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2

ljy jSf[kd xfr

ge vius pkjksa vksj vusd oLrqvksa dks pyrs gq, ns[krs gSaA euq";ksa] i'kqvksa] okguksa dks Hkwfe
ij pyrs gq, ns[k ldrs gSaA eNyh] esa<d rFkk vU; tyh; i'kq ty esa rSjrs gq, ns[ks tk
ldrs gSaA i{kh ,oa ok;q;ku gok esa xfr djrs gSaA ;|fi gesa vuqHko ugha gksrk ij ftl
i`Foh ij ge jgrs gSa og Hkh vius v{k ij ?kwerh gqbZ lw;Z dh ifjØek djrh gSA vr%
;g fcYoqQy Li"V gS fd ge ,d xfreku fo'o esa jg jgs gSaA blfy, vius pkjksa vksj
osQ HkkSfrd fo'o dks le>us osQ fy, xfr osQ ckjs esa vè;;u djuk cgqr vko';d gSA
;g xfr ,d js[kk esa (1D)] ,d ry esa (2D) ;k varfj{k esa (3D) gks ldrh gSA ;fn oLrq
dh xfr osQoy ,d fn'kk esa gks rks mls ^ljy js[kh; xfr* dgrs gSaA mnkgj.kkFkZ]
lh/h lM+d ij dkj dk pyuk] lh/h jsy dh iVjh ij jsy dk pyuk] eqDr #i ls fxjrh
gqbZ oLrq dh xfr] fyÝV dk pyuk rFkk lhèks Vªsd ij /kod dk nkSM+uk vkfnA

bl ikB esa vki ljy js[kh; xfr osQ ckjs esa vè;;u djsaxsA vkxkeh ikBksa esa vki xfr osQ
fu;eksa] lery esa xfr ,oa vU; izdkj dh xfr;ksa dk vè;;u djsaxsA vki vodyu vkSj
lekdyu dh ladYiukvksa ds fo"k; esa Hkh vè;;u djsaxsA

mís';

bl ikB dk vè;;u djus osQ i'pkr vki

nwjh ,oa foLFkkiu rFkk pky ,oa osx esa Hksn dj losaQxs_

vodyu ,oa lekdyu dh ladYiukvksa dk vè;;u dj ldsaxs_

rkR{kf.kd osx] lkis{k osx ,oa vkSlr osx dh O;k[;k dj losaQxs_

Roj.k ,oa rkR{kf.kd Roj.k dks ifjHkkf"kr dj losaQxs_

,dleku ,oa vleku xfr;ksa osQ osx&le; vkjs[k dh O;k[;k dj losaQxs_

,dleku Roj.k osQ lkFk xfr lacaèkh lehdj.kksa dks O;qRiUu dj losaQxs_

xq#Ro cy osQ vUrxZr xfr dk o.kZu dj losaQxs] ,oa

xfr osQ lehdj.kksa ij vk/kfjr vkafdd iz'uksa dks gy dj losaQxsA
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2-1 pky ,oa osx (Speed and Velocity)

vkius viuh iwoZorhZ d{kkvksa esa vè;;u fd;k gS fd fdlh oLrq }kjk r; fd;s x, iFk
dh oqQy yackbZ mlosQ }kjk pfyr nwjh dgykrh gS tcfd oLrq dh vkjafHkd vkSj vfUre
fLFkfr osQ chp dk varj foLFkkiu dgykrk gSA foLFkkiu ewyr% nks fLFkfr;ksa osQ chp vYire
nwjh gS] ftldh ,d fuf'pr fn'kk gksrh gSA bl izdkj foLFkkiu ,d lfn'k jkf'k gS tcfd
nwjh vfn'k jkf'k gSA vkius ;g Hkh lh[kk gksxk fd le; osQ lkFk nwjh esa gksus okys ifjorZu
dh nj pky dgykrh gS tcfd oLrq osQ foLFkkiu dh nj osx dgykrh gSA ,d ljy js[kh;
xfr esa lfn'k jkf'k osQ fn'kk lacaèkh igywvksa dks $ vkSj & fpg~uksaa }kjk n'kkZ;k tkrk gSA vr%
,dfoeh; xfr esa foLFkkiu] osx ,oa Roj.k tSlh lfn'k jkf'k;ksa dks fu#fir djus osQ fy,
gesa lfn'k laosQrksa dh vko';drk ugha iM+rh gSA

2-1-1 vkSlr osx

tc dksbZ fiaM dksbZ nwjh vyx&vyx osxksa ls pyrk gqvk r; djrk gS rks bldh xfr dks
vkSlr osx }kjk fufnZ"V fd;k tkrk gSA fdlh fiaM dk vkSlr osx foLFkkiu&ifjorZu dh
nj osQ #i esa ifjHkkf"kr fd;k tkrk gSA ;fn x

1 
,oa x

2
 le; t

1
 ,oa t

2
 esa fi.M dh fLFkfr;k¡

gks rks xf.krh; #i ls ge vkSlr osx dks fuEu izdkj fn[kk ldrs gSaA

v =
foLFkkiu

foLFkkiu eas yxk le;

= 2 1

1 1

x x

t t

−
−

 = 
x

t

Δ
Δ

(2.1)

tgk¡ fLFkfr ifjorZu x
2
 – x

1
 dks Δx ls ,oa blosQ laxr le; ifjorZu t

2
 – t

1
 dks Δt ls bafxr

fd;k x;k gSA ;gk¡ ij v  (osx osQ laosQr osQ Åij ,d NksVh js[kk) osx osQ vkSlr eku
dk ,d ekud laosQr gSA vkSlr osx dks  v

av
 Hkh fy[kk tk ldrk gSA fdlh oLrq dh vkSlr

pky izkIr djus osQ fy, mlosQ }kjk pyh x;h oqQy nwjh dks ;g nwjh pyus esa fy, x;s
oqQy le; ls foHkkftr fd;k tkrk gSA

vr% vkSlr pky = 
r; dh x;h oQq y njw h

fy;k  x;k  oQq y le;
(2.2)

;fn ljy js[kh; xfr ,d nwjh r; djus esaa ,d fuf'pr fn'kk esa gks rks vkSlr pky ,oa
vkSlr osx osQ ifjek.k dk eku cjkcj gksrs gSaA ysfdu lnSo ,slk ugha gksrk (nsf[k;s mnkgj.k
2-2) fuEu mnkgj.kksa dh lgk;rk ls vki vkSlr pky vkSj vkSlr osx esa vUrj dks le>
ik;saxsA

mnkgj.k 2.1 :  x-v{k osQ vuqfn'k xfr dj jgs fdlh fiaM dh fLFkfr dk lehdj.k
x = 20t2 gSa] tgk¡ t le; gS vkSj bldh bdkbZ lsoaQM gS vkSj fLFkfr dks x }kjk fu#fir
fd;k x;k gSA 3s ls 4s osQ le;&varjky esa oLrq osQ vkSlr osx dk ifjdyu dhft,A
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gy : fn;k gS

x = 20t2

è;ku nsa x dk ek=kd ehVj vkSj t dk ek=kd lsoaQM gSA bldk vFkZ ;g gqvk fd lekuqikrkad
(20) dh foe m s–2 gSA

ge tkurs gSa fd vkSlr osx fuEufyf[kr lacaèk }kjk izkIr gksrk gSA

v = 2 1

1 1

x x

t t

−
−

D;ksafd t
1
 = 3s,

x
1

= 20 × (3)2

= 20 × 9 = 180 m

blh izdkj, t
2

= 4 s

x
2

= 20 × (4)2

= 20 × 16 = 320 m

∴ v = 2 1

1 1

(320 180) m 140 m

(4 3)s 1s

x x

t t

− −= =
− −

 = 140 ms–1

vr% vkSlr osx = 140 ms–1

mnkgj.k 2.2 : ,d vkneh 300 ehVj osQ o`Ùkkdkj VªSd ij nkSM+rk gS rFkk 200 lsoaQM esa
okil izkjafHkd LFkku ij vk tkrk gSA O;fDr dh vkSlr pky vkSj vkSlr osx D;k gS\

gy : fn;k gS

VªSd dh yEckbZ = 300 m.

bl yackbZ dks r; djus esa yxk le; = 200 s

vr% vkSlr pky = 
oQq y r; dh x;h  nwjh

nwjh r; dju s eas yxk le;

= 
300

200
 ms–1 = 1.5 ms–1

D;ksafd vkneh okil mlh LFkku ij vk tkrk gSA

vr% foLFkkiu = 0] blfy, vkSlr osx Hkh 'kwU; gqvkA

è;ku nsa fd mijksDr mnkgj.k esa vkSlr pky ifjek.k esa vkSlr osx osQ cjkcj ugha gSA D;k
vki dkj.k tkurs gSa\

2-1-2 vkisf{kd osx

tc ge ;g dgrs gSa fd ,d cSyxkM+h 10 fdyksehVj izfr ?kaVk dh xfr ls nf{k.k dh
vksj tk jgh gS rks bldk vFkZ ;g gqvk fd xkM+h vius izkjafHkd LFkku ls nf{k.k fn'kk dh
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vksj pyrh gS vkSj 1 ?kaVs esa 10 fdyksehVj dh nwjh r; djrh gSA blosQ fy, gesa ,d
lanHkZ fcanq dh vko';drk gksrh gSa okLro esa fdlh oLrq dk osx lnSo fdlh nwljh] oLrq
dh rqyuk esa fuf'pr fd;k tkrk gSA vr% osx ,d lkis{k jkf'k gSA

,d oLrq A ,d nwljh oLrq B osQ lkis{k viuh fLFkfr cny jgh gSA mnkgj.k osQ fy, ;fn
v

A
 vkSj v

B
 ,d ljy js[kk esa py jgs nks fudk;ksa (oLrqvksa) osQ osx gksa rks A dh rqyuk esa

B dk vkisf{kd osx (v
B
– v

A
) gksxkA

,d oLrq dh vkisf{kd fLFkfr esa nwljh oLrq osQ lkis{k ifjorZu nj dks nwljh oLrq osQ
lkis{k igyh oLrq dk vkisf{kd osx dgrs gSaA

vkisf{kd osx dk egRo

,d oLrq dh fLFkfr ,oa osx fdlh nwljh oLrq osQ lkis{k fuf'pr fd;k tkrk gSA ;fn
lanHkZ osQ fy, pquh xbZ oLrq fLFkj gks rks oLrq dh xfr dk o.kZu vklkuh ls fd;k
tk ldrk gSA bl ikB esa vki 'kq¼xfrd lehdj.kksa osQ ckjs esa tkusaxsA ysfdu ;fn
lanHkZ osQ fy, pquh xbZ oLrq Hkh xfr dj jgh gks rks ,slh fLFkfr esa D;k gksrk gS\ bl
izdkj dh xfr ,d fLFkj izs{kd dks f}fudk; ra=k dh xfr izrhr gksrh gSA vkisf{kd xfr
dh vo/kj.kk }kjk bls vklkuh ls le>k tk ldrk gSA

ekuk nks oLrqvksa A vkSj B dh izkjafHkd fLFkfr;k¡ x
A
(0) vkSj x

B
(0) gSaA ;fn èkukRed x-

v{k dh vksj oLrq A  osx v
A  
,oa oLrq B osx v

B
 ls xfr djrh gSa rks  t lsdUM osQ

i'pkr mudh fLFkfr;k¡ fuEuor~ gksaxhA

x
A
(t) = x

A
(0) + v

A
t

x
B
(t) = x

B
(0) + v

B
t

vr% B dk A ls vkisf{kd i`Fkdu (nwjh)

x
BA

(t) = x
B
(t) – x

A
(t) = x

B
(0) – x

A
(0) + (v

B
 – v

A
) t

= x
BA

(0) + v
BA

t

tgk¡ v
BA

 = (v
B
 – v

A
) A osQ lkis{k B dk vkisf{kd osx dgykrk gSA bl izdkj vkisf{kd

osx dh vo/kj.k osQ iz;ksx }kjk f}fudk;h leL;k dks ,dy fudk;h leL;k esa
#ikUrfjr fd;k tk ldrk gSA

mnkgj.k 2.3 : ,d jsyxkM+h A mÙkj ls nf{k.k dh vksj ,d lh/h iVjh ij 60 km h–1 dh
xfr ls py jgh gSA nwljh jsyxkM+h 70 km h–1 dh xfr ls nf{k.k ls mÙkj dh vksj vk jgh
gSA A osQ lkis{k B jsyxkM+h dk osx D;k gS\

gy : nf{k.k ls mÙkj dh fn'kk dks èkukRed eku ysus ij gesa izkIr gksxk

jsyxkM+h B dk osx (v
B
) = + 70 km h–1
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vkSj jsyxkM+h A dk osx (v
A
) = – 60 km h–1

vr% jsyxkM+h A osQ lkis{k jsyxkM+h B dk osx

= v
B
 – v

A

= 70 – (– 60) = 130 km h–1.

mijksDr mnkgj.k esa vkius ns[kk fd ,d jsyxkM+h osQ lkis{k nwljh jsyxkM+h vkisf{kd osx
muosQ lacafèkr osxksa osQ ;ksx osQ cjkcj gksrk gSA blfy, vkidh jsyxkM+h ls foijhr fn'kk
esa pyus okyh jsyxkM+h cgqr rsth ls py jgh izrhr gksrh gSA ysfdu ;fn nwljh jsyxkM+h
leku fn'kk esa py jgh gks rks mldh xfr cgqr èkheh izrhr gksrh gSA

2-1-3 Roj.k

cl ;k dkj esa ;k=kk djrs le; vkius è;ku fn;k gksxk fd mldh pky dHkh rst o dHkh
èkheh gks tkrh gSA ;kfu mlosQ osx esa ifjorZu gksrk jgrk gSA tSlk fd osx dks fLFkfr osQ
ifjorZu dh le; nj ls ifjHkkf"kr fd;k tkrk gS] oSls gh Roj.k dks osx osQ ifjorZu dh
le; nj ls ifjHkkf"kr fd;k tkrk gSA Roj.k ,d lfn'k jkf'k gS vkSj bldk ek=kd
ms–2 gSA ,d&foeh; xfr esa Roj.k osQ fy;s fdlh lfn'k vadu dh vko';drk ugha gksrh
tSlk fd osx osQ lanHkZ esa crk;k tk pqdk gSA
fdlh oLrq dk vkSlr Roj.k fuEu izdkj O;Dr fd;k tk ldrk gS

vkSlr Roj.k ( a ) = 
vfa re oxs & vkjafHkd osx

oxs  ifjoruZ  oQs  fy;s  fy;k  x;k  le;

a = 2 1

1 1

v v v

t t t

− Δ=
− Δ

(2.3)

,d foeh; xfr esa tcfd Roj.k mlh fn'kk esa gks ftlesa fd xfr ;k osx gS rks Roj.k dh
fn'kk èkukRed gksrh gSA Roj.k xfr dh foijhr fn'kk esa Hkh gks ldrk gS ,slh fLFkfr esa
Roj.k dks ½.kkRed ekuk tkrk gSA ftls izk;% eanu (retardation) dgk tkrk gSA vr% ge
dg ldrs gSa fd Roj.k osx o`f¼ dh le; nj gS vkSj eanu osx àkl dh le; nj gSA

mnkgj.k 2.4 : iwoZ dh vksj xfr'khy dkj dk osx 3s esa 0 ls 12 ms–1 gks tkrk gSA vkSlr
Roj.k dh x.kuk dhft,A

gy : fn;k gS]
v

1
= 0 m s–1

v
2

= 12 m s–1

t = 3.0 s

a = 
–1(12.0 ms ) 

3.0s
= 4.0  m s–2
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ikBxr iz'u 2-1

1. D;k ;g laHko gS fd fdlh fn;s x;s le; varjky esa fdlh xfr'khy oLrq dh vkSlr
pky 'kwU; u gks ysfdu vkSlr osx 'kwU; gks\ ;fn gk¡ rks bl dks mnkgj.k }kjk
le>kb;sA

2. ,d efgyk 8 fdyksehVj izfr ?kaVk dh pky ls cktkj xbZA cktkj dks can ikdj og
vius ?kj 10 fdyksehVj izfr ?kaVk dh pky ls ykSV vk;hA ;fn mlosQ ?kj ls cktkj
2 fdyksehVj nwj gks mldh vkSlr pky vkSj vkSlr osx Kkr dhft,A

3. D;k ,d xfr'khy oLrq dk nwljh xfr'khy oLrq dh rqyuk esa vkisf{kd osx 'kwU; gks
ldrk gS\ ,d mnkgj.k nhft,A

4. ,d O;fDr ,d jsyxkM+h osQ vUnj 1.0 m s–1 osQ osx ls jsyxkM+h dh xfr dh fn'kk
esa py jgk gSA ;fn jsyxkM+h dk osx 3.0 m s–1 gks rks

(a) jsyxkM+h esa cSBs dks O;fDr dks mldk osx fdruk izrhr gksxk\

(b) IysViQkeZ ij cSBs O;fDr osQ lkis{k ml dk osx D;k gksxk\

2.2 fLFkfr le; xzkiQ (Position - Time Graph)

;fn vki ,d xsan dks tehu ij yq<+dkrs gSa rks
vki ns[ksxsa fd fofHkUu le; ij xsan dh fofHkUu
fLFkfr;k¡ gksrh gSaA fofHkUu {k.kksa vkSj rnuqlkj xsan
dh fofHkUu fLFkfr;ksa dh ewy fcanq ls nwfj;ksa dks
xzkiQ ij izdV djus ls gesa ,d fuf'pr js[kk
izkIr gksrh gSA bl izdkj dh js[kk dks fLFkfr&le;
xzkiQ dgrs gSaA lkekU;r% le; x–v{k ij n'kkZrs
gSa vkSj oLrq dh fLFkfr y–v{k ij n'kkZrs gSaA

vc ge ewy fcanq ls 20 ehVj nwj fojke voLFkk
esa oLrq osQ fy;s ,d fLFkfr&le; xzkiQ [khaprs
gSaA oLrq dh fLFkfr 1s, 2s, 3s, 4s vkSj 5s osQ ckn
D;k gksxh\ vki ik;saxs fd vkys[k le; v{k osQ
lekUrj lh/h js[kk gS tSlk fp=k 2-1 esa fn[kk;k x;k gSA

2-2-1 ,dleku xfr osQ fy;s ^fLFkfr&le; xzkiQ*

vkb;s vc ge ,d vU; ifjfLFkfr ij fopkj djsaA ftlesa ,d oLrq leku le; varjky
esa leku nwjh r; djrh gSA mnkgj.k osQ fy;s ;fn oLrq izR;sd 1 lsoaQM esa 10 m dh nwjh
r; djrh gSaA ;fn ge 5 lsoaQM rd gqbZ xfr dk vè;;u djsa rks fofHkUu le; ij oLrq
dh fLFkfr fuEu lkj.kh osQ vuqlkj n'kkZ;h tk;sxhA

fp=k. 2.1 : fojke voLFkk esa oLrq dk
fLFkfr&le; xzkiQ
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le; (t) lsdUM esa 1 2 3 4 5

fLFkfr (x) ehVj esa 10 20 30 40 50

bu vkadM+ksa dk vkys[k cukus osQ fy,
x–v{k ij le; yhft, ftlesa 1cm

dks 1 lsoaQM ekfu, vkSj fLFkfr dks y–

v{k ij yhft, ftlesa 1cm dks 10
ehVj osQ cjkcj ekfu,A ^fLFkfr&le;
xzkiQ* fp=k 2-2 osQ leku gksxkA

xzkiQ ,d lh/h js[kk gS tks fd x–v{k
ls ,d dks.k θ cukrh gSA ,slh xfr
ftlesa xfr'khy oLrq dk osx vpj jgs
,dleku xfr dgykrh gSA bldk fLFkfr
le; xzkiQ le; v{k ij >qdh gqbZ
(,d dks.k cukrh gqbZ) ljy js[kk osQ
#i esa gksrk gSA

nwljs 'kCnksa esa ge dg ldrs gSa fd tc xfr'khy oLrq leku le; varjky esa leku nwfj;k¡
r; djrh gS rks mldh xfr ,dleku xfr dgykrh gSA

2-2-2 vleku xfr osQ fy;s ^fLFkfr&le; xzkiQ*

vkb;s vc ge ,d jsyxkM+h dk mnkgj.k ysa tks ,d LVs'ku ls pyrh gS] xfr idM+rh gS rFkk
oqQN vof/ rd ,dleku osx ls pyrh gS vkSj nwljs LVs'ku ij #dus ls iwoZ èkheh gks tkrh
gSA bl mnkgj.k esa vki ns[ksaxs fd le;
osQ leku varjkyksa esa r; dh x;h nwfj;k¡
leku ugha gSaA bl izdkj dh oLrqvksa osQ
fy;s ^fLFkfr&le;* xzkiQ* fp=k 2-3 esa
fn[kk;k x;k gSA

è;ku ns a fd Rofjr xfr osQ fy;s
^fLFkfr&le; xzkiQ* ,d lrr oØ gSA
vr% oLrq osx esa fujarj ifjorZu gks jgk
gSA ,slh fLFkfr esa vR;ar NksVs le;
varjky esa vkSlr ;k rkR{kf.kd osx dks
ifjHkkf"kr djuk mi;qDr gSA vkb;s ,slk
djuk lh[ksaA

fp=k 2.2 : ,d leku xfr osQ fy;s
fLFkfr&le;&xzkiQ

fp=k 2.3 : Rofjr xfr dk lrroØ osQ #i esa
fLFkfr le; xzkiQ
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2-2-3 ^fLFkfr&le; xzkiQ dh O;k[;k

tSlk fd vkius ns[kk fd fofHkUu xfr'khy oLrqvksa dk ^fLFkfr&le; xzkiQ* fofHkUu gks
ldrk gSA ;fn ;g le; v{k osQ lekUrj lh/h js[kk gS rks vki dg ldrs gSa fd oLrq
fojke voLFkk esa gSA (fp=k 2-1)A ysfdu ;fn lh/h js[kk le; v{k dh vksj >qdh gS rks
;g n'kkZrk gS fd pky ,dleku gS (fp=k 2-2)

(a) fLFkfr&le; xzkiQ ls osx : ^fLFkfr le; xzkiQ dh lh/h js[kk dk <ky xfr'khy oLrq
dk osx crkrk gSA <ky dk fuèkkZj.k djus osQ fy;s ljy js[kk ij (fp=k 2-2) dksbZ nks fcanq
(A vkSj B)  pqfu, rFkk y–v{k rFkk x–v{k osQ lekUrj js[kk [khap dj f=kHkqt cukb;sA bl
izdkj oLrq dk vkSlr osx fuEufyf[kr gSA

v  = 2 1

2 1

x x

t t

−
−

 = 
x

t

Δ
Δ  = 

BC

AC
(2.4)

vr% oLrq dk osx ljy js[kk AB osQ <ky osQ cjkcj gSA

blls irk pyrk gS fd ^fLFkfr&le; xzkiQ n'kkZus okyh lh/h js[kk dk ftruk <ky (Δx/

Δt) gksxk mruk gh vf/d oLrq dk osx gksxkA è;ku jgs fd {kSfrt js[kk osQ lkFk ljy js[kh;
xzkiQ }kjk cuk, x;s dks.k dh Li'kZT;k (tangent) mlosQ <ky dk eki gSA

vFkkZr~ tan θ = 
x

t

Δ
Δ

xzkiQ ij fdUgha nks fLFkfr;ksa osQ vUrjky Δx o laxr le;ksa
osQ vUrjky Δt dk mi;ksx <ky fudkyus vkSj bl izdkj
bl le; varjky esa vkSlr osx dk eku izkIr djus esa
fd;k tk ldrk gSA

mnkgj.k 2.5 : nks oLrqvksa A vkSj B dk fLFkfr&le; xzkiQ
fp=k 2-4 esa n'kkZ;k x;k gSA buesa ls fdldk osx vf/d gS\

gy : oLrq A dk osx vf/d gS D;ksafd oLrq A osQ
fy;s xzkiQ dk <ky vf/d gSA

([k) rkR{kf.kd osx (Instantaneous velocity) :
tSlk fd vkius lh[kk fd lh/h js[kk esa osx izR;sd
{k.k leku jgrk gS ysfdu vleku xfr osQ izdj.k
esa ^fLFkfr&le;&xzkiQ* oØ js[kk osQ #i esa vkrk gS
tSlk fd fp=k 2-5 esa n'kkZ;k x;k gSA p;u fd;s x;s
le; vUrjkyksa osQ vkdkj ij <ky ;k vkSlr osx
fHkUu&fHkUu gksrk gSA bl izdkj osQ izdj.kksa esa fdlh
le; ;k fLFkfr esa oLrq dk osx rkR{kf.kd osx
dgykrk gSA

fp=k 2.4 :

fp=k 2.5 : vleku xfr osQ fy;s
fLFkfr le; oØ



 43HkkSfrdh

ljy jSf[kd xfr ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

è;ku nsa fd Δt le; vUrjky esa vkSlr osx v fuEuor gksrk gSA v  = 
x

t

Δ
Δ . tc Δt dk eku

U;wu ls U;wu fd;k tkrk gS rks vkSlr osx Øe'k% rkR{kf.kd osx osQ cjkcj gks tkrk gSA

Δt → 0 lhek ysus ij ml js[kk dk <ky 
x

t

Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠

 tks ml fcanq ij oØ dh Li'kZT;k gksrh

gS rkR{kf.kd osx crkrk gSA rFkkfi ,d leku xfr osQ fy;s vkSlr vkSj rkR{kf.kd cjkcj
gksrk gSA

mnkgj.k 2.6 : ,d oLrq dh 20 lsoaQM rd xfr osQ fy;s ^fLFkfr le; xzkiQ* fp=k 2-6
esa n'kkZ;k x;k gSa crykb, fd oLrq }kjk fuEufyf[kr le; vUrjkyksa esa fdruh xfr ls
fdruh nwjh r; dh x;h\

(i) 0 lsoaQM ls 5 lsoaQM] (ii) 5 lsoaQM ls 10 lsoaQM] (iii) 10 lsoaQM ls 15 lsoaQM] (iv)

15 lsoaQM ls 17-5 lsoaQM\ 20 lsoaQM osQ lEiw.kZ le; dky esa oLrq dh vkSlr pky D;k
gksxh\

fp=k 2-6% fLFkfr&le; xzkiQ

gy :
i) 0 lsoaQM ls 5 lsoaQM osQ nkSjku r; dh x;h nwjh = 4 m

pky  = 
njw h

le;
 =  

4

5 – 0
 = 0.8 ms–¹

ii) 5 lsoaQM ls 10 lsoaQM osQ nkSjku r; dh x;h nwjh = 12 – 4 = 8 m

pky = 
–112 – 4 8

1.6 ms
10 – 5 5

= =

iii) 10 ls 15 lsoaQM osQ nkSjku r; dh x;h nwjh = 12 – 12 = 0

 ∴pky = 
0

5
 = 0

iv) 15 lsoaQM ls 17.5 lsoaQM osQ nkSjku r; dh x;h nwjh = 12 m

∴ pky = 
njw h

le;
 = 

12 m

2.5 s
 = 4.8 m s–1

vc vki viuh izxfr tk¡pus osQ fy;s fuEu iz'uksa oQks gy dhft,A
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ikBxr iz'u 2.2

1. 'kwU; Roj.k dh xfr osQ fy;s ^fLFkfr&le; xzkiQ* cukb,A

2. fuEufyf[kr fp=k esa nks fo|kfFkZ;ksa A vkSj B dk foLFkkiu&le; xzkiQ n'kkZ;k x;k gS tks
vius fo|ky; ls pyrs gSa vkSj vius ?kj ig¡qprs gSaA xzkiQksa dks è;ku ls ns[ksa vkSj fuEu
iz'uksa osQ mÙkj nsaA

(i) D;k os ,d gh le; fo|ky; ls pyrs gSa\

(ii) dkSu fo|ky; ls vfèkd nwjh ij
jgrk gS\

(iii) D;k nksuksa vius&vius ?kj ,d gh
le; ij igq¡prs gSa\

(iv) dkSu vf/d rst pyrk gS\

(v) os fo|ky; ls fdruh nwjh ij
,d nwljs dks ikj djrs gSa\

3. fdu ifjfLFkfr;ksa esa vkSlr osx
rkR{kf.kd osx osQ cjkcj gksrk gS\

4. fuEu xzkiQ esa ls dkSu lk laHko
ugha gS\ dkj.k lfgr mÙkj nhft,A

            (a)                        (b)

2-3 osx&le; xzkiQ

fLFkfr&le; xzkiQ dh Hkk¡fr ge osx&le; xzkiQ cuk ldrs gSa\ osx&le; xzkiQ cukus osQ
fy, lkekU;r% le; dks x–v{k rFkk osx dks y–v{k ij fy;k tkrk gSA

2-3-1 ,dleku xfr osQ fy;s osx&le; xzkiQ

tSlk fd vki tkurs gSa fd ljy j[kh; ,dleku xfr esa oLrq dk osx vpj jgrk gS vFkkZr~
le; esa ifjorZu osQ lkFk osx esa dksbZ ifjorZu ugha gksrkA bl izdkj dh ,dleku xfr
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osQ fy;s osx&le; xzkiQ le; v{k osQ lekUrj ljy js[kk osQ #i esa gksrk gSA tSlk fd
fp=k 2-6 esa n'kkZ;k x;k gSA

2-3-2 vleku xfr osQ fy;s osx&le; vkys[k

;fn le; osQ lkFk oLrq dk osx leku #i
ls cnyrk gS rks Roj.k ,dleku jgrk gSA
bl izdkj dh xfr'khy oLrq osQ fy;s
osx&le; xzkiQ ljy js[kk osQ #i esa gksrk gS
tSlk fd le; v{k dh vksj >qdk jgrk gS
tSlk fd fp=k 2-7 esa ljy js[kk AB }kjk
n'kkZ;k x;k gSA xzkiQ ls Li"V gS fd ,dleku
le; varjkyksa esa leku ifjek.kksa ls osx
c<+rk gSA oLrq dk vkSlr Roj.k fuEu lw=k
}kjk Kkr fd;k tkrk gSA

                  a = 2 1

2 1

v v

t t

−
−

 = 
v

t

Δ
Δ  = 

MP

LP

= ljy js[kk dk <ky

D;ksafd ljy js[kk dk <ky fLFkj jgrk gSA vr% oLrq dk Roj.k vpj jgrk gSA ;|fi
vleku xfr osQ ,sls izdj.k gks ldrs gSa ftuesa osx ifjorZu dh nj vpj u gksA bl izdkj
dh fLFkfr esa osx&le; xzkiQ dk <ky izR;sd {k.k fHkUu gksxk tSlk fd fp=k 2-8 esa fn[kk;k
x;k gSA ;g ns[kk tk ldrk gS fd fofHkUu fcanqvksa A, B vkSj C ij θ

A
, θ

B
 vkSj θ

C
 osQ eku

vyx&vyx gSaA

2-3-3 osx&le; xzkiQ dh O;k[;k

osx&le; xzkiQ dh lgk;rk ls ge oLrq }kjk r; dh x;h nwjh vkSj fofHkUu {k.kksa esa oLrq
dk Roj.k Hkh fu/kZfjr dj ldrs gSaA vkbZ, ns[ksa ge ,slk fdl izdkj dj ldrs gSaA

fp=k 2.8 : fofHkUu Roj.k osQ lkFk xfr osQ fy;s
osx&le; xzkiQ

fp=k 2.7 : vpj Roj.k okyh rhu fLFkfr;ksa osQ
fy;s osx&le; xzkiQ

fp=k 2.6 : leku xfr osQ fy;s osx le; xzkiQ
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(a) oLrq }kjk r; dh x;h nwjh dk fu/kZj.k%
fp=k 2-7 esa n'kkZ;s x;s osx&le; xzkiQ ij iqu%
fopkj djsaA bl xzkiQ esa AB Hkkx vpj Roj.k osQ
lkFk xfr n'kkZrk gS tcfd CD Hkkx vpj
eafnr&xfr n'kkZrk gSA Hkkx BC  ,dleku xfr
n'kkZrk gSA

leku xfr ls pyrh gqbZ oLrq }kjk t
1
 ls t

2
 le;

osQ chp pyh x;h nwjh s = v (t
2
 – t

1
) =  t

1
 o t

2

varjky osQ chp oØ rFkk le; v{k osQ chp
dk {ks=kiQy (fp=k 2-6)A

bl ifj.kke osQ O;kfIrdj.k }kjk fp=k 2-7 osQ fy;s ge ikrs gSa fd t
1
 o t

2 
osQ chp osQ

le;&varjky esa pyh x;h nwjh

s = leyEc prqHkZqt KLMN dk {ks=kiQy

= (½) × (KL + MN) × KN

= (½) × (v
1
 + v

2
) × (t

2
 – t

1
)

(b) oLrq osQ Roj.k dk fu/kZj.k : ge tkurs gSa fd fdlh oLrq dh le; osQ lkFk osx
ifjorZu dh nj dks Roj.k dgrs gSaA ;fn vki fp=k 2-9 esa osx le; xzkiQ dk voyksdu
djsa rks AB pki dh <ky }kjk vkSlr Roj.k n'kkZ;k
x;k gSA tks fuEu izdkj O;Dr fd;k x;k gSA

vkSlr Roj.k ( a ) = 
v

t

Δ
Δ

  = 2 1

2 1

v v

t t

−
−

.

;fn le;&varjky dks vR;fèkd U;wu dj fn;k
tk; rks vkSlr Roj.k rkR{kf.kd Roj.k cu tkrk gSA
vr% rkR{kf.kd Roj.k]

a = limit
0t →Δ  

v

t

Δ
Δ

 = 
dv

dt
 = le; t osQ laxr fcUnq

ij Li'kZ js[kk dk <ky
vr% osx&le; vkys[k osQ fdlh fcanq ij Li'kZ

js[kk dk <ky = 
ab

bc
] ml fcanq ;k le; ij Roj.k

dk ifjek.k iznku djrk gSA

mnkgj.k 2.7 : rhu oLrqvksa A, B vkSj C osQ fy;s osx le; xzkiQ fp=k 29.a esa n'kkZ;s x;s
gSaA

(i) buesa ls fdldk lcls vf/d Roj.k gS rFkk og fdruk gS\

(ii) igys 3 lsoaQM esa bu oLrqvksa }kjk r; dh x;h nwjh dh x.kuk dhft,A

fp=k. 2.9(a) : le Roj.k ;qDr rhu
fHkUu oLrqvksa dh xfr dk
osx&le; xzkiQ

fp=k. 2.9 : vleku Roj.k dh xfr
dk osx&le; xzkiQ
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(iii) bu rhu oLrqvksa esa ls dkSu viuh iwjh ;k=kk esa vfèkdre nwjh r; djrk gS\

(iv) 2 lsoaQM osQ {k.k esa rhuksa oLrqvksa osQ osx D;k&D;k gSaA

gy :

(i) D;ksafd v – t xzkiQ dk <ky Roj.k iznku djrk gS vkSj oLrq A osQ fy;s v – t xzkiQ dk
<ky vfèkdre gSA vr% bldk Roj.k vfèkdre gS vkSj bldk eku

a =  
v

t

Δ
Δ

 =  
6 0

3 0

−
−

 = 
6

3
 = 2 m s–2.

(ii) oLrq }kjk r; dh x;h nwjh v-t xzkiQ osQ {ks=kiQy osQ cjkcj gksrh gSA igys 3 lsdUM esa

A }kjk r; dh x;h nwjh = Area OA′L

  = (½) × 6 × 3 = 9 m.

B }kjk r; dh x;h nwjh = {ks=kiQy OB′L

  = (½) × 3 × 3 = 4.5 m.

C }kjk r; dh x;h nwjh = (½) × 1 × 3 = 1.5 m.

(iii) ;k=kk iwjh gksus ij B }kjk r; dh x;h vfèkdre nwjh

= (½) × 6 × 6 = 18 m.

(iv) D;ksafd izR;sd oLrq osQ fy, v-t xzkiQ ljy js[kk gS] vr% rkR{kf.kd Roj.k vkSlr
Roj.k osQ cjkcj gSA nks lsoaQM ij]

A dk osx = 4 m s–1

B dk osx = 2 m s–1

C dk osx = 0.80 m s–1 (yxHkx)

ikBxr iz'u 2.3

1. ,d ljy js[kk esa pyrs gq, d.k dh xfr layXu v –

t xzkiQ esa n'kkZ;h x;h gSA (i) osx] Roj.k ,oa pyh x;h
nwjh osQ lanHkZ esa xzkiQ dk o.kZu djks (ii) vkSlr pky
dk eku Kkr djksA

2. layXu oØ fdl izdkj dh xfr dks n'kkZrk gS& ,dleku
xfr] Rofjr xfr ;k eafnr\ O;k[;k djsaA
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3- layXu v – t xzkiQ dks iz;ksx djrs gq, 0-22
lsdUM le; vUrjky osQ fy;s (i) d.k dk
vkSlr osx (ii) d.k dh vkSlr pky Kkr
djsaA d.k lrr #i ls ljy js[kh; xfr dj
jgk gSA

2-4 xfr osQ lehdj.k

tSlk fd vki tkurs gSa fd oLrq dh xfr dk o.kZu djus osQ fy, ge HkkSfrd jkf'k;ksa tSls
nwjh] osx vkSj Roj.k dk mi;ksx djrs gSaA xfr osQ lehdj.kksa dh lgk;rk ls fLFkj Roj.k
dh fLFkfr esa osx o r; dh x;h nwjh lacaèkh x.kuk,a dh tk ldrh gSaA ;s mi;ksx esa vklku
gSa vkSj buosQ vusd vuqiz;ksx gSaA

2-4-1 ,d leku xfr dk lehdj.k

bl lehdj.k dh O;qRifÙk osQ fy;s ge izkjafHkd le; t
1
 dks 'kwU; ysrs gSa] vFkkZr~ t

1
 = 0

vc ge ;g eku ldrs gSa fd t
2
 = t chrk gqvk le; gSA oLrq dh izkjafHkd fLFkfr (x

1 
=

x
0
) vkSj le; t ij os x

2 
o v

2 
osQ ctk; x o v dgyk;s tk;saxsA lehdj.k 2-1 osQ vuqlkj

le; t  osQ nkSjku vkSlr osx fuEufyf[kr gksxk

v = 0x x

t

−
. (2.4)

2-4-2 ,d leku Roj.k ;qDr xfr dk igyk lehdj.k

;fn Roj.k Kkr gks rks xfr dk igyk lehdj.k ,d fuf'pr le; osQ ckn oLrq osQ osx
dks fuèkkZfjr djus esa lgk;rk djrk gSA tSlk vkidks ifjHkk"kk }kjk Kkr gS fd

Roj.k (a) = 
oxs  esa ifjorZu

fy;k  x;k  le;
 = 2 1

2 1

v v

t t

−
−

a = 0v v

t

−
(2.5)

vFkok v = v
0
 + at (2.6)

;g xfr dk igyk lehdj.k dgykrk gSA ;gk¡ v
0
 oLrq dk izkjafHkd (t = 0 ij ) osx gS ,oa

v {k.k t ij osx gSA

mnkgj.k 2.8 : ;fn ,d dkj foJkekoLFkk ls 10 m s–2 osQ Roj.k osQ lkFk pyrh gS rks 5
lsoaQM ckn bldk osx fdruk gksxk\

gy : fn;k gS
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izkjafHkd osx v
0

= 0

Roj.k a = 10 m s–2

   le; t = 5 s

xfr osQ igys lehdj.k dk mi;ksx djus ij]

v = v
0
 + at

le; t = 5s osQ ckn osx

v = 0 + (10 m s–2) × (5 s)

= 50 m s–1

2-4-3 fLFkj (vpj) Roj.k okyh xfr dk nwljk lehdj.k

xfr osQ nwljs lehdj.k dk mi;ksx vpj Roj.k a ls py jgh oLrq dh le; t osQ ckn
dh fLFkfr dk ifjdyu djus osQ fy, fd;k tkrk gSA

ekuk t = 0 ij x
1
 = x

0
;

v
1
 = v

0
 vkSj t = t ij x

2
 = x vkSj v

2
 = v

vr% r; dh x;h nwjh

= v – t xzkiQ osQ uhps dk {ks=kiQy

= leyEc prqHkqZt OABC dk {ks=kiQy

= 
1

2
(CB + OA) × OC

x – x
0

= ½ (v + v
0
) t ...................... (2.7)

D;ksafd v = v
0
 + at  vkSlr v = 0

2

v v−
 ........... (2.8)

= v
0
t + ½ at2

vFkok x = x
0
 + v

0
t + ½ at2 (2.9)

mnkgj.k 2.9 : ,d dkj A lhèkh lM+d ij 60 km h–1 dh ,dleku pky ls tk jgh gSA
nwljh dkj mlosQ ihNs 70 km h–1 osQ ,dleku osQ osx ls py jgh gSA bu nksuksa osQ chp
tc 2.5 km dh nwjh jg x;h rks dkj B esa 20 km h–1  dk eanu fd;k x;kA fdruh nwjh vkSj
fdrus le; esa dkj B dkj A dks idM+ ysxh\

gy : eku yks B dkj A dkj dks t– le; osQ ckn x–nwjh ij idM+ ysrh gSA rc

dkj A }kjk t–le; esa r; dh x;h nwjh ′x  = 60 × t.

fp=k 2.10 : leku #i ls Rofjr xfr
osQ fy;s v–t xzkiQ
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dkj B }kjk t le; esa r; dh x;h nwjh

x = x
0
 + v

0
t + ½ at2

= 0 + 70 × t + ½ (–20) × t2

x ′ = 70 t – 10 t2

ysfdu nks dkjksa osQ chp dh nwjh x – ′x  = 2.5

(70 t – 10 t2) – (60 t) = 2.5

;k 10 t2 – 10 t + 2.5 = 0

blls t dk eku

t = ½ eku j[kdj ½  ?kaVk izkIr gksrk gSA lehdj.k gy djus ij

x = 70t – 10t2

= 70 × ½ – 10 × (½)2

= 35 – 2.5 = 32.5 km.

2-4-4 vpj Roj.k okyh xfr dk rhljk lehdj.k

bl lehdj.k dk mi;ksx ml fLFkfr esa fd;k tkrk gS tc oLrq dk Roj.k] fLFkfr vkSj
izkjafHkd osx Kkr gks rFkk vafre osx visf{kr gks] ysfdu le; t Kkr u gks]

lehdj.k (2-7) dks ge fuEu izdkj fy[k ldrs gSaA

x – x
0

= ½ (v + v0) t

lehdj.k (2.6) osQ vuqlkj

t = 0v v

a

−

lehdj.k 2.7 esa t dk eku izfrLFkkfir djus ij gesa izkIr gksrk gSA

x – x
0

= ½ (v + v
0
) 

0v v

a

−⎛ ⎞
⎜ ⎟
⎝ ⎠

⇒ 2a (x – x
0
) = v2 – v0

⇒ v2 = 2
0v  + 2a (x – x

0
) (2.8)

;g xfr dk rhljk lehdj.k gSA

vr% vpj Roj.k osQ fy;s xfr osQ rhu lehdj.k bl izdkj gSaA

v = v
0
 + at

x = x
0
 + v

0
t + ½ at2

vkSj v2 = 2
0v  + 2a (x – x

0
)
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mnkgj.k 2.10 : ,d eksVj lkbfdy lokj ,d lhèkh lM+d ij 4 m s–2 osQ vpj Roj.k
ls tk jgk gSA izkjaHk esa og 5 ehVj dh nwjh ij Fkk vkSj mldk osx 3 m s–1 Fkk rks

(i) le; t = 2s ij fLFkfr vkSj osx crkb,

(ii) eksVj lkbfdy lokj dh fLFkfr crkb, tc mldk osx 5 m s–1 gksA

gy : fn;k x;k gS

x
0

= 5m, v
0
 = 3m s–1, a = 4 m s–2.

lehdj.k (2.7) dk mi;ksx djus ij

x = x
0
 + v

0
t + ½ at2  = 5 + 3 × 2 + ½ × 4 × (2)2 = 19 m

lehdj.k 2-6 ls

v = v
0
 + at = 3 + 4 × 2 = 11 m s–1

v2 = 2
0v  + 2a (x – x

0
) dk mi;ksx djus ij

(5)2 = (3)2 + 2 × 4 × (x – 5) ls gesa

x = 7 ehVj izkIr gksrk gSA

vr% eksVjlkbfdy lokj dh fLFkfr (x) = 7 m.

2-5 xq#Rok/hu xfr

vkius ns[kk gksxk fd tc ge fdlh oLrq dks Åij dh fn'kk esa isaQdrs gSa ;k fdlh Å¡pkbZ
ls iRFkj fxjkrs gSa rks nksuksa gh fLFkfr;ksa esa os i`Foh dh vksj vkrs gSaA D;k vki tkurs gSa
fd os i`Foh ij D;ksa vk tkrs gSa vkSj os fdl izdkj dk iFk viukrs gSaA ;g mu oLrqvksa
ij yxus okys i`Foh osQ xq#Rokd"kZ.k cy osQ dkj.k gksrk gSA xq#Ro osQ izHkko osQ vUrxZr
gksus okyh bl izdkj dh xfr;k¡ ,d lhèkh fn'kk ;k lhèkh js[kk esa gksrh gSaA i`Foh dh vksj
fdlh oLrq dk Lora=k #i ls fxjuk vpj Roj.k (yxHkx) osQ lkFk xfr dk ,d lokZf/
d lkekU; mnkgj.k gSaA ok;q izfrjks/ dh vuqifLFkfr esa ;g ns[kk x;k gS fd lHkh oLrq,¡
pkgs mudk lkbt ;k nzO;eku oqQN Hkh gks i`Foh dh lrg ij leku Roj.k osQ lkFk fxjrh
gSaA ;|fi xq#Ro tfur Roj.k dk eku m¡QpkbZ osQ lkFk ifjofrZr gskrk gS ysfdu i`Foh dh
f=kT;k dh rqyuk esa ux.; nwfj;ksa osQ fy;s bl ifjorZu dks ux.; eku fy;k tkrk gS vkSj
xfr dh vofèk esaa bldk eku fLFkj jgrk gSA blosQ O;kogkfjd mi;ksx osQ fy;s ok;q
izfrjksèkdrk ,oa m¡QpkbZ osQ lkFk Roj.k esa fHkUurk dk izHkko ux.; fy;k tkrk gSA

xq#Ro osQ dkj.k Lora=k #i ls fxjrh oLrq osQ Roj.k dks 'g' ls n'kkZrs gSaA i`Foh dh lrg
ij bldk ifjek.k yxHkx 9.8 m s–2  Å¡pkbZ vkSj v{kka'kksa esa ifjorZu osQ dkj.k bldh
fHkUurk vkSj vf/d ifj'kq¼ ekuksa dk foLr`r foospu bl iqfLrdk osQ ikB 5 esa fd;k
tk;sxkA
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xSyhfy;ks (1564&1642)

budk tUe ihlk] bVyh esa 1564 esa gqvk Fkk] bUgksaus fxjrh gqbZ oLrqvksa
osQ fu;eksa dk izfriknu fd;kA bUgksaus ,d nwjchu cukbZ rFkk mls
[kxksyh; izs{k.kksa osQ fy, mi;ksx fd;kA ¶Mk;ykWXl vckmV Vw xzsV
flLVe vkWiQ fn oYMZ ¸ vkSj ¶dUolsZlUl oaQljfuax n U;w lkbalst¸
budh egku o`Qfr;k¡ gSaA bUgksaus bl fopkj dk vuqeksnu fd;k fd i`Foh
lw;Z dh ifjØek djrh gSA

mnkgj.k 2.11 : ,d iRFkj dks 50 m dh Å¡pkbZ ls fxjk;k tkrk gS vkSj ;g Lora=k #i ls
fxjrk gSA fuEufyf[kr dks Kkr dhft,%

(i) 2s esa r; dh x;h nwjh

(ii) i`Foh ij igq¡pus ij iRFkj dk osx

(iii) fxjus osQ 3 lsdUM ckn osx

gy : fn;k x;k gS
Å¡pkbZZ (h) = 50 m vkSj izkjafHkd osx v

0
 = 0

izkjafHkd fLFkfr (y
0
) dks 'kwU; rFkk ewy fcanw '0' ij ekusaA vr% blosQ uhps y–v{k (ÅèokZèkj

v{k) ½.kkRed gksxhA pw¡fd Roj.k ½.kkRed y–v{k dh fn'kk esa uhps dh vksj gSA

vr% a = – g = –9.8 ms–2.

(i) lehdj.k 2.9 dk mi;ksx djus ij

y = y
0
 + v

0
t + ½ at2

gesa izkIr gksrk gS%

y = 0 + 0 – ½ gt2 = –½ × 9.8 × (2)2

= –19.6 m.

½.kkRed fpUg n'kkZrk gS fd nwjh ewy fcanq ls uhps dh vksj vèkksxkeh fn'kk esa gSA

(ii) i`Foh ij y = –50 m

lehdj.k 2.9 dks mi;ksx djus ls

v2 = 2
0v  + 2a (y – y

0
)

= 0 + 2 (–9.8) (–50 – 0)

v = 9.9 m s–1

(iii) lehdj.k v  = v
0
 + at dk mi;ksx djus ij] tgk¡ t = 3s gS

∴ v = 0 + (–9.8) × 3

v = –29.4 m s–1
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;g n'kkZrk gS fd t = 3 s ij iRFkj dk osx 29.4 m s–1 gS vkSj ;g vèkksxkeh fn'kk esa gSA

vc ,d fojke osQ ckn fuEufyf[kr iz'uksa dks gy djsaA

fVIi.kh : ;gk¡ ;g ckr è;ku nsus ;ksX; gS fd xfr osQ lehdj.kksa esa ge fpg~uksa dh ,d
ifjikVh dk mi;ksx djrs gSa ftlosQ vuqlkj ÅèoZ ,oa nf{k.korhZ fn'kkvksa esa jkf'k;ksa dks
èkukRed ,oa vèkkseq[kh ,oa okeorhZ fn'kkvksa esa jkf'k;ksa dks ½.kkRed eku fy;k tkrk gSA

2-6 vodyu ,oa lekdyu dh ladYiuk,a

HkkSfrdh ds fu;eksa dh O;k[;k vkSj cks/ ds fy, rFkk fofHkUu HkkSfrd jkf'k;ksa ds chp laca/
izkIr djus esa xf.kr dh lHkh 'kk[kkvksa us vR;Ur mi;ksxh lk/uksa dk dke fd;k gSA bl
laca/ esa chtxf.kr vksj f=kdks.kfefr ds mi;ksx ls vki igys ls gh ifjfpr gaSA HkkSfrdh
ds vkxs ds vè;;u esa vkidks vodyu ,oa lekdyu ds mi;ksx ls lacaf/r leL;k,a
feysaxhA blfy, vodyu ,oa lekdyu dh ladYiukvksa dk ,d laf{kIr fooj.k fn;k
tk jgk gSA bu ladYiukvksa ds vkSj xgu vè;;u ds fy, vki xf.kr dh iqLrdksa dk voyksdu
dj ldrs gSaA

bl fo"k; dk vè;;u djrs le; vkidks fuEufyf[kr in feysaxsA vkb, budh ifjHkk"kk
tkusa

vpjkad% ;g ,d ,slh jkf'k gS ftldk eku xf.krh; lafØ;kvksa ds nkSjku ugha cnyrkA
mnkgj.k% 1] 2] 3----tSls iw.kk±d] fHkUuas] π, e, vkfnA

pj% ;g ,d ,slh jkf'k gS tks xf.krh; lafØ;kvksa ds nkSjku vyx&vyx eku xzg.k dj
ldrh gSaA pj dks izk;% x, y, z vkfn }kjk fu:fir fd;k tkrk gSA

iQyu% ;fn ‘x’ ds izR;sd eku ds laxr ‘y’ dk ,d fuf'pr eku gks rks ‘y’ dks ge ‘x’

dk iQyu dgrs gSaA

xf.kr esa ge bls uhps fn, vuqlkj fu:fir djrs gSa&
y = f(x)

vFkkZr y pj x dk iQyu gSA

vodyu xq.kkad&fdlh pj ‘x’ ds lkis{k pj ‘y’ dk vodyu xq.kkad ‘y’ esa ‘x’ ds
lkis{k vkus okys rkR{kf.kd ifjorZu dh nj gSA

ekuk fd ‘y’ pj ‘x’ dk iQyu gS] vFkZr y = f(x), ekuk fd x ds eku esa vR;Yi o`f¼
δx dh tkrh gS rks y esa blds laxr vR;Yi o`f¼ δy gksrh gSA rc y + δy Hkh (x + δx)

dk iQyu gksxkA

vFkok y + δy = f(x + δx)
vFkok δy = f(x + δx) – y
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vFkok δ
δ
y

x
=

(   ) –  ( )+ δ
δ

f x x f x

x

jkf'k 
δ
δ
y

x
 lao`f¼ vuqikr dgykrk gS rFkk x ,ao (x + δx) ds ifjlj esa x ds lkis{k y

esa ifjorZu dh vkSlr nj dks fu:fir djrk gSA x ds lkis{k y esa ifjorZu dh rkR{kf.kd

nj Kkr djus ds fy, gesa 
δ
δ
y

x
 dk lhekUr eku δx ds 'kwU; gksrs gq, (δx→0) eku ds

fy, Kkr djuk gksxkA

vFkkZr~
0

Lim
δ →

δ
δx

y

x
=

0

( ) – ( )
Lim

δ →

+δ
δx

f x x f x

x

vr% x ds lkis{k y esa ifjorZu dh nj dk rkR{kf.kd eku gksxk 
0

.Lim
δ →

δ
δx

y

x
 ;g

x ds lkis{k y dk vodyu xq.kkad dgykrk gS vkSj bls ge dy

dx
 ls fu:fir

djrs gSaA

lekdyu

lekdyu vodyu dh O;qRØe xf.krh; lafØ;k gSA bl ladYiuk dks le>us ds fy,]
ekuk fd fiaM ij ,d fu;r cy F yxrk gS ftlds dkj.k ;g x nwjh r; djrk gSA rc
cy }kjk fd;k x;k dk;Z xq.kuiQy W = F.S }kjk Kkr fd;k tkrk gSA

ijUrq ;fn cy ifjorZu'khy gks rks lk/kj.k chtxf.kr dk mi;ksx djds fd, x, dk;Z dk
ifjdyu ugha fd;k tk ldrkA

mnkgj.k ds fy, ;fn fdlh fiaM dks i`Foh dh lrg ls cgqr mQij ys tkuk gks rks tSls&
tSls fiaM mQij tkrk gS bl ij xq#Ro dk cy ifjo£rr gksrk gSA bl rjg ds izdj.k esa
dk;Z ds ifjdyu ds fy, lekdyu fof/ dk mi;ksx djrs gSaA

ifjorZu'khy cy }kjk fd, x, dk;Z ds ifjdyu ds fy, (nsf[k,] vuqHkkx 6.2 ifjorhZ
cy }kjk fd;k x;k dk;Z)

Ñr dk;Z] W = ( )Σ ΔF x x

Δx ds vR;Yi eku ds fy,

W = ( )
lim x

F x dx
Δ →0
∑

bldks fy[k ldrs gSa

W = ( )∫ F x dx
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;g O;atd x ds lkis{k iQyu F(x) dk lekdy dgykrk gSA ladsr ‘∫ ’ lekdyu fu£n"V

djrk gSA

izk;% mi;ksx esa vkus okys lekdyu ,oa vodyu ds dqN lw=k

(i)
1

1

+
=

+∫
n

n x
x dx

n
 (for n ≠1) (i) 1−=n nd

x nx
dx

(ii) 1 1
log− = =∫ ∫x dx dx x

x
(ii) ( ) 1

log
d

x
dx x

=

(iii)
1

0

1
= = =∫ ∫

x
dx x dx x (iii) ( ) 1=d

x
dx

(iv) =∫ ∫cxdx c xdx (c vpjkad gS) (iv) ( ) ( )=d d
cu c u

dx dx

(v) ( )± ± = ± ±∫ ∫ ∫ ∫u v w dx udx vdx wdx (v) ( )d du dv dw
u v w

dx dx dx dx
± ± = ± ±

(vi) =∫ x xe dx e (vi) ( ) =x xd
e e

dx

(vii) sin cos= −∫ xdx x (vii) ( ){ }sin cos= +d
x x

dx

(viii) cos sin=∫ xdx x (viii) ( )cos sin= −d
x x

dx

(ix) 2sec tan=∫ xdx x (ix) ( )tan sec=d
x x

dx

(x) 2cosec cot= −∫ xdx x (x) ( ) 2cot cosec= −d
x x

dx

bl lkj.kh dks è;ku ls ns[ksaxs rks vkidks ;g Li"V gks tk,xk fd lekdyu vkSj vodyu
,d nwljs dh O;qRØe lafØ;k,a gSaA

dqN nsj #fd, vkSj uhps fy[ks iz'uksa dks gy dhft,A

ikBxr iz'u 2-4

1. ,d oLrq fojke voLFkk ls izkjaHk djosQ vpj Roj.k osQ lkFk 4 lsdUM esa 40 ehVj
dh nwjh r; djrh gSA bldk vafre osx Kkr dhft;s rFkk oqQy nwjh dk vkèkk Hkkx
r; djus osQ fy;s vko';d le; crkb,A

2. ,d dkj ,d lM+d ij 5 ehVj@lsdUM osQ vpj Roj.k osQ lkFk py jgh gSA izkjaHk
esa 5 ehVj ij mldk osx 3 ehVj@lsoaQM FkkA 2 lsoaQM osQ ckn bldh fLFkfr vkSj
osx dh x.kuk dhft,A
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3. ,d oLrq dks ÅèokZèkj fn'kk esa fdl osx ls isaQdk tk; fd og 25 ehVj dh Å¡pkbZ
rd igq¡psA ;g Hkh crkb, fd og fdrus le; rd ok;q esa jgsxhA

4. ,d xsan Åij dh vksj gok esa isaQdh x;hA mldk Roj.k isaQdrs le; vf/d gksxk
;k isaQdus osQ oqQN le; cknA

vkius D;k lh[kk

,d oLrq osQ foLFkkiu ,oa rnuq#i le; varjky dk vuqikr vkSlr osx dgykrk gSA

r; dh x;h nwjh dks] nwjh r; djus esa fy;s x;s le; ls Hkkx nsus ij vkSlr pky izkIr
gksrh gSA

,d oLrq dh vkisf{kd fLFkfr esa nwljh oLrq osQ lkis{k ifjorZu dh nj nwljh oLrq osQ
lkis{k igyh oLrq dk vkisf{kd osx dgykrk gSA

,dkad le; esa osx esa ifjorZu Roj.k dgyrk gSA

fojke fLFkfr esa oLrq dk fLFkfr&le; xzkiQ] le; v{k dh vksj >qdh gqbZ js[kk osQ #i
esa gksrk gSA

,dleku pky osQ fy;s fLFkfr&le; xzkiQ] le; v{k dh vksj >qdh gqbZ js[kk osQ #i
esa gksrk gSA

oLrq }kjk leku le; varjky esa leku nwjh r; djus dks ,dleku pky dgrs gSaA

le; osQ fdlh ,d {k.k ;k mlosQ iFk osQ fdlh ,d fcanq ij oLrq dk osx mldk
rkR{kf.kd osx dgykrk gSA

^fLFkfr&le; vkys[k dk <ky osx crykrk gSA

lrr Roj.k osQ lkFk xfr'khy oLrq osQ fy;s osx le; xzkiQ le; v{k ij >qdh gqbZ
lhèkh js[kk osQ #i esa gksrk gSA

osx le; xzkiQ osQ varxZr vkus okyk {ks=kiQy r; dh x;h nwjh crkrk gSA

oLrq osQ Roj.k dk ifjdyu osx le; vkys[k osQ <ky }kjk fd;k tk ldrk gSA

oLrq dh xfr dh O;k[;k osQ fy;s fuEufyf[kr rhu lehdj.k mi;ksx fd;s tkrs gSaA

(i) v = 0v  + at

(ii) x = x
0
 + v

0
t + ½ at2

(iii) 2v  = 2
0v  + 2a.(x – x

0
)

vodyu ,oa lekdyu dh ladYiukvksa lEcU/h izkjfEHkd KkuA
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ikBkar iz'u

1. vkSlr pky vkSj vkSlr osx esa varj crkb,A

2. ,d dkj "A" 65 fdykehVj izfr ?k.Vs dh pky ls lhèkh lM+d ij tk gh gSA mlh
fn'kk esa ,d eksVj lkbfdy "B" Hkh mlls vkxs 80 fdyksehVj@izfr?kaVs dh pky ls tk
jgh gSA "A" osQ lkis{k "B" dk osx D;k gS\

3. ,d dkj 30 m dh nwjh r; djus esa fdruk le; ysxh ;fn og fojke dh voLFkk
ls 2.0 m s–2 dh nj ls Roj.k djrh gS\

4. ,d eksVj lkbfdy pkyd nks LFkkuksa osQ chp dh vk/h nwjh 30 km h–1 dh pky ls
vkSj 'ks"k vkèkk Hkkx 60 km h–1 dh pky ls r; djrk gSA eksVj lkbfdy dh vkSlr
pky Kkr dhft,A

5. ,d ty i{kh lhèks nf{k.k dh vksj 25 fdyksehVj nwjh tkus osQ fy;s 20 fdyksehVj
izfr ?kaVs osQ vpj osx ls mM+rk gSA ;g ty i{kh og nwjh r; djus esa fdruk le; ysxk\

6. caxykSj&ubZ fnYyh dh ok;q;ku ;k=kk esa ljy js[kh; nwjh 1200 fdyksehVj gS vkSj Vªsu
ls nwjh 1500 fdyksehVj gSA ;fn ok;q;ku }kjk ;k=kk 2 ?kaVs esa iwjh gksrh gS vkSj jsy
}kjk 20 ?kaVs esa rks nksuks ;k=kkvksa dh vkSlr pky dk vuqikr crkb,A

7. ,d dkj fojkeoLFkk ls lhèkh lM+d ij xfr djrh gqbZ 5 lsdUM esa 50 fdyksehVj
izfr ?kaVs dk osx izkIr djs rks mldk vkSlr Roj.k crkb,A

8. ,d oLrq 2-1 ehVj@lsoaQM osQ izkjafHkd osx ls 'kq# djosQ 3 lsdUM osQ fy, 8-0
ehVj@lsdUM2 Roj.k ls xfr djrh gSA

(a) oLrq Roj.k dh vofèk esa fdruh nwjh r; djsxhA

(b) ;fn oLrq izkjaHk esa fojke voLFkk esa gksrh rks og fdruh nwjh r; djrh\

9. ,d xasn ,d pV~Vku osQ f'k[kj ls fojke voLFkk ls NksM+h tkrh gSA pV~Vku osQ 'kh"kZ
dks 'kwU; Lrj ij ysrs gq, vkSj Åij dh fLFkfr dks èkukRed fn'kk ysrs gq, fuEu xzkiQ
[khafp,sA

(i) foLFkkiu&le; xzkiQ_ (ii) osx&le; xzkiQ_ (iii) pky le; xzkiQ

10. ,d xsan h Å¡pkbZ okyh pV~Vku osQ f'k[kj ls osx v
0
 ls ÅèokZèkj fn'kk esa Åij dh vksj

isaQdh tkrh gS vkSj pV~Vku ry ij vk fxjrh gSA ry dks lanHkZ LFky ('kwU; ry) ysrs
gq, vkSj Åij dh fn'kk dks èkukRed ekurs gq, fuEufyf[kr xzkiQ cukb,A

(i) nwjh&le; xzkiQ_ (ii) osx&le; xzkiQ_ (iii) foLFkkiu&le; xzkiQ_ (iv) pky&le; xzkiQ

11. ,d oLrq 10 ehVj@lsdUM osQ osx ls ÅèokZèkj Åij dh vksj isaQdh tkrh gSA mPpre
fcanq ij oLrq osQ Roj.k vkSj osx dk D;k eku gksxk\
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12. 10 xzke ,oa 100 xzke nzO;eku dh nks oLrq,¡ ,dleku Å¡pkbZ ls fxjkbZ tkrh gSaA D;k
os ,d le; ij Hkwfe ij i¡gqpsaxh\ O;k[;k dhft,A

13. ,dleku xfr djrs fiaM esa mldh xfr dh fn'kk ls ledks.k ij Roj.k fn;k tkrk
gSA blls mldh xfr fdl izdkj izHkkfor gksxh\

14. fdlh {k.k ij osx&le; xzkiQ dk <ky D;k crykrk gS\

ikBxr iz'uksa osQ mÙkj

2-1

1. gk¡A tc oLrq viuh izkjafHkd fLFkfr ij okil vkrh gS rks mldk osx 'kwU; gksrk gS
ysfdu mldh pky 'kwU; ugha gksrhA

2. vkSlr pky = 
2 2

2 2
8 10

+

+
 = 

4

9
 × 20 = 8.89 km h–1, rFkk vkSlr osx = 0

3. gk¡] tc nks dkjsa leku osx ls leku fn'kk esa xfr dj jgh gksa rks mudk vkisf{kd osx
'kwU; gksxkA

4. (a) 1 ehVj@lsoaQM

(b) 2 ehVj@lsoaQM

2-2

1. fp=k 2.2 ns[ksa

2. (i) A, (ii) B vf/d nwjh r; djrk gSA

(iii) B (iv) A

(v) tc os izkjafHkd fcanq ls 3 fdyksehVj nwjh ij gSaA

3. ,d leku xfr esa

4. (a) laHko ugha gS] D;ksafd pyh x;h nwjh 'kwU; ugha gks ldrhA

2-3

1. (i) (a) oLrq 'kwU; osx ls pyuk izkjaHk djrh gSA

(b) izkjaHk ls ysdj 5 osa lsoaQM rd xfr leku #i ls Rofjr gSA bls js[kk OA

}kjk n'kkZ;k x;k gSA
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a = 
15 0

5 0

−
−

 = 3 m s–2

(c) 5osa ,oa 10osa lsoaQM osQ chp oLrq ,dleku xfr djrh gSA bls AB }kjk
n'kkZ;k x;k gSA

 a = 
15 15 0

15 5 10

− =
−

 = 0 m s–2.

(d) 15osa lsoaQM ls 25osa lsoaQM rd xfr leku#i ls eafnr gSA bls js[kk BC

}kjk n'kkZ;k x;k gSA

a = 
0 15

25 15

−
−

 = – 1.5 m s–2.

(ii) (a) vkSlr pky = 
r; dh x;h  njw h

fy;k  x;k  le;
 = 

OABC

(25 – 0)

 dk {k=s kiQy

1 1
15 5) (15 10) 15 10

5252 2
25 50

⎛ ⎞ ⎛ ⎞× × + × + × ×⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠= =  = 10.5 m s–1.

(b) eafnr&osx le; osQ lkFk ?kVrk gSA

(c) oqQy pyh x;h nwjh = 
20 15 10 7

m m
2 2

× ×⎛ ⎞ ⎛ ⎞+⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 = 185 m.

∴ vkSlr pky= 
185 1ms
22

⎛ ⎞ −
⎜ ⎟
⎝ ⎠

 = 8.4 m s–1.

oqQy foLFkkiu= 
20 15 10 7

m m
2 2

× ×⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 = 115 m.

∴ vkSlr osx= 
115 1ms
22

−
 = 5.22 m s–1.

2-4

1. lehdj.k x = x
0
 + v

0
t + ½ at2 dk iz;ksx djrs gq,

    40 = 
1

2
 × a × 16

⇒  a = 5 m s–2
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vc v2 = v0
2  + 2a (x – x

0
) dk iz;ksx djus ij

v = 20 m s–1

iqu% vkèkh nwjh r; djus esa yxk le; t dk eku fuEu lehdj.k }kjk Kkr fd;k
tk;sxkA

x = x
0
 + v

0
t + 

1

2
at2

⇒ 20 = 0 + 
1

2
 × 5 × t2

⇒ t 2 = 8 or t = 2 2 s

2. lehdj.k (2.9) osQ mi;ksx }kjk

x  = 21 m

vkSj lehdj.k (2.6) osQ mi;ksx }kjk

v = 13 m s–1

3. vfèkdre Å¡pkbZ ij v = 0,

lehdj.k (2.10) dk mi;ksx djus ij

v
0
 = 7 10  m s–1 = 22.6 m s–1.

oLrq vfèkdre Å¡pkbZ ij igq¡pus esa fy, x, le; osQ nks xqus le; rd gok esa jgsxhA

4. isaQdrs le; xsan dk Roj.k vfèkd gksrk gSA

ikBkar iz'uksa osQ mÙkj

2. 15 km h–1

3. 5.47 s

4. 40 m s–1

5. 1.25 h

6. 8 : 1

7. 2.8 m s–2 (;k 3000 km h–2)

8. (i) 42 m (ii) 36 m

11. O vkSj 9.8 m s–2.
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