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FOREWORD

The National Curriculum Framework (NCF). 2005 recommends that children’s life at
school must be linked to their life outside the school. This principle marks a departure
from the legacy of bookish learning which continues to shape our system and caunses a
gap between the school, home and commuunity. The syllabi and textbooks developed on
the basis of NCF signify an attempt to implement this basic idea. They also attempt to
discourage rote learning and the maintenance of sharp boundaries between different
subject areas. We hope these measures will take us significantly further in the direction
of a child-centred svstem of education outlined in the National Policy on Education
(1986).

The success of this effort depends on the steps that school principals and teachers
will take to encourage children to reflect on their own learning and to pursue imaginative
activities and questions. We must recognise that, given space, time and freedom, children
generate new knowledge by engaging with the information passed on to them by adults.
Treating the prescribed textbook as the sole basis of examination is one of the key reasons
why other resources and sites of learning are ignored. lnculcating creativity and initiative
is possible if we perceive and treat children as participants in learning, not as receivers
of a fixed body of knowledge.

These aims imply considerable change is school routines and mode of functioning.
Flexibility in the daily time-table is as necessary as rigour in implementing the annual
calendar so that the required number of teaching davs are actually devoted to teaching.
The methods used for teaching and evalnation will also determine how effective this
textbook proves for making children’s life at school a happy experience, rather than a
source of stress or boredom. Svllabus designers have tried to address the problem of
curricular burden by restructuring and reorienting knowledge at different stages with
greater consideration for child psvchology and the time available for teaching. The textbook
attempts to enhance this endeavour by giving higher prioritv and space to opportunities
for contemplation and wondering, discussion in small groups. and activities requiring
hands-on experience.

The National Council of Educational Research and Training (NCERT) appreciates
the hard work done by the textbook development committee responsible for this book.
We wish to thank the Chairperson of the advisory group in science and mathematics,
Professor I.V. Narlikar and the Chief Advisor for this book, Professor A.W. Joshi for
guiding the work of this committee. Several teachers contributed to the development of
this textbook; we are grateful to their principals for making this possible. We are indebted
to the institutions and organisations which have generously permitted ns to draw upon
their resources, material and personnel. We are especially grateful to the members of
the National Monitoring Commitice, appointed by the Department of Sccondary and
Higher Education, Ministry of Human Resource Development under the Chairpersonship
ol Prolcssor Mrinal Miri and Prolcssor G.P. Deshpande, Tor their valuable time and
contribulion. As an organisation commitled 1o systemic rcform and continuous
improvement in the quality of its products, NCERT welcomes comments and suggestions
which will enable us to undertake further revision and refinement.

Director
New Delhi National Council of Educational
20 Decenmber 2003 Research and Training
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oDADIET BO S RIMIGo?

BOM SR moolang
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RO S RNV Mo TVIEB T &
allgwge U200

(@l @rslmnImsn cleRed
RO SMIWATRSIHS (IR0
TWo{(Nallo

al@lR1RIM A FMEURID

dro (PHYSICAL WORLD)

1.1 agamoam @»@ldwdniime? (What is Physics ?)
al}Q1el0S)HAB8HN 0 TNWOIMBSE DMAHIDINS @HHI0H af)LIo
SORIOMNBB®FD. EAUTIVIGE BP0} DSV afslawo
RBINS)FABITN GRIOTIIGUNsBEE @emadla:08Io B)MEY MEKTD BN
UG8 BRAR)MRSUIES)MHAMOTDIIN). BOalmHE)E:(3 20GIom
MIREI ST, LIMIGEGHNBBING AIN(HIM, (WWanamsEBUd, souail
GO0 MOHRQ 0, BRUDla b33, thmT%‘j afTBEEREHN BREM
SHDEMHo ERABIM aIIROMVEBSEM alidleno. )06 IGRN] 06
05300 aIB0GLOMRSIHS GRHURIG o0 aenlallwiale =lal 2ol
&IOS Medafleno 8aloRogmBIIENMas aeclailmycllo GRIWo
Fla]lemanaosny. MSmINE GHENECIWICMUIPIo 2100 l0S OB
0la] @pemIaHlenemoelo qualailaneaus®io ONIM 62109 EMIOE)
BOSM BMJAUYPMINSSIG ATSAWEBBENRIONTNE . LWBEL NG
a0 Woleuemoilanes aley®lacleorusaEsglnel aloaal
DAWIDANe BRALOAGEMA0W FUMDERSle AMTNBNSFIHWS)EN)
SWo BROINMIUADAD] (ald\TIERIS DSHAISHNIDERN al)GHw
D IOWEIBUE HRMSEITMS)ANEW]0 HalIMD AlGENE MYSGAN)UDIAD
530) e1olwosm. CIMIMHRIW DOV0o AlGlRDEREE BMYULCID
YOI (GG BRSO MOHICELSN0 TVOCELD 00213y 5al
GeleR)o M)

WwOaBUMo (5cience) afyMm apeileng podq|oos] sglad (&lwoals
QoW scienfia— (@Ol &) afaM@GWIADoET. ToTi\MEMIHE
afiearmnoad, aromilvlnel @82 ofan] al3eans)e Grclal agyandLon;
sa0U@os. AW BRANGHIGE WOTTHGIINT M)Aty oUDd
CGONOBoMOAN o PLHMETE. DElIB), amy, Heralm, (W, saeave
B0 0e50l0 oIV DELHS CENSETINAI o DM, Tl
GHUB mowﬁumtmﬂac@ All0mamim; ailesa]g TVoRIGKDEUS MKdHs]
©I5)6E. IBIMNO000 M)QIEETRIS)MS] @00 IeNdhome GeaTie 1w
B36MgsEBRWEa alellw 9emBaIMEow]. @REIBHM MO}aImI0 MQD
EID ol @T1600S)E,S] WITTmo TVOBQUMBHBEIORBHD0 GRIOD:
QL0 IBAOD (~ITNeM20lom I0)Eem)o allaild E0RLERS)0 Vo
SO0ERB)0 MMING UBAB2H0 CUISIMHNMIVILIEN)EW0 HaITm),

WwoaBLmo, WM IM af)lal a))aMIHENAN) ADAYILIOEHD
STRMYENS. (Al IMIBTUSEEAS SElIaNLm Tuanmoilens @y
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0ilRONIM e & ldEn TODELOTSIRLSIN A le:000 (Sefar
system) TnoIOm Gomnads (heliv-centric) (a0
B30 alBlGDEMo HalgaMOAUTDGE OSSO 6N
{(Tvcho Brahe 1546-1601) ol lstlaj0aflaocisslano,
(Wo0mAeS aldl@06MallDo QINEHNISIOANEIIM 0
BIBAEILTINCH00  all0RONSMAN MBS HEZAOMAY
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TUDOWILO BOMYBHDED B5H)S)DED @M )EDOLR OB
WU DELDE0 @RoUYE0ba)). a@w Minkemsmanel
snes iluwse.alenomd @uamnaa)mm alwonilod
alem MUlbomEBRW KM simlaian)eouowd veomy

‘(@ adlmoilod aelo (adlauarwlegyenzonils ens.

DBYakMio MQUWNEINND ald)@lalen TATS@ eoeL
el aurlsoninoal] mysdanloyan myjegosml
Wad snlekmiame (Newtoricn mechanics) omSymans]
el aflel T iom niolexrvamag alltdledlaaad
BRI L0aImR0eSTHA BOTHIRINO. BREHm)G 6] MQO
61213200 (aleWON MR aERID] @D (ol
OONSG MOOTVIELITNEIVIM (4 1HAVOHAIBLTHAIBD
aamileg (phatoelectric effect) wmailcuoauamag
aflos1e:al89008 TWlEnamaIaD). DD @RITVUND
ailaupetto, @G BT GEOD HSETNBVEL LI
WS Afld:STN)HEHIENE AldRAHM] alOMOBIM)0
M@WOLMOIOMOVIDN )0 BRAIDISS INIGOmMMEERNS
Alos 1@l aMm@imio 8 am QlWemHIos ool
B 0ElHMARLITNAD SN2 sNUBIM Mo (Quantim
mechanics) allamil L }OI0MmISWOEE)HWOEM) Ol
M.
Al @Y ol leHeME 1706 SO)alEHM &0) VOITBD
MlRLOAMHOD 2O AWOIIGE NGEBUBIBNIMOED
S50, B0} HOTVALOABIGHOIEMOE@IT afemeslene
a0 HUHMOTIG] G:pamReomeaB@Inm Mdesuwland
N)AOCDES) 0. CROMOOIIGE 19163 (a1m)eLl (snailglaz
B8O BHWITI(DEEIDMIW ABaDGY OHOBCA0IW
(I1871-1937) anmytmo ¢MAEO 60) MuAsMOTE:]
Slo3a9;5] @RYGIan03EsMeEBU (c-particles) a10wilay
Gojoud DENEOW aNEKNIRLL, o lBE0ETN) A0S, (RHckar
model) aqunoail®a)s)enomio ol easaooweRm
@RISR D6mM BV IHAMmiE: AlRIGIMe 2190
10 106TRo TVIBLAINETIM FRSIGMD AldBHOMm o 1913
@ GOSN Tuzmomoedanmow @mladat esniod
(Niels Bohr 1883-1962) o) (al1ea10smaocflomldan).
26Qo0) les, 1930 @3 eas9ud awlnaas (1902-1982)
af)M SSTLELIN @ BN LAl @:6mMEERE)
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@oeema HMBIWa)}0@:06NE @6NR) UGaH@TIIM]
BB Al lEUMXRRIIN Gatomilglal erokse s0en
(Ba1omIlG(S0arB- POSIFON) afyn DDA REHEMHTIT
@ IUT APCAFP AV HBTEE D)0 6) 210},
TLOBOML OIS OTIHNE! ROY (alOM alOMUBI6L
WOSIT BDMIBWOTI (@0, OO 21T
ANDIOBD DRHBB & IOMUDIELBBE. [ ld\D af)INBLO
a8 (e asooilodmlmoes 8Dolawmoriimo
(Physics) agyan alBo 96200, exailn) quaomaow
TLOTDSMOTIN03 BDTHELRRHOMAN T2 JB8 D
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838501 2); al0EN]SH D0 FREMD [AIERITUEBHS
allailw ololeglad Gryailat oo &0 H21G)am
WAR0EM BOMIBUBITMOTTER. ERNM ailwa
20V (o NIBOHMEB3HBENT 2] Wl BOWsEBHIW3
allaglas)mmies. 8mmlauomi@e EMals)an ene)
(1wom  ealehalgle:asenyclajosm @ml avjailajl
BR003 [REENAMND: ofdleasmale (wrification)
mymlaspsmans (rediction),

af@OMio WOBEMESHHSW)o &h)0a]] TVIELITNEEMS)
sW)o alladsnieiamlensm aeailwyaldsmaow

Dolaaimlzoauemd alluesleelandad 8oola
WoTS@mo (BEHlENAN@Y. QUL ITS® Bemuelssielo
QLK NSSBNAW] QL2 IGLEMIN aB@IM)o TG
(@Bmlzpomemsns @RAllat 00000 Mlaiw
EI96TT) BN UROMIMo GEING:EIGIT GMOASTkE5BMond
(RAIE DG, PBIOBEMOID, 30} @Ra{lud &elwi
eelom) ale)anm)e 21Bad g)oilaw 21)Fleesonsld]
SN o TLDEWINDNAOTBUS TOIBLED al@]hnemo
5210 BNEBlBD)MD}HAeHH allwws1ealanna]
S)MDE} OafTod MYSM Byailatiadla] WO
oea(anﬂdﬂnﬂ‘l_ﬂﬁbi)(mmﬂﬁ)(‘@ mshvnammmﬂemsm
@M D@DV B I3A8 BIHTVHUGE HH
B4 leoe S00TlSHmaWDe GWoHElafla|)od0mns
EIR} EAIBIGRBW )0 Quﬁﬁ)mag@om;@c&;m il
Ol amalBymasalemlavoamomlaag (efeciro-
magnefism) Maleoemeud Grnilatiedla]). (nla\ol]
Dlpal @RSITUNOMEILIEENS afjd1aa]E00M188
(Won@mIEND (200001-4) BXTNEAIENBS EREMIAMSINEE
S06T MSIEBEIT B9 D).

20) Ha10lw uMemOICITIemm @rMINNG Laiud
@mm quiscalagladmleans eralaag aean  alell
WMo TUEIZEMAhow ALITVNDES W)smailGuo
AHBOT AUNRBLIN 6)alGPSHHWAND @M1 LoD,
@206, BDMGHWOTN@ODIBNG a0 3WHAAT ol0
2N DD M laINHOHRoeT MM Ib @D 10
(Feductionism) ayam) aloWiand. 96000,
@l lse (Thermodvramics) ofam oo Bsael
S)EENIMND)  AlROMITUGI0  MJQIEENRIS)dh) SIWosM,
@BRO) HHSHIBY0 BalQIaN®  TuOIEI T OO
{(bulk systen) avMEIGIRMEEBBOW] al® )R
D0alo, @HINCIEHER0, af)BG(SIe]l (B30 AjITun
OIS (BB000NDY NG BRBAT ) VIS0,
allm1s o alglmosmseBslcalds Omlaailonaoil
oo audlaiiailnn MueEEGIlmOesw)e TuWlme
SHSADIAUDITDEHOS}h S| Gy MBIl QA YITLAD06KE
@OEKTN BRI IBIRLOCTONENTG MM GEICIGS 1yl

E3

a0Gl98|SMISOONN,. 0llguostdla], Moalo NG
&0 AyemNlasl GHRI@SHANS DO GHid
O] VEOREIWIWIFIEM BHEMBNIHNINO).

1.2 @@@1&;@0((\)@@3)15)0@ MWDo
afllrbawans
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# Sections 1.4 and 1.5 contain several ideas that vou may not grasp fullv in your first reading. However, we

advise vou to read them carefully to develop a feel for some basic aspects of phvsics. These are some of the

areas which continue (o oceupy the physicists foday.



EDO & ERIE 17

@poienids asqmdaaqym (1879 -1955)

@R@auds aupmaaqual 1879 o ndamlwlae omd oM MIOLIETE RMleld. ERIIEe BI9IUM @A
EEIMN RafIMIW I MDEMTI. R 2@ 30 G1olwlenulalm] @RER-noma ] @I M Eniso. 1905 08
f1e3 WM mBIM &l | milnsl el ggum, aalmu@lmlasiod ol ooy mmew EeEge0 OmleTd agmg
(8 MU §TR BB053 1S WIETT @Rl MISEIRAM M. (e MUETREIae M |t apasaon (light
quanta - o« l@eseiom photon admilws s a0 &6l 218 @k @Rl MElden]ewe (ald)
BaeNIm |aExuowan (photoelectric effectymysiruemred niluElenm |REASHISWE DalWm3. A mIod
@BTIUEA |l lRomlariwie allalasmumiamaie mmag queiuzg] gimilens rdlas mflaelaliEam
meetmilppimamle’ tleesymmin]aiamly @RO. REEIZHOD [nEUMUs [FUIENIQTE oINRos
{Brownian motion) alledlacleaimmn. mesiqnamanitlsel « sy msam a@leHsms [uamunmiae @B ewaRes BElanimo
RO [ROOWREl MM (@Eem3] mmlwawin allemmlesiw emelng eiElenlawle o] B30NIBENM §RIFIMDTI el Jsm
BafIBRBIUEMN DMInNIM@IE) MW wIM|moamniede malswe eiaaslemmiinime (special theory of relativity) allond
HIWEISHIMTNDY. @EEMOMISOTT K= me? ofith aileuomade a0demman I amle ) «e)Xe luma e msomil. «anisism eysalasemilzng
MmO @esmomad) (inertia) o56a3sI8eles 6T @ROIT 6E7 flald] @RLUEIILAEEISH QWSIOMIE IS IR BREa
ailamilanime (General theery of relativily) @pollfaaloaimal Doleges oeimleauamanm aaqied of ssameaaiegas
BNILE1EIAMIT GRG0 &l aldlelanml. AcMEAQAN] [LWINaET NREHR TLoRIIMEE: 22amT glrexla meaumiam alle)
eanailosomlang (blackbedy radiation law) oy aamlala@ailor aorime aeg peamela soaudnnomlan (stmulated
CIILLSSIOn) WE o BIEMIGE O 2)3. @RI [alel6RUONDEMINETINIT &llGINISIMOT | alelRUETIIAMN TUOlEMI (slalle uverse)
0IMY& RO UIMSETIGNY 2150, F)Ha] GTUIGILITNAGSINS (massive bosons) &d6Me TuOlE&ILTLn, &6 6eldameryla
@yl e iemmees WadRmITRa 2w e Mo o) T USWINSHWINT. GRIMIGIHS RO @M Ut 230 2005 ol ol
2145, @R galallemilanimmerilan mande e i wl@HSNMIEZe AcfRORIYTE afim G HOMMEMNISIEE BRI XMIINN) dpeo
(03 2l U258, 1905 2a0lE3IMERI qUIMUAIETE oMl AU &as 23920000 MmerlSealaad&ne §8I1&00M 2A0IE] I8 ol @I
BI30S GN8N 8o l@lelaamane foltie) GRgalasis TUlaImOmlT @pelads Aamlaaqyr® oM 2a0el0l8 Lo Madalta.

)N} afYIMOG MEMBS aldlailDeEBaow snielsm
OSBLISoGHAN TVIHANAW NekshFled DRSO,
HHRAVILL SNILIEBAIOS HalmAINW aflel quiEsal
BBBG] 2] DR}Es ERAUNW 210360 allel voldatie,
EBGEICEINE G0 T@AlEnomonlo. BROMOTITIMG
OG0 GO0 GlaoWedlanieauorle BRS]
UNEMalEaeE] GIOISIMIGIan)TNaI NoeI) snILKEBRGS
DOUMAETHN] SN A0, BBAIDIOSN @RSITY MM
(I TTRNIEKIBUS afMMOIWa.]S)MES, Tloawlwow
MmEREEId 206 ]S)IIN @REM:0 ULIERW ald]
allmpoesmaslens Sooalmio MGoenEleal 8D Exs0
M @0Falaloslad @RSITvNOm (el @ilsninisanyd
MIBKNo HIGEHW)BS] BRADHN)O1a] il Aoy
oWl ~myes ailaudlenyan;.

1.4.1 inyoymisueln (Gravitational Force)
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ASed Aelmlc 9210)@mIEIW B)0aBEeS ailel
(UG WISTHI HUd Mio RalcWIWeanens.
@rUDI0d aileliss:

+ | 9anddl (0, 10=10""m

+ | @gedmiso = 1 A=10"m

* | @ratesoemalanod ayeml] = 1 AU = myoimio
R1ilane sUlenss woowadl Byeo =1.496 % 101 m

* 1 (alssowaldate (1 1¥) (light vear) = 3 x 105 m 5!
af)an  GUNONIGE BOIUBHMOHBHOENE  (aldOUd0
TUeIA1Sa Bime =9.46 x 10 m

* | andaxrus: (parsec) =3.08 x 10" m g)olloyes (Bosm
All0OW1Hg BEIREl @Poo Al0alOING B6)
ouanad (1" of an arc) ag)m GH:06M @) INe|SHOmD
AR,

2.4 moavlead mIdamas (Measurement of mass)

Baolang 80 GRSITLNOM TUIBIUBOSTT K0T, o)
STUOADL RIS ES:EEB0M MOaltilel, 0dge, TUOOMo @5
sloalew Sy euoalesanlel. asavlang weml]
S0 (kg) @Rem. aRSn)mIEaaEREEn0 088
@RADIOI Y »o0)oaiwo (Inlcrnational Burcau of
Weights and Measures - BIPM) mldeamlafls)ss
IGO0 ) EMIGlHNG 20mydenud (Protolypes)
dles pomymRglpal slgaoogoleglonye e1gy@msn.
L@ MY WEBADIGEl MaMaMEd anlorulensd
elgeno0501w1 (NPL) ciosm)asa.

BRYQo, HHBOLE MSERIDUHS BOTE TVyaila{lee00d
SSIGEIR(N20 Af)IN@ @RM;EWIDERII0W An) Wemigel.
LEFWMOo @HNGLEBUeaN Dalcwodlanym  wyaml
Qoem @emleeancl @0as ey (u).

Lu=1/12% Dele 306806 [HS AR H036nIe3-12
@RQEONDG B0
Tu=1.66 xx 107" kg

TUOWORETN EIRYEGIIN AUTTMH08)85 B0TT B30)
alEln 1DE9)] S:50E8 Dal1cwoUlanmm MOCHIEBS 3D}
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MYSHT LDV (A IGWIRMO S IOW] (Nn06BRU3,
MEMMEBUE M}SERIROIWIHS 2200 d;:aNROmend
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SMaTn Mo,

2.4.1 oxmlaa) aleiwl (Range of masses)
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2.5 avonwmldsmaoe (Measurement of time)

AR WSeaI8 MIFEMDISNIMe BO] GHOS @BOINDY
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2.6 DaldbOaMsaBHL] dIOILMWo MVIHHD
MAo ARSI GBSIOL! ailddio (Accuracy
and Precision of instruments and Errors in
measurement)

@ERASNGEH (MNCASUICMENL)  (BITBLEID-MNOEEH I Goeal
Dleel meslreaomudommeaEglod Sanosn. RSl
aléoimeaEaglod wlan) eldlesym nieleakglod grml
vmflmaie (uncertainty) osneoldless. o™ @plu@i
m@lo alltoas (Crror) apanolwea]s;am). GRB0N G
gldmlon; elgla] menaud gsa1eonla] ®-ansee?
AN @RAONBIEN0 AlliDdh)dhud DEN3Ddh)0, by MLM
(accuracy). ouedionm (precision) apan aizeIsud
OHENSs ALmLOTe DS AULEMRICHNTRMNE.
B0) aDMIe ooUwles sracelss eldlyy @elyo
BREHG WIOOGID MEILCTNIS QM @RS M3
ADUMIHOKE MDD HI6MlEn). B0} @03
ailomd olleasmAuBIWlmas @RBAIRAT Tu)HHBE.
B0y drgalloel aymym ERBC G0 ofles
BaEK 203D SS alfl *LISHERsS UL aflol
@M. DEOROBIMEOT], @) AUTTmNeT WINodLN
mi@e 3.678 cm @RHaNaN] )M, aileasmagiu]
0.1cm 988 30) aldHOEMo HAHIMNE DD AUTHm;ilHng
Mizo 3.3 apn) @Rge0)M}enITlenns. AHamocs
alessmaudlw] 0.01 cn D88 BeQIB)alk:DEMo HE:06ME
oD Ammalend ®lge 3.38 cm oo BBRAD)
emldlaass. M3y Raow 3.5 cm a7 &ymy® &)5)
mensm. @ @wodn ailloiewes @RS o) Modon;
MmNy mIM] &006Mo. AlGdH, SDOVIHLI Tu)EIRnm
apyomoem. alegamoe 0.1 cm @oMen@)83). DENR3
2eom ERaow 3.38 cm a) @ ®L® S0 TURHEnm
@5 melnoeni. anmow@ aRgaAlsglenl alluve)
@)elo af)Llo BRBAHB]0 aFdhG3Ud0 BO(MA0ETT. BRI
»BlOel Alldodn) o3 Baldm)l panof ailszlendo.
*  (amdafloods (Sysiemalic Errors)

*  @apanlmallvoss (Random Errors)
wmBafluods (Systematic Errors)

AR ejosie 3ee olmloled dueaailegmm altoe:;
&GO (B2a]lad)eud. DEMEe all0d):ud aflde
SN ex 13 @moaﬁlg’]o‘j GrbTell Al b‘)mmg’]o‘j @iy il
Blae0. (B0DaClMa[lUded@as allel GLaTsm ;a3
moa% lup3E0H6)am).

(4) 9aldboeMajlvost (Instrumental Error)

BRSNaldhOTNEBSINS Baldh03n M@ QoD B
aod meEme axidmldlesmmlec! allune)d)eleno
allR) aflids:) B)MEIDWRl BIEIGRY DEMEIH)D allUtd:)
80amlal. 93020062001 80; somdscaralgolsel
MoalTEl ars:mMe aaldmdles;onad dles:iam
Qleve {230a00sayla) STP oloel Relowlend g
mler 100°C agamalmy aleno 104°C agnd emdeaoal
Q@ @0amlends. 3oy HUBEMIVEG @:2eledmilael HaId
smlod migawleilnel an@myo, aawlnd misasolailsa
Al 2@ L@ Galdm) pdmlelende. BB) TLIWIEM
m"lg;(a m‘)‘ﬁ)da:cm]gﬂa)r@ BOLDG §105161 20 1BB000, DO
Do alld)dud TOdhBa [lubds)dhasmy,

B AN HIMMECEDHOMICEL) (A IUGTHN W] CLI )
PaNod0M dymymelcnia (Imperfection in
experimental technique or procedure)

amadyeloamlong moamlal Mldemalesdad ao;
omdeno1nd e:ermmlad Hoden)emudd cizlen)mm
oMl afeldiGaldvie WIOIBLO @)l EENBNIE
S 0MITBE90. al®lHHIMIVAWOOR) sRI0a0Y LIS
ARSI MIalMIEITIeEl ymy0Mio, ERG3m, oe;og‘;’
™}568E 10! B 1SHIDAN LN’ (Bomnowi] eriouil@ndo.

© ayamlnmaflvods (Personal Error)

Q1L moWIAI01D (IKimeanud @)eIeno NILEEINm (it
STERIGH0  BEIWOIW aldTeHaM (06RO nT}
@REMIe MEIGHS BR(UDBLAIEIGHS BRM)GWOER) BB
D;MENHU MRIOTHMIDHIGITRI UM allds) &
806M  AyEWMN D flUdd)dH08. DRI AOW], ™Al
aDEIWEaOPlo AL AUDCODE GRO3nje aldla)
allslaeyom quesalss 860U &0 golael auail
WIHNS TVNIMDBENETUIE NU2E20IeE20] DaNEdd:)aN
allimanoam elosrumailcass (parallax creor).

(& 0afles: eInele:dlen0m;88 llel BodWearRSIm
AR 1EHEMIVEEHMERE HDalD2]|S)EDId, HDaldals
D lHOANERE Da13Owlen)d, AULEDAlRID aldd
ANaesd dElmanmio a¥ladend misaEBloal. an;
D1 EHIMEGE DODNDo Allidds}dhUd Afd:ER000 &6
EDVEDIM0 EPOUDLODEHITE WD) IMENHUS CUDITHD
Mo axslano.

WhBdaslMajluods (Random Errors)

(»20a0lmadw]l quegailéa;ameie @RMIMICE GRS
allens glwwlaye @yemiclead@l QI mnow
Allgodn} HB0am (B0 a0lMafliod}dhud. Al0laMsm)
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[P me e e e e e e e

ATeOBIERMEO®)ON  (GHABLCImRo (alUalMD

®IDACOW  RRHNOflEN:UE (23000060 w]
gudgmaileal? moaITNelwIGa) DaNE2E:}I @R[l
@ Uydmloomsned, AlloMamn e Dl 05 ean
FH0d DO SAUNEEEE MSeEEl), UyaTH
Oma]lUdd)e:0d (DEIA0DMAIT] 86D QIYHT] maan
20) ~lplemsmo @R USOWE9)EMIGE  Uy@m )i
maysned aglense) ms@EElmal DEemoo allidd)
U3B8] HOBETHOIE} AN,

NhdajB80Nallends (Least count error)

B0) HRBAaIS:DEIMNoD:HIMNE BRSSNOAD nBQ0l0
0601 MRIZB0ET BRmIn0g a0 a0l (least count).
WD Dalom@sMEmIGmlan) aglenyom delenud
alel Aso DoMER T)GHBAINNEG:QBR). :dsa30
aflvod: palmpsma@oilong eleasMadilw@ow] sniaw
&n]51dlaE6;0m). 2300008200l 80) ealdsmad e:oel
313MIeT H:0a)301 0.01 cm go 8 Mianlenozlgnol
em@ 0.001 cm 9o @R@®e. 30} AlBlW] UHE DEDM
adlipd )& ud (BHodadlmajlids)&S05 allsonamiloiea ]
53N} (B0l HES0R50a |00 (AR Ma D)
639650200 MONDo AilUdE)UD AIDIORADEIET,

2OEIM TEHIMWIBY PaldpamsRglennsoe Al
ST TBRTHBEMERGE HDalalS;OWIDe DEMDBo
allpe) el @0de00moalje. aldlemsme @R
(IonluB}o EBAUdoleneruoud elleman wnlemsm
3BFHS EINAT HmBlyo, VINIGIN A)EILEOMIS] NUIBED
@RSV BB 0.

2.6.1 e&ehles (Absolute Errer) GR¢nlodl@nilte
(Relative Error) RO2)MAl08: (Percenta ge Error).
(@ a, a, a.., a opala alalw olessmsarslod
mlam; ella] &0} GRS alel O)EILEBAORETHAN;
HOID b, MDD  aldlsMemomIT  aBQaljo
spm)ewomy a)ellnowl alglwsmlensaan ol
SHOIDOS O] BILILADET).

a fa,—a,*a,~..+a j . n

TR

2.4

BBLOAID,

D pean = ZG iR

(2.5)

@) RSN GRMINGG WLEOGBLO ajeale edilenses
QUL GMOTIHG  alglmoemadem @R @rsaileel
gdalelallws. mmlam |[Aal agmm) (a1@lmlw]
S0leR00. @INodn alleleclwond By BoduweRUd
WEIOED BRAITLEsRSIEE Woowel allein® WNIdLo
aNeiol Aelnsemlen;an). @262 alewlen
@ENBIH)AD GBI R®:; IHYajo®)onilo

dRAMED I IO,
Aa.ﬁ’ = lﬂ}' - lﬂmww'
At = N

5 5 QR

Aa =a —a
n L N

0 kihdmo RISl Ad Galomilgleals smunglens
@00, al@HM, Ghalelaild: |Aa afelodeqaoe)o
gatomilglal eroldlano.

(b) ~gelo ¢aaelnlNd]d8)05Wle V2wl
ailaipos @y 20oild: @sailaal weRaE] Gaall
allipd. DTS A o) (IHIWIeglends .

Aa = (|Aa|t|Aa, [t|Aa |+ + |Aa Vi
(2.6)
:Z |Aa |/n (2.7

i

&@) oI lo Do@o MR leMsMo MSOMIWond
aglas)mm ailal @, £ A apon clagden)

adlelsolslesmenn? &o)moo.
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e fiean
@rRLONID
a —Aa =g =da 2.8
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@R GaloHtldallod @MAXNOWO3 (aldSla]l
SN6MR BRGIOM RmBIMaflied (Ba) ag)am)
AlOmYaM).

da = (Aa la

HEQT

X 100% 2.10)
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P 93000060 2.6 6300710 a1 keHsTDUBRII0d U
aila 588 B0) RSO Gdhdaan W] MODmEYo
oITMOMOTE  QETR} 08003 nlolaroowles
9a5;0m;. Rajdias 12:00:00apam quage @eslirvnom
GHOHS GOAIOAS;OMGIUNE BY; DMB) GHOH,
SRl Muams mOsP &0 afldlen;amn,.

Choas 1 CRhoas 2
»eHud 120005 10:1506
2100 1201:15 10:14:59
6B 1:59:08 10:15:18
Qlyowo 120130 10:1507
ozl 11:59:15 10:14:53
ol 120130 101524
FMOWA 1201:19 10:15:11
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aflidd)e:03 ERMIWOMIe MIB)OWIT & FluHaaqmom
6 MM} HODETHo. BROINOTI GHode) 2 BIRYs
@R} GWIERL 0

P 260a006ms 2.7 apy ailmilud eandoelemlsag
By UBODNHOLI0 BRBADGEOUWB LI-la] aflelw
2Nelesud moss eisiamldlesym,. 2.63s. 2.56s,
2,425 2715, 2.80s a2¢n2 allailoein)e Gasnlal
e, @yealdoMla allda, WmaoMafluoda
afaTHIRl BHEMEHIBE ) db.

DOMD0o : DOHAOD] BRUBTHMERICIo
” (263 +2.56+242+2.71+2.80)s
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=2625s
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2.51s M)o DSHHIEM. af)Ld H0IBIA DG, HS)HSD}0
weRdl 0.11s ap@minond aooiled sm’ saruaadlnad
alld: am)aeyleom). @mlmond Mmydled amisad
auaomallel M@s)anoemled epdloalal. Gr@Imond
S5 BRMEWsmYo T =2.6 0.1 s afav afye)m;}
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2.6.2 JlBeyes1ns meewinmo (Combination of Errors)
BrmAlW] BRSAlj0d DUEOaSIAD a0l eMeDeE303
S IQIEIUINE  allUddh)dba]ers TUoGWORMo  Mio
BRCIEOM1E1E68T0. £3000R6THECW] TUHMBm aQMoO
80) Armaend asavie alydelmallo mowlelss
@PM)AI0EMREMER. ariaynilaag 2208 MIdsmal
HDYINENIGEN AIENA |0 MIBEMUIBO;MHIGEIY DETR2:)
M adlgDdn)dsud B)elo TUIBMWIENETRIG)IT allidd:
HETNHNICADENBINENE, DMDDO dHETNEN )G E1) UG
AllBdh)»B)HS TUoELIRMo AI0IEENMRMI @RMYD
0IUDY DI

(a) oy@wleerd UYMIITUVOMICEII DINRIG)AN
alliaas (Ervorof a sum or a ditfference)

A. B agm] eemr 2odmle @rgana:d A+AA, B+AB

agyilemam mldemnmila)) apmmldlenes. aiiod AAAB

agymla @LN3G:e A, B ag)m] ersana.giact eaain

allid)HBOEM. DAUWHS CHSHWOW Z HEl GHAUE!

allddh SHHENROImINd (WEleno.

Z=4+ 4

7+AZ=(4LAD+(BLAB).

Z 981 el «ilvad,

AZ=A1+AR

QUSRI

Z=1-8

ZEA7  (A+£AAd)— (B AB)

(A-B)L A4 £AR

+AL T+ A1+ AB

7 2l alpaoaiti] ailvods

AZ=Ad+AB

BRIOOWD, O6NE @RBAUHWD ®F0d &)5)ecwo
BB BEEHEVO a0V, (HOIGE AUYHIOTD
@GR DENSDHAN  EGHAUBla v 80600 Graall
ORI EHAULITRG®HAHS D8 Melyns
OElao,

DB0aD0EMo 2.8 06NB) AUTTGRENBIOS M oalalel
o®36202190)5W@ Balgwowla] { = 20 °C
0.5°C, £, =50 °C £ 0.5 "C ag)amlsamam @pasH)amn,).
3N MOalMN0d @ollenss @ yoaval)oe
ARG allUdd)o BETNE0HM .

pEmEo: ' = 1~ = (50 "Cx0.5 °C)- (20°C£0.5 °C)
F=300C+1°C <4

(b) WIIMMANLITWHICEI? AN BIMAOLITMIGED D23
alltags  (Error of a product or a quotient)

Z=AB amasmanle AB aganlar mldsmaoilen
fal5lelenym (A+AA), (B+AB) aganlasam
@HEENAD)E DI b,
Z+AZ = (Al (£ AB)
=AB+RBAA+ AAB+ A1 AB.

LHS om Z eoenzio RHS am 18 &soemse)o
A0@19) GTUOUT
1H(AZZY = 1 £ (Ad/D) £ (ABIBY £ (AANABIB).
AL AB af)aBlal Ugen e210Mm00@imond Grarmes
EMManBI; BRAINMIEN00, ERGINI0F alemaUs]
@Gl dhailind

AZI 7 = (AAJA) + (AB/B)

A0QEMOMINc DD afBlo REIDOOSMHAT @RMS
WMo HMSIVBH0MB S¥FW)o. VMR @RS
@2AlGd OIS HEWE anGIENHEWI Halqy)
GMUIOUB aDLIGINIENETRIE) N @RGCaldtld alltnd:
BRBOAGSEINE] BYCaldHt]dailid:)HBING )Bd5
el nooildlene.

P 950a00sme 2.9 almdleooWwe B = M, eoailes
= {100 £ 5)V 90, / = (10 £ 0.2)A Do @Ry aN},
R 2Bl @d20ma I aerms)ails)en) s

2Omoo : V ®ilasl oaomaflied S%onoe 1 eeic
2%q1)o @M. @@ KNO3 R &el tomaomailvod 5%
+ 2% =T % @Gdh)an].

|} 230006 2,10 R =100+3 2 -0, R =200 £ 4Q agyam]
QTE  [alBGBOWHBBUE ®MOHY alo®io AflWo
st Wlalajldlasam),

() cluesml, (b) qUEOAMBo. WD 6Nz B lailang]
Y0 ManEla kBIEHWe ele)ailSlen)a. oMo
() W} R=R +R, s TUROI0E: 000 B8XN0 (b) Wt

1_1 .1 AR_AR, AR,
Rg . R:E RIZ Rgz

R agym1  aVHI0BS Y

1

6333)0 DaleWOUTlen)

DEMD:
(2) s o lmlniagl MUl amICadtve

R+ R= (100 £ 3)ohm + (200 £ 4) ohim

=300 £ 7 ohin.
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muaamea1GIonel Muanel alaleoalo

R KRR, 200
R +R, 3 = 66.7 ochm
AR' AR, AR,

R? R’® R,

a2

AR oy A,
Rfl +(2 )R22

_ [66.7 }3 - [’66.7']2 4
100 200
=18

R'=66.7+1.8 chm
(¢) 830) 9wdm aanlenss arsailod U o iluddh

AR = (1&'2)

(Error of a measured gquantity raised to a power)

Z=A’ GRBENAN) SO jdbh. BRG]0

AZIZ = (A4 + (AA12) = 2 (Ad/).
BROEOWG AZOE! GaGaloldhalludd ARl BRyGaladls,
alloslom esne; 0saBoWlGlano. aldmalow]
alewmNGd Z=(APF BY/(C' gowond
AZIZ = p (AAJd) + g (ABB) + r (ACIC).
k afyam alaidleekss 2038ameaglaleman sy 80ails,

@REILNEMNEI®: )M Eytalatlaailns @Raaleal
ARGalaHldallnalnagk 1saERIUIClen)o.

DREa00me 2 11 7= A'B4CDY agwead Z ool
@R CalSH] BalliBE: BHEMENID S

HAALLY H(1/3) (ABB) + (ACY

OO ALIZ =
Y + (3/2) (AD/),

P-2a0000smo 2.12 &o) mélmilud BalBonelomlaad

BRIADMSHBITHINNG quaakaye T=27.L/g

apamosm. L ag ailer | mm &y@mymeicd 20.0 cm
@Rl megmmlelenyan). 100 ¢EI8IKn W@ End
QLoD Tud@o Hs @i, 15 aleedm ~1elwl
BB o2 laleworla)) Mldsmaajlaleman). g
WOS NNITNO@TIDE! LMD BTN B .

g= 4L
ro LA
" "
_ AT AT
BRONDROME, =

mailes L ane | @lane 9@} 504 80l
allnd (Least counl ereors) aomadsn. @ominoand
(Agre) = (ALT) + 2ATT )

RN
20.0 90

g Wloel maoma e
100 (Agr2) = L00(ALL) + 2 x 100 (AZ71)
= 3%
2.7 avadLodg @Raaserud (Significant figures)

aMElD @RS HSELL0 ailudds] 803 MErEoallo. BRMIMOGS
a0y @eaclloel qUIEHIm®)ST  qUlaila]]l SOOS
ailwasan) @rane:ud [Imimonileansrzad. quowonsm,
BRBAHGE (T HNHNIM;AIGOWNHNIN TV}
@lod allurmIeoow f)elo @RedsErRgio @RI
MIB8 @A} @RANN0 DENRI®0. ilalrumlonoo
@aansgic  eemlellmmin;3s @ge)  @eaenallo
queding Greneud afimalsa]siam). &) qulmikd
oo plowlend @yoldomm &:oels 1.628 apan;
alooemuoud, 1, 6 eav apmm| srseaEud allusioy
moae dluRllmoneoss. amosd 2 a)an @eeso
@Rl maceTs. ERmOwE oD Granllnd 3 qusdlng
BRADEEZNE. @0) ATTolon Mlge @rsam
2875 cm apmn) (wmimondles)eauoid anolod 4
auodlng: @rosaediere. 2, §, 7 apmml cnaessmod
Mummone 5 @mluailmalje @gen}an). qudding
@ERAOERSIIOO BBEHEERUE ERWIH200 DUBeA SO
BRSN;HUE (mimeailen)mo @ezailpel qoyesis
MOVEN)O1a] @RENIZDWIDEMEUD BMaflon)o. @RI
Mmosd M aFlaReaDNRmIaT,

30) @eanilael Tuedndg: ERANEERUE ;hEMENIBNIT BB
mloaeaud ml alo@im). £aanpamasglenss o
QilpB@Hn%. WAl TO)ailajlajonealonel, 30; @p3
afleel muodlng @ReeaEud meaallosl MueHeme
@066 M@ IMOTE DB DaldbOTHORBNNG BH0a|S
aflem  apelajldlesmom). aeo angnl aflaflw sl
01FE03 (aleSlajlajond @rololoel quBlod, BB
EREOS afsIRTICS QMmoo AUBlEL D (aMim
Alm moe® alowam 1D lemsMmaBglenos QyBSEBD
BT,

(1Y oroanasmanwl, 2.308 cn opon mIgowilod moel
TUOBIDG: BRADSEBAENE. ~1GEH, DEGH @RI 20}
aemlgiadlad 0.02308 magean2 23 08 mm agean)
23080 pm apEOMO afPimoo. D ~HLIO BRSO
sslens moel  quodlns @pesmrssamiass (2, 3,



W80 BRBUIS S0
[Pes ne e e e e s e

0. 8 aponl oesepcd). drmowa 300t endla3)
lonf runsmo BN BREGEREINS af)sho THURI
@6 GMIOUd  a1dlwsTrlessmeaie).

0 DA0LOBMEHBEMIOD] @mose alow)an Moo
MmBud B1allmo]lan00.

¢ aNERIOEDT ofEI0 BRAVEBBI0 TVOBGLNSHHOGT.

' ANRDOGY 0N @ReI@EBUlasISIEd oM
al®Rlo TUoBLNG:noWIE]en 0, males 30dlo0d
enili3) DEsTBY af)an) aldlweITleHEsTBGILL.

* amlemanddie )00 Tuoalld:3led, BUdeln
snilazaflol QleIm)EINEIM, aERYBLIOTD B3
BRESHTOINT  OSMIBONTM o UGN ol)ERYEAET
al]8336aR6H0 Tuodlnwngl. 0.002308 apan duoauy
ollod @pslpoils anyaEred Tuadlngsng).

* Buscpslayallgom 80} Tusalywilael agQalis
QLI RIG@;AUDIAN al}iR6EB03 TUIBIOHOE].
|@Rpmlmood 123 m, 12300 cm, 123000 mm apan’
spgalsgleeleloe am qUOBIOE: BRE6 B30
Al @oem88@.] afislene mIee alowim Mol
@EMadh)S] LALIHN] s,

* BUDDOUBSIHIBIONBS B0) Tuoaljwloel RZals
QUEIM)ROINTM UM ~ERLEERCE Tu0BLOMHEBIST.
3.500, 006900 agamd quoslyesglnd Moel quodine,
Bronsaryd  aflmaeng].

{2) apgne QIRINBXNED; AUO}MN ~L)ERLERHIEE allol
TOOUODERE QEMRI;e. @0y aImicgallend mige
4.700 m agym; (umioailspepamitlesss. mmleeal
nlyEi6mRUd apgailncl TeHame® Tulailajlesyam
MIMOE TLOBLOGHBM). BREABOM @RLIVI0)IN;
aarmlad arioalen ®ige 4.7 m erasman
(1rimoallajond amloowleyom);. o0 Mizooileng
@MU AUYDIOTUS|S;TI0H af)an) D) @)

4,700 m= 4700 cm = 4700 mn = 0.004700 kin
4700 mm a24lee:

0D af)elo @eganadlene 4 muodlos: Goaaeanud
2erE. 4700 mm agymm @eaniled eand muodlos: EROEs
@Bul EOMANMBRH.

3} quodlng: ERODEBZINS ~PdNe ®1B)20M] 09
GHUIUE DRI DOEHO0 ERALLID MG BFINID
BOIME, RO GBIV DI BRI EHOS
oS (I lamemud  (aemlnng ~loid @yol)
DGO ] P Ao, o1 aloy1wilod

H
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aP@HmOD] TUoRHWWlo & X 10" agym (G3LN o) 03] ¢33
A moo. RS 4 afymd lmie 10 Mo o5l
E1BH ARSMID) TLoali @020, b agyomal 10 oad
entomulglenn omnglen GRYR AlnIOdE. Muoe )
HWen)a] agdeaumwenan  agleednd, g3
mryoed a=1 agamyo 3 < a< 10 syoood a = 10
af)IM]o SO)MIN]. GRG0l argallom 10" agyam
QTle eI mle. lHS OWIONE Ao b
@y BYMe @egnlan aelacsmeame (order of
mMagniude) ~famolweasan). @esailong &) afid
ERUIWIOEMAMe BHMIWIHIM  BlRUITLEER31GE
@pgailomd aelmosmecnme 10° @peana’ aow)
. 9R%aneamacwl, gElenes cayaaeo (1.28x10'm)
10'm o0j sodaucleno atlaosmremo 7 go Grer.
aa0(ALR} Sroodilang alyoave (1.06 XIU"Dm)
10" m &m ailzosmogiomo 10 2osm). Gpomo@s,
@1flaeS GR0Tve BRe0(LEM ERQETInNg 3o
coan0ud 17 adloosmagidme UEN®OETT).

TUHLODETT BBi3) GRESHTTIM, GUDaHEOSTD 3Ud00UD
endkB) apyw oG, moilehss @esled (1) aflsow
OWHd DSOLIS)TD Tott®e 3)0Te:01en00.

4,700 m = 4700 < 10° ¢m
= 4700 < 10° mm = 4.700 = 10~ kin

MddLod: ERANERBINS af)siPe IFIURIWlen) GaHIUE
@B aIosEl]l AlD)aD Tuoay BB IKIIEOAD
M. ap®slelo, WONU@IEE0Y e 1Tl
end (Scientific notation) @psIMuOoMITosyVDI
DM angiesed muodlnenosm. o @esled alo
60 DBFNDBEMOBIDY afLls BBl MOl
muodlng meaesed Almajens.

M ldbo m@qg’lm’]osﬁ DMNOE5ATTITS, BRSO
musaynel a@oco RILIMRINOORY ol)ERY6ER
a8a0)01a] &0} Muold@aljo RBWLe;MIEl. @Rl
Af)EINTEajovio IGO0l 0.

Mafladls; HMIGZAIMET BRBAUIDHE (IO
ailles;mailal aggane @RM;EDRe)o. AlGeM, MO
allomsomlealelod )8 9E0a0eem@TIEs mlan;
e1gla] MQ2ERGE Da1EWITea%0,

auwlowsdlm@alaloom  SmMicmandzie )Slw
Moey BT, AfQaljo QIIMBINEM) QIO
aheyemmud uodlomoal.

BUBDoENIIB;0NA8  Tuoa lye-3lTd, AfR0lje OIS}
BONEWM QAUBYAN ANRIEMUE TLOBLOHBOS).
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felulin]F=NeYela pargiots

(5) sadlemenud ernIdlw Tuos&:H1d, 3Ud0oUd srdlas)
oo msmeIv@m] UMDY BI0e Y ®IaD
al@io (D30andsmasw] 0.1250) snlanelo avod
IO DEL  alGeH, GROWOo Moalyadlad ngQalle
ERAITUOMe UDOM  a 21693063 MUOBLO®:006M),

(6) mREA®ea (WTIUIWlsEleaomm, WTlEnoEmD
an@1EH0EMO DalC@OUTlEeam &L, TUoELLE:Ud

86 @RMIDBOW af)sNo VIGO0 @ERAHEIZENS.

o
DREIAOEMENI, ¥ =5 & =21 agyan’ OB} 630
glod 2 apan@d LMY I Tooal} s, mamlem
20,200, 20000 afmmleasem @y okni20I06aae)emdo.
t

HROM}GaI0OEl r :; af)amn TUERI0E:\ORI1EE N 30}
By L TUCEY BT D).

2.7.1 avodind @naeasErdd 2udaaq|sian mamlm

L l@omonaERad

(Rules for arithmetic operations with significant

figures)
ARGHERUD BRI (IBIH®OOW opsPo TUIBLN:
BRAGSIRZRS MRS @W) 2a1ewowlay) (@luaaIgo)
e1glaman anclo MI@ajor;e GeMI@ilmdo Laldhs]
alenamo. @ e Anel@EIn} @RS GEMEDIAND
M alGINa] @ERSONHCREDIE 5)5)MOE dhimLm
(188 Wlaflesomonilal. aymizowl Al0mOnd, B0}
AneIoed @R aIdlenm]a1ewoutls] @RaOeskod
233MIEMENUEG SN ag)elRo TG0 BRHOEERUS
DEME0H0M0 aldslel g0 Arioynllead @oav 4237 g
(4 aeoding @RENEBUE) apamie Aloaime 2.52 cm’
(3 muodloe: aReemEud) ammle WEsmEilay; apom)
B eh. MIHLXBETN DMl el elgles)on umd
mydlsad oo, 11 3usdstdoundmesrglod 1.688047
80876 gem” apymoBlo9)o. TUOB® HEMOHOHHIND
2n1ewUla] @R3ONGSInel TUEHRGm AUSHO G300
@ilplenemuoud, TuoiRM Wm@ie 2odan TuHinm
IS (rimonilesamad @Rl meme @)aa oD
an@2am. &0} NAMIMHIWY ADESICWIHEl TUEEDm
o (laulea)aeoonly] fraoneglel  quedin
Mo eElea;M@IMIw]l M9 anom Mo
63303 DaltwoOuilesio.

(P mOomIne ~NEaNGmMN]e 8~1GWINla] GRS
ANexalGd aBQano )0 ag)éllo MVOBIOL BRAG
MUY A MHWICT, TR X0 af)éMo L o T
FNANEMES IRANAOLITMIGT DN2IH IO,

BERMOVDY, 0SS0 alosuE 30n08MowId muo
B AN ModLOE: MReesEgled animoallessmo,

4.237¢

WZIGQ k4 cm'B

aquAmm =
BN EOD, (ale:0UalIetwa 3.00x10°ms " (3 auod
L0 BREERU) af)}o 20 udstomlod (1 audado
= 363.258kumoe) 3. 1557x107 s (5 auodLos: ereseancd)
DOHFMRBMIo  MANIDANIGE BO] [alabdid  UIGaHo
9.47x10" m (3 muoding aressRud) B OITles)o.

(2)ausEIMImIaNe ULUBEININIM)0 DalGod]a]
@BUHSNIGE aBQaljo HI0ATH ag)illo 32000
TeOIMEM U} g MG, IR HWo aga)o
3UA%aU TUOOIMEBCE GRABIA acclImmILl M)
00},

©a3%a0eemaol, 436.32 g 2272 g 0301 g apom
BRI DHBIONS GHUE! DM IDIOW @) 663821g
@RI, G, aBQONo MM »OOTD @
alled (2272 g) 80} BUSoldTUOSMEs D88). MG
M3 EROMIGanela 663.8 £ apas OMEE &0al &al
NI

o@lm) quaomasal 0307m, 0304m apanl g
E1BIOS AlmLoavo 0.003 m @gan).

0.307m—0304m=0,003m=73=10"m,

Moz (1) memmoniime a0sMorilne st
20aM Ay} $0309) . 2SS Al0EHID) TLEHLIM
@& G 930a00MENIGS @ERITIIZ~010 664 g ag)amio
QIO EINENNHNG  DBIANDIMOWIE @R BAnElo
3.00x10"m aIMmIDOE)@ICMULE mrAl aracllael
TOIHHA® af)an BRWDwo Railmes] Aaoloaarial.
TUEEIM@EIMo AUyUSEIMoIMmle @™ Wlado
BUCOUBIUNIMETBZIHS Af)SINOTD) @RSITLNIMDIS]
WM Ao RIBHO) .

2.7.2 apomilmilm eeaensiud @»nlkeolaayan ailwe
(Rounding off the uncertain digits)

G BRANUG:S)8S (Gloegleas elEldan)an
ERCHDAN IR Sonlelwlase @mivails @rRenaRD;
peneslod Bl »olecleonsmmyaE. Dallmnoo
af)iNo ToBLOE: @RED@BZBIGEIRS ODENE 30a0 §alO
mas Moassdd ugen aysomai] apcleomsles
eMo. 2746 agymn aeoad) mymd quoding @RessERg)
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[P ns e e e e e e e

eeles (Eleolememuodd 275 agmyio 2.743 agomad
274 apamio @203M;. DGHMIGENME @RLAIWIMNAID
@pafo {BRanosmomlad a@psl aewls @vsec} Sod
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aurille a1giam @enz) TUECEIBSINETHIT] @M,
BREG) (MBI HHMWBS 05Qo0Y TOF1LHOEN
A (afllmo 4.8} qudlvoo A, @2 iy iabm aqudlvosas
195 @OV GR6LIN|S)EMOANADMOE). ErRMI1G
BN, &0) osLTVIVE WS 4 W UNETTHENGMLIUD
eileman qudlwale ErS}OME, 26000} GoeTw
Tuoetly@od b o wiamlemeausud eldlaayam qusl
wanmsm. audlos A s aiodganale WIeoo
B0l QIS0 O,P aganlauosemarldlesnss.
mudle a Wes) quacamencw] O olenss @smm)
Galddh)aN B0) GMACHER] AUBENTD). ERM)GaI0EL, b
&6} MEOANOROW P OlEnes ehsan)Gatid:)an aaQom)
emAeoalio AELIAM). Mol Q @ qTuawlen)d
WORETNES D3 |

A=0P =0Q+QP

algdd, 00 «)an goes a a9)o QP apan coed
h ®®)o TLACAHOAOHHWWOGS, MA)H6

(4.6)

00=4a afanjo QP= b apamaawmoo. (4.7)
mailes A, 14 afiailal ea oo e:ud @dhian).
BROODHNE A=Aa+ uh (4.8)

P
b "\
A \ub
\
$ 0 o \__\

P Q
(a) (b)
afllimoe £8 (a) a, b g1 cmoad-a:oelmiled oudlun
emad. (b) 4, b apom quslwemeyes dlosalod
A agan mudlneo® allegpaismo & algya).
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moiles a dlenpsw)o b wlayeswie wnoeoo 2 a,
ub a1 emr) noisemuclwsaEssow] qudlue A
alle@@atismo BalQea]SMo0] M@AHH] aldWoo. Y
BOBWNA)IEWOW]a] ofOmOD) TUEIWOTHWo DNE)
amymim qudlwsmees SleSlennsoIss NaISd,
musluesagow] Qllaggeausmo 6 algoaRmMmsT. alleyy
al6Mo B2 lQaa |S)an qudlvocijo GRGIOM *elsaaval
WDEIBEIe BEO (A IMEIGHIEQE. af)aTDons &0 udl
(RO BO) TURER0M AR OLOMIGGERIERQIL0
aune)es  (Reclangular co-ordinale  sysiem)
GREGHEMSERHS Allealeme O21Q)aD@S &) 5 @@
MO E a3 20wlalenio. m@mlmowl, aiglavsmo
AaNOW (0N¢) TVEIREIREE DatEwouilende. Modileejoud
21B 4] A I B TUEIBERUS agym) allglesyam
ME1WEMOHBWSTT. olEl20sMo &A1 (0ne) B0
s0) Mlvaile sloasmaow TUEludsEBHBWO6T
aREIUEEBUE )M AlOW)ING). 101G HHLEAND
oMM @eleQ0 Ml Flus QILEMHOHNOT BB
a3 »Tuslwsmud Dalewowlemand). allimo 4.9(a)
W@ SH0AM M Caldel TUAGSH IS 2l B0
@RI ATIOS X,¥

¥,/ BRGHEIBHS TV)allaflen)om
AR ATOEIREIW, WIOABA0 | J, k. agoilaimoen.

D01 aRETUEIDEIRE @R®HAOnd

i —

i (4.9)
T afbTEl@emRud oloMialdo elostaow] el
HIHIBB)N). D aldCal)TImDHEod, ag) mudlw
emSZGAWIT  afTuElwsmes oldlojolwomon,
NS0 BRAHOGBBUIHN) MHFEW] &0) BHNoe]l
(") ailamo @P2)Slafld]EN)aD). D ICORING Moo
213 2] HaIRI® 6l20M 21BKNEBRHBAIFLoLGINO03,
@6NE aBSTLBlIREEBUS BOUBBOET MANSHOAIR 0. I
AN aBSTEIRHED A af)an andlwanmnoo sl
SNEMUIDUT, UHETNMa IR0 MZee) EIElENME &)
rudluenoailalan)o.
A=hn.
quonomy@sol qudlvee A, 00 QIlWOHIEE af) Lm0,
A = |AlR (4.10)

maflos 1 qudlwo A lenosmias agemslu
[IsENT 1 )Y

afBETEDEBEw |, i apmlames dludlenss
aplsaHMElwaRaroll aqudlue A & alleaiemoe
salgoanammosm. 2o 4.9(b) @3 @osm)anoy;
Gal2fal, x-y |(al@aomlenss A of)an qualeo
al@lOamlEn) @, AlllmEmIod &:0emM)aNm) Enl2anal A
WS WIGOIRXN@M)MIAT GRAILIOUS @M
SBBSICELL06 LIoSTIGBELERUS UBSEHN)AD). M@an IR0
oy AL A apan] o el qudluessaad il
SAM). G0l A+ A= A @M. A, ofyd
avdlwo i Wame A, agaavdlwe | Weno Lo
DO2BHLIGI

A=4 i, A=A @10
wallos A, . A agavlal coallw TUoaya:80a)aM).
A= it j (4.12)

aflimo 4.9 (¢) @103 oo ayeonaslolclesm,). 4.

_--1}: aay] @Dwls anaaleas Tuslute A WBS X. ¥

a0) quslweegl,

x

apISSemud oDy allglense. 1
a)ImOad A, i &0} TUEDAEIT ag)TD @000 (A IGM {0
LUDRU1E6)) . ij Do @G IODEITHND. RICLOIST:
(@ lES0smalm] TUANIoS YB3 ] aI1ewoU] 2], qudlwe A
Wyes GRSAUIBFW)0 X-GRHQROW] GG ENEIENM
GaHosmMzal eSO BRSIIVNIMOWIEE A ,Ay
af)USW (I@laiod]ando.

A_Y =4 cos ¢/

A = Asin 0 (4.13)

0 wes menamlmmauela] agemoo) qudlw

OWlaBWe *LISSHAUEIWe Enlomilglenie, amnglea

A l)ERLGI0 @RYSHOHAT TVAMOE Lo 4.13 @3 AN QUYB@

BOSIT).

M Rud TElRe A G0} LLIDRICINIGE GO IS

AUSB O6TR) BOGUWEERBIMN)BH D).

) @e®lHd araal A o X GREMONHIO] BRGY
EIMB0EN)AD 8§ af)AN GHHUETNBAU)0 OalGWOUla].

(i) A @es casasmzon 4 4 ofanlal 9a1600
la].

A w0 6 o MERBSIVIG1ENTDOAUENBS TORAUIBY 0

(4.13) Dal1e@oWlafd A apanlal EKYROEADEHO6.

@ROY D Ald:00 M6
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allj®a L9

(1) X-,¥-,7- ERHHMBEENSSD B8 i, ] I}ng)mﬂ nRarudlandd (b)) quslms A

x-. y-TOneHaERSI0d

1

DINBZ0 A, A o] queluosmsow] allegasme §apealglolemm;. (C) A 9o A Do DN i
AT o SSMBIOEBIHS Ma00WOEmONS alleyhntsmo algagglalesam, )

li +;If =_f12:.‘-os2(?+_"135j_n20

(4.14)

H)Soem tan 0 =

A
y AN
@mowe ¢ = tan :
A

X

(4.15)

M2l X-y leioaiooilenss ao) Tuslueeom
WosM  al@lemlay®. @laomowilad aqudlwoo XY,z
GRAMDBGICNA5 B)aM) *LISHTElWERa0] alleg
al6Mo B2 lYOM WE® (lUBTHDE1H] Gaanwos)
2alaU DM@, TUEIe A X V.Y @RS
8)D0W)o PEMROAND)N EBHSMBAUEHB® QINETo O,
£, ¥epamlal agesmeslad {ailiame 4.9(d)).

Ay =Acoso, A, =Acos f, A, =Acosy (4.16a)

TUDAOM L B0, MA)HPD, A EDEBREM ag)F}mio:

_________________ Ay
LR
8
Y x Ax A x
A e As
A, —

allimo £ 7 (D)X¥.Z @nomangle;gs 201saudlue snaia]
musle A aillegpaiemo & aKrgnalgldlenyam;,

A=di+d,j+.4,k (4.16b)

audluoe A @95 ERACT

(4.1600)

qunomaodlde I &m @O olowan o o lwled
GRAUM Gl {lenoo.

r=xi+}_-'ji+zl; (4.17)

Mailes X, V. Z af)arlal WLNo(@:fo qunsmaydlido r
B X, ¥, 7 @RAUEESoNNSW)BS 8IS 568303

4.6 qUEkAALH:LINO - ERAINMOMTIM]
{(Vector addition - Analytical Method)
ElUREEIRAHSW)0 BROIMHS alBlsMmaNEBIBNFD)0
&0) emdenodal e1Elenem (Woarlennd quaimaloal
aeileemomed Mem Tanwlanenslens allel
MaWsIBSIol DO BS}ARBAUOBD)ATNMIE BB
S)OCHINGA0W B0} B0GNAWI GRMIRAIO|SINETE
MERBEBIHS BB SHOTNOMOD, ERAIMIHS ERANSN
MLOEBISEHEBAS ~loMalto GoHla{lemmmo Mmoo
GBYD af)B)a MBS B0FOBOED. X, ¥ (AkDLICDIELSS
A, B oy oere) qodluessBod al@lnsmlana. @pal
WIHS CLISEHABU O (Hdo 1 . _--I_I_,, B, B}: 8o

@) (D).

A=divdj

X

(4.18)
B=5,i+1,]

R @raiwes onawonsmailalanss, Mayas R=A+B
ADEXTNE) 0.

F o By omilod ((20m BSuees (space) BIMBIHEI6T
Bn]- g2Id @R IEM Gai) BRICleAens N EeIaMEIeEI
&,
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audluossRad, Hamy65g 10l mlopale @eemomilewglai
WwBOs @MITLGIENINDINIGI VD0 LA IBR0W
@GS TOEUDB L0

R-A+B

—(agi+agd)+ (B I+, (4.192)
(&0l @ADANTNTHOEIT.
@ROIMIG3,
woles, R =(4, +B, )i +(4, +B,)j (4.19b)
R = R i +R, | enoolnod (4.20)
R, =d, +B, R, =d,_+B, (4.21)

BRMIVD ~lFlemmaudlos R 9al 85600 falsaals
A Yleeiwie B dleaim)o @pmisniawnalss, qudlo
BRSNS O oEene. (@aom sailos,

A=Ag+A,]+AK

B=Bd+Bj+B,k
R=A+R=R1+R,J+Rk

mailes, B, =4, +F,
R, = ,4_‘,. + B},

3

R,=4,+8,

. (4.22)
afl® oo TUEluosIBZeeREINe  EROIRES M),
QUY@IOMV0 afYaTII SHERNBEMAM e D 0G0 (AleWs
RMOS;GMIANAN @I, DB2a0@smMENIN, ab,c
agy arodluoeamod

0= axi+a-1\_..j+a51\
b=hyi+b,j+b,k
c=cyltec,jtec,k (4.23a)

apeanPy@monesslod, qudlwe, T =a + h - ¢ agus
BHETRUS DONPOV)DAUDIETD.

7. =a, +bx -c,

1, =a, +b, —c, (4.23b)

T, =a.+h. —c,.

p 26200080 4.2 AB apanl aquslwsngns
OISO aildoanato dluoae A.B
WUBIHS l@1AIANEBEB}HDSWlo GRUI]T
SIELSs ChITNSUGBINSWo @BslTuaxn
D8 ) @I,

afljmo L1714

aomoo : OP, 0Q a1 owbtla:(d 0 agyrn Ga06m
sailod dledammm A, B agmm qudlwesmsos)an).
(2imo (4.10)) qualee qusmemanlond auono
a1 @alewowslaowd, 08 afan quidlveo, aldl
smmanel R &m (dlmlwlseelaso.
R=A+B

OP %) elosnizo® Gos@osm SN. Grm)ealonel OS
My elosniacem PM. il mooilang &yoelmlolod amlan,
(87 = ON? + SN

aleH, ON = OP + PN =4 + B cos 0
SN = B sin 0
OS" = (A4 + B cos OF + (B sin Oy

@eloaug, 5= A2+ B+ 248 cos ()

R = 'JA2 +B° +248 cos 6 {4.24a)

A OSN, @8 SN = OSsine = R sing, 506,
APSN, @@ S¥= PSsin ¢/= Bsin ¢

BROOSH06NTE, A sin ¢ = B sin &

R B
@RLOD, — =— (4.24b)
gsin ¢ sin
oA AT, PM =1 sina =48 sin 8
4 B
@RLOAID, A sinc {(4.24¢)

LA 630D (4.24b) @)o (4.24¢) @0 woEHlajlon)
BOUU3,
R A B
= (4.24d)

sin & sin 0 sin @

o)) e1dlan)o,
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e o (4.24 d) Daleworla),
B
sin o = —sin 0
R
ailss R 603 o)elye quaciods o (4.24 a) oflad allan)e

(4.24€)

aIflaanam).

SN _ Bsind
QP +PN 4 +Bcosdt

@RMOW®, lan w= (4.240)

MBS (4.242) aldlemm TUEIENNG al@laoem
Qljo AVAINGLEEEWE (4.24¢) @0 (4.24) 9o @RI
BlWwwie MOBRIAN). TVDUSGYe (4.240) OW Hdhd
aequad mladme ofan; ailglenyemioud quaaIde:lo
(4.24d) saavad Mloae agaINOlwaa|san).

p DEROO6M0 4.3: &0O) VODUGBHLGENIOS 25
kn/h of)an el @mlod ASEHends auemio]
H96MI0U3  Belaltano O®@ENElwes 00°
&lean0w] 10 kimh ecainomlad quemizlen)an;.
¢an0g1nag ~l1@lamld(alE®o af)(MOWAD)

26TR) e 11 ST s,

DAMB: G103 0003 MIBEEWafl@lEn)mm @RED
Blioaglnd alllmo4.11 @3 qudlwe v, , WOHUGIEL®
e6NINglaag (aIEQINOED (a1 IWe:6lH0)emIod,
auElo v REELIQISaOTHIHG (~I1GQINHEL TV)all
aflanyan). audleeroeeimaailnng Tuozomels: ol
Da160oa] alllMOOIG] B:06majlalasom dlvolod
aldlemimiatenino  eiElanany.

Vi

\%
S

ailjmo L1717

HHONNTFM oo Balcowila] R £0d @es0l owen2
OO0

R = le‘ +v] +2v,v cos120°

= .\/2:’32 +10° +2%x25x10 (-1;’ 2) =22km/h
Bl elElensmal] aamuadmde [nIewslaendo.

I v

— o

¥
= or, sin ¢ = —Ssin £

sin 7 gin ¢ i
10 xsin120° 1043
= = =0.397
21.8 2x21.8
g=2534°

4.7 R0} laIOeIgmlael 21e1Mo
{Motion in a plane)

N AIORIOEMIGE AN EIWINE] 2 lL NG
mElwaaB ) 1e@euila] asEmam alaglenoanam,)
MEHEN) BI6M30.
4.7.1 auoomauglyenije qUOIMIAHOUe
(Position Vector and Displacement)
O XV BROILIENISATINNG Ch(BODID) B WOOAHS
{ail@o 4.12) 80} lneoriiod v rlds gD p aHam
HEMlHIHS MuNMaUEliee 1 HEERHM afyPImIo.

r=xi+y]
nailes avnommudlne r oM X, ¥ @paumEEglea

(N)AMOELEERBOEM WO X o ¥ Ho @RLOAID AUTEMm)
ailead WIdesueosEREMReM af)aIo alOWONADMHOE.

A
P
MR-
1
1
A i
1
Y] r I
1
1
i
1
1
O —> >
X1 X
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VA
T wps 0
if' ______________ I
SN 7
i r' '
A
! !
| !
0 A x
(b)

allgmo 412 (a) aunommudloee 5, (D) 90y amioyeiload
AUCDMATNDTUE10Ne Ar Do UDEIWE] [alEiNe ¥
el

&5l Slw QLS00 @oemMlaflalanimm ~1om

lanms 530) darmla TUERIGIRNIM@I] H@)m)dh. 1

aym quaoem @eom P olens | quaon @

P' eno @pyes)am;. (afli@o 4.12(b)) @rREajoud, &6l

WIOS UMD

A =Y —r (4.23)
ar@ P oladmlany P' celss) molensq|s;an
qUEIWA0ET. TUAMSE:Yo (4.23) I LIS nIGEIE
Ay 0.

(x‘ it V! :l) —(x i+ ¥ ])

= iAx+jAy

AF

mailes, ax=x ' —x, ap =3 — ) (4.26)

Lalgakna (Velocity)

o) ArSmoilen woowd taigais (V) awnomoame
OB @RMSUTLIVAD DSEUSWPSW)o @BMD)
AlOGROETT).

_Axi+$y3=iﬁ_1c+~].£

@RLOAN, ¥ =7, i+7, |

_Ar

¥ = : BROOIMOAE, VEOWE] (aleNEiaagd dluo
Ar o @re® dlue OHMNWITIGIEN)s. (alll@mo 4.12)
TUOWDSEUS al)RLGOMOSS) SN ETUIGD, 0O G]
{alealnOT IO @1&@@;@@0@1@%@@;0 Tee role ] [a] BT
oWleel MU sIewo (Instantancous Velocity).

dr
dr
4.13(a) momad 4.13(d) asow)8s rllmaEns)es
TVADWOMIGE a0 033103(6)6)2453@6)@3 Ll loomes
@RAL00 of)B)a OGS mmqr@mooes)om;m@oerﬁ. N
2 6B, @®SldxSIw Qe AUTI@)} quemId]
ADYM a0GHD qTV)ailaflon)amy. | Tuaoen) amio)
P ©led avrlceagyan). P. P, P, apamlal oo
Lbo Al AL, Al agyan'l TMUBQ DSCUSHUBEN] GUInH
AR ATMERAIBMG TUAOMEMBO®IAM),

. Ar
v = fim —
Ay —si A,‘

(4.28)

ArcAr, Aro afyamial OO0 AF, Af, AT agyany
LR MSEUBDHAIGI AUTIH)OIMNECD MOcMoano
BEZOH)ADY. A, AL, Al D] Ba10)monloIoyam
HSEAIBGSIN0I M mm‘j@gm’lmc@ ROBT Al
wolam (1) dloe @LooGRs 4.13 (a), (b), (€) agan]
2ilimesBElad @oaslaflelan;an). afamnomd, ar — 0,
AIYEEMUOCD A —> 0 @RS DMOD] 6100, BH)SIND
BRG) OO BWOSIUGVIERHSWOENS GRMYBAIS]
sym®. (aflllmo 4.13(d)} @R )P @0} UTSO,
Afle1g MERDRAIOWIHE! «fe@moo) snilBalea)e
tleunglue @y sndle)adlod Moo ess)mMm &moIs)
AUowes Slalenolclenie. ERMOWOS, @Ry AUTD
odlend aleakndlu armla aleinamsiang dluowled
OMOAD ERTIBlHD0.

_ Ar
V=—— = (4.27)
At Ay N
iJo N 4 A, e #
YT ae B ¥ g v ) ¢} 3 S
Ll - - X
< Bul L 5 @
/ P W /71; . A ﬁ ~ @
P 7 -
P . T P P3 P =
r I, r I, i/, r
0 X o x> O x~ 0 X
(a) (b) (c) (d)

afllimo 413 qoaw @SeaR A Al)RIeamISSENeTIod omallaleaie ¥ @wl 2ooym). ¥ @es 61w, alomoloe
npamon) snilmallneiie Smos)rUES) TUBCIDDROET,
























































































































































































































































































































































































































































































































