij fuHkZj djrk gS A mnkgj.k osQ rkSj ij ;fn
mQij dh vksj mQèokZ/j fn'kk dks v{k dh /ukRed fn'kk ekuk tk, rks xq#Rotfur Roj.k ½.kkRed gksxk A ;fn dksbZ
oLrq xq#Ro osQ dkj.k uhps dh vksj fxj jgh gS rks Hkh oLrq dh pky c<+rh tk,xh ;|fi Roj.k dk eku ½.kkRed gSA
oLrq mQij dh fn'kk esa isaQdh tk, rks mlh ½.kkRed (xq#Rotfur) Roj.k osQ dkj.k oLrq dh pky esa deh vkrh tk,xhA

6. ;fn fdlh {k.k oLrq dk osx 'kwU; gS rks ;g vko';d ugha gS fd ml {k.k mldk Roj.k Hkh 'kwU; gks A dksbZ oLrq
{kf.kd :i ls fojkekoLFkk esa gks ldrh gS rFkkfi ml {k.k mldk Roj.k 'kwU; ugha gksxk A mnkgj.kLo:i] ;fn fdlh
oLrq dks mQij dh vksj isaQdk tk, rks 'kh"kZLFk fcanq ij mldk osx rkss 'kwU; gksxk ijarq bl volj ij mldk Roj.k
xq#Rotfur Roj.k gh gksxk A

7. xfr laca/h 'kq¼xfrd lehdj.kksa ¹lehdj.k (3.11)º dh fofHkUu jkf'k;k¡ chtxf.krh; gSa vFkkZr os /ukRed ;k
½.kkRed gks ldrh gSa A ;s lehdj.k lHkh ifjfLFkfr;ksa (fLFkj Roj.k okyh ,dfoeh; xfr) osQ fy, mi;qDr gksrs gSa
c'krsZ lehdj.kksa esa fofHkUu jkf'k;ksa osQ eku mi;qDr fpÉksa osQ lkFk j[ks tk,¡ A

8. rkR{kf.kd osx rFkk Roj.k dh ifjHkk"kk,¡ [lehdj.k (3.3) rFkk lehdj.k (3.5) ] ;FkkFkZ gSa vkSj lnSo lgh gSa tcfd
'kq¼xfrd lehdj.k [lehdj.k (3.11)] mUgha xfr;ksa osQ fy, lgh gS ftuesa xfr dh vof/ esa Roj.k dk ifjek.k
vkSj fn'kk fLFkj jgrs gSa A

vH;kl

3.1 uhps fn, x, xfr osQ dkSu ls mnkgj.kksa esa oLrq dks yxHkx fcanq oLrq ekuk tk ldrk gS %
(a) nks LVs'kuksa osQ chp fcuk fdlh >VosQ osQ py jgh dksbZ jsyxkM+h A
(b) fdlh o`Ùkh; iFk ij lkbfdy pyk jgs fdlh O;fDr osQ mQij cSBk dksbZ canj A
(c) tehu ls Vdjk dj rsth ls eqM+us okyh fØosQV dh dksbZ fiQjdrh xasn A
(d) fdlh est osQ fdukjs ls fiQly dj fxjk dksbZ chdj A

3.2 nks cPps A o B vius fo|ky; O ls ykSV dj vius&vius ?kj Øe'k% P rFkk Q dks tk jgs gSa A muosQ fLFkfr&le;
(x - t ) xzkiQ fp=k 3.19 esa fn[kk, x, gSa A uhps fy[ks dks"Bdksa esa lgh izfof"V;ksa dks pqfu, %
(a) B/A dh rqyuk esa A/B fo|ky; ls fudV jgrk gS A
(b) B/A dh rqyuk esa A/B fo|ky; ls igys pyrk gS A
(c) B/A dh rqyuk A/B rst pyrk gS A
(d) A vkSj B ?kj (,d gh@fHkUu) le; ij igq¡prs gSa A
(e) A/B lM+d ij B/A ls (,d ckj@nks ckj) vkxs gks tkrs gSa A
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3.3 ,d efgyk vius ?kj ls izkr% 9.00 cts 2.5 km nwj vius dk;kZy; osQ fy, lh/h lM+d ij 5 km h–1 pky ls
pyrh gS A ogk¡ og lk;a 5.00 cts rd jgrh gS vkSj 25 km h–1 dh pky ls py jgh fdlh vkWVks fjD'kk }kjk vius
?kj ykSV vkrh gS A mi;qDr iSekuk pqfu, rFkk mldh xfr dk x - t xzkiQ [khafp, A

3.4 dksbZ 'kjkch fdlh rax xyh esa 5 dne vkxs c<+rk gS vkSj 3 dne ihNs vkrk gS] mlosQ ckn fiQj 5 dne vkxs c<+rk
gS vkSj 3 dne ihNs vkrk gS] vkSj blh rjg og pyrk jgrk gS A mldk gj dne 1m yack gS vkSj 1s le; yxrk
gS A mldh xfr dk x - t xzkiQ [khafp, A xzkiQ ls rFkk fdlh vU; fof/ ls ;g Kkr dhft, fd og tgka ls pyuk
izkjaHk djrk gS ogk¡ ls 13 m nwj fdlh xbs esa fdrus le; i'pkr fxjrk gS A

3.5 dksbZ tsV ok;q;ku 500 km h–1 dh pky ls py jgk gS vkSj ;g tsV ;ku osQ lkis{k 1500 km h–1 dh pky ls vius
ngu mRiknksa dks ckgj fudkyrk gS A tehu ij [kM+s fdlh izs{kd osQ lkis{k bu ngu mRiknksa dh pky D;k gksxh \

3.6 lh/s jktekxZ ij dksbZ dkj 126 km h–1 dh pky ls py jgh gS A bls 200 m dh nwjh ij jksd fn;k tkrk gS A dkj
osQ eanu dks ,dleku ekfu, vkSj bldk eku fudkfy, A dkj dks #dus esa fdruk le; yxk \

3.7 nks jsyxkfM+;k¡ A o B nks lekarj iVfj;ksa ij 72 km h–1 dh ,dleku pky ls ,d gh fn'kk esa py jgh gSa A izR;sd
xkM+h 400 m yach gS vkSj xkM+h A xkM+h B ls vkxs gS A B dk pkyd A ls  vkxs fudyuk pkgrk gS rFkk
1m s–2 ls bls Rofjr djrk gS A ;fn 50 s osQ ckn B dk xkMZ A osQ pkyd ls vkxs gks tkrk gS rks nksuksa osQ chp
vkjafHkd nwjh fdruh Fkh \

3.8 nks&ysu okyh fdlh lM+d ij dkj A 36 km h–1 dh pky ls py jgh gS A ,d nwljs dh foijhr fn'kkvksa esa pyrh nks
dkjsa B o C ftuesa ls izR;sd dh pky 54 km h–1 gS] dkj A rd igq¡puk pkgrh gSaa A fdlh {k.k tc nwjh AB nwjh AC

osQ cjkcj gS rFkk nksuksa 1km  gS] dkj B dk pkyd ;g fu.kZ; djrk gS fd dkj C osQ dkj A rd igq¡pus osQ igys
gh og dkj A ls vkxs fudy tk, A fdlh nq?kZVuk ls cpus osQ fy, dkj B dk fdruk U;wure Roj.k t:jh gS \

3.9 nks uxj A o B fu;fer cl lsok }kjk ,d nwljs ls tqM+s gSa vkSj izR;sd T  feuV osQ ckn nksuksa rjiQ clsa pyrh gSa A
dksbZ O;fDr lkbfdy ls 20 km h–1 dh pky ls A ls B dh rjiQ tk jgk gS vkSj ;g uksV djrk gS fd izR;sd 18

feuV osQ ckn ,d cl mldh xfr dh fn'kk esa rFkk izR;sd 6 feuV ckn mlosQ foijhr fn'kk esa xqtjrh gS A cl lsokdky
T fdruk gS vkSj clsa lM+d ij fdl pky (fLFkj ekfu,) ls pyrh gSa \

3.10 dksbZ f[kykM+h ,d xsan dks mQij dh vksj vkjafHkd pky 29 m s–1 ls isaQdrk gS]

(i) xasn dh mQij dh vksj xfr osQ nkSjku Roj.k dh fn'kk D;k gksxh \

(ii) bldh xfr osQ mPpre fcanq ij xsan osQ ossx o Roj.k D;k gksaxs \

(iii) xsan osQ mPpre fcanq ij LFkku o le; dks x = 0 o t = 0 pqfu,] mQèokZ/j uhps dh vksj dh fn'kk dks x-

v{k dh /ukRed fn'kk ekfu, A xsan dh mQij dh o uhps dh vksj xfr osQ nkSjku fLFkfr] osx o Roj.k osQ fpÉ
crkb, A

(iv) fdl mQ¡pkbZ rd xsan mQij tkrh gS vkSj fdruh nsj osQ ckn xsan f[kykM+h osQ gkFkksa esa vk tkrh gS \

[g = 9.8 m s–2 rFkk ok;q dk izfrjks/ ux.; gS A]

3.11 uhps fn, x, dFkuksa dks è;ku ls if<+, vkSj dkj.k crkrs gq, o mnkgj.k nsrs gq, crkb, fd os lR; gSa ;k vlR;]

,dfoeh; xfr esa fdlh d.k dh

(a) fdlh {k.k pky 'kwU; gksus ij Hkh mldk Roj.k v'kwU; gks ldrk gS A

(b) pky 'kwU; gksus ij Hkh mldk osx v'kwU; gks ldrk gS A

(c) pky fLFkj gks rks Roj.k vo'; gh 'kwU; gksuk pkfg, A

(d) pky vo'; gh c<+rh jgsxh] ;fn mldk Roj.k /ukRed gks A

3.12 fdlh xsan dks 90 m dh mQ¡pkbZ ls iQ'kZ ij fxjk;k tkrk gS A iQ'kZ osQ lkFk izR;sd VDdj esa xsan dh pky 1/10 de
gks tkrh gS A bldh xfr dk t = 0  ls 12 s osQ chp pky&le; xzkiQ [khafp, A

3.13 mnkgj.k lfgr fuEufyf[kr osQ chp osQ varj dks Li"V dhft, %

(a) fdlh le; varjky esa foLFkkiu osQ ifjek.k (ftls dHkh&dHkh nwjh Hkh dgk tkrk gS) vkSj fdlh d.k }kjk
mlh varjky osQ nkSjku r; fd, x, iFk dh oqQy yackbZ A

(b) fdlh le; varjky esa vkSlr osx osQ ifjek.k vkSj mlh varjky esa vkSlr pky (fdlh le; varjky esa fdlh
d.k dh vkSlr pky dks le; varjky }kjk foHkkftr dh xbZ oqQy iFk&yackbZ osQ :i esa ifjHkkf"kr fd;k tkrk
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gS) A iznf'kZr dhft, fd (a) o (b) nksuksa esa gh nwljh jkf'k igyh ls vf/d ;k mlosQ cjkcj gS A lerk
dk fpÉ dc lR; gksrk gS \ (ljyrk osQ fy, osQoy ,dfoeh; xfr ij fopkj dhft, A)

3.14 dksbZ O;fDr vius ?kj ls lh/h lM+d ij 5 km h–1 dh pky ls 2.5 km nwj cktkj rd iSny pyrk gS A ijarq cktkj
can ns[kdj og mlh {k.k okil eqM+ tkrk gS rFkk 7.5 km h–1 dh pky ls ?kj ykSV vkrk gS A
le; varjky (i) 0 - 30 feuV] (ii) 0 - 50 feuV] (iii) 0 - 40 feuV dh vof/ esa ml O;fDr (a) osQ ekè;
osx dk ifjek.k] rFkk (b) dk ekè; pky D;k gS\ (uksV % vki bl mnkgj.k ls le> losQaxs fd vkSlr pky dks
vkSlr&osx osQ ifjek.k osQ :i esa ifjHkkf"kr djus dh vis{kk le; }kjk foHkkftr oqQy iFk&yackbZ osQ :i esa ifjHkkf"kr
djuk vf/d vPNk D;ksa gS A vki Fkd dj ?kj ykSVs ml O;fDr dks ;g crkuk ugha pkgsaxs fd mldh vkSlr pky
'kwU; Fkh A)

3.15 geus vH;kl 3.13 rFkk 3.14 esa vkSlr pky o vkSlr osx osQ ifjek.k osQ chp osQ varj dks Li"V fd;k gS A ;fn
ge rkR{kf.kd pky o osx osQ ifjek.k ij fopkj djrs gSa rks bl rjg dk varj djuk vko';d ugha gksrk A rkR{kf.kd
pky ges'kk rkR{kf.kd osx osQ cjkcj gksrh gS A D;ksa \

3.16 fp=k 3.20 esa (a) ls (d) rd osQ xzkiQksa dks è;ku ls nsf[k, vkSj ns[kdj crkb, fd buesa ls dkSu&lk xzkiQ ,dfoeh;
xfr dks laHkor% ugha n'kkZ ldrk A

3.17 fp=k 3.21 esa fdlh d.k dh ,dfoeh; xfr dk x - t  xzkiQ
fn[kk;k x;k gS A xzkiQ ls D;k ;g dguk Bhd gksxk fd ;g
d.k t < 0 osQ fy, fdlh ljy js[kk esa vkSj t > 0 osQ fy,
fdlh ijoyh; iFk esa xfr djrk gS A ;fn ugha] rks xzkiQ
osQ laxr fdlh mfpr HkkSfrd lanHkZ dk lq>ko nhft, A

3.18 fdlh jktekxZ ij iqfyl dh dksbZ xkM+h 30 km/h dh
pky ls py jgh gS vkSj ;g mlh fn'kk esa 192 km/h

dh pky ls tk jgh fdlh pksj dh dkj ij xksyh pykrh
gS A ;fn xksyh dh uky eq[kh pky 150 m s-1 gS rks pksj
dh dkj dks xksyh fdl pky osQ lkFk vk?kkr djsxh \
(uksV % ml pky dks Kkr dhft, tks pksj dh dkj dks
gkfu ig¡qpkus esa izklafxd gks) A

fp=k 3.20

pky oqQy iFk&yackbZ
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(a) (b) (c)

fp=k 3.22

fp=k 3.23

fp=k 3.24

fp=k 3.25

3.19 fp=k 3.22 esa fn[kk, x, izR;sd xzkiQ osQ fy, fdlh mfpr HkkSfrd fLFkfr dk lq>ko nhft, %

3.20 fp=k 3.23 esa fdlh d.k dh ,dfoeh; ljy vkorhZ xfr osQ fy, x - t  xzkiQ fn[kk;k x;k gS A (bl xfr osQ ckjs
esa vki vè;k; 14 esa i<+saxs) le; t = 0.3 s, 1.2 s, –1.2 s  ij d.k osQ fLFkfr] osx o Roj.k osQ fpÉ D;k gksaxs \

3.21 fp=k 3.24 fdlh d.k dh ,dfoeh; xfr dk x - t

xzkiQ n'kkZrk gS A blesa rhu leku varjky fn[kk, x,
gSa A fdl varjky esa vkSlr pky vf/dre gS vkSj
fdlesa U;wure gS \ izR;sd varjky osQ fy, vkSlr osx
dk fpÉ crkb, A

3.22 fp=k 3.25 esa fdlh fu;r (fLFkj) fn'kk osQ vuqfn'k
py jgs d.k dk pky&le; xzkiQ fn[kk;k x;k gS A
blesa rhu leku le; varjky fn[kk, x, gSa A fdl
varjky esa vkSlr Roj.k dk ifjek.k vf/dre
gksxk \ fdl varjky esa vkSlr pky vf/dre gksxh \
/ukRed fn'kk dks xfr dh fLFkj fn'kk pqurs gq, rhuksa
varjkyksa esa v  rFkk a  osQ fpÉ crkb, A A, B, C, o
D fcanqvksa ij Roj.k D;k gksaxs \

p
ky
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fp=k 3.26

fp=k 3.27

vfrfjDr vH;kl
3.23 dksbZ rhu ifg;s okyk LowQVj viuh fojkekoLFkk ls xfr izkjaHk djrk gS A fiQj 10 s rd fdlh lh/h lM+d ij 1m s-2

osQ ,dleku Roj.k ls pyrk gS A blosQ ckn og ,dleku osx ls pyrk gS A LowQVj }kjk nosa lsdaM (n = 1, 2,

3........) esa r; dh xbZ nwjh dks n osQ lkiss{k vkysf[kr dhft, A vki D;k vk'kk djrs gSa fd Rofjr xfr osQ nkSjku
;g xzkiQ dksbZ ljy js[kk ;k dksbZ ijoy; gksxk \

3.24 fdlh fLFkj fyÝV esa (tks mQij ls [kqyh gS) dksbZ ckyd [kM+k gS A og vius iwjs tksj ls ,d xsan mQij dh vksj isaQdrk
gS ftldh izkjafHkd pky 49 m s–1 gS A mlosQ gkFkksa esa xsan osQ okfil vkus esa fdruk le; yxsxk \ ;fn fyÝV mQij
dh vksj 5 m s-1 dh ,dleku pky ls xfr djuk izkjaHk dj ns vkSj og ckyd fiQj xsan dks vius iwjs tksj ls isaQdrk
rks fdruh nsj esa xsan mlosQ gkFkksa esa ykSV vk,xh \

3.25 {kSfrt esa xfreku dksbZ yack i^k (fp=k 3.26) 4 km/h dh pky ls py jgk gS A ,d ckyd bl ij (i^ss osQ lkis{k)
9 km/h dh pky ls dHkh vkxs dHkh ihNs vius ekrk&firk osQ chp nkSM+ jgk gS A ekrk o firk osQ chp
50 m dh nwjh gS A ckgj fdlh fLFkj IysViQkeZ ij [kM+s ,d izs{kd osQ fy,] fuEufyf[kr dk eku izkIr dfj, A
(a) i^s dh xfr dh fn'kk esa nkSM+ jgs ckyd dh pky]
(b) i^s dh xfr dh fn'kk osQ foijhr nkSM+ jgs ckyd dh pky]
(c) cPps }kjk (a) o (b) esa fy;k x;k le; ;fn ckyd dh xfr dk izs{k.k mlosQ ekrk ;k firk djsa rks dkSu&

lk mÙkj cny tk,xk \

3.26 fdlh 200 m Å¡ph [kM+h p^ku osQ fdukjs ls nks iRFkjksa dks ,d lkFk mQij dh vksj 15 m s–1 rFkk 30 m s–1 dh
izkjafHkd pky ls iasQdk tkrk gS A bldk lR;kiu dhft, fd uhps fn[kk;k x;k xzkiQ (fp=k 3.27) igys iRFkj osQ lkis{k
nwljs iRFkj dh vkisf{kd fLFkfr dk le; osQ lkFk ifjorZu dks iznf'kZr djrk gS A ok;q osQ izfrjks/ dks ux.; ekfu,
vkSj ;g ekfu, fd tehu ls Vdjkus osQ ckn iRFkj mQij dh vksj mNyrs ugha A eku fyft, g = 10 m s–2 A xzkiQ
osQ js[kh; o oØh; Hkkxksa osQ fy, lehdj.k fyf[k, A
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fp=k 3.28

p
ky

3.27 fdlh fuf'pr fn'kk osQ vuqfn'k py jgs fdlh d.k dk pky&le; xzkiQ fp=k 3.28 esa fn[kk;k x;k gS A d.k }kjk
(a) t = 0 s ls t = 10 s, (b) t = 2 s ls 6 s osQ chp r; dh xbZ nwjh Kkr dhft, A

(a) rFkk (b) esa fn, x, varjkyksa dh vof/ esa d.k dh vkSlr pky D;k gS \

3.28 ,dfoeh; xfr esa fdlh d.k dk osx&le; xzkiQ fp=k 3.29 esa fn[kk;k x;k gS %

uhps fn, lw=kksa esa t
1
 ls t

2
 rd osQ le; varjky dh vof/ esa d.k dh xfr dk o.kZu djus osQ fy, dkSu&ls lw=k lgh

gSa %
(i) x (t

2
) = x (t

1
) + v (t

1
)(t

2 
– t

1
) + (1/2) a(t

2
 – t

1
)2

(ii) v(t
2
) = v(t

1
) + a(t

2
 – t

1
)

(iii) v
average

 = [x(t
2
) – x (t

1
)]/(t

2
 – t

1
)

(iv) a
average

 = [v(t
2
) – v (t

1
)]/(t

2
 – t

1
)

(v) x(t
2
) = x(t

1
) + v

average
 (t

2
 – t

1
) + (1/2) a

average
 (t

2
 – t

1
)2

(vi) x (t
2
) – x (t

1
) = t- v{k rFkk fn[kkbZ xbZ fcanqfdr js[kk osQ chp n'kkZ, x, oØ osQ varxZr vkus okyk {ks=kiQy A

fp=k 3.29
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ifjf'k"V 3.1

dyu osQ vo;o
vody xf.kr

^vody xq.kkad* vFkok ^vodyt* dh ladYiuk dk mi;ksx djosQ ge vklkuh ls osx rFkk Roj.k dks ifjHkkf"kr dj
ldrs gSa A ;|fi vki vodytksa osQ fo"k; esa foLrkj ls xf.kr esa vè;;u djssaxs] rFkkfi bl ifjf'k"V eas ge la{ksi esas bl
ladYiuk ls vkidks ifjfpr djk,¡xs] rkfd vkidks xfr ls lac¼ HkkSfrd jkf'k;ksa osQ o.kZu djus esa lqfo/k gks tk, A

eku yhft, gekjs ikl dksbZ jkf'k y gS ftldk eku fdlh ,dy pj x ij fuHkZj djrk gS] rFkk bl jkf'k dks ,d
lehdj.k }kjk O;Dr fd;k tkrk gS tks y dks x osQ fdlh fof'k"V iQyu osQ :i esas ifjHkkf"kr djrh gS A bls bl izdkj
fu:fir djrs gSa %

 y = f (x) (1)

bl laca/ dks iQyu y = f(x) dk xzkiQ [khapdj fp=k 3.30 (a) esa n'kkZ, vuqlkj y rFkk x dks dkrhZ; funsZ'kkad
(Cartesian coordinates) ekurs gq, Li"V :i ls ns[k ldrs gSa A

(a) (b)

fp=k 3-30

oØ y = f(x) ij ,d fcanq P ftlosQ funsZ'kkad (x, y) gSa rFkk vU; fcanq ftlosQ funsZ'kkad (x + ∆ x, y + ∆ y) gSa eku
yhft, A P rFkk Q dks feykus okyh ljy js[kk osQ <ky dks bl izdkj n'kkZ;k tkrk gS]

(2)

vc vxj fcanq Q dks oØ osQ vuqfn'k fcanq P dh vksj yk;k tkrk gS A bl izfØ;k esa ∆y rFkk ∆x ?kVrs tkrs gSa rFkk
'kwU; dh vksj vxzlj gksrs tkrs gSa] ;|fi budk vuqikr

 x

 y
 
∆

∆ vfuok;Z :i ls yqIr ugha gksxk A tc ∆y→0, ∆x→0 gS]
rc js[kk PQ dk D;k gksxk \ vki ;g ns[k ldrs gSa fd ;g js[kk fp=k 3.30 (b) esa n'kkZ, vuqlkj oØ osQ fcanq P ij
Li'kZ js[kk cu tkrh gS A bldk ;g vFkZ gqvk fd tan θ fcanq P ij Li'kZ js[kk osQ <ky osQ ln`'k gksrk tkrk gS A bls
m }kjk fufnZ"V fd;k tkrk gS]

                                   
x 0 0

( )
lim lim

x

y y y y
m

x x∆ → ∆ →

∆ + ∆ −
= =

∆ ∆
(3)

vuqikr ∆y/∆x dh lhek] tSls&tSls ∆x 'kwU; dh vksj c<+rk tkrk gS] x osQ lkis{k y dk vodyt dgykrk gS rFkk
bls dy/dx fy[krs gSa A ;g oØ y = f(x) osQ fcanq (x, y) ij Li'kZ js[kk osQ <ky dks fu:fir djrk gS A

pw¡fd y = f(x) rFkk y + ∆ y = f (x + ∆x)] ge vodyt dh ifjHkk"kk bl izdkj fy[k ldrs gSa %
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uhps iQyuksa osQ vodytksa osQ fy, oqQN izkFkfed lw=k fn, x, gSa A buesa u (x) rFkk v (x)] x osQ ;kn`fPNd iQyuksa dk
fu:i.k djrs gSa rFkk a vkSj b fu;r jkf'k;ksa dks fufnZ"V djrs gSa] tks x ij fuHkZj ugha djrha A oqQy lkekU; iQyuksa osQ
vodytksa dh lwph Hkh nh xbZ gS A

x

u
a

x

u

d

d

d

) (a d
= ;

d d d
= .

d d d

u u x

t x t
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d

 d(
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d
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=

( ) xx 
x
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d

d
= ; ( )d

cos – sin
d

x x
x

=

2d
(tan ) sec

d
x x

x
= ;

2d
(cot ) – cosec  

d
x x

x
=

x xx
x

 sec tan ) (sec
 d

d
= ; 2d

(cosec ) – cot   co sec 
d

x x x
x

=

x

u
u nu

x
nn

d

d
)(

d

d 1–= ;
d 1

ln 
d

( u)
u u

=

d
( )

d
u ue e

u
=

vodyuksa osQ inksa esa rkR{kf.kd osx rFkk Roj.k dh ifjHkk"kk bl izdkj djrs gSaµ

t

x

t

x
 v

t d

d
lim

0
=

∆
∆

=
→∆

2

20

d d
lim  

d dt

v v x
a

t t t∆ →

∆
= = =

∆
lekdyu&xf.kr

{ks=kiQy dh /kj.kk ls vki HkyhHkk¡fr ifjfpr gSa A oqQN ljy T;kferh; vko`Qfr;ksa osQ {ks=kiQy osQ fy, lw=k Hkh
vkidks Kkr gSa A mnkgj.k osQ fy,] fdlh vk;r dk {ks=kiQy mldh yackbZ vkSj pkSM+kbZ dk xq.kuiQy] rFkk f=kHkqt dk
{ks=kiQy mlosQ vk/kj rFkk 'kh"kZyaac osQ xq.kuiQy dk vk/k gksrk gS A ijarq fdlh vfu;fer vko`Qfr dk {ks=kiQy Kkr djus
dh leL;k ij oSQls fopkj fd;k tk, \ ,slh leL;kvksa dks gy djus osQ fy, lekdyu dh xf.krh; /kj.kk vko';d gS A

vkb,] vc ge ,d izR;{k mnkgj.k yssrs gSaA eku yhft, xfr djrs fdlh d.k ij x-v{k osQ vuqfn'k x= a ls x =

b rd dksbZ pj cy f (x) dk;Z djrk gS A gekjh leL;k ;g gS fd bl cy }kjk d.k dh xfr dh vof/ esa fd;k x;k
dk;Z (W) oSQls Kkr fd;k tk, A bl leL;k ij vè;k; 6 esa foLrkj ls ppkZ dh xbZ gS A
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fp=k 3.31 esa x osQ lkFk f (x) esas ifjorZu n'kkZ;k x;k gS A ;fn cy vpj gksrk] rks fd;k x;k dk;Z fp=k 3.31

(i) esa n'kkZ, vuqlkj ek=k {ks=kiQy f (b-a) gksxk A ijarq O;kid izdj.kksa esa] cy pj gksrk gS A

fp=k 3-31

bl oØ ¹fp=k 3.31 (ii)º osQ uhps osQ {ks=kiQy dk ifjdyu djus osQ fy, ,d ;qfDr djrs gSa tks fuEufyf[kr gS A
x-v{k ij a ls b rd osQ varjky dks la[;k eas cgqr vf/d (N) y?kq&varjkyksa esa foHkkftr dj ysrs gSa] tks bl izdkj
gSa % x

0
 (=a) ls x

1
 rd] x

1
 ls x

2
 rd] x

2
 ls x

3
 rd]-------x

 N-1 
ls x

N
 (=b) rd A bl izdkj oØ osQ uhps dk oqQy

{ks=kiQy N if^;ksa esa foHkkftr gks tkrk gS A izR;sd i^h lfUudVr% vk;rkdkj gS] pw¡fd fdlh i^h ij F(x) esa ifjorZu
ux.; gS A fp=k 3.31 (ii) esas n'kkZ;h xbZ ioha i^h dk lfUudVr% {ks=kiQy rc gksxk]

xxFxxxFA iiiii ∆==∆ )()–)(( 1–

;gk¡ ∆x i^h dh pkSM+kbZ gS tks geus lHkh if^;ksa osQ fy, leku yh gS A vki my>u esa iM+ ldrs gSa fd bl O;atd
esa gesa F(x

i-1
) fy[kuk pkfg, vFkok F(x

i
) rFkk F(x

i-1
) dk ekè; fy[kuk pkfg, A ;fn la[;k N dks cgqr&cgqr cM+h

(N→∞) ysa] rks fiQj bldk dksbZ egÙo ugha jgsxk A D;ksafd rc if^;k¡ bruh iryh gksaxh fd F(x
i
) rFkk F(x

i-1
) osQ chp

dk varj bruk de gksxk fd mls ux.; ekuk tk ldrk gS A rc oØ osQ uhps dk oqQy {ks=kiQy]

∑∑
==

∆=∆=
N

i

i

N

i

i xxFAA

11

)(

bl ;ksx dh lhek dks] tc N→∞ gks] a ls b rd F(x) dk x ij lekdyu dgrs gSa A bls ,d fo'ks"k izrhd fn;k
x;k gS ftls uhps n'kkZ;k x;k gSµ

∫=

b

a

dxxFA )(

lekdyu&fpÉ  ∫∫∫∫∫ foLrkfjr  S tSlk fn[kkbZ nsrk gS A ;g gesa ;kn fnykrk gS fd ewy :i ls ;g vla[; inksa osQ ;ksx
dh lhek gS A

,d vR;ar egÙoiw.kZ xf.krh; rF; ;g gS fd lekdyu] oqQN vFkksZ essa vodyu dk O;qRØe gS A eku yhft, gekjs

ikl dksbZ iQyu g (x) gS ftldk vodyu f (x) gS] rc 
dx

xdg
xf

)(
)( =

iQyu g (x) dks f (x) dk vfuf'pr lekdy dgrs gSa rFkk bls bl izdkj fufnZ"V fd;k tkrk gS

∫= dxxfxg )()(
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dksbZ lekdy ftldh fuEu lhek rFkk mPp lhek Kkr gks] fuf'pr lekdy dgykrk gS A ;g dksbZ la[;k gksrh gS A
vfuf'pr lekdy dh dksbZ lhek ugha gksrh A ;g ,d iQyu gksrk gS A mijksDr izdj.k osQ fy, xf.kr dh ,d ewy izes;
crkrh gS fd

)(–)()()( agbg xgdx xf
b

a

b

a

≡=∫
mnkgj.k osQ fy,] eku yhft, f (x) = x2] rFkk ge x = 1 ls x = 2 rd blosQ fuf'pr lekdy dk eku Kkr djuk pkgrs
gSaA og iQyu f (x) ftldk vodyu x2 gksrk gS] x3/3 gSA vr%

3

7

3

1
–

3

8
2

1

2

1

2 ===∫  
3

x
dx x

3

Li"V gS fd fuf'pr lekdyksa dk ewY;kadu djus osQ fy, gesa mlosQ rnuq:ih vfuf'pr lekdyksa dks tkuuk vko';d gSA oqQN
lkekU; vfuf'pr lekdy bl izdkj gSaµ

  

        

vody xf.kr rFkk lekdyu xf.kr dk vkjafHkd Kku dfBu ugha gS rFkk ;gk¡ vkidks dyu dh ewy /kj.kkvksas ls ifjfpr
djkus dk iz;kl fd;k x;k gS A
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