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TigKv

GKUr t°kiK Mto ZjiZ ntj thgb WiSvi, BiAiboyi, g'vtbRvi ~iKii
WK tmiKg veAibrl “iKvi] Aigiv hLb tQU Qjvg ZLb ~¢ t°LZig
eo niq ieAibr neN eo niq hLb 1eAwb ibtq GKUAal KiR KitZ
tctilQ ZLb gib nigiQ Gi PBIZ gRv Avi Kx niZ cii? ci_eiZ
hZiKg Aiby™ AiQ Zii gitS metPiq ferk Ay~ ni"Q MielYiiZ— hviv
tmUv K$13Q Zviv tmUv Riib] Avgvi Le gvqv ng hLb 1L ARKvgKii
tQtjigtqiv Avi veAubr niZ Pig bi— Zviv Ta Wi, Bilibgvi Avi
gibRvi niZ Pig| gtS giiS “B-GKRb hLb weAvbx niZ Pug, Zt™ i
evel-gviqiv ZLb tRvi Kti Zvt™i WiSvi, Bidibqvi Avi g'vtbRi “Zii
Kii tdijb] 2B At i t7ik GLb PgrKii me PgrKvi Wi3vi,
Bidubayi Avi g'vtbRvi 1KS reAvbri Le Afie!

GB eBUr ZB fjLv nigiQ reAutbi Rib” GKU AWn “Zii Kivi
DITtk’| ci_exi Biznitm reAitbi hZ Awe®ui niqQ Zvi giS Ab'Zg
nt"Q 1_lvi Ad vitjiUrfilU Ges meiPiq PgKc™ e'veii ni"Q  dji MiYZ
RibtjB GB 1_IiiwU fevSy mae| KitRB tZtiv tPST eQtii 1Qtjigigt i
JT Kii Aug GB eBiU 1jiLIQ—tKD thb gtb bv Kii Le Kivb GKUy
IRibm GKU 1Qijoibnl Kii GLib ejv nigiQ] GLib GiKedi
miZ'Kii v_lii Ad vitjiurfili K v ejv nigiQ, tKD hi™ GUr cto
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i Ad ijiurfl
Zii meiKQ fedS tm etk vev 1°iq ejiZ cvite, 0Awg 1_lvi Ad

nitjiurfil Rub!0
tKD hr™ v_hii Ad vitjiurfil Ritb TagiT Zv nijB tm c_gevi
Abfe KiiZ cvite Aigit™i Pricitki RMr KZ inm'gq| Zvi PBIZ eo
K_v tm eSte GB inim'i GKiU cov Zii Rib" DibWPZ nigiQ—migth
Ativ by Rub Avtiv KZ cov DibiPZ nevi Rb™ Afcqlv KifQ}]
~ GB eBUi cto GKU fQtj ev fgiql hi~ WK Kii OAug eo nig
ieAvbr ne 0, Awg Zv nij gib Kie Agvi crikgU mi_K nigiQ!

XKy gna§™ Ridi BKevj
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mipurfivT ki

U AmvaviY mT

ABb=Btbi {Gkij v_Dii Ad vitjiUrfiU Mio DiViQ “WU mT v iq]
ml "W GiKg:

1. ¢ v_ieAib me RigMig GK

2. Avtjvi MiZteM me RvgMig GK

Aug Rub hiv GB mT WU ctotQ Zviv meB 1bdgB gv_ v PjiK
ejiQ, G,1jv Avevi Ki iKg mT ntj? Awgiv 1Zv Rub ¢™v_ieAib me
RigMig GKB nfe-XiKig ¢ v_ieAib 1K PEMitgi ¢ v_ieAib 1 K rfb
nie? Avijvi MiZteMl tZv GKB niZ nie, mh _{K Adjv ci_eiZ
tciQiz XiKig telk mgq jMiQ PEMig Kg mgq JMiQ GUr 1K niZ
cii?

Bhvitkqyj tiditiY tdg

KiRB Augvi gib ng me RigW ejiZ Aug K teiSw'Q tmUr c_igB
cli®ui Kti thov fij| gib Ktiv Zig GKUr t=kib GKUi tUth eim
AQ, tZigii migth Ab” GKIU fijjiBib AiiKiU tUb “woiq AWQ|
fulY Kaikv ctoiQ 2B Zig migtbi tUb Quov Avi 1KQB t7LiZ ciiQ
br] GLb gib Kiiv GKUi fUb PJIZ Ti* KiifQ - Zig KK ejiZ ciite
tKibUv?
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hiiv ZK KitZ cQ™ Kti Ziivejte, 0Aek'B ejiZ ciie, tUb hiLb
PyiZ K ZLb fij jwBibi mi_ NUNU k& ng, tUb Kifc, T vj-
KRB ejiZ bv ciivi Kx AiQ? hLb ™ Le Avgii tUb KiciQ, ~jiQ,
NUNU k& Ki1Q, eStZ cvie Aigyi TUbUr P§1Q]0

AKW" hi3-ziB Augii Kbl AtiKU ewoiq 1°B| Avgiv Kiby
Kii 1bB, " tUbB AmvaviY; G, ijv hLb PjiZ K ZLb tm_1jv Kiic
by, 17§ by, NUNU k& Kii byl

hiv ZK cQ™ Kti Zvivejte, ORvbvjv i iq giv tei Kii e, hi”
gv_ug eZim JviM eSe tUbUr P§1Q]0 Augl ZLb eje, ORWbvjv eU Kii
t>qv niqiQ, KwPi tFZi v*iq Ta migibi fUbIU t~Lv hii"Q, Zvi terk
1KQ bg 0

Augii aviYv hiiv ieAib ibiq Le terk gv v Nigvg by, Ta ZK KitZ
cQ Kti Zviv G chiq Gim t_ig hite, tKib tUbiU PJ1Q tm 1KQiZB
ejiZ cvite bv] tZigut™i tFZi hiiv ieAwb ibtq 1PSrfieby Kiiv Zviv
nqtZv GZ mniR ntj 1Qfo 1 te by, Zviv ejte, OtUbUr VK hLb migth
PJiZ Ti* Kti Awgiv ZLb 1cQib cto thiz PB| ZB Awgiv t"Le
Aigiv cto thiZ Ti* KinQ 1K bv] hi™ 171l weQib cto thiZ Ti* KinQ
Zvi gvib tUbUr migtb PJ1Z Ti* KifQ] Avi hi™ 7L migtb dgio fLiq
covi Ae 1 nigiQ Zv nij eSe tUbUvicQb 1" 1K hvi"Q| Avi hi™ tmiKg
IKQB nq 1h, Zinij ees Awgvi tUbU PjiZ Ti* Kii wb- Ab'Wv Ti*
KiitQ]0 AmaviY hi® Ges GB hi@ tdij t qui tKitbv Deig thB|
miZ" K_vejiZ 1K GB hi3 tKD tdij 1 fe bv (ABb+BbI tdij t°b
Ib!) Ges GB hi=® e'envi Kivi Rib™ Ribvjv v"ig eBfi ZiKvfbvi l
ciqiRb 1hB]

KitRB Aug tMioviZ th ckUv KiiiQjvg tmUv Avevi GKU bzZbfite
Kii: Ogib Kiv hiK Zig GKU tUtb Nigiq AiQ Ges hLb Ng tF101Q
ZLb Ribjv r'iq eBti ZuKigq t7LQ Ab" tUbUv icQb 1 iK hii"Q, Zig
IK ejiZ ciite, Amtj tZgvi tUbUr migibi 171K hi"Q, bukK Ab’
tUbUv 1cQb 1~ 1K hit"Q?0 GB ctki DEi ni"Q, tUbUr hi™ mgteiM hig,
MiZi tKithv ciieZb bi ng Zv nij tKitbvfiieB ejiZ cvite bi! tZigui
tUbUK 1 T ati, Ab™ tUbiU icQb 1™ 1K hii"Q ejv th K_y, Ab" fUbiUtK
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I i afi tZgui tUbIU migtb hi"Q ejv GKB K v - GB “Biqi giS
tKithy ci_K™ thB] miZ" K_v ejiZ Kx hi™ Zjhv Kivi Rib™ Atkcitk
1IKQ br K A vr iekepiiE hi™ GB “1Ur tUb Quov Avi 1KQB by K
Zinty, Amij tKvol PjiQ Avi tKibiU “woiq AQ tmW fei Kivi
tKvtbv Dciq thB!

GLb Zig hr> tZvgyi tUtb etm ¢v_ieAutbi tKtby cixflv Ki Avi
tZygii eUl hi™ Ab” tUtb etm tmB cixqlv Kii Zv ntj “Ribi cixflvi
djidj, gc, ciigic, Z_° DciE wfb niZ citi KS fLie
c v ieAnbi mT_tjy GK|] ABb=Bibi t Gk 1 Ii Ad
itjiurfvi mT W ejvi mgg hLb ejv niqQj me Rigiq ZLb
Amtj tevSitby niqiQj GKIU i i Ae vibi Zjhig mgieiM PjiZ Ky
Ab" me Ae b K| c vieAitbi filig Gi GKUr MijFiv big
AQ, tmUv ni"Q Bbvitkayj tiditiY fdg (Intertial Reference Frame) |
Aigit™ i D ity "W fUb 1Qj W Blvinkquj tidiiY tdg| KvtRB
hLb GKUr Ae vitbi mi_ AdiKU Ae wbi ciiezb ng mgieiM
(tKvtbv ZiY ng by) ZLb 2¢ i efj Bbvitkqyj fidwiY tdig|
ABb=Bb hLb f akvj v_Ivi Ad niijiurfiUu etjiQb ZLb 1 Ukvj
K W r"tq GUB eiStgiQb] GKWi Zjbvg Ab'Ur mgietM, tKitbv ZiY
thB| hi~ GKUi Zjbig Ab"Wi ZiY ng Zv nij Zvi Rib" thy_li Ad
nijiurRll TiKei fmUil ABb=Bb fei KiiiQb - Zvi big ni"Q
tRbitig v_lii Ad vitpUrfU] 1 Okvg v_lvi Ad niijiurfiU tevSui
Rib" g KijiRi MiYZ RibijB Pij, tRbitij v_lvi Ad vitjiUrfili
Rib” tmU miZ" bg, tmUr tevSvi Rib'B AtbK DP chvigi bzb 1KQ
MIYZ RbiZ nq| ZiB Aigiv GB eBiq 1t Gkvj v_lii Ad viijiurfili
gtSB Avgvi™ i AtjPhiUKIK fefa iLel

AvtcifIK MiZ

KRB Agiv 1 akvj 1 i Ad itjiurflUi mT “1U Gewti AitiKU
Liltq 10| c_g mIU eJ1Q tKutbv v i Ae Wb ev jretiliiiZ ¢ v_
ieAutbi th mT cvlqu hide, GKU mgwb feiM PjiZ WKy tUb ey
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gniKikhitb 1 tmB GKB mT cilgy hite] GB miUr ibiq tKD wetkl
AiciE Kite bi] 1KS 102xq mTiU 1biq tZigit™ i tKD tKD AvciE KitZ
citi, tmLib ejv nigiQ Adjvi feM GKU v 1 Ae wb e i
jetiliiZz hy, GKU mgtetMi Mizkj Ae Wb ev P§S tUibl Z]
Adjvi teM GZ ~*Z th A1 %" bn b Rietb gtb ngq GUr eiS
ZiriYK GKUr e'vevi, ZvB tmWv Kg by teik Aigiv tUi cB bv] KviRB
Adjvi tetMi eveiilv AiciZZ MZ itk AbKQi feM GKU Liliq
Pl i Ae vt IK GKUv QiU hvllgv iRibm 17Lij Avgiv hv t7Le,
PJS e MiZkij Ae Wb t iK1 1K Aigiv tmlv t7Le? KLibiB bi|
meiPig mnR D wniY ni"Q P§S tUb, hi™ ~iUv tUb cikicik GKB fetM
PJiZ K Zv nfj GKUi fUb t_iK gib nie Ab™ fUbWi MiZieM eiS
kb’| fij jwBibi KiQKwQ hviv “wolq AWQ ZvivB t7Lie WU fUb
ngtZv Stoi fetM QiU hi"Q] tmiKg Zig hi™ P§S tUtb efm nitZ GKiU
ej afi L Zntj t2Zvgii KiQ gib nte ejUrv i] 1KS tijjiBibi
citk guuiZ “wotq vKv GKRb hi™ ragiT ejUii 1™ 1K ZuKiq K Zy
ntj tm tZv eJUdK v i 1-Lie by, tm 17Lie ejUr QiU hi"Q| WKFite
ejij ejiZ nie tUtbi thUK MiZ gib nie ejWi WK tmB MiZ]
Aigii™i ““br b Rietbl Avgiv tmUr t710iQ, tLjvi gviV tQUWQIU Kivi
mgq hLb “Rb GKB r"1K tSoutZ t™%0iZ GKRtbi mit_ AitiKRibi
arcy JuiM ZLb tmUr miariYZt Ggb 1KQ ng bi—zZvi KviY GKRibi
Zjbig AvtiKRibi feM ev AiciiK feM ni"Q teiMi cv K" thUv Le
Kg| 1KS hi” GKRb AiKRibi giLigiL QiU Gim av®v jwil Zv nij
“RibiB Ae v Lvivc niq hig KviY ZLb Aicif[K MiZ nte “Ribi
mis§ijZ teM|

Augiv BI"Q Kitj GB Avtcif[K MiZi Rib" Le mnR GKU mT tei
KitZ cui] aiv ik Awgiv i i Ae itb ev GKW fiji=kib “woiq
AunQ Ges t7LIQ tUbjvBb ati GKUr tUb hvi"Q hvi MiZteM v, ni"Q NoUig
50 WKijwgUi| aiv hK fUbjiBibi citk GKUv iv v, tmB iv v 1™iq
GKUr Mo GKB v K hit"Q hvi MizteM v, NEvq 30 wKijuwgUi| Zv
nij:
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o omoce @ cemocemocn @ cesoces 8.0 cemocesocws, 8.8 cemcoesocemocenocs

o D:D.\_I—’ v,

1 bs Que: ivvi citk Tvovbv c_Pvixi Zjbig fUibi
AiciIK MiZ v, Mioi AicifIK MiZ v,, tUthi Zjbiq

Mwoi Avci[K MiZ (v, — v;) Moxi Zjhvg tUtbi
ACITK MiZ (v, —v»)

I i t=kibi Zjbvg tUtbi MiZieM: v, — 0 = 50km/h

Mwoi Zjbvq tUtbi MiZteM: v, —v, = 50-30 = 20 km /h

tUtbi Zjbvg tUtbi MiZteM: v,—v,= 0 kn/n

VK tmfite:

I i t=kibi Zjbvg Mwoi MiZteM: v, — 0 =30km/h

Mwoi Zjbvq Muoi MiZieM: v,—v, = 0 km /h

tUtbi Zjbvg Mwot MiZieM: v, —v,= 30 — 50= — 20 km/h

GLib GKWU ibiMIUT 1Py PHj GimiQ, hvi A_ fUtbi MiZ thi"iK
Mwoi AvcifK MiZ Zvi Diéw iK! A vwr tKD hi™ fUtb etm Mwoi
IT1K ZuKig K (Ges Avi Ab1KQi 1" 1K bv ZiKig!) Zv ntj t~Lie
tUtbi miEctql MwoUr Diéw™ K hii"Q|

Gedti Agiv hi™ ati 1B fUb thi'iK hi"Q Mwoll hi"Q Zvi
Diéw 1K, A wr

tUtbi MiZteM: v, km /n

Muwoi MiZteM: — v, km/n

Mo thinZ Diéw iK hi"Q ZB Zvi MiZteM Aigiv GKU
IbiMIUF 1Py emigiQ]

i Ad ijiurfl

Zvnij Augivt~Le:

Mwoi Zjhbug tUtht MiZieM: v,— (—v,) = v; + v, km/h

tUthi Zjbvg Mwot MiZteM: v,—v,=— (v, + vy) km/h

Augiv tUtbl MizteMU ciRWF afilQ A wr tKib MiZteM hi®
CIRWUT ng Zv ntj eSiZ nfe tmUr tUthT 171K Avi hi” ibiMIUT ng Zu
nij eSiZ nie tmUr tUthi MiZteiMi Diéw K|

GB mnR 1elgW GZ LibuU mn Kii f~Latbvi GKW KiiY AwQ,
Augiv tevSvibvi tPOv KiinlQ hi™ "W e 1 MiZteM GKB 11K K Zy
nij 2" i AciTIK MiZi ciigyY nf'Q Zvi™ 1 MiZteiMi cv_K™ Avi hi®
leciiZ 171K _viK Zv ntj 2" i AdciTK MiZ nt"Q Zvi™i MiZietMi
thimd j |

— v

ot

H v
2 bs Qie: iKiUi hilxi KitQ Avtjvi MiZteM Kx Dctii
tejig (c + v) Ges ibiP1 tejvq (c—v ) ?

MiZ1 thiMdj

Gevti Zv nij 2 bai Qiei evevil 7Ly vk, GKRb gnvKikPvix ifKiU
Kii hid"Q, Zvi 1iKiUi teM v, WK ZLb Zvi v’ iK wecixZ K 1_iK
At giKiik! QiU GImiQ hvi MiZ nf"Q ¢] GLb 1K gniKvkPvixi KitQ gtb
nie Zvi 11KUT Zjbvg A jvi AtcifiK MiZ ni"Q (¢ +v) ? Avevi hLb
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i1KiUi icQb 1K Zvi v iK AdgiK ikt QiU Aimie ZLb Zvi MiZteM
gtb nte - v)? "B 1{1B Aigiv 1~LiQ Atjvi MiZ nq feto hit"Q, by
nq Kfg hit"Q|

ABb+Btbi 1t Ukij 1 i Ad vitjiUrfiu 1KS ejiQ, Awtjui
MiZieM ni"Q ¢, tm hi™ migtb 1 1K v feitM QiU hvlgr 1iKUIK ANiZ
Kii ZLbl gnKkPvixi Zjbvg Zvi MiZteM ni"Q ¢ Avevi hi” cQb
t 1K QiU Avim ZLbl gnvKikPrixi KidQ gib nie MiZieM (c —v) bq
MiZteM nt'Q ¢! evevilv vekimthi™ gtb br nij 1 miZ'| eAibriv
bibrfite cixlv Kii 7iLiQb th AmijB thfiteB ev thLvtbB Avwtjui
MiZieM gvcy fruK me mgigB Avtjvi teM K mgib| KRB GUi ibig
ZK 1eZK by Kii ABb=Bibi 1 dkvj v_hii Ad nitjiUrfUl 102xq
mhiU rekim Kii 1btq AigiviK GKU AMmi niZ cwi? (ABb=iBb hLb
Zvi WZxg miT etjiQigb Avtjvi teM me RigMiq mgib, ZLb 1Zib 1KS
tKitbv gieigwe Kii efjb tb  vzZib efjiQijb tFite Adjvi Zii%i
KigKUr mgxKi YIK 190v Kivi Rib” GUv ~iKvi 1Qj |

tijMwo Avi Mwoi D wnitY Avgiv t7iLiQ hLb GKU Mizkyj e i
I IK ATKIU Mizkxg e QiU Avim ZLb GKUi Zjbug Ab"Uri MiZteM
n"Q iUy tetMi thiMdj | 1KS tmB tbggUi 1IKS Aitjvi tejiq Lilie bi-
ABb+BbiK tekim Kii tRvi K1 fmUr LwUiq wbij tKgb ng? niz
cii Awgiv hLb GKW Mizkxj e i Zjbg AdiKW MiZkej e i
AifciiK MiZ tei KiilQjvg ZLb Ta “ilv teM thM (iKser retqiM)
Kivi K vb—2Zvi md_md_ Ab™iKQ 1™ 1g fMI tevi K v! Awg Rub
Gfite tKD mT fei Kii biiKS 1Pov Kii t°LIZ iz Ki? aiv hiK
Amj mTU (v + ¢) ba, TmUK & 1™ tq M °1Z ng| thb

ctv
k

ABb+Btbi 102xg mTU tRvi Kii miZ” Kti tdjv nj! GLib f_tK
k-Gi gib fei KivmnR,

i Ad ijiurfl

KitRB tKvtbv Mizkij e thUr v feiM hi"Q tmLvtb migib At ju
Gim cotj Mizkxj e Wi Zjbvq Avtjvi feM nie:

Arjvi AficifIK MiZ = ¢ + v

Vv
1+ —
c

hi™ Adjlv tcQb t_tK Autm Zintj v-Gi RigMig 1jLiZ nie —v
A wr mTU nte,
Aijui AdciIK MiZ = c—v

Y
C

20 km/h \ﬁ ﬁ 80 km/h

ODoooo||ooood o 30 km/h
—

N - -.L I — -:;:v T W N T = = = =
‘.._\‘\.‘..“\‘.“\‘\‘.h‘.\“‘.‘._\‘\"L‘.h‘\‘\‘\‘\

50 km/h

3 bs Qie: 30 km/h fetM QU hvlqy tUthi Qv™ 1 1K 50 km/n teiM
tUtbl migtbi 1 K 1XJ Qoij 1biP “vovtbv GKRibi gib nie IXjUi
hii"Q 80 km/h  teiM] Avevi icQb 11K Qio v"ij 1biP “vouth
GKRibi gib nie iXjUr tQuov nigiQ 20 km/n teiM]

Aug Rub meiB GB tQfjgvbrl KiRIU 1L gPiK nimiQ—iKS gRvi
e’cii nj, GUB ni"Q mvVK mT! Augiv tKitbukQ by Kii c™v_ieAwbi
KZ eo GKUrml fei Kii tdijiQ tKD tLquj KfiiQ?
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Agiv th-mTUr fei KiiiQ tmUv va th eBti t K Adjv Gim
coijB miZ" nq Zv bq, tKithy GKUr Ae Wb 1 1K Avijv tei nij Zii
Rib“lI mzZ'| aiv hiK Agiv 50 km/n teiM 1Xj QoiZ cwi| Avil aiv
hK GKUr tUb 30 km/n teiM hif"Q, Avgiv hi™ tmB tUtbi Qi “woiqg
migibi 1" 1K GKUr IXJ Qio Zv nij 1biP guUiZ “woiq _VKv GKRibi
KiiQ gtb XU hii"Q (50 + 30) = 80 km/h teIM] Avevi hi™ iXjUy
Diéw K tQuov nq Zinij 1biP “woiq WKy GKRibi gib nie iXjU
hi"Q (50 — 30) = 20 km/h teiM (3 bs Qie) |

C

— ¢/2

4 bs Qie: 2 fetM QiU hvlgy GKUr i3KU f_1K Avtjy
migtb icQtb thi"tKB ciWiby tniK, Zvi teM nf"Q c.

GB GKB cixfllv hi™ At jyKink! 1™ 1q Kiv ng (4 bs Qie:) Zv nij
IKS Avgiv madY rfb GKUr evevi t7Le| GgibiZ Adjvi feM nf"Q ¢,
GKUr gniKikhvb QfU hit"Q ¢/2 teiM, tmLib t_1K GKUr d'ikjiBU 1" {q
Avtgv bt gnikikhvtbi migibi 1" tK cwitbv ng Zv nij Avgiv Avgv i
ml e’envi Kti ciB:
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1+ 2

c

IVK GKBfite Aitjv hi” icQb 11K cWithv ng Zintj Avji teM
nie:

SRS

Il
o

o o]

1 -

Augiv hZB tPov Kii Avijvi teMiK Avgiv evoiZ I cvie by, KgitZ
cuie bv] tmU memgigB ni"Q ¢!

Arjvi feM
teiSIB hii"Q ABb=+Bibi t Gkvj 1_Ivi Ad vitpiUrfiUi md_ Avijvi
tetMi GKUr LeB Nibd maiK |¢qu| it jiurfiU mspuS—ABb-+Bibi
WZiq mhU Awgiv hi® AviiKU Lilig t7IL Zv nij tLe tmUv Aimij
eJiQ Agiv hZB tPov Kii bv tKb tKitbrfiieB AvijitK Zii MiZieM ¢
t 1K ™Z cWitZ ciie bv hii A_ mORM:Z GKUi Pig teM ifgiQ hvi
t 1K terlk nlgy mee bv] tmB teMiU fciZ citi Tagil Avtji—hii
tKitbv Fi tbB| th-e 1 Fi AQ Aigiv hZB tPov Kii bv Kb KLibvB
Zvi MiZteM Avtjvi tetMi mgib KifZ cvie bi|

Aifjvi GB feMiU Le m2fite gici nigiQ] tKibv giatgi tFZi
1"1q hi™ by thiZ ng Zv nij Avijvi teM ni"Q:

c=299 792 458 m/s
Augiv Aigvt ™1 "“bi~b Rietb GUEK mnR Kii ujiL:
c=3.0x10* m/s

“kigiKi ci GKNi chS Tx ijLiZ nfj tjLv DIPZ 3.0 x 10° mys,
"B Ni T 1jLiZ nij vjLiZ nte 3.00 x 10° m/s, 1Zb Ni chS 1jLiZ
nij 1jLiZ nie 2.998 x 10° m/s.
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Aifjvi GB feMiu nf"Q hLb tmiU tKvibv gva’tgi tFZi 1™ 1q hi"Q b
ZLbKvi teM, hi™ GIU tKvtbv gva'tgi t¥Z1 1 fq hig ZLb tmB gia“tgi
ciZmivi%i AbciZ teMiU Kig Avm| cubi cizmi¥ 133 ZB
cubiZ Ajvi teM nt"Q:

3.0x10%/ 1.33 =2.26 x 10% m/s,
KvPi ciZmiiws 1.45, KiiRB KviP Avtjvi teM ni"Q:
3.0x10%/ 1.45=2.07 x 10° m/s,

A_ir dBevi AciUK tKietji tFZi viq Avijv hig Zvi mZ'Kui
teiMi "B-ZZiqusk teiM! tKitbv giatgi tFZi 17 ig hLb Adjv hig
ZLb tmiU meaY vfb GKU evevi- ol Ad witpiUriUi mi_ Zui
tKvtby maiK thB|

ABb=Bibt v i Ad vitjiufiU Abhvgr Avijvi teM ni"Q
miev’P teM, Aijv GB tetM hiq Ges tKitbrfiteB Gi teM evovtby tZy
moe bgB, Kgdbil moe bg| 1968 mitj mBRvij Ui CERN
JetnliZ DU cviqo bifg GKaifbi KYv “Zii Kiv niqQy hvi
MiZteM 10§ 0.99915¢c GB 1bDUvj cvtaibvi “eikd™ ni"Q GLib t_1K iU
Aijvi KYv tei nig Am| G.ijv Le kilkijx Ajui KYv-Gt~itK
et Migv ti] GB cvigqwb t_IK Mgy ti tel nq Adjvi MiZiZ, cviqbU
1biRB hvi"Q Avijvi KiQiKwQ MiZ{Z, Zvi ctil "Ly tMIQ Migy ti -Gi
MZ 1KS ¢, Zvi T_{K GKUI felk bg WK thfite ABb-+iBb
efjiQijb] GiKg AmsL™ cixflv Kii t"Lv tMIQ Avijvi MiZ ni"Q
mIORM{Zi miev’P MiZ Ges Gi PiBiZ terk MiZ mae bg| GB MiZ fciZ
oiti Tagyl tmBme KYv hvi tKitbv Fi toB| h™ Kutiv Fi _viK Zv nij
hZB tPov Kiv hiK Zvi teM tKitbrfvieB Avijvi tetM thaqv mae by 5 bs
QetZ ki@ ctoiMi md_ mi_ Krfvie BigKUibi feM fefo thiZz _iK
tmUv 1~ Lvtby nigiQ]

cPU ki3 ciqM Kti BtjKUtbi MiZteM 0.999 999 999 95 ¢ ch$
Kiv moe nigiQ] tmUr Avijvi feiMi LeB KvQiKuQ 1IKS Zel Adjii
teM bq, Avijvi teM T K Kg| Aigiv hZ k3B ciqM Kii bv tKb tmUy

i Ad ijiurfl

Artjvi tetMi KiQiKuQ tciQuZ crite 1IKS KLtbiB Atjui fetMi mgib
niZ cvite by|

3x10 4 . .
v 8
"‘é 2x10 -
1x10° -
| | |
2 4 6
*fF MeV

5 bs Qie: ki@ hZB evovtby tniK BijKUibi MiZ 1KQiZB Avtjvi
MZ (3 x 10° m/s) GI mgib Kiv hug by iKser Avijvi MiZ 1 1K
evovtbv hig by|

Gi giS tKutbv inm” tbB, Awgiv hLb v _li Ad vifjirfil
AtiKU Liliq t~Le ZLbB efS hie Kxfite GUv ni"Q, tKb GUv ni"Q!
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AitciTK mgq

mgiqi cmiaY

ABb=Bibi WU mT h™ Avgiv mZ” mZ" iekim Kii WK Zv nij
fm, tjv e’envi Kti Aigiv GLb tPiLi cjiK ieAutbi metPtq inmgq
evevill tei Kti tdje] tmUr fei Kivi Rib" Ta Aigit™i Kby KiiZ
nte tZigii eU GKUr Nio tbiq tUtb Kii hit"Q Avi Zig tiji<kib
“wotq Zvi NioWi 1™ 1K ZwKiq mgq gvevi tPOv KiQ|

Nioi tFZi bibviKg KjK&r _wK, Zi tFZi1 by 1KQ NUiZ
_K, 2B Agiv Aigii T KiRi Rib” GKUr Le mnR Nio Kby Kii
IbB] Avgit™i Nio nie TiU gilvgil Avgby, GKUv ibiP AvtiKUr Zii
t 1K D “iZ Dcti| Kibv Kii bvl AvijvibiPi Aigby t 1K Ti* Kii
Lvov Dctii 11K (6 bs Qie) hi"Q, Dctii Aigbig cizdijZ nfq tmU
Averi 1biPi Awgbig 1dti AmiQ] GK Awgbv t_tK Ab" Aigbig hvevi
mgquUKiK GKUr bvg 17 B: tmUr ni"Q Nioi GK 1IKK! Avgiv hi™ mggikK
giciZ PB Zv nij 1KEKT msLv i g gice] (e'veriUr Ggb 1KQ AR e
by, fcUjig NioZ tcUjvg GKevi Nti  Amvi mgq ni’Q GK tmtKU]
Augit™ 1 "B Aigbvi gvSLvtbi TiZ i ng 30cm Zv nij GB Nioi GK
IKiKi mgg nt"Q 10 s ev GK bivthy tmtKO! A_wr GUr " g Avgiiv Le
m=2fite mgq giciZ ciel)

Gerti Avgiv Aigit™i KR T Kii, KTby Kii 1bB Avgit™ i tUbU
PjiQ v feiM Ges GB tUtbi tFZti tZvgii eU etm Zvi Nioi ciZ

17
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IKIKi mgq gvcvi tPov KitQ] GB mgqUitK hi™ Avgiv t, enj Zv nij 6
bs Qie f_1K ejvhiq

D
f, =—
C
B
_________ —
e e %o e
D ] D
T T bl
"""" s S s s A o
B VAt
@) ®

6 bs Qie: (a) fUtb efm WKy GKRb °LiQ AvjiKiik!
IbiPi Awgbv t_iK Dctii Awgbig Miq ciZdijZ niq
Avevi 1biPT Avgbvg 1dii AmiQ| mgq fJiMIQ 2 Dre

(b) t=kib “woiq Ky GKRb f~Lie ibiPi Avgby t_iK
th At jiKiikiU tei nigtQ tmil hLb Dctii Aigbig tciQ
ZLb tmU AviMi RvgMig thB, Wibi™ K mti tMiQ] AvijuU
ciZdijZ niq hLb ibiPi Awgvg tc$iQ ZLb tmUL Adtiv
Wibi™ 1K mii tMiQ]

Gevi Zig t-+kib “wotq t_tK tZvgvi eUi Nioi \KKUI gvcii tPOV
Ktiv] thinZ tUbUr v tetM hi"Q KitRB 1Zigvi gib nte tZgii eU Ges
1biPi Ges Dctii "W Avgby, meiKQB v feiM hii"Q] Zig t~Lie ibiPi
Augby T_1K AvijyUv i thv v ig hLb Dctii AigbviK ANZ KiiiQ ZLb
tmUv tUtbT MiZieiMi KvitY £ ~i1Z mii tMiQ] KWRB Zig 1~ Lie ibiPi
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Augby t_1K Dctii Avgbig thiZ AvjiK LubKUr eoiZ ~iZ AiZg
KitZ n"Q] vc_viMvivimi mT e’envi Kiti Zig tmB “iZUK tei Kii

tdjizZ cvite, tmUv ni"Q:
VI + D?

GB “1ZWU AiZpg KitZ Adjvi KZUK mgq 1jiMiQ? Geti Avgiv
ABb=Bibi WZiq mhU SiY Kii, Atjvi teM me RigMgiZB e,
KitRB tZvgvi eUi KitQl tmUv 1QJ ¢, tZvgvi KitQI tmUr nt'Q ¢ hvi
gtb tUtb vy Nioi GK IKIKiT mgqUK tZugvi KwiQ gib nte,

L* + D?
C

Aek'B Aigiv Rub GLvtb £ n"Q ¢ mgfq fUb thUK “iZ AiZpg
K$11Q tmUK A_wr

[ =

L=vt
KRB Aigiv t=kib “woiq f_{K PjS fUibi Nioi GK iKiKi
mgquiK iy LiZ cwi

B Jvit? + D?
C
GUK GKU Abfite tjLi hig
At =vit + D?
IKsev c¢? —v? =D?

thLvtb T_1K GK 1KiKi mgq fei Kiv hig

n‘@

10 19
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GLb tZigiv GKU ar°v Lvevi Rtb” ¢ Z nl| tZigiv meiB Rib
tZigii eU tUth etm Zvi Nioi ciZ IKtKi mgq fei KtiiQ, tmUv1Qj

ty =—
c

KRB AvgivijLiZ cui,
tO
t =

2
v

1- 2
CZ

GB ibin mgKiYiUi 11K 1KQTY ZuwKigq _viKv KiiY GiU ni"Q
ieAvtbi metPtq inm'gq mgiKiY 1jvi GKIU! GB mgiKiYiU ieAutbi
meikQ 1jU-cgU Kii v gy tZgiv 1bdgB gib TIfLIQv z, nf"Q
Nioi GK IKK thUv nt’Q tZvgvi eU tUth etm tgiciQj | - mgqUKT 1KS
GKB Nioi IKK, Zte tmUr tgicQ Zig, t=kib “woiq| mgiKiYili 1" 1K

2

ZwKiq 1L ¢ Avi ¢, mgib bg| l—Z—z -Gi gib memgigB 1t 1K

Kg KviRB ¢ G1 gib memgiqB #, T_tK eo| hvi A_ mgq kikZ bg] th
Nioi cIZ KKK tZigii eUi KitQ 1, tZigii KitQ tmUy ¢ Ges ¢ Gi gib ¢,
t 1K teik] tmUr KZ terk Zvibfi Kite v Gi githi Dcil ¢ Gi gib
hi~ Kg nq Zinij cv_K'UK azie'i giS bg 1KS v Gi gib hi™ ¢ Gi
KiQiKuQ Pij hig Zv nij e §gKi evcri NUZ citi| aiv hiK tZugui
eU th-tUth etmQj Zvi MiZte v = 0.99¢ (A_wr Autjvi tetMi Le
KiQiKwQ) Zv nij AvgivijLiZ cwi:

Lo o

\/1 (0.9%]2 ~ J0.019
c

hi A_ tZigvi eU hi™ tmB tUth “k eQi Kuliq i q Zntj Zii
eqm evofe "k ermi IKS tZigvi Rxetbi mgg AiZuS niq hide 70
eQi (mavebv AtQ tZugyi eU idti Gim t™Lte Zig hi™ ZLtbv tetQ AiQ
Zintj 1 _ii efov nig tMIQv GghiK tZvgvi 1Qijigiqivl etov nig
Q!

=71,

t =

20
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GB PgKc™ mgiKiYil Avgvi™ifK ety th v 1 AQ Zi Zjhig
Pjgib Ab" mevi mgiqi MiZ Kig Avim| th i i Zvi Niol Pjie ~*Z
A th Pygib, Zvi NioW Pjfe axti! Awg Rub GUr iekim KitZ Ko
ni"Q, 1IKS GUIK ekwm KitZ ne, GUr miZ"| AmsL™ cixqlv Kti GUii
mZ Zv cgY Kiv nigiQ]

igD b1 Aig

gnikitk 11K kiBkigx Kmigk ti hLb ewqgEtji Dcti ANZ Kii
ZLb tmLvib igD b bitg GK aitbi KYv “Zii nq|] GB KYv_ fjvi Aig
o/l 2.2 gBtpimiKU| evqgEtji Deti “Zvi nlgyigDIb hi™ Avtjvi
tetMi KvQuKuQ MizietMI ci_exi v iK AmiZ Ti* Kii Zv nij tm Zii
Aig _KiKijib mgtq AmiZ ciite gl

ex2.2x10°% m=(3x 10%) (2.2 x10 ) m = 660m

hii A_ GK iIKijwgWi t_ iK1 Kg “iZ hvevi AviMB 1gDIb_ 1ju
Ab" 1KQIZ ciieiZZ niq hie] hvi A_ ci_edZ eim Awgiv KLibiB
igDIb t7LiZ cve bv] 1KS inimi evcvi ntjv Avgiv iIKS ci_edtZ eim
memgiqB igDIb t°LiZ ciB, mZ" K v ejiZ K hviv ci_extZ eim Le
m2 G -icritgU KiiZ Pig Zviv GB igDIibi hSYig AiZ6 nig hig|
CPE ki3kvjx GB igDIb Niewo “vjb-tKiww KsiuU me 1KQ +F° Kii
Pij Avim|

ABb-Bibi 1 Ukvj v_lvi Ad niijiUrfili AdM igDIibi Aig
ibiq GB inim'i tKvtbv mgvaib 1Q§ by, 1KS GLb Augiv tPiLi cjiK
GB infm'i mgvawb KiiZ cwi] igDlibi Aig KLibvl tefo hig ib-Zvi
Aig Amt§B giT 2.2 gBtptmtK U] tmUv hLb evqgEtji Icti “Zii ng
Zvici tm AmtjB g/ 2.2 gBtwimiKU tetP K| kiSkijx KmigK
ti Gi ANEZ “Zii nq etj GB igDIb_1jvl ng cPE kiSkijy, 2t i
MiZteM ni"Q cig 0.9994 ¢, KRB Augiv hviv ci_exi gl Zviv
igD11bi 2.2 giBtimiKUIK " Le:

21
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22 _ 6351 9BfpuEmtKU
\/ (0.99940)2
1- 2
C

A wrigDIb Zvi mimte mZ'B gl 2.2 giBtpuimiKU tetPiQj 1KS
Aigit™ i intmte tmUy tefP _wK 63.51 gBfpuimiKU, cig itk Y teik
mgq! GB Tk, Y felk mgtq tmUv iTk_ Y felk ~iZ thiZ cwti-KitRB
eiqgEtji Dctii co t 1K ci_exi cid tcsiQ hilgy igDIibi Rib’
tKitbv €'vcviB bv!

1 bai ZwjKy
MiZteM AIZ S mgq
10km / b (nilv) 2x10 "9
100 km / h (Muo) 2x107%%
1000 km / h (tch) 2x107"%%
15km /s (11KU) 2x1077 %
0.1c 2.0%
0.99¢ 7.0.Y
0.999 ¢ 22.0.,Y
0.999999 ¢ 700 Y

Amj Niot Aimj mgq

hviv GLbI e'vcril 1big A 1 teva KiiQ Za™1 Rib™ ejv hig th
mgiqi GB evcrilv mZ'Kvtii Nio v iql fgic cixflv Kiv nigiQ]
AWigK KK bitg AZ'S m2 GK aitbi Nio AiQ tmB aitbi GKUi Nio
ibtq KigkKRb rieAvbx 1977 mij GKUr tctb DIV iek ciidgty fei
nigb| ci_ei KigK cK Nii ibiP tbig Gim t™Ligh miZz" mZ" Zvi "1
NiofZ AiZjws mgq ci_exi AiZjwsS mgq 1K Kg! GB cixfwu Zviv
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KitZ tctiQijb KviY Zd™1 NioUv 1Qj AUigKk KK-Avgit™i miaviY
NiotZ tmUr aiv cote bv] mgigi GB ci_K'UK aivi Rib" KZ feiM
thiZ ng Zvi GKUr aviYv fevi Rib™ ierfb tetM hvlqvi KvifY mgiqi
KZUK ci K" ng Zvi GKUr ZwjKyv 1 boi ZwjKig t-qv nigiQ]
tZigi™1 gib Kiitg t-qui Rib" ejv hig eZgb ci_edZ gniKitk
oVitbri Rib™ GKUr itKUUEK tmtKt0 10-15 km/s tetM thiZ ng]

12 23
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"N mstKiPb

mgq ebig "N

mgiqi macmvitYi evevilv hi™ Avgiv miZ'B viekim Kii _wK Zv nij
Agiv GiKg Aitiv 1ePT telig thiZ cwi] Agiv Aevi Aigit i
igD 1tbi velquUiZ vdti hB| Avgiv 171L1Q eqgEtji Dcti “Zii nlgy
igDItbi Aig giT 2.2 gBiimiKU Ges tmB igDIb hi™ GiKeiti
A jvi KiQikKuQ MiztetMI hig Zv nij tmB mgiq 1igD1ibi hvevi K v
oVl 660m. IKS Aigiv Rub tmUr ci_exi ¢6 chS Ptj Aum Zvi KviY
Aigii™ i KviQ gib ng igDibi mgg mecmiiY Kii tmUr nig tMiQ cig
63.51 gBiimiKO Ges Adjvi KiQiKuQ tetM tmUv thiZ citi cig
19km, CI_exctd Amvi Rib™hi 6 ~iZ]

Geuti Augiv 7L GB e'veviUrigD 1ibi KiiQ Kx gib ng| igD1ibi
ibtRi KitQ 1KS gib ni"Q th tm 2.2 giBtpuimtKUB fetPiQj| KRB
GB 2.2 giBttKiU igDIbIU hi™ 19km ~1Z AiZpg Kii K Zv ntj
Zvi teM ni"Q:

19km
y=——
2.2us

thUv Avtjvi tetMi 1Tk _Y—KS Agiv mevB Rub Awtjv t 1K terik
MiZZ 1KQ thiZ citi bv! KitRB GB mgm'Ur Augv ™ i TgUitZ nie!

24
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Awgiv hi™ mgiqi kikZ ifc tdij 1"{q ejiZ cwi GiKK Righi
mgq GiKK iKg-tKtbwy ~“Z tKithilv axi Zv nij ~1iZi kikZ ifc
tifL v"1Z nie K eijiQ? KiRB Awgiv Abgib KilQ MiZkxj e i

mgqiK th iKg /1_§ I"ig M 1~ ig mecmiY KiiQ WK tmiKg
C

WZki e7i TNHKL 1Y g LY K fmUK mstkiPb KiZ
C

nte Zv nijB tKvtby mgmv _vKie bv! tKitby GKRb hi™ wbiRiK v i afi
thq Zv ntj Zvi Pricitk hv 1KQ botQ PotQ ev Mizkij ni"Q meiKQiZ
mgq macmiY niZ viK tmB K W thiKg miZ", tmiKg GUl miZ":
tKitby GKRb hi™ wbiRIK v 1 ati thq Zv nij Zvi Piicitk hv 1KQ
boiQ PoiQ MiZkxj ni"Q merKQi ~1iZi mstKiPb niZ _wiK| mgiqi
macmviY nqg 1 1ig, hvi gb memgigB 1 t_IK felk] TiiZi

2
%
2
c

mstKiPb ng " 1°fq, hi gib memgiqB 1 t_K Kg, ZiB “iZ GB

C
niii mskKiPZ niq hig|
Zy ntj Avgiv Avevi igDItbi KitQ idii hiB, igDIb hLb Avtjui
tetMi KiQiKuQ tetM ci_exi v 1K QiU Am ZLb ZiKB hi~ Aigivi i
aii, Zv nij tmB ygD1ibi gib nie, tm WKB i i, 1IKS ci_eiB elS
cig Avtjvi tetM Zvi KitQ QiU AmiQ] KRB ewqgEj t 1K ci_eri

“iZW msKiPZ niq hide |, é intmte, igDIibi KitQ gib nie GB
tQU ~iZU 2.2 gBtimiKiOi tFZi tc$tQ thiZ tKtby mgm'iB thB|

1-

msKiPZ “~N"

“1Z mstKiPibi relgWv Avgiv GKW DY f_IK fei KiilQ] Gevti
LuU hi® ZK Ges LubKUr MIYZ 1™ 1q tei Kii| Avevi wdii hB tZugui
KitQ Ges tUth etm Ky tZugvi eUi KitQ]

alv hiK tZvgiv "RibB WK Kitj tZigiv t+kibi cwdigi “"N'U
gicie] Zig GKU ““N” gvcvi 1diZ v iq ““N'Ur tgic t7Lij tmUr ni"Q

25
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Ly, hLb ~1ZU gicr Tk nigiQ ZLb t7Ltj tZugvi eU th-tUtb etm
AiQ fmB fUbIU v feiM GiMig AmiQ] tUbUv t=kib _vgj bi, ZiB
fUthi BiAb cWdigi GK gv vt K Ab™ gv_iq thtZ thUK mgq ibtgiQ
tmUv fgfc by, aiv hiK mggu n"Q « KiRB Zig Le AvZiekvimi
mii_ ejiZ cife:

L,=vt

GLb tZygvi eUi KutQ hvlq hvk| tml tUth etm cwdigi ~izZW
gicii tPOv KifQ, tm Rubvjv i™tq gv v fei Kitj Zvi KiQ gib nie tm
elS fUtbl tFZi v 1 nig efm AiQ, t=KkbUB v feiM icQb 1"1K QiU
hit"Q| tZvgvi eU wbi‘rmunZ nj by, tm t°Lj KLb c'Wdtgi GK gv_u
Zvi migtb GimiQ ZLb 1 1K mgqUK gictZ Ti* KtiiQ] hLb c'Wdigi
Ab” gv_v Zvi migtb GimiQ ZLb tm mgq gvcv Tkl Kij Ges t7Lj
mgqUK nt'Q , KRB tmejj, c'Wdigi “iZ

L =vt,

GLvtb GKUv iRibm J9I" Ktiv, Zig hLb "N gvcvi 1dZv 1" 1q
cdigi "N tgtcQ Avgiv tmUtK etjiQ L, IKS tZigvi eU hLb
tgictQ tmUiK L, erjib, efjiQ , KviY 1_Ivi Ad vifjiufiU KiiZ
KitZ Agiv mZK niq tMIQ! Avgiv Rub "W ~iZ vrFb niZ citi KitRB
“iUi Rb™ Avgvv Avgviy big 1 gr Fuj | Geti Avgiiy GKUY T iZEK Ab”
“1Z v tg A B:

KWRB L = L, (%‘)j

t )
0 mZiws !

0o [V
vz 7_ 1 c?
-
V2
KViRB L:LO l—c—z
26
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GUr n"Q N mstKiPtbi 1eLvZ mT] meBiK Avevi gib Kiiiqg
o ik, Aigvi™ i mifctdl v 1 “woig AMQ tmiKg tKabuKQi "N
hi™ Agiv gic Zv nij tmWv n¥"Q L, Awgvi 1 mact] MiZzkij
tKitbwKQi %°N" nt"Q L Ges GB “ivi madkKU - qv nigiQ N’
mstKiPibi GB 1ieLZ mhU v iq|

Augiv Aigt™i “bir"b Rietb "N mstKwPibi relqU t7LIZ ciB
by KviY Adjvi teM AtbK ferlk Ges Avdjui teiMi KiQikuQ by hvlqy
chS ""N" mstKiPbUr tPviL cto bv| 2 bai fUiety MizteM KZ nij ~"N’
KZUK msKiPZ nie Zvi GKUv aviYv t~qv nigiQ]

2 bai ZwjKv
MiZteM “MIN'i mstKPb
10km / b (MV) 2x107"%
100 km / h (Mwo) 2x107"%%
1000 km / h (tcb) 2x107"%%
15km /s (11KU) 2x1077%
0.1c 2.0%
0.99¢ 7.0.Y
0.999¢ 22.0.Y
0.999999 ¢ 700 .Y

Adjui teM hi™ Le Kg nizi- NEig 1Ziik iKtjwglvi Zintj Avgiv
AeK nig t°LZig Pvicitk MiZkij merKQ Pyclv nig hii"Q! Mwo
Piclr nig hi"Q, em, UK wPio Piclr niq hi"Q] Zie GLitb 1IKS
GKUv iRibm 91 WLiZ nie-MiZkxj GKUr e msKiPZ nq Zvi MiZi
ITIK] Avr thUv migtb wKsev 1cQib hif"Q tmUr msKiPZ ng migib
IcQtb, Zvi D'PZyi tKithv ciiezb nqg bv] thUr Dcti ibiP hi"Q Zvi
D"PZy msKIPZ nq 1KS migth icQib tKvtbv ciiezb nq byl

14 27
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Mwgijqib 1/ciSi
t0kvg v_lvi Ad nitjurfiU Kivi mgg Aigiv 1IKS Diév 'K 1t 1K
GimQ tmUv ngizv tKD Ui cig ib] ¢ v_ieArtbi eBiq hLb KD
tOkvj vitjwrfil cto ZLb JiDUR iciSiUr AiM cto, mgiqi cmiiY
1IKsev "“IN'i mstKwPb tm_ijv GLb KB tei Kiv hig] Avgiv GKU
kU KU Kii tdijiQ- jibUR ifcvSi bv 1ikiLB mgiqi cmiY Avi
BINT mstKwPh kil tdjiQ! ZviZ tKib IiZ nq b, 1IKS Avgvi gib ng
t Okvj vitjiUrAU ciUK tkLii Rib™ JIDUR ifciSilvl Riby T iKui |

GUr teiSvi Rib™ Avevi tZigitK Avi tUth etm WKy tZugvi eUtK
“iKii nfe] Zte Gevi Kibv Kti 1B Zig cWdg 11K 1Tk 1K jugUi
“ti Cwotg AQ| tzvgiv eU tUth Kii AmiQ, tUtbi MiZ NEwq IW
IKigwgUi, hvi A_ ciZ igibiU tUbUr t=kibi 1™ 1K GK 1K jwgUii Kii
GiMiq hii"Q|

Agiv Avtiv GKW 1elq Kibv Kii wbB-hi™ 1 Awgiv t 0kij
iUl AtbK 1KQ 1kilLiQ, vKS Kihv Kii 1bhB Aigiv Zvi 1KQB
Ruib bv!

tUbUr GIMiq AimiZ AmiZ GKW mgg Amj hLb tij jiBibi citk
“wotq WKy Zig Ges fUib etm WKy tZvgui eU t<+kb t_tK mgib
“i1Z]| WK tmB gniZ tKD hi® 1ZigdK iRtAm Kti, Of+kbUi KZ
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Y120 Zig ejte Ok 1K jugui0, tzigii el ejte Ok iKigugUii |0
tUbUv GiMiq hi"Q KitRB cwPigibU ci tKD hi™ 1Zugvt™ i 1IRtAm Kii,
Ot+kbW KZ ~i20 Zv nij Zig Aveiil ejte, OiTk iKijwgUii0, 1KS
tZigiq eU ejte, OciPk IKijugUi!0 Gfte "k igibU ci hi™ 1RtAm
Kiv ng, Zig Avevi | ejte, 0t=KbUr iTk IKijugUii ~1i0, 1KS tZvgi
el ejte, Oiek IKtjugWi!0 Zvi KiiY hZB mgq hit"Q ZZB tZigii el
Ges t+kibi gitS "iZUK Kig hi"Q] GLb Aigiv ejiZ cwi th Zig
Ges tZugvi eU “RIbB ~iZ gicii tPor KiQ| tZigvi gicy ~iZUK hi
ng x Avi tZvgvi eUi gicy “1Z ™ ng x” Zv ntj ejv hig:
x'=x—-vt

GB mT t K ~06 ™Lv hit"Q tZugvi eU hLb ~iZU gictQ mgiqi
mvi_ mvi_ tmUv Kig hi"Q]

GLitb Amij Avgiv “fUr tidiiY tdg Kiby KiiiQ-GKU i i
tiddiyY tdg ev tZigii tiddiY tdg, AdiKU tZigvi eUi tididiy
tdg e/ Pjgwb tiditiY tdg| tZvgvi tiddiY tdg T tK tKiby iz
gvov nij tmUdK ejv ng . tZigii eUi Pjgb fiddiY tdg f 1K
tKithv ~iZ gicy nij tmUiK ejv ng x| Avgvi™i ““bib Rietb tij
JiBthi citk “wotq WKy tZvgiv iKsev fUtbi tFZti etm WKy eUi
Nioi mgiq fKitbv cv_K™ 7Lv hite bv Zel Awgiv erf, Zig hLb mgq
gic tmUv ni'Q ¢ Ges tZigvi eU hLb gvic tmUr n$'Q +* Ges thinZ
“iUi gitS tKitby cv K™ thB KRB ¢ = ¢* (Avgiv Rub v_lvi Ad
il etjiQ ci_ K" AiQ - 1KS GLb Avgiv fib KiiQ tmUr Avgiv
Rwib bit)

ctiv everilv ,10tq Avgiv eJiZ cwi: Zig th ~iZ Avi mgq gicQ
fmUv nt"Q x Ges ¢ Ges tZvgii eU v teiM PjS fUtb etm t 1K th ~izZ
Aii mgq gvciQ tmUr ni"Q x” Ges ¢* | GLb Augvt " itK hi™ ejvng Pjs$
tUtb etm WKy Ae vq gvcv TiZ (x) Avi mgq (¢)-TK 1 i _Kv Ae g
gicr “1Z (x) Avi mgq (» 1°1q cKik KitZ Zvnij Awgivijle:

x'=x-vt

t'=t
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GLb Diéwl KitZ cwi, Avgiv i i Ae vq gicv “iZ (x) Avi
mgq (» PjS tUtb efm gicy “iZ (x) Ges mgq (¢) v iq cKik KiiZ
cui| tmUv nte:

x=x"+vt'
t=t'

mgrKiY iU th miZ® ZiZ tKitbr mbn 1bB, KviY NEwg W
IKEJugUri tetM tMEJ Tk igibU cti tUbUr t=kib tc$Q hite, hii A
hLb ¢ =301gibU ZLb x" = 0] ZLb gibtU GK iKijugUvi inimie Tk
Igibil ve* =30 km KRB x = 30 km Avgiv thUr AviM 1K Rub] (30
igibU mgqUK tUtb Ges ewBti ~ RvgMviZB mgib, tKitbv cv_K™ thB|)

i Ges Pjowb tidwtiY tdigi GB modK_ijuK etj Mwjijqb
iicisi|

Mwgijaub ifcvStii mgm'y
ieAvbr Mutgig 1i mgg TKD akvg v_Dii Ad vitjiurfili K v RibZ
bv KRB GB ma(K_ {jiKB meB miZ" efj RbZ| MiZieM Avijvi
KiQiKuQ nfj ctiB mgmv, ijv tPiL cto] MiZteM hi” Kg ng Zv nij
GB M jijaib crieZbUK tgiigil miVKFieB ~iZ Avi mggiK e'L'v
Kfi] MizteM hi” tfefo hvg Zv nij tmUv Avi mVKfite el KitZ
citi bv] thgb:
x=x"+vt'

thinZ t=¢ ZB eg ik ¢itg M B Wb 11K ¢ q fiM

I"B

=7—+V

AiZIS TiZ (x) tK mgg (o 1"ig BM 1Tfj teM cvlgr hig

X
t

ZvazV Ges %zv' gLy r=v+v

GLb hw” v'zic Ges v=§c nq
4 4
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(A_wr tUb hit"Q Adjvi 1Zb-PZ sk teiM (v) tmB tUtb tZigyi
el t~5oi"Q Awtjvi 1Zb-PZ_wsk (v°) tetM Ges Zig biP “wolq
tZvgvi mictq tZigii eU KZ tetM tSow"Q (V) tmUv fei Kivi tPO
KiQ!)

Zintj Aigiv t-Le ¥ = 1.5¢, A ir tZigii eU Ajii t70,Y felk
MiZiZ t50i"Q| 1IKS Avgiv Rwb 1 Uk 1_lvi Ad ritjiurfiu Abhigx
tmUv mae bg| KRB Mvijijqib criezb Amij miVK bg, Kg teiMi
tejvg tmUv 1" 1g KIR Pyjviby hig 1KS mKj feiMi Rb™ KIR Kii GiKg
Ab" GKUr matK “iKvi| v i Ges Pj$ fidtiY tdigi ~iZ Avi
mgiqi tFZiKvi GB maliKi bighB ni"Q jibUIRI ifciSi| hl
ctiv evcriUB GimiQ ABb-Bibi 1l Ad vifjuUrfiUi KvitY 1KS
Gi big ABb=Btbi ifciS1 bg, JibUIRT ifciSi 1 Zvi KiiYUrl
GKU ctiB Agiv 1 Le|

JIDUR-GI ifciSi
JjibUR-Gi ifcidtii mIUr Ki nte Aigiv GLbI Rub by, Zte GUK
ejiZ cui th tmUv he-B tnvK Avgvi™i ““bir™b Rietbi th-teM tmB
teiMi Rib” GUr MvEjugqib ciieZibi gizv niq thiZ nfe] Mwjigqb
ifcistii c_gmiUiQj:

x'=x—-vt

ati 1B jibUIRI ifciSi ni"Q

x'=k(x—vt)

MiZ teM hLb Kg ZLb & =1 Gi KiQiKuQ niq hite] hviv GZTY
il Ad vitjiurfilu gb 1"ig cto GImQ Zviv 1bdgB Abgib Kii
tdijQ & W Kx niZ citi 1KS  Augiv tmUr AdM efj tdje bv] LU
ieAibri gtzy hiBZK 1" 1g AMmi niq tmUr tei Kie!

ABb=Btbi t0kvj v_lii Ad nitjirfli c_g mT efj mKj
Bbvitkqvj tidwtiY tdig ¢ v ieAutbi mT GKB niZ nie| Zv nij
AvgivejiZ cwi i tiddiVY tdig Pjgib tiditiY tdgiK (thgb 1Ub)
hi> gtb ng migtbi 11K v tetM hi’Q Zv ntj Pjgib tiditiY tdg
f K i fiddiY tdgiK gtb nte tmUr v teM icQtbi 1" 1K A vr mUs
—v feiM ht"Q] K¢RB ¢ v_ieAitbi mT hi™ 0ell GKB _wK Zintj x
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Ges t 171q Avgiv thiKg x” K ijtLiQ WK tmiKg x” Al "1 1q x 1K
IjLiZ ciie, Zte tmLitb v-Gi Rigq ijLiZ nte — v A wr
x=k(x"+vt"

tLoyj Kiiv "B RigMiZB 1KS GKB & e'enii Kiv nigiQ,
¢ v_ieArtbi mT “RigMtZB GK, KitRB & Uil GK niZ nte, Ab"1KQ
niZ cvite bi] GUIKS Le | 1ZcY GKW evcii |

Gevti Avgiv 1KQ AvjiRelv Kit, fgifUl Kivb AvjiReiv bg Zie
GKU “ah ati KitZ nte] Bf'Q KitjB Augiv DEiUr ijiL 1"1Z cwi
1IKS Aigiv tmUr Kiie bv] v_lii Ad nitjiurfli gizv ¢v_ieAutbi GZ
PgKc™ evcii him cizil jBb eiS efS bv Kii Zv nfj A U
Ky vg? T1* Kiv vk ABb=Btbi w02Zxg mT 1"1q, A wr Autjvi teM
YW otiddiY fdigB mgib KRB hi™ W tidiiY tdigB GKUv
A jiKitkK GKUr mgq chS thiZ t~qv ng Zintj tmUv LubKUr GKUv
“iZ AiZpg Kite] GKRb ejie tmUr ni"Q

x=ct
Ab'Rb ejte fmUv nf"Q
x'=ct'

Ges “RibB mVK| 10Ziq mgKiYiU T 1K x* Ges t miifg Ta x
Ges ¢ tZ wig Am hiK| eig v iKi Askiu mnR| Awgiv ijLe
x'=k(x—vt) Whi"iKi Rib" GKU AvjiReiv KitZ nie] Ti* Kiv
hiK| Aigiv Gi gitS efjiQ

x=k(x"+vt"

KitRB X vt
k
Ar vt =2y
k

IKsev =2

kv v
GLb Agiv x"-Gi Rigq ijLiZ cwi x" = x — vt
mZivs t'= i_M

kv v
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Gevtl Wb v 1Ki AskUr GKU ,1Qfq fjLv hvK thLib ¢ Al x
AV Ay K

) ., X kx kvt
A_r: t'=—-—+ —
kv v %
’ X 2
IKsev t'=kt + —(1-k
kv( )

tkl chS Awgiv ¢' Gi Rib" GKUr 1KQ fciqiQ thUr tjLv nigiQ x
Ges t17iq]

Gerti x' = ¢’ Gi eig 1 1K Ges Wib v iK h_vh_ iwk 1jv emitby
hiK:

X 2
k(x-vt) = c(kt + E(l_k )

GB mgiKiY t_1K GLb fei KivhiK x mgib KZ|

A, Joo— kvt = ckt + S (1-k?)
kv
IKsey oo~ (1-k2) = ckt + kvt
kv
IKser x(k - é(l —k?)) = kt(c +v)
WKSEV XZLV)Z
c(1-k2)
)l S
kv

IKS Aigiv Ruib x=ct

KitRB 1bdqgB

i Ad ijiurfl
Avi GKULWb AvjiRelv enk AviQ:

2

C
k(c+v) = ke ——(1- k>
(c+v) Cq( )

2 2
ke+hv=ke— S+ <K
kv

N
"B cik t_1K kc miiiqibB
c> c’k

kv=——+—
kv v

"BewtkB kvirfg LY g hiK
kv =—c? +c’k?

GLib t 1K Le mnR GKUv mT fciqQ #-Gi Rib™:
k*(c*—v?)=c’

"B citkB ¢’ i"iq FM1TB

2
kz(l—Z—z):l

VK Aigiv T1"1Z thUr Abgib KiniQjvg! Zte Awgiv 1IKS Abgib
Kii emiq 1°B 1b- inZgizv A% Kil tei KinQ| GLb Awgiv Znij
JibUIRI TfaiSi 1jLiZ cwi:

, x — vt
X = —/—
V2
1—- —
Cz
34 17
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Augiv ¢-Gi Rb™KQ 1jiL 1b, Gewti tmUvll 1jLv K| thinZ

x'=ct'

x vt
, r_on

X
KitRB f="=C_=C
c V2
==
c

IKS Aigiv Rub x = ¢z KRB mIUtK GKU iQtq tjLv hik]
C_g Astk ilLiZ PB £102xq Astk ivLiZ PiB x
XV
t -_
A, t=—5—

x Ges ¢ 1" 1q x” Ges +* cKik Kivi GB mTUK ejv ng jtiURi
ilcisi|

tKb ABb-=-Bibi ifciSi bq

ABb=Btbi 1_lvi Ad nitjiUrfiVi mT “W e'envi Kti GB ijciSi
tei Kiv nigiQ, Zel GB ijciSitK ABb=Bibi ijciSi by etj
JIbURRI io8i ejv ng Zvi GKUv KiiY AitQ] re™"r-tPSaKiq th-
mT,tjv AQ tm_tjv GKUr tidwiY tdg f_tK Ab" tidiiY tdig
iloSi Kitj tm tjy KR Kitzv bi] ZLb eAibr jibUR AtbK
fLIULIU 1KQ ijciSi fei Kitjb thuv e'enii Kitj 1e™r tPiaKig
mT_ tjv mvKFite KR KiZ| ieAibx j1bUIRi tmB ijciSi 1B Agiv
GBgiT tei KiiiQ] reAubr jibUR GB ilcidi _1jv c_g tei KiilQijb
miZ" 1KS vZib NYvT$il mb n Kiib b th G, fjv Amij GKU hws
Kiix e'cii BitaZ 171'Q, thLvtb mgq Ges ~iZ madY bzbfite cKik
ntZ hid"Q] Zvi KiQ GB ifciSi 10§ thnitqZB tRvi Kii emiq  q
IKQ 1bag| ABb-=Btbi f Ukvj v_Iii Ad vitjiUurfil 1" iq hLb G, 1jv
Averi bzb Kti Kiv nigiQ ZLb Gi miZ'Kvi ,i‘ZUK c_gevi meB
tmiU eStZ fctiQ!
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hi™ 1 1ieAbr JtbUR GB ijcidtii mT,iji mZ'Kidii ,iZUK
aitZ citib b Zel thinZ 1zibB c_tg GB ml_ij tei KiiQijb
fmRtb™ Zvi ciZz mefib 1TiLtq GB icidtii ml ijiK ejv ng
JibUiRI TfciSi|
t~0m UBg
Awgiv TfciSi Tjv 1750 tdijiQ Zel Avevi GKevi GKmid_ fjLv hiK

tho tZigiv meB Gi 171K "IN mgq ZwKig _KiZ citiv, KiiY
IekRMIZi ctiv KivitgwiB GB ml _1jv crieZb Kii tdijiQj |

, X-vt
X =
v2
T2
c
; XV
2
tI: C
2
1=
2
c

GLitb x, ¢ Ki Ges x, r Ki TmUv AviMB efj ™ qv nigiQ] velqU
thinZ _i'ZcY Augiv Avevi GKUr D™ wniY 1”1g ctivli bZb Kti Avil
GKeri SvjiB Kfi 1bB|

ailv hiK Zig GKUr tijjwibi citk “woiq AWQ, aiv hvK mgqUy
iiZ Ges AUKvi| Ges WK ZLb tZigii ok 1" g GKU fUb hit"Q v
tetM] tmB tUtb tZvgvi eU etmiQj| tZigvi eU WK hLb tZigutkK
AiZpg Kii fmB mgiq tZvgit™i “Ribi NioiZB tLi"Q mgiqi gib
kb'| Ta 2B bq tZigiv VK Kitj mgiqi gwb hLb kb ZLb tZvgiv th
th Ae vib 10t tmLwbKvi ~11Z1 gibl kb'| A_wr hi™ tKithv “iZ
giciZ nq Zintj tmB Ae vibi mactq TiZW giciZ nte] nVir Kii
Zig t7LEj GKUr tRibuK fciKv GKevi Rij D3V Avevi wbif tMj | ZLb
Aug hi™ 1ZvgutK 1REAm Kii, OtRbuK teikily TKv_1g?0 DEi Zig hit
ej GUr Aigii KiQ t 1K x ~11Z AIQ Zv nij 1KS DEiUr madY nte by
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KiiY ngiZv fRibwK fevKwr DotQ, GKU ctiB tmWv Avi x ~ifZ bvl
_IKIZ citi| KRB ctiveri DEI 171Z nij tZigiK ejiZ nie + mgiq
GUr x “itZ AQ] hii A_ mgigi ciieZb nij Gi "ifZi ciiezb
n{ZB cifi IKS hLb NiofZ t7iL1giQ mggUi + ZLb tRvbwK tcikilv 1Q]
x ifZ]

Zig hLb tRbuK tciKii Ae b Ges NiotZ mgq gicQ ZLb Zig
k3 guUi Ici “woiqQij | tZvgvi RibvgiZ Zig i i| Zig Rib tZugui
eU tUth etm AitQ Ges GB fUbW hit'Q v teiM] tZvgvi eUi KutQ
Aelk” gtb nie tm v i, fij JjiBb Ges Atk citki me 1KQ —v teiM
QU hit"Q! aiv hiK tZigvi eU GB PJ$ fUtb efm tmB GKB fRibwK
tciKvi ~1Z Avi mgqUK gvciQ] PjS tUtb 10§ efj Zvi gvcy “iZ Avi
Zii NiotZ mgq ~1UB rfb nie, GB ~iZ Ari mgquUitk tevSitby ntgiQ
x'Ges ¢ vig| jEOUIRT ijcstii mT 1 1K Aigiv x Avi ¢ Gi mi_ x
Aii +Gi Ki madK tmUv tei Kiv wkiL tMiQ] mT_tjvi 11K ZuKiq
t~Ltj Zig 1hdgB t7LQ tUtb etm tZigig eU th ~iZ tei KititQ mUy
Tagil tZgii gicr “ifZ1 Dei wbfi Kii by, tZigvi gvcr mgiqi
Dctil ibFi Kti| WK tmiKg tZigii eU th mgq tei KtifQ tmlv Ta
tZvgvi gvey mgiqi Dei wbFi Kii by, tZugvi gvev " iZi Dctil ibFi
K| JibUIRI ifciSi T_1K Agiv c_geri AP KitZ cui “iZ Ai
mgq Amij Avgv'v AvgvviKQ bg - Zviv Le Nibd maukh3| GLwb
t $KB 1 (m UiBg K wi Rb! nigiQ!

leciiZ jibURI ijciSi

Geiti Avgiv GKU KU ZK Kii| tZgii th eU tUth hit"Q tm hi™ n\ir
Kt tNiIYv 17g th - tm Amig v i ] fUbW v i “woiq AiQ, tUbjwBb
gVNW ciSi meikQ 1cQb 1"iK v feitM QUIQ] KRB tm fRibuK
fciKvi Adjv Rjvi gniE hLb 2vi ~iZ Avi mgq x” Ges ¢ tgtciQj
tmUv ni"Q v i Ae vib “woiq vKv Ae g gvcv TiZ Al mgq| Diév
Zig th tUbjBibi citk “woiq ~iZ Avi mgq fgiciQr (x Ges ¢ tmUiB
ni"Q Di&v i tK Pjgwb WKv (x" Ges ¢)—v teiM gicy ~iZ Al mgq]
Zv ntj Kx nfe? jtbUtRI Tioistii 24Z 1KS e gl mgmy hB|
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Avgiv (el tmB GKB mT tjLe, Ta x Ges ¢ Righiq tjLe x” Ges ¢, x°
Ges ¢ Gi RigMiq fjLe x Ges ¢ Ges vGi RigWg eimiq t°e —v,
Ar:

v)t x4+t
o x(— v) o x'v

e

gtb 1IL{Z nte tZvgii eU tRIVRI KtitQ etj GLutb x’, ¢ nt’Q
i1 tidiiY tdg Ges x, 1 nt’Q -vieiM Pjgib tdg| gtb titLv jibUR
ijciStii GB mgiKiY hib Gfite tjLv ng ZLb eig citk _viK Pjgib
tidvtitYi tKv AWbU, Wib etk v i fidiiY tdigi tTKv Aibu|
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JIDUIRIT ifciStii e'enii

"N mstKiPb : Avevi

Augiv AiiMB GKevi t7iLiqiQ th ABb-=Bibi 1_lvi Ad witjirfil
t 1K "TINT mstKwPb ng| tKD thb gib bv Kiti th GUv GKaitbi
ieans, Amij 1KQ mskiPZ ni"Q bv-Ta Avgit™i KidQ "N mskiPZ
ni"Q etj gib nf"Q, ALir GIU AmijB ng, mZ" miZ'B mstKiPb NiU
hig! Avgiv AMB t71LiQ th v i Ae vibi Zjbvg hv 1IKQ boiQ ZviB
"IN mstKPb ni"Q! Avgiv hi” Avevi tZvgii Ges fUtb eim Ky
tZvgui eUi D™ wniY 1bB Zv ntj t™Le th tZugvi KiQ gib nie tUbUy
msKIPZ niq tMIQ KviY Zig v 1 Ges tZvgvi Zjbig tUbUr Mizksj |
Aevi tZigii eUi KdQ gtb nie Zig (Ges tZigii mid_ md_ tUb
t=-kb, Atkcitk vKy MiQcyjv b™x abifZ meikQ) msKiPZ niq tMiQ
KiaY Zvi KiQ tm v 1 Ges Zig Ges tZvgvi Pvicitki meiKQ Mizkyj!
gfb 1\L1Z nte mstKiPbUy nfe thi"tK Mizkyj tmi” 1K Ab™ tKvtby 1™ 1K
IKS tKvtbv mstKiPb nq by, tKvibv ciiezb ng bv] tKD hi® ck Kii,
Amtj tKibUr miZ"? tUbUr msKiPZ nt"Q, buK Zig msKiPZ nf"Qi? DEi
ni"Q “fUr DEiB miZ'| tZvgvi KviQ Utbi mstKiPb thiKg miZ" WK fm
iKg tUth etm WKy tZvgvi eUi KdQ tZvgvi mstKiPbUvl tmiKg miZ”|
GKUv teik miZ" Ab"Uvr Kg miZ" tmiKg 1KQ bg!

hiB tK Augiv "~ IN'i mstKwPbUr tei KiiiQjvg mgigqi cmiiY
e'envi Kii| Gewti tmUr fei Kii jibUIRI ijcidtii mT tjv 1"iq)
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Aigiv GZevi GB mT_1jvi K_v etjiQ Ges njiLiQ th GZT1Y tmUr by
PBiZB 1bdgB mevi gL nig tMIQ! fUtbi D wniYU AuM thinZ
AfbKevi tbav nigfQ tmUB Zv nfj Averi thqv hvkK| KibB hLb KiiQ
ZLb fvj KfiB Kibv Kui, afi tbB tUbUr AmvaviY GKUv fUb-thUi
A jig teiMi KIQiKuQ teiM thiZ citi] aiv hiK Zig tij jiBibi citk
“wotq tUbWi ““N" gvciZ PBQ|

tKutbv 1Ribimi “"N* gicv fgiigil mnR, iRibmiUi GK gv_vi
“1ZUK gvciZ ng Zvici Ab g vg T1ZUK gictZ ng| migibi TiZ
t 1K wcQtbi iz retgqM KitB ““NW fei niq hig] KRB Augiv
hi~ c_tg PjS tUbiVi tkl Astki ~1Z gwc Ges Zvi 1KQYTY ci tUibi
migtbi Astki “1ZiU gwe Zintj (7 bs Qie) 1K tUtbi "N cie? tUbiU
I 1 _Kij tczig 1KS thinZ tUbiU PjiQ Avgiv mVK ““N" cie by,
KiiY fUtbi icQibi Astki “1Z gicvi ci hLb migibi ~iZUK giciz
tMIQ ZZ911Y tUbUv Avtiv LubKUr migih GiMiq tMiQ! KiiRB fUthi ~iZ
gicri GKUB Dcvg-GKB mit_ fUthi fcQibi Ask Ges migibi Astki
“1Z gicy]

—

—
ooooo|bOooono)|ooooo O/
- - | _’v
O O =00 Ol

OOooon| ooooo|(ooooo DI__\;|
- o o
O OO OO

7 bs Qie: fUtbi 1cQibi Astki “iZ x; migibi Astki
“1Z x5, x— x; fUbi TiZ niZ ciiZ hit tUbiU v
niZy] thinZ tUbiU GiMiq hvi"Q ZiB x; Ges x. gicvi mgq
LwbKUr mgq cvi nfq tMij Avgiv mVK %N giciZ ciie
bi] mVK “iZ gicii Rb™ GKB mgiq x; Ges x, giciZ
nie|
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Gerti Aigiv JtbUIRI Tioistii mT_tjv eenvi Kti ctivielqU
Aifiv U6 Kii t7iL] aiv hiK, Zig tij jwBibi citk “woiq tUibi tkl
Ask Ges migtbi Astki ~1Z fgicQ h_vuig 7 Ges , mgiq] ~1ZUK
tciqQ h_vutg x, Ges x, | Gedi Agiv mimi ejiZ cui tUibi
tFZti etm Ky tZigvi eUi KitQ GB ~iZ Avi mgqiK gib nie (x,
x") Ges (¢’ t'), Agiv ImUv i L1 tdjiZ ci:

;y Xy — vt
xl— >
1%
1 - 2
C
X, = vt
X2— >
A%
I - 2
C
X,V
1
t, — 3
r_ C
t, =
2
%
1 - 2
c
X,V
t, - 3
' C
t, = =
v
1 - 2
c

Geiti x7, t 1K x7; letgM Kitj Awgiv cie tZigvi eUi KitQ gicy
tUthi %" N" KulY x7, Ges x7, ni"Q PjS tUtb eim tUtbi migihi Ask
Ges tkl Astki ~iZ] KiRB:

X, 7% _V(tz —1,)
Cz Cz
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Aigiv AiMB efjiQ GKB mgiq “1Z,1jv giciZ nie Zv bv nij
mVK “1Z cve bv A_wr ;= ¢, niJB x,—x; nte tUthi &N

Xy, — X
2
\%

2
c

KitRB Xy —X| =

1-—

x,—x;/nf"Q tUth efm T IK gvcv fUthi ~iZ thUdK Awgiv ejiZ
cni L, tZigvi eU GUr tgitctQ] Zvi KitQ tUbWv i i - KitRB L, nt"Q
I 1 Ae vg Ky tKthbv iKQi TN Avi x,— x;, ni"Q fUb juBibi citk
“wotq tZvgui gvey tUtbi T1Z thUiK Awgiv erj Z, gib fitlv tZvgvi
KifQ tUbUr Mizkxj, KRB £ nt"Q Mizkyj tKvtbv e i1 “"N'| KRB
t~LiZ cw'Q:

2
\'%

CZ

VK AiM Avgiv thUr tctqiQgvg] Gewti Aigiv jibUiRi ifciSi
ml e'envi Kii thinZ “iNi mstKiPb tei KiliQ ZB eoiZ Aufiv
GKUr KiR Ki$Z cwi thUr AiM KifZ cwi ib] tmWv ni"Q " U fei
Kti 1°LiZ cui, Zig GKB mgtq ~iZ tgtc Kijl tZugi eUi KitQ
tmUv Kx gtb niqiQ? KiiRB:

L=L,1-

v(x,=x,)

t;_tr: Lt _ c’

1 2 2
C C

Aigiv ¢, = 1, atiiQ KviRB:

V(x,y-x,)

42 21



i Ad iiurfl

hi A_ tZigii eUi KitQ gib nte ¢',= ¢/, bq, A_ir Zig GKB mit_
tUtbi migtbi Ask Ges icQfbi Astki “1Z gic ib] thinZ Wib cviki
AskiU ibtMiUF KRB 7, t 1K ¢/, €0, A wr Zig migibi Askili ~iZ
fgtcQ AutM icQtbi Astki ~iZ tgtcQ cti! KiiePT, t71LQ? GLith
tK mVK, Zig buK tZigvi eU? DEI ni’Q “RibB miVK! GUB ni'Q
t0kvj v_ i Ad ritjiurfli gRy|

mgiqi cmvaY: Averi
JibUIRI TiciSi e'envi Kti hi™ Avgiiv ““IN"i mstKiPh tei KitZ cui
Zintj wbdgB mgiqi cmviYl fei KifZ cvie] KR Ggb 1KQ Kivb
bo- tZigvi eU tUth efm t 1K Zvi NiowW Pij Kij] aiv hiK tmB
mgqU 1Q§ ¢, GKU ci NioUr eU Kite tmB mgqUi nte ¢, GB mgtqi
ci_K'UK nt"Q Pjgib tidiY tdig mgiqi o K| jibURi ijciSi
I"1q Avgiv TijJiBibi citk “woiq _vKv tZvgvi mifctql fmB mgqUiiK
KZUK mgq gtb nigiQ tmUv tei Kie|

Augiv (et AdMi gtzv Kii AMB, hi™ I Aigit™i DiTK mgq gic
IKS Avgiv 17LIQ v_Iii Ad witjurfilUiZ mgg Avi “1Z Avi Avgvy
1IKQ by, GKUi mit_ AitiKUr Riotq _vfK Z/B mgq giciZ nij ~iZUil
gictZ ng| KERB Avgiv ati 1bB tUtb etm tZugvi eU Zvi Niowi ~iZ
Aii mgq fgictQ] c_ig 1Qj tmUv x-, Ges ¢/, GKU cti tmUr nigiQ
x5 Ges ¢, | JEbUIRI ilcidtii mT 1" iq GKU AiM Aigiv tei Kii
t7iLiqiQ, tmUv ni"Q:

v(x, = x,)

t;—t'Z l,—4 _ c’

1 2 2
C C

AifMi evi GKB mgiq tgiciQj etj ¢ = 1Qj, Geti Avi tmiU
miZ" bq| Agiv i tidditYi Zjbig giov mgq (i — #) Gi mid_
Pjgib tiditiY tdig gvov mgq (:, - ¢7)) tei KtilQ WKB 1KS tmUy
N mstKiPibi gizv m™i GKUr mT ng wb- Zvi mid_ TjiRi gizy
Aty GKUr Ask 1iq tMIQ] hi™ x; = x, niZv Zinij tmUr kb" niq
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Augit™ i Sigjv PIKig 1" Z 1KS Aigiv Rub  x, = x, ba| Zvi KiiY
tZigii eU tUth etm AitQ, tUbUr v tetM QtU hii"Q] c_gevi hLb mgq
tgiciQ Zvi LwbKUr cti 0Zigevi mgq fgiciQ Ges GB mgigi gitS
tUb tek LwbKUr ~1 GiMig tMIQ KRB Zvi™i Ae bi ciieZb nig
tMIQ, x; IKQIZB x, Gi mgib bg] Agiv m™i GKU mT cw'Q biNiKS
Agiv Rub m™ 1 GKUv mT AitQ, Avgiv AM tmUr 1>1L1Q! KtRB GKU
Abfite AMmi nB|

mevi 1bdgB gib AdQ Avgiv hLb jibUiRi ifciSi fei KiiQjug
th tZigui eU hi™ GKU tMiguii aiitYi ng Avi tm hi™ “we KitZ K
Zvi tUb v 1 tmy 1 Ges Zvi Pricitki meikQ-tUbjiBb, t=+kb MQcjv
Diéu K v tefM QUIQ Zintj 1K nie? Augiv etjiQgvg tmUvl ctiveii
miZ" Ges Zii Rtb” jibUR ifciSi nie GiKg:

!

x' + vit'

X =
V2
I - 2
C
’
X v
l+cz
t =

T
c 2
thinZ GB mT_tjv ctiveri mVK Ges Amij GKU Ab“fite tjLyv

GKB mT Zv nij G_tjve'eni KifZ 1odqB tKitby mgm'yv thB| Zv ntj
Augiv ifb ifb Ae vib gicy Avi T iiZi Rib™WjiLiZ cwi:

! !
X, +VvI,
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2
Ges

gib tiflv GLvibyv (x, x,) Ges (¢, 1) ni"Q tZvgvi gicy ~iZ Ges
moq| (. x") Ges (¢, ¢,) n¥"Q tZvgvi eUi gicy ~1Z Ges mgq|

v(x, —x)

’_ ! 2
KRB 1, =20 ¢
Cz Cz

tZvgiv 1h&gB GLb PvjwKUi ati tdijQ tZigvi eU thinZ tUib

GKB Rig\ig efm Nioi mgq fgfciQ KRB x ', x "= 0 A_ir mgiKitYi
Wib 1™ tKi 10Zxq AskiU _vK1Q by, hvi A

t,—t
t,—t, = —*—

hi™ AMi giZy erj Pjgib tiditiY tdig etm Ky tZvgii eUi
KitQ gvci mgq ni"Q ¢, Ges i i Ae g _vKv tZugvi gicy mgq n"Q ¢ Zv
nij

i Ad ijiurfl

IVK AiM Avgiv thiKg tctqiQjig] thinZ Avg™ i mihwt AQ Zv
nij Aigiv x—x, Wl fei Ki 1750 I

! ! ! ’
X, —X v(t, —t))
X, =X = 2 Ly 2 1

2 2
C

c

Wib citki c_g AskilU kb™ KviY x), = x; KRB _\KiQ Ta:

X =
v
1-

2
C

KitRB Pj$ tUth etm Ky tZugvi eUi KitQ gtb nigiQ fm GKB
RigMig efm ~iUv mgq fgiciQ, 1IKS tijjwBibi citk eim WKy 1Zgig

gib nigiQ tm fgiUl GKB RigMiq thBNrfb vFb Righig t K tm
mgqUK fgictQ] WK thiKg nlqv DIPZ!

X,
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AitciqIK Fi

FitetMi tbZ'Zvi mT

hviv LU c™v_ieAubx Zviv AdciTK Fi K Ui 1L Le i KitebKS
Ze Awg GUi ijLiQ, KviY terki M cW" eBig v_lvi Ad rigiurfiu
teilSitbii Rb™ AvicifIK Ffii aiiYw eenvi Kiv ng| hviv LaU
cieAbr Zviv AtciK Frii aviYv QooB v lvi Ad witjiurfiu
eWL'v Kiib, KKS AdcifIK Fiii aviYiv e'envi Kitj relqU terS
AtbK mnR nq| AZxZ AfbK eo ieAviB tmUr KtitQb, Agivl by ng
Kijvg!

lelqUr tesSii Rib™ Averi tZigiiK tijjuBibi citk “voviZ nie
Ges Avevi ati 1biZ nfe tZigii eU tUth Kfi hi'Q v tetM] Geiti
"RibB GKB D'PZig AIQ Ges “Ribi KiQB GKU Kii tMjK]
MK, 1y Oel GKiKg-A_w tZvgii eU tUth Iwi AuM tZugii
tMgKUE mit_ Zvi M KU igigig t710L5Q Zvi 1 Fi mgb, AKvi-
AKIZ mgib|

hiB tniK, tZvgvi Ges tZugvi eUi Ici “wgZ th tZigiv GiK
AIbi 17K MK ~ iU Ggbfite Qfo t71e thb tMigK ~1Ur Wiy fLiq
Averi tZvgvi™ 1 niZ vdii Avim! (ci_ertZ GB cinflv Kitj gavklY
ki1 Rib” Amij tMigK ~1Ur ibiP cio thiZ PBie ZB AicvZZ ati
1bB gia VK1Y ki3 thB-A_vr tMijKUr Qto 1™ 1j tmUrv fmvRv migib hig
Ges TKv_vI av®v fLEj tmRvidii Avfm!)
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Gerti Aigiv cixflr Kii, tUtb Kii tZigii eU AmiQ, Zig
tijjBibi ck “wolg AW, wbi"6 mgiq tZvgiv “RibB tZugitTi
tMJK iU Qio 1§, GKB teiM, WK gvSLvtb ej ~ilv tViKv fLiq,
tZugui tMFKUY tZugvi niiZ idti Gj, tZugvi eUl tMigKW tZugii eUi
nviZ vdii M |

h/2

h/2

k.

8 bs Qie: 1Zvgvi eUi KitQ gib nigtQ tUbUr i i—Mij KU
tmiRv migtb Miq, Avevi 1biRT KviQ idii GImiQ| tZugvi
eU 71L1Q Zig tMJKUr QtoQ tKibiKib, Ges Zig bZb
RigMvg mT iMiq tMyg KU atiQ!
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tKitby GKRb hi™ 1Utbi Q4™ eim GB “k'Wv 1™LZ Zv nij tm tKgb
t"LZ tmUv 8 bs QietZ t™Libv niqiQ] Avevi tKD hi™ tZvgvi Dcti
Sij T_IK tKitbrfite "k'Ur t°LZ Zv nij Zvi K#Q “K'Ur tKgb
tTLIZ tmUv 9 bs QietZ t7Lvibv nfqiQ] ctive’icri hiw Aigiv ivKiie
efS WK Zvnij AT GKU AsK Kiv hiK|

2

h/2
Va -V

L J

9 bs Qie: Zig t°LQ tMijKU tmiRv migib iiqtQ, eUi
tMIK WK tLiq tZvgvi KviQ 1dfi GimiQ| tZugvi gib
niqiQ eUi tMijKU AmiQ tKibiKib fite, tZigvi tMijiK
VIKv tLtq " K ciieZb Kti tZigii eUi bZb Ae g idti
tMiQ]
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Zig ejie GiKg: Aigii tMgKWi Fi m, Aug tMjKUEK Qio
I~ 1qiQ migib, tmUr ¢2 mgg cti VK tLigQ Ges dii GimiQ Awtiv
ty2mgiq| thinZ Avgvi Ges tUtbi tFZiKii ~iZ », KitRB GUi tWKy

tLIgIQ VK gvSLvib A r, h~ i1Z] hvi A_ejU hwQj v, teiM

A

MKW TWKe Llgvi i tmUv idfi GimiQ v, feiM, KRB
fiteiMi cliezb

2myh

myv = (=myv,) =2myv, =
0

GLb hi™ tZvgiK tZvgvi eUi tMigKU maliK ejiZ ejv nq Zv
ntj Zig ejte Gfite: Ang Rub Avgvi tMjtKi Fi nt"Q m,, Avgii eU
thinZ PJS tUtb AQ, Ges Avgiv BiZigta™ t71LIQ PJS RvgMig "~ IN'i
msiKiPb ng mgiqi cmiiY nq KRB ftiil ciieZb niZ citi, KitRB
tm hLb tMijKUr Qto " 1qiQ Zvi Fi KZ Awg Rub bv| ati 1bB fmUy m.
1Ly hit"Q P§S fUb 11K tm tKibvKib tMijKUr Qfo1Q v 5 teiM, Augui
MK TWKy fLig tmUv "K criezb Kii tKihiKib idii tMIQ v,
tetM] vsGes vz WU feiMiB GKW Ask ni"Q tUibi feM v, tWKy
Lilqui ci tmB Astki tKihv ciiezb ng wb| ciiezZb nigiQ Ta

migtb-icQibi Ask] tmUrl fei Kivhig Le mniR, g “1ZIK AiZpus
mgq 1~ 1q FM Kii| thinZ tm P§S tUth AiQ, Aug Rub Avgri mggiK
2
1% N - - - -1y, -
1/l—c—2 iI"1q M KitjB Zvi mgqWr fciq hve] KRB Zvi tMijiKi
fiteiMi ciiezb
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2mh  2mh  2mh l—ﬁ
t to , V¢

GZTY Agiv hi3ZK e'eni KiinQ, Gedti GKU ¢ v_ieAib
e'enii Kii| ¢ v_ieAith ejv nq tKitbv ej (Force) ctqiM Kiv bv ntj
fiteiMi tKithv criezb niZ ciite bv| GLitb tKithv eJ (Force) ciqiM
Kiv nq 1b-KvtRB Fi teiMi tKithv criezb niZ cvite by, A_r tZigui
tMjiKi FiteiMi th ciiezb nigiQ, tZigvi eUi tMijiKi (lecinZ
I"1K) VK mgib crieZb niZ nie thb me igijiq tKvtbv crieZb bv nq|
Ar

IKsev: m=

GLitb m, nt"Q tZugvi tMijtKi Fi, m ni"Q tZiguq eUl tMijiKi
Ti el AcifIK Fi (Relativistic mass)| Avgiv AdMB etjiQ ~Ribi
tMJKB 1QJ Cel GK iKg Ges 2™ i Fil 1Qj mgw| tzigii eUi
tMiKUi Fi 1IKS GLb  mybqg, m, T_tK teik] v_li Ad ritjiUrfil
eJiQ, GKUr e hi” Mizkxj nq Zv nij Zvi Fi tefo hig| KZ Miziz
e i Fi kZKivKZ fiM teto hig tmUr 3bs ZwjKvg t~qvnj:

i jiurfi=K Fi
KitRB GKUr e i teM tKb KLibv Atjvi teiMi mgib niZ citi by fmUy
GLb teiSy mnR| tKitbwKQi teM evotZ nij tmLitb ej cigM KiiZ
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ng| hviv 1bDUtbi 10Zig mT ctotQ Zviv meB Ritb ej cigM Kitj
fitetMi ciieZb ng| 1bDUthi mT hLb cov niqiQ ZLb meiB RibZ
fiii ciiezb nq bi- 2B ati thgyv nigiQ feiMi ciieZb nie- A wr

teM tefo hite]

3 bai ZwjKv
MiZieM fi teto hvlqy
10km / h (M) 2x10 9%
100 km / b (Mwo) 2x107%%
1000 km / h (tcb) 2x107"09
15km /s (i1KU) 2x1077%
0.1c 2.0%
0.99¢ 7.0 .Y
0.999 ¢ 22.0.Y
0.999999 ¢ 700 .Y

GLb Agiv t"LiZ cw'Q teiMi md_ md_ Ftiil ciieZb nq|
A_r tKitbv e 1 Dci ej cigM Kitj zi FiteiMi ciieZzb nq
“fite, Fii ciieZb niq Ges teiMi crieZb nig| teM hLb Kg ZLb
fiii ciiezb GZ Kg th tmUiK 1etePovi giS Aibvi tKvibv ciqiRb
thB] hLb teM feto Avijvi teiMi KiQiKwQ Pij Avim ZLb fmUiK
letePbii giS AbiZB nie|] 2B tKD hi” ej ciqM Kii Kii teM
eloitZ eioviZ Avtjvi tetMi KiQikwQ Avmvi tPOV Kti tm 17 Lie teM by
teto Fi feto hi"Q! Avgiv T°LIZB cw™Q hi™ teM KLibv Adjvi teiMi
mgwb niq hiq Zv nij FitK Amg niq thiZ nie| tmUr tZv Avi moe
bg, Z/B teM Aimij KLibiB Avtjvi tetMi mgib niZ citi bi]

E =mc? tKgh Kfi ciB

ci_exi meiPiq reL'vZ mT tKibiU hi KiDIK IRtAm Kiv nq Zv nij
ibtmb"tn Zvi DEi nie £ = mc® thLitb ejv nigiQ e i Fi Avi ki3
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GKB K_v] tKuthv e 1K him kiBiZ ijcvSinz Kiv nq 2Zv nij Zi
cligly nie wekvj, Fiii mi_ Avjui MiZi eiMi _Ydiji mgb]
ielqUs th Ta GKUr KiMIR Kjigi mT Zv b, FitK ki31Z ijcisi Kii
IbDiKavi tevgy “Zii nigiQ] w0Zxq gnvhixi mgg tmB bDiKqyi tevg
Rvcitbi intiwkgy Ges biimuKiZ e’envi Kii gniZi gviS ciq J1I
gb K nZ'v Kiv niqiQj |

hiB tnvK Avgiv 1_Ivi Ad iitjiurfili ciZ’Kur mT tei Kii]
KRB E = mc?GB miU hi™ fei bv Kii Zv ntj tKgb nie? Zte
mgm’v ni"Q LubKUr K'vjKjwm Quov GUr miVK fite tei Kiv hig by, 1IKS
Aigiv IVK KinQ tKtbv K'vjKgim QuovB Aimiv ctiv eBUv ijLe| ZiB
AMB etj IiLiIQ Avgiv thfite E =mc” tei Kie tmB cxiZUv ibtqg
tKD tKD AiciE KitZ citi] LaU ¢™v_ieAbxiv Gfite mTUs fei KitZ
t~Ltj GKU 1ei= niZ citib IKS Zel Avgiv 1Pov Kii t7iL|

gib Kii GKU e GiKedi Avijvi teiMi KvQiKuQ feiM QiU
hi"Q| GiKertiB Awtjui tetMi KiQiKuQ tc$Q tMiQ th KvitY Zvi Ici
ej ciqM Kitj teMU Avi eioiZ cii by, Filv AtiKU feto hig|
GiKg Ae vq Avgiv hi™ Zii Ici rmgq Rto F ej ciqM Kii Zv nij
Ki nie?

c™v_teAvtbi cPijZ mT Abhugr tKitbv e 1 Dci ej ctaqiM Kiy
nij Zvi MZ eito KRB Zvi MiZzki3 evoiZ K] e Ui MiZ hi™ nq
v Zintj Zvi oiZ tmiKt0 ki3 feto hig Fv. i A_ ¢ mgq Rio hi” ej
cigM Kivng Zintj Zvi tefo hilqv ki3 AE nie:

AE = Fvt

Aigiv AiMB efjiQ AvgviTi GB e U GiKedi Avjvi feiMi
KiQiKuQ hvt"Q KitRB Avgivv Gi RigMq cijLiZ cwi, A_r:

AE = Fct

Agiv meB Rub 7 ev ej ni'Q e 1 FiteiMi ciieZibi nii|
Augiv th D wniYUr ibiqiQ tmLvib e Ur Amij GiKedti Avtjvi feiMi
KiQiKwQ hit"Q KviRB Zvi teM Aii evoiZ cvite by, A vr Zvi FiteiMi
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ciiezb Amij ftii clieZb am. A wr FiteiMi ciieZtbi nii e
ch3eiej F ni"Q:
_ (Amc)
t

F

GLb ki2i mIUtZ hi™ F Gi gib emB Zv nij ciB

(Amc)
t

AE =

ct

KiiRB
AE = Amc?

A_ir kiBi ciieZbUK nt"Q Ftii ciiezb Gi mi_ -Gi _bd],
KRB ctiv ki@ ni"Q

E =mc?

Agiv GUr tei KtilQ Le mnR ibgtg, ¢ v ieAibriv Bf"Q Kitj
Augit™ i tKvtby tKitby hi3iK ck KiiZ citib] Avgiv AvMB etjiQ GUr
Aitiv ibLZfite fei Kiv mae 1KS Zii Rib™ GKU K'vjKjm ~iKvi|
GB eBiUfZ Awg tKitby K'vjKjm e'envi KiiZ PiB bi] KiiRB Avgiv
t"LIZ cw'Q E = mc®

m Gi Rigivg AviciIK Fi tjLv nij fmiU nie

i Ad iUl e AdciTK miTi metPtq | i'ZcY miTi
gta” GIU n"Q GKWU| hi™ v Gi gib Kg ng Zv ntj AugivijLiZ cui:

54 27



i Ad iiurfl

1

2 2
2
E=m,c (l_c_zj
2
v
Ezxmc*|1+—

1
E=myc’ +—mv’

GB miWi giS A i ciiiPZ Mizki3 émvz iigiQ] hr
MiZteM v = 0 nq Zv nij 1KS ki2i gib kb niq hvg by, tmUv ng:

2
E=m,

GB' kidUtK e 1 1 i ki e/ Rest Energy efj| GB mIUB
c v_teAitbi RMtZ GKUr hMiSKvix crieZibi mPby Kii |

C)/’ AfGGe
fnm‘ &
BTG

10 bs Qie: tcqui feMiKkib kiBkvgx GKU Migr ti GKiU
BijKUb Ges GKUi ciRUtb cité hig| FitetMi 1bZ"Zii
mitK WK i Rib” KvQiKwQ GKUv wbDiKgim ev Fi
_IKfZ nq|
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fi Ges ki2i igij Z 1bZ"Zvi mT
GK mgq aviYv Kiv nizv kiBi GKU tbZ'zvi mT iiqiQ, A wr kiSi
afsml thB mol tbB| GKiKg ki3 Ta Ab'iKg ki3tZ ijcisi Kiv
hig] v iZkBiK Mizki2iZ ifciSi Kiv hig, MiZki3iK Zicki3tZ
ijcisi Kiv hig, ZiekiBtK Aitjv kiStZ iiciSi Kivhig BZ'w” |

VK tmiKg aviYv Kiv niZv e i fiii GKIU tbZ"Zvi ml ifgiQ]
Ftii mo tbB Ges alsm thB] ABb=iBibi GB Aiebki mI 1 1q nVir
Kii i Ges ki3tK GK RigMig ibtq Amv ntjv] ci_exi ieAvbxiv
mie g Awe®vi Kitjb Fi t_IK ki@ “Zii Kiv hig Avevi ki3 _IKI
i “Zii Kiv hig] bZb GKUv ibZ'Zvi mT “Zui nijv tmUv n"Q Fi Ges
KiISi igij Z bz Zvi mT|

fi t 1K hLb K/31Z ilci®iZ Kiv ng ZLb AZ'S T Fi t 1K
lekvj ki3 “Zii nq| Avgiv Le te bvi mi_ tmUv t71LiQ infiwkgy Ges
bimuK$Z, thLvib oDiKagim fevgitZ FiiK kiSZ ijcisi Kii gniZi
oS ctiv knitK alsm Kii t~qv niqQg, j §T gl Zit™i cy
nuitgiQj | Averi ki3 1 1K Fi "Zii nlqi D niY ¢ v_ieAibriv
AninB t"LiZ cib] metPig mnR D wniY ni"Q tcqui c'WiKKb (10 bs
Qie) thLvib ki=kigx GKUr Migv 11 GKiU BfjKUb Ges GKUi ciRUib
cité hig, kilUK t_1K “U KYv “Zii ng hvi Fi iigiQ] (gRvi e'vcii
ni"Q tcqui tcWWKkibi Rib™ KiQiKwQ GKUv ibDiKagm ev Fi KiZ
ng- Migv i th FiteM wbiq Adm tmUiK MnY Kii FiteiMi bZ"Zni
mTK WK i Rib])
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T VoistK ifciSi

bisK

alv hiK Zig tZvgvi evivvg etm AQ, ZLb t7LEj GKUr cul Dio Gim
tZvgri Kubtk etmiQ] tZvgK hi™ wRiAm Kii, OcibiUv tKv 19?0
MiYiZi Filiq tZvgvi Rib™ ejv metPig mnR nie, OtmiRy migibi 11K
"B igWi Zvici evgrriK GK igUi, tmLib K Ictii riK 7o
igUii |0 (11 bs Qie) Zig GKU 1PSv KitjB t~Lie Amij 1Zbil ~iiZi
TN ety rijB Awgiv AvgviTi miciql th tKabe e i Ae bl
ctiveri o6 Kii tdjizZ ciie] Agit i critZ RMrUv iTguTK ZiB
memgiqBiZbil ~iiZi (" vbisK) T iKvi nq

1m

11 bs Qie: migtb 2.0 ygUri M$q, evgi K 1.0 igWvi iMiq,
Dcti 1.5 wigUri tMEB cilibv cvlgv hie

S7
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"‘_. e 1

A J
i

12 bs Qie: Zig ZuKig AQ x 1K, y ni"Q eg " K|
culUi Ae b n"Q (x ,p) tZvgii eUiv ZuKig ARQ x”
K Zvi eig 1°K n'Q y” tZigii eUi KdQ cibiii
Ae i (x’, y)

eiciilv fesSvi Rib™ Avgiv AvcvZZ D"PZilv ibiq gv_v bv Nvgvjvg,
Zintj mimecT GKU mnR nie| tKD hi™ D'PZiUv AibiZB Pig tmUy
iditq Avov Ggb 1KQ Kivb bg| AvcizZ Avgiv “1Ur gvlv ibigB gi v
NvgBN (A ur afi B, culLUv emii Kubik bi etm, efmiQ emvi
Diwib]) Zig thLvtb etm AdQ Zvi Zjbvg culUiK 1bi"6 KiiZ nij
GLb Ta "W "NIK 1bi"6 KiiZ nfe, tZigii T_{K KZUK migth Ges
tmLwb 1K KZUK evig] (cwlU hi™ migihi v 1K bv T_IK icQtbi
r1K K Zv ntj migibi “"N'Ur nie ibiMiUF, evg 1" 1K bv 11K Wib
ITiK K Zv nij evg v iKi ““N'Ur nie wbiMiUF, 1IKS bZb tKitby N
ibtq gv_v NigiiZ nie bv GB ~1Ui "N'B hi_6)|

GLb aiv hiK tZvgii eU WK tZvgii citk Gim etmtQ, tmI DiWth
emv LUK t71L1Q] tZvgiv "Rb him GKB 1"tK ZuKiq WK Zv nij
“RibB ejie cibUr xigUri migtb Ges y igUii evtg| 1KS tZvgvi eU
hi™ GKU Nfi efm? Zintj tm Kr ejie? tm Aek'B rfb 1KQ ejie, tm
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ngiZv ejie x igUi migth Ges y” igUii edg| evcvily 12 bs QietZ
t~Lvtbv nigiQ] x:y GKUv TKi-AWibU imi+g Ges x":y” AiKW fKi-
AWbU 1mi=-g]|

GLb tzigii eUi "W ~iZ 7, y" Ges tZigri "W ~iZ «x y -Gi
giS ma(K Kx? ati wi"Q hviv GB eBUi coiQ Ziiv sinb, cosd Gme
Rith, Zel AtiKevi gib Kiitq t-qvhiZ cii (13 bs Qie)|

0~90°
0~0 Tfegs ~ oo TR
QR ~ TR AR
0
0
o Lsin® '\
% T.cos O

13 bs Qie: mgiKiYx \TFRi msjM eil/AZFR = cos®
Jo/ AIZTR = sin6

GKUr mgtKix iTFIRT AiZFIRi "N Z, ZLb msM evitK ejv ng
L cos® Avi lecixZ ev0iK ejv nq L Sin6, 0 hZ t1QU ng msjM edi "N’
ZZB AiZFiRi “TINT KvQiKuQ nig hug| Averi @ hZ eo niZ K
msjM evii “N" ZZB AiZFtR1 “TIN'T KiQiKuQ niZ K|

Geiti Agiv Ti* Kii| Zig Ges tZigii eU “RthiB etmQ o
Ie~1Z, culil etmiQ Piev 1Z| tZugvi TKi-AWibU mi=g ni"Q x 1 y.
Zig x Ges y GB U “iZ rtq oy Ae ol 16 KiQ| tZvgyi el
hit6 KitQ x Ges y v iq] Avgit i DITK (x'y) Ges (x, y) gitS
GKUv madK LiR tei Kiv]

14 bs QetZ "Ly ht"Q Pie iU o 1™ i mictyl "W "N it ig
11”0 Kiv nigQ, tmB "W "N nf"Q:

x=0C
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y=CP

Pie U x 7y’ tKe AWEbU imi==tg "W ~1Z v 1g ibi” 6 Kiv nigfQ,
tm, v ni"Q

x"=O0B

y' =0E

Augiv POy Kiie x” Ges y" 1K x Ges y (Ges ) v 1q ijLiZ|

14 bs QietZ 17LiQ

).'
v’
X P
] <
N v B
X cos O D
./’ A e
“0 v sin
- » X
O X C

14 bs Qie: x " tK x Ges y (Ges ) 1" fq tjLv

x'=0B=04+ 4B
04" = O0C cosf = x cosf
AB = CD = PC sinf = y sin0
A Ir, x'=xcos 0 +ysin 6
GKB fite 15 bs QietZ Avgiv T~ LiQ:
y'=0B=04-A4B
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04 =0CCos O =ycos0
AB=CD = CPsin 0 = xsin 0
A r,y =y cosd + x sin 0

Augiv thUr tei Kivi K_v tmUr fei Kii tdijiQ, GKU ,iQiqujiL:

x =xcos 8 +ysind

y =-xsin @+ ycosf

i Ad ijiurfl

. a b
aiv hik A =( J
c d

i a b)x ax + by
Znij Ax = =
c d\y cx +dy

hii A_ Aigiv GKU AiM hLb x" Ges y’ tK x Ges y 1" g ujiLiQ

y tmUEK KU KW Kii g'wU - v~ 1q ij LiZ cwi ] tmUv nfe GiKg:
, 1 x") [ cos@ sind ) x
y y' ) \=sin@ cosd )\ y
L * P N Augiv GB gl - i 1" 1K ZuKig ejiZ cui todZ P e "Il
0 tKv AWbU 1QJ (x, ») GLb tmUdK o TKitY Niifq thav nigiQ, bZb tKy
AWtbU mi=fg Zvi tKi-AWibU nf"Q (x’, »» gSLitbi g'wU-Ur fmB
D clieZbUr KtifQ] e’vcvilv th mz” tmUr tevSvi Le mnR Deig AQ]
y alv hK 9 = 0, A_ir tKithv crieZbB nq ib] Zvntj cos @ = 1 Ges
sin 6 =0 KV{RB:
Wt
-0 y') \0 1Ay
> X ’
X E X _ X
15 bs Qie: y" 1K x Ges y (Ges ) 1" 1q tjL
hi A : x'=x
Aug Abgib KiiQ meB 1bhdgB GKU Akah™ niq fietQ v _lvi Ad y'=y

iUl KitZ Gim nvir Kti Awg tKi AWibU RwgiZz Ti* Kti
I"iqIQ tKb? GKU "ah” aiijB meB e'ciilv etS tdjie, 1KS tmUv
Kivi AM Aigvi™1 Avi GKUr iIRibm KiiZ nie, tmUv ni"Q gwli- i
LYb] hviv Ritb b ev £ tMIQ Zvt™ i gtb Kiifg tav hiK:

IVK Avgiv thUr tFteiQjvg |

Aigit™1 GB ctiv clikgUK Kivi GKUB DiTK-Aigiv tZigit™ i
teiSitZ PiB, GKUv tKv AWbU imf=-tgi mifcty] Ab” GKUr tKv AiwtbU
imi-=-gtK GKU wbim 6 tKaY tNvivtbv hug] KZ tKitY tNviviby nigiQ
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tmUv hi™ Avgiv Rub Avgiiv PU Kti tNvivibvi cii Zvi tKv AWibU KZ
nie tmUv tel Kii fdjiZ ciie]

Augiv th ctiv evevill WK Kt KiinQ tKv vl £J ng b, tmUy
Ativ GKfite 1~ Litbr hig|

alv hK tMotZ K AWibU 1Qj (x, »), Gerti K AwibU
im=-gUitK 6, tKyY tNvivibv nijv hvi KvitY Awgiv fcjvg  (x’ »9)
Geti (x’ y7) Gi miciql o, tKY tNvivtbi ntjv (16 bs Qie), hvi
KiitY Agivfcjvg (x7 »9)

(x”} ( cos@, sind, j[x'j
Ar = )
- »" —sin@, cosb, \ V'
(x’} [ cosf, siné, j{xj
Ges 1= ]
y —sinf, cosf, \ y
C_gUiZ WzZxquU emiq vjLiZ cui:
x") [ cosb, sind, | cosf sing \x
y") |-sin@, cosd, \—sin6, cosé, \ y
thUdK t3Lvi Rib” Augiv gwlt- i Y GKevi SijiB Kti 1bB:
a b\w x) (aw+by ax+bz
c d\y z - cw+dy cx+dz
KitRB Avgvt™ 1 GLwb nie:

(xﬂj _( cosb), cosd, —sind, sin@,  sind, cosd, +cosb, sind, ](xj
Y y

X?

—cosd, sind, —sindg, cosd, cosb, cosd, —sind, sind,

16 bs Qie: (a) x:y tKi AWibU imi=-gUiK 6, tKiY

tmUiK Le mniRB tjLv hq: . A L 2o .
tNvivtbr nigv hvi KvitY Awgivfcjig (x', y”) Geti (b)
¥ cos(0, +0,) sin(@, +0,)Y x x "y 1K AWEbU imi=-giK Gi midctql 0, TKY tNvivib
= . nijy, hi KvitY Aigiv tcjig (x7 )
' —sin(@, +6,) cos(@,+0,) \ y
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GU eJfQ (x",»")nfQ. @, » K (6, +6,)1Kitb tNiivibvi
mgb| c_gevi 0,, WZxgert AtiKU 0, tNvivibv nij fgwW tNviviby ng
0, + 0, Ges Aigiv tmUiB tctqiQ] WK thiKg Aigiv Arkv KtilQjvg|

gtb iWLiZ nte Aigiv evcrilv mnR Kivi Rib” Ta “U gilv e"envi
KiiiQ| ctivilgnTK RM{Z hi™ tNviviZ PB Zv ntj me, fjv guU- 2
x1Ges2x2Giefjnie 3x11Ksei3x3guwl-|

Augiv thUy KifZ PBIQ tmUv Kivi Rib™ Augit™ i Al GKUr ielq
t"LiZ nte] aiv K Avgiv GKUr tjunvi i¥Wi " N™ gictZ PBIQ| Zvi
GK gvv fitLiQ O 1etZ, Ab™ gv v tifgiQ P e iZ]| Zv nij Zvi
"N’ nie:

OP =x"+y°

GLb Avgiv hi™ Avgvt™ i tKv AWibU imi=g o tTKitY Niitq tdij
Zintj tmB tKv AWbU imf=1tg tjwid 1iWi "N nfe:

OP =x"+y"

= (x cos + y sinf)* + (~ x sin + y cos6)’
=x’ cos’0 + Y sin’0 + 2xy cosO sinf + x° sin’6 + y’cos’0
— 2xy sinf cos
=x’ (cos’0 + sin’6) + y* (sin’6 +cos’0)
=5 +y2
A_ir Agiv th tKv AiWibU imi=1gB hiB bv tKb, me mgtqB fjwnii

itWi “N'Ur GKB _iKte| Zvi tKitbv ciieZb nie bi| nlqui K v bgl
hi™ niZv Zv nij eo mgm'v niq thZ!

PZguTK RMr

Gevti Aigiv thUr 1 Libvi Rib™ GZ crikg KiiiQ tmUr Kfi toijN
JEDURIE mT_tjvujiL tdij—KiRU mnR Kivi Rib" ¢_fg ujiL:
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Zvnij jibUiRI criezb ni"Q:
x"= gy —ypict
t'= " _@
C
meiB 1bdqB Gerti Abgib Kii tdijiQ Aug Kx KiiZ PBIQ| GKU
tKv AWibU imi=-tgi mictql Augiv thiKg Ab™ GKUr tKv AiWibU
imf=giK Niitg "N, ijvi tFZE1 madK tei KiilQjvg GLibl 2B
KiiZ PiBiQ|
Aug Rub tKD tKD Avcit Kivi Rib” ¢~ Z nt"Q-AuM 1Qj GKUi

i~ 1 "I N, GLb ni"Q Ae b Ges mgqg! 1KS GKU “ah™ afi t™Lv
hiK Aimt JB KiRiU Kiiv hvg 1K bv| Avgiv him GFite ijiL:

x' =+ (iyp)ict)

ict' = —iyfx + y(ict)
thLitb i = /—1 tmB 1eL"iZ imaginary msL'v|
Zvntj gul- eenvi Kii TjLv hig:

XY (y B x
ict') \=iyp v \ict

GUrIK el GKU AvMi Kiv Avgvi™ 1 tKv AWibU imi=-g tNvivibi
9tZi bg? c_1g 1QJ x Ges ict, Pjgib tiditityY hvlgv nfQ Gm UiBlg
GKU Niitq t~quil gizv] Zvi gitb Augiv th me mgq iTguTK RMr etj
GimiQ tmiU cricY bg, Zvi md_ mgqUiK thw Kii t7qv thiZ citi
thinZ “>N' ¢~ Aii D'PZi GB 1ZbUr gilv AtQ— mgqUitK h3 KiiZ
ntj tmUtK wodgB ejiZ nte PZ_ gilv] KRB Aigiv ejiZ cwi
Agit™ i Pricitki RMr Amij iTguTK bg GU-ni"Q PZgwTK Ges mgq
nt"’Q Zvi PZ_ gilv] (fKD thb gib bv Kti Pvi g/liZB GUIK t_ig
thiZz nte-Avil felk gilv th Amte bv tKD ejiZ cifi bil 1+s
i liitZ Kgetql “k gilvi ctquiRb- 1KS tmUy ifb e'vcii|)
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JibUR ciieZbiK Gfite gwU- v"ig AmijB 1jLiZ cwi K by
Zii Rb" GKUW eo cixflv ewK iiq tMIQ] Avgiv hLb tKv AiWibu
imi==g  tKdY NiitqiQ ZLb 7{LiQ "B fKv AWibU imi-igB
tKtbwkQi ““N"mgib _viK| hi™ JiDUR 1jciSitK Awgiv Gite 1jLiZ
PB Zv nij GLvibl tm aiiYi iKQIK AcrieiZZ WKiZ nie| AiM Q]

x'2+y'2 i +y2
IKS fmUv , 1ZcY bq|
Amig hi™ miZz"miZz" "N'UB ejiZ PB Zv nij tjLv DIPZ:

\/)c'2 +y'? = \/x2 +y°

GLibl tmU miZ" nlgy DIPZ| A_w PZgwIK RMiZi “N'Ur °
RigMZB mgib niZ nie] 1KS PZgwTK RMIZ % N'Ur 1K? iTguTK
RMZ ““N"10J "B i 1Z Ae vibi giSLitbi “N'UK| PZguTK RMIZ
Ae tb mgqUiKI #vLiZ nie, A_wr GW ni"Q bZb aitbi Ae b,
tKy g AfQ Ges KLb AtQ GB Z_"_1jv ibiq GUr “Zii ¢ v_ieAubi
filvg GUK efj event.

Avgiv mgtqi mit_ic Y Kt ier "Zix Kii tmUdK Pl bai gily
"Zix KtiiQ| GUiK gilv aiv ntj “W event Gi gvSLthi “N" n#"Q:

Jx2 +(ict)? = x> = (ct)?
Pjovb tKtb tiditiY tdtg tmB “IU event Gi N nie:
VX2 + (et = Jx" = (ct')?
KiiRB Avgit™1 t"LIZ nte
Jx? = (et)? =4/x* = (ct)?
KvRU Le KiVb bq

x" =y + (iyp)ict)
ict' = —iyfx + y(ict)
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x'? 4 (ict')’ = (e + (iyP)(ict))* + (=iyfe + y (ict))’
=yt B = 20m)(ypet) — y? BPx7 -yt + 2(yBo)(et)
=22 2 B2 — 2 4 2 B
=x'(y =y’ pH -y -y’ B

-7

IKS AigivRib y° =y B> =y (- p*) = =1
(1-5%)

KitRB x'? +(ict)? =x* —c’t?

Ar Agiv 1°LIZ o JibUIRI ciieZib iU event Gi
gvSLvtbi “1ZUK me tidvtiY tdigB mgib| ~iiZi mstKiPb ng mgiqi
cmiiY nq IKS x* — c*¢*> Gi tKvthy criezb ng by

teiMi thidj
mevi 1bAgB gitb AQ Augiv GKU AviM GKUr tKv AiWibU imi=-g
c_gevi ¢, Ges ctitevi Zii mictql o, NiiiqiQjvg] “1Uv gwu- 1K
b Kii Awgiv th gwUK tciqiQgvg 1Ly tMJ tmUr Amij GKevi @, +
6,) TKiY tNviviby GKUv tKv AiibU imf-+-g Quov Avi 1KQ bq|

hLb GKU tKv AWibU imi=g ev Bbvivkqrj imi=igi Zjhbig
AtiKU 1mi=g v fetM hig ZLb Kr crieZb nqg tmUv Aigiv BiZigta”
t71LQ| hi™ wZxq Bovinkgvy imi=-tgi Zjbig ZZxq imi=gil At KUy
b teiM mitZ K Zv nij Kx ciieZb ng Aigiv fmB GKB Kig g
tei Kii tdjiZ ciie| ctivevcilvnie gwUit- 1, Yb!

alv ik c_g tKv AWbU wmi=igi Zjbig W2xg tKv AwibU
imf=g v, teiM hi" Q] A_wr

x' _ 7 inB\ x
ict' ) \=in,, 7, \ict

thLitb
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1
Y =
Vl_Bf
v
[31:?1

Gevti aiv hiK W0z tKv AWtbU mi=tgi Zjbig Z2xq tKu
AWLbU imi=g v, fetM hi"Q] A_wr

x" _ V2 iy, 0, \ X
ict" —iy,p, v, M\ict

1
Y, = >
hth VI=B,
\%
B, :Tz

Gedtil c_ggwlu-Unigzxg gwli- e'envi Kii 1jLiZ cwi:

x" _ V2 iyzﬂzJ( 71 i71ﬁ1][xj
ict" —iy,p, 72 iy, B 71 ict

x" Y2+ 0728 By i7,7.5 +i7172ﬁ2j{’¢}
=iy By =i, By n BB+ iy, Nict

x" 77, (L+ B ,) i%hUﬂ+ﬂﬁlxj
ict" =iy 7, (B + By) vy, (0+ BBy Nict
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hi™ ZZxq tKv AWtbU c_g tKv AWibU imi=-igi mictql v fetM
thZ A wr

=
I
I

Zinty GB mgiKiYUr AvgivijLZig Gtte:

)i 7))
ict" —iyp  y Nict

Dctii "W Zjby Kii Avgiiv 17LIQ:
y=n7,1+B5,)
7B:7172(181 +182)

10Zxq mgiKiYiK c¢_g mgeKiY v g £iM Kti Avgiv il

_ B+ Py

1+ 8,5,

Augiv thUr tctqiQ tmUv miVK wK by cixqlv Kii L Rb™ B-Gi
e‘envi Kti ytei KitZ cwi| thinZ
1

1—[32
c_g 1-p* fei KivhK| A_wr

LW:L{A+&]
1+ 4,5,

2 _ (1+/81ﬂ2)2 _(181 +:Bz)2
(1+8.5,)
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2 _ (1+ﬁ1ﬁ2)2 _(/31 +ﬂ2)2
1+ 5,8,

2B B+ BB B 2B B - B
(1+B.p,)

1-p

1-p°

_ 1_1812 _1822 +ﬁ12ﬁ22
(1+ BB, )

1-5°
_(1=8H0-5)
(1+ 5.,

SN B £V}
JI-B Ja-pHa-87)

A_ir y=r7,0+pB8,)

_ﬁZ

y Gi Rib” GUB Augiv AfM fctqiQ] A_wr AmijB

_B+b,
1+ 4,5,

Vv, +V,

B

GUiKijLiZ e v=
V1V,

2
(4

hvi A_ v, Ges v, GB "iU teiMi thMdj v, +v, bg, GiU n{"Q:

1+

v, +Vv
p= 1TV
ViV,
2
C

1+
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G KvitY hzZB tPév Kiv hiK KLibiB teM Avtji teM t_1K teik nie

bv] aiv hiK v, :%CGes v, :%C, miaitY inimfe “Wi thivdj

nei K i v, +v, = %C IKS AdcrK mT ejiQ:

e 3c¢/4+3c/4 —ﬁc
1+@Bc/4)(3c/4) 25
thUr Adjvi teM ¢ t 1K Kg|

+c

v, =v Ges v, =calvnij Agivcie: v= 4
1+7
C
meri gth AQ 1K Aigiv GiKerti Ti*4Z TagiT ABb--Btbi ml
e‘envi Kii GIU tel Kti tdijiQjvg?

tPIIDKT t1Wigkib

AtciTK mT ev i _lvi Ad nitjiurfil tkLii mgq Aigiv evievi GKUY
K v etjiQ, tmlv ni"Q tKtbuKQi MiZieM Avijvi MiZieM 1 1K teik
niZ cuite bv] 1KS gRvi eveii ni"Q Ay T_IK ~*ZMiziZ BijKUb
QiU thiZ cii 1KS ZiZ v_li Ad ritjiurfili 1bag % nq by, TmUy
Krfite moe?

Aug Rub meB 1bdgB Le “103vi giS cto tMiQi, evieni tRui
Mjvg efjiQ tKvibwkQB Avijvi PiBIZ ~“ZMiZZ thiZ cvife by, Avevi
ejiQ BijKUb buwK w_lii Ad vwitjiufiU fgibB Aujvi PBiZ
MZMiZiZ thiZ ciite! ecril Amtj Ggb 1KQ 1eiPT bg| evievi ejv
ntqtQ Avtjui teM ¢ nt"Q

c=2.998x10% m/s

hviv Fuj Kii j97 KiidQ ZvivibdgB G 97 KiitQ th Avtjvi GB
teM ni"Q kib", \KS Adjv hi™ tKvtbv giatgi tFZi 1"iq hig Zv nij
IKS Adjvi teM 2.998x10° m/s WK by, Kig hig] Awgiv meB
ciZmiw. ety GKUv iRibimi big 1biQ tmUr Avi 1KQB by, kib™ Avtjui
teM Ges tmB gva'tg Avtjvi tetMi fiMdj| A _wr

72



i Ad iiurfl

kib™ Atji teM
fmB gia’tg Avtjvi feM

tKithv gvatgi cizmiiw =

KRB Awgiv hi~ fKithy giatgi ciZzmisK Rub Zinfj tmB
gia’tg Afgvi feM PU Kti fer Kit tdjiZ cui] A wr:

cubi ciZmiis 1.33
KiP1 ciZmivs 1.45

cubiZ Ajvi teM: 2.26x10%m/s
KitP Avtjui teM: 2.00x10% m/s

KRB cubi tFZi Adjvi teM ni"Q 2.26x10% m/s A_r Ay Gi
PBiZ teik teiM thiZ cvite bv] 1KS GKU Bfjttbi Gi PBIZ teiki
fetM thiZ tKitbv evar thBN hZ9lY ch3 BijKUb ¢ t_iK feik tetM
hii"Q bvi_Ivi Ad vifjiUrfUT tKviby mgm'y n"Q bv!

tP1ibKF tiigkib Le veiPT 1KQ bg, Le mntRB GUr tPviL ciol
hviv cub " 1q 1bgSY KivibDiKqvi i Gi 171L1Q Zviv tmLitb th Ace
bxjrf Adjv 171LIQ tmUB tPHibKF tiWigkwo| ~*Z MiZZ QiU hvllqv
PIRW KYy t 1K tmUr fei ng, KYwU Afjv T 1K ~“Z MiZiZ hig eij
fmUr AtbKUv b™xZ QiU hvlgy A iKsev Ujitii tXDigi gZb] cubiz
th 1XD “Zii nq Zvi MiZ Le Kg, GKUv JA ev Ujvi mniRB Zvi t 1K
7 thiZ cti] ZB b iz QiU hvlgr jA ev Ujwtii tXDiqi GKUy
ietkl aiY 1_iK| fPtibKT fuWigkvibi aiYWl GKB iKg (17 bs
Quie), KiZv WMx tKitY GB Avtjv tei niq Avim tmLib t_IK Aimij PIRW
KYvi MiZteM tei Kivng]|
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¥

17 bs Qie: tPribKF tiWfgkitb Kizv WMk tKitY (6) GB
Aijv fei nig Avm tmbLb f_IK Amij PIRW KYii
MizteM (v) tei Kivng]

lovi JiBb

Aigit™i “br~b Rietb tKithy GKUi 1ey 1K 1bité Kivi Rb™ Avgit™i
1Zbi “1EZi TN iZ ng tmUv AvMB etiQ] 1_lvi Ad wijirfil
IKLIZ Miq Avgiv Awe@ui KiinQ iTgwTK RMIZi wZbiU N' 1™1gB
GKU 1> 1K 11~ 6 Kiv ht 6 bg| vTgiTK RM{Zi 1ZbiU “IN'i mit_
mit_ mgatK 1 w6 Kii 1°1Z ng| Ab” At mgq n’Q PZ_ gillv Ges
GB ciiiPZ RMrUr PZgwTK RMr! Avgiv Adtiv etjiQjvg tKv AibU
imf=g thfvieB tNvivtbv tniK GKUi iRibimi ""N" mgb _viK| WK
tmiKg PZguTK RM{Z 1 tKitby GKaitbi ““N" mgib _vK]|

mgulK “"N" AvgivijLZvg Gfite:

L=4x" +y2 +z?
PngwTIi RM:Zi "N'Wv Ab'iKg, tmLitb 1QJ x, y, z Ges ict
KRB PZguwlK RMiZi “"N" s ni"Q,
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S = \/x2 +y 428 =
thUv Le _ iZcY tmUv ni"Q GLitb x7 7 Ges 2° CIRWUT IKS 7
ibtMUF hvi A iTguTK RMIZ hvi GKUr “N° AfQ PZguTK RM{Z
Zii "N 000 ntZ citi-A v hvi TKitby 5" N'B 1hB!

18 bs Qie: tPFIbKF tiiWigkith Kizv WMx tKtY (6) GB
Aijv fei nig Avm tmbLb f_IK Amij PIRW KYii
MizteM (v) tei Kivng]

Aigiv tKv AWtbU RwgiZ Kivi mgq x Ges y At “"N" 1etePhy
KtinQ] AvtciK mT KifZ nij xGes yt 1K AfbK teik PgKc™ nte
Ges x Ges ict letePbv Kiv] QietZ GiKg iU ATl AKv nfgfQ] Kby
e hi~ mgiqi mi_ b crieZb Kii Zv nij tmUr x = v filv 17iq
t~Lithy hiie] MiZteM hZ evoiZ \Kie tKiYi gib evoiZ Kie, Ges
meiPiq felk teM v = ¢ niq tMiJ (Avijvi fejvg) tmiU 45" tKWY niq
hite] thinZ tKitbuKQi MiZieMB ¢ 1 iK teik niZ cvii bv ZB Gi
PBiZ teik tKvtbv tKvY filv nlqv moe bg| Avgiv Bi"Q Kiij ctiv
evevill ibiMIUF x Ges 1biMIUF ¢ Gi Rib'l eioviZ cwi Ges tmly 19
bs Qiei gizv t-Lide] GLitb x =0, r = 0 ni"Q eZgb gnZ, Ictii
AskiU ni"Q Fiel'r Ges 1biPi AskiU ni"Q AZiZ| QietZ t~Lithi x =0,
t=0e" eveZgb gniZ hi” tKD _viK Zv nfj Zvi mvi_ x = ¢t Ges
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x =—ct TiLVWU T ig Alex AZiZ 11K tKD Zvi mi_ thivih KiiZ
ciite] GKBTite ejv hig GB gniZ (x =0, = 0 1&>"1Z) th AiQ tm x
=ct Ges x=-—ct Tilvriq Aiex Fiel'tZB thiZ ciite] iekepitE
Gi eBfii tKitby RigMyv t_1K tKD Zvi mé¢_ thithM KitZ cvite by
Ges tml Kvtiv m¢_ thiMihiM KiiZ cvife bv] 19 bs QietZ Kby
CKW e i AZxZ t 1K eZgb niq fiel'tZ hievi 1elqU 1 Ltby
ntqiQ] AciK miTi filvg GUIK ejvng Iqvi jiBb|

t

A
ISIEDI

> X
-oo"..X —_— _ct

‘\em%‘?'rr?aﬂ e

19 bs Qie: eZgvtbi miictq] AZxZ Ges Fiel'r

UBb cviw -

i_li Ad vitjiurfl tkLi mgg AdM fniK cti fiK memgiqB UBb
cVviWi-i evciill DiV Avm|] KiRB Awgvi™ il tmilU GKevi t Ly
DiPr|
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ci_exi tKivl "Rb hgR iB felb K] 21 egm hLb iek
ermi ZLb Zi™i felb GKWv KU Kii gniKik agiy fei nijy
0.995¢ teiM tm 1Zb eQi gniKitk QiU tMijy, Zvici 1IKUUY Niitqg
Averi 0.995¢ teiM ci_exZ wdii Gj| ci_edZ titL hvlqv Zvi FB Gi
eqm tefo KZ niqiQ?

ckl mivglv, Avgiv Rub v i Ae ubi Zjbig MiZksj
tKitbwKQiZ mgiqi cmviY ng| A vr ci_edZ WKy fiBigi AiZluS
mgq hi~ ¢ Ges 1tKiU _yKv hgR B tevibiGi AiZjwS mgq hi™ ¢, nq
Zintj AigivijLiZ cwi:

P
2
-2
c
3
Alr t = —————=30years
- (0.995)°

2
C

IVK tmiKg idii Amvi mgiql GKB evcvi| A vr ¢, = 3 eQi nij
t=30¢eQi]

KitRB iKiU Kti th tevoil hi"Q Zvi AiZpwS mgg hLb 3+3=6
years, Th 1B ci_extZ AQ Zvi KitQ gib nfe AiZjwsS mgq ni"Q 30 +
30 = 60 years. A_r itKiU Kti hgR fewb ci_extZ 6 eQi ci idii Gim
t"Lie Zvi eqm 20 T_IK tefo nigiQ 26, 1KS ci_edZ tifL hvlqv Zi
fiB Gi eqgm tefo nigiQ 20 + 60 = 80 eQi, GKRb _i_1i efoi]

GZTTY thUK ejv niqiQ tKD 1K Zvi t 1K tKvtbv mgm'v ev iedws
tciqiQ? hi™ by fcig K Zvnij efj t7iLig t™qv hiK]

ci_exZ _\Kv hgR fiBigi mictyl ifKiUi MiZteM 0.995¢ 10]
etj Awgiv efjiQ mgiqi cmiiY nigiQ, A_wr ifKiU efm Ky hgR
teitbi hLb 3 ermi cvi nigiQ ZLb ci_edZ cvi nigiQ nigiQ 30
ermi| 1KS teM tZv AvciqK, Avgiv hi™ ejZvg, itKiUi miciq
Ci_ex 0.995¢ fetM (Diéw 1K) hit"Q v ntj e gvl £ nizv bil hii
A_ itKiU th etm AdQ tm ejiZv ci_edZ mgiqi cmviY nigiQ! A wr
Cl_erZ hLb 1Zb eQi AIZpwS nigiQ iiKiU ZLb AiZpwS nigiQ 30
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ermi| Gfite Adiv iZb ermi ci hLb ci_edZ Adiv 3 ermi cii
nigiQ ZLb 11KiU AiZ S nizZv Ativ 30 ermi, KiiRB hLb iKiU eim
_IKv hgR tevtbi mi_ ci_exi fiBiqi t™Lv ntZy ZLb t”Lv thZ 11KiU
Kii th GimiQ Zvi egm fefoiQ 60 ermi, tm nigiQ _i_fi 80 eQtii
eio! ci_exi th itq tMQ Zvi eqm tetoiQ giT 6 Ges Zvi eqm GLb
26! tKibUy miZ"?

%'%
i

20 bs Qie: hgR fiBiK ci_exdZ fiiL teb GKUv iiKiU
Kii gnikik agtyY tei niju

GUitK ejv ng UBb cviww- ev hgR 1edwsS| mZ” K v ejiZ 1K
GUr Amtj 1edus bq| th ielqWi mvK DEi thB tmUv ni'Q ieduS|
(thgb tKD hr™ etj OAwg 1g_'v K v eJiQ0 Ges ZLb hr™ yRtAm Kiv
ng tm 1K Amij ig_v K_v ejiQ-tmUyv nt"Q iedws! KviY Gi mVK DEi
tbB, DEi “1UB niZ citi!) 1K GB UBb c'viwi- i ieAibmaiZ DEi
ifqiQ] 2B Gi giS tKitbv iedws thB| ejv thiZ citi, Awg GKU
lednsi Rb¥ i~ iqiIQ-Ab g fiieB!

cl_extZ Kv GKRbIK i 1 afi Zvi Zjbvg 11KiU Kii hvlgr Avi
iKUK 1 i ati ci_edK Mizke afi thqv 1KS ned GK eveii bgl
ifKIU Kii th hw'Qj 2vK 1Zb eQi cii iiKiUi K criezb Kii
Avevi wdii AmiZ nigiQ] th ci_edZ 1Qj ZvK 1KQB KiiZ ng
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IbNKVIRB Aug hLb etjiQ itKiU Ky Ges ci_extZ WKy GKB e'oii,
KiiY GKRibi mictq Atb" 0.995 ¢ feiM hii"Q K v miZ" bg! “wW
b evevi Ges tm KvifY hLb “Ribi Avevi t"Lv nfe ZLb GKRibi
eqm evote gil 6 Ab'Ribi eiote 60!

t
v =0.60 ¢
7=133 8

= X
21 bs Qie: ci_exi fiB GK eQi ci ci GKW Kti Avtjvi

mMorg itKiUi DETtk o', iKiUi felb GiKg AW
imMbij tcigiQ]

lelqlv tKgb Kii ng tmW t-Lvi Rib™ 21 bs Qielv 1~ Lv thiZ
citi] relglv mnR Kivi Rib” GB QietZ iiKiUi teM 0.955¢ bv ati
ntqiQ 0.66c hii KvitY iKiUT hvlxi hLb 6 (Qq) eQi mgq cvi nigiQ
ZLb ci_exd hgR fiBigil cii nigiQ 8 (AW) eQi| QiefZ 1 Lufhy
nigiQ ci_exi FiB GK eQi ci ci GKU Kii Adjvi imMbvj 11KiUi
DiTtk cwit’Q, WK tmiKg itKiUi teliUl GK eQi ci ci GKU
imMbyvj ci_exi DETTk cvitQ
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v=10.66c
v =133

22 bs Qie: i11KU 1_iK feth ciZ eQi GKUr Kii Awjvi
imMbvg cwVvihiQ] ci_exi 1B tmiKg imMbyvj fcigqiQ gvl
Qo |

22 bs QietZ Avgiv 17LIQ 11KiUi feb c_g 1Zb eQti ci_ex 1K
Zvi FiBigi cVitr gvT GKiU imMbyj tciqiQ, ctii 1Zb eQtii 1FZi
enk miziU imMbvg fcigiQ] fevb fctqiQ AW imMbig KiiY ci_ertZ
fiBiqi TKiUIQ AW eQi - ci_exi FiB 1IKS ifKiUi teib 1ZiK fcigiQ
ovT QiU imMovj  KuiY tmLvtb tKiUtQ Qq eQi| ci_exi FiBIU c_g
mZ eQtii TFZi c_g 1Zbwl mMbvj tcigqiQ] 1KS ewK 1ZbiU tcigiQ
tkl GK eQtii tFZi!
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KIK Ges LU

iI_him Ad ritpiUurfiun AfiKUr gRvi mgmyv ni"Q KIK Ges jov LiUi
mgm’v| aiv vk GKRb KIK Zvi 100 m jov Ligvienoi migib “wioiq
AQ| nWir ZuKig t™Lj GKRb gibl 200 m jov GKUv LiU 1hiq 0.866¢
tetM QiU AimiQ (23 bs Qie )|

Tamep
u ﬁi R=6=

23 bs Qie: GKRb KIK Zvi 100 m jov Lvgviewoi migib
“woiq AQ Ges GKRb gwbl 200 m jav GKUr LiU 1big
0.866 ¢ tetM QiU AmiQ|

KIK ~Z JibUtRT “"N° mstKiPibi intme Kii t7LJ LU msKiPZ
niq tMIQ Ges Zvi KifQ gtb ng LibUvi “"N" nf"Q:

2 2
L =200,/1-*- =200 1—(0'866‘) —100m
C C

KiRB Zvi gib nijv tm ctiv LUW Zvi Lwgvtii tFZi Awliq
tdjiZz ciite! hLb LW cliveri Ligdii tFZi XIKiQ ZLb tm "B
citki “TRv gniZi Rib” eU Kti 1" j| KRB GiKeti gniZi Rtb
nij I tm ctiv LUW Ligdii tFZi 1LiZ fctifQ tmUv wPSv Kii Zvi
fui Aib™ niju!

Zte KIK Zii Lvgviewoi ~iRwWvibigl iPSyg 1Q§ 2B Lili av°vq
iRy +F10 by hig fmB Ftq gniZi Rb™ “iRv eU Kti “iRv Avevi
Ltj 1" j thb t™50eiR giblUr LIV ibiq tei niq thiZ citi
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Gerti LiU nitZ >80 hvlgy gblUvi KitQ hvlgy hik| Zvi KiiQ
gib nie th v 1 Ges LigriewoUB eiS 0.866¢ feiM Zvi 1"iK QiU
AmQ| ZvB 100m Jou Lugvi evorlvi “N” Zui KitQ gib nte il 50 m

KitY,
2 2
L=100,/1-~- =100 1—(0'8666) — 50m
C C

gbhUiK Ritb Zvi nizi LT “"N" 200m jov, KRB tm Ritb
GUr tKvibrfvieB 50m jav GKUr LigviewoiZ Awiby hite bv] 1KS
Aigiv 171LIQ KIK gniZi Rib" ntjl LigrienotZ LUK eU eU
KinQj | Kxfite mae? tK VK ej1Q? Aimij Kx NiUIQj?

I Ad it jiurfiu ety “RibB miVK] KIK miZ" miZ" LivUiK
gntEil Rib” Lugitii tFZi eU KtiQj |

th-gohU LU wbtq QU hw'Qj tm GKUv weiPT “K™ 1 1LiIQj!
KIiKiT KitQ thUr GK mgg Zvi KitQ tmUr GK mgq bg, tmUr ifb mgq]
tm t71L1Q LilWvi mugibi FM hLb WK Ligviewo tFZi v 1q iMiq Ab
citki ~TRv migth nuRi ntqiQ] KIK ZLb “iRwW gniZi Rb" eU
Kit Averi Lij rigfQ thb Ll tKv vl bv av®v Lig] Lvgviewo th
LiUUvi 1cQtbi Ask hLb tc$tQ1Q ZLb Avevi tmB ~iRWy eU Kii Ltj
t~qu nigiQ] th-gibliU LU 1big QiU hvi"Q tm 1bdgB AeiK niq fieiQj
KIK Kx Ki1Q?

JipUIRT TlovsSt i ig Aigiv ejiZ cui Ll niiZi gibfhi mictyl
WU~ 1Rv eU nevi mgg ni'Q

rof v/

t, = ;
v
==
c
t'_fz+sz/Cz
, =
vZ
==
c
82 41
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KitRB “U ~iRv eU Kivi giS mgq nt"Q

v(x, —x,)
' ' A% 100
t—ty = —— - =2(Z)(T)
=
c
100 173 .2

=1, =2(0.866)(——) = —==577ns

ki= 1 FiteM

Agiv v_lii Ad itjirRli cig me_tjv _i*ZcY mIB tei Kii
tdijiQ] thinZ me, tjB KiiiQ ki@ Avi FiteiMi giSi mhU Avi
enk _iKfe tKb? tmUrl tei Kfi tdjv hikK] hi™ Fi feMiK erj p Zu
nij

_ my
b= i
==
c
mvc
C =
p 2
11—
2
C
. 2_m2v202
pc - 2
v
==
c

Wibi™ 1K Dcti m’c? thiM Ges retqM Kii:

2 4 2 4 2.2 2
2 2 mc —m¢C +mvC
c’ =
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2
2 4 v

mc (1-——

mZC4 ( ()2

2.2 2 2 4
pc =E"—-m'c

IKsev: E=.\p’+m’c*

GB mlU ki3 £ Gi mit_ FiteM p Gi madkl t™Lig] hr™ Finib

tKuthy KYv K, (m = 0) Zintj Zvi Rib” Agiv ciB

E = pc
Aigivhim ejzig FiteM p=mv Zintj hi™ m=0nq Zinij p =0

niq hite] vKS 1_Ivi Ad nitjiUrfUi KvitY m =0 nevi cill E=0 by
nij Zvi TiteM WKiZ cifi Ges tmlini"Q p = E /e

thUr me mgiqB miZ"! Avtjv Zii eo cgib|
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ck Ges DEi

1. GKUr 11KiUT "“N 100m, hLb GUr Dio hii"Q ZLb tZugvi gib
ng GUi "N 99m, 1iKiUU KZ feiM Dio hi"Q?

DEi: itKUUEK Zvi cKZ "N’ f_tK msKiPZ gib nie] jiibUR
mstKiPb Abhvgx TjLv hig

2

99m =100,[1-—m
C

2
Ar: 1/1 - v—2 = 2
c 100
A ey, (—j
- 100

9_
100

v—cW,I —014lc

A r, itKUU Autjvi 0.141 TeiM hi"Q| LZfte ejij ejiZ nq:

v =0421x10%m/s
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2.GKUr KU 0.98¢ tetM ci_ex t_tK 11bv i igiQ] ci_edZ WKy
GKRDb gbtli mgg Abhvgx 1iKiUT GKUv Nio igibtUi Kilv KZ9[1Y
ctiv GKevi Nfi Aimie?

DEi: ci_exi Zjbig itKiU mgiqi cmiY NUte, KitRB Nioi
igibtUi KiUv GKevii Nti Aimte, A_wr GK NEvq tmUr cmwi Z niq nte:

t= ! = ! =5.02hours

2
\/1 v \/1 _ (098¢
Is} C

3.GKU itKU ci_ex t_1K 300m/s teiM ilbv i 1giQ] KZ eQi ci
ci_exi Nio Ges 1KiUi Nioi mgiqi giiS cv_K' nie 1 s

DEi: ci_edZ hLb + mgg AiZd nigiQ aiv hiK itKiU ZLb ¢
mgq AIZud nigiQ, Ges AvciK miTi mgiqi cmvitYi e’envi Kii
AugivijLiZ cwi:

2
GLith v giT 300 m/s KitRB (V—j LeB QU msL'y] G Kty
C

tKvtbv eo Fj by KtiB Aigiv eiBtbugqrj G- ciomib KitZ cwi] A_r
IjLiZ cwi

(1+x)" =l+nx+@x2 S
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2
:1+l£v_]
2\ ¢
Gi ctii msL'v, fjv Gizv tQU th Awgvi™i thavi ciqiRb thB|
Ki{RB:

2
, (v
t—t=—|— |1t
2\ ¢

GLib (- ¢ ) 1 tmiKU ng Zntj

1 2
1:—(V—J t
2\ ¢

A, t= 2(5)2 sec
1
3 2
LU R SETIER
3x10

GK eQi mgb 7 x10"s (GLib 7-Gi tKitbv _1‘Z 1hB,
NUbiutg GIU 7z Gi KiQiKuQ, 2B Gfite 1jLij gtb i Rib" Le
mietal)

_2x10"
3.14x10’

IKsev 63 niRvi eQi!

=6.36x10" year

4. tKitbv GKiU KYvi wgZ 107s , hLb GIU 1 i Ae vq K]
Gi MiZteM hi™ 0.99 ¢ nq Zv nij KYwU Zii RieTkig KZUK thiZ
cii?
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DEi: v i Ae g K GKRibi KitQ gth nte KYwUi mgtqi
cmiiY nigiQ, ZB Gi RielTkv feto tMiQ] KitRB Zvi ~uwqZKij gib
ne:

1077 1077

t= s = =7.09%x107"s
l—ﬁ V1-(0.99)*
CZ
KRB KYwli AIZiS “1Z S nte:
S =w

=(0.99¢) x (7.09 x107) m
=(0.99 x 2.99 x10% (7.09 x107) m
=2.098 x10° m

A_ir AvbgnbK 210 m.

5.GKRb gibl t7LIQ 1recixZ v"K 1_K WU gniKikhvb Zvi 1" 1K
AmiQ] GKUi MiZieM 0.8 ¢ Ab'Uri MiZieM 0.9 ¢, GKIU gniKikhitbi
hilxi KitQ Ab'iUi MiZieM KZ gib nte?

DER: Aigit™i % bp~b tetMi intmte, AdciTK MIZ nlqii K v
0.9¢ + 0.8¢ =1.7¢, IKS Aigiv Rub hLb MiZIK Avijvi tetMi KiQiKuQ
niq hvq ZLb teM Gfte thi Kfi tdjv hig bv] GKiU teM v, AbW v,
nij 2" i AviciIK teM v nie:
vi+v, (0.9+0.8)c
ViV, 14+409%x0.8
c C

=0.988¢

1+

6. TKitbr GKRb gibl GKIU jvefiUii micty + x 171K 2.9 x
10° m/s teiM hii"Q| gvb Ui KitQ gib nijv Zvi mictq -x 11K W2Zxq
GKRb 2.988 x 10° m/s teiM h"Q| J vefiUnii miciql wW2xq g i
teM KZ?

DEi: aiv hiK JuetiUiii miciq GLb giblwi teM v, , 10Zxq
gbhu teM v, Ges c_g gibhiui mictql 10Ziq gl teM v A wr
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thLitb v, = 2.9 x10® m/s, v, = 2.988 x10° m/s Avgiv Aigit i
mgm'v, $jv mgvavb Kivi Rib" “kigiKi ci "B Ni 1biqiQ] GLwtb thinZ
v Gi gb “kigtKi ci 1Zb Ni t7qv nigiQ 2B me RigWiZB ~kigiKi
ci 1Zb Ni 1biZ nie] Aigiv maiYZ ¢ =3.00 x10* m/s €envi K,
GB mgmwUi Rib™ “kigiKi cti wZb Ni A _wr 2.998 e’enii Kie|
Ki{RB:

v, =2.900x10°m/s

8
B, =V—I=M:O.967
¢ 2.998x10

v, =2.988x10°m/s

v, 2.988x10°
=2 = —0.997
2 ¢ 2.998x10°

KRB Avgiv 1jLZ cui:

B+ 5,
1+ 4,5,

A_el B+ B,B,) =P+ P,
ﬁ+ﬁﬂlﬂ2 = ﬂl +182

B=

ﬂz(l_ﬁﬂl):ﬂ_ﬂl
_ /B _ﬂl
ﬁz - I_IB :Bl
89
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A B, - 0.997-0.967 _ 0.836
1-0.997x0.967

v, =0.836¢ = 0.836 x 2.998 x10% m/s = 2.506 x10® m/s
7. gwUiZ GKRb gbili Fi 100 kg, hLb tm GKUr iiKiU Kii

hw'Qj ZLb guUiZ Kv GKRibi gib nj Zvi Fi feto 101 kg niq
MEQ] §$KUU KZ tetM hw'Qj?

DEi: Aigiv Rub AtCITTK i n'Qm = ——0

1_ﬁ=(ﬂj2
2
C m
Vo (mY
C2 m
v m, ’
ALY N ()
C m

2
Y- 1—(100) =0.14
¢\ o1

KItRB  v=0.14c=0.14 x 3 x10° m/s =4.2 x10" m/s
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8. GKW BijKUtbi Fi GKUr tcUibi Fiii mgib nlqui Rb™ ZiK
KZ tRif1 QU thiZ nie?

DEi: BijKUthi Fi: 9.11 x10°' kg

tcwtbi Fi: 1.67 x107 kg

hi™ v feiM hvevi mgq BijKUtbi Fi tcwibi Ftii mgb ng Zu
nij:

=31
1.67x107% :w
V2
=z
1_ﬁ _ 9.11x107!

2 1.67x1077

2

(1-2)=545x10"
C

2
v

A wr — =1-545x10""
c

t LB hit"Q v 1hdgB ¢ Gi Le KiQiKuQ] KZUK KvQvkuQ tmUy
Gfite fei KivmnR:

ali B vGimgb gbni"Qv=(1-gc
thLitb & GKUv Le TQW msL'v|

2
thinz (V—j =1-545x10"*
c

2 2
A=9e 1 545%10°
C

thinZ & Le tQW
1-26=1-5.45%x10""*
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5.45%x107
E=—"T-—"+

Ar =2.725%107"*

KiiRB Avgiv ejiZ cui BjKUibi MiZieM nie

v =0.9997275¢

9. 0.1Mev BijKUtbi MiZki3 KZ, AtcifK mT bv iKij Ges
AtcifIK mT e’envi Kii|

DEi: Mev nt’Q igij 1b BijKUb 1Hié&, GUiK t L1 tguiUl
ki1 BDibU gfb nt"Q by, \KS GUr Amij miZ'B kiS1 BDibU] GKUv
BfjKUtbi PIR ni"Q e=—1.60 x10"°Coulomb

tcUtbi PRI ciigly mgb 1KS tmUv ciRIUF] hiw GKU
BijKUbIK 1 1gij Ib tFié 1"iq ki3 ¢ v Kiv ng Zintj Zvi kiBtK
ejyng 1 Mev. A_ir IMev n"Q

I1Mev = (1.60x107" ) x 10° = 1.60x10™ Joul

BtjKUtbi Fq nt"Q 9.11 x107" kg, Zvi ctiUK kiBtZ ijciSIiZ
Kiij tmUv nte

mec® =9.11 x10" x (3 x10% )* =8.20 x10* Joul

Augiv Bt"Q Kitj GB kiBUK Mev 1™ 1q cKik KifZ cwi | A_ur:

, 820x107"
1.60x107"°
A_ir BEjKUibi FHiT KiitY Zui 1FZi th ki3 _dK fmlr n¥'Q 0512
Mev. C I_leAitbi th-kiLvg crigiYieK ev gniRiIMIZK KYv ibtq AvtjwPby
Kii tmLib i%Ub gndK GKUI KYii Fi ejvi mgq AfbK mgtgB 1 Zie g
_WKvi mgg mAZ ki3tK Zvi i etj DijL Kivng| A_wr
BijKUtbi Fi: 0.512 Mev
tcwibi Fi: 942 Mev
Gevi Aigiv gj cik idii Aum, BEJKUbE MIZKI= 0.1 Mev nif Zii
MiZteM KZ| hi™ Aigiv AdciTTK ml e"envi by Kil Zv nij vjLiZ cwi:

MiZ ki3 = %mvz =0.1Mev=0.1 x 1.60 x10™" Joul

=0.512Mev

m,c
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e 2x0.1x1.60x107"
m
S 2x0.1x1.60x107"

9.11x107%"
v=1.87x 10%m/s = 0.561¢

AtciK mT e’envi Kitj Aigit™ i 1jLtZ nie:

=3.51x10"

2

myc

0.1Mev = 0—2— m,c’

v

==
c

2
myc

= (m,c’ +0.1)Mev
v
CZ

GLvtb mc’ Gi RigMvg Aigiv 0.512 Mev 1§ LIZ cwi

M = (0.512+0.1)Mev

1——
cZ
LYy _0512
¢’ 0.612
2
1-2-=0.837
C
2
Z=1-0.837
C
L= Jo.163
C

KitRB v = 0.40¢
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