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FOREWORD

The National Curriculum Framework (NCF), 2005 recommends that children’s life at schoel must be
linked 1o their life owtside the school. This principle marks a departure from the legacy of bookish lcaming
which continucs o shapc our svsicm and causcs a gap between the school, home and community. The
svllabi and textbooks developed on the basis of NCF sigimty an attempt to unplement this basic idea. They
also attempt to discourage rote learming and the maintenance of sharp boundaries between ditferent subject
arcas. Wo hope these measurcs will take us significantly (urther m the direction of a child-contred system
of oducation oullined mn the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and teachers will take to
cncourage children to rollect on their own lcarning and (o pursuc imaginative aclivitios and qucstions.
We musl recognise that, given space, lime and (recdom, children generale now knowledge by engaging
with the information passed on te them by adults. Treating the prescribed textbook as the sole basis
of examination is one of the kev reasons why other resources and sites of learning are ignored.
Inculcating creativity and iniliative is possible il wo perecive and treat childron as participants in
lcarning, not as roccivers of a fixed body of knowlodge.

These aims umply considerable change in school routines and mode of functioning. Flexibility in
the daily time-table 1s as nocessary as rigour in implomenting the annual calender so that the roquired
numbcer of icaching days are actually devoled to leaching, The methods used lor toaching and cvaluation
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. Syllabus designers have tried to address the
problem of curricular burden by restructuring and reorionting knowledge at diflferent stagos with
grealer consideration for child psychology and the time available for (caching, The wextbook allompls
to enhance this endeavour by giving higher prionty and space to opportumties for contemplation and
wondering, discussion in small groups, and activities requiring hands-on experience.

The National Council of Educational Rescarch and Training (NCERT) apprecialos 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 J.V. Narlikar and the Chief
Advisor for this book, Profcssor B. L. Khandelwal (or guiding the work of this commitice. Scveral
tcachers contributed Lo the development of this texibook; we are graleful Lo their principals for
making this possible. We are indebted to the mstitutions and orgamsations which have generously
permitted us to draw upon their resources, material and personnel. As an organisation committed to
sysiemic reform and continuous improvemont in the quality of ilg products, NCERT wclcomes
commenis and suggostions which will enable us (o undertake lurther revision and rolinement.

Pirector
New Delhi National Council of Educational
20 December 2003 Research and Training
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WM dho @3B A} o Lad® o
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102 zeplo P2
10 12 atto a
10-1% lemto [
10 12 pico P
10~ nano n
10-% MICro L
102 milli m
10 cenil ¢
10! deci

10 deca da
107 hecto h
102 kilo k
10 maega M
10° giga G
10 lera T
1045 peta I
10 X L
107 zéla Z
1024 yotta Y
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1.3.5 ayoaimo (Volume)
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agyem. @e@mImocd SI quiusowomad ayoaio
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1.3.7 anoumiler (Temperature)
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@HQERBINS nfaMo &HyMiao] Hemeinilslon)
A} M BEMOET. nRQMie miavadw aulerlesand
wHlnueiland apegoels: auiE@® X-¢0 palewoulla]
ez nilsleman oloilalod 1/ 10° aymyDm DeNs. nlnaM,
U Mie @O} quilsdajlgle). @0 ceieloles)e
padmEslee aane PL-Ir milailerzdlacd wemm plolaw
@GN AIBYINIDAE). DD FUWSHAHIDG 20} @ 1o
Ao AT SO LAHIE Tuotowale).

219@ @yEie Mldalailajomy 0" C ©3 mupedlaflelsasyan Pt
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Krypten gaimd potudadlen;om meonassdealymmlaag
1.63076373x10° meglawanosni. mamoo) snyeulzglajl
SO Mealwdasmssleje vlgalaa mige @pod
dhlim 20wl Muondstla fleleniomy. 1983 af allgolam CGPM
allma@mldaiallaly. 17 299792458 &6 0d o] ad
WMNTIRIEE @S] (aldhOUbe RGN G)eaom HQd
AT alOaML. (FlBale 2000 GalDHE! 088 RO
AIDIB0STNEERUBES 0 (alddem MilLlanonss.

1.4 megnlegen mamuzlaole (Uncertainty in
Measurement)

DIV OMOENNS MloaW] Mmaem alelewems
oD QIEERS o GRM)GAINNAl HRTVENIT ] d:
BEMNAN)BHIGENDB0 EHBH0DL0 B)a lEQRGIDIG)ME.
Mol a8 TUDMHOLAIZEDT H8dh®:dD o
B aIQRINGINo AllNIesERE aloacaW] @oLNodLO Y]
all@® B0 W)o HIMIMEVWINSVW o BRAUM O]
SNAN@IMo GRANA)EsMEW BoBUSHTBUS OE.

DD GRyWsIRUE Alltneow] Mmoaw 2132 Oalgyan;.
L41 avesuyaag avlalla]lsa)mmimss
womd (®lw aquimizowe (Scientific
Notation)

QALMOMo ERPEBOSWIo GHDI (M EHIHSW o
AlOMEosT. @rAIOeS 005 MIqUoGaljo  afsIRo
QAUfHE AUeN®o BRBOIClenio. B0 BTHMANESN)
2¢ 99a0WERE AUIDSHOIBINL! MDD HBHS af)eo
ayailojlesyaload 602, 200,000,000,000,000,000,000
agyIn QIeilw Tveayid)e, R0} HRNLENS @RYEILIEG
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)N QUSEO a1 TUOELILD0 HRE:I0L0 Sl
oI URAD).

BB CaloHEl @A oJomlam qunleosho,
Lol AmIHng GO®, &HIMaBs1ns 21088
apnlaigled oysglalajosom alydaiololenss
Vo6 ILHUd DUl SIaM),

WoRoRo al}RIEMMBS VoSS af)P)m)aNMm 0
SfEIRIAD@)e  AMVEHEHAM 8@} Mdlato GO
af)yErlans SEBHMDIBS Mo (3 Dnlgwouils] aron
M@ S W salQane o) aaleollal
HHIM WO . 0}HBIB  al0aom ® 0 aw] )88
aROMBIR)c @6MR) Motllddl 9alGwowlaf
afemEsIelD 630) DIMIMEIN Gl MlERU3ES oD
SOIER0NE aFeHQSEN0aNaN@oT. BREBOM MM
TLOELY AU D@00 HalGMTIeNss snilng
GMEI5 AMIVIRIZANNNANTEIT.

MY a0 alBlao@lEe)Mm@IN ¢aeE]l GrOMo
VoL BU3E8) AU (k) leem3ud Dalewodl]
B9)AN]. BRIV of@) Tuostiyermio N X 10" agam
03O E8 (I IOIWleclenam). afles N agano
aaloavlglea smwglealr e allelas aymlw)o
(Exponent) N agyam@d 1 m)o 10 Mo wsolenss
Vo6 () A0,

o olololod 232508 em mayes 2.32508 x 107
af)an RATILM1W (DSOS agye)moo. ESEBHM
A PI@ICaUOUd BWooUd allahe @EMR}AUOOMo
MSCOWMH6 AOQSHWo 10 0 “emo @Rl oM 2
HHOS)ENHWIn GOISMa, @em)gaional ,.00016 &m
1.6x 10" agman®moo. ailes 3ua0oud allamo Mmoel
TUOOMo QURIGEINEE BEQTEM)o ~Ll@moe 4 Ayl
1RO |S)COMENRDA6D,

@MW (I )H@IES L@ Il W@ ajlalasnan
Mo B VeMIM(&IWas AlGWDNOEN) GG
DWW |OWIAD S0036MmU3 (AUIESHMBIST.

wsImadla an@smtlo (Multiplication and Division)

A TVOELILHUWILM BT BREDM (HIVNERU mMean
WOSTTY ED'D NEMID (] WABIN)BRD. BRGIWD,

(5.6 x10%)x(6.9x10%)=(5.6 x6.9)(10°*)
=(5.6x6.9)x10"

=38.64 x 10"
=3.864 x 10"
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(9.8 x107)x(2.5x107)=(9.8x 2_5)(1 0737

(
=(9 8 x2.5)(107°)

=2.450 %107

: 0° X
%z(z? +5.5)(1077)=0.4909 x 107
5.5x10

=4.909 x 107

TUEShEIN Ao Ui Ui (Addition and
Subtraction)
DD O INBOHMODIM)0 BRYGLe TVoELILEHUEHE
SEO BNMo @PHSMAD D0a] QUIG)EMEMo. EROIM
Gsdo M)eMasmag {(coefficients) &)5)mewo
BB AN EHEWY 5 aleNo.

6.65 x 10% 895 x 1P agyamlau &5)am@Ia) @yeio
BROINES CLIDMO BEOGAINNBKBIIEN)d.

@RI GWaHo D TVoGLL®HNT DONTHANIS)OTITC]
HEYTHD)CalONE] EH)GI0 .

(6.65 +0.893) x [0¥=7.545 x L(¥

BROM)EaIOHEl QNS TVoEUL&:SINS QI BIMo
EETEIM Eeay N

25x 107 -48 <107

= (2.5 % 107) — (0.48 x 107)
=(25-048)>x107=202x 107

1.4.2
AL ol leMEMOChE: SR HBIER GRGOOW]
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2OSH1 WO AReQINSHa0MS mdsmalsenana.
Males HodenIam-12 oM@ &»o@enlemlaad
Hag)EI06S2a )BaElad aanosm. C aganasm mailem
s flaflom)mo. ™ aumpoeoiled “C agym @og
ooilag @reQodle:noms 12 @regorle: memy w)emlg
{amu) agam @200 MBsMlenewie BeQa
BRQEABBIHS AOMV)o DHIM @Gl
(T moilamaio Halglam). 20) @RGQINHE: oD
WG M@ EBHONE  ERBLONOLNME 0]
30den1snd 12 BRQOIeg 1/12 moaq@mm@oerﬁ.

1 amu = 1.66056x10 g
50} #9a0LRM drgawlan aoas = 1.6736x10 *'g

@RGYIBld @AY (Atomic Mass)

@OIKNIGE amMu-03 80} HRaOLRM ERQOUIS comd

1.6736x10 g
T 1.66056x107"g

= 1.0078 amu
= 1.0080 amu

@M} 06E! BoSMIRA - 16 (0) @rgomileng momd
15.995 amu epwldlon)o.
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00003, ‘amu’ ol aleoo “u’ (unified mass) arpsnd
DalEWOUIlEn)aNo).

O)RIHEBAINS BREQI0E, DS, DI 51055108
DalEwoElen)emioud MLNIBLOORNIGS Moo Salewoul]
SNAMND DEISETBZHS DWWl areQodla: BTs
BIRYETTS. ERAU afYANoHTNAT @ alluoaledlen o).

1.7.2  woowel arcgoale moav (Average
Atomic Mass)

SIIBIWlho HafETVOGSIaPHBINS @] l0mileIoem
A6 ([l TIBO AJRIGERSIe HAEMR|SITNG.
Wwoonal @reQoleaomi  &am)allslanoad
Bof)ETVOCSI MBS ARGl RIS { BIBLMY
YODAOM) SHeNBallS]aowd Bl

962:006mMA0I S036nMn0d MM HafETIOESo];
HAWS G Caldtils: BRIMOe A0TDo &0sila]l
ales@am;,

Daf)EaUIESIn] FYCl ]y @ReRaala,
cl2ym @30 (Anmuw)
(%)

=C U8.802 12

e 1108 13.00335

e 2 =107 14.00317

aglad manlaleman allueaBaes dRslaunom
omlad Sodeniemlaad weowral ereQoElS A
BIHP|OWAD [aldhdBo &h6N=)allSlenso.

(0.98892) (12 u) + ( 0.01108) (13.00335 u) + (2 x 10 %)
(14.00317 1)

=12.011Tu

MHMCIOHE] MM ANHH OLIHEBHHNS VAW
@REQUAle:00mM  @sNE)allslenoanamamoe. arald
BN a5l W03 e laflBlean 0Ll ERS1HS
BREQOASHAXMS WLNOBHONGHIEE GRAKDOS O]
@REQONNHBROMS @RsD,

1.7.3

B0} MOUMVIOEl  GEHQEBHIHS AREQITEHRIY]
EHBOS TGS @SHWISTT HBOCHOAIAV. D] SH61NE)
allslanom s0cer ajelsemledwio @REQINH:
a0mlam GRAYBNG BRQEBMOS af)sifo G106
@emila@lm)cuentio @RAI &SloweRmlvoad ool
D32a0EMOTIIM &) »0@enInd @yQae Mmoal
PHNAOWRM BRQONM8s NLNTHIG GO B
MR 226 afl@lanyam aillo @erm)ailslando.

mand@amoay (Molecular Mass)
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oo (CH,) emoimo mead

= (12,011 u) + 4 (1.008 u)

=16.043 u

ap@)Gaael Relmwlang (H0) eamoimo aoms

=2 X 99anAbROM BREHOZS Aol + 1 X &l
B&Y REQO0IE: BT

=2 (1.008 w) + 16.00 u
=18.02 u

G2123%0 1.1
gessoadlang (C H O) omomozoa eeneyails]
)
DOM DS
(MEONOIT MTODWINS DB OBOMT
=6(12.011 u) + 12(1.008 u) +
6(16.00 1)
= (72.066 u) + (12.096 u) +
(96.00 u)
= 180.162 u

1.7.4

sauotllave GHISRONS Galdanss al3odLnsmEBsled
cdlgIMIaR®088)aN MMM @essmslwiglel
BROMAOMLNSS alsodnaErslcd saoavlglal
(eavonuiloe) @eeoosmes)e dMOGIal (e@x0en000)

@aauavy@®adav (Formula Mass)

/(
_f/"
//C/f/f A

aillimo vLio cavoaurims egoesocaiod Na , (I
aPAT GREITNIGAING  TUELATD.

e NN )]

@REWOSTG@lo L@RoMMEITNITE (210210
oan). (adli@o 110 )

growlwe g¢goeaowlal, aec) souowlwo
@GV al)Gio @RG GRHINHHOMUS EREWOSM)BBYo
£0) 6300 EREWISIN al)gis BRHG GV wo
BREWIETNIHBI0 HIINHAS)AD]. CRIMI0)IC0IIGS
B0 JSOTINDAHIETE  MDAMOASMVIM) aldd0
GIUOWIDo EHINNOW CalERSS alB30BLOMBSHS
NaCl agyam quy@o 9aleowilaosm @oquauy@aoad
SR l1Slemanas.

@R )OGS, GIootllmo CdROHIWIEAZ oMKV
Q00 = GNOWIOOISINNG GREQOIH, BO + e v ielDlen!
@REOX & A,

=230u+335u=53835u

1.8 eaowd mselamniye saogold aomige (Mole
concept and Molar Masses)

BRQEEBB GHIOHE:S)o GO H2I0MMIETY. afIHmOn)

al3oALOWIHF0)o QISHE 621010 GRACIIGI Galdelo

DBH HEMBHSHAIOS af)sIfo AUBNHOE. AWM

alenss Qe TUoa el 6130 e HalQhaD

@AM MBOMAILIHINIaNSS ©)emlQ)a:0d @RyaK)

v

26T,

80} WAVMB 12 ~SMOOMWo BO) TVEHIB 20
aPEMOTMNWIo BO) GO 144 af)FNOCNW)o
M) allalew) M®mGalonal a0 amalow]eel
AUMIGNENB)PS (RROOIVT BRHQEIRUS, THRIAGHUD,
B8, MBIG(RI6M )3, @ EIWIEM Jdh (3
@nsemloal) af)siNo SHEMENIENND AU afam
RV Dale@ouilanan).

S auvuaowamlod «peoaeam @rslaunsm
WGl ~IB0BLOMBAIOS ARAAT EGHEMENIBHIN
GIOUS PolEOUNENaD),

12 g (ansaimlad 0.012kg) °C sageaviesiaflod
ERSEIKOR1E5) MM GIRQFABRNS ARG L1y
SMldb @ arsaEBle 80) A133womlaag
meaailam apmlnag @o) caIud ~glan] alow)an),
al3odlie agi@y; maam arwloiamoene aa) croglael
SOl BNNS af)fllo LIl BROIBIENTD] DG}
(AIGD B0 DDADVOGWENR S0} HOOJASM. @D
MoR 1y M0 @era)ailslonoad C-12 argaoilanng
203 1.992648 x 107 g agay m0a0 aUaalc 000103
DaleWoWla] HeMR)ails)a)). 80y 6roud @odsnismlal
12 g 2000 9as3mImocd ailnal apQsmEBaes af)sio
MOBPR|OW]0 (aldhdBo dheT=)allSlenoo.



DU ETIeel allel @sSnunod @YU WEERI

R0} G0008 HOGENIMB-12 HBI @RYEBEBINS af)so

12g/ mol "*C
T 1.992648 x10 g/ Catom

=6.0221367 x10** atoms/ mol

520) 600s8led HUBHEN0EIGENN &EMle:ae:8)0S DM
af)iio AUZOR  alLIMB]S Vo6 ERWMIMOG
(e Bald)o allam)o Madalwlalsen)on).
GREAWI GV GREQISHIGALIDIOS NIa0}AcMOGLO0
0 o6} BRAIDRS)TDE) FRGADNIGLALY TVosY
afamyo (al®lano N, aamzosm. D TLoaLIO;6HS
algllajo AMAVIRIEHNIME LIOM O jal@D]RILINH T
EDSEBENT af)P)mo.
602213670000000000000000

@MIVD (D D)o M3 (@HQERUD, GWOLD
B, DRI GSM)B, BQ) SeMldd3) a0) Gnoud
AIBOALOSHEBY TV la flomyam,,

B0 ROl HRNOALERNE AREEBUS aHAT aldIWaN®)
= 6.022x10% anQeandd aren.

®0) 62O WAl G@ILMBHUW af)an@m 6.022x10%
TROLMEUD @Y.

afkms Ln @) ol afloide asodinaagd

80) 6000 EroMUlwo BHEHOND agyN®s 6.022x 107
Ganodn)el Wemlg)e:(3 @Rem.

0) coogleom mldalalla] quimles ey Gnowd
a130BLEDIIH 200 BenN=)ailSland af)ano) AIBHo
ap@)a]@osm. @2y endud algadomlaad maay
Waalsd aloymmlam aemload cmazod BT
af)and aloayam), @0go@ @0t (nodlad qu)aily keaam
Moy Wlo AREQOIE: /MMM /Ganadmel Ao
WMlaeenal aomilad (1) quailaleanam quealym)o
@A B06T).

melomlaag enosod aoas = 18.02 ¢ mol!
GroaUiken 6Eee0MUInag ¢1oz0d comd =58 3gmol!
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1.9 meewons waedme (Pereentage
Composition)

Mmoo LMAUH0, @anlalenian 8o} ATioalleel
LIS BHEMEIMBBINS af)SINHOMaF] (aImlaloFlas)d
W@}, alEH, alBiGa|dPo $30) Mo
@rsaBlwIg]an)am B1eIGo e TUoGWIR
RODBIMe ME}ENUWAEQ] Aon, 80) almlw
ToAMo FI@BUWAS  MGIESH)N] ayTN SHO)D):.
25eM WIERW 3a126lEM)ME BRMING COTLAVY Mo
af) OO Wlaolenlo. @Re 10, GR;1Gd
ARSEEOIEl0)D ABISEHEBBUS afOTRNoEES af)GTo,
BRG of0) BRMGOIGE GrResMEINs ERWlolas;o.
MAEHTWORUAD BO) VoW SMACHTNIHIGIGIOE 0
M3 Galodla] GalOBL6EBAINS DD GRAIWIADG)
@y MVoWHHATIOWG 161wVl aldleueowlanod
MO Ta0dWIED)o. BHQIC)DRTVIGT 1063,
B30 MoW)EOOiam «Iglunes]l «Ielcwadlennd
DB HHEBRBINS TUGEN BEGHNMS M Ta0WloN)0.
Koo (H0) &0) 2650006M00] af)Siome:06m=
Masiloy amailanense, oood @rssaslwldlen)mmo
DO ROGSHTIIRM)o BYHEMAT MH)BHGIW0.
@RAUIRHS TVoGWIRD: WMABXNO MNP OAD
@1 0Nwd @erE)adlslenoe.

D)ele@mlnag aoad MM =

0 EOUB o oINS @1 0 eksorinng aoad x 100

ToNBTETInN EoBod aoa
ReIo0nag gnozod oot =18.02¢g
. . ~ 2x1.008 <100
HHOLEHG 0005 RMRAOMo = 12016
= 1119
_— . 16.00 100
milEeag a0 ] = —
Tief:N B ATV MBIMo 18016
= 88.31

BO}BOOMe 5E] aldlereaWlento. aflnemozlod
ansamlolelen)an  &0@sUam, a&ad0WRal,
208 MNRM aHNIU@)OS TLoEWIN WHRIMo
) MO TR} ilS]En}d:?
aLOemoglead snozod moa - (2x12.01+6x1.008 +
1 % 16.00)¢g
=46.068 g

0Bl nd Boas WmAsMe

24.02¢
T 46.068¢g
BHEOWRHF AOAT VMRS

<100 =52 149
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6.048¢g
_— = 2 <100 _
= 46.068¢g = 13.13%
mcé;cm’laac@ BT REDAIMNS
16.00g

_ 220 100 s,
46 068 ¢ 34.73%

pomMilONg @mROMLBIW dMOYBNSw quloles
oMl M TMotwor wmanomamlad mlan
af)RDeEH allaivo BIFlEMEANT EMIAN.

1.9.1 [cicwiwowlatiol® au)imaidajallo
®MIL®IM) DIy (Empirical
Formula and Molccular Formula)

SB0) ToWHMOMIHG B0; DDIMWIGE BRSEEI0]
dlomnan allallw GrQeEBEHs LIMaal@sMTVo6HILD
BRM)AOOGIHWOETT (1 1GVWONOWIICKD TUmNIsE:Y0
(cmpirical formula} muyailaflen;an®. &6) Muow)eom
oo o) omomolassadlolalsnan aflalw
@RHEBIOS WLOOGLO SISO TV laflodmamosm
MDOLMONVYMUIS Y0,

20) Tuow)emomlassadlaladlanyam allalw melds
FBBHHS MoGWXN YOMINTo BRAKBOSAELITE BRGIOHY
(n16@oNsWlaHOl® U mAUCS o @snE}allslenoaln
M@V, (MoW)SMEEHMR 620808 R0TD dRCIWoaHR
B103 ER@ING M@OUMITLYDNUIE: L0 GerR)ailSlendo.
MISLOMATITIENMM DBIanNEMODIGS alan Do)
rigplagiilatiekz > holel

©a13330 1.2

20] TUo@E@OIE) 4.07% ORe0ORMe 24.27%
&HodenIem)o 7165% GHodlm)o arsamlolelanian).
apalnag ea0g0d aoad 98.90g awmen. @
VoW ) O TN 603 Lalewo oWl ol® au®
QDR o BHRAMOTIUDNAUISINN0 S6NE)ailSkes)E?

DOMDO

Ag1gse 1. BINVRMBINHOD NIBIGLIHE BIYHI.
QY RaAZomMAsss Muclailed mowyemominag 100
g MSEOTMIW of)S)B8aN®) D2l aowldles)o.
spmowod 100 ¢ qowemamlcd 4.07¢g
S50 WEMe 24.27¢ sodenkmyo 71.05g agoclme
anseamoilaleno.

22150 2. WMLLLOMNIG CHIUD af)SMOMICLEINBE A000
mpgdlod &lglo allalle Melsamgns noadleam
BROIDNOS BREQOAIHAATT O306NS 2OA|BD) .

4.07g

HR0LERAG GRoud = m =4 .04

SO
24.27¢g
Sodenlemlaag enoud = m =2.021
71.65¢

CRoGlem enoud = m =2.021

apigo 3. M)dhalBh érlSl cnoud my1ysxI® FRML
aB Qe §121010 AVesY HRITE a001BN ) dh.

afQal)o 9al0l@ TUosly 2.021 @RBWHIMIG]
aoalamyeauowd H:C:Cl of &gy @emyatomo
2:1:1 @RlEleN)o. SIHAD ERM)SIIMo al)B@MTios 1y
@RL! af)TOIREIGE @ alAIW 1Mo HHIENE
U6 s,

LIS 4, MEILFERBINS (a1t ldhsmnud ag)eimlaamlo
CUdaHo ERMIIINTVeI U3 af)9)®] LICwInI
WhHslm TR0 M) aila[lando,

MBS HAND ToDBDANNNG (2 1EWANOUTHOT@
aoymonaye CH,Cl apwidlen;o.

0LIg0 5, MIMIDMITVI (Mo af)®;MDTD

(2) L1BLINIWIHGI® QUGB LANT  B:6N3)
adlSlenod

(IEWOWOWIHOI® TV HAUSB @G @Rseaslm]
alanan allalll SBYMERHHs GREQOils: AOMVEhUd
) G]ckh.

CH,CL, &3 (a160o0owlaaicla auy@maios, moms
12.01 +2 % 1.008 +35.453

=49.48 ¢

(b) czoaod 2omIenm (o IeXNOUNICKE MBI
DTS BHOEE 20D 565>,

GROBOE Bol _ 989g
inaornulaioln mymansyaond  49.48¢
=2=(a)

(c) m)o8lad S5 # HEeE (AICWINIWIEIOID
UL AUV LB T (16T 2008 DAAOGIDT0IL@
QOB L0 BEIEN0. LalGINIlHOI® TV o=
CH:CI_,HZZ.

@ao@oauy@ands.yo C,H,CL,

110 eomsmnisesmildiage aommualepsmalmico
wemim{@l@agyo (Stoichiometry and
Stoichiometric Calculations)

mieQoaalewonals] «f)an Aoas DoBAN 2o

miegosslewosmd (Stoichcion){)eleko agyomdane),

eagssend (metron) (mpaal apandomne} afonT aenz

(108 alosemslad avlanost.

&0 EOTOIUITHM@T]NE! BRElGHIBHEBHE5W) o
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D) lMEABRESDW)o AVTVIGHAINSCWD AlY0alm
EMHHSCOVO  HETNEN dhIGENGHSA0W]  NITWen|S
@O} BOOaVATSHEsMAIT. 6] PATValUBTHMo
MSEMRIOMINUGR AW EREGHIDSHTBIMOS GRS
areLlEslod Bldlensn|SIam DG alMaERIHSs draal
afyanlad Senejailslemanaim) 23adal &o) Tomle o
@OV MVANICS, L O303 MM ~)HI0nEs Nilainsanyd
BIFlEHN] afym GMIEH50. HlHLOD QGO0
RSN (IUBCOMONING TUATEL® DOTVAVBIOE:O
DODPHDIS)OTNBIENAND) (ORI DD) .

CH, () +20, () » CO,(g) 2 HO (g)

malleos alenwad, aewasrdsalmad opanial
BRELSHIDHEBB)0 HOBENINY HNHWROSHONTVAL, Belo
afanlal @I alEEB@lo @RS, D ATV UGG
MO afe)d BRElSO0HEEA e D@ alTNEEA)0
QU SEBBUT BYSIT. FROAUWHS GO TUYDOHIM
@ReHo (NSOG8 @:0smlafldlenan () o mujailaf
ENAN). BRG] 61100, (B2US0 af)aI T0)aila ]l
#0008 (3), (1) apovlal OO0 2alEoUilenyan).

PRBISHTITRERD)0 ReICDIEGOo D)TMEHEaRUD 2
@ysmy. MM eoruaLale:eemElm] ¢3)sM@:ea3ud
agym alOWID). ERG)Caleal Alenaiod, &odeniend
AR RIGBBFHAVAN  aMNIAUWINS  (I}6M & 6833
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OO B (BRHEIRITE GRORSHUD ) BTV INIGEINM
OB alDEHS]HNITN; AROLIH 1T B)ale)n]S1aD}
AN,

Me>3lod @aD1dlen;an eoarialIBomMmiald:000;

o 50) B AlOLOTB 0ME) GROUD HNMLEBDLIUI]
mmyeow] (alodonila] 80; emiud @odeniend
SHILSISONTID]0 BENE) BBIUB REINC BHOJD].
80) ATOLOTB MABILD D6NE] HOMROETIIE2B
@@ W20 (aludOila] R0) Hodenierd
HHOEBIGHHNTH MBI MW G6NR) RLIHARO
(@D DA,

22.7 0ilgd aleolnadad 45.4 8lgd eeALBIGHMIlRMEoW]
(aludonila] 22.7 allQd @odsnusndnenbasd:
HHIVAS QG 45.4 £llgd RWelaRe MoYI).

16 g olewndiad 2x32 g enwssaailmmnowl
(aludomla] 44 g £0@6nIeTRHHLEBOSO6TIS
al@asle 2X18 g malne @oyan,.

N)8led mavlclenan  alneemglcd mlmd moey

al0@ANMOCIENSS &0) RIMUo MEHN)EMRIGNI0.

zomd  caom@ut ] M@OLDEGROS afEDo

Fisl 0]
= TR

SADOSTT. UREMBHEEBUS [ IGIITIOMo 2 1Q3aDGY af) @ AU}Oaldo

DITVAVDUIK YEEBRINS  AUDldhD5No

(BQILTVonUsM Woanm)aunla] oy qualeym (balanced) asmomunnise oG oGO0 BICOHT
O)el@mIEBWo SCO afepo BRYEBU @rsEIolenian;. oles GOTVIVANISE HEBOSW 0 alBleud
wnolensswlo aflealensswio (Trial and Error ) qvam)elmnosnse. GRIa0MBS8lo BREEIAOMERS)0
B0 MIRM DOV (aluB@D 2} BOSONHTVA UG MDAM allel ATV aIUBEHMEBBUS aldleuooslenvo.

4 Fe(s) + 30)(2) — 2Fe O (s) (a) moaleymauana. o

2 Ma(sy + Q) —>?.Mg(j(s) (b} mualeymavEaIDa o

E (s} + O, (:__;,) — PO, (s) {¢) @BaudleMTCBRI® o
TOAAINSLEBBINS ROCOO QAUWROGMo CEID.N/ROHAVIRM BRYEBAOS af)sife MEljo BRVGIMmod
RIS L6BU3 (a), (b) agarlal muale maosm. af)aInoad TBaNILS 0 (C) MUElsimo BRE). D TVANIOEY
ORI CandMIan0qy @RQeEUd qUElSImMAcm. alddH 805qURWE ERQHBRUY TREBOHMWEL BRM)
O\ @ ROSHIDHIW, TVACUIGETHOAR MSHAUREMBN RFOHAVIRM WEMSHAOW] 5 M@IHEMo.
O @an 100 AISITRINGED B05TUIRMB BROHBBUS TV TE:\@ BO:)TD).

P.(s) + 50,(g) —> PO, (s) aoalaym qUBANG Lo
o] maest eelosn|Bailead(C H miemoe aglewowlsnce. o qmuaniosie ceige ceisaom] qualenkeso.
apige 1. @RE|SHIOMEESINSWI0 DOIAITNERS)HSWo WEIWIW TUILMAUIGLERW af)Pi@)d. mailes
Halooe|TMle FOHAVIRM)o TREIBHIBHEBB)0 HOBNITNE HHILBOHENTVALje HAUABA0 DWBalaD
SBBB)A0STT.

C.H(g) + O(g) > CO,(g) TH,O(l) @maveleymaonniodso.
ag1g0 2, HOBENIEM BYQEEBHDS af)siRo TN IDLM AL} B, BRElHIDHBBHIN 3 HOBeNINS BRYHBSBS
aurl@yas AUBITHRINDIN) 3 HOBENITIBHNVEIE: STV G DAMHUB @YU D06,

C.H, (g) + O.(g) —3CO, (g) +H,O(])

n



30 BTUMLIRo
28150 3. HOaO(RM BYQEBBINS af)siNo TVABGIHE . DSMURDOT § HROALRNM BRHQERE Ders.
QIEITHAIWED) B6) REIMOM OGS G6NE) Bea0DE3 GRYEBUI NS, ARMIMOGI QIRIM)IWEMEY MOE
RAIMRO@HUE @yl Aol alele.

C.H, (g) tO,(g) —» 3CO, (g)+4H.O (1)
oLIS0 4. ROSHAVIRMB ARYEBAIOS afelRo TV TGHA1HN ) E: QUBINIBIN@T al@ B0 TI1R03 BRQEUD
geng. (3 x2=6,C0, 034 x 1= 4 meiowmlad). ar@Imom alarh sodmilzag ergomlal epexi O, ooy
HUB BIUUDYA0ETT).

CH,(g)+50, (g) —» 3CO,{g) +4H.O (D)
oLIge 5, ARQAITLIM TUAQISGIEWIGE SEBY BRI 0 AVATRIMAWT of)TD D0a] QURIORN ).
TUAUOS L OD ]G SOCO0 RON@Mo AYAD  HOB6nIeTd BRHQEABUI, af)s OO0 @R Qea3UI, al@sy
FoS5TUIRMDB @Ml aaBlal &HosMAN]. afEId TOANIDEL6EBS 0 GRAIVI ElWoW BRElGOBHBA0
DO) o lTNEEBR) DIHNREIGE TOATE:E18000. EREIGRODMHEBBRIESM)0 DM alINBBRIESW o TV U3 LB B3

@rsEBlG1enam  &1¥a@)0lapdnud 20goM &Ellaelan 8oBH0) .

CcO

Galdalo 1.3

16 g aloinadbad zuaimoe msomlwond cldlea;m
RaIo ol ARl (NoEId @are)nilSlea e’

DO Do

FleInaad guaInaslant oelei® 0druTuane o
MDY 06T jl@lenymm).

CH,(g)+20,(g) > CO,(g)+2H.0(g)
(1) 16 g alsnnadad 1 caoglom muyailaflesyom;.
(i1} o)e#108 DI EM TUAHDE: | nlh0Bo BO)
ool @leindiad eene) cadud Ralo mO)AM).
meelon 2 sxowd (H,0) =2 x (2+16)

><1 mel CO, (g}

44 g CO, (g)
= 0.5 mol CO, (g)
mRoeSME (.5 cnoud aloindiofed ailns (.5 enod
BIBENIENG HOHULBIGONHTVAL BH15aM). BROLIS:Id 22
g ©0deniem eswssdaadurls wlddlesanad (.3
az0ud IHLOTWAT BRCUUD L DOST,

1101 avlmsam @naElaninase (Limiting Reagent)

alglGao®lo aUATS:LMm VA0 0 (aldhOdn)BN
@RsCIG @rEle00@E3ud wnelmlele oM aleld
CDMNEBBU MSHN)ADPTE. GROMO0 GRAUTLOEBAIWG]

=2x18=36g R0} GRELH0DH0 AYBBAUNV BREISH]f) &SI

18 ¢ H,0 @ 0lElento. &)oswm araailod anssarluldlesan
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CH 20,5, > CO,y+2H,0 .,
(nlmowo 16g alewdxlsd olon 44 g eodsniend
HNNLEBIGSSTVAL 2ISle6)IN].
{nf)THHIDTRADOG 36} eroud alowadalssd alan
20y ezowd CO
-alead

e1Zlen3am).)
@@ ud =

el

2(x)

22 g CO, ()

SHHAm MVIBIOH EPElBIDdbe @O Ml am o
@REBHI0cbo af)am aflglenian;.
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Galozyo 1.5

50.0 kg Ny 10.0kg H,,, eprlal aaidanjmeo
apm NH. - @08 @pgal esmesosenis? om
AUDO2 KDLATHDE | INEE)T BN AIUSERMOHIBE]
DOAHI DR HI0H0 BTN @R allSlon)en?
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@BHFD A0 Blan M BITuIdEmMCIN



DU ETIeel allel @sSnunod @YU WEERI

AL TUANIIE: o MINLHBHIS I Glea)0m).
N, (g)+3H,(g)- 2NH,(g)

N, o0 azowd

1000 g N,
1 kg N,

= 1,786 x 10? mol

H2 O cmOud

ImolN,
28.0g N,

=50.0 kg N, x

1000 g H,
1 kg H,

lmolH,
2.016¢ H,

=10.00 kg H, >
= 4.96x10% mol
25o5BlI8 05y G163 MBS o BRG]
1 ewoud N, a¥ 3 ewoud H, emawymomy.
mrasomownlad 17.86<10° smod N, o
@galwyzow H, enoud

3molH, (g)
17.86x<10°mol N, x —————
* 1molN,(g)

=536 x10° mol H,

aloau mailes 4.96x10° ezowd H, momaenw)ss).
@emmond H, @rsd mallsipom avlasam @weel
&$I0bo. BRO®IE 4.96 x 107 smowd H, o
@B MNI0M 0w @Bendarle asmaen Mldeles

onJs).
3 amoud H, 2 azowd NH, evoyomamond
4.96x10% o3 H, @eym NH, =

2molNH, (g
£96x10° mol H, (g) x I NH, (&)
‘ 3 molH; (g)
=3.30>10" mol NH. ()

3.30x10° mol NH, (g) elesymm,,

18] 2 {16ls93 0 DEOHED (OAlGAISS BOg0.

1 mol NH, (g) = 17.0 g NH, (g)

17.0 g NH, (g)

3.30x10* mol NH x
o () Il mol NH, (g)

=3.30x10°x17 g NH, (g)
= 56.1x10° g NH,
= 56.1 kg NH,

1.10.2 enomlolnel a3au 13T a3

{Reactions in Solutions)
aldlememwosivilaal @dleowe XM alaldomm
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@eglo cn@mlwlensm (Solution) mseMGY.
BR@IMOE B0) ATV®) elwmlvlod @rwldles;
enowd ar@lam argal (amimoailsenian alom]
AMAVIBINELHTRMENG. &0 LRONWIHS NIUSD
BReEIE1E3 ;maneles;an alisalmamled erseElwl]
leaM al3dnEme argal moee aavldles;an
DG SHSENGB (o lihSla flonoo.

. aovlead vemaomoe GR&LIHIGE 200MIHWR
womzamo (whiw %) (Mass percentage or weight
percentage )
emouwd oo (Mole (raction)

3. eoosoaldl (Molarity)

4. eoosoeidl (Molality)

306000 Ailuorasdl al1dlemnoe

1. momdvamarmo (Mass percentage)

oD POMMITIANMM NIMLo ¥l ATVW@W®AIMo

2N} 1S1900

enmamleag aoad

200Y R@AOMo = - »100
10 M 1eHs a0

Ga133lo 1.6

2o mooupds A apan aizodwoe 18g meinnprow
Ga IBOmIMRossle enamllnel eflmaslaag aoad
URDDO MO TR allSlan ).

DO Do

A oyes et

A @os 2oml wHBOMo = *100

epwm Twes 2om
2g

= * 100
2o A+18gmain

2g
Og
=10 %

x100

2. eaaud @lana  (Mole Fraction)

80) aRYDWsal 80} LalEMyd: BISHOIeg
GROBIHBINS agBINAL0 BRGIRE! @6 CLISHEIRSBINS
COOBIBGBNS afENalo MALNBS BRANAIDETIT)
62003 ElaMo ey aloW)M). “A” aflim 13040 B’
)M 25Q20) AIMmaled eilen)swye #,, /1,
afavilal WLNO(@ o BROIDIOS CAOBIHHINS of)sINChe
apaemelod A aeswie B anesoe emoud dlane
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MORYY doemilajl@dlasany.
A oes eeoud dlamo =

A @0s cROSBHIOS Ao

en@ m 1ulasl e CRIBI-ENS af)ale

— ,
n, +n,
B wes oo dlane =

B o5 czososes ~gemp

e M B! GRExs GIOB BN B

_

1, + 11,

3. 920300191 (Molarity)
afQale QlY0alGR00] Dalewowlenian W)sIIQusm
c2ogoalgl M agan @remonalewowla] ool
aojallofleayan). &208001g] spana) so) eilgd
elnomlolad apim caoud ellho 9anE of)anailam
021l l0)aD). ERGWEY,

el momynag enog e BiHS nf)&po

anogodlg) (M) ~

alow m lwes aydadme algolod

NaOH 008 1 M enoil 966 @o)ond:. Maaaciod
alnd 0.2 M enom] @gooesssmaaan]olenss.

1 MNaOH agav arowiomat 162003 NaOH aa) eilod
elwmlolad eilajlajmosm. 0.2 M epomles 0.2
e200d NaOH a0} ellgd enomlolad elvlqjlesnans
D)8,

aRINond mayes 0.2 ¢aoud NaOH opsio ao; ellod
BROMI0E] BOGQTRGNE.

oml IM NaOH epodloes oo alysaiomo
af)s)emoelosm 0.2 enoud NaOH  &l5iam@d agyam
Af)FBBOM TR NSIEN00 agfl GNOE6I0.

160003 1 L ensgislod 1000 mL o3 eeseasloidlen)mm;
af@lod

0.2 0ol ersemsluldlen)md@ =

1000 mL

1 mol

=200 mL

x{}.2 mol

spmoo®; 1M NaOH @ mlad 200 mL agysyom
AROURLEEIN Relo G21301) emdafla] se) eillgd
BRI O3,

e NN )]

VLOOBLOODIGE OV BEMEE) GBI BB DO
06T o {lG1HR)TDE EalOSHEl B0B] DaldXmTVARIIS 0
Da lGDOUIBN0NTDHNIE.

Mlx I,rl= ME % VE
mailes M |V agmmal enogodigloge  algosimans
@BIGE).
@oiles M, 0.2: V = 1000 mL | M_ = 1.0; V, @gsm
BN} f1S1GETRO).

0.2M > 1000 mL = 1.0 M x ¥

.- _0.2Mx1000mL
T 1.0M

200 mL NaOH epoonlolad 02 ezmoud  NaOH
@rssaslulElenan; mails (e o [DRLIEETRG)
1000 mL enomlooo] o) emdafla)eeowie NaOH
008 araailal 2oge AUATISIEI afaMBS@OE, &HODEMo
EROSHOTISG araaoem aoglod, ellme or)
ganeal Dlemidan)an). «lHas 20D of)Tm
RETNAT ((REGIGHNEREGINT.

= 200 mL

Ga108%0 1.7

4g NaOH =maowmlad awlglay 250mL
en@nlsss] 2ogemnud eIl enailoes
&n08061g] =) ilSlen s ?

DD Do

omomoaigl (M)

_ el momnad enog e BiHS nf)&p o

alow m lwes aysadme algolod

_ NaOH aaj aomd/ NaOH oaf ecaogod asmd

0.250 L
_4g/40g 0.1 mol
© 0.250L 0250L
=04 mol L'

—04M

Lale@ L dho @RO1TTHIGlasnaBEE} 520) RN NS
&20300615G] ®oaIereows] snImwe 2 5lales;am)
af)(TN}BBMOET. HIO6Mo AYoal®oe ®Dalb]
e ML |516leeam).

4. emogoeilgl (Molality)

&0) HICENIe ENWSOMIGE aRsaElVId]eman
ol CIosEMOs of)sINHORN GR0RVRIG! o)
alDWIAN). M of)D GEREHD0 Dalewodfla] Bmlam
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eflmodiend seomees afpp =1074.5 ¢
ep@amninag 2odi Sleenrodlod

szogoelgl (m)=

el monlead cro@e@es agpTp
1.8 emogoeilgl (m) = : = @dﬂa
G230 1. Epamolead :oah aleennoflod
3 M NaCl epacdloyps auoms 1.25 g mL ' 3
GR ey opmlad enwomlwies ensgoelgl = m
T2} ailSlon ). ' &
= 279 m
D WM Do
M =3 mol L} OlE0CaoP)0 BTVl |oHeMUDORINIGE Hwdam
s} ellgd enemlwlsel NaCl o asms DOWDVBS LLDBIVIGE BN HEFHHOCID 2B
= 3x5835 =1755g VALMWBB BIPWX @WIOIHNAD). AT
&0} eNlgd e@MI)ESs 20m NEDDBE sI0WDNaw gwedlmenoa] (stock
i ; il . v

1L solution = 1000 x 1.25 = 1250 ¢ solulion) af)an «10WIN). MIITTRl BOOJID@IMM™)
(apomanosd muomom = 1.25 ¢ mL ) TGl B0 BOOYHISL @RMHMINE o KTIBl 200)
enaololpa Reloolen ases = 1230 —175.5 amaslnaavdla] saogoelgl aco}mslel agamn £0080

[ lG@ Y ho (DRLIENEMo.

Moo Nao
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B0 MeRGUIMMIWas, NOIEIMAImNIWEAS, MIOIEIM-IIMMIRNs, 6K ERIIGHINAIG mamcab_"':
: AULRIHIM WD, BREUINICGAI MWD AGMINWIMT Al ool MRaEEE D12 AINISHIF b
- @negodld: Lo maMIGEISNIAT. MV ML alowM® (3olamledd srSINOoMmIInoe - -
LISHEEBUT BRHQERUD BN apADOSTT. B0} ARlHCING BRGRElGEIT (a1mimonllesmo C-12
BafBAVIGCSa[IN G EaldtlSHao@OeM. GR®IeN INOdmIN GREQOEI®»EINT 12 u are. 80
< DEISHE I} IG@oUTlEnan  BREROATLIOMT MUOWIBEM WEIMR Gl @REQINHEBINT BRTIDIHN0. BB
| BIElE® B DRI MymTIm HafETUICSIajdBINS (alkhyBI3omarw elgymalad alanssm.:
B0} DHROMDNS DROWOANTY af)MEF GRGBIDEI BRQERS;HS BREQOHSHHIM}HBINS BRYHE DEHWOSTD. . -
@0) MowemOWIHel almITSm B)EISEREHS 20T mAIMALe MWBRLMIBITVYo @O W26 B3 -
'-:m@’lmr@ MBI DINVY @0 Hen23ailSlenonnamamaeny. ¥
'__'_"--ssrag QA0@WIHL ERQEBUE, MMIMHUY, 2DEld::MaBud aMIUDes afsMe TV allajlenomd
1 @RGAUINIGLAND mudlamealy Dalcwlesim; (6.022 x 107 ). oo @y ssmleaszies 1 mol:
 agyol@ea|Siam;.

L pomiadEmmoe M0ailaflen;ana’ alym AT mE)EIHEBUene Mo SMEBUINI0 DENBI@IID -
- 02aU20Q@IAT. B0) AVAISIMAIIVAVBANMYe WIDOBo AlOINERW O] N}EIMHERE RO}
T ROAUEIURCMATINE] GR0U3 BRMAINMOCIWe BROINE] G:EMEBRSOS afHeTm@io Tulailajlesan).
| esrusladommaniicd @ oluoyesol oIom GRElSODE:EEE)eswIe MAKlHNsa SN 2O aIMEBENSmIo:
J, al@l00sMO0E&AID atdmEoe) aamuaudldaommalal. pomuauelseeemdlm] wamlm@®:ud Daletwouila]- -
T B0 (Iemyd BR8] Delaimhe WIBHLHOMONIDLEID BGIMI BRIRIWIHGH  BREHIOHERSNS GRS
:'.csasnagm’ls’lcesxm. mRm;Galsael ®ldlae. a0} Akalo alyddime elnwmloled erssasluldleaam elmomlan
ezl a1e1d13Iees (Irtmoalleote. RE0AODEMH@TIN BT dmAIMo, GAXAEIMa, HB0SIBIG], azosoelg]
apomlol

Il 1eIMN G a1 633U3

L1 MIDPOHMIGlENMMAUD)SS GRAISIGHOMT B6TR)n 15150) 8.
WILO (i) CO, () CTI,

12 eauollwe Tuweanglad (Na,SO,) apsemlulalanan allailn ajelemBHeHSs 2o WHMAIM
TR adlS]B0] 6.
13 areaMlnad 80) S24eeTAled 63.9%@RWIM 30.1% SHALRIGTVIRMe Bomy

@rslmnMenlod @rsEEINIClen)M) AfEled @MING LaleonWl-idl® qUIGUdELo
(empirical formula ) &era)ailsSlon) .

14 306Paa0s)ElalenMmaiad 9l Elaleane]siam Sodenkm HewesdEssTulnng eraqi
6T 151856,

(1) &m) Caoud @odersnd a1owailad ol |owd
(i) R0) GRoUS Hodeed 16 g HHALRISHTVIRMIGE Sonilajond
{111 DEIME) CGROUD HOBENUETH 16 g OBHWROSHTVIERMIGE &@0Tl2jowd
1.5 savoallave @eamuegdlend (CHCOONa) 500 ml. 0375 enogod @ellwene] SemRoeEHId

BRHOURYAND EGTLOWTWe GRETVEOFIHM BOTT £6N2)allSlen) . eruotlilve drRaMvEQTlanag
20508 Bomd 82,0245 gmol™.

16 80) HOMLSlE @RI 2LWATW)HS HHMLSIS; @RIV 200D VM EBOMe 69 o, TLAMBD 1.41
gml™ 9o GresMmEslod G eoMIWNS Wons@ moel L 08 daenz)eilslon)s.
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1.7
18

L16

100 g es00druadeanglad mlad (CuSO, ) el (oo G&rdn|d ekdlas;o?

B0) GRS RVSHHTVALIGS 69.9% ERWMYo 30.1% RISAVIRM)o (2000 %) Oeenemc]

BRAIOG GHDOBHOTVYDUIERY0 H6112)a 151056,

33001003 ROIUOE] @REGIHlE: 20T MOPEMATIBIEHM FCMEOIES M) EeR)a Sles)s:
(I ®IBOm CIZY® Y% @RGQIBILAINT

el 7577 34.9689

Cl 2423 36,9659

2y ¢20u ooanwailed (CH,) ®aee amIclan)mal @em=)ailslas) .

(i) BHOGENUETTE MHQEAMBB)AS GROZYBHBOS s

(1) OOaOERNY BIRHQYARBIHS CROBIHIMOS af)so

(iii) DDA DDIADSBNS )50

20g ale@Tao (C H,0 ) 8a160001a] 21, clo@m] 9ene0es) el laIrion® einomlo)es
o mol L. ! @3 derRyailSlas) s,

HALEMOZHag quoBo 0.793 ke 1. ! @gasmeslad 2.5 1, 0.25 M anwml Mldalensmoniny 20w
SANENOSIHG QYm0 @eMRYailSlan)d?

2380 @61} ISIHN MMM WY LaIREIOHTId GRMBAINAISIM sILIEOWISoem. BAcOrTeNg
SI @ysmilg pascal @IeP @:0amlafldlen)am,.

1Pa = INm?*?

&HsOdNloafloel alw;ailaad 25 1034 g om™ GrResmEslad, aldidhad wsmIGlad adao
6T 151856,

@oaled SI @Emlg afamosm? afsEBem arailam ada)ailanco?

O0ee MAMIEIENANAI Galt)onlS] G210

DDAl } o e liha
iy  micro 1)
(i) deca 107
(i) mega 10 ¢
(iv) giga 10 1%
vy femto 10

TUOBLOE: BRENTBUS af)IDDOGHOTE WIEBBU nfaNOEMBLOROENANG) ?

830} @)Slaasamuomilglad @0amaudlal S006MaNT GRHIE00EaN%e CIICL, @:.adanmon
&enElaleman). aelmlseemomlad eamon 135 ppm (@onomIas).

(i) DO RM 2OTIBMAOMOEGS TV} ol s,

(10} meingoallglnel Gx0e00e~noalaag crosoalg] &enz)allslen)d.
®OOEOMAMIBIENAMA WM IVTUMIBEREWIHE (alrimonilesd.
(i) 00048

(ii) 234,000

(i) K008

(v) 5000
V) 60012
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a)
b}

.25
.26

e NN )]

@ORPOTIBIENMAUDIGE ag® TLOGLOSHERANERUE  Den2?

@ 0.0025 {iv) 126,000
(i) 208 ) 500.0)
diy oS0035 (i) 20034

@BPODADIBTLNANAU BT TUOBLNSEREHEBHITE VoBTWOEs] af) ey},
D 34.216
(i) 10,4107
004597
vy 2808
HHRNM(SRM)o HHLRIGTIIRM)0 GRIG] DINP AlDI (~Id:000 LaluGomila)) Am LG
TV SEHIBUD DEIEE3M].
PO M S2ONT MY HHW BIBHAVI22OF BIMT

i ldg 16 g
(1) l4g 32¢
{u1) By 32¢
(iv) 28p R0pg

af}®) BATHAVOGWIRSWIVAAEM ailas allamysdanldlenamoi? arailam mldalailasn)s.
@oep @ANIElLNAMG D2llao0] aly®la las)s.

()] Tkm= . ... 151700 L pm
(1) Img=.eeveee  KE= e 1
{ur) IlmL= L= did?

(al2RETIHG GN® 3.0 < 108 ms ! @yesmaslod 2.00 MIGMO HITUADMAL HEHINE (aldhdRo
MUERIGlED]AN BYDS EHEMANIED ) dh.

A+DB, > AB, apam @00II3THMOMIGE BREISHOOHERUE MIOPe|OWan BRI
af)SEmoEs, BROIGE NWARIE GRElSR0DHUY afOmEsIEe 061G BT} llS1en )]s,

i A oS 300 @RQEBUd +B WHS 200 GG
(i) 2mol A+3mol B

{1} Aones 100 apgesud +B wes 100 G@omud
(iv) Smol A+25mol B

(V) 253mol A+5mol B

@OOPa|OWAN BATHTVACIS Y0 GRMITIE] 2] HHALESLOLERM0 HELEDMSEM]0 (oIS a)
@Reavslw wldalsnanalsian;.

Ny(g) +H, (g) — 2NH, (2)

@ 2.00 x 10° ¢ sawaemiszam 1.00 x10° ¢ 9OWESNANLOLRM)BID] Laludony]ay)
9610196l ]leneq|S1aM ERERCETIIVWIAS A0 dheTRIailS]a0) .

1) osmEleenmnlene GrElS:N0@®o RATVAIIGTINMGTIM ) GUeaHo GROAIGUL ]S ERO?

(ifi) EREARHMWNEIREI0S ~BD? BROVIHG BRAIGUDAHISHAN BT ag)?

0.50 mol Na,CO, ©0 0.50 MNa, CO, o »edl@d of)ssBam Qlym j00vee|glalenan)?

10 QUY0aIm0 HBHWeAOWERM 5 AYoal®Mo HHDSGHTVIEM 0 (G nIIB@T2J0wd )@
salimoe Mool DenEod)o?
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1.27

—
L
LA

@SB EN)MOIHTY ERSKIY NOMEYSIGIGEINS BIG)

] 28.7 pim

(1) 1515 pm

(1) 25365 mg

@OSPOINATIESNM AUV afQ0lo &)S)MEE FRQEMUE DASO) oRCTIwd?
@ leAu(s)

(i) 1 g Na (s)
Giy  leligs)
(iv) 1 g of Clig)

aplogmogland ¢mod@ glame 0.040  @ResmBled aplnemowd anemlwes 6¢nozw1g
TR 15109) . REICDNHNG TLAMD BAN af)aD TVl laD)d. }

&) *C aRQomlaag 8ovo (Noalod A EHDOETTI?

@oaeEmaNIE]En]an MMM VGRS QOMOTHIGE aPl® TBIG L0 AR D
D6n200ldlen;o?

) 0.02836 x 298,15 x 0.112
© 0.5785

{1} 0.0125+0.7864 +0.0215
@oNPEMAN]BIEaM  alSlo0lonl 3EmsBU Balewowla] (aloimlszomace] akElenam
ARANHY RSO3 BT @eNE}ailSlen)d.

364

L

(my  3x

DafJEIVICSIal Daj)BaVICS il CBIBIB BOAVU  EIRY®
EAT 3596755 gmol™ 0.337%
BAr 3796272 gmol_1 0.063%
WAL 39.9624 0 mol™ 99 600%

@S DATIBLENIMD ROCOOIMENC DB BHQSTBAIHS )60 BBITIBIBN B,
(1) 52 moles of Ar fii) 52 u of He (1i1) 52 g of He

OUGWIoU IWMWLAUIEE H0B6NM, HHaOWERM afanlal 2Omen GRrSEElWYgBS).
BoSHTVIRNGE SOOI &6) Ha151w TVomilud 3.38 (0o HBNKMMBONVSBOLHNNTVNL, 0.690
({00 SIS0, of)N DI |MNEEBUS DA MWIHIAD].

oo aacdulss oiemiaa 10.0 L (STP il eesma) 1.6 (100 o)ennssmow]
SRETROTIDIS)NE. agyElod;

(1) (160w WBCIH YOI 0 (i) ameoileng seosod oo

(111) ®@O@OTVGAIB: L0 oD Ben2)n lS1a0) .

@OOPTDRATIBE|LHIAM BOTVTVAUIEL Y0 BRANMUGl2] S0mdauYo dodsnieeng IIC1 el eowi
tadaudaila)y CaCl, and CO, af)avlal 9erEoE)an,.

CaC0, (s) +2 HCI (aq) — Call, Gaq) + COg) + HLO)

25ml. 0.75 M HC1 2001 a136moo®f] L~ 101d0milenond @Ralesyno #0030 o &adenicsmdlaag
Q0TS Ehen2)eilSlas)d.

2hHs GANIBIE9;aM BoaalId@mMo BRMIVA] )} BocOMITS anwssSascul (Mnd,)
sas*)omsmnocsoggorﬂcé; sryalal epoalwnswl med@mﬂ@gomﬁ elgenoogaloflad  adpoolad
M TYOOISDIM .

4 TICI () + MnO (5) — 2ILO (1) + MnCl(aq) + C(g)

3.0 g MO, a0l af)@ (300 mmm@{,anocso&orﬂoe? BRyTlal (aloIdaslan)o?

37






@)emlg - 2

@300 ~AISM

2169 Enud

3 wemly alClengmamlepas

NG S IAE, Bl )BSIE, MYIR[SIATD
MSERIWHWINS SIS ome om
Ha301gge GROUIWIHS MHUEEHM
S8H630123 @Rdlwin &g,
EmloMed, n3nde.n100, eauld
R0 2 Eaes HloElenn avlwlo
FROONSG G160 206N E6HT
AWM EHWINS [N QUSRI e
MR £ W3,
AOURIMEINH: Ol S@6Mo, o) 1B}
&16me ML omlea wieIQl
opriley amqilananim &slwie.
[nld3)E QONYIOIRIN0, BRE0IAE
Weal@owlang avogmaom o
ooy ailaigleayanm &wlwge.
aflaan 18] mole, H8.0MIben syl
@R @ M1 AU I (Mo aprmlal
talimmdilen)m elwe,

S&1I6Be Mol GHaG  BeSIMAIM
aeelwiss @renide sidaloeees
mldalallenm eslwge.

@ aldH 0o, o106 GWIQIEHT M0,
wO6TElRHT} GRUASMA 6a03RIMIM] 20
ol [alaiEnaclesim elamge.
EROCMBING DL IeM] &AM 1Mo
oPOIMIUIE SFawo,

alafdw &) orpsMEINS PITVAVISIUTRING  quamasuuittle @Y
M 0IHEIRAINS TPPEIN)NS YN caismOlnes uymiITvsIaasol
STHOUS JS TR ITHD IS,

@rREln Roo@Io)Eswo 0 IESMTDIlaNHOSWIo SHielRese (400
eniladl) Mm@ @HAD ARQEBHS BRAVE@I@o MoosnIawla)
QAUBODEUE WAMNIG)eNE. ERAINIHS EREILAIND(AlB:000 AlBOEL
oleg @RSINOMaleacw MIBB0sMUISIBHSISM  @RQEERUS.
onso @sdayweni aleedla)) amosnglo)mond @myaoilanool
S0 ‘BIRGEIR’S06; RO - a1 allzelesomosmmal’
MSIERMOGHOTDE AROHLIE 1S AlRELHIMIGHITING af)aDALD
283 'a-tomio’ of)am (0168 Aeslad wlanosm @rge (atom) agym
al3o O}aloNHHoMEIS ARG, DONOAWIENBD GRY3 L HOLIDWDWBBUD
OO0 DVAdEBHIVIEaN), @Al aldledla]; EmOEN0ad &0)
mo@mm;mgmoqp’lm;rrm%. D @YUWEIBUE AUBHOEANOLID TV)aTD
2001 A E:ITR). af)MIG] ABTNIBaIm0 MQINEIG] oTiLm
2aE DAUNW l)No)2e21ailk{la)).

Banamlend aregoile:milEnomme Wk ale OMi@Tweowi 1808-@3
@332000 RRAIGE1a]la|GS Lnil5lea®HEMOW T8 @RI
¢&R0eM aoedgmosm. awraisand @regIale:avlaviame afMaolw
Balg @D AVleLmO @YD {BAILEUIHG @BOMLITI &6
s 800 EemanadEenan) (WsMIQ 1). abordgnnd ereQanle:milzng
DO (BAULTLoRdHHMMI WA, MWRHOM}ald@MIWRo, )61
AN BOMNRe @)SEBEIRUND Blaiv]snno0] allues]e:alensad
SFley. apanioyanoese Aol cleletemenelssBod ailudaladl
SNIDGGE HD TVIELONO alBORWER|S) DBOA0BEMAW] QoM
@RHRIBI03 agDTNIHOEMY Galda8s AIbEH9uW Milalas @ragl
03 GOOROII03 DOTVETLONE SR NN INERBBAUIWODI] ZO)AND.

0D I3 Moo alCla |} mSEMADES aleXINABal@ioo MNoNEkng
FS)ENOBIELE MO MQOIEING MSSITTIEL CoTimEeNE
msol® allal alplesem-alelemsmasnsas)0lajosm. om
al0lamemeERGd @RQsMmes orlsnyo, MG HUB, GBS0
SMYc»U8, N ELSBMUE afYTTHEERHMN Dal@REGIHIEEEMe:S80W



@Yo ABISD

allzEHlononami omalvla;. afaNoGd O ERBUWWo
womdgd myeanssgy alxjauoled mlay  allglan
aoil@lam,,

2.1 9ol @REYIZISSANEIBBINS & 6RIailSITMo

AROOH S CLISNOHWENC| 2B 9UBL0Pa1 EKdla)|d)
UM SHEB S £HSWRS  OOUEL®  Alav aloded
alnTeMeneRSlad allanos. 0 anelEBUd ~ldleuns
Wlesnmmailm) mmi 13 EGesMEaRS)eS MUIBAILTD
#60)0a] 30300E1EaDENR &) @RSKIV MM Mlwnmens:
‘MR I 108 )38 A ldMaldo Qild:@aHlon)emiogd
ANRo 1WA 1RGN BWB e Valos BRyd:GaldEsna)’.

2.1.1 AIG@ IS SeRInlls3mmo

0] OLIEHHHLIGIOND cRONIVlENeS HHAIBLm]
HSAD)Caldd: & WONEMERTE MEIG(H0 L) S8
BNV B A IQIFTNMEEBUT MSHNHD 0 BROIHG
aneIowl arailes (Baljo MlesHailontae]s)eews
UG DEIADESIEHEWI Dal@HDAD B3003 HOBADEI
a00060L HMSIWa)). @RGEGaNs M@ TVoMUla]
@pilatid@la] aflol MlonsaErdd Mlemed allme=oo
M08 «I01HDIMHMIST. DD aNLKEIBWE HHAIBHT
WOS DEMIBHOTIRI0 VY2 lla flomiam),

1850-32}0S WGB3, LoOTHMEZEING, (2 KDOMACW)o
A02060D, &ICL0IAL @loamalatalndel wmralkeud
agymdloeasym, sosleaowi (cathode ray discharge
tubes) woymymoannals (Very low pressure) moglag
BOSVISE AU WITSa1082eMmEn)0la] Aol
£6008 @nseml. SO0 &losmmag], QM) OalEwe

QIdklky alTleekes

o i

EAGLOUS E I Bmgmnﬁ
|—||||||J

gopdomn " eounodegsd
2800 2.1 fa} SIEOIW Slesmalln whdeinig!

oilaj Mddlafidlenyom). [ailoe. 2. 1{a)]. @eaiimisslod
EDBIGGSHW)BHW gy Qilglen)mm oem: ehdom
CRIaOOMHIS) U aldilaflaflgiens. almdampslel)
95W88 aeasyeWwlrialodes mloleslencad
SElanG ausen oovan adssssglene podan
GUUBGSEGEIE0 AOMAST. HBIM)aslaels;anl
@la9) M AMHEBSHS Ad30 (& Dlealan)mo
@RQIHD BI0Tle200 MEEo 6 ITGIE. MBIGLEIL]

39

A5 003 @dam crowdess Laiewowilen)emiogd
emoglal eiyaiod (#osinoal) mlam canmiglal
gmcsue;onm@elces‘)‘ (BREMOMUT)  HeM>a3)es
Woowsw] aasyI®]  (nad1eNiam]. DAISW
P S T Tt IO VIR N [ ) 1 0 e 1 G TTalo T T S NaTed Tah JeV
pWald:ud opa ailgla)). soeewomwlad  wlar
@EREMOAIGEIENBS NHRIBYIOH LalIZndo 830D )]SI
alglerosWlasnmalmow] @gemorwicd ae) GIsoo
mddflon)wio, @RGIDallamIoed symilaad @omd
glovilNad  alanjealeim (phosphorescent)
AUTIHUSDW TVl TURNNNW aljUd}hHD0 HalBm).
D HREMERE AREMOIMLIERNS &SaN] Galddh)
emIoud aVlE: qUUleean0l ERAESMOTIGE olG3lon)
W B0) GIBEBIAD 6NIMB) (@ §SH A0S0
Ralgan). (L® GemMmmosm 0] ssellailaimlane
roegailenyma.) [ailime. 2.1(b)].

AUddnlo alndleilssy

T adgoeaog’
| |rmgo.|<aamo’\

oa;o@mn"E)EI

@RyEmo G—)

|-<IIIllJ

podm cououdegs
3.2 aemeegIS]MISIY WemIniss HI610300
ST 200053 257

]

afffipa 2.1(H)

D a101OHMIMEIBZNS aOLIERUE 2 )OUSS 6050103
Glasmmailiie a1 o;aseemo.

(1)  @oemnol HlosmesBud @oclnowlad i
@ryBol 2] BIREMUIEEI MleEBIaD).

(1) @D SosEBU3 ERELULLEISTTIEIEN BROIDIHS
oIRoNo 2flEl [a 1B Y8 AUMIHENBIHS TUaOW
comans (a08)06auad aRaLIH:Ie Ganod
M3Gano0Tud ) Ve letilanomods)o. 0D QKN
20810 Blesmemd  amlaenyemuoud @
wlIgas)mm). oselalatd  allimmogledd
OGO aleemmoglasosm. gsailaflauxad
OB IMIG) al@loldlesan afler mrj'gs;on‘uc@”
@RI GanoMiBano0qVag  AUTTHmJENUD
S00smmoe esellalatm]ad 2l meBs)aEe
D,

() eecsymoemvaiadewd GreLIRI03
SO0 BEMULAIOOISHPEW GREICIONIGE a0

&losmeanul endenslad queamIE1EN;an]
{adligno 2.2).



40

EnIELON0UE

DI ThHo

n_ﬁggoam(@" NI )

Mo

affitre. 2.2 DRI ITION 2GR/ 0IN @RMIntie MRIQMOAIMEINIES Baldr@6mo,

(Iv)  ee01e®m @elElod @:o0mlaamueloilanng
oMLY OO @GN0 @ lEeMEaBS)H S
auigoalo &#M®Oglal 1108R)38 BB )
@s@Im) TMU@OM?IEM. DB AVallaflen;ano),
SOCLNsAS  @losmesnslad WEIB[HINM (B
apany ailgleasqg]siam amvglal alodem)ss
SHEMNEERUS HOETRAMOET.

(V) @oc0onl) Slosmeansns (DeIGE0M)®»3)0S)
(GBI BBV eIeH00l wldolajldlenan
alBOBLOBBAHBW0 HELNONS Glosmmoglwlad
af)S}OTHIBIS A AUXDESHOWIEKZ TOISINNETTHD}0
@y Oleniaslel.

samlad  avlary DLIGEHMHUWE  of)SI0 EROERS)
HSW)o GRSITUOOMCEISHo  BROSNAT)  DH)EsT
@RMYATHD00,

2.1.2  @ee@Iemlan 2683 23MIe MAILIES
@RMIal Do

1897-08  (onf15a 8OO &S (O EAD MO
HERAE.CMI0TVEND BN H1BemMmag] Dal@)
o] elsesosmlnnd sensmatode: (e), aomd (m,)
af)MDIUWAS BRMA DGO HEHUBY BT RETILE
BUS aloTaldo LlosNIR0WIo MEIG BN HHOS
alom W LloeNIBOWo  (alewowla] ®RAAD]
(alllmo 2.2). HOHOUBLDMOAEMWEIe ADo LalGwoUi]
DDJEMIDGE  DBIGHIMBHWB EROIWHS 10O W0d
WS ay@ilalelenew)o & slosmmoglaiod
'"Alagymn eniloz)QNod aITNH9)@@)o HalQ)amn). GBM)
Cald®Bl MEKTD O HReMULEle A Mo |[nlCauil

53 GAUDUY, @mcs[,oegosmgoeaua HOCLN00L  &losm
mogloiael 'C' agyom snilznilod armlanym). ence o
e EAMMUNRAD DT TLODBIMA0W Laicoui]
D) AUFl DRIGHITMIBHHZ HNAUBLD SO
CHUMODTETG @RE0UOHIINS @ral allom)sdanle)an
ald®UIERIss DD1HE HHMEBIAUOOM TVowleso.
sRaEBeHm oral &I ‘B agan snilm)oncd
al@ilé9)o. HBAUBLMEDT SHOTHIEEA BB AsMbEl
owlaad ToaNWIOTIGE &eMloaa)as aldm 0w
Wmss ay@leomonilend @rsal QRS 630s)oTs]
FlOD)MAIH® @BV aflG1ED)M} A GMOTVETD
aondidlay),

) wamlewns omwylel swdzloal aesal
SeMlawes amnglal aindelnng @egal &,)s)am
@IMMTUEla] GRAITH OHAIGHD GROCINIG]
SHITHHRSMDEIGENIS)BS @D LM L&)
&) 5)DanWclen)s ERMIMIG] a@IWImalD
15 e a0,

1) @IDABING 2007 : SETEHBIO EOWOBDIND
QUL@IWIMAN o 515D,

)} DU GROLBIE G000 Gt DOe ]
BDIW:  @BIGLHIWBSI08 LG H9)aD
sausudegElnng aidwmalmmrclealo @raelBIGd
SO BHREMLITNING  RAD]EHM)TVBTE a0
SDOIBLAHIMHBIHS WINRLOANMEIDE dFlamss
any@losme adwlen;an).

HOAUBYM ERHLITHI0I BT MM RA® VG
SDBIG(BHIEM BB A FRIBIAD Ay WIMN O8]



@Yo ABISD

LD DOV BRSNS SETNEFIOEISIOR BTV,

¢
— mans Midsmalanomd avleom). @rmlead

&

@yeILo:

4

=1.758820 x 10" C kg™ (2.1)

emailes m, afanod WEIGEHMIHNG leelnwon
eS8 BOMVo € af)andy WRICHRM  2l10d2dlH0d
segonlenss (C) argonmosm. sele|e0sm)e:ud
anuQlal 1128 R8s BRVGIMIG] DAKHHEMIHG
21088 -2 s,

.,

2.1.3 eIe(@lemiang anded

ad.of 21eflenad (1868-1953) SDEIG(EHOETN)H@HS
21282 Mdsmolanomow] agaladsndls) @0)
ooloen’ agemoonss] alelexsmo (1906-14) (o1l
drop experiment). molod  wla) meie0mlnng
21088 1.6 x 10" C BHHEHAT BREFado SHOETEEN.
OHUBLD 2103E1H03 MANHOD T kS0 R00 MEljo
-1.6022x107"°C ameny. @D aldleMsmanelssBud
MMV SEETROTIW /1, @M 0mAILQNEO]
(E@G%ﬂrﬂl%oaﬁ MBI BN BOTY  &HEMNOND
BRDD.

oo 1.6022 x 107'°C
* e/fm, 1.758820 x10"'C kg

= 9.1094x107 ke (2.2)

2.1.4, ¢lald85AM}HBINSWI0 (IE(SIMISHSIN5W 0
E 6B ilSI Mo
al@latian@la) @060 slosmmogloilod msonilw

eeU3L® Wlaba10ds, »mooh alesmssyd (canal
rays) opmalweqsian coloavlglal 2108m)88

41

SHEMEBBAINS  HOTROMEINGEISS MWla)). HEMBo
samIglal A103ENBB SEMEBZHS TVIBDOIEBE
MORYY IO BN,

) eocwno SlosmeBgladmlan; Al iriomaswl,
galolglal 41088)88 Mm@ &¢I
SoemMoSIUIGE ag)S)OTIIBIEaN QISR SGIOIRG
TUBOUSTT) @0 ajl@lanian). ol Gl
Galalgal 2 AR AUAMIS> EREWIETNEREM.

(i) @MIBH®:E)HS 210828 - BOTY @MAIODO GRAI
aR@ed o) 2oBANACRY @GR UIDGHHTD
a0 ajldlenio.

(ii)) GarIQIAl 4103288 aflel &emssud HRAIBLD
210@#160g @SHIV NOM aGAEOIRG !)ermimsan
061 AUaOlEN)aNGS.

(iv) &0 BROLISIGE HHNIBYMCHH BB SIGd
DD HEMEABBIANS Hal@IAOQo FIRIEBIM) D
@ealB108 B0 Bloemeasud LaldSla{lan)
an@al smdaileyruoos .

oo 210)Mo B0 SHIOHINGAIW EREWOSND
HNaOLERMIEE AN HISIWE; @M GrIESING
M IERaS). 1919 BI06M @D GalMigal 2153855
SHEMAIHG L IED LM B HEEMROTIRM. af)mond
aflan1s apgamlnnd caIs@aw] ao) SO0t
mldarie jesmomienag TuoaTikbjo BRI I MBRGIW]
@enIoWeq]g;. eenudlelloamlond o) emdam
MSI03 X-momeanas weo2ow] slafla] anaballd
(1932) ® HMEABRW ®HEROMI]. BLal3E506mM)
SHOBENND @REIal0 »)SIW BOTLIBB,  HHUB LD
N3N0 Y& emerBud DD oldlomMsm@uEd uiatisles
Ba]5). TREGaOo MAHD MYIGSIMM)bUd ofya)
A0 5o HalBm). DD aAveild: HMaBaHs
La LM !3eMEIBUS alglds 2.1 63 05 o015 =,

ndShe 2.1 @RSNILANT GaDBEIas Oemuwddengd

mI2e [P0 =Y Ea0Iel e/ C me”'ﬂﬂ,’)‘e’ amiZkg 2XM/1 “9’6"?,3“3
a0 )M/
i -19 ~31
GDElS E(SI6TTD e -1.6022x10 9.10939x10 0.00054 0
-19 =27
&(nE56I +1.6022x10 1.67262x10 1.00727 1
-27
M)36(sI6M n 0 1.67493x10 1.00867 1




42

aleilenan] «Panomas] ~1eiesieme

Y ol@leHOmas, @agIeaaquolol aeumlang G.omlob
gelaIElEROSIM opanomissladd, oaislenn o
wolem 23s8le68 Jdesomand 663 a0l
MiHlGOm1eas Healseles &SeaNm @minuslag.
MIEs] HEI0S MILYENIEs o8N 663 faag(araiod
EMMBINe B momlenly rjesdrlnlwlaies
afleflgg 0o myasloaiss al¥anileos @Rasn3moleIlss
R OmIEElS8Ias A @ResnIm Flglondd selaTmy.
ST RE A S8 SHSOMASI0EIE @mowlas WIW]
GrewIMIaElonnas]. «Jg) Oissladed Hanrm g
SIS QIO SHEREWIENIHBIAIWIMRISIN SIS1A35L17:D
2IR1206M, MIESle81eS IDENYe 0RISOMIM [0l s@Inas
aag gruidesmlan Geolenle [WInIaeam owlo
Eemmals] @9 NGHO DIHUmISHSBIANS IOMNESUNT,
S0 eIMle adwlaleninie @eegeIm @ee
Mgl B2 )603MIe MOWEHTa, 66U IO S SH{ T ] 6
SEIOHIN] HIROMIESHBI0S BIMOMLIES (1B
mesnaIn] dldlesly deeam, mjadladlrRes HenRN
DG @RS, DEPWEMIge aeumdH () Wwins
BRg olg@emiea]d HIaNMmalu]elengaan e emom],
GROIWO, g=ne.n=1.2.3 ...

aff)sTfpory S5l

s Dol oyatlms

=Y
@acn%}aq [ ]

X dabkn
BIMSIRH

\En’]mﬂmemmmﬂ

ELES fspom;ss]
2@ 2.3 22880’ BRgORIMIEs Spfontl (PanmBISE Saltteao
S AHATEROWIT, o) R ORI EEIBEN FRMIZUNISHID FUatemRd:
0303 26 CniameTURt, H6UYMIGNUHIEION quopwime 205768
DO U016 A6, 2alonimm o gpomiasleglas @ixmm
R SEIA U,

210d Hieed

2.2 @reQIdl&2)0)&a: 10

oy allgowemglod ~1000dU0laflgss alelessm
sglodmlan  eigla] mlelomsmsagd, aoodgead
@0lzoEyBow @RI , Galomilglal, emnglal
213320 DBS Oo BIRZEQIAS HEMMEABUE HBSRGW

DI ThHo

a0)ailaflemian;. RQ@TIHEl oMo 21SGENG >6m
eBa)es allmioqvaan alltwsladlencad alym Tl
@REGOHE AOMYBBUE RBINIFAITHNNS). DO
20 Hglad allamlm) eygeams)es dqunlem
allwaIeolencmd o flamincislale, &ReOR.
GIMVOTVEMo afeMAY OO EaNIBALJ0 MEINOG) )
DTS DO BrehUd BVOE 2132 2105aM.

2.2.1 8DIo(VEND @30 2I0Y

1898 03 HE. HT. MooV, WFBEBUR A mM)TVG]a]
R0} EPQOIN FNIBIBYGIWISMBBO). (@BOO aRd>
g3wo 107'm} @rEIO3 gnldmilglal 410883 agamom
200 lmesmoe 62 1geaSIBlemnan). efale Tudloe
WIBH SHHUBLINOBBAENBHAT®H0sMe (2o 2.4)
eidlanan 1 WIct MeIelE06Mdh(d  CRO T
2B e OMBEH)M). alo algllodd, &ORITIIM
anlod @osaiEod merlacmad momye o}seaElo
algl Gal@)®S)o @D BOMYHW KR MBS

carmilnlal snogs

~N

—— @0l 506N

2o 2.4 @ITINT THJe 2ITY6

Galoavlglol 21088 80} onplod’ aroelsswd
@EPIACDA  BRW;o @EI(SLoe;aOGTT)SoB)Ua @R @3
DU |BOW qlo ARGLIMKIGE AAm)SHUE BRI WD
2OMYBGHW  TMBHGI{lEH0M B, BRQOWIHG
20 ace @rsalcd ergoRilad a)PiaInd allmosms
HIGea S}V SN DD BODYHTRAS
&0} (WM TUIlEWHD. ERYOTIHNG BT
ensg Mdalleymaw alvedleolen;amolod o
2oy AlRONa)) apsslele llan1s)88 aldlemsm
anslEEB gm0 GRMIM  HalI0}TM&e|Somowlal
UIDHEBBIC3 5S1WIBH HOHOUB M A 108KNOHIHG
NTVLADIMTH N0 al@]SHMaMIDDEHARIW @REMIAH
SIMEBRUIARS, 1906 @3 GINVOMUSTT BV UM BTG
OMICHNII TVERMo EIEla)).



@Yo ABISD

alSHONDIUTNIe (BIQITHINGG GRAHTIIN ot JORDNTE oy
Maomlelae oleanand soasomleleim). 1895
U Ba030 EOIETHENT (1845 - 1923), DK ITDIHT SIEI0Y
alagnmiglolos eeg amlmaleol aalsfeand i
ORENERBOG"  HIENNY BIINMISIG 805 IJ0T
asfalosym «O8j0ema” anaolesio «Jjoemamn’
BaRISEIE @Ylageamt sy, NRGIPanTINag st
302688 @ERNIQINAITIEINITE, FAEGle EBUD ol ()
@EIBEE T MIBHETNe AW TRQM DEIE0
WISBIN]. SIBDYFH08 oI HSIEITD FVHBAID §LIIal?
BB EMIWIA ST BDAIGGITNIGIT I 2208 oD RS
HI@ENGORIT D813 Bt GR 6 5] 2TH
(@aneloness]. D SURL HITDIGITNAIERSIE
@ ARO6 LS oPOT BHDAL] DB 2O VDITIE GBODN
Dol igea S@Emaialan’. GRMeHITEIN
(MO EFO08368 GRaelawonamliniel oy aleansasd
Bal@IDNE0) M. DY HleaNERE HESE & J06D
DReeesdeaiasci@an’(~0. Inm). aymag Doiw'ss”
SHAYTED DI TYEIU U BF (3H0e 2.3.7).

oflar agaigeardd @B wimT nidaleananas joomy
ST S]] SEUEENRT (1852 - 1908) Mlaladle].
B9 (IOBIVODD EOUNCQITHSNUD aPiDjo GRODED
2JEI66BO8 EOWIERIMR I BJABERE P io
afigtengomy. eaal @0l odeol sol ojnde.niday]
SHadIG: SR apriaieoe) e Gocuaie afkemiflopy.
2307 Mo BIEINTRID ERMIV® o, fi-, ¥ aleandpd
DAY o JOBDIHISADIGUT SR NSIoNNLI5] GaE
@iy tadoainind atxoege maal @Iamly GesIake: 23000
U NS BRGTM 9908 HanaBgIn o- GueAlwln
BEGNDTT 0JDOE0I0W HOGROD]. X S6MaoRil BeE
DL IS B2 &315185/8MmT 07808 B Ge Ty
AN EMIHT & HENORIT NI80@0 M35 Bl TUI L 68
BBOMIN @CHGalle @OMIBIMIef). fi- slaanand
DA I3 BE6T TRIDAXDY emmgkl «NEE88 Sanamyd
aBAT . o (N SN CotIfR8 HQEM HITBIE8,
o= hleameopsd WlanTeRIQUQIan, G SaNle 8L,
& GENERIE @18 sl] GWONTE BHON HBOH GJOUIRBUTI
GanBILiJe, fi- BEDEBBIe (X QEHEABBIGS 100 ASEF),
- BNENEIREI0 ( X HEDTRGISS 1000 BS6T5) Q2365 Q0NN
BHTD | BSUTITT,

2.2.2 031nde~niwland m3Slod @y e 200)6

NN GanIFWe  EREGaNOWIHNG  Wlaui@Or)o
(200030 HODNE, agemay 208aaaLad) o Sloem
FBES geo emdom qudemomalsiod waeailaooi]
5123512 )3 OUOBCaNGAWNAZ L ITSIBLACD O dhldsm

43

ABIBEMETN 1S

ED@BALISBEDED Hei05 Ge1S L b -
28 anomS HY Qﬁﬂ\)&%\)LU})l}_ﬂ’]oﬁo
el

2ili@e 2.5 A, oiodennideiong cllroeen.siesiane

& maTedBESeas3n MDD
ol UG EMEE &S
>
- -
.
-
[ -
L] [ ] s

_____;_--?’ & @nime

L.
y

—_—
L ]

T

A/

e

/

aydilaelsengg O ®ems

B. mydanomalslan mmsmimai)ige

olfme (2.5). ogudeanidaflam almesn welessmomn e
UmMAlIm of|mleeame. @RGia0 (1) @eMEAREINSs AR WA
gy emanm mydsnom alsieles el oImlef gge
@ #El3I00Z 2INRBXMIHEIOM SSTNIEIW. oI,
aleim oy mlaeileands].

alavesm  aelememe  (o-particle scattering
experiment) aflimo 2.5 @8 2@ 1e6]2flolonam).
golEomo mueg“lrﬁ elanommilad alas alj0eqas;an
DA 9DIRMBS O HEMEMBROS B0) WO BO}
GMBOID) EGWIBA EBIRA0TMEISI} (mmo ~ 100 nm)
wSlafla)) eMA@M 6B GRIAOTMEISIN)a Qo
AyEmoS\®Olanss ao) adsj0amueg  avls:
TUUdeeN0D BOWEMTEOIDITN). C—BsNerud e lailsd
Al EMINe9Lve @y snila)aldd a6) o2131w
EaDEE QETROER)ITD).

AlaoEMa o leHsMOBIRG anekmRud QIS BRIy
SHIDACWIOAD). EHMWMVEMT BRJo AUMYD BRA
Todila), DSISIHEI B0CR0 TUIGMEBRQOBBWo AT
@Ro@ilensmise aleanloymeaialed, eraldan;s)
eMAEoaIDlod &SIN)EAI2EHIM GAIETR@® 8DERo O
AETNEBBUIHMNEMROTIDIM), MHISIENNS GSAN)Galdd:)
GAUOUB 6T U8 BXBIGIDIRINLHAID]0, GrDo6

— andilaeilsengs

=\ ®la1ailenoalg



44

AlWoAoQM) B M@ 21010 EBH0sMB bS]
enaowl@lemenan)aoem (axmledlafle)ma). s
alpleusmamnel M1oTaUsMeERd MINF &HIS)
D)D),

Ly qudsmomalslenes dles O &HemesBae AL
MOBOAMN0 EHISOOD BHSAN]Ca I,

(i) O EMEEBAS 630) HalFlay B0 HalFlw EmIam)
&Blod aymlaieilayy

(ili) QUIBODEN02] O HETNEBBUS (~ 20,000 @3 1)} Bdlee:
QIaD}, BR®UVG aral 1807 alee alylaleda),

D MelausmMEEsns @rslavnomoemlod ojlnd
6a00d0), @Yo BISNEOWSS)la] GOHPa|OWAD
aNnamemSod ofyowil

) @@lE0We C—dhEeMmsEBSlo MHISIENeSs Ay @lo
MEHlSIND HSAD)EIOVDEG06ME  BRYOTIHG
Q10 TOEONNG @)@1RINORD YoM YBE).

(i) Golomilglal 2108@B8 aB@OMio O HEMEEBUS
ay@laleila);. 0 ay@loon@mla) &oosmo
alsae aelo olledcdsmueam]woen. ara
) aila lE9M@ MV HO)NVG Galdeel,
satavlglal 21088 erQEUlang Mol aqunal
@20 01y3aila)} S1S59aVIS] af)INIEM. CISHO
821010 80} UL IM@IGE G (Blad]a] Galoayl
9lal ade arpoiclensmo Galmilglal alodemss
O S6MeBBes aly@laleily flajo.

(i) YOBEa0FU BEMER0ASOmM)MNUGla] @RY
owlng ayed Qy2almanneo]l moemalo
Ba1Q) MU MyFloaslaag alyoaime g
Bal0}MosN. ARQOWMING @Ry 107" a19d
AR GlEn eI, M 4idaloaslend 107" algd
@M. 30} (HloOG @ ao) Myaloadlen
LMW Salee)am s o, @roonilnn ayeoe
5 oe;l(g-c_lmmﬂgaw’ka’loes};o ag)m mm%’b_laoasﬂ@amﬂ gDm

algila] alym oo allealailajdlwsoo.

ea@alosoy  MWlelotemeBgie  MINAMmaERa)o
@BSITLNOM20ES] MINGGA08AL @RQEIG My
@od DODYD (GLADBS6MH SeeROmI @M
GUaHo) MIBEFUWa)). D BOMYE: @RMTVG] ]:

(i @momﬂg“lm” 215880 Gygomlnel aoavlead
BiEleonane Agen a0l CueeInd G131
@laflElan}am). EROOWINAI 2D §aIGIW BAWEDIT
OYOBGa0BAU MYRIAT agymos oilglals.

DI ThHo

(i) Mm{FlOa0, ALEDOSHGIV]IERAN ald]chaem
allosERglnd Ao 2OEM CANMEDINS TIsIG]
HENAD RN BHBOOF 2100 |SI@HN)AN). 0D
ABISBEMAILOFHS B3GMIINIU3 af)Tn) allglay).
@REEBHM, OINBENHWIHW BB AWM TVHO
WILNEWIEMOS qUoBLURLo al}Rid@man); GrmIa]
MHFIWAT qUIBIOHG aleh QUadlen)an); dREH
TURWe IEIEGHIMEUD HOBBIAN [Nn0EE6S
VNG,

(1) MLIGGEMHOBW]0 MLSIQIVIHNDo &6 )0
aflagy MEEME TUM®mONAGHGIBEausM
EURISEBOAT.

2.2.3 @ReQISlSMos Wie 2 XM M) Wa

myiglomilsal galnalglal 2108@lm) &oo6mo
ARGIERBH CGlaIOEGSOMEHH0ETT. GHOSOD MY
S WM ) Galosel elaloegosmlenss 210083
DBIGHEMICMIM) meiione ananoed allarlo
QRIS MYIHIVAVIE HOTMNEASIAD GlaldEFI6M)
HBIOS af)flNo @YMNELLD @REQAle: Tuoerly (Z).
DBSAOSMOMINY, eeeo bR myaplomilael
Gal0GSMG:BINS af)siPo 1 @R, Gmoaslwo
ARQ@WIGE 11 GRsN), GRMGHINE  GRAIMGS
@RQHle TVoAIYGUB VIOJ(BDo 1-Qo 11-Bo @RS,
paay® mdaleyo dlamdamymmailn, eygomi
B8 DBIG(HIMHBINS af)iiNo GlaldEFoM)HB0S
(@rRegodla:truos ), Z) of)sIRemIm) ayelaoldleno.
DBSaOOEMOIH T} HNAOWROM BYQOTIHEIW] o
CIVOWIWe BRQTMIOLIV] o LIGHISM]HAIHS
af)sNo WLOO[HGo -Qo 11-Qo @RS,

@Ryenoals, Muosly (Z) = 80) @pg@mlael m el
MIENSS G I0E506M)HMOS
ag)sIno.

= wldalley eugomloe

DEIGBOMEHAOS af)siPo (2.3}

my1gplomlaag ealomulglal 2108®@Im) £o06mo
GlalOBZOM}BHAEM, af)aINOM GRS BoaUlm)
SODETNO BLaIDEFOEMBHB0 MYIGSENSHB0 BRY6M.,
MBal TVallaflaj®)Galonsl, @RQOIOI Myl
a8y ELaldEEeM)HdeIW0 MLIGLSEMI®:HBW)o
HaME0! &0Ta] 321300 NSO} MY lE
) DHUZ afTDOE. MLFHICWOEM GBS TS
afsIp@oen’ maay qvoaly (A).



@Yo ABISD

2oS auostly (A)= Glaloagosme@es (Z) afsmo+
MY IBLSIEMYEBHINS af)so (N) (2.4)
2.2.4 Qa{ETUIMNINIGHEI HaEMIESILIIBEI0

B0) GRYOWIHM TV} 2 ila [lee;am@Im; RGO )Ll
(i eaaem] (X) aedlnng osmaumon coaaly)
@O 2T ToosLy @0 (A) DSGAURGI 21)UNSP]
@O @RGZORIS: TVoa YD (Z) S0sTIkanyan) ("'\3 X).
HAETVINISOBUD RGO BITY TVoBILIo QILM 4TV
@REHOTlBHTVRI D)0 DBS AERYQEBBH/OEN. VB0
smaoila, 'C .. N . eremruamoe, 860 GREQOHle
MoosLI M@)o QUI@IAT@® BTV L0680 85
@RHOEBBBIM HaGAVICSIaAUB ag)a @ROIWe]
S)DE. 2O00) HAGHIGE alOSINIEE (TVANUDS o
2.4 (0 13:000), MYGIOTTIELAS QLG TS MYES0s;
BHB)HS TVTIWIBIH HagBAVIGSIe )53 ®Eilenss
QAY@LOMEHIM]  Hoeamaaa  amqylensnso.
DEADEIMOID, HOaOODRM @YGo alFlNelH)
MO8 99.985% BBAOWERM BRQEBRIILN0 B6) Gnld
G506N3 BOLMAVEM PB/O. DD HaRHETVIESIaflOm
easlas (11H) af)amosT) Afl@laammad. sniaskoas
HNAOWERM ERQEMSIGI O V6TE Hag)GTVIOESIa BB
BRSE31VIG1ENIAM). GLAlES06TMo MYGSOEM]o &aT)
aflme ersarloigss avyglelos (D, 0.015%), s
Glal0E506T}0 |, 2 (DYIGLS0SN 8]0 BRSEBID SlaHyo
(]JT) afylal. (Slatyo HagHeII0E50e] RV cigen
EYOBIO) @SOS E0eMExN S)NO). HagyGT0Gs0a ]
SUBHS MWD S06MHSIAM AF DEOBE
EABZOSM 6 GlaldEFO6M)» WA ~lj0gn 6, 7, 8
(yC, 0C, ['C) myiesoemieud allmo apses]
U588 #:00nIeMd @RHQEIBUD, 17 GLaIDBS08M) BB a6}
anoen 18, 20 (72 CL, 71 C1 ). myeisosmiendd ofllmngs
G018 @RGEERUB eI,

@RATNABOT] Hag)GITIOGSOa NS TVoSNUMU af U]l
aflenoman QIgen (nILIMmNa]3 B0) GO0, BIPY
SIBB)NS @AVN)ADSIBUG DIRLIH0)ADDY DLIGH0
SIS afSINIZIENT AWM, @RAUHW MIderna]
DA DY FIWAVINL] G id@SoaM)HB)NS I
20577, MYGWAVIENBH MYIGSOTNBZOS of)sIT
OIn) &) NAISHOMIHNG TV 1)EMeEE S0
quRWlMo AUBHD HJONUVETT. BRMIMOTI, B0} B)El
OOIBG ARSI HafEIVAESIaGS)0 BE0 OOTUIVIZINI
HOETOlM),

45

{nl@mg 2.1

S Br -ea  8lallESMIe®,  M)38150am 6,
LIGD M DTS Defle SRS,
D Go
WBr, @ £ =35, 4 = 80 epge dldalgrowmlnict
BlalJESIMNIHEINS oMo = DLIEGIMISEINS oPffo=Z = 33.
(NJ3EISIMILBINS oPhe = B0 - 35 = 435, (manda)jo 2.4}
{nligmg 2,2
B0) 2I8SUMOL DAIEHIMISGBINSWIa &l IBSIEM]
SBINSM0 MIIBSIMIGBIR5W0 NN WO 20 18, 16, 16
oPITERGMIAT, DO ERMEWIRAND ellaMa TG,
D Go
ORE0I2] Mol &[alMSIMNISHBINS PgHOMM @m3ey
a8t = 16,
a3eleo MUidand (S) Grem,

MOOWIGIR ANV eRl] = MIFELSIMILHEINS Dhe +
BlalJES26MISBINS oGho = 16 + 16 = 32

BlalIE5IM3H8305 afifo DEIESIMISBoE MIEYAHE)M
oM oo mldaileze).

607 GRNeWIdl Gpw molen odw BWe21088
EIE(S M DE6T MeN20enT = 18 - 16 = 2. @@ia] aflaito
2QE apamaer,

g0l Z‘X oW (TUoDEM 8ol CWINLaMAIMNT 43(Maliwl
o7 ol gez Méala)@pge, 8@ SIGEWITD
GROECIBI0F MRMEWIFN I AUWIE  pOISEm T
SeBallSleme. aeg dldala dyge MmeMETS, ManIeo
{2.3) MO, EROIVM Gla1IE5I6MISBINS «fiEhoe -
DRI SINMRHE = GREQIZISMo6. opmIeld ERewIas
(R R6MNE 00, Bal1)ESIMISBINS ofiglo SDLIGIGIMNIELBINS
oPEOMERNT H3SIMEIIEEM] (HIQEWIETE, WNEREWIEND)
GROLIBITE SI000066M (@HMEWIEND, BeMEREWIND] ofar
mleg2irlenis. mdale @agalnmelrle FREWISMIWIEI
MY3BLSIEMNIHEINS DENo oP8IPI A-Z GREN.

2,2.5 03I0@CA0 A 2IOYSHWING M)INOEH D

MR EN0BAL MY1RIOd TRQo AOM\E SO} O21T10
TMDOW)N0 GaldeIwosm. mmed myglwad glao
SOOMIY MUIOIMDIWe DRIGEHIM B Baldlw
(NanNEBRRIA0W)o MUORee|SlElen)am).
TODEWUNA @ S DI GOV SHAIHAENIM | T
(a1 ER] AU, (HWadMBUd of) ABOM W)
i@ ROVITIB2 110581 ]G aloGREInd )51 Ve sHm
2 NGOGV IAMGHAMIDAVIEIENT0. (DaD6BRUdLS

I,
Wlenss 1O OIHGaUAT  RLInsET [G- ;}

T

218K NERBIENT @ROY (UYWAY TTHD,

MYGHY A IEIDOIDAERHS @pslaurmuoesin worlimmilasoameosnd gonilenod eaaeorlems. qunBIarmimena;Hs




46

wailes n,. m, Aoalam)o, I, GrAdHssale)as
31000 Vo, G af)In®B)  W)O)MISHBasmaurilos
EHOTDW0 V)2 llalenyam). D MIELDHZ}RICWOUTla]
{Dana Bl @ReMallnem3ud (s30dsnilgienud) & myeome
HEMNENIENOM)e R PFlentn). @Rl alo’laMsmeaBalod
mlan) KI5l ERIOES)H0N] B3O Galddh D)o
Sal@Ian). CUDOWLOANMEHWe MYIAI0NE BOMyBWIe
molenss quonye, Gymiacw] Mdalailensag]s
$30@NIQASBI08 )51 IGLBETMEUS MY1lMslam
ARGl TUSRIF SN IHAUID TV]allaldd)an). ©:)500D,
FRIGLA6MID Jo M ég%’l@m’lmgo sulanney 16800
enilasenicle (kg,q./F wailes q, (, agarlagosn
2103myen0d, T-2108@Baslswlenss sraelo, k-
BRM)alomaudleoso) WsMlMaloasw] WIB)®mIO
SBAMETNENIEKGIBIN TUACMACETS. af)ITIBMOERD, SO}
sodmilglad &5l &) AUTTm) TUaRIA]Ea)EMIU3,
spolal @iesmo (acceleration) uorailesan) (B0}
ooy sodsniglad &5l audlanow ealn@wlad
UG 06300 @3B6) S, BlUd BOOKTDDEXSH6TIE
@RMIM} MIOsMo ToRA(ENIMD). @RM)H:06ME,
MLHWE 20myAW03, NaNEBBESH)CAIE)BS
$30@enilglad 06BN &) MeIGE6TID) MIREM
B)TE, AOSTIRNIRNHG HEOIFY MBI TIlRLOmo
BpM)Tudla], 2103HmBHEMIS  GIOEMOMIMm]
AW DR BTUNU  SEINUELDROTD] S Alll0emo
al}08a]s0ile9am). ((Wena@Budes 21088 el
@MoEE BRI MD TUAGRH® (aldhSlaflasanle)).
@R@mINod, 30) admildlanss seiaaem allelo
§Mo alj0sqjsjailane. ailelosme aladlesyam 9@
DBIGBFINMG a10INEOIGE WA SENEIE:) ).
@RGINM A0BINOW] (BREMallOo )50 a]ow]
2 )BYETBYID], SETDENBSENEUS V) Mo loyands 10
BTVEOFIR B0} WEIGH0IR Tudq{lsaownl (spiral)
TOsIG) 2 MLHIVMIEE Arlesaanosml. afanocd s
TooRailenanlel arOGimodd, QNBEANoAL DO,
D8 ergoleng qmurlemew olwaleelenomo
)TEL. &0} DEISE0ETIRNG 21LKNHE GMSlannd
FDSNIDIBTIDBD}0 HNOIBYG BB TVl
omleadaye @eslavnomomlod alweleel a]oed,
eyl ¢2106182|0000 GRQMBHINS ARAVAlGEEE
00O LIGH06MHHNS BONIGITE 0SB
21LINROOEMEL BB, DLIGB06MHUS MR loqdlm;
200 audleaooldlesan) aall alblwemla)) &)es
SWAD. WMOIGBHITM)HWE Mluaieimowioynmmaslod,
TUOLBMY IRV ORIGLEHIMHBlo MmEdla)ss

DI ThHo

MAlMOHAUBY DI BBaHEMNo,  DOIFHIEM) HOS,
MBI @NIGBIS 0IBTl6 2 |S)BNEM)0 RO GGV
@Yo BIMISHVOS &) 9alTlW (al®]0)a 00w
D000 &) 217} 0.

MRG0 BOMISOHS ADQOD) NOIMIOHOW
GalDEOW Do, GRQEBSINS  DAIGLGHT
elsMaaE)dla] &aDjo  alow)anlel  afana).
ARHMOVE MEIGHIEMIHUWE MLloadlm) anglo
a)EEBOMWOSTT Al 2 fIGlEMaN®S, Y MILIE L0
MBS ODBERo of)NVETT afanilal.

2.3 eond@ @Rde OSUICRISHIES Olle:IMe

MBA001BEEgSI08 MSOMee|SISIBs Balne ailalesm
amgic @ilengs @ lsludemmalonam el
WMo SHOTRAMIW aNLIERU GRYHEBRIHSW] o
DD SHBIHSWIo "MRISM B alde]S)@manolal
Ma00wsnow Al modalvlgsns. ojLnd
$ano@0 MGANIGH0Ia] AODYB: D6 |SITMTDGS]
Mmool @M aneiEIRud MIE3T @M DaIGLINO.]
S)O03]. GO @RQo DOm0l le-0emaToiled
(A1WOM alfd Qadla] OMR) TUoRANIE:0TUSERUS MY
ajoWaNQIOs.

(i) ey ®meomme: allalosmomlnng He3Io
IR0, @RMIW® oilaloemsaudas Mmoo
UIRIOIC)0 dhETHMITUIBININ0 BOENMRAD)SHON0,

(i) @eEQole: MinalaneMEN)Hal)88 alolesism
aNDIKER3.

@B B0V HOAUBYB BTN BBV NBBBOS
HOBKD TVIROAUSHONGETafjo 218s] SalGvo.
@REQME: NIl (SeWaNCla)}8s alleusm
ADBIEBM 8000 2.4 B3 alBa] &alD0o.

2.3.1 9IRS IS QllSleemamiang M@ mIRI.

AlD@MOMUMIe MGNEING BLLCTNNS MIatlw
amioeegleal eruilosm aodaudzm allelosmsan
H859)01a] BOGE ROTUDEEDE 0030 ald]
2]l WL @oallw ailelesmeanud afanailgla)).
@2allw allalesmsmud agaslnosad alddlmasasman
S@ENEomod @rpald (o)), moallw allalesmesngsl
enssc’ alollmoe GBIl e MReNnNG3aelynl
0)88 ONAUCLIM@M]S DY ERBBIHEM MM
WDGajod MaNIE] @eAl@IOAM AITIG MO,
AIDTNOMaID0 MQOSEIHNG BWIOTIGE @RI
20010} allal @RWIHe @RS GIMmS]



@Yo ABISD

auNoMo. Moallw ailaloem MlweERHSENC]a] BHO0Y
SHUNNODY ~lGMo @RELM0T] MSIND  1850-2106M.
OEHUB DR @onMilrvoamalje miElaratodslo
Semepglad mlangs momoe allalesmaBd)as
DEIVAROD@IQ e 1870-5B105 @@0oROm1G3
RO 0868} 20SEMInnId @y allsMilajlajas.
alln1s §annd(sla] HanPad @M aloleuemoms]
anes aoaledls)). Dailss MaEEe HEIEDIRIHT
Al Slesmamesan)0la])88 allal UTm)® U3
alFB900,

210895 QITTHENB0 OORIBY WS CHH|W
ABRAES (TLIEOQIA e Mo mun)eImeIdEelas
DTS alD(SIDHWENHa] unwaow ailuvaleoamo
@yEL200] MG3SIDGY HRWoM noSTSnnued (1870)
BRHAM. HHAUGLDaIBRBS SNl MIOEM
GOMIS)dn)S] alailan)amed, msailgss aeaIaELm,
SO BEMULEIERUS MBI |S3Eh@)0 (alTOB)H
90]S)dW)o B2lYOATDI0 BREGaD: al)ENElenogl. mm
DMEMULEIEEBU3 HNULM R lbmonesnyd (electro
magnetic waves) @ROLIELITE HHAUBH® BTN
M 1BMBBYS )M OIWHL|SIAD DRSNS
@)elemZI0F  GlalaMsMo & alQ)am,).

(l0allm 08l MymeRl GROIWa|S3aN allaslosm
@) l@0sN) (aldH0Wo. MHMIEAF TURSAIDEDENG 2 )85
@RMROMEIBUY 1B @Y &R0 WHOS )sem3lw
MOEM. @RAELMH0IERSIod (MLSM) Lalddwo
BeMeIBgoed (corpuscles) MAdlenealsmos agan
@RMY20M] 210N}, La1BB@NINNG @M RoWIVIBIAI
MNIallERNasMm  ~IHEMIBal®moo  MQoeElnd
QOEEOEM.

(alaoW@moomssBUd eroeimo (oscillation) elgyam
BNAUBL MBI STLUSONUABREHOGENAT @3B0
paIglaa]S)ouwd)e A0STUHNIGE @R (all®o 2.6}
NGB L DRI BMBoWalBDo s ldamauron
mBBMIEMELIENe allal cglmnrw MOIGUBAMEU3
Ao 1Bl 0.

() esoeimo &alYam 210G BMesMesBUl BEdalod]
2 leNan HHAIZRMSTIBESMDEABU o loTald
BlosNIAWI@HN0. HISOHE @Rl &2GO2N)o
Moo GlaleHemalunad  slosninnnowlalan)o.
HONUBLIM S HMRoNEMBINS IFIGA0W
afli@me 2.6 @3 oel ajldlenian;.

(i)  wenimoonsISlodmlan ereslsled Rel Mmoo
saBglod mlm aymyrimaow, H5AIBLTERITI;

47

IEHCUB A T EETILLEI A0S oy

/

) XE:'LnJ:ﬂ:IGm
feqlin]

AHOM e BATUIEIN 1S dha

dli@e 2.6 @@VHUIDSIMSVE.OOVIET  HeHUED

SIS ML15860800 . @7 asaemuden aee Mmecnaasdea)no,
ERYOTV e, CUDMWe, ERWOHIWIe BEE, HANIM GO AEMalGs
2o A2 eI smRE 0d M nmleams,

DOoNEEBUWA) TLARIG]HNONG MWD @HURY
ollal, @raIdses (oMM Wladsnsl Tvamiclend
MO0

(i) MoMIMBe OOHUBLIMBHW] S Al lmermemn
A196N2aM}0, MRoWnnsdal omlad (araaln:lad
arpoyomloled) apa omiled  ay@ioae
MSETRMN)> DWW alyemaowlg)eE. mal
HANUBY MBI NWHnldhe (alllmo 2.7)
oM WeG|SIAN}. Mealpomleng allallw
GRELIEISUS QIYm S0 Gald)da0wmd BRCIWea]
s30M). 2081 93000eMEEBUd: oo @Ry
coaiel 10°Hz (algsMalemo & algan il
DalE@OUTIEMNID). SORELBHICRUN GHAILIWIW
10"Hz 0owodled 9a16wowlanya); @md(ano
ool sasiaiow 107Hz  ansosmomyal
ewoUilasan). ARUW(SOQIDEl] GRaIE 10"Hz
MDRIEIMOBIOMD LISSHRONA06M, 10"Hz
@3 QUG @210l BoWo TUOWOBST BLUBLaI
@hIWD0 af)MOIDHAISIAN}. MIMSS MBS
EHOEMONS MLOWIBNANT D BONO MO(THHETS.
@R3LUL 00 alldlesMo  HeeRamImow]
(AIBD & DalBDENEBBUS BIRNIUDLR06T).

(iv) ®5nu3)mEXDanilalosms allolllomos que
R Dal6wola] GRAIMGI. {900,

D flaloemsEBsIes TLIRAITIANGUIAHT BB,
srpayem] (v) oocwsssdogito (A ) epanlal

apayow]l (1) @es S agddo ©anad(sSla]
andmiland aodadanswl sandat (Hz,s ]), @RI



48

DI ThHo

,|1024 1|022 1020 1|018 1|016 ,1 014 .llo‘lﬂ 1?5 1|06 1|04 1{?2 190 v
(a) v(Hz)

v elaemsmmud X arkparmnand UV IR oonxmocadiFM| | AM| PPedeeyzaoler souikmo

alechos an@snesed
| T | 1 1 i 1 | I WOU&TMra 1 I | a{m)
10" 10™ 10® 10" 10° i{10° 10* 10® 10° 10° 10* 10° 10’
(b) _-_
L | | |
400 500 600 700 750

MBoLHHEBE1 L0 2 {moemonlgolad}
2ffthe 2.7 (@) ggmra xeiaialosmeanains miaaiso. (b 2w adm ol
BBt IRBETNU (U Pl GOIONG 6207 St 230 DIEDINY.

80) HVENIE) 8@ mImNlnd &S] &SI )EanE)In
MOKNEBZNS afySRo afyTh DO Mdalailafldlesany

Mooneesda amlm) MBSO aRda6EBEUd
emowlalandme. MIZOVINMG afdde 2198 (M)
@RI MR TIWlo. HOUB LM 00T
Allyloame ARG 92101 MDoNONBALILGBEBS
alel Moo MoeWERUl 0UlnENIasaM@INons oaldlo
Afdhd6EBUd )51 DalEwoullanam). Moetlensaeey
apglane @yayevleglane alamlaloo QLM LOTY
o ]51lesnam allikLmoo HeBYmEIE: ailelosm
&30 alllmo 2.7 @3 @oemlajlalan)an).

{at0BR0 2.3

6368 DamIcoaicws avaenl afnfwiieal megesnd 1368
kHz (alsans.ndsm) @poyomloleona” (aiéosnidho
SIQIma. (SHEINT 1308053000030 GO0
LGNGO BIEON ODINTG Dee 00T e BaDHIIG ]
i Imle WeHoomlan o caseiliegm” o’
DITDRSIING 7

D Go

MEe @3 dsl e} . OV Won MISNIIEH, BHIEs ¢
SHUHIDLITDG  UIGIGTNONING O IRLIEUIMT
v @paemiogem. aoldleagm ajeyermd medagenid

< |0

_3.00x10"ms™
1368 kH~
300 x10%m s !
1368 x10°s
=2193m

B NS IDENTINTG DEcONNIT o @G,
{nl@to 2.4

03t BIBITaNEISIWI05 MEeRaartt)e MWL (400
am) a3MeE o3t (750 mm) (e WIBIMmI @9 Mee
pandeolargdns opayow] (Hz) BaBiaflslonid.
fam — 107m)

SO0 Ao

TSI 2.5 (nldIGo UGS (aipanlnog apogom]
Lo 300x10"ms '
73 400 x10 *m

=750 x 104Hz~

afjrudd folp2omian aaoon]

10% 1
p= & 300X1OMS g g g1
A 750 %107 m



@Yo ABISD

Bl ldE (VO GODINT @yol oi@lud 4.0 x 107
aj@ed 7.5 % 1M [z oisewan.

(nl@Mo 2.5

5800 A M@Ee@ORLTwLYI EE Jammlsleanamian (a)
@Bl (b} DEoHHRETDYs oY 6T EHIE6] .

UM Bo

(a) @@oH Moty (v )

A=5800A=5800 x 10 *cm
=3800 x 107" m

_ 1 1
Voo 10
A 5800x10 Ym
=1.724x10°m ™
=1.724x10*cm ™
(b) @poyomi

¢ 3x10°ms'

A 58[](}><][]—1f} :5,1?2x101f|s_1
m

ool ®eoaeddenI )88 HSIR L) OHE:30 &
ailelesmemagene w@mimdlol ase saOmIod
qoemIBlen3am). apad, 3.0 x10°m s (Bym 00w
AlOSTHo@  2.997925x10'm s o, @od
(alBOREMHG GAUNG ofaIDTlaa]sIaN). araa 'c’
Ay allaMo M@3HING1B9)IM). @gayEml (V).
@oowansdaciio( 3, ), lalsoweun®m (¢) apanlal
DBNBS SNKNLO B06MIEMNAT TOAIDS: L BO6TT).

(2.5)

MUWRGHMWIW] DaldWHNAD, LAIGmydblalio
M aldh ST E»2all0lod, B5Q20) @RS

c=v i

®oowavosLy (). 80) @IS Higomlenas @oow
oaadoaliemaes afipe ARl e widalailanan).
DBNTG ARHHEARUE DROWIHNFBNBILARHHEABBINS
a1y od(@0a0em, ERMmIWM, M. agavleyanoans
MUOWORETM@IV DA IEIUIIBNAT afjd:xbo N @RS
(8.1 agemanc ane)).

49

2.3.2 qil eI &0ilsleemamlaag &emle I miEial:
aJIBIAI l26Mo MRV INM.

allzowmo* (diffraction ), ciyaileeimo** (interference)
af)anIAl CaenNas aldlemsmowWlaH ol B IRoTD
s3BU3 Qlls B0 leQNSIRMOBINGG ML
a0sms  alluosle:w]enead SH¥lwio. of)anomd 19-00
M)oerElGd @D HERMILGHBoRIDILNETROW HENUBGY)
DB BHAVIRLIMO (HoMIB9E3 adlavlsmd agom
@ROIDHAISIIN] ) @al6@oUila] ollwde:@1eH0m @:¢l
o) an aflel Mlelemsmsaned @ al0o)an).
) anses amionenslod (wisnaumioyailalesmo)
{black body radiation) ol ailsslesmo ajosalsIm
ToIE0NIo,
iy allelosme aloileaemed eenaoPadlmermilod
wlay  Melea0imiahud  Qdalodla]len;amay
(1500088 B D0 KB ),
(i) ®»oaImlEIMTUE]a] ARAUTI®ENBHNS GDal
woslo (heat capacity) @lenas ayolwomo,
(iv) @RgEBaes, allutlad) HB0WRMR drgOEHHd
COATIRA B0,
DD LITLOMEBWE M allalanyan@ Al eooilay
aflel (I L @rSANESIG] aomacem 2mdze @y
DEMO HaIGPINIGHIADD )TN, BRODHDIWE TUIUWY
20w VIR MM BREIvsmo H21Qemo ailal
BEMo 6321QOEMO MWL

DI T0) 21180603, KoloBUTim) allelosmeaan
H9)0la MEemnow ailuaaleesms @rReLR00N Mode]
@O 1900 - @3 0SSO qlo® GREM. EREIBIW,
Af)DOEM QD (4 KTFIZOTVHRAD BMHAICIBHIG M6
Locllango,

oWwalle ATioyud alloelaoldlolad @oow
SB0ENHBBMNAN HSUBLID HTHE MDNEEBUS ol
&n]5)llen}an;. oEan Goalmlelsglad ailsslosm
oRleag Mloa0@oUinlo TUealSSORIINGG BYUdYakal Wl
aoe eIl e10lalen)o. af)amoad @oalmlel cudwles)
MNTINMINGa] E)06EI0 BOKNSHRGMa MRS afle]
®sMo (M8l [1d0000) TVLHUSIBHNA|SIN}. DB
smaow] &) @o)mi 3eml a)8W103 4)S0ENBEMIOUD
@3B0 BOO) DOYWE al)la{lGalss 0y, )sdam
Moakn1el AIGWlan)MGIMMTUGla] &S)MG3 alj0la]
@RYEYIN]. afN203 leN=)o 2 NSOSDBALUE SISO

5o

(laBlsnimle MuiattSleo;am ao) cmiayailem aigl mooe BWIMEE ail@eUrme.

830] ERYALmHIEWO LG AT @Il CTG:ER0 DRE O6NB] MHocNeERUd, GrMmHSs Hoees snlltalonmes allesmos

{disturbance ) omilom snelw @i aquslna;s (algebralc or vector sum} lzommelonlsel 8oeeo skl
adlmiavlamom elwlolas, Meewdila] 803 el Moo DENBIRAMEISN ULEDldhEMo.




30

MIORBIS:D)o M)SBMD MOatnel AISHOWWldo
adrslanpmioud MmN 8o §aIg)an). D]
Moo Mol Aoy altsals)0ilenyam alymymio
maoneeadeelyamaas ailalesmanmas ol
BRGIHAF MVaIVIRIHT GRSl flaleaaninnianoem.
1850  @ROAITLOMETMONS QAULWMITI@  olB0@L0
sEBUBeosME alddlaneqSlalaeaan Il )enuddas
allallw @oamlekwsglad aymyaic ersallenss ailal
®EMEEBUD 0 LOMMOIISOMOBHORAT BmIeG]. Bo(®
281 30) al30ALOCNN D lGIDRICONIGRINE (alH2U0o
almlalafond (aeaIB)me@0mle: ailelasme} ailelo
GEMOBROINNTG @0) BN MVOWIGEMWOW] @G
010G} Lalm]ansldea|S| Do, B0) 800
@RWosMe §alyeae|S)E:We @RMINLRIN0] B0
2ATLARNEHNG|SIAWe HalYIAD). DAIM] SH2R6Mo
TOOWOBEM QUMM WS allalosmaomlaag aralden
TOfEoBlaSeeMaNMmOsT. 632 GRBOUD AUTVD] aHE
@BUBOIVIENN B3 Dl ksITIEENG 3Q)CNA! @E]
@60 2o DAMAVGRMo )2/ SHIAINET
slod apomoo UTvOyAlEm WVIOBAUTVONHUI 0
2TILERM B lOaNHID VB IBUTVD) AU l0sm
22N} HISIH2)aN). [ 126¢WIFEHn0] EROMOe GO}
o) m’lmm’lm?ﬂ&;ﬂﬁl%g‘ oeaoiasmanﬁ SIS §0) afy
BERUD YI200ITUGm] @PSETHT alOWio, B0} Hallay
aVeHIE@TIMo0d 2o(@o OB &) G8MLTLN
LIHO WoL0BUTIG}ANHG B0} ol a] BOTE MU,
Clalnaow] alglRemlante. @M MV)aHloooNoie)s]
2a81GaIes (aIEQWENaN agemon) allalosmale
)M DENBSFIHEI 2 NABISHAW (plHlanelansals)
EHW)o BRYAD TSR0 ERUTlosMo & alQRa ]SO0
BalaM). 80) wisaaim) allaleesmodRamlnad
al)@em DEBTLERMBIBIWOEN. AOMAEL] GRM) 2130}
al0530000 Mol quom) EIMERenao Wl alen)o.
B30 DO WG aloalsallod agamon) Tua
QOM @PUWOEMe Saleal|S;aN @zl aflalo
6eModRe @eem @R30IN0 pEitudelemasieW]e
RaIGHM). RO} 1B L0EUTTONANEITIND alo@o)Rils)am
illpsmenileang G @iB0w @yauooll allmesme
(@mow®), allalosmonilsnd @laimo)e eryayonilo)o
GBS (D2al) WRAIMIEQIlE] Moalailelk
poimen arUewlananas). o) almild ool
melflad, saredelenan allslesmomlaad olaiom
BOoNOHBAOLI 0 HSIAM@INMAVEla] Uduilon)
Do, B3] Mlvnile mocnaerdea L omind ool
@Ello af) TN} MSAAT  Moowensdeslio
SMEINMILGla] BIAUD )00 HalQ)an).
alli@o 2.8 @3 WD) B0 lGlaa)an).

DI ThHo

T,>T,

U

]
1000 2000

—> Meoneandeoiys

3000

aflighe 2.9 WRoNARGaR - MY MUMYo

7

alligie 2.8(a) wWPIUINDY

(alB000ET R MOoNTUIZLIMHOIS @RSITvNaMm
O0IG3 6003|080 Alo)BUIMANBKERW ®Yalnls:
20w ailwa1edlenomonial @RoEmBSle GRS
8)o 20ER0 al)0oMIBYING) BRELIBIGE @RYUTlosmo
O217aN @), GEREHVEITT  &HO)W VTN GaldsEl
@y s@a) (contimons) aowel, acla] alloilem (discrete)
@RAQNHSIL oM oot MIdeswla)) . eI
S0l losmomlaag o)elamlad @ wlosmo
£ 21QoEMs DWAIVBETSNOEMO HFIWAD Q0o
oaldle arsollenss 9D3REWIAT oo, MG
A} Gald M@, 80) H0emee gmdRo (E)
@R OIS () BNE @RMANM OIS, @M
aujaile lEeyam quane;yB0em (2.6).

E=hv (2.6)
@Ml l00®o, ' olosMUMAE0B agan
@AW S)IN), @RIHG Byoie 6.626X10 ™ s @rens.
@1 avleneamo 2ale@ola] GalonIMIm )il
wlamss allaill moarmlawnglanss ollslesmaoilang



@Yo ABISD

oo e @oelslod Goo HeEd el ETilnng
anaim2@] ailwa1ealaanond lomlm) o¥lsom),

SIS SHOEMBAD S0 G06MaSIUId ailadanyam
@)W MIODAYD HalQIo. BO) QULBOIES GHoemMla]
Sloes aRnmon) alsioilans Me3ENomad:)n. af)moaGd
@RAIT [ @oQKBHS alSlexdasiswlod mladanomosial
D) G0Nl DDAROWIM al)uns Modaxlwladlan)om
aR® MBI TV, af)ocd momlnlswilanss
MRIEEBUS TUOWYAEL].

E=10,Auv 2ho 3ho. rnho.. .

ol RSB IRIUe {Photoelectric effect)

1887 @3 H. 300910 QIgeo aie:na00 &) aldletsmo
MO af@om)o allel GeIvanssBslnd (960a0msm
@wal; Halogoauo, osniliwslao, aulmilae m)sssE]
WAL [naldoUudd]BEMmeERUd almlafla)Ga|oud @raIcd
Wlan IS GRLONIC HHCIBY Y HENAEE
MO0 @aamrowll (allimo 2.9). @D (DB
TUOHBD (2 lDHINHNUN M Al o)) lglen;an).

Laléndine
il sd [T RC T B o [ P11
Eel:e?@tsaﬁnﬁ A
oz Igd /
- + Py -
¥
U’D;(‘I’Jémo
[1]1[1]s
Ll
ETalelel

aili@e 2.9 BalIBSIMELENE [nIRIR IAl8a3MmINIAE BaleGiMo. HE
1l BT0)E AR TWIIEIIES [oleMEe 863 I nileled mmonlenes
AOMIRIEE 563 BRNa DeI@lMmemmilm o aildenismid ern.ommmio
T @eNs;QImiad wJ0MEBHSIM]. dRnwes HHEsI0R.
FIESIM BE WG D TR gl amS6 &S],

BIBTY o )78 (1858 - 1947)

1879 08 SOBOT RO BRIV DRI
a0 g pomln” giaiteeloar @iamisn
Fmilgialod mian” asmsuImle o0
GBITU{OHTITITY ol nfgf @ 2iRlng]. 1596807
@esane el epmleusalfolos
DIGIRE 8t @olghs” colmle m”
auepnnxa! aiedkomiel 191808 BOUBTImTTINIEE SMIFHL0E
TOERIMo 4o TIRUIDTIIONG AEEI NS HRORIN GRG0
omg Mol idedisanisge 2" evake et easel

DFIBHe o /I (BEAUIRIE (UeRIUD (DS

31

M al@lEHEMTINE HOTROMINY A0CIERSIEM
DIOFEIBNISIOTRNE LA

(i) (alBOwOURHEUE GRDGANIBIRITDIG] aldilon)
EMUIXUB BB I HOTNIEHUS a OADBHOG S)TD).
BRDIVD), (ABH0RSIDIMOTINNG alDMETIMo
GRIEA00aIG]mRIENdMIAN)B8  MBIGLEREM)
&H@HE DONGRNOWIM o GHAAIGE HSEOIH Me].

(1) DOVAHEBNNA]SIAM WLIGHITNSBBINS af)siNo
Lol 0uEmIaag @YlI@dHs RO @S
O] EME @RM)AlomODTIeIos).

(i) B2GEY CGENAO@UIMo, TVAIGRAHMRIND )OO
80) @YU, v, 22 (S mEaHdBal ayaneml
af)Mjo  @RAIDOa]SIAN]).  BROIEH)060H
RRPOULODI WG, Lald:dMmae 03 4)MInIe00I0 DRI
)AL PO v >V, @RS:ICaUIEE, afluailm
NG CHOBRMIAH WIS HUT  oljO0m;
QAUGYAD). AlWIEN)AD Ll EInNg @RaIyoil
ABWISNIM@INMIVG] 2] D DBKEBISMBHOS
DBNEE0DERAUe B)SIAD).

O} HFIBB  alOFOD afEId ~NRIEBSIe IV
2O eNvnEEsHs ErSlTunomemlad ailwaled]
90M SFleomlal @¢oavlencd mlenoamooileand
arglaunsnamlod, [alsomwaudalaslanl aDdmo
laldoomlan olalmew @l flolenyan;.
25520} AlWETIGE l0sEmoTd, 2OV E]BNEAS;IN
WEIG[BHIIMHJOS  afspQljo ERAUVIHS O®]
GH0BERON0 (akhODATHN M BLH@TIHM @R UDW]
afl@lansme. aETLdEH90.|SIAN DEIGERITN)HBAS
af)SIPo (A lH0U@TINNG B BLHEH@ID B0 2 ]G0}
HanEleljo,  MPLIGEHEMISHHHS  NM1e:0020
@pEnamMOEl )Ty Moleeeeaglg)ms. 862e0
BEMOIM aBeO®o0} Glasaamilene (oliamoleno)
al}Qlajialk®00o [v= (4.3 t0 4.6) x 10" Hz| oemileono)
HEBIB0 HIFITVULO @alaanmmﬂa)c@ DB
(al0utlaflajoeno, aR@lod aland @m@{,ﬁgom)goe;(fa
allOMNBBOQSIAVILL. of)DOGE, QIS0 B3@6NIEIAW
peomeUglaooilod gaoane [v = 5.1-5.2 x 10*Hy]
£ald5000 0 CERAOTINIG (alH0Ud HORUB LMl
M 1A BN M), HaldGoMVYo GRISaOGHIH
DM @pay@oi (v,) 3.0x 10" Hr @,

UGN S0TSIOEMEMD AUosNLl o] elomlang
06eMRo MIleLoME0S3 @RSITLNOMETIO3 Lald:0w
HOAUBJM IR0 llus lealenoad sagaBaulad (1905)
Rl



mdsmlelod omls) ®6061onm
RGBTV (DD MY T oiads”
Sapaiging oo owlel @enlw
GISHIT BIR] (tB36 BIBIGRINY O
DER@IGHT REIBIC] 6D OIL60
53T (BEPM BeNMIG QYIS
@Ran). eauanios aag miy éupm”
RIS MIEBOTE TN
e 1A Do IR I e I@I205 it
{ndiilaioele) @REg.0MMING 8307 HEUHTN{IMOETRIG
(flgiaey TBetatlad (aDeniQad oloimo, (ol IRan
B atBIU), BIDIG @I G WaIWeTR GROYWde
(I IMaf. (468 OOURGGGIRITIEN SN 0fesia s
1921 @F @RERODGBNN AOGIGEIN{SMICHUTT MWBDIMo
BMISIN G5 JTh,,

ERNAUAS &nq (B quim
(1879 - 1955)

B0} GEINCHNVITIH IGHIGAISE (ald:dueomlnag &)
BRaAl (0100l flenandl, GanoegoeM)EHSHS Mo
B¥leneW] aldlnsmilande. BMIRND DOARMAS
B0) Ga006506M GRI-OOMMRNG ERGTVINA! B0}
eI @0macel @slulslenicaund mean el
(326m1GLIES DDEERo HOMHBIQo MSM MG
@Rl oENdElenna]siam). 6anoegoamlang 9ndme
o) 5@ IR 103, @el(suegomﬂcsmceﬁ &) 5 @08
DDERo HHHAIQ0 H21Q W0 DWAAD DM EHIGER
BB MOIES6ME DONVGH IO S)HW)o HalGan).
25520} AlWETIGE l0sEmoTd, 2OV E]BNEAS;IN
DeIEHMID V658 Re a3y &0 e
allslosmamlaag GRS BRMalom a0
B0, CRIEA00AIGIDRITINIGE o IGENTD LG
sMileagd ©VdeRo hy, WLIGEHIMIOM aIOOMISHOWB
@D ZOTY SJON0 DDA AV, (lalnilenaiho-
work [unciion apyanio ailgles)on). algle 2.2)
af)M1$EBREM WoRsME 103, 2 DEROTISLI QLM LOT0
(hv —hvy) GanoGZOMRIEE0MIHAg W00 2aow]
200ea|S}aN;.  HDERAIVoOSH MM WA alh0do,
pondelanam  weleremlang  oolesodro
SR ISIENMMTIMBS AVRCIIE BT,

hv=h V{,+;—mev2 (2.7)

DI ThHo

O®S m, MEIGEmIHg 1o, v aondslay
RIGLBOIDING Lo IGOINONBOEM, &S} MG GQIB0w
&0} (15H200UAIVI08 GaDOE58M)HB)ANS aflsNOlo
)5 )@ enelolanie, @mMIMond earud®Elsn)an
SOEIG(HWMIHBIHS af)siPo GAUD HJOEID (aldh)
o DalEouileEman ol laemsmglod Oeneddranall
EMENOU )51 el ld]en)o.

HO0IRIMGINMS0IlGIeENATAI] 63 MMIRX Ao

(Al 2ROTIHG Esml@:0MIRB (RIMIHHEBH6}
aRe allMOSNPalo TViatila] &MNOWIO)D). &)
QUUREDY, UoY0AUTTMAISH]BMBOMN W0 (alddUd
OHNUBLD (A RDAUCTIN Do MalTileoaom] ailvosle:adl
HR008 BRMIM) HFIE}. af)TNOGI ROJAUWDED), D
(AIEIBIMVG LAl ROIRNG Q@ leaKho, alldetme
apm1 (wmlzcovemed oilwale.alanind galeaud]
EDYN  MONTUIBIAUBOT] HADO)OeA|SIILL
(a0 @I @emle:OnsWie MoN@mlagw)o
01MAINGDAMEBRBIONZN B Wo 050160
af)@oTIB}aN] MY (WMo aldlandlenoman
RCEHWIY AUFL ERMIVD), Lald:IBOWIN HHBIT
TUIBOQIe DEME, AldleHTMNOIRNG @RSITLNOMGTIIS,
(AI0ROIM] MOoNDICWO  ERESIETCS &m0
(19000 Ea DHEIHDY (N3O kel qoowlesna
Ay &esNEOMmoo.all&losme ATim)Lna;now]
@REMYOM &l (interaction) Wlad  agdeqsicaud
DITelY OoWIIBONIEBRMWEES (QILTIke:eKme, allectmo
onseadloa) ald@lmasgil &emla:2TuE010 nldhS
DOEENN). afYTNOO3 MOLUTVIZONUS AULAIMNTLAROD)
(alHSATE. DD BRUWo Wldhallo BRald]ailmalo
(BASODE}0] o f;00il &l BeMOEME)Flafio VOOTV{®
OB GRAN)NEQIB}aD  Wonsm o ledalan
ailglanay2own)an). ERMNS:MRGENN @GN
MUWEOWENT af BROIGHR BENINWINGISIR AIBEO
TUBESDS)HOM]. WKEBUE D] SN Galddh)aNMm)
GaldBEl MEIEEHIMI&HW  Caleriss  allel
TSHDSHEMAB B0 WHDON ST BHOBSBIDTVIZO0
SOSTIBRNADONBAT G |0Ud HAUSIQS)AD).

al§iey 2.2 GEIaNSIREINS (alOYOMIaDLIT G0y50808 (W)

GEaNo L1 Na

K Mg Cu Ay

3

W, /lcV 242 23

3.7 4.8 43

I[\J
i)
Lh




@Yo ABISD

(nl@to 2.6

5 x10" Hz @payomioges alsleamonlos 6] cand
GalIESITDILBIOS DITB0 HINEOILNIH: .

S Ho

B@3 Ga02E35)eMlem avdme (E) amiadlslenimolnias
ORI S RIEITH

E =hv
h=6.626x107"1s
v =5x10"g"

E= (6626 x10"Jg) x (5 x10" s "
=3313x10"7

G067 010 Ca0IE3I6MISNG 59080

= (3313 107 ]y x (6.022 x 10* mol™)
=199.51 kJ mol™

(M@0 2,7

863 100 S au@a «13060530leam of S oldan
[ol SIGBODIOMW MERDHGRGEY 0 400 N @ier . au@alm
803 IVEHFI ol 3MBEM0 SYIWIM §a0IBSIEMIGEINS
oo EHENEEIERE.

S0 Ao
enlidanilang slud = 100078
= 100 Js?!

863 E=016506MIeM eodms E = hiv = heli

_6.626x10* ) sx3x10"m s
400 x107m

=4 969x10'")
alNIMEENN §a0IBSIANIHEINS afiglo
100J s
4969 x107]

lalBMe 2.8

=2.012x10"s™"

gmywloowle s.delaaomlm 300 nm @Ee®
aanteoyaias olaleame Lolamsmid somdmlaaim
NEIE B IFMIHBIR5 OOlesIdes 1.68x10° ) mol™ e,
rnfloomlol @lon ey DRIELeIE Mo Al
@R U2 RO £30600) BIDRo JHOWIST? Ea0IES]
SORIBE I BEHVAmMNe MIWAEERI 1GAUL] MGt
AARAB)OATHIENT?

33

S{UI0) Ho
300 mm @68 CaIE3IaTIsNg BodEn I
hv=hc/ A
_6.626x107" ] sx3.0x10°m s~
- 300x10 °m
= 6.626 x 10™]
60 §9200 EanIGSIMIAEIES HDTD0
6.626 x10 " J x 6022 <107 mol’
=399 x 10" T mol '

eraploaniod aion” 863 62200 BAGONMILEH8 Mibds
BoiQIE GUSHE] BN HBOUJe HINTTD NG

=(3.99 —1.68) 10° T mol '
=231 x 10" T mol '

6303 EDAIGLOITIEN B U0 SIOTTD HIOL0

_ 231x10%) mol'’
6.022 %10 electrons mol '

=384x107"7)
PR HHBRETE 0
_'_ l:}ﬁ
K
_6.626x107") sx3.0x10"m s~
3.84 x10 ']

=317 nm (DA SofI00IE8 (A OIGEDISIFBIET )

lalBMe 2.9

67 seinnamiong euoeentey eeayom! 7.0 x/0” s
mpen. @payowl v =1.0 x10" s eas alsleome
CAD T NOleaICIE mVIZIeanf5J B0
LIS (IIERITSRe HENENIE0] .

D Go

SaDINRGOING MIBAIGBOMNG 2 DOICAITZe

= Yo mz=h(v— v,)

=(6.626 x10 *T8) (1.0x 1078 ' = 7.0 x10"s )
=(6.626 x10 7 J8) (10,0 x10"s "= 7.0 x10"s ")
=(6.626 x107" 1 8) x (3.0 x10"'s™)

=1988x10 "]



2.3.3 &aR1e6lg* aleeemle avdamalsdenas
HEOEINIIED: @REN ISR o

lS00ODIO AN GRM  BHSD)Galdd: )M
DOWIATIONE TVIBOAINEID @1y UOW 2 erIElaD)HD?.
@RGNNG a08I0W, (1600000 RO}y BIWIBEI03
Wl 29QMGRINS &Sa0)emMInud @eGiiend wLoodLo
alom@lad mlad ayolalelsan). areglslod
AR IBOHMOMID] AlewEoeam). &6) (adlav
BB )51 WAUBISHROUIE] SHSAM} EalddEMIOUS,
BDoWONBBEI 0 H)0MAUDTEE) BBoNHHBB LI 0
&) SIQAUGRENIWE AUIIWIMe BEMRI)ID HIT]
@062, (DAIS(AIG:I000 34004 IGKUIIE) aip)am ;oo
NHHBECLIMNBH afRD MOCoOEBEBWe DUWEBHHND
BBYAN). EROIMOGE B0) WAUBLAIEGWOWE], Mon)8s
mosames (bands) ewsmlwow] alyoailemans.
DM MHaldiSo (Spectrum) ogyamiailslanan).
afialo &Sl MOANNNBBOLIIMRS 2 0le]| MG
AUYGIWOMoe aQalio ®IOWBBE|OW  oBQalio
B060m DRoceNGdeaymss AeIdlD afgole
)5 G AULGIWOMo DENMROS)TN). MO0 SHIEMIAN
WABAIBO00 TOalBOHG adlwl 7.50 x10™ Hy,
088 awer (med 4 < 10 H. 988 aljoin] aeooosns
BRODMOHAI) TIOa GG 5B 2| WO GROL SIS
@nailo® (continuous) Malidhe ofAM] alOWZAM).
®SB|WHS H0osMe alwelg mleivlealss, mlel
alaj@lgelss), ayn 1HIVIGE  @SEaI0)MD@mosT.
BRHIEOD BPale] DENRIGIGMINGE TVAMAIW
Migalldo BLU0LBIBIIN). Byl ol
@0md  allalosmomlaad &6) eaudlw 8o
QO{MROHMAD B30880@ (2ilimo 2.7). HBHAUBLHD
@00 Alslosmo AUMImEHS;A0W] @REMN YoM Y]
w03 afiden|semnod (interact ), BRQEBAC XD
&80 9DBEROOC BRUflosme HaIT® wdan ovde:
MeKlEains a@os. 00 9@ 90d|Ooa) @
araurlemony @rATVNWISING)]. @RAUIWINS
auowoosm 2ndEailamicaws (rurilemss, modam
2ndRMaGSIcaIN ) DSEE)EMIND, @YQEES) o
OWOS@P o3 é;@"oe,oamoe;(rﬁmoloeg@mﬂmn@ adlailw
cosLRlFlenss allslosmo alj0eqaseileayan,;.

aadnudzm-anelasm AUaald(SseBud: 9ndRe
@RUloems BalO®m 80 AUTLD) aljoonails)an
QilFloEMEEBHOS TUe L5630 DOITUE22M (emission)
mﬁanjm_%o agyami ailglesyan). allelesmoe @mwlosme

DI ThHo

Dal® ERHQERUW, MMOLDHUD EROLITITT @GWO
M3 agy e ‘peomeimmrnt’ (cxciled) agyam
alowoo, Qmﬁmtﬂgam(rﬁmuuego S5 anmIm, 80)
AUTIDUIOM 215080 EHEWO,GROGEISS ilalnsmo
BSOS} SHEWO B2V 0 DEOMEI®ROENAN).
AT BBUlosme e210mM 2D8%Re 9oTUdE]on)
GIUOP)ETRIS)TD Allaloamanienng GeeNeeEdaallo
{@ooLKsl0d @RRIN@O) GR6LIR|SIETNII).

&0) @ERUlosm (TﬁS)oJ{_cﬁgo 80] @mﬁm@gmwﬁamwg
OO Gande5Woatls:; amuglal Galoeaiwosm).
o sda oo allalesme a0y amimyalod )s]
HSMMBaD®)BMIW adlel Mlumilmmoon) peedasaly
M85 alalesmsses @rsy @RUilesmo B alg)am),
EHIBMIMIW MRoWNNBALILERW (B0lYo BRUTIEEM.
A IGHRIDDEIB06TE @G @)SA o TR IBD0G3
EDOIENE SDSEM3U3 @RAIGRAH]alasam). aedaudrm
aﬁmmtc%ms)g @R6L1E;1G) m@m’lmsmcrb’ﬁ)muegsm&g_i
)02 188 aloMo MHaIB@INEHIa]l ~faDOIW
D [SaM}. BYUOY (0D TBBldho )5S 2| WBBGHIOE).
GRG0, BREFGE WS Ald:UDEEIOS BYUtY
BOBIAN af)SI0 MOoNHRARABIERS)0 (alala] MG
QIBIG QD) S08MR|SHTNEIEM. afINIOF QAOTE0
QI NRIBNSs @RGEESRS 203TVARM TMUealdo
210la] MM AUDEIT AUNGWBA GRcnNNBdral)
BSOS @)5A2|WOW AlYsalMo @demlenanleal.
aldo @RI ailBl (I1EM & @RonenidnelLanglenns
(A B0WAET  a0RalS)0ilEMIn®); BrOITESISOIG
DO (A IGFUOEBSEENE0E:}0. OO0 TSI HEPBG,
GoaIAUan(seRu3 (Line spectrum) @oooin]cd
@GNS N kQeRU3 af)NSlWe 53D} T
(rﬁanLoegema@T(oﬁ ponvdeleman  allslosmeamud
oM 2NN EGRaIGSOW @06Mea|S3aM) (adlido 2.10).

LIRS LISMOWENOTa1B8 o l0MEm 3
CORIHTITIEBNITHIHBBUBSE ALl ol Hens.
KGO0 A)EIHETIMIe BO)] CXDMOW CoDBITLHAEZM
Mgt 96E. llopISEOSEBRUS BRS)H6S IE]ad]
WMo 2alEWOUTBN)MHD®)GalONE! BRG]
nﬁa)nJLc%mﬂmal BB EITVAIlGERAHIMETIM Al
cwoila)] EREIMO® ARBYEBOY G a|ClVWINI)0.
@REMOmET quomilglenss argsamgled ala
elElan)an Qmﬁm@gam(rﬁmmuegmmg BOELHO S
BROIDA|SIAN RBLEIRBHS @YYEBBIOS DTITVGEM

¥ agemslene oyamwdaomlal aflalem (disCrele) me Rl @moymen TUOWLEIE] A MIRAME Mo UEIDMOENT

DT ldhbamo.




@T@go aplsm
DEETT 2@
croacr/lid
(a)

WAUS 2 kH 0D
(b) GO

[allove

atil] E”OJ-"
il sd

MOoUDHARI L0 @S]
_—

oEdrud=mm el Se

afil eﬂ-;:;"
algasd
MOoUDHARI L0 @S]

@R Aol & | Se

ol 2.10 (@) @eépidlenmmomn.. aeg minlgeles piondmas.otbem g (Eeeg)&lm aEemBlL}e 807 BIE G:o]
3088530 EA3M |0 IRe 867 [ NTmTeRes G&SMIBIE:IBTUNT ol (BT & MEeNanE0~a)6Mma3asrw il srudoldlwim]. mamam
sud@ldle ys30m aodudmmnminn] SOuee MEctiREIns 6e] §n0E5I0In0a EaaaaSITMElnm SeaMian o oM nllelsengmg.
MW GREULIES ofd MmIIENamie @ROMEINS Nfhe UEAG eMIWIESa3. ARIQEMINS RO LOWOW A2
peOmElmicmones 803 2MER Eald0l &0 af&lelle, RN SR MY D)  Deom |
@R MOS80 26w e0de. 09 @poaned axm godenleasleasd oolaagmnid coomaallsym [(olaiRe miaw el
£0aMa23my, (b) @RIl SEREleams. LWUSEX00 SROM B MALIOMN A6 ARMILRESO e BROIMIBMBH M1] a1¥] [lruomleastie
SSOMIANG8, 30MIUBIM [wlSHBOMTI, EREM MEemancep) ol [a) wd «J0emI0m (e Waenmenid oo sinnmdeni.
ERAASIOY GpElaim Maaldge a6 Maulowlalents. 20imag o pm@mARMIFHal SOMOT] €a01E5IMIalle

smogingaldoenge.

M8 [ OTING CO6LIGE W £:4 000 GOOmAY0
DG GREIMOG @RYHODN QIS afS)e]|C0No3
@@ aJ0lwoanaN@osm. MEISEEHs o 1alajolo)
MGKD  GORIITIDIBHEEOT D lERWINR|S) OO
@BRYB L HOLIDEMIHESBIHEIDOOBO6S BRAAMB DAV
LEHMNOW COWNUABS 6NEMIOHAVETS (1811-1899).
m”ﬁ)nJ(gLaegorrﬁ'(gc&agj”lcéi 1D eslones WomENes
ailagasismo aldmoen opsniliuiioo (Rb), avlmilos
(Cs) moeile (T, aadalloe (Tn), voailws (Ga),
MiBomowl@o (Sc) @S6BE1w MEInEBUd e
W, qu)eimlad aolellwo (He) MEISHOHIHAG Vo]
Who SHEETRODI WO (rﬁmmcs{,uegowﬁcs&ogcé; 203Om]
BIRSWOE).

HDaDALERHT COIITVDa L dho

AUID SHHBaOWEMIENSS HOUSEH@WIMS 210383
SN Eald:) U3, H, omoma:ud ailnoislen)
SHW)o, DECTHHIMDOVW HN-OALRM ERQEIBUS ailel
Wmiley  ERAUyOHIGS)BS QU3GO0 d:
QilslosmEsRud B0 a0 |S3NllEREh e Salgam),
Allosmeud  @dsne)allsla] WOMI G BN E}HS
Cald)erglad Braloaa S)N ATl GoeLISGU0sTIE:UD
@RSEAEIWMIST) HOaOALRM TISal(Hho. TVealHo3

GRELBHS DRV BSIG] (1) MV)allaflesonn
103, OOAOWRAMG TMHalBOWHWG 30 HOW
GORLME A NINSHANIS)@VIG]HNAD  THUMUID: o
BRMTVGE0)BATT  aldTsmsmmloleemanBs)ns
@Rslrunomomlod 1885 @3 snioad (Balmer) omsloila).
_ ] 10 |
v=109.677 (;— > J cm

H

(2.8)

wolles 7, 0)EIM0 GREEIBIGS BRGNS QILNEHO By
B0) ali@srNaVoa YoM (ERMOWD), V= 3,45, ....)

MM TUULOUSE:L0 GORIHB)HS
glesmlow snamd GLwsml ool allglesyam).
S50 0LE20] (Tﬁ@oJ{_cBg(GTUﬂS‘)EI snpEd clusmlaisel
BEELIUS BOmaeT) ails é;(ts‘)‘oeaoam%saaﬁmmipegmhn@
3y casteIod  &osMOMod) Mm@ .  qulloulaef
T8 IG(BTU6B:00 {IU0D HERIAOOMAT HROMIRENIRU)
FHADARM TVl BHOVIOLI af)SI0 GO&ID LD
&HUBEN0 MNP OWIAN UMY 0 DalcWos]
90 HEIW)o af)aTV ST,

aflaglaayom

-

_ 1]
y=109,677 [”1 _nf] cm (2.9)



36

B60ADERER H0DUAY Tudloenoam) 109,677cm’ .
n=1.2 3,4, 5 agyan] Moaly&g00d qu)ailaflenyan
@RBLHOD G GLUBEMI®U3 WINOLG:0o HSRINW,
STUODA, AU, (ANIOBDY, aOENE o) Gald)S10d
BROlWRaS;AN;. algld: 2.3 98a0{(WERND (TﬁS)oJ{_oeg
omlead D euesm 1Mol SHaememyd (transitions)
OSSN, HHaOWERM BRYAWICE! HHEIRI,
SNODB, Al BLUsMldGd sill®o 2.1 @:o6milafla@l
HD)D).

______________________ n =w
0 n=
n=
n=4 _
+ WOy A mE e e s
n=3
Sz e sTked 3y
4 k J —
el EeS n=2
gddz d
= €5
&
e
e
o
T aeelaned spnatlaud (Enoiisonmred)
YYYYY =1

dlfie 211 @80 {RMBapoomIasl  @elg & Ian e
Mal@aemenid (geabadlite alemlenima’ aacaxm, auiad,
al )0 G &830S Mo SasmeTRBIAT)

niSlG 2.3 @ENIGEO60(AUBTIN T e llGMleaRed8

BLLsHahid n, n, Sl S0 GRALIE
SEEINIT 1 2,3.... |mpcdsonmed
STHOBG 2 3.4.... |ayelaledioe
AlDBAHT 3 4,5.... |mmixnoeond
LBTLOSRG 4 5,6.... |smdnoonons
AMaTEE 5 6.7.... |mmdianoecns

DI ThHo

afER MEkHEBRHEIRL0 Ola] O8I BRGIBIDOEN
ajgQe SISIMIID GO0 TUOaIBNSBO). @RQ
@3N BOBO B)SPEMOC)e BREDAVHAIED B)S;G]
U 136M20E:) . MO0 afLld GO ITiRAl®;
@Ml enlo@meaisias ailel quaileuest®«eud
DOTE, AR@OW), (i) DYEISOWIE] csmsuowﬁau{,uego
AafaN@) BRMaIBA0sM (i) S0600 MjRlGEHIHBW)o
GO DTTELBHOTTIN S D I® 26mEowldlene. mailas
DWAMUD}D allel GalDFEERG)ENR. DD TVHOM
DWBDE BHIVIMEBUWB afSTNODERWIM? BRYQEE
/)OS WLIGERMe: LISMEWOS MO af)HTn
glEno SNKNWe DETIRO? DD GaliEL6ERUILMBS OO0
SOTREOMNBMEE. DJEIHEIRNS MEIG(H0Ms,
agISm MATIBNENMMIC T GaldR LRSS
DOMOEABUD TV IWOMAHEMAN MRS aflamls
EEMINY B ¥law)o.

2.4 aaanjwnnd cpoovlan eannd 2ae

Mm@ @sniooosy (1913) ERBLECY] &8N0 ER0d
@RYQOEISMONS HaldmAUIW (alIGH @ HH)o
Mo 010 alBlBoemosmesaow] ailuon1e:d] 2 j6s.enm
milavoame @RWIMIS HISEMR  HDRHNIM]BTVEE]
oo, @REQINl&:eRISMEWDe TMRAIHEOMD)o
MosNKTWla] TRIW] &0 L6308 @) ITa0a0w]
Qiluos 126105008 el arelwio. eniuclend aaaoial
RBW BYQOROBLdh BOOP alOWITD Ll oM abUd
@RSl A WosTT:

1) 99anlAWRM BRQ@TINE! DLIGEH06M @)@ AW
AReallc 9VARAUIMAS AULERISLM W88
alOMBIGE D51 M YRIOTIIHM 2 GG Tos IBlemam),
WD adOHOZ BIGeY )R8, aurleeodE
Wlesud eraamled @masmle aodeailawmud
ag)am olglesam;. @ aodenilgiewd myaloaiim
211030 ARG BRI (0] 2 Jldlaa; ;.

i

Ly

godenilglanl meIgHemIeag 9mdRe TAW
aoilnm)auElal acoyrrlal agymleymoshe, @Iy
MBR @ 0D ERWINEMo B2 MO @el@@egoaﬁ
mofan avdmolelod wlad swdan oDdm
mlervleelsnie, 9DdRe poNdRGNEMUOWD
weIE 30 2wdam amdamlagled mam mo
an 20dROIeIlEeldno alelanmmn). (B0 o
2.16) D3RG ®)502]00ow Glalvlen) Msae)
anas,



@Yo ABISD

EE6MIND  GRose

¢oarle @pose, 23m° (M), saeliucioe (v)
Al MINWIRS  OJEHWRLAITN, o) THBIEd T6IA
eooaminmone Bavafe (1), caranivieniws (@)
apMI@INS OFENW DLIGIEN. B30 M 888 6@
DA, MIIOmInG 2ijple FREe ¥ THQ H67
YD Iy TR 88 o IMEE G1TeRIT 00 1,
gaeniy @pone = I X

I mp, o vt epowine poles Vapme’ seaio
(o tBOUnaJem;

Co NN @ = NI ¥ ¥T = mvr
& [

WAL 9OBRAN@®IMIMBH 06nE Meoleoodemeke:ud
ASISWIHd Tloldbsme Tiognilanemingg auilnemo
DAl BHCWI  EROLIBHIGY 0TS} W
Palgnam oilelesmorileng @yalyeolwss

A K, -k,
Y=

P P {210}

miodoy” eeniad (1885 — 1962
aImlee’ RO 63T D 1
@B wilegon mlesmn)’ gaonlm’ 1911 «d
865 )i g wismleus il
I ofl affof AUl BIglof). @BCZa00
0% 0% C@IoTVGH, DeRaniasi
DAY 0Ji00Ec03GAY” oDIIHGS
230 6367 (HdaHe DofaETE [ IGTmIe)] . 191308 @ECFas
ERIMBCHNWICAISH aseonl.  @les  @PEHalo
wiag@lolmaiss 3393008 WSO 1920 @8 @REGale
DBmIs sen” eltngleond almilatn wwnsed opol
OlRPS]e0985]. G0N A0 Elaat,
gauid @3 em guIs R el ag MIZIWIM B OI O
BoB@InaIIm! 908@TYLnIW (iiGulaf). 1957 oF
FREROODND” BB WL 82 oSN IO B IBe
siglomoiariol 1922 @ A0als @i o amlnias
SIS MBI GREGHINT DTb]

E. E, agamlal oooisne ®osamole owdan
mnow  @eemyausmie omidkmloeglo)nss
DOBEREBEBAVEI. LD TUAAUOS 0 TLOHLOASNWOW]
gsniod @ e INlwac  of)anosm  GrOTO
B0 SN,

Iv¥) 3m) @moe?cs[,somﬂmc@ BTN @dNe &hlosne
&Blenea Slakeman). aoymlvaile audlenoderleal
oflenasn @mcs[,uegomk)c@ ChO6TH] B DT 6]
TLAQISS: A6 (2.11)

37

M, VE=n.—

o n=123...

(2.11)

Doiles 1, v af)anlal elsesosnilaad 2o [aleal
NARASET. # af)a@) eI E SN sodenilglang aro
QO6TT).

BROIVD G0NV ERADTNG Melyo 42 T WS
al)demauvoalys wisMlmanar]l aloyan sodenily;
S F15] DOUMED &) @m@Lﬁgomﬂn’}' alefleanomo
) DBF]. HOIMBLN0 oW GRydo &I1oemele:
BleewalgllemmmeaImosm. 680w @REHGOISN]
B106R1B5C1H96a]g &) ayelyomled amlan aegoam]
GRIEE EDBIEGLS06N TMUoldBeMo NSEN)EITUD
@o(@20sm aileloeme al0sa]5)llen)®ewo @Rl
BEMo  H2lTYE|S}HEWO HalTANGTT. BRG GRS
BoSHMIeNILnag H5NIB@E:0TE MHRLme allss
106 BHBoSIaNIEL  @RMIN:INEET  allal
wkailo aodemnilg)ed mome @RMAIBIMIWAEINO.

agenuod qurleesdmailels.gies oodmraldwoosm

BOMEClajan AllwesevssBud Uz TuEs1dem

@061, @R WA BOMVSHIM 218 262 10a]s)

DI afan1Q)aNoLjo HRaDWRM @Yo

MoenImWilay, GenGIHG MIlELIame @RMAVE]a):

a) @EI@LcBgOGTT)’]S)C@ aurlenodEmmlelsud n=1,2.3 ..
afaNBROM  (HDea|SIAMOe . DD TVo6 Y03
{800 2.6.2) MAUY HIVENToVoEUYDBUD ag)am

BRAQASIOM).
by audleasdmmlelsa)es aroo SosmaNdIlaas
(TOACUD B BOSTTI
ro=1d, (2.12)

sailes g, = 32.9 pm ayem. GrmowmE GauId
530denily opam) ailgleman arsieom aquleoodss
Wlekw)es @yoo a,= 32.9 pm. o™ aodmidlansn
TuoWEeMERw] Sean (B @y gOmilaal
EDEKYBIFTIEHN HEETROMANAB)ND (ERHOWO)
n= 1} n ciduilenymmaslmaaudla] I a8 ojelone
adwleman). 0690} AlWwomITE A lOsHIHOU3,
@1 Eaoud @elcsuegosm S Alelulon oy
@) Mlodaemmn),.

¢)  MRIGGMAN] NIMLAR]S aBQRo (alWOMm
9ol Aboy® aqudleesdmmlanisel gvdm
QOGIT). BRM) GHOSMIANGINMBS TVAUOS, YRS,

h‘n == RH( 1"]

N

a=123 . (2.13)



38

aailos Ry aaoalannddd audlasee apanadlo
£ajsian). @@l meiyo 2.18x 10 7.

wldemodmoaiaqun {(ground state) ofanolow
£aS1aM agigaljo moBan alermes vdmaoe.
1
1 z
0 =2 agym qurilgeodRmlagipal 9maRmosn}

1
2‘2
Al @o 2.1 9aO(WRM EHGODTIHE! QIyB LTI
audlepod BMIEkH@HS DVIRHOT BRELIE1CD
DOFRMIEISH8 21l ledlanyam). oD (akslal
Wlsasmaam andRalencosoailimenan ails
BN,

= -2.18x 107" (77 ) = =2.18x 107% ).

E=218< 10T (57)=—-03545x 10 "],

aanoiiRa gaoamiang emagla’ mag@imle. o98®e
(E,) GrADDSOIME oHmIEG ?

603 easa0[ml eypomlasl meleteiemlang andeaamln

MIW2M0 el addaloiaslele aey amanglnl @eswige
BEE (MALIe © 2.13). DY amOHIN EESWIRe TG

el alanyma’? epoomlen DaIg(SMlan 99
mdlgnade i eIsama N} sndmaomendid migFm
@IeEnInIean 09 enegin Ges@ise Myollallenme,
aeEImAlmaumen selgard nialomlal dlm uses
SOl 988 683 Sl erald  melg)

QRlem 9admalsle ~18a3em, Ganldaleadw], o
MAMIGJo {2.13)08 n-af a3elle GRMIDAISIME@IN

322001616630, BReadid E_ =0 @ W&l Es e,
NEIE[GINT MW FRSOUDOMEMIE N S30W7
sm0), E @omlang eaueiaje)omiol &353Mmol £353med
emie amaglage dewlomielma «poaize s@dm
ammglal avdmazele N = 1 @ZSIETHIPIAT. DO oFH0o
ol sxdadlglem qugalsdeamy. adlan mdemidam)

aiqun (ground statc) «pm ailglsazamy.

SDBIGLB06M MY HITIng auowlnmooiied alam
TUIODMA0EH) G, 2mdRe  alyRicow]
BETNENOEN 0. D GrAIMENOIE3 @elcs[,oegoaﬁ,
(atoLndlleh &106TRo TUoELL =0 = oo o)A OOBER
mleiflenwlalene. oalam arewosmIe:dla
HNAOODERD @RGo afN ~lOWAN]. DOIG B8
MR @VINe0E ERE:GakdDNAIS N agydID &30l
Flanwlelen ol 90380 ~J0MBBO.S)
H0}0, BRMIHAG DDA B0V D)0 B2 lQaD,.
@RMOET VAL (2.13) eel amunglal

d)

DI ThHo

afla@lm) &oesMo. AAMOE!l DB 9VdRo
all&Rialo 2o a)an @EROITUNEWD) o
RGN 288 AVAlGMHY G:I6TTIlERa)

n =

e6nIodlaag TilaLsamo HBHaOWERNS BRQEBRHS
GajoRrl a0) DN, D6 BO(HSEARI0 @G0
SM)EBEMO L IGDOUTIBHOQNINDHIEN. DEAO0EM
w - SI4 a-

amlia, He, LiT, Bo o)seasloa, @pemoo
BREIEN] (M0 WERM TuBamT¥alladlayd)
&$Z2o0] ITWeq]g auileardrmlelss;ns
ODOXRo,

£ o=-2.18x10 ”‘(i}.] 2.14)
e '
BROO HIMANGIDIAR TVARISE 0.
329m*) -

mailas 72 areqodlaaioalymosm. aoleilwe,
elliflwo ®)s6Elw @RQEBWEEH DTHG Bjalio
WLOOL®:D0 2, 3 af)TTIEBHM WM. M&Sa)Nss
mooIosyEBsled mlan, Z-a0g adwmailm
mymdla)] odRoWInag BiElo &)S;HE SMO
ol ap0lanie)an; sfaMie ARG &OWAM]
HAUMYo  QUYSMA0ETT. GRGOVE  HLIG LGNS
M3 1l@@0nf Mauszowll snmWlenna|siam,.

OO BGENIGSEITE TUARIGlENIIM MICICH0
STISAAS BOIND SEMBNOSNOM )0 TVOW A6,
@ \MIDOW VA0 Lo D0iles madalwlg]
paimlens, MUHBIOMIHMG canavlglal andel
adwmalmmavglal DeIG B (oIt
1SH0MIe  O16)  &I0MEoToaI ARl o
QUBWIBHAM@INMITOE] 2] MEIGEHONS (2 lEQIN0
SIOWIOAAN e qBORIMIAW] AMIVIEINE0
QRAMm2E,

2.4.1 989D SR6I IRl OOIHM Qlerlsaeme

alD0B2WIG 2.3.3 @3 MV} allaflaj®iGalInel HEAOADERM
BRQOWIE0Y @mmoaﬁmu[,oegmm GENING1HAG AV
Dalewola] aloalnoemle:no] alluenlealenomaodss;o.
@RMA0Mo 2 BRMATVG]a], OO AY6HY GHI06NE0
MUoa 1388 2086nilglad ailam oeiee0md &Sk
O)ELY BIQEMROTUoELLONBS 30damilglcaiss M)
aauadd, ailalosme (@mdEo) @yuilesmoe §alg)am),
ek xoand nodan sodsnildlad allan modan sodenil
gleelss mlssieandd allalesme (9vde0) norod



@Yo ABISD

£aD). NS 3odenig)eud Mmalenss nvdmailsal

ESHOTMIMDAINIBH VAU M0 (2.16).
Al =F - I (2.16)

MORAAUDSY 688U (2.13), (2.16) agarilal cwomlalajond

{12

{mailas n,. Ny MU (10008 sodsildlomo)s
@RTIa aodmidlamaie TVailajlenyan)}

' N
AT =R, ( L _1_] —2. 18 %1078 (l—— L
WO ong W Ry
@17
CaN0E50eMIenag BRUilosmo, HTNERMo af)avlalw)
@00 sNITWea|S1B1EHTN BRAILOISI (1), VAo
(2.18) DalEWOUIl2] GHENENTHN00.

LoAE R (11
h ho\n n

_2a8x10™y (11
6.626x10" s n n) @18

=3.29 xl[}]ﬁ[l—q—l—1JHZ (2.19)
n; Ay ’
@OoWTos Ly WG (1) (AT latoslememngg

v _Ry(1 1)

V= %\\;—Z (2.20)
_3.29x10%s7 (1 1

3x10fms * \n! n;
=1.09677 xlo?(l——l— m '

0 PERPE 221

@RURsMIIRaBO0I03, N> 1, xwildlanie. lsnnaagd]
msslnal eaisdo GaldmilQlnl @R @:Wwio 9DdER0:
@rWlosMe HalQldD)o H21QaN;. MHOAT] ]
Qmﬁm(ﬁgam(rﬁami,oegmmﬁ n>  n; arpololen)e
apomlmsasd A E samcng’ldl‘ Ay W0 , ODBRe
aROEIMNAIS) B0 S21GHaN}.

39

oA e (2.17) aaamnIdd, aregaoamlaad
SHOBINAISETIGEE B LR ald laHEMOGRS, FEImsmud
2al16@0Wla] HOMEBOMIQ TVAUISYOHIM (2.9)
TUFLUOEIST. BHISOND, SOGED TMVaA BRI COMINWD)o
BT GRWlesMATealGpnIwIeye 203audRMm
mJUG)nJLuE)ngG})OQIgo, H9an LR erQooileel Mluailm
TOo(GHAEMARAD SNIMLS SIEIMONANEHIET). AUBED
Wlého  OHADAWERMD  BBHQEBU DO 1W3,
AU LTI AOW TV ASTNHBBUS  DETRIE) &5 W0
@RHWO WI0IBo MVl BH03co IeGlErInd MOl
SW)o DalPaD). TNalHOICOMIBH)HS TIBHo0
@ReLIBICE BIAID @RUIREMs Halgan GreLlEI0d
all0@MAIISIIN BEO GOVSRHBRCINMBS GReLIR:Id
TRAUNON]DBD  GaNIGZITNHBING  of) IRO G
AU 2l laeRan).

{alBMo 2.10

aea0{ I groodlas n= 3 opm mlawla mlofn=2

ot 1LIQISRIEN  Mole@Mo  MSEMIEMHID

3065301 E03M 867 Ea02e52aeM ERALmWIe

DENHERGLYNITe ofHINIET?

SO Go

n=31=2 (RSO DU Mo(2aTe FLIAIMRIIIM

MG al{SMIEEE B)R2EMLITDIT 6 l2deeem|elal apal

@longs. MANIS)s (217} [l SIGo

Al =2.18x107"F) [ lq —l—}
5* 27

=_4.58x10 "]

@ DOHUGREMITR @R, CalIESIEMINNG @30T
{80080, 2ilaMs «1B1OMLNIHM FRSU ANMOAST
HRIEMIIE)
AR
V = —
h
_ 4.58x10'°]
6.626x107" )5

=091x104 He,

{nl@ms 2,11

He™ -om a@pn sidaulflan) aodme &6Na010638. 07
GIBUIFIRIR @R Ee oD MWIET 2



64

luwlel

Q.18 x10 " IYZ*
- i’
He'.n=1,2=12
B :_(2,18 x 1071 %2°) _

1 1;

MI2MISJe {2.15) {al@I@e BIDAUIGIONG @ado,
_(0.0529 nm p°

r, = 7

a=1 8 Z=2 9o tRWOIMHH

. (0.0529 nm }*

g 2

E:

1

atom '

—8.72%x1071%)

=0.02645 nm

2,4,2 &nNA2I0YHWIRS GIHDIS

OBeanddal my)FwdERQe AODYHOWANIR

Bl 2 IS DDAO(OWEID EHQ@ONEG GNIG BODYs

AT TVOUWBDIERIANBEMY alOWI0, EHIOEM GROIIM)

HEH0WERME ERYOWHPW]Ie HBAOALE TLAOM

BOW BREVIEM)HHHSVo (9B33a00smMEmIal, He ',

Li"', Be’ . ansessloal) audlomoio cosomaalsalo

AWA1eElen0m SElemm). aamoyamolo, Gsnd

OB TP ]OWIAD 00 4em3ud ailiedle:alonnd

algoom@ aglmaoiloyamy.

D )53 AlH0nSs MU IeE0T0E50a]l Tuoes
BH0ilBY Dalc@olal5Iam 68a0{(WE Bgo
N80 L HOTTEF T0)iR QlluoBo0UsBBUY (CWsNISE:
@RS oMo qudl®lelgan oE CO6HE&U3)
ailea1eElaMmM@Id DD 20Mmyd: AlNIRWE]S)
D). OBAOLRM 3¢ a)88 OF ERYEBIHS
Mealdo alwileelanomio MM MMV HD
SEID)aVIEL DBIOOEMEIOTID, ©6NE I E06M)
&HU3 Ao DB a01EWe BRQo. S, GENIXAD
adlauoamarslal EHOAD oth EUMOH&G Tvoam]
avyaied (1o (konlo) GROLIEIEE S0IELI
ce@Omload  quoanlavyemled  (quodas
la1800l0) MUaala0d conles1es allzg@mo
aila1ealencmle e-vlsonilal

i) @oTuEnIMLM@TENNSsS MOl Bl ol
SOMBS BRQEMOS SHElal allvoslaalensm
DD AT D6 SHEloanlel.

260G al0somoad, 1)GS03 aloaom

HOOLEERUE BHemastlanisyan)emuoud, queldsmaom

@RHQEERRBAS WLISMW)HS TOAEBHM QllE1e:dl

90 SHFIW)N Hlha] BO) MIRLOIDE @RAULDLAE.

DI ThHo

2.5 @ROOTIEN] &I6Mo  MIAIM{THAIC)S
(Quantum Mechanical Model of the Atom)

GSNIOBROMLBHWIDS  BHIVAUIHUD  HEMBSBINEIS) O
BRQTBUIEE ) S)MHTT BRMGWORLON0 HalIB)ID
QBB AN BIGH dh m’loe)crmﬂmamggg LD heaRS)
ROV, RROMGE 6] NIMYBHDINS BJAIAID) BB
OIGEE HEMA0W TUoBIUM MEIEID BMNE) Lallbom
9|3 MeRAIONGOMEEBSO6T:

1 (BaoDleag easKnIvRsOlo,

2. eecomu@enuddl eralumilemimileuoamo

agyrmlol
2.5.1 ayariam aasimmizie (Dual behaviour of
matter)

1924 03 (A06R] @D@ISHITI@EREADMAW 6 GLennS],
2}EAN0Z)0 2| BRYUOW kSO0, AUlBlosMEBOBE, |0E

(BAILQI0  OOBIMAVIRINIC  BRMOQD @b lho
RSN  @OoNAVRIMA0  (aldSAOH6EMO.
@M  8an06506M1N @YD, G OOY

HOHBRABILNNC DBHMEINEL, MOIGLEHIFMIAUBE0)0
ERYANU) MBoWSHBBRLILNNC DEODICIENaM:. DM
OBy UL EUIEE MImMT 6 Gensl 86) HEMlGWHS
moonensdaaie (A, ), oo (P) agaria oodleyss
eRITWo (alrimondlay).

h _h

fe = v ; (2.22)
OIS M EHeTNEEREIHS AT N0, ¥V, P BRAINSS (1C0]

3 3 p 3
"OQljo GRHGHUIDOET. @mcs[,oegosm S BENEERUS,

@DBUNEEBOBEC ORI AllRoMEINT AilewOasE:aM;

a0 8 gsnnSl (1892 - 1987)

RG] (060 B &M S NI
EW 7 &Il 1910 S80S @R oo
mom aleieIlm a6ltmal6m
alOlgl@. oHIDIOE BMlo ERIISA0)
wiwomlm coallewl gy wwal
mlagommwl onlen; aigls
Mwamamleng 0/230 GRER.oam
A0 MITial@le WIMIMOTICEIE Oi@lsom]. 1924 o
ol @Y (U0 &e1)m eI W M @REG.00MmIM] G
Rdall MO B0l eyl 1932 23Ol 1962 ©
allealeay M Qee @RER0s o IGIM mdaen
WIRIWIGE GRTURLINTIS: ATMS BRI SHMIWEIM].
1929 @ GREG.OOMIME BT GBI D 60 IE MO
UAIMe £i1Flg3.




@Yo ABISD

SMRAND GERINSIWNS alalDOONA} al@ledsm
ooflenes aoAlele:osms MEI::)IN). oD AITdo)®
OIGLBHOM HHDGLBHITVGH0a] MIBdleymmalay
Do lCDONN|S;TMAD]. B0} TVOWOOEM HBAGBHOAD
Ch0alAd (ald0uOMING MDoUTVISINI0 DalGWIV)
DS} GalIDEl MEIGBHMHHOS GO
RO IBROET IGO0 OODCLHI T E0alad
@RSITLOOMA0S W] 588D . @RYW)M]BHUROTS (@
WEAUHMEMAOWHTM  QAUBHD  DolEOVON alBAOW
ROJISOMAOED  FRIGBHO6M  HODGLBITI EHla].
EHODEMo M )alEWOa] B0) UTIDM) afHGEL000 15
BuBIEo BS6E1 0IBila |OTIO3 B:06Moad TUOWlan)o.

esnIoglWHS GRE VOB 2 IBIMOTIENSS afLlo
AUTINENBEN0 HBO} GDUNTURS D DTS, THOWODETD
QAUMI@EIMNAD] NIMbSa]§ Bootnansdnallamud
AUBHO al)0)BEIR®OEM (@ROIDHS &SI Aoy
EHO0Mo). BRMNMHINE ERAUDHS MOOUNEEHS
@B 2J0lwomd Sl a)aNOGd eI @;08m)
SHBOWo AF Dal@REQOAlBEIMea:8; (860
D210l a0NSS } 20 NIMLEA|S MNRNBRNAIY
SIBUE 2 lO1HHMODIENES BHeTR)allSlante. ®OaPalo
WA (aIBMBBSIOE 2IEla) aDEEBUS D AT )G
(3 MMl emalalan)an).

(nl@tne 2,12

10 m s erOmUlol quemIGlangim 0.1 SlERD{Nl AXMIEE
B@3 WG MENAORHR)HATIOT ?

S Ho

B eEnIsimata GrMImuely (2.22)

B (6.626 x10 M'Ts)
mv (0. 1keg)10 ms™)
= 6.626x10 *m (J = kg n’ s %)

(nl@tno 2,13

8] marexilan aad 9. 1x107" gleaninle g,
andlem K.E. (omleaidmo) 3.0x10% | apeems: o
MERoHAARDBo GEMNONT 572

S Ho

K.E.=% mv- anwainio

\__Z[ZK,E.J]”: 2x3.0x10 Pkgm’s ? )
m 9.1x10 kg

=812 m s

61

h 6.626x102%5

l: =
My (9 1x10 3 ke)812 ms™ 1)

= 8967 x 10" m = 896.7 nm

{nli@mg 2,14

3.6 A DEONIBGLYIIEE BEJ EallIESI6MIRHTE 22
6T OR8] .

D Go
=36 A=36x10""m

Ba0DESIEMIEN (a8 = [ol&MHR (I8N

h 6.626x 10734 Js

f1T=—=
o 3ex107W0amEx10% msh

=06.133 x 10 kg

2.5.2 aganaqoad aemiduilan armlilomo)mila ime
(Heisenberg's Uncertainty Principle)

1927 @3 =AM BV SHWITSMEEMD W HUdsN
£0RTVWRMIGY, @RalvailmmIrdlEroime @Ryl
S@laf); DO Baowlagwe olslosnovilarole
BOBIMAVIZOV@HOHF FRMANOLIAET. DD MUlELO
D aléhd0o ‘B0) MLIGEHRIMING dymymdx
TUOIMI0, hi®IHINY EYBDo (EDHLIHNT [ 160IN0)
AT BCO AVBWe dher2)ilSlasn)Hoad avawymer’

VMM aloBoW], DG TUAUTHLo 2.23 ODHOENS
ajailaflencoe.

Ax x Ap Zi

i (2.23)

or Ax xA(mvx)zi
4

or Ax xAv =
dm

MDS A X agyT® v NoMaTilael @emlonilmamno,
AP, (@ReLIBIGE AV} aIN® @O
(@RealEld Lasoineoilen) GrMlu@ilmmInaos.
RIBLATIHG TVNOMe UBHOWUdho B4 3200
@Ne}allslencanmlod (A X &a10)mosns), NI 20
sMilexd (alealnamlad alelo arakiloalo (A (v.))
D600, GMEOAT] 2], @m@@gomﬂac@ LalEallo
&0 BROlWSABIE { AV,) $2103@06 ).
@elcs{,oegomﬂmc@ aqurome @ralvailmasoladlsn)e



62

(AX QIERD)). @REEBOM, NEIGB06MIHAZ ALNOMo
BRHLIBNT (olGNo HeNsallslea)emiowd, onelo
afaRdee p)o BRAILEmBWGlan)o.

B0) HEOOEMHOMINHAG TVaDOWEOMOHS GRMIUaI
B@ANRLOAD0 AMAUIRIBSQUADHMTET. GREMEBS]
2100 30} ¥1AMIOHWIGE Dalewouila] 80} aul]
Gala|T190g SMo ERBEHIG YIRS |S)AN] af)m
&0)M)D. M™IBaj@oWjo, BIEla anclem@d R5)0
@ HDLOHm )0 BRALNATLISOD® B0V o.
LML OBBHAUGENNHAERNTD Galo|d oHIFlemHNOU
Mo Eh0QIOW afdhdheiBUd GOELNNS)OTIW B0}
DalBOMD DalEROICANERMOET. ERM)GAINE! B0}
MBI SO vnamoe MIBsME)aH@IM, Mo
WOIGHIINIHAT  BRBOIDHESIHW  Hal0)MIW
Qi dheIBSOME GaalRa|Sao &) algdmisaoilad
DalEVOWIENENo (&) SORICEH0STIOM 630} Galoilag
2l0dE GRWo @REBAHM QILIGIVILROMH@OW)o
SEMADIBAN] ). B3} WRIBIaMm dlolamulon)
M@ MBS Laldhowo’ @RHLIEINS HNAIEL
G000l &1Beme 9al1ewIla] ARGIHM (ol ||
B800. AR) MEIGBINTINNG ERBANGCBANIS G060
MOoVSHBBCLIL MBS Lald:0Wo GRS DalcoUsGas
STIRM). GROMOO (a0 AT H HLBEAN GRLHRHS
h

[P:I] GaNoG5EMIBHU & 15151IadmIenes
WLIGHOIMHANS DVBRo QAYGLOTIOa]Sjo. DD
Lol lowlad moyes @elcs[,oegosm%)c@ aunnmeo
6T} 15186008 Swloenssleno , £)5lolsles euoato
DBIGBITTING L2 IGAUNSONEN)C1a] MB}HES B4 T
eiglesaniel.

@l mavIzLIDIDINGG (2 IHDID 0

S9a0TumBesnId o’ araluailo@irilaboamnamlaad
LalWwom ardlnmelmalad eatd, TDLIB[RIAM)h o mg}’

DI ThHo

TUAIM HANEBRBL0 BIMINIW ol BHDAM alln
@G nnosEREIGEN MICIMIEiMNnarial agyanmdsn).
20} ATioniRg 1Bl eamalne Mldemolen;mo
alal Mldlatiemglanss @eoileg Tunomale GoNmE)
@os. B0) AUTV®] B0 (alE®id TOBIROWIWG
afileswossman m:yEs  eRolwosn s 1@l
BRMCalonel BRMIHG (alealNalo GRMITE (alold
ORIl MNISKEEsl0 @RCIWINARIC @’y AITm)
&)0af) MLADO HFIWEMNDWG  ~failoswossman
M2} al0WONE SHFIW)o. BRONO@:06T2 B UTVM)
alloa aunomalle (alEQINAlje ERGING aldMOW
wluailemena elojRomlense. MEIGHMIHM
CaRBEIDASH S6) DaldeQodlsa: AMimalna oo
MR@OMABY TVNIMANS AIGRINAND  &YDLD
DS MIFsMTIEHOM TUOWIAEL BRMHMHITE, 53]
DRIGH0MIH] AT SHDEMAILOHONEN01a] Al0WD
Mjo CUOWYREL

Han0aIUMRaMIGE ermlumilm@iavlzrsamomiag
(220 UIHDAUNT G AENBINS  AlLImamIm]
DIDBIN  UIWDBNIW]GIBBOY. @B AUOYEI
UMD BNBLOS HIOYIMIDBE M BBBOH BRI AN
MIMY, DO GO alOWAM DE000MSEBSIE3 avlam
EEMINY B ¥law)o.

. -4 .
aa) alelliwoe (107 &leen (1oo), 2OMAR &)
arioyailad EemluailmoImilEnommo (alewouilen)d
OREME NG,

Av A =
dmm

6.626x107"Js o ax a2
= - = =10 "m-~s
4x3 141610 " kg

1

eidla] AVAX &0 0)ello QIS0 §al0)®o QSO
mW%ommgmoaﬁ.m(m;aoeaomé, aleliwoo aleilgjens
2000 HSIVEMO TRYW AUTTMLHBINS OB YOI,
arwlalaoiomal NGO algoam)ilel.

anudend aaanammaide’ (1901 - 1976)

1923 @ ajzemles (Munich) @ysmlerymilglelmd alat audeand aommausnlng soomlaeimiimonod
all afhel (. RIflgi3. @RERaOs BIEY B6nI26M3AW cuISlaaBMITE 63 Qdainile MITHTT GaUI03OAITT
EEIHBENNTOE a3mnid#aige tadomilag 1927 a3l 1941 aee Aladmld mauscnmIewlae
BOTISBITLM Qalla0(B0IWlEZM]. BoMle ELDS&A0IWILMATON GREZ.O0MIN; mEamwles
(REMUGHTH JodTH DEUEMOMIOT 2SI R, QIRLOMING ERdte GREGaO BOISIORMINE 208:M)
o8y amalons woeed apwl modleme] eroledasiim 663 Ldumitel.nan apuwleim
aennaaumasde 1932 @ soalawimimominies amieaol meime ems),




@Yo ABISD

Af)aIMOMB B0} DLIGEHR0M CallNRIMRN HHAGHD
Mgd0nild AMITNHB)HS SO0 o008 agles)am
AV.AX QSO0 QIRNMOSM. @ROMOe @RMIURIMmo
QITUN AUSHD  LalLOMAIEN. DEA0@eMaI,
BHNOSMMRENIGS @emlvnimmimilanoamam)rala]
9.11x107" @ee 2008 &) el@osnilal

h
4 wm
6.626%10 3 Js
4x3.1416x9.11x10 * kg

- 7T
=10 *m°3s !

Av. Ax =

apmow® 107° @memlilm@Ieomoes, aunIms
6N} allslonoad  (WwHlao@d Lelenomlanas
armlilmamio 10" anoiloleno. M) AUBHO &)Slw
mEello  @ROO Moo @F_‘ICBLcBgOGTT)cha(Ia cennd
&0dendlad (Mu@@aInsB@} a10llan)an) agam
HIVIAAGE ABUOWe WRlLHLIAN) AUB)AN). GRMI
WD, WOIGRINN UGN BLMINIY AUOINUo
EDAEDQU0 DONRANMBH L ITUMIUMNDUT 839101
@EROUWIHNS ALOIMAe EBADAUe 630) MCoRINY
MmW)Os arslnuoimemlod Lirimaaileassmnzlwlal
AHIM). APQOWIHAZ D 1IMRe  HAANIMIBH DI
DIMLHOIDE @DITM Mo laa o).

(nl@te 2.15

@RMIECITHIW EaNIESIMIEHE 81600 2ll5ie8 BE3
DRAC[S I EHIH MR MWaDIVOMITE BE] CRQUTGEL
seig|gialeond moime 0.1TA @oeelo)nggsl o
SOMOMINIB].  HHIE  GR@O (e
ERBO6IEMINES M@0 HOQINNGEae?

QO Ro
AxAp=h— or AxmAv = —
4 45

h

&‘F = -
A mAX 1

Ay = 6.626x1077 Js
4x3.14x0. 1107 m x9.11x107 kg

0.379<10° m s ' (1] = 1 kg m*s ?)

3.79%10° m !

63

lalBMo 2.16

683 sl slavflmy 40g 23Mge 43/ BUODWI0 S6TT,
SOUOM 2% SOOI M Es IS I 216,
MUNIMUBIRIZEMEISH @RMlelnme HEMOaIean]e:.
D Go

soun@melaemiw earlalde 2% @eaila)o,
. 2
Av=45x —=09ms '
100

2010 (2.22) 8alEWHHg]

_h

dnm Av

_ 6.626 x10 ™ JIs

4x3 14x408 x 10 *kgg '"(0.9ms ')

= 1.46x10 ** m

D qUIIGHT BREI SIS slwailan odmomn)
EMmenIg pamIaE 10 AS60E S0Q06N. EMEETD
Moo MZEIIRE], AN £ISIW  H6M IR o,

GR IO mIMRIIMe GREOITSHBINS &) M) M ol
@O elw] Ml wleaymmial.

Ax =

CoTUIT BB ARSI ERTDINBS b IDTISERGE

@6NISCIONAZ DOMYEh ~lDOBRWLSDING oMo
DB oW MBS AMAVIRIOSNO MBI,  @6NId
OBV MRl angle  ae) mluils
OIS0 @GmMIgIod alellagan  and=lm
BEMAGOFD  BIGLERITT  BEMADIBNDAISIIN D).
SDRIGLAOEMIRNG MONTVIBIAIe GNIAR KoMy Wl0d
ESEMANSNVIEL 0mRel, &0y sodendld alyemasl]
Md0l2 lE09a|G R} aIOBDOEID. 0lGHH SOEIG(E06TT
H0F AUOMALE (RIGAINAle BEH TVAWO b LA
@ROIWoNAE1E8 ALMER D ald® al)Bsmaow]
mldalailenond muowles). H9anaTLanISWInnd
@M@ IIELIIMe ERMYTVE] ] DG TVOWBEL
BRGNS HOAOWERNS BRQOWING CeNIDAd DO ydh,
(BOIOIHG HOBINAVIBI0 BROKNETON)E: DOMDL]
aoa0aqumenddl  epalvailo eimisvoanomlay
Qflo)ELONEOST. FNIE DIMYEHDVNNS MaORAW &D
MIBIOTN® @SS @SITNIMOELIeS, gaaclend
DO 0 @pQERglenlas alglnsmlasnammlod
apdnzleloilaymm). aaloaemlad, (Boljamleand
DRoN-HETH 663D ORI AlWaledlen0m;e
£9206rvadasnIduiinmg sraikailmairiizuoamainow]



64

Hald0OMBASIM )0 SHFIWIIN &0) EREQIHEGHPLISM
G188 DUWBANOFAIWIEM GRIMED. G060
AW SIS RRUAMGTHINSWIST DGFIGRIRH)
@),

2.6 GR/OWIGHTY HI6MRo LK [MAICYE

MYGOMD ANEIMTWIBRHS ERSITLOM AL 0B
ZoMleeod HuEnomlhal, afle}an &anad, aldle
DEMo Bal@Ian (Da0sa3ud m)sem3l &emla:omuso
AUMSS af)Llo MOCOIERMBH TVMNICITI®)EOB6S
@}o 2IEIMNST QllRSe000] afludslenlenansms.
apaloymoelo @el@[,oegomgcsaua, BRHQEAIUB, HHDAD
&0 @Sl TREHAUTIGENSGS (n1ewoullesn;
6MINGE WO ~lEIRWHL|S}AD). DM HOBEMo
M908 HBSHOMIBAT B OTINW, LaIGDmY Bl a]
Dl ARGQIHDHTI::BI0S NOBKRHTLIBIOINTNIT)0
ApMIERI@®ITSIZLIMHTNW o BRAUWSIT SN
ST 6. Balyomla® v HesIMAVIEsalo
@SSNAFNHEISIHNAT BOTV{MUVIEND hIISNZ06TUEN
@I (quantum mechanics} agyam ailglon)am).

&hl06TRo  HASIINSTS )@ HOTUALOaN]
OO0, M TeAlEN0MsE:0M GIDoUTLIRIAN
M BOTVIBINUIANMN[R  TVYEH AAUTT D EH B S
218IMHOMAN)F2]06M DH) I101H9D)IDT. @D
QAUTHMENGB @M)TLBTHNM A ILKNTQREERHSWOST
D@ AUUDNLNMBT.  ®I0TRo  ORBHOM S5 aT
OB G SHFE  (alewowlenen]s) U

SIS EoTlaRIMiMmeammIT
AU gl2oalomd 1910 @
ollwm) maasen@eolod oo
QOIS BT &R DT
afl.afigi @l €S, 1927 @ o260

@RR|BIOM (ol IGe  aenidelod

(M ) €1 5 210 3 D81 4 2745 U

A1 (M8 Ho AR PIOTI T S
lnludemla). 1933 @ oolgaisnisgo LTl
M MWEIBEBISI OB A apdafad agaifur.w'bwd
alemomisdo’  g{aHialosd (1887-1961)

aadelm olsgewle 1936 ©F sImslwwlea s
ASEaRIEWEs Hawimg. mdamlwges axmsle spulalensm
OUIm; 6RcHo BAIWNGT AallalME arQilwlm @ar
mldsumlmare] Mlsae S0y mis crwdeisElor
aepflaflecled axilw @REFaO GRONGS wI@lEMme] UBHo
misdmng. 1933 @ &HUlom®, oll o afe. AU0ISEZAWI
RO @I SMmISHITE MM wlBygaal),

DI ThHo

{@RAITEE MRoMTLIRAIL BRLAITUAMR0ET } S50
anelo GoMilesod HuenomIS LaIewwoullaen) Gmiud
eIElem MMM G}EILRosTT).

1926 @3 audemd soenamU@eeUdY, apdailad
G eHOWlond apamiald auim amaow] ailsailaflea)
S)@THDEIT) ELIDENE0 HALHAMI ST, af)aTBlo)anoel;o,
DraoU) slRIMEIRSIANS @HWEEEHS @RSITVNIMKD
SNW)BR HI106Mo  HRHHM ]S THM &) 01206
MmenUd ilOs 2134 H21QANG). HI0sTR BRSHVW]L;
&8 GRSITLO0MalORIW THACIE Y0 CLaHOUond
@em 0ila:mMilafloa)s)omo). @@ 1933 @3 @RGGAn
oI} @O EHUWITILm HMIGEUOS TLAMIMo GMS]
OSNISOM}. elenios] Mldesuwlajmtalonsl, e
SMIEH0NNBINAVIROCe ©UBN SO QildTUlafla)
D aAVDOIRGL0 QAIZOO TUE1dsmposm, BAmAL
wsmiooomimeDilang gwdam maevilenss @rdlai
@O MIBWonsMo §21Q0M @RI LA, allailw
QI}a0@WENO W88 RO M1EWIBEMeEIUD
Fleaed WA HoMNGS103 aldlon)e.

80 alaoowlaad (raoamlomyduals] ovdm
20Qdlenem ®0) @R ERALIKIGE B0) MMM )
HEOWlond MBS 20em [ ¥ = Ei . oailes
H apIn@ an20lodegoamlom apeaniny wsmlo
(alaloeld (operator) @oem. QIYjaOCWINNG @R
9mdRao LD &2a]60Q0je ®Ed SUMWe
SIBlENAM). AULAOTITIEG @RHE: DDBR0, af)LI0 Bal
@R GQIZIlE  HEMERHS o, (_@mcs[,oegoemg&ua,
DLLIOTBHWE), OolesodRale  WEIG(EreD;
WD MYRVIVBHWBEN)0 DSWENSS @G
aHED  HalFMaUYBlo, MLIGGEM)HE masleno
MY ROV GaTTElo DBS (~IEGD b Al atsm
£al05MBatiENe G2IBAMMVEN). DV THACKE: LOHIHAZ
adWwonsmo £, ¥ af)alal m@daam).

NDNAWENIT BP0 CinHIAIWE AVBAUIDS Mo

HNAOLWRM @RGOWIN «3000Wlo®@ TVBAIS®:: Lo
WIRWOREMo HalPMIES RIGLEIIT TUOWLE0SM
2DARMeIEB)0, A2G00 2OGRWTIR)E0W] MIMWee|S
DRI 06TIIENG DHDODRDLKT (wave function. ) sa3g)o
EIS1EaM]. AT S0 o6 LeUd | MY sz
avostly (principal quantum munber, n) @RAVIALOGI
h126eNEoUoaly (avimuthal quantum mumber, ) aaamlan
dhIdaNgovoaly (magnelic quantum number, m,] 6062
ollaiglanond @elaymm @nen=lae:dla] 8maRmlelms)o



@Yo ABISD

MO Se GlatoWlond quanIoe: o MIldws
EMa BallGmIngd qLINERINIla:00W aoyomilclsom,)
QIOYIMMIEM. B0} MBIGEMS aRH® B8N0 2DER
mlalenasmslold, @y andRmlai)now] enimw
§a]g MBoWaNEKDo, LIEH06THIHMENC] 2 |JBH af)eld
allalesaBgje 9UWaENIB8IIM). MOoNanEIMe B0)
Wsmild  aDEKNEo6), GRmIng meljo GQoBlsel
DO BHWBMINNG G000 lemQe:68 Gl afldlan)e.
DONANLKNODINY DBV LalGmya] BaGLOD
BHOa]lamamial Hea0ROGEWD B30) DI BN
DOUDEBS HNANIDERM TOASM (rﬁoflrﬂflmﬂsm@cmo
@OoWaNLIMENs AREQLdla:a0@milgenaud agar)
QiFla)TD). e Tla flaHTMilHm qvosTITWla )
@ROMO0 OO NalLINEEENS ng;ce;@ausuegomﬁ
QILe06ERHsan) 0illglenyan) &o) eapQ@lnsl o)
snilayilad $30) DRI HISTINDN HHMROMMGIMSS
TuoRoQIL® @1y snilm)ailael I\\p"3 M BN aloGI
2001 @1 E9)0. HRAO(OLRM GRGOWHAG B0
HASOMIER0 AN2INEBWA HPANWRMD @RQo
Ml TN af)lo AT Eng;o OlZBROHEAs0]
(I 2 lB9DMOBIaM NS, @3 ErUod DO B W6
aillvenladlannnd selooam ailel (aimleoauema)lo
DUBRSIIM].

mmg@m@[pegoaﬁ @y Qa3 i gootlilond cromoo
SI@OW IGO0 @ugguaoe;mmosrﬁ; GLouWlownd
MBI BRY NIAM)DAIGEIMNS EHYHOI TV
mlaflseomoso ayminee]l Mldwonsmo g algomd
HEREL agae30olmew Dalewowla] @D
ALl S BOlSSHN0M ¥l 0.BRWIWS,: GHMUYIS0;
SAHS MaDXDEOMONSVBD BRODO HETNEE RS
BN H0emlanamal, 0)esladq]ostrslelenan
HROLRM s0dnilgens:glad mlam ag ergsaglan
&0dsnilgene:@a9 amailendw aly®§oTsEud Dol
AN, (A IO A IOTVo AUdUWla] Myslod
2103H]HWP ARMINNLIEIBOM. WM )H00sMo,
apel sodenilgenaaie @yoa] aloEolalsen)an;.
SS0OMm, BHAOWROMEVO HHOWRM GaldHEl
o858 Talleadlnilpecoo aodsnilQenesms omdRo
7 af)D &IeMRe TUoRSW A3(Mo @R UoWlajlel
SEMIB @emlod wlan am iMoo, sniano)
OPIGE0M argamglael 3odenilgenaans 9VdERo
(2alnll@owaBed 2.6.3 eljo 2.6.4 Eljo ol0swIo]
SNAD@}EalONLl) #, [ af)aDT HI0sTRC TVUoELILHHS
@ el ajldleno,

65

2.6.1 @Aenilge1} &80 GII6MRo Mas)@:@30 (Orbitals and
quantum numbers)

BROQOWIG  AREMEHo HIBENNQENEHUBTLOW A6,
01 B03MIgENEez ERAINHS Altila s, @)alo, @rElnll
MM afMiles @Sl nomanilod o)smalonooi]
sadmlelaolwomd afloje. aellajo @00
s0denilgena@ mymln ualale DRIGLED
slAM &M SIMN@MIMBS &SI TV Y@
T} ailaflasnam). @ROGIGAIDHE] @SN @RIV
sp&lailmioauane (orientation } GRAOA0LMNE ailel
mlail; slueaglad MEeleEIsmIBm  G6eTRSaM
@GBS TUOWLB® ANBRCUNW GRGakSH]a] S)SHHEL
I8N a6, @Ry EQodla0denlgens:es losnso
TUoELIHUS Dalewoila] HHiminon]l @loladlwod
UoWlanam). 80end aodenilgelamwo 1, £ /1, af)am
AT BI06NB0 TMVeEHYSHOME V) ailaflemiam).

ERYOOIONG GIIMRSTUSID(D2ICYSWINS (olIIM
MU A0

glaHIWoGd MANISe ABOOBEIM (~18WIN] 5l 6 0f
a10150] 9GIOMQIe Qe ~RISMQIRS ofliMaleny
(O OGN £.126MRe6 1M DAI0)H:. @RQUDIGIR &26Mo
6NIEID [ A M) & WIRS (alWID (BOIEHRHMHE MISE
SIS BRI

1. eRoanald SeeoIMmiasies 994@e & 16r]
Seleaeaslalenmy (Ermioo, «la rldgle aje)sonmd
AT QUIWI2ISIM), [emels] Erpamnalasal
eI G lmye@d mgelwmiarwl qaoulmaiwlal
SRFEMII0E.

2. DEIGGIMISEINS MRoOMIRINTDIGE ManIem
SR 56 5| DelgaImle andmnlaad asaaisiom
Glesgma. @ ennilond BEeBAVAIETand
apmnyruamimang cldwieamarsalam,

3 #6] GRoomlan 863 DA@IMeN &i0)20w
MOIMQIZe SHOJ2IW  (oIEONUe &EBIGW
mldemwleaimiale] (@a.ommaudd @ealelmam
MRme). §6F @RQOMRel BEF IR QIMINM o XD,
aElenele aoyaiwl mldamuwlasiem) oimaiwl
@e0l@3UIEMm &YWy, ERMIO&IMEIT, Nl
olmis’ @emie salleel, ae3 apoomles almlw
MOINEREITE DEIELSIGN SAMMOmIonias
(TUoRI M WA 217 22(Me o0WINT SFlWITTHT.

4. gpegialasldanlomd @@ @pQomles &863
EDRIRI@INAG Y/ oI BENNAIMAIET, 86 MEel



66

alRIM23a16@lgl 867 @aElemlan wlueleay
gy, oelglelad mp aidailoeld oo onss]
e oliWle. GE3 Melet@Iemlay Somee Mlamu
DReD0BIMETRD MW EISEMIMEmnIm 86] myooulal
mleaw] eyegialaaldailgrleals 8amIUlElongs.
NOME0 ‘ot H: DEIESIAH BIGNGOE MEeth wOLIMETRIG
aeag@lm sldalgred dyean @y QERsIRs
LG SINE ~QSNHWINS BeSINAITe. SI8Q)
audenfloellaile, elg@iamlin’ ey awilo andmalans,
a3 axailoel eas  mele@InGslol @35m0
8@eo088)M S0, BE3 MU.0FMDAIE LI
apgomled  allolw eidanlgriedlod eisteIemad
mlowimo Mmowies 0d¢me WdWloammom
NMIAE] 2061, ERAIQW 863 U] DEIE[S 6D
GROTMan 81801 Mels(HIailnge, Gemdaamasim
sodsnilpelan aalseHanad oas ae] sidaniood
MEoNalRIMBIV]E]S8e. B8R @MREODIE
NEIE S IFMRMSE0 23868 ofie)) QlEMIa GRMla
e2d6n/1gml MEeMa0eIN: W WO GrsRIulElangmy.
00 UGS BIRAIGIMED] SMBo IO IHODT AN
MO IO,

5. a6 apoowles ael eflmiolol eey oesioilan
SOABIAISHMGINIES MoRIUD, SIBsQTRG0
oORINOMRIR SOOI @3M3el HOISAI6N. FRMIVD
‘\pr MORIYTIHMNBD oDInIaNT ERAlaasIma . o
o220 S dUIgInleR leloae. 86] roomlnisalnl
)@ a0’ D metR sla el ‘upl2 a3 a1 o g ol o’

RGO 213030 U3 &ISIOENW] DeIstH)
anlem & aaROMIMIUIM [cERRa ol oll&gdmd
&¥lawmmg,

@y H1deNBoaVosy M Galnavlglal  andsm
TOo6LIY&B06TT). BRAIHAZ BRI emaosm =123 ...

o6y »loensoduoaly sodsnilgeilaad alellqjalo
alellawon) adlw] case podmale aluiwlaenan,.
BHOAOWEREZ ERYOMIRL0 HHAOOWERN Ca OLRI)SH
aSalalndlene (He', Li™, ... mymenean) aodenily
eilond gmdxons asilajane 'N'-90§ RGO BIG
@Ry o ajlalanian).

@Y SI0eMRoUosL SaHLilam @el yclwianmie

Maocodlan)any. M’ &0 ojeiyomled  cIdwm
QNEMRIWIE3, @MAIBMIVWAIW B0dmIgene:8)0s

DI ThHo

agmane adwlena). oo N’ apoldlen). o)
Dlmilm 'n' menisa e a8Gslgenas)e
@EBYOMIDG $30) HaHLI0d DuBHSIIN]. HUENHOB
@OOPOWIAN BREHHBEMW DalEwowla] Tu)aila])
BN

@)6LY BI0EMRoTUoeY '’ QU@ WIS aN@M el a))
godenilgenaans alellajale adWlenan; angQon)
QIlWOWIGE IO, @el@{,uegosm My plomilad
T &Sm0 Ere-eaIowlglano. Galdavlgilal
21082R)88 M Hlemiled wlan amoglal a10dR)ss
I BO6TIIED BoQaDEila} HD@Ro @RISR
momd, 'n' aldwleaanaaauela)) sodendlge)sans
2mdR0N0 BWlHn)M).

@RMVIBINGD @ 1dsNBovoa) 7, 30@3IlQod b
M0 EpaHo ERHLIBI08 Paldol) @:126M20 TVaRY
afy)o @RFDNA IS}, 0 aodsnilgeilend (@asma
S\@ ujaila flaoamy. n ead eey alkaio oeyowla
[ o quowieow, @essBud ! =0 0)mad
n-1 QIHEWSM. ERMIVE), ' &M 30} allaides, /
g menemsoem’ [ = 0, 1, 2, ..(n-1); GRe® N
eIy Em30d

230a006mM20w], n=1 @@ emIw3, 7 &g ajalie 0
DOLBA0EMD. D=2 @REMINW, ' ad oyelye 0, 1
afyIBlaDos. 0= 3 BRHWOE3, VoW '/ D)EIyEaRUD
0, 1, 2 agInInIEoEM,

B0EO0 BoHellelo 8eaMO GRGIEKLGERS DaldaH
B3 ERHLIHRIG DMl (3 erssasiwldlenan),
&) LalWOm HaULlHsl DalfaUHB)OS af)sfo N’
oM MPEWID  @RINA06T. 950e0asmolal
FAN02OAD BaHLlld (n= 1), /=0 af)aD B0} Doleald
apenz. EsMoo HaHallod (N = 2) M DalaHLRBUB
((1=10,1), mmmoneom eauallad (n = 3) oy Qal
S50 (/= 0. 1, 2) apan] o lllad myseyam; .
FOGOY DaloaHL]lMio S80) GRAVININGS &HI06MRo
moay(l) eemowlalamo. V' @ aymiTio®
@)e13EBx120W] MUTWeA|S DaldaHL)dW@ MY
alo@}am  2(laMaBW Balewowla] (al®lmlwle:ol
SN,

"I'- &3 melyo: 01 2 3 4 5.

DalIHGI alloemlud . s
































































































































































































































































































































































































































































































































































































































































































