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4

lery esa xfr

fiNys nks ikBksa esa vki ljy js[kh; xfr ls lacafèkr ladYiukvksa osQ ckjs esa i<+ pqosQ gSaA
mu ikBksa esa i<+h xbZ ladYiukvksa osQ }kjk D;k vki ,d ry vFkkZr~ nks foekvksa esa xfr'khy
fiaMksa dh xfr dk o.kZu dj ldrs gSa\ ,slk djus osQ fy, gesa oqQN ubZ ladYiukvksas ls
ifjp; djuk gksxkA f}foeh; xfr dk ,d jkspd mnkgj.k & {kSfrt ls dks.k cukrs gq, isaQdh
xbZ ,d xsan dh xfr gSA bl xfr dks iz{ksI; xfr dgrs gSaA

bl ikB esa vki fuEufyf[kr iz'uksa tSls oqQN iz'uksa dk mÙkj nsuk lh[ksaxs% fdlh ok;q;ku
dh fLFkfr vkSj osx D;k gksuh pkfg, rkfd mlosQ }kjk fxjkbZ xbZ [kk| lkexzh ;k nokb;ksa
osQ iSosQV ck<+ ihfM+r ;k HkwoaQi ls ihfM+r yksxksa rd Bhd izdkj igq¡p losaQ] fdlh f[kykM+h
dks pfØdk (discuss) ;k Hkkyk fdl izdkj isaQduk pkfg, rkfd og vfèkdkfèkd {kSfrt nwjh
r; djsa] lM+dksa dk fMtkbu fdl izdkj fd;k tk, rkfd dkj eksM+ ij eqM+rs le; iyV
u tk,A mixzg dh pky D;k gks rkfd og i`Foh osQ pkjksa vksj o`Ùkkdkj d{kk osQ pDdj
yxk,\ vkfn&vkfnA

,slh fLFkfr;k¡ iz{ksI; xfr ;k orqZyxfr osQ varxZr vkrh gSaA lkekU;r;k orqZy xfr ls rkRi;Z
{kSfrt o`Ùk esa xfr ls gksrk gSA rFkkfi] {kSfrt o`Ùk esa xfr ds vfrfjDr fiaM ÅèoZ o`Ùk esa
Hkh xfr dj ldrk gSA bl izdkj dh xfr;ksa dks le>kus osQ fy, ge dks.kh; osx] vfHkosQUnzh;
cy vkSj vfHkosQUnzh; Roj.k dh ladYiukvksa ls vkidks ifjfpr djk,axsA

mís';

bl ikB osQ vè;;u osQ i'pkr vki]

iz{ksI; xfr vkSj orqZy xfr dh O;k[;k dj losaQxs vkSj muosQ mnkgj.k ns losaQxs_

ÅèoZ o`Ùk esa fiaM dh xfr dh O;k[;k dj ldsaxs_

fdlh iz{ksI; osQ fy, mlosQ ̂ mM~M;u dky* (time of flight)] ijkl (range) rFkk vfèkdre
Å¡pkbZ (maximum height) osQ O;atd fudky losaQxs_

iz{ksI; osQ iFk dk lehdj.k O;qRiUu dj losaQxs_
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orqZy xfr esa fdlh fi.M osQ osx o Roj.k osQ O;atd Kkr dj losaQxs] vkSj

f=kT;h; rFkk Li'kZjs[kh; Roj.k (radial and tangential acceleration) dks ifjHkkf"kr dj
losaQxsA

4-1 iz{ksI; xfr (Projectile motion)

iz{ksI; xfr osQ o.kZu dk izFke liQy iz;kl xSyhfy;ks }kjk fd;k x;kA mlus fn[kk;k fd
fdlh ean ?kw.kZu iz{ksI; dh {kSfrt vkSj Å?oZ xfr;k¡ ijLij Lora=k gksrh gSaA bls fuEufyf[kr
fØ;kdykiksa }kjk ljyrk ls le>k tk ldrk gS%

fØosQV dh nks xsans yhft,A muesa ls ,d xsan dks fdlh bekjr dh Nr ls {kSfrt fn'kk esa
iz{ksfir dhft,A Bhd mlh le; nwljh xsan dks mruh gh Å¡pkbZ ls uhps dh vksj fxjk,aA
vki D;k ik,¡xs\

vki ik,¡xs fd nksuksa xsans ,d gh le; ij tehu ij fxjsaxhA blls ;g irk pyrk gS fd
fdlh iz{ksI; dk vèkkseq[kh Roj.k (down word acceleration) fdlh eqDr #i ls fxjrh oLrq
osQ leku gksrk gSA blosQ vfrfjDr os viuh {kSfrt xfr esa Lora=k gksrh gSaA bl rjg le;
vkSj nwjh dh eki ls ;g irk pyrk gS fd {kSfrt osx fujarj vifjorZuh; gksrk gS ,ao ÅèokZèkj
xfr dh n`f"V ls Lora=k jgrk gSA

nwljs 'kCnksa esa] iz{ksI; xfr dh izeq[k nks fo'ks"krk,¡ gSa%

(i) vpj {kSfrt osx ?kVd (constant horizontal velocity component)

(i) vpj ÅèokZèkjr% vèkkseq[kh Roj.k ?kVd (constant vertically downword acceleration
component)

bu nks Lora=k xfr;ksa osQ lfeJ.k osQ iQyLo#i iz{ksI; dk oØ iFk izkIr gksrk gSA
fp=k 4-1 dks nsf[k,A eku yhft, fd dksbZ ckyd ,d xsan dks vkjafHkd {kSfrt osx v ls
isaQdrk gSA U;wVu dh xfr osQ fu;ekuqlkj] tc rd {kSfrt fn'kk esa cy xsan ij izHkko ugha
Mkyrk] rc rd {kSfrt fn'kk esa dksbZ Roj.k ugha gksxkA ok;q osQ ?k"kZ.k dhs mis{kk djsa rks
xsan tc ckyd osQ gkFk ls vyx gksrh gS rks ml ij yxus okyk cy osQoy xqjQRo cy
gksrk gSA vr,o xsan dh {kSfrt pky v

H
 ifjorZr ugha gksrhA fdarq tc xsan viuh bl pky

osQ lkFk nkfguh vksj vkxs
c<+rh gS rks og xq#Ro cy
osQ izHkko esa Hkh dk;Z
djrh gSA bls lfn'k osx
v

y 
osQ ÅèokZèkj ?kVd ls

fn[kk;k x;k gSA è;ku jgs

fd v = 2 2
H vv v+  gS vkSj

;g iz{ksi&iFk (trajectory)

osQ gj fcanq ij Li'kZjs[kh;
(tangential) gksrk gSA

fp=k- 4.1: iz{ksI; dk oØiFk
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iz{ksI; xfr dks ifjHkkf"kr djus osQ i'pkr ge ;g Kkr djuk pkgsaxs fd iz{ksI; fdruh
Å¡pkbZ rd] fdruh nwjh rd rFkk fdrus le; rd ok;q esa jgrk gSA fdlh iz{ksI; dks
fdlh fuf'pr y{; ij fxjkus osQ fy,] tSls fd iqQVckWy osQ [ksy esa xksy nkxus osQ
fy,] fØosQV dh xsan dks lhekjs[kk osQ ikj igq¡pkus osQ fy, rFkk jkgr lkexzh fxjkus
osQ fy, ;g nksuksa ?kVd egRoiw.kZ gSaA

4.1.1 iz{ksI; dh vfèkdre Å¡pkbZ (maximum height), mM~M;u dky (time
of flight) vkSj ijkl (Range)

iz{ksI; dh vfèkdre Å¡pkbZ] mM~M;u dky ,ao ijkl Kkr djus osQ fy, ge iz{ksI; xfr
dk fo'ys"k.k djsaxsA blesa ok;q ;k ok;q izfrjksèk tSls lHkh izHkkoksa dks ux.; eku ysrs gSaA
iz{ksI; xfr esa fdlh oLrq osQ izkjafHkd osx dks ge ÅèokZèkj ,ao {kSfrt ?kVdkas esa fo;ksftr
dj ldrs gSaA eku yhft, fd {kSfrt fn'kk dks x–v{k vkSj ÅèokZèkj fn'kk dks y–v{k ls
fu#fir fd;k tkrk gS (fp=k 4-2)A

eku ysa] iz{ksI; dh izkjafHkd fLFkfr] le; t = 0 ij] ewy fcanq O ij gSA tSlk fd vki tkurs
gSa fd ewy fcanq osQ funsZ'kkad x = 0 vkSj y = 0 gksrs gSaA vc vki eku yks fd iz{ksI; x-v{k
ls θ dks.k] ftls iz{ksi&dks.k (angle of projection) dgrs gSa] ij izkjafHkd osx v

0
 ls isaQdk

tkrk gSA x ,oa y fn'kk esa blosQ ?kVd Øe'k% fuEufyf[kr gSaA

v
ox

= v
o
 cos θ

0
(4.1 a)

vkSj v
oy

= v
o
 sin θ

0
(4.1 b)

fp=k 4.2 : iz{ksI; dh vfèkdre Å¡pkbZ mM~M;u ,oa dky ijkl

eku ysa iz{ksI; Roj.k osQ {kSfrt vkSj Å?okZèkj ?kVd Øe'k% a
x
 vkSj a

y
 gSa bl izdkj

a
x

= 0; a
y
 = –g = –9.8 m s–2 (4.2)

a
y 
dk ½.k fpg~u fuèkkZfjr funsZ'kkad ra=k esa xq#Roh; Roj.k dks y – v{k dh ½.kkRed fn'kk

esa n'kkZrk gSA
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è;ku nsa fd a
y
 ,dleku gSA vr% lehdj.kksa (2.6) vkSj (2.9) dk mi;ksx fdlh le; t ij

iz{ksI; osQ osx vkSj fLFkfr osQ O;atdksa dks fy[kus osQ fy, fd;k tk ldrk gSA ;s O;atd
gSa%

{kSfrt xfr v
x

= v
ox

, pw¡fd a
x
 = 0 (4.3a)

x = v
ox

t = v
0
 cos θ

0
t (4.3b)

ÅèoZ xfr v
y

= v
oy  

– g t = v
0
 sin θ

0 
– gt (4.3c)

y = v
oy

t
  
– ½g t2  = v

0
 sin θ

0
t
 
– 

1

2
g t2 (4.3d)

lehdj.k (2.10) osQ iz;ksx }kjk ÅèokZèkj fLFkfr ,ao osx ?kVdksa dk lacaèk bl izdkj vkrk
gSA

– g y = 
1

2
2 2( – )y oyv v (4.3e)

vki ns[ksaxsa fd (lehdj.kksa 4.3a rFkk b) }kjk n'kkZbZ xbZ {kSfrt xfr fLFkj osx dks iznf'kZr
djrh gSA vkSj lehdj.kksa 4.3(c) vkSj 4.3(d) }kjk n'kkZbZ xbZ ÅèokZèkj xfr ,dleku (vèkkseq[kh)
Roj.k dks iznf'kZr djrh gSA nks ?kVdksa osQ lfn'k ;ksx }kjk fdlh Hkh {k.k iz{ksI; dh xfr
vkSj fLFkfr dk Kku gks ldrk gSA

(a) vfèkdre Å¡pkbZ : tSls&tSls iz{ksI; gok esa pyrk gS] og fdlh vfèkdre Å¡pkbZ (h)

rd igq¡pdj uhps dh vksj vkuk 'kq# djrk gSA iz{ksI; ftl {k.k vfèkdre Å¡pkbZ ij gksrk
gS] ml le; iz{ksI; dh xfr dk ÅèokZèkj ?kVd 'kwU; gksrk gSA ;g og {k.k gksrk gS tc
iz{ksI; dk Åij dh vksj tkuk rks #d tkrk gS ijUrq bl {k.k og vHkh uhps dh ;k=kk 'kq#
ugha djrkA

vr% lehdj.kksa (4.3c vkSj e) esa v
y
 = 0 eku j[kus ij gesa fuEu lehdj.k izkIr gksrs gSaA

0 = v
oy

 – g t,

bl izdkj vfèkdre Å¡pkbZ rd igq¡pus esa fy;k x;k le;

t = oyv

g
 = 0 0sinv

g

θ
(4.4)

vfèkdre Å¡pkbZ h ij osx dk ÅèokZèkj ?kVd 'kwU; gksrk gSA vr% v2 – u2 = 2 a s = 2 g

h dk iz;ksx djus ij gesa vfèkdre Å¡pkbZ

 
2

0
2
0 sin

2

v
h

g

θ
=            (pw¡fd v = 0 vkSj u = v

0
 sin θ)    (4.5)

è;ku nsa fd viuh x.kukvksa esa geus ok;q&izfrjksèk osQ izHkkoksa dks ugha fy;k gSA iz{ksI; osQ
dkiQh de osxksa osQ fy, vfèkdre Å¡pkbZ dk ;g lfUudV eku gSA
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lehdj.k (4.4) dh lgk;rk ls oLrq osQ ok;qe.My esa jgus dk le;&dky izkIr fd;k tk
ldrk gSA bls bl mM~M;u dky (time of flight) dgrs gSaA

(b) mM~M;u&dky (time of flight): iz{ksI; dk mM~M;u dky iz{ksI; osQ izekspu osQ {k.k
(isaQdus osQ {k.k) ,ao iz{ksI; osQ i`Foh ij fxjus osQ {k.k dk le;&varjky gSA lehdj.k
(4.4) ls n'kkZ;k x;k le; t fiaM osQ mM~M;u&dky dk osQoy vkèkk gksrk gSA vr% iw.kZ
mM~M;u&dky dk eku fuEufyf[kr gksxk%

0 02 sin
2

v
T t

g

θ
= = (4.6)

var esa ge iz{ksI; }kjk {kSfrt fn'kk esa pyh xbZ nwjh dh x.kuk djrs gSaA bls ijkl Hkh dgrs
gSaA

(c) ijkl (Range) iz{ksI; dk ijkl iz{ksI; osQ mM~M;u&dky dks iz{ksI; dh {kSfrt xfr
ls xq.kk djus ij izkIr gks tkrk gSA vr%

R = (v
ox

)  (2 t)

= (v
0
 cos θ

0
) 0 0(2 sin )v

g

θ

= 2
0v 0 0(2sin cos )

g

θ θ

pw¡fd] 2 sin θ cos θ = sin 2θ, bl izdkj ijkl fuEufyf[kr lehdj.k ls izkIr gksrk gS]

2
0 0sin 2v

R
g

θ
= (4.7)

mi;qZDr lehdj.k ls Li"V gS fd iz{ksI; dk ijkl fuEufyf[kr ?kVdksa ij fuHkZj djrk gS%

iz{ksI; dk izkjafHkd osx v
0
, vkSj

iz{ksI; dks.k θ
0
.

vc vki Kkr dj ldrs gSa fd fMLd ;k Hkkyk fdl dks.k ls isaQdk tk, rkfd og i`Foh
ij vfèkdre nwjh ij tk dj fxjsA nwljs 'kCnksa esa] dg ldrs gSa fd og dkSu&lk dks.k
gks ftlosQ fy, {kSfrt ijkl vfèkdre gksA

Li"V gS] fdlh fuf'pr osx v
0
 osQ fy, R rHkh vfèkdre gksxk] tcfd sin 2θ

0
 = 1 ;k 2θ

0

= 900.

;k θ = 45°

vr% fdlh fuf'pr osx v
0 
osQ fy, R rHkh vfèkdre gksxk] tcfd θ

0
 = 450.

vkb;s] ge ,d fo'ks"k fLFkfr esa bu jkf'k;ksa osQ eku fudkyrs gSa]
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mnkgj.k 4.1 : lu~ 1996 esa ,VykUVk (Atlanta) esa gq, lsUVhfu;y vksyfEid (Centennial

olympics) osQ nkSjku Lo.kZind izkIr djus okys f[kykM+h us gSej dks 19.6 m dh nwjh ij
isaQdkA bl nwjh dks vfèkdre ekurs gq, gSej dh izkjfEHkd pky Kkr dhft,A gSej dh
vf/dre Å¡pkbZ D;k Fkh\ gok esa gSej fdruh nsj jgk\ isaQdus okys f[kykM+h osQ gkFk dh
i`Foh ls Å¡pkbZ dks x.kuk esa u ysaA

gy : pw¡fd gSej isaQdus okys f[kykM+h osQ gkFk dh Å¡pkbZ dks x.kuk esa ugha fy;k tk jgk
gSA vr% iz{ksi fcUnq ,ao gSEkj dk okfil ykSVus dk LFkku ,d gh Å¡pkbZ ij gq,A ge funsZ'kkad
v{kksa osQ ewy fcanq 0 dks iz{ksi fcanq eku ysrs gSaA pw¡fd gSej }kjk r; dh xbZ nwjh bldk
ijkl gSA vr% ijkl osQ fy, lehdj.k 4.7 dk mi;ksx djrs gq,%

R = 
2
0v

g
 pw¡fd θ

0
 = 450 ij ijkl vfèkdre gksrk gSA

 ;k v
0

= Rg

R dk eku 19.6 m fn;k x;k gS rFkk g dk eku 9.8 m s–2 ysus ij

v
0
 = –2(19.6 m) (9.8 m s )×  = 9.8 2 m s–1 = 14.01 m s–1

vfèkdre Å¡pkbZ vkSj mM~M;u dky Øe'k% lehdj.k (4.5) vkSj (4.6) ls izkIr gksrk gSA v
0

vkSj sin θ
0
 osQ eku lehdj.k (4.5) vkSj (4.6) esa j[kus ij

vfèkdre Å¡pkbZ, h = 
( )

2
2

2 –2

–2

1
9.8 2 m  s

2
2 9.8 m s

⎛ ⎞×⎜ ⎟
⎝ ⎠

×
 = 4.9 m

mM~M;u dky, T = 
( ) –1

–2

2 9.8 2 m s

9.8 m s

×
 × 

1

2
 = 2 s

vkius vc iz{ksI; xfr ls lacafèkr ladYiukvksa vkSj muosQ vuqiz;ksx dk vè;;u dj fy;k
gSA viuh le> dh tk¡p djus osQ fy, fuEufyf[kr iz'uksa dks gy djus dk iz;kl djsa%

ikBxr iz'u 4.1

1. fuEufyf[kr ifjfLFkfr;ksa esa igpku dhft, fd dkSu&lh xfr iz{ksI; gS\

(a) rhjankt dk y{; ij rhj NksM+uk

(b) Toykeq[kh; foLiQksV ls pV~Vkuksa dk fu"dklu

(c) igkM+h lM+d ij Vªd dh xfr
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(d) ceo"kZd ok;q;ku }kjk ce fxjkuk (laosQr&ce osQ fxjrs le; bldh ok;q;ku osQ
osx osQ cjkcj {kSfrt xfr gksrh gS)

(e) unh esa ikuh ij rSjrh gqbZ iky ukSdk

2. vyx&vyx iz{ksi dks.kksa ij
isaQdh xbZ rhu xsans leku vfèkdre
Å¡pkbZ rd igq¡prh gSa (fp=k.4.3):

(a) D;k lHkh xsanksa osQ fy,
izkjafHkd osx osQ ÅèokZèkj
?kVd leku gSa\ ;fn ugha rks
fdl xsan osQ osx dk ÅèokZèkj
?kVd lcls de gksxk\

(b) D;k lHkh xsanksa dk mM~M;u dky leku gksxk\

(c) fdl xsan osQ osx dk {kSfrt ?kVd lcls vfèkd gksxk\

3. ,d f[kykM+h us 8.90 m nwjh owQn dj yach owQn dk dhfrZeku LFkkfir fd;kA
eku ysa owQnrs le; mldk izkjafHkd osx 9.5 m s–1 FkkA ;fn gok osQ izfrjksèk dks x.kuk
esa u ysa rks crkb, fd og vfèkdre ijkl osQ fdrus fudV owQnk Fkk\ g dk eku
9.78 m s–2 ysaA

4.2 iz{ksI; dk iz{ksi iFk

,d iz{ksI; }kjk r; ekxZ dks mldk iz{ksi iFk dgrs gSaA D;k vki fp=k- 4.1, 4.2 rFkk 4.3

esa fn[kk, x, iz{ksI;ksa osQ iz{ksi iFk dks igpku ldrs gSa\

;|fi geus iz{ksI; xfr ls lacafèkr vusoQ rF;ksa dh ppkZ dh gSA ijUrq vHkh rd geus ewwy
iz'u ij fopkj gh ugha fd;kA ,d iz{ksI; dk iz{ksi iFk D;k gS\ vr% gesa iz{ksI; osQ iz{ksi
iFk osQ fy, lehdj.k Kkr djuk gSA iz{ksI; osQ iz{ksi iFk dk lehdj.k fudkyuk ljy gSA

x dk eku lehdj.k (4.3b) ls izkIr gksrk gS rFkk y dk eku lehdj.k (4.3d) ls izkIr gksrk
gSA bu nksuksa lehdj.kksa dh lgk;rk ls t dks foyqIr djuk gksxkA lehdj.k (4.3b) ls t dk
eku lehdj.k (4.3d) esa j[kus ij gesa fuEufyf[kr lehdj.k izkIr gksrk gS%

y = v
oy

 
ox

x

v
 – 

1

2

2

2
ox

g x

v
as

ox

x
t

v
⎛ ⎞=⎜ ⎟
⎝ ⎠

(4.8 a)

lehdj.k (4.1 a vkSj b) osQ mi;ksx ls lehdj.k (4.8a) dk fuEu #i gks tkrk gS%

y = (tan θ
0
) x – 2

0 02( cos )

g

v θ
x2 (4.8 b)

pw¡fd v
oy

 = v
0
 sin θ vkSj v

ox
 = v

0
 cos θ.

fp=k 4.3 : iz{ksI; dk iz{ksiUiFk
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bl lehdj.k dk #i y = a x + b x2 osQ leku gS tks ,d ijoy; (parabola) dk lehdj.k gSA
fp=k- 4.3 esa vki fofHkUu iz{ksi dks.kksa ij NksM+s x, iz{ksI;ksa osQ iz{ksi iFkksa dks ns[k ldrs gSaA

iz{ksI; xfr ls lacafèkr iz'uksa dks gy djus osQ fy, vkerkSj ij lehdj.k (4.5) ls lehdj.k
(4.7) dk mi;ksx ljy gksrk gSA mnkgj.k osQ fy, bu lehdj.kksa dk mi;ksx fdlh Kkr nwjh
ij y{; dks nkxus osQ fy, vko';d foekspu xfr ,oa iz{ksi dks.k dh x.kuk osQ fy, fd;k
tkrk gSA ysfdu r; dh gqbZ nwjh cgqr vfèkd gksus ij ;s lehdj.k iz{ksI; xfr dk laiw.kZ
O;kSjk ugha nsrs gSaA vc ge fdlh iz{ksi dks.k θ ij osx v

0
ekudj fcanq (x

0
, y

0
) ls NksM+s x,

iz{ksI; dh xfr lacaèkh egRoiw.kZ lehdj.kksa dks la{ksi esa izLrqr djrs gSaA

iz{ksI; xfr ls lacafèkr lehdj.k

a
x

= 0 a
y

= – g (4.9 a)

v
x

= v
0 
cos θ

0
v

y
= v

0 
sin θ – g t (4.9 b)

x = x
0 
+ (v

0
 cos θ

0
)t y = y

0 
+ (v

0
 sin θ) t –(½) g t2 (4.9 c)

iz{ksi iFk dk lehdj.k

y = y
0 
+ (tan θ) (x – x

0
) – 2

0 02( cos )

g

v θ
 (x – x

0
)2 (4.9 d)

è;ku nhft, fd ;s lehdj.k igys ppkZ fd, x, lehdj.kksa ls vfèkd O;kid gSaA izkjafHkd
funsZ'kkadksa dks (0,0) ij u ysdj O;kid funsZ'kkad (x

0
, y

0
) ys fy, x, gSA D;k vki bl iz{ksI;

iFk dk O;kid lehdj.k izkIr dj ldrs gSa\ vkxs c<+us ls igys bls Kkr dhft,A

vHkh rd geus ,sls fiaMksa dh xfr dk vè;;u fd;k gS ftldh xfr ,d ry esa gksrh gS
vkSj ftls ge iz{ksI; xfr dh Js.kh esa j[k ldrs gSaA iz{ksI; xfr osQ nkSjku fiaM osQ Roj.k
dk ifjek.k vkSj fn'kk] nksuksa ,dleku jgrs gSaA ,d vkSj izdkj dh egRoiw.kZ f}foeh; xfr
gS] ftlesa Roj.k dk eku rks leku jgrk gS fdUrq fn'kk ughaA ;g ,dleku orqZy xfr gSA
lkekU;r;k orqZy xfr ls rkRi;Z {kSfrt o`Ùk esa xfr ls gksrk gSA rFkkfi] ÅèokZ/j o`Ùk esa xfr
Hkh laHko gSA vkxkeh vuqHkkx esa vki budk vè;;u djsaxsA

bokutssfyLVk Vksfjlsyh
(1608&1647)

;g bVyh osQ xf.krK o xSyhfy;ks osQ f'k"; FksA bUgksaus ikjn
ok;qnkcekih dk vkfo"dkj fd;k] iz{ksI;ksa osQ fl¼kar dh tk¡p
dh] nwjn'khZ ;a=k esa lqèkkj fd;k vkSj ,d izkFkfed lw{en'khZ dk
vkfo"dkj fd;kA mUgksaus bl ckr dks xyr fl¼ fd;k fd izo`Qfr
fuokZr ilan ugha djrh] Vksfjlsyh osQ izes;ksa dks izLrqr fd;kA
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4.3 orqZy xfr (Circular motion)

xzkeksiQksu osQ ros (record) dh xfr vFkok pDdh osQ ikV dh ,dleku osx ls xfr] lkèkkj.k
?kM+h dh lwb;ksa dh xfr vkSj ;krk;kr osQ pkSjkgs osQ xksy pDdj ij fdlh xkM+h dk eqM+uk
orqZy xfr osQ vkn'kZ mnkgj.k gSaA fxvj (gear), f?kjuh (pulley) vkSj ifg, (wheel) dh xfr
Hkh orqZy xfr gksrh gSA lcls ljy izdkj dh orqZy xfr ,d leku o`Ùkh; xfr gksrh gSA
?kwers gq, ia[ks dh ia[kfM+;ksa ij vkSj ,dleku pky ls ?kwers gq, pDdh osQ ikV ij fdlh
fcanq dk iFk blosQ mnkgj.k gSaA

,dleku orqZy xfr dk ,d mnkgj.k i`Foh osQ pkjksa vksj o`Ùkh; d{kkvksa esa o`Qf=ke mixzgksa
dh LFkkiuk gSA mixzgksa dh INSAT Jà[kyk rFkk vU; o`Qf=ke mixzgksa ls gesa vR;fèkd ykHk
gqvk gSA vr% ge igys ,dleku orqZy xfr dk vè;;u djrs gSaA

4.3.1 ,dleku orqZy xfr (Uniform Circular Motion)

fdlh o`Ùkh; iFk ij ,d leku pky ls gks jgh xfr dks ,dleku orqZy xfr dgrs
gSaA

fp=k 4.4 (a):,dleku orqZy xfr esa d.k dh fLFkfr;k¡; (b): ,dleku orqZy xfr

fp=k- 4.4a ns[ksaA blesa fdlh d.k (fudk;) dh ,dleku pky okyh o`Ùkh; xfr osQ fy,
t
1
o t

2
 le;ksa ij fLFkfr lfn'k r

1
 vkSj r

2
 n'kkZ, x, gSaA leku 'kCn ls rkRi;Z leku pky

ls gSA ge cryk pqosQ gSa fd d.k dh pky vpj gSA d.k dk osx D;k gS\ osx Kkr djus
osQ fy;s gesa vkSlr osx dh ifjHkk"kk dks ,dleku orqZy xfr dh P

1
 vkSj P

2
 fLFkfr;ksa ij

ykxw djuk gksxk] ftlls

vav = 2 1

2 1

–

–t t

r r
 = 

t

Δ
Δ

r
(4.10 a)

lfn'k Δr fp=k 4.4(a) esa n'kkZ;k x;k gSA vc eku yhft, fd le; vUrjky Δt vR;ar y?kq
gksrk tkrk gS vkSj 'kwU; eku rd igq¡prk gSA bl fLFkfr esa Δr dk ifjek.k rFkk fn'kk D;k
gksxh\ bl fLFkfr esa tSls&tSls Δt dk eku 'kwU; dh lhek dh vksj tkrk gS] Δr, fcanq P

1
 ij

(a)                                               (b)
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o`Ùk dh Li'kZ js[kk curh tkrh gSA xf.krh; :i ls fcanq P
1
ij rkR{kf.kd osx dh ifjHkk"kk

ge fuEufyf[kr #i esa djrs gSa%

v = 
lim

0tΔ →
d

dt t

Δ =
Δ

r r
(4.11)

vr% ,dleku orqZy xfr esa osx lfn'k fujUrj cnyrk jgrk gSA D;k vki bldk dkj.k
cryk ldrs gSa\ ,slk osx dh fn'kk fLFkj u gksus osQ dkj.k gksrk gSA osx dh fn'kk fujUrj
cnyrh tkrh gSA (nsf[k, fp=k 4.4b) osx osQ blh ifjorZu osQ dkj.k ,dleku orqZy
xfr Rofjr xfr gksrh gSA ,d d.k osQ ,dleku orqZy xfr esa Roj.k dks vfHkosQUnz Roj.k
dgrs gSaA vc bls FkksM+k foLrkj ls le>rs gSaA

vfHkosQUnz Roj.k (centripetal acceleration) : eku yhft, m nzO;eku dk dksbZ d.k
,deku pky  v ls r f=kT;k osQ o`Rkkdkj iFk esa pDdj yxk jgk gSA NksVs le; vUrjky Δt
osQ ckn d.k fLFkfr A ls fLFkfr B ij igq¡prk gSA eku ysa r o r′,′,′,′,′, AvkSj B fLFkfr;k¡ osQ fy;s
fLFkfr lfn'k_ v vkSj v′′′′′ osx lfn'k gSa (fp=k 4.5(a))A

fp=k 4.5

Δv (osx ifjorZu dk eku) lfn'kksa osQ f=kHkqt fu;e dh lgk;rk ls Kkr fd;k tkrk gSA
vc pw¡fd d.k dk iFk o`Ùkkdkj gS vkSj fdlh fcanq ij osx dh fn'kk ml fcanq ij Li'kZ
js[kk }kjk n'kkZbZ tkrh gSA vr% v rFkk v′′′′′  Øe'k% vkSj r vkSj r′′′′′ osQ yEcor~ gSaA

vkSlr Roj.k 
t

Δ⎛ ⎞=⎜ ⎟Δ⎝ ⎠
a

v
Δv dh fn'kk esa gS

vFkkZr~ vkSlr Roj.k Δr osQ yEcor gSA

ekuk fd fLFkfr lfn'k r vkSj r′′′′′ osQ chp dk dks.k Δθ gS] rc osx lfn'kksa v o v′′′′′  osQ chp
dk dks.k Hkh Δθ gksxk D;ksafd o`Ùkh; xfr esa osx lfn'k ges'kk fLFkfr lfn'k osQ yEcor~ gksrs
gSaA

(a)(b)
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osx ifjorZu Δv Kkr djus osQ fy, ,d fcanq O ysa vkSj AX osQ lekUrj o cjkcj OP js[kk
[khapsaA ;g v n'kkZrh gSA iqu% blh fcanq ls ,d js[kk OQ, BY osQ lekUrj [khapsA ;g v′′′′′     dks
n'kkZrh gSA

pw¡fd |v| = |v′′′′′ |, OP = OQ. PQ dks feyk,a (fp=k. 4.5b)

vc f=kHkqt OPQ esa Hkqtk OP vkSj OQ osQ A vkSj B fcanqvksa ij osx lfn'kksa v vkSj v′′′′′ dks n'kkZrs
gsaA blfy, budk vUrj PQ }kjk n'kkZ;k tkrk gS] tks fd osx ifjorZu osQ ifjek.k o Δt

le; esa fcanq A ls fcanq B ij tkus esa fn'kk ifjorZu dks n'kkZrk gSA

∴ Roj.k = osx ifjorZu dh nj

vFkkZr~ a = 
t t

Δ=
Δ Δ
PQ v

(4.12)

pw¡fd Δt cgqr de gS AB Hkh cgqr de gS] tks yxHkx ,d ljy js[kk gSA bl izdkj Δ ACB

vkSj ΔPOQ lef}ckgq f=kHkqt gSa ftuosQ var%dks.k leku gSaA vr% ;s f=kHkqt le:i gSaA

∴
PQ

AB
= 

OP

CA

vFkok
.

v

v t

Δ
Δ

= 
v

r
    [Q |v

1
| = |v

2
| = v] (4.13)

⇒
v

t

Δ
Δ

= 
2v

r
(4.14)

ysfdu] 
v

t

Δ
Δ

 d.k dk Roj.k gSA vr%

vfHkosQUnz&Roj.k, a = 
2v

r
(4.15)

vc v = r ω, vr% vfHkosQUnz&cy dk ifjek.k

 F = m a = 
2m v

r
 = m rω2. (4.16)

vc pw¡fd Δt dkiQh de gSA vr% ∠OPQ = ∠OQP = 1 ledks.k

bl izdkj PQ, OP osQ yEcor gS tks fd fcanq A ij [khaph Li'kZjs[kk AX osQ lekUrj gSA iqu%
AC, AX ij yEcor gS blfy, AC, PQ osQ lekUrj gSA ;g n'kkZrk gS fdlh fcanq ij
vfHkosQUnz&cy osQUnz dh vksj f=kT;k osQ vuqfn'k dk;Z djrk gSA

;g n'kkZrk gS fd fdlh oLrq dks o`Ùkkdkj iFk esa xfr'khy j[kus osQ fy, ,d U;wure vfHkosQUnzh
cy vko';d gksrk gSA ,sls cy osQ vHkko esa oLrq ,d ljy js[kk esa xfr djsxhA
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4.3.2 mQèokZ/j o`Ùk esa xfr

tc dksbZ fiaM fdlh {kSfrt o`Ùk esa ,d leku pky ls xfr djrk gS rks blds jSf[kd osx
dh fn'kk rks cnyrh jgrh gS fdUrq dks.kh; osx vifjo£rr jgrk gSA fdUrq] tc dksbZ fiaM
mQèokZ/j o`Ùk esa xfr djrk gS rks xq:Roh; Roj.k ds dkj.k bldk dks.kh; osx Hkh vpj
ugha jg ldrkA

fp=k 4.6

ekuk fd Mksjh ls ca/s m nzO;eku ds fdlh fiaM dks fcUnq O ds ifjr% r f=kT;k ds ,d
o`Ùk esa ?kqek;k tk jgk gSA D;ksafd fiaM mQèokZ/j o`Ùk esa xfr dj jgk gS] fuEure fcUnq P

ij bldk osx vf/dre gS vkSj tSls&tSls fiaM fcUnq Q dh vksj c<+rk gS xq#Ro ds dkj.k
osx de gksrk tkrk gS vkSj mPpre fcUnq Q ij bldk eku U;wure gksrk gSA tc fiaM o`Ùkkdkj
iFk ij pydj Q ls P dh vksj vkrk gS rks bldh pky fiQj c<+us yxrh gSA

P fcUnq ij fiaM ij yxus okys cy gSa% oLrq dk Hkkj mg vkSj Mksjh esa ruko T
1
 tks fp=k

esa n'kkZbZ xbZ fn'kkvksa esa izHkkoh gSaA blh izdkj fcUnq Q ij fiaM ij yxus okys cy gSa% mg

,oa ruko T
2
 tks fp=k 4-9 esa n'kkZbZ xbZ fn'kk esa yxs gSaA ;fn fcUnq P ,oa Q ij fiaM

ds osx Øe'k% v
1
 ,oa v

2
 gksa rks] P ij

2
1

1
mv

T mg
r

− =

vFkok
2
1

1
mv

T mg
r

= +

è;ku nsa fd P ij cy (T
1 
– mg), PO ds vuqfn'k yxrk gS vkSj vfHkdsUnzh cy iznku

djrk gSA blh izdkj fcUnq Q ij

2
2

2
mv

T mg
r

+ =

vFkok
2
2

2
mv

T mg
r

= −
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;fn Mksjh <+hyh iMs fcuk fiaM dks o`Ùk ij pyrs tkuk gS rks]

2 0T ≥

vFkkZr Mksjh esa Q fcUnq ij U;wure ruko 'kwU; gksuk pkfg,A

tc T2 = 0,  rks
2
2mv

mg
r

=

vFkkZr~ o`Ùk ds mPpre fcUnq Q ij U;wure osx gr  gSA

∴ ω2 = =v
g r

r

o`Ùk ds U;wure fcUnq P ij U;wure osx bruk gksuk pkfg, fd mPpre fcUnq Q ij bldk

osx v2 = gr  gks tk,A

laca/ v2 – u2 = 2as dk mi;ksx djus ij gesa izkIr gksrk gSA

2 2
2 1 2 (2 )− = −v v g r (Q s = 2r ,oa g Î.kkRed gS)

vFkok 2 2
1 2 4= +v v gr

2
1 4 5= + =v gr gr gr

⇒ 1 5=v gr

vr% dksbZ fiaM iwjh rjg mQèokZ/j o`Ùk ij py ik, blds fy, fuEure fcUnq ij fuEure

osx 5gr  gksuk pkfg,A

vFkok 1 5=w g r

tks n'kkZrk gS fd tc dksbZ fiaM mQèokZ/j o`Ùk esa xfr djrk gS rks bldk dks.kh; osx Hkh
ifjo£rr gksrk gSA bu rF;ksa dks vuqHko djus ds fy, fuEufyf[kr fØ;kdykiksa dks djds
ns[ksaA

fØ;kdyki 4.1

,d NksVk lk iRFkj dk VqdM+k èkkxs esa ck¡èkdj o nwljs fljs dks gkFk esa ysdj {kSfrt ,oa
ÅèokZèkj fn'kkvksa esa ?kqekus dk iz;kl djsaA vki de ?kw.kZu xfr ls izkjaHk dj Øe'k% bl
xfr dks c<+k,aA tc ?kw.kZu xfr de gksrh gS] rc D;k gksrk gS\ D;k vki iRFkj osQ ?kweus
ij vaxqfy;ksa esa dksbZ f[kapko eglwl djrs gSa\ tc vki èkkxs osQ fdukjs dks NksM+ nsrs gSa
rks D;k gksrk gS\ bldh O;k[;k vki oSQls djsaxs\
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fØ;kdyki 4.2

,d ehVj yack ,syqfefu;e dk ,d pSuy ysa vkSj bls bl izdkj eksM+sa fd chp esa ,d òRkkdkj
ywi cu tk, (fp=k 4.5)A ;fn vko';drk gks rks fdlh rduhdh tkudj dh lgk;rk ysaA

fp=k 4.7: ;fn fdlh xsan dks vkur (incline) ry ij i;kZIr Å¡pkbZ ls yq<+dk;k tk, rks ;g ywi
dk iwjk pDdj yxk ysxhA

dk¡p dh xksfy;ksa dks pSuy osQ nkbZa vksj fHkUu&fHkUu Å¡pkb;ksa ls yq<+dk,aA voyksdu djsa
fd D;k xksyh izR;sd fLFkfr esa ywi dk pDdj yxk ysrh gS vFkok bls ,d U;wure Å¡pkbZ
ls vfèkd Å¡pkbZ ls (bl izdkj ,d U;wure osx) ls yq<+dkuk iM+sxk\ blls de m¡QpkbZ
ls yq<+dkus ij dk¡p dh xksyh ywi dk pDdj iwjk ugha dj ik,xh vkSj ;g uhps fxj tk,xhA
vki bldh O;k[;k oSQls djsaxs\

vfHkosaQUnzh; cy osQ oqQN mi;ksx
(i) viosQUnzd : fofHkUu ?kuRo dh oLrqvksa dks vyx&vyx djus osQ fy, ?kweus okyh
;qfDr;ksa dk iz;ksx fd;k tkrk gSA ;s bl fl¼kar ij vkèkkfjr gSa fd ;fn nks vyx&vyx
?kuRo okys inkFkksZa osQ feJ.k dks ,d ik=k esa j[k dj mPp osx ls ?kqek;k tk, rks
Hkkjh vo;o ij yxus okyk vfHkosQUnz cy vfèkd gksxk vkSj Hkkjh inkFkZ ik=k esa ckgj
dh vksj xeu djsxk vkSj bls vyx fd;k tk ldrk gSA bu ;qfDr;ksa dks ;wjsfu;e
dks le`¼ cukus osQ fy, iz;ksx fd;k tkrk gS jlk;u iz;ksx'kkyk esa budk mi;ksx jlk;fud
fo'ys"k.k osQ fy, fd;k tkrk gSA

fp=k 4.8: ikjn vkSj ikuh ,d r'rjh esa ?kwers gSaA ikuh ikjs osQ vUnj dh vksj gSA xq#Roh;
cy dh Hkk¡fr vfHkosQUnz&cy T;knk Hkkjh inkFkZ osQ fy, vfèkd gksrk gSA
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(ii) okguksa osQ ifg;ksa ij de xfr dh fLFkfr esa dhpM+ fpid tkrk gS vkSj xfr osQ
cgqr c<+ tkus ij ;g Li'kZjs[kh; fn'kk esa fNVddj nwj gks tkrk gSA

fp=k 4.9: rsth ls pDdj yxkrs gq, ifg, esa dhpM+ vkSj ikuh fNVd dj nwj gks tkrs gSaA

(iii) xzgh; xfr : lw;Z dh ifjØek djus okys ìFoh rFkk nwljs xzgksa osQ fy, vko';d
vfHkosQUnz&cy muosQ vkSj lw;Z osQ chp dk;Z djus okys xqjQRokd"kZ.k&cy }kjk feyrk gSS

mnkgj.k 4.2 : varfj{k esa mM+ku osQ nkSjku varfj{k ;k=kh mPp Roj.k dk vuqHko djrs gSaA
,slh fLFkfr;ksa osQ fy, izf'k{k.k osQUnzksa esa budks ,d ,sls lao`r oSQIlwy (closed capsule) esa
j[kk tkrk gS tks 15 m f=kT;k dh ?kw.khZ (revolving) Hkqtk (arm) osQ fljs ij tksM+ fn;k tkrk
gSA bl oSQIlwy dks ,d o`Ùkkdkj iFk esa mlh izdkj ?kqek;k tkrk gS& tSls fd ge Mksjh osQ
lkFk iRFkj ck¡èkdj {kSfrt o`Ùk  esa ?kqekrs gSaA ;fn Hkqtk o`Ùk osQ pkjksa vksj 24 pDdj izfr
feuV dh nj ls ?kwerh gS rks oSQIlwy dk vfHkosQUnz&Roj.k Kkr dhft,A

gy : o`Ùkh; iFk dh ifjfèk dk eku =  2π × (f=kT;k) = 2π × 15 ehVj

ifjfèk esa ,d pDdj yxkus esa yxk le; = 
60

24

blfy, oSQIlwy dh pky v = 
2

T

rπ
 = 

2 15 m

(60 / 24) s

π ×
 = 38 m s–1

vfHkosQUnz&Roj.k dk ifjek.k

a = 
2v

r
 = 

–1 2(38 m s )

15 m  = 96 m s–2

è;ku nsa fd ;g Roj.k xq#Roh; Roj.k ls yxHkx 10 xquk gSA

ikBxr iz'u 4.2

1. ,dleku orqZy xfr esa (a) D;k pky ,dleku gksrh gS\ (b) D;k osx ,dleku gksrk
gS? (c) D;k Roj.k dk ifjek.k fLFkj gksrk gSA (d) D;k Roj.k ,dleku gksrk gS\ Li"V
dhft,A
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2. ÅèoZ o`Ùkh; xfr esa D;k fiaM dk dks.kh; osx ifjofrZr gksrk gS\ O;k[;k dhft,A

3. ,d èkkod o`Ùkkdkj iFk osQ pkjksa vksj 9.0 m s–1 dh pky ls nkSM+rk gS] ftldk
vfHkosQUnz&Roj.k 3 m s–2 gSA o`Ùkkdkj iFk dh f=kT;k Kkr dhft,A

4. iQehZ iz;ksx'kkyk dk Rojd fo'kkyre d.k Roj.kksa esa ls ,d gSA bl Rojd esa izksVkuksa
dks ,d fuokZr uyh esa 2 km O;kl osQ o`Ùkh; iFk esa pyus dks ckè; fd;k tkrk gSA
budh xfr izdk'k osx osQ yxHkx 99.99995% gSA bu izksVkWuksa dk vfHkosQUnz Roj.k D;k
gS\ c = 3 × 108 m s–1.

4-4 ,dleku orqZy xfr osQ vuqiz;ksx

vc rd vki i<+ pqosQ gSa fd ,d o`Ùkkdkj iFk esa py jgs fiaM dh xfr Rofjr gksrh gSA
fiNys ikBksa esa vkius U;wVu osQ xfr osQ fu;e Hkh i<+sA U;wVu osQ nwljs fu;e ls vki tkurs
gSa fd pw¡fd o`Ùkkdkj iFk ij xfr'khy fiaM dh xfr Rofjr gksrh gS] bl ij ,d usV cy
vo'; izHkkoh gksuk pkfg,A

bl cy dh fn'kk vkSj ifjek.k D;k gS\ ;s ckrsa bl vuqPNsn esa vki lh[ksaxsA rc ge ,dleku
orqZy xfr osQ fy, U;wVu osQ fu;eksa dk iz;ksx djsaxsA blls ge ;g tku ikrs gsa fd lM+dksa
dks cSafdr djus dk D;k dkj.k gS] vFkok tc ik;yV ok;q;kuksa dks ÅèokZèkj ywiksa esa mM+krs
gSa rks os viuh lhVksa ij cSBs gq, nkc eglwl D;ksa djrs gSa\

lcls igys fiaM ij yxs ml cy dks Kkr djrs gSa tks bldh ,dleku orqZy xfr dks cuk,
j[krk gSA eku yhft, fd fiaM r f=kT;k osQ òÙk esa fLFkj osx v ls pDdj dkV jgk gSA U;wVu
osQ nwljs fu;e osQ vuqlkj fiaM ij yxs cká cy ,ao Roj.k osQ chp fuEu lacaèk gS%

F = 
2mv

r
− r̂ , |F| = 

2mv

r
(4.17)

,d leku orqZy xfr djrs fi.M ij yx jgk usV ckã cy o`r osQ osQUnz dh vksj fufnZ"V
gksrk gS vkSj bldk ifj.kke leh- (4-17) }kjk izkIr gksrk gSA bl cy dks vfHkosQUnzh; cy
dgrs gSaA ,d vkSj egRoiw.kZ rF; le>us vkSj ;kn djus dk ;g gS fd vfHkosQUnz cy]
xq#Roh; cy vFkok oS|qr cy tSls vU;ksU;fØ;k cyksa (forces of interaction) dh lwph esa
ugha vkrk gSA ;g ifjHkkf"kd 'kCn osQoy gesa ;g tkudkjh nsrk gS fd ,dleku orqZy xfr
esa fiaM ij yxk usV cy osQUnz dh vksj fufnZ"V gksrk gSA blls gesa ;g irk ugha pyrk
gS fd ;g cy dgk¡ ls vkrk gSA

bl izdkj] ;g cy nks fudk;ksa osQ chp dk;Z djus okys xq#Rokd"kZ.k osQ dkj.k gks ldrk
gS tSls lw;Z osQ pkjksa vksj xzgksa dh xfr osQ nkSjku vfHkosQUnz&cy lw;Z vkSj mixzg osQ chp
xq#Roh; vkd"kZ.k osQ dkj.k gksrk gSA blh izdkj fdlh eksM+ ;k xksykbZ esa eqM+rh gqbZ eksVj
dkj osQ fy, vfHkosQUnz&cy lM+d ,ao dkj osQ Vk;jksa osQ chp ?k"kZ.k cy vkSj lM+d dh
cSafdax ls (vFkok cSaDM jksM dh vfHkyEcr izfrfØ;k cy osQ {kSfrt ?kVd }kjk) feyrk
gSA vfHkosQUnz&cy dh èkkj.kk vkSj vfèkd izR;{k fLFkfr;ksa esa iz;ksx fd, tkus ij Li"V gks
tk,xhA
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4-4-1 lM+dksa dh cSafdax

lkbfdy pykrs gq, fdlh rhoz eksM+ ij vkius vuqHko fd;k gksxk fd dksbZ cy vkidks
vkiosQ iFk ls ckgj dh vksj èkosQyus dk iz;kl dj jgk gSA D;k vkius dHkh lkspk fd
,slk D;ksa gksrk gS\

vki ckgj fxjus dks rc izo`Ùk gksrs gSa] tcfd vkidks o`Ùkkdkj iFk esa cuk, j[kus osQ fy,
vko';d cy dk vHkko gksA lM+d ,ao Vk;jksa osQ chp ?k"kZ.k ls oqQN cy izkIr gksrk gS
ysfdu ;g laHkor;k i;kZIr ugha gksrk gSA tc vki xfr èkheh djrs gSa] rks vko';d
vfHkosQUnz&cy de gks tkrk gS vkSj vki eqM+us esa l{ke gks tkrs gSaA

eku yhft, jktekxZ osQ fdlh eksM+ okys Hkkx esa m nzO;eku dh eksVj dkj v pky ls tk
jgh gSA (fp=k- 4-6) o`Ùkkdkj iFk esa eksVj dkj dks ,dleku #i ls xfr'khy cuk;s j[kus
osQ fy;s bl ij dksbZ cy dk;Z djuk pkfg,A ;g cy osQUnz dh vksj fufnZ"V gksuk pkfg,

vkSj bldk ifjek.k 
2m

r

v
 gksuk pkfg,A ;gk¡ r ofØr Hkkx dh oØrk f=kT;k (radius of

curvature) gSA

(a)                  (b)
fp=k 4.10 : ,d eqM+rh gqbZ dkj (a) ,d lery lM+d ij] (b) ,d cSao~QM lM+d ij]

(c) dkj ij dk;Zjr cy dks blosQ ldeksf.kd ?kVdksa esa foHkkftr fd;k
x;k gSA

lkekU;r;k mruk vf/d ugha gksrk ftruk fp=k esa n'kkZ;k x;k gSA vc vxj lM+d lery
gks rks dkj dks o`Ùkh; iFk esa cuk, j[kus osQ fy, lM+d o ifg;ksa osQ chp dk ?k"kZ.k cy
vko';d vfHkosQUnz&cy iznku djrk gSA blls ifg, dkiQh f?klrs gSa vkSj lkFk gh ;g cy
lqjf{kr #i ls eqM+us osQ fy, i;kZIr ugha Hkh gks ldrk gSA blfy, lM+dksa dks eksM+ksa ij
cSaDM fd;k tkrk gSA lM+d dh cSafdax esa lM+d osQ ckgj osQ fdukjs dks Åij mBk fn;k
tkrk gSA lPpkbZ rks ;g gS fd lM+dksa dk fMtkbu bl izdkj fd;k tkrk gS fd ?k"kZ.k ij
de ls de fuHkZj jguk iM+sA mnkgj.k osQ fy, ;fn eksVj osQ Vk;j f?kldj fpdus gks x,
gksa ;k lM+d ij ikuh ;k ciZQ iM+k gks rks ?k"kZ.k xq.kkad (coefficient of friction) dk eku ux.;
gks tkrk gSA eksM+ osQ ikl lM+dksa dks bl izdkj cSad~M fd;k tkrk gS fd ?k"kZ.k osQ ux.;
gksus ij Hkh dkj vius iFk ij pyrh jgsA

(c)
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cSafdax dks.k θ dk lek;kstu eksM+ dh orqZyrk vkSj vfèkdre vuqekfur pky osQ vuqlkj
dj fy;k tkrk gSA dks.k θ dk O;atd izkIr djus osQ fy, ge eksVj dkj osQ cy funsZ'kd
vkjs[k (free body diagram) dk fo'ys"k.k djrs gSaA

ge ml fLFkfr ij fopkj djrs gSa ftlesa eksVj dkj vkSj lM+d osQ chp dksbZ ?k"kZ.k cy
dk;Z ugha djrkA eksVj dkj ij dk;Z djus okys cyksa esa ls ,d rks dkj dk Hkkj mg gS
vkSj nwljk vfHkyac izfrfØ;k (Normal reaction) dk cy F

N 
gksrk gSA vfHkosQUnz cy F

N 
osQ

{kSfrt ?kVd ls izkIr gksrk gSA F
N
 dks blosQ ÅèokZèkj ,ao {kSfrt ?kVdksa esa rksM+us ij gesa

fuEufyf[kr lacaèk izkIr gksrs gSa%

F
N
 sin θ = 

2mv

r
(4.18)

pw¡fd bl voLFkk esa dksbZ ÅèokZèkj Roj.k ugha gSA vr% F
N
 ÅèokZèkj ?kVd dkj osQ Hkkj osQ cjkcj

gksrk gSA
F

N 
cos θ = m g (4.19)

gekjs ikl nks vKkr jkf'k;ksa osQ fy, nks lehdj.k gSaA θ dk eku Kkr djus osQ fy, lehdj.k
(4.18) dks 4.19) ls Hkkx nsus ij gesa fuEu lacaèk gksrk gSA

tan θ = 
2/mv r

m g
 = 

2v

r g

vFkok θ = tan–1 
2v

rg
(4.20)

θ osQ pquko ,ao r dh lhekvksa osQ lanHkZ esa lehdj.k (4.20) dk vFkZ ge D;k yxkrs gSa\
lcls igyk rF; lehdj.k (4.20) ;g crykrk gS fd cSafdax dks.k xkM+h osQ nzO;eku ij
fuHkZj ugha djrk gSA bldk vFkZ ;g gqvk fd cSafdr lM+dksa ij Hkkjh xkfM+;k¡ Hkh py ldrh
gSaA

lehdj.k (4.20) ls nwljk fu"d"kZ ;g fudyrk gS fd vR;fèkd ?kqekonkj eksM+ksa (vFkkZr~
r osQ de ekuksa osQ fy,) ,ao xkfM+;ksa osQ mPp osxksa osQ fy, θ dk eku vfèkd gksuk pkfg,A
θ osQ fuf'pr eku ij ;fn pky v dh vis{kk de gS rks xkM+h dh izo`fÙk <ky dh vksj fiQlyus
dh gksxhA ;fn pky v dh vis{kk vfèkd gks] rks xkM+h dk #>ku lM+d dh Å¡pkbZ okys Hkkx
dh vksj iyVus dk gksxkA blfy, xkM+h pkyd dks lM+d osQ eksM+ksa ij fuèkkZfjr pky lhekvksa
osQ Hkhrj gh pyuk pkfg,] ugha rks xkM+h lM+d osQ bèkj&mèkj iyV tk,xh vkSj nq?kZVuk,¡
gks ldrh gSaA

vkerkSj ij] ?k"kZ.k cyksa osQ dkj.k v dh vis{kk xkM+h dh lqjf{kr pky osQ vfèkd ;k de
gksus dk ,d ijkl (range) gksrk gSA eksM+ksa ij eqM+rs le; ;fn pky ijkl lhek esa jgrh
gS rks xkM+h o`Ùkkdkj iFk esa vkjke ls pyrh jg ldrh gSA okLrfod fLFkfr dks le>us osQ
fy, eku yhft, 300 m f=kT;k dh jsy iVjh dks bl izdkj fcNk;k x;k gS fd bl iVjh
ij vuqekfur pky 50 m s–1 gSA vuqekfur cSafdax dk eku D;k gksuk pkfg,\ bl dks.k dk
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eku Kkr djus osQ fy, ge rqjar lehdj.k (4.20) dk iz;ksx djrs gSaA vkSj θ dk eku fuEu
fofèk ls izkIr djrs gSaA

θ = tan–1 
–1 2

–2

(50 ms )

(300 m) (9.8 ms )  = tan–1 (0.017) = 10

vki ,d vU; mi;ksxa osQ ckjs esa Hkh fopkj djuk pkgsaxsA

4.4.2 ÅèokZèkj ywi cukrs gq, ok;q;ku dh xfr (Aircrafts in vertical loops)

x.kra=k fnol ;k vU; izn'kZuksasa esa Hkkjrh; ok;qlsuk osQ ik;yVksa dks vkius ÅèokZèkj ywiksa esa
ok;q;ku }kjk mM+ku Hkjrs gq, ns[kk gksxk (fp=k 4.8a)A ,slh voLFkkvksa esa tc ok;q;ku ywi
dh ryh esa gksrk gS rks ik;yV ;g vuqHko djrs gSa tSls mudh lhV ij dbZ xqus xq#Roh;
cy ls dksbZ mUgsa nck jgk gSA ,slk D;ksa gksrk gS\ bls le>us osQ fy, fp=k- (4.8b) nsf[k,A
fp=k (4.8b) ywi dh ryh esa ik;yV dk cy funsZ'kd vkjs[k gSA ik;yV ij dke dj jgs
cyksa esa ,d rks mg gS rFkk nwljk ik;yV dh lhV }kjk yxk;k tk jgk vfHkyac cy N gSA usV
mifjeq[kh cy dk eku, N–mg, gS tks vfHkosQUnz Roj.k iznku djrk gSA

(a) (b)

fp=k. 4.11 : (a) ÅèokZèkj ywi esa ok;q;ku dh fofHkUu fLFkfr;k¡ (b) ik;yV dk cy funsZ'kd
vkjs[k

vc N dh x.kuk fuEu izdkj dh tkrh gSA

N – mg = m a

vFkok N – mg = m v2/r

vFkok N = m (g + v2/r)

okLrfod fLFkfr esa eku yhft, v = 200 m s–1 rFkk r = 1500 m gSA

vr% N = m g
–1 2

–2

(200 m s )
1

(9.8 m s 1500 m)

⎡ ⎤
+⎢ ⎥×⎣ ⎦

 = m g × 3.7

mi;qZDr N osQ eku ls Li"V gks tkrk gS fd ik;yV 3.7 xquk xq#Roh; cy dk vuqHko djrs gSaA
;fn ;g cy fuèkkZfjr lhekvksa ls c<+ tk; rks ;gk¡ rd gks ldrk gS fd ik;yV oqQN {k.kksa osQ
fy, csgks'k gks tk;] tks fd muosQ vkSj ok;q;ku osQ fy, cgqr [krjukd gks ldrk gSA
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ikBxr iz'u 4.3

1. ,dleku osx ls mM+rs gq, ok;q;ku eqM+rs le; vkerkSj ij cSfdar gks tkrs gSa] fp=k
(4.8)A Li"V dhft, fd ok;q;ku cSafdr D;ksa gkrs gSa\ bl ok;q;ku dk cy&funsZ'kd
vkjs[k cukb, (F

a
 ok;q;ku ij ok;q }kjk yxk;k x;k cy gSA) eku yhft, v = 100

m s–1 dh pky ls mM+rk gqvk ok;q;ku 300 cSafdax dks.k ij eqM+rk gSA bl eksM+ dh oØrk
f=kT;k dk eku Kkr dhft,A g dk eku 10 m s–2 yhft,A

2. ml dkj dh vfèkdre pky D;k gksxh tks {kSfrt lM+d ij nkSM+rh gqbZ 100 m f=kT;k
osQ ?kqeko ij eqM+rh gSA Vk;jksa vkSj lM+d osQ chp ?k"kZ.k xq.kad dk eku 0.90 gSA g dk
eku 10 m s–2  ysA

3. euksjatd izn'kZuksa esa ,d etsnkj [ksy ;g fn[kk;k tkrk gS fd ,d jLlh ls ikuh dh
Hkjh ckYVh dks ck¡èkdj ÅèokZèkj o`Ùk esa bl rjdhc ls ?kqek;k tkrk gS fd o`Ùk osQ Åijh
fljs ij igq¡p dj ckYVh mYVh gks tkrh gS ijUrq ikuh ugha fxjrkA bl djrc dks djus
osQ fy, ckYVh o`Ùk osQ Åijh fljs ij gksrh gS rks ml le; ckYVh dh U;wure pky
osQ fy, f=kT;k R osQ inksa dk O;atd Kkr dhft, R = 1.0 m osQ fy, pky dk eku
Kkr dhft,A

vkius D;k lh[kk

iz{ksI; xfr ,slh xfr gS ftldk ,d fuf'pr fn'kk esa ,dleku osx gksrk gS rFkk bl
osx dh fn'kk osQ yEcor ,dleku Roj.k gksrk gSA

a
x
= 0 a

y
= – g

v
x
= v

0 
cos θ v

y
= v

0 
sin θ –g t

x = x
0 
+ (v

0
 cos θ) t y = y

0 
+ (v

0
 sin θ) –

1

2
 g t2

Å¡pkbZ h = 
2
0 sin 2v

g

θ

T = 02 sinv

g

θ

iz{ksIi dk ijkl R = 
2
0 sin 2v

g

θ

iz{ksi iFk dk lehdj.k y = (tan θ
0
) x –

2
0 02( cos )

g

v θ
 x2
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orqZy xfr esa xfr ,dleku rc gksrh gS tc fiaM dh pky ,dleku gksrh gSA r f=kT;k
osQ o`Ùk esa ,dleku pky v ls pDdj yxkus okys fiaM osQ ,d leku orqZy xfr dk
vfHkosQUnz Roj.k fuEu lehdj.k ls izkIr gksrk gSA

a
r
 = –

2v

r
r̂

tgk¡ r̂ ek=kd lfn'k gS tks o`Ùk osQ osQUnz ls fiaM dh vksj fufnZ"V gksrk gSA fiaM dh
pky vkSj bldh dks.kh; pky esa v = r ω lacaèk gksrk gSA
fiaM ij yxs vfHkosQUnz cy dk eku fuEu gksrk gSA

F = m a
r
 = 

2m v

r r̂  = m r ω2

tc dksbZ fiaM ÅèoZ o`Ùk esa xfr djrk gS rks mldk dks.kh; osx vpj ughas jg ldrkA
ÅèoZ o`Ùkh; xfr esa o`Ùk ds mPpre ,oa fuEure fcUnqvksa ij U;wure ,oa vf/dre

osxksa ds eku Øe'k% gr  ,oa 5gr  gksrs gSaA

ikBkar iz'u

1. o`Ùkkdkj iFk esa eqM+rs le; lkbfdy lokj o`Ùk dh ifjfèk osQ vanj dh vksj D;ksa >qd
tkrk gS\

2. jsy iVjh osQ ?kqekonkj Hkkx esa vanj dh iVjh osQ lis{k ckgj dh iVjh dks Å¡pk D;ksa
dj fn;k tkrk gS\

3. D;k orqZy xfr esa ,dleku pky ls ?kwwers gq, fiaM dk Roj.k Hkh & ,dleku gksrk
gS\

4. lery lM+d ij pyrh cl dh f[kM+dh ls ,d iRFkj isaQdk tkrk gS lM+d osQ fdukjs
[kM+s fdlh izs{kd dks i`Foh ij igq¡prs gq, iRFkj dk iFk oSQlk fn[kkbZ nsxk\

5. fcuk VwVs gq, dksbZ Mksjh 100 N dk vfèkdre cy >sy ldrh gSA 1m yEcs Mksjh osQ
VqdM+s osQ ,d fljs ij 1kg nzO;eku ck¡èkdj bldksa {kSfrt ry esa ?kqek;k tkrk gSA pky
dk og vfèkdre eku ifjdafyr dhft, ftlls fiaM dks fcuk Mksjh VwVs ?kqek;k tk
losQA

6. 10 m s–1 pky ls dksbZ eksVj lkbfdy lokj 50 m f=kT;k okys ?kqekonkj eksM+ ij eqM+rk
gSA eqM+rs le; vfHkosQUnz Roj.k D;k gksxk\

7. {kSfrt ls 30° osQ dks.k ij izkjafHkd osx 300 m s–1 ls xksyh nkxh tkrh gSA canwd ls
fdruh nwjh ij tk dj xksyh tehu ij yxsxh\

8. fdlh ?kM+h dh lsoaQM dh lqbZ dh yackbZ 10 cm gSA bl lqbZ dh uksd dh pky D;k
gksxh\
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9. fgUnh fiQYe esa uk;dksa dks vkius cM+h yach owQn ekj dj ?kksM+ksa dh ihB vkSj eksVj
lkbfdy ij cSBrs ns[kk gksxkA bl leL;k esa dksbZ fuMj eksVj lkbfdy lokj fdlh
[kkyh txg (gap) dks 100 km h–1 osQ osx ls yk¡?kuk pkgrk gSA (fp=k 4.9)A ;fn nksuksa
vksj dk vkur dks.k 450 gks rks [kkyh txg dh vfèkd ls vfèkd fdruh pkSM+kbZ gksxh\

10. 500 m s–1 osx ls 30° osQ iz{ksi dks.k ls dksbZ xksyk (shell) nkxk tkrk gSA osx osQ ÅèokZèkj
?kVd] {kSfrt ?kVd] xksys dh vfèkdre Å¡pkbZ vkSj ijkl dk eku Kkr dhft,A

11. i`Foh ls 2000 ehVj dh Å¡pkbZ ij 200 km h–1 dh ,dleku pky ls {kSfrt mM+ku
Hkjrs gq, dksbZ ok;q;ku Hkkstu dk iSosQV fxjkrk gSA bl iSosQV dks i`Foh rd vkus esa
fdruk le; yxsxk\ iSosQV NksM+s tkus osQ fcUnq ls iSosQV i`Foh ij fdruh {kSfrt nwjh
vkxs fxjsxk\

fp=k 4.12 fp=k 4.13

12. v pky ls fdlh o`Ùk esa ?k"kZ.kghu (frictionless) est ij pDdj yxkrs m nzO;eku osQ
lkFk est esa Nsn djosQ M nzO;eku dk fiaM Mksjh }kjk tksM+ fn;k tkrk gS (fp=k 4-
10)A nzO;eku m nzO;eku osQ fi.M dh og pky Kkr dhft, ftlls fd M nzO;eku
dk fiaM fojke voLFkk esa cuk jgsA

13. 60 km h–1 dh pky ls dksbZ dkj 220 m f=kT;k osQ ?kqekonkj (o`Ùkkdkj) iFk esa pDdj
dkV jgh gSA dkj esa cSBh 90 kg dh lokjh ij viosQUnz cy D;k gksxk\

ikBxr iz'uksa osQ mÙkj

4-1

(1) (a), (b), (d)

(2) (a) gk¡ (b) gk¡ (c) vfèkdre ijkl dh xsan

(3) vfèkdre ijkl 
2
0v

g
 = 

–1 2

–2

(9.5 m s )

9.78 m s  = 9.23 m

vr% vUrj dk eku 9.23 m – 8.90 m = 0.33 m
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4-2

(1) (a) gk¡ (b) ugha (c) gk¡ (d) ugha

osx vkSj Roj.k leku ugha gSa D;ksafd budh fn'kk,a yxkrkj cny jgh gSaA

(2) pw¡fd

a = 
2v

r
, r = 

2v

α
 = 

–1 2

–2

(9.0 m s )

3 m s
 = 27 m

(3) a = 
2c

r
 = 

8 –1 2

3

(3×10  m s )

10×10  m

= 9 × 1013 m s–2

4-3

(1) ;g iz'u lM+dksa dh cSafdax osQ leku gSA ;fn ok;q;ku cSad djrk gS rks cy F dk
?kVd cy f=kT;k dh fn'kk esa dk;Z djosQ vko';d vfHkosQUnz Roj.k iznku djrk gSA

oØrk f=kT;k dk eku fuEufyf[kr gksrk gS%

R = 
2

0tan

v

g θ
 = 

2–1

–2

100 m s

10 m s tan 30

⎛ ⎞
⎜ ⎟×⎝ ⎠

o = 10 3 m = 17.3 m

fp=k 4.14

(2) ?k"kZ.k cy] vfHkosQUnz&Roj.k miyCèk djkrk gSA vr%

F
s
 = μ

s
N = 

2mv

r
pw¡fd lM+d {kSfrt (lery) gS blfy, N = mg, blfy,

μ
s
 mg = 

2mv

r
vFkok v2 = μ

s
g r

or              v = (0.9 × 10 m s–2 × 100 m)½

             v = 30 m s–1.
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(3) fp=k 4.15 esa ckYVh o`r ds Åijh fcUnq ij eqDr fudk; vkjs[k n'kkz;k x;k gsA ckYVh
?kqekus ij ikuh blls ckgj u fxjs bl osQ fy, vko';d 'krZ ;g gS fd ty dk Hkkj
vko';d vfHkdsUnz cy iznku djs

vFkkZr~] mg = 
2mv

r

⇒ v2 = Rg

vFkok v = Rg

fp=k. 4.15

;g mQèokZ/j o`Ùk osQ mQijh fljs ij ckYVh dh pky dk U;wure eku gSA

R = 1.0 m rFkk g = 10 m s–2 j[kus ij

v = –2 –11.0 m 10 m s 3.2 m s× =

ikBkar vH;kl osQ mÙkj

5. 10 m s–1 6. 2 m s–2 7. 900 3  m

8. 1.05 × 10–3 m s–1 9. 77.1 m

10. v
x
 = 250 3  m s–1

vy = 250 m s–1

ÅèokZèkj Å¡pkbZ = 500 m

{kSfrt ijkl = 3125 m

11. t = 20 s, 999.9 m 12. v = 
M g r

m
13. 125 N


