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SIS W e 78, (k= 2m/)) AR T wwEfs e k8 (monochromatic) 71 @@
FlI% TU GIHA T TS S |

GTHCE 4l %, T SAEhT AWIE R NG SIReEE [(x, 1)) SR A @3
( A+ AN Ty AT | S 99 A @ G ey g Rt Rdtm o wkesrer
w&aﬂwah;mmmlmtwwmw%@m:wﬁa
EAEGE o iR wfeerer R Ap, @ (IO GIE@ | TH S0 OR00 (IR L G
p TEHAIS) AR TR S (A B TR, (G T @, T S e
wfasEel 91 Ax 4 VA TS FALH 77 92 AT Smofr ot whreas! AL Rge
5T AN | @7 T, SAEET SRS Ap ANGTS YT | SRE O 7 (A0S (AT (oI
Ap-ax W 9fira srelFE swtng Fdnm wlRerel AL S IE A A @ TS
Fiffreena fefy Ta @ @S arsta Ax-«@ W =fie @ AR [x @32 (x + Ax) | T I
g A, Ol g e AE—odie Tgiha SIyR s UHeTe] AT AT | TR @
SO (@ IGIE SR AL SaRd ARreeiE Fda va see ) I,  ftd Re
ZitErals wfersl e @ A

3.4.2 7 wArrE o5 @ FRremasfy wfperermE

ﬁﬁ?ﬁfﬂﬁ@ﬁ’f i3eHA (Werner Heisenberg) (G FHQ€A (G G9E F0H A0S
R @ Sl Pt @2 TR SR st heme! s S ao | O e T
(A R P o OF0 G S 6 Al et wiieael TUiETE Ax @R Ap T

Ax. Ap2 h S 2 5 7
A (3.12) WROFAIGR SFeemel TP (uncertainty principle) AT md | @b
Aferspars] A= (uncertainty relation) ﬁ"ﬂ‘ﬁ +f#fes |

{2 T, Ax CROHE WLl n TS ORF IEHE | AU,

Ax = nA = ANk (3.13)
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A A 5T TEE0Td | e @S owea e@iead) (A + AL) =

_ Ax = (n — An) (A + AL) _
&=, n + nAk — AAn — AnAA = nk FEENDA [iea aife TR TemE (AnAd) @
Erom WA AR,
nAL - AAn =0
nAk = AAn

M _ on
A n

WG] IS UG CARACR WEEGAeR & Ax (TSI Wi SaERce e
=G An | @7 T (An) = | ¥=0E efEAl AfE,

AL _ L
T i
h h
p: T ﬁ]’].‘: ?L: ﬁl
_ fp =|&| =
p A n
. ap=L - R )

=R, ©. 0T g o e A el x @3 x + Ax- 93 WY (T @I G

2O I, TAR < ST R WISt Ax 1 9o (3.13) @R (3.14) I e
a3,

AxAp = (o))

1
=
-u]:r

I
=
—_—
-
&
—

------------
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i A beE el seminae ERid Suwid T Ehe | G An 2 | - s owl,
Ax Ap 2 h

7T, ShEeTe] HIf6 SHEISRAs dwi aa M| e 1-09 9wt (ST STE wifE E
o7e S F = am g,

(i T e e O e . (3.10)

QYA BT 41 (A0S ATE 4, SEEETS] 5T AR G ey e eRfiee
wiE | O3 wRfERe WE siesrer AR Sea FoeTa | smmreTa siRfiesE @ 10
| aqrE, “fPrAEsEs e pifoa (Standard deviation) wg@a = Ax, Ap wpfe
wifepsmst Hoe Atk AfE sifdfes wen =
i :

Ax. Ap 2 o

TSI E )
qeAR Ax 938 Ap-3 wfay sH —,:in A4S F= T ﬂﬁi@%j?ﬁﬁﬁ@ ]
(Canonical conjugate) M W T AR (generalised) FA% 8 SATA%, CTUHE

A A b e (3.18)
: n

3.4.3 st 3f wedrEd SeeEs ¢ wfrsrele

sfpramansf s ae Tiea Srizad Tl Twa s ofnAfl e FEE A G|
w1 o Gt ST AR TEehEa wwgE e s i 757 TF | G G0
S5 e TTeryE ST IEEE TS 2E | G 39 (50 FAiE ca %6 g vy e
Ty Ax 1l ¢ Y mwﬁmwﬁwwﬁﬁwmwmwmaaﬁm
FATgE WA Ax (@ ST reDa oS e (Resolving Power) 351 T8 | TS=3 Ax TS (40
wefrpefes frewm wel o @fll :



9§ A SEITS AW G R (A0S ST wiSer e Wy
SRR ¥R SR (e, 9 A IS SIS SR | T S e SR
PGS TRATH Ax | A SEPETSR A I FIICS 20T Ax I I | {91 A 0
Gf5e | ugfers AIerE TN eaHiwEd Sfbeyadn @A goem s af A i afE
SRS Ax TFUST ZCA | N T4 WERAR (4 M AwA SigTised ap st 3f sk 3@ ook
g FiTimre pa) STEA | (oAl (I AR E wrEl S AR sl oS FRR (focus) i
TR A | AR 1 26 WA 391 U 979 aofo «iTw 391 @ 1 Trmeha wr i afy R

N S e e

- -h-ﬂpx

 Ba-36 : stwlaR s
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q@wﬁ’rwmﬂtummmwaxmﬁhwmmﬁtumﬁ?ﬁwmﬁm‘aﬂimlmvw
afm R wwa Seerelan AfefEe o o i il bl Saegsl o 301 e
v @i ST S AR SAEe 5 p = MU | ufi fafee P saase poa @l wm
0 core Rfiee s afbm SR x @ﬁnﬂcm P, = PSind | ¥ GWR@ WW 0°AR
PSin® FINM a1 T T | PG SR WTHT S A0 T A SR 0° o 0
costa e fFRY 2T 208 | vt Rifed st afim s fefire SeeE 0 o e
SRR SFeTe! T4

Apx = pSin8 = .{_ x Sind
wiest SfAs wnwadgie o F w43

L

h :
Sinﬂ'x J_..- ¥ SinB

AX x Apx =

—h
<63 Efﬁt@?ﬁfﬁ*ﬁ afoye Aifea midfes el
3.5 s wsac : el STEG (Wave equation : preliminary
discussion) iy~ :

et s wicAsRm oAl el A ARIIRS v L) RN ©Y SR
mm|wﬁ%ﬁﬁﬂﬁwmﬁmqwmm|ﬁﬁmﬁﬁmmwﬁm
CHRG SITATE T | TSN T it ARSI SHARA TS TE SR G g SIS @
Ol A JHARE CHIEH | e =wEAT (Quantum Mechanics) SR @ @ISH
el s Az 0|

IR SR TS TG T WA T (U BT I @3 Savl e ot ¢
THOATS S {0 G AT AL L TS AfA | 9] G ST Sl GO
208 #ICY O] SR G S0 sl FafE | wE we S G qelb 2w wacw ael =i
e SR Adifte Tn g} o et (FeAd 3.9) wEl| G S AT T
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i o SRS FHE 8 IR AT (I WHAE S S GiA] AH | W) @A S
srmel a4fe wan AR [ Fae vl A% Wi i S kAR R s
sfety =pad i Tare #ifF | TRd @Rre 9t sfehib 7T sam sfefE wfey
% FEETH AT GiEs! SEEE NS (Erwin Schrodinger) 5N Sl aig
oqfeesia wam pn@ad (Schrodinger wave equation) 701 FArew Al FAGHR w@fmvm
e et 4t iR, cermtBn dEfEnn ceifSei S ATl S Age | ooy
w By @ FEE yard @A o @F @ g s 7, coul S s
wffrade oE Bifgs Soima fd oo w89 71| 75 R @R chEs 58 s yilsad
Feftaet 2= m a1 | 1R el Tore airgfow $oaifba siifdfom an 1 feae | wmar i
e s @i e e AR ©F Aaieadi S $ars (68 $49 | 9 A A1)
- féa Fare «a (U Shen Biaret A wisene] @ qTmees v A 9ol pEe v
Tl |

Sl SiEMEAl (ACF [RTESTE @R Wy a (il was Adeadl SagE B v
TR “AASEE A ST S o=0 (X, y. 7. 1) FlofE AFEfEe 1@ w WiEd sRa|
wefie T T SRR A0Sl G2 G FRIERAbevs FRTE HLATT C 98 SFPcEa [
20/ax T FICHR FHCAITE Q 7 St (/1) oIS 2041 (PR 936 e et <
G ATEeE A e @ @R A Q B oz@ S s e SR @]
sfwafie Grmend TnEFes @ifestd A4’ (Time dependent Schiodinger equation)
a1 TR @ (ST e e G T sl wm @ e 3l e e S
/I, o Q & @ TH S ¢ @ailt TrRfdy eda eqwe foird aor e |

Q=0 (x, ¥, z, t) = y(x, y, z) T() I . FL 1.

Wi, ¥, 2) Z0% A FI6R @38 T(1) 200 71 fRda ot SOars | A% ATt frda
curifovat it Afars st s S Faeers @b 7Twed’ (Time independent
Schrodinger equation) 9Tl waftq e 8 ol 24l T 9w 9as eEih ST e Riee Q
aa AfReE wpiE e S sa S yix, v, z) <7 IR S0 T qAH | TGS SRR
e 3l iz wara (Stationary Wave) 31 SI5A4 A | S i 2= B61
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TSN FEG ARSI TR PR SRR | RS fafte wr w9z Ao
oo Y@ @ G AR A G WG -t ot aipfie A A @
el TG A ST s (el oot riTreaafbe arrer aa | cafesii e >rifime

45T W% IEEE *9ae] W S s mliegdtre eRie o g g
A ARG SHEAGA F94 |

=@l o G g S Tl e

N T, S

ax’ G R S B 1

=0 | s (3.20)

A b=¢ (x, y, z, 1) T EIF TAHT|

frm oA cwta ¢ (3 (3. 19) T wom g FE o safes 4fv fon Sesimr e
T4 [

O(x, y. 2, t) = Y(x, y, z) T(1)
¢ @3 9% WA (3.20) Txx AR afm A Faw e wEea oan ANeahes
Toes TaF 9|
BRT ay dy 4y
+ S =
ax? ay @ N

0, g T ] 4]

QI y=y(n. v, 2)1

3,21 ANFadce wm wer e «if

1
Viy + —‘E‘rw =0 o ahe (3.22)

oy Py Yy
F
ﬂmvwgax’ * dy? T
al a! al
TVew Ty T




V1 (e CEIIR 3 del square) (F #SFIPRA H@E@S (Laplacian operator) 991 10|
Vi@ e (Nabla), V, S5 ST Q08 S50 F01 201

(3.21) A1 (3.22) Wad T e W Facew o9 ANead | o Brea
ST M FSas] g T |

3.6 (HifSsia og9% ﬁ?ﬂ‘i (Schrodinger wa.ve equation)

R #{CA AR (TR 4 (A e A Sy GO TR 91 3 (U
Al Fdfrd o am w0 9f o Aifee iR 3 Y@ U R IgSER R PRI
P of [afad | e 420} ERTIE T o S0 9] 4, ¢ [REhEE v el w4
sffeffd il o «ak arme FEteE e Fdim s A

e rm i e e v wm ide ol ditEr Gralcga Gon afefe)
(=il vt wam SATIFATE SEMHFSN (R ATTEG FEE 9] Si6e Al TEs FErReaL
% AR (U AT Praiela Wgereny »@wee e w9 T | oiR a7
yef1efera AR A |

wiEl v ffeE @ (3.22) o39 Aflandt B 99-S90m  cRe WA | O aree
g orel (A) ) R T (G BT 3K SR WS y=yi(x, ¥, z) R SIee el S
e (U Tl AT | TR Y 9 G Slesd S ST SIETER] P |

7 T, FA0F ©F m, SR p GR FAH Va(x, y, z) REI0w0 SEE Tace | Il
b 4 B= 2+ V Rl

oAk pt=2m(E - V)

WRITEA H@ (A #ifR

_b
RFP

w%:% Eevy e e (3.24)
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G2 3.24 T (U e li, 94 R (3.22) i wars s g |
Brim

Viy + - b (E-Vjy=0
1

h
q - -.":Hézrn Viy + Vw = By Er e e )

(3.25) Wieadits s Facems cafessm oo Tad | @3 Aifleadta ool 7w
i5fere 2% 1% @l 59

Cly=By ' BV . .
A,

b =

He- — - V14V
&y
W o A 2

PR T Oy o AT
im \dxt  dy! 97

H ¢ ZnhEEIETE M (Hamillonian operator) 981 £41

- 3 WW Ferfquira AT ?ﬁ?ﬂ (Role u; operator in

‘quantum mechanics)

R FFIE @ ST B Fram o el @3 a5 e A4 wdfie

@ TR B R G SAESD O Goll ST +ifafe san | e SR
AT ‘i X R SRS sin R S N1 0 cosx ARIE Beotn T |

d
== |SINK) = COsX
< (sinx) = cosx

ST (3.26) TS (7 A8 (@ (it ebee y Srmeia SR H
eTRien frar T By A6 T, A B s e o #if | sipiass e
(Operator equation) «% U8 Fo ACPR-SRL T (Operator-Eigen value) e
N AT DIREGIETR Aeetas H @7 SRR IR 5w o 1f% E, @ y H 43

iz



ABLR AT | (PR FIECDH SR T 8 RO STATH @] 7S] SRl Ay

T4 7=

@ REEATEE W SrFad S e v A e ade () oftes
werls siteyl T, O3 & SATSHE NFEATHT I ST 938 e T
SR W A |

dl:ﬂ'ﬁ':] = )
W =5 = Je™

G 3 WP % AT GB6 FEW AT g9t 7ET wiEesE w5

h?

<= (3.25) 8@ (3.23) aF T0E GEE SE0E 7 A1 ol zf;; L e V2 segaslo

i h
g wdie pr a3t - V2

3 V2 e | SR

P peaps 0 e (3.28)
CIATA py . py 998 p, TR SAECH X, y 6 2 STCHF TAI ST <R
=VE= - ﬁl-—'.-t = I Lt ﬁ’i el 32
ax? dy? dz? _
. : L o , @2
(3.28) @5 (3.29) @7 W04 T IR AR py’ = - pytwe s A
xi J,r!
gt
Fims !.—.-——I
i A

., d d
WAE, pyl=py . pp= |- — s
- Pxi=Px Px [—aﬁ Hx) [ ifi ax)

3 P
= : = ,__j_ﬁ?_ X ‘EI—
Sl ( Hx) ('* ax]

gl vy O
Pz’ =Pz. Pz = {—Iﬁl a_l] . ("lﬁ’ 5;]
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Py =~ il — | e (3.30)

AR S W SRS i e Wi A Saers 46 sl
AR 5 93fb eEe T6AH |
w1 Sl S -ca oG @ E 2w 1St = (Ey) © e e (E;) 7fs
E=Eg+ F‘F
p?

| 2 .
qE = m +V=_m (pe+py+p)+ VvV e (3.31)

9 (3.30) Sal p 932 Al Eere R [ FEs A, ©13 (3.31) @ py,
py MR p, & AKEB FAES fomfs wm afvnie Fe wrE o e o (3.31)
Tooidlon S fiee yood @ SR | '

E‘F: 1:;1 {px.‘.+ FFE.Q. ]}zl}q[.'.\.-w T iwisraeess {3.32]
(3.32) @ py , py SRR p, W7 SRR TS [l A o,
= AT 2y CAY
EY=2w [(“"‘ax) % ('“"ay) } (‘“‘ax) ]"“W

; i ro? g% a2 y
ABy = 5o (57 E%*.gff. YN TS e Sy (3.33)

@ T Som AR eufbim e, o (drw o v B Rl w0
<ifi | TEA IS T e S KRB A e @b o
i ew FRfos |
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A SPOHCE COTFGT AR T cSTeaifm, 39— 9TRE, S, @
sarasl 3o, MR 93 0@ AEHT Wr| G ASEICR DL I G A
iR Tw Fen <300 #iif | < e S STl ST IENA R

el 7Y |

38 w4 SCOTIE (O 71T (Physical interpretation of
‘wave function)

TR AT G P ARSI fRen Sy TaF SRS (9T S A
i wan ot wnE it Afivad FE I R Y 9 SISl
Al <l s A T aelie y 93 GTER AL | (= V- 1) TSUR AE | TSAR K
SrEHion ARl (@R (SIS ATz Al GHIAFBT AT AT T el
o o) (State) FiFVE 274 | T Sl SRS 21 TEe |y ) = 93 arwa At

PR, |y P = yry

CEIG P g A TR (Complex conjugate) |

i < (Max Born) |y I"=[w(x, y. 2 P G (x,y, ) Brpes waifba s
SRS (Probability) 7% Gl FCH | G2 1 (IR WA S AP et e
vl el @Rt Sy G AT RIS A |

3.9 1D 1A SR CAEEE (a5 (Well behaved wave function)

ot T T et TR TR T I 4 SR ws +iiE o ou A
Follffa ez (State) Mg 33 @R «a 5% 35 (ubsolute square) (VA A aqiiba SEETTe
STl B o | cxlifSsia SRR SRR 0 el (PR ST NIRRT % A
o1 T T Tt D MG AREI | 47 e Fite 3 w9 7| CP O
ST G I 3 TAE I TGRSR WHE’ (Well behaved wave function)
%4l 7|
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{a)

(b}

(c)

(d)

yEy (xy, 2 9% 2, "ﬁ. @ x, y 0z 97 TEEGH T b

(Continuous) T L4 | Siad S=7am (St FTlaad st 2 &)
v 3 ] TR AR (single valued) @38 307 (finite) 2O T |

Frae (e Fre ¢ 3 gaifes e AR e G e diba e e
aFifis | aff SR | A ¢ 9a TR @R W ST 2eiR s @ I w1a
SR FERTONG S 16w | f6e e )

Y I T ST ACE (+0L A ot (8) %6l TS IA |
a4 Sl ST SRR TS AiE A1)

+0 +00 40

I I I ]w{x,y,z}f dxdydz = | T2 9|
- - - _
3 ST el Sreiae A @ 9 | 39—
le Pl 2 =13 Rd e S 0 . (3.34)

+0 -+ +iO

L 1[ = I I J. wafie et #ma FArE-or (Coordinate space)

- - -t
A 93 dy =dxdydz TPE SIe Faied (Volume clement) | S| o
hix. y, 2) [ (x. v. 2) Reqre wifoq e Aermel ot 3 193 9 |y | G
IATS! WY (Probability density) 31l ZH1 |y [ dy Z00% dy SRS “FRIRCI FA
eiifoer wEeR FER! | wEd B J [ [ dy SRR S e e g i

wiafie, o e aiem Afers e S TeRernrEs Aufeea|
SiaTs ARGREIE (Statistics) @GR <671 (Event) 9B1a (I STSRTOITE 1(495F)
oA e wiew) Ao Fifad W Al ) cxg jyi® s aagivE e
ot 37a, wreaq |y | 3 TR o AR A P 20 2e e gErE
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mrAE Tt Tl SErEa b wernel wdie .‘[ eI’ dy = 1 Z08 ZA | (3.34)

EHr g 03 #fafiesad 5é (Normalisation condition) <=1 21 |

G T @R WS 0 ] J'iq: [*dy = N Za, ar4ia N w6 53
L ’ | :
ﬁtﬂﬂ{“}‘ﬁm}.w JI’IHNI iy = =2E | AR wﬁq—-\—ll;ﬁl]}* fm{p-ﬂﬂ

“sifafsres39’ (normalisation) 3@l 23 | v oW w93 wiess ARk TS 718
U, (OGS Ay (3 UBSIa ofifie sy, a weiaie sa Gos =)
ofif @ SrorEs ARfSTEFAEe A1 g, S & STt @l Ages JwisE)
GTF GLAHE TS ST AL (a) — (d) 93 G0 WIS HF¢ (PR GIF AW A1)
wEIE G mEE )

310 IS TefawTE ‘ﬂﬁ‘@ nwElgeufem By ﬁﬂ‘i@f
¥3{[9= (Some important characteristics of operators used
in quantum mechanics)

. ST IR T BERaefd AUETe TS AT (Linear operator) T |
(2) Aufe ol tals swems 3y s A 991 9ol saa (Hea) et
fcommutative) T5 | T §(x) x T GBID LA T, GILE

A (cftx)) = cl A f(x)) e E NS}

'dx Sl Al TS

& (et} = I8N

(b) taf¥s Sermroim R Fam (distributive law) G 67 | 3 £ (x) @93 (%) 4fo
SCPES B, SiElE 84 (AN TFRRET (commutitive) 20 1T £(x) 933 (%)
Wit Siess.mn, S
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A (fix) + 100} = A i) + A G0 irsps oA

g f
@A, 3 (fi(x) + (0] = d&iﬂ r g!isix}

@dqw (T (multiplicative operator) HPRILE, 141 x, x? , e* TGN &4 S
]
sz, 1 &, L vorlf ol wewes | ool el T o

Semrd Bl A TR B4 (@ A% AIES A6 A, Bl HTEF S AP
QAT AR
qa X f(x) = xf(x)

"SR 3@’ (Position operator) @l G (UFlA TP | SR sl 1
FAIEA S FRaEeefE EAl (R FITER ST Z0E, Ol eeE cudfla
FET |

| ol 3 AR A5 T, (18 A0 AaeT LR @ (@R
e, Aix) = A[AR) '

i f(x) =e» WaR A= £ 7,5

pon- & {40) - & ()

d(5e°*)
dx

i

: 25e5
Q3 R AR Gl YA wwyeld o Sl FaE, (PRt AR T
Gleohl TERE S |

Ao B S i el o, ol o e o R e H,
WA Ale TS A |

ABro=BA 000 e (3.37)
e ff ST TR T P ST FCFACH T To Foa I
(3.37) FiEadfes +dRme st fecs =ift

135



A Bfix) - B.AIX =0
A (AB-BA ) rx) 20

AB - BA) @ (A . B uSiws wm vem T 2m) [ﬁ Bla As B
Ao aafifns (Commutator) 96 |

AB _BA= [A ﬁ] TR | B A o T e T (3.38)

samasta (A . 8120 1 9 A @ B wsRfion , wra (A L Bl =0
St <l (S o A = @ B=x A, A o i waffrs

ditwy

AB fi.'x}— = [ xf(x)) =f(x) +x N

diix) UIEY]
dy

wEE B:&r{x}_x {tlxll-x{h =X, -

woa auad A Bl fx)= A B~ BA )

at di
= f(x) +xgy " ~x d(:]

=f{x)
GTEGa @B oo R aeiten T FeEieeim awi $99)
(A .ﬁ]:l

QA ((x) 5 B T8 TG FRIFSCFR @9 R SR Soied AT
794 | 4ca Fice 7@ @ [A . B) 7 2@ g3z #aw o sk ek 8y S

s ol Cofel ke L s i e | iR S S onAfe @

xmwmm RS BAEEE X GO ARAaT Gaie A AT,
Py=in 19w & 6§, mﬂi?ﬂmﬁﬁﬂmwmmﬁm

Sl @ A QU el SRl <6 Al ST (oA [ i (4 G o (NS A
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#fR AR s A wafalon A s, @ (S nefe aet sy v
Rgerena =IfFasl w91 T8 Al | @AW, (R FIE x ZHS 998 SIEEE x A 99 i
fFrgersica «ifaiel a1 T A

3,11 GFIAE ERBTS 1Y Felt (One dimensional guantum

mechanical free particle) :

SEl @2 O3B GFIET & A FHY TR (Free article) 0FGE ifSesiis wan

- iR drmsl S sy 54|

@l T ife x =P TR sifedie cirgg 3416 Fidiy, it x 93 @ @ e w9

Vi V(x) = 0 1 aUwta cifegsits sitieaefon mief 2

1

o T BSRY - -.

Im dx?

= y(x) 0% 07 S4% W | F9ifia &3 m a3 @i e E |

(3.39) AiTRpadioa “Mufem oo s o4,

2 i
T'_ 'E"E +E"+’=ﬂ .......... .....{3-4“1

Zm Ay’
(3.40) Witeaita Gt st srea ¥,
W = Al JTRET S W LU
3Ry, = Be-i yImE

COHITA A 9335 B Hi0 23|
W, Ry, RIS (Degenerate) SIS | §2 3 IO WRTs Sssd A<
wiiTs ARG T TR 2, A @ TR ST S 9 T |

G g @A BT SRR FBET [y 43 [FUR wE AR
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=—ifi (iV2mEm)

= N2ImE yh

ey, P 9 G ST e g AR SRR A 29 V2 |
(Y (il RPES @RIE wEl A el I o)

SEAEIE,
Px Wy =- VamE y,

s i FEly ate e gafam S sq9n @bafe s S S e |
wyeffe

I py B7IR S0 | AN FAIEA ARl Sl py @F W py = HV2ZmE | pg
NG SR 4 x e Aeraelien qofb el @3 py G IR T —x e st et o)
et T ) Ry, TR +x s A el @R v, A —x Fires et sl Foe

S|

AUER FIE A (D T Q3 SAAA AT W Z0S AT | TOAR @i Frf Feltn
wfira Wit ww FafEo wdte comitie 71 | W SIRE9eE 9 F99 (Bound system A
Bound particle) CwaR =& RIMGH C7 THE |

y, SR A TR WY,y = JAP e 43 | oI TS T I x
Erarers wiefie (1 O HGE PTG T TR | ToA Fefby sAEeR 9w b
AR w1 ArTEe, Ffa s =l wFiffow | Tr) ireericT afrous] e M
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3 12 wwaifes f"lﬁ;ﬂ faea (One dimensional potential box) :

G et eptag caifSesim v slend ST s swfe @ wlva | 2 s
CGE (A9 BTG R CFGE) SR @S TSR AN 5 T o Fo
ST ST 9219 94 | (399 3631 s a@ifis (fos Few safEe s amy
g Wt oo eNfsia st Fng % e sme | % AR ol cow
WIS S =T T Rrrad ST Sl @b i HeEd EERs s safes ue
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AT x = 0 (TS x = L At swwe aifon offs wany waifon Som o 78 1w w3 a1 |
% s A3 A 20 T T SHi ARl FiE A0S T 351 s A Wi G
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A TIREGIFETR A 56
e
e e iy o 3.44
b= Im d ( }_
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(A n = O F4AID AT 7 | B GIOBTR Y(x) OF W 34 4] 2 1)
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4% Sy Sre s e @er cifteifae ¢ StR TR «mfe SiEsT F9) %
SR ) ol T (A TEw e anifae /e (it vaw W @ % wa e wfad
FAS ARA | |
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st oIl B S @l A GO 3.54 ANeadln Wowt i SperwEs ANTAR
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e femael zra ) afre 5 Rareney a9 «%a 9@ E, |adie n,=2, n, = | 2@
coifommfon ¢ e =onibn s TR F4Es, o, = |, n, = 2 FaEgm O3 TUReE
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3.15 ZTRTEITS A & (AR ©a TRFAC S

(Solution to Schrodinger wave equation for Hydrogen
atom)

et Sy

43 Zrerela @ w3l wﬁw:ﬁmmqwiﬂﬁmxﬂmmﬁﬁmﬁmw.
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firefiaresres | arem AR i TaierER S IS e s AR @5 Finfge
IR GO HRAISETT | SIS (x, y, 2) AT A LA FETFAIE (- 0, ¢)
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153



% = r Sinf Cos¢

y =1 Sinb Sing

z =1 Cos8 Sl A ey
a1, eI,
r=VxI+ y'+ 2!
iz
=Cosl —=———
RN
.q:.:lan—.‘?é 4 ....._..“..{3‘?3]
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wifedl fSansa (P. A. M. Dirac) A=A 3@ 7R (Dirac equation) &7 3|
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BIS SrwTuiel cu R caiifSor sTifiad e 9 n, L8 my 9 A @
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BERGEE SR6 G (PN A wefie g T W2l wig 43 R hier ¢E
syl 913 SePss (Spin function) it Fdie zu 413 e St Yo GeraroiE AAA
LR EREET R e
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3.16 2R GITEAE F%¢ AL (Orbitalsof Hydrogen and
Hydrogen- like atoms)

@R 9% SER G IF ST s o3 SerEere I 991 31| (ST 2EGHE
sfae % BEGAT SN, OIS ZRTGIoE @ el TGS P A9 T
ST SICATIEIE P 397 2 | BER g BaF WA 2rEae A ww e s
hy(r, 0, @) 12, (r, 8, 0) FFTs LE@gata SR AERIS! W 3 |

(3.1) FRATS S AR (1 70 s THET G P 6 0 @IS FAFIUET 309 433 |
-7 ot Sles s THEE RN FIEEE Tl O 9 -1 Tua 93 T 7 widie g
- BT SRR S| (R PR A | 371 (99 (D (40 TR FHGA
Ay ifFREs T

(3.1) M2TNCe 2ME TI% S HTEA DEFEE ATETAl $0a il T @ GF Y
Wi, AT TR @eedd §oa adie yaferes 1 7y Al adie @Ee Is Zeee I
MIEIE :tfﬁﬁ? ffre wearss g [fSs @ e apife woag Qo ¢ 90 s
Brortaa @% of wae owgsd| b (3.13) 5 e Iy wfly srermeen erifee

Lo ¥4 .

oq% SrwT 9 FuealE 9t [FeE @R g8 gwE PR (node) T CPIR
SLAFET A (IR T T 938 Srerwsls By Afgea g @R Hea AT g A
G STAHH0a FAT A0 | T T WA @33 s FSI PR FHCTA
YARHTS 91 A T8, Qofrs s 39 7 Al) e e 2Ea e SEEi
AT = T AT TEAN A IRl fiea s gt 498
eFgeT | . '

P TR S F (Radial node) 31 GBI =4 (Angular node) 41 2 4
i s A RS A | SR e 7o S STemed W S 28 Gat @R
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iy e T icAReRs S T 28 1 996 $7F oy, 93 GG IR R A3
n- |- 1aag o ol feetrag w1 0, Sl feeeem s o1, 1s TR @R
Riopsd (13 | 28 6 35 SHOGHT FOHITE Sl qUEG OF 972 HE1 8 FHEI AISAD
Freepe® gl Gt | 3p TP0EA T TR (13| I el S «= |

HHII(.T..:I
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Radr)
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3.16.1 @A I WS (Radial distribution function)
MG r @38 1+ dr, 09300 + dO @R ¢ G ¢ + dp FAE TGS IE T iADa

YR Ty 79
hyi? dr = IRI2 1017 17 PdrsinBd® do ........(3.92)

AT 431 FOres SRS It dr 93 T4 12drSin0d0dd | Al A Fem Fwr
(Vector Caleulus) AR dc @3 GE3F Fef @31 4m 4

Q¥ S WIACS B3 (4 (P (TP ¢ AT 1 G938 r 4 dr WS YWITED 90 Seasaity
SR A I 7 GF WY (U GYME ¢ AP GE3 de (@4 T IR (e |
WOy ZEE AL SRR RS T shed (B 3.14 ) 1 9B el fdfa T we o
& FR @, 0 93 ¢ IRIGIONF 7571 AT AT o 2lle TEaiabs S9aag SeRreE
T YL CI19 TS ZT Weffe A AIRTOIE 016 ¢ 97 Fof T i 3T | A ¢
& 1+ dr FFTED S04 WA GALA SAGH TSRS 5E

In in

j|ﬂ|35iriﬂdﬂ J|¢-|!dq; = | R Pridr R 1 0
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: it

(124 8 @ O «ifafiie wrsmg)
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P, = | R [ @ 97 T6R ST T foa (3.15) ¢ ZRLgTeH < [ien

T ST 394 SeneEa (erfoa orel ZE

Flridre rlmmildr
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U B

e 2

( Fe - 3.15) SIBTGTER T 1 = 1, 2, 30 T A THEA
wA AR W T @ina
sfite SO Ry @ T 4 1, 08 15 @i e Bt o 1 e 1 ()
) TW AL %ﬁ@ﬂﬁﬂfﬂ?ﬁiﬂ}

3.16.2 WRTGICEH @ LRTEITEH A7 STEa AP %+ (Real Orbitals) 7R :
Yim =0® & i@ Tl (Spherical Harmonics) 39 281 Y fjn, 4 etimf
aqrEa GofT & GIEE my = 0SS Yy, SRAFETIR FTEHE 2 | e
A o o Feg SEmsAR Ry I TR AR AER FH R wfigea
sfaaiead | 4% T T G (0 A A P (Of Al T | vl IR
Zpﬂwq'*"iﬁ; @ G0 AT THE oA FAR GG WG I W% I FHE A6
GormTBa AR TS B LR A T | Al A @B SHeie RS o3 Wi
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Grisi] . G Eiie Aeaee o oFine SeiEie 9B SePES UGS, oE O
Foe AT SePHTRE Al (i Taen & WEeity oF s SR S %
At & S SirerEeiia AT g wAbe G S wrsmaaEE SiEnem e e

B |
A um B A maaelda 2 wiRon wm [GER 4B asere srrEs o ¢,
BRU R 2
ﬁ‘iﬁ"& R‘bﬂ = 'H'{PJ
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Ady = ad,
O T §y RAT SR SED ApA DTS g (Sl A,
y= Cipy+ Gy
(7,992 (7, (8 e g6 AL
a9 M
G Ay= A |C,,+Cio, )
A wcoraa tafie of I T3 S
A al (a3
Ay = A(C,0,) + A(C10,)
= C|R¢F| + {'_,\:qu]_'.-
= (\,ad, + Ca0,
=a{Cyd, + Cyh; ]'
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Al Srorwabe A ety 9ol SiReH e gt AR wiEeR THbe
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(T f6 TG THE Yoy, TR g, AT B U AT SRS AR § SRS 1y, @3
Yap, THE wiba g 7=

b
o sinfcosg e n(3.94)
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wg"}"i 3 (‘WPH —q:zp_l)— \{_35 (nn) re sinfsing ... 95)
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1 A el B
Wag = ———= (2) “x¢200 (3.96)
4 N 32n (a“)
R gy, = (Z)”Zyc'%- _ e (3.97)
7 S |
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--1—-— ( e 2an Emﬂ
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aeSiry e oAt arwa 3p @ 9al 3p, , 3p, @2 3p, SR 66 e 3d vwe
ql, 3dyy , 3dy, . 3dyy 3dgz g2 @3 3d,2 (A0S A

67 3.16(a) @ 3.16(b)-q T s, p a8 d FEFealHd (Ffs saEre @Aafeg e
74 | 9% fora 99%© + 92 - BEsl @ W S5 Swempe A1 TS W (Phase) QRIS
YIGT TATE | + 97z — f6fere wmemgee 3he e @Fs Teslvoy B st + 7 -
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3.16.3 FC4 SliFfs (Shape of the orbitals) :

el SR S < i A Frespk e 99 e T ey fealb
a1 r, 0@ ¢ 97 TWLPFD |y A G WS pesiifas ForEa armea, u fimfes
71 (Three dimensional space) TOHEA | oIt TP (DTS TTTR Y 42 B9 ity
S AR e T

FHrad Wfd wnE aen e o WD T iane SaERSS AR
G 46 W (A1 0.9 T T 90%) (7 WATT wEPTTAT SeK] SG AE ©f A2 wwra
faaifaa = s 59 |

Tt s SEREEE ST TS 06 ¢ 94 Nied S s 3 A adie wf
famers | o (1 wE afEl SEE W s SraaiAta SHEET FEENE 90 *SikH, BF
gl SRR (SilAP T 20 | Wefie.s I Sighs CHeIE | St DRSS P FHE
wigfs o (3.17) 06 2mfs 54|
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i A A1l SIF (1 O AR ek @i Eribare wRtes wele 3@ 2|
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TR AT (I [ alas sfeEem 3w o] 47 ewgsyd | aUFE P dys Wiy
Fom araem 3 a9zia 1@ Al T9AN GTSS- SEE s FEE @A @At a
@i HEs) ERbars Auaasia e TS @6l 51 ) B (3.17) 9 [ Fwes
wigpfie (il %o |
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3.17 SRTYTEH 2@l : @IER affeFmel @ e Braa wy
sitef@] (Hydrogen atom : difference between Bohr and
quantum models)

@TEa g “Ed $a T (@ IE A0 queE FHeY sirafde e | e iEa
stfaAafd (Trajectory) FfFe @a: @i R spica Spa s asfh [ g am s
4] 17 |

BARATE CHETE RN IESHER v e ol (@ G T
S RS 5% | 2R afrre) i i fEwaata @R e R
41 7 77 | AGAL AT ST W (TR LCEASGN FHLT 4199 S| 1 Ao
B G ATl S (i TR e e, Siare Gam sfvn ey Tu SegirE
weRrel wefie |y 7 99 99 A AN A | e s sl by o e |
|y [ a3 Fstarst A Seregata [fs srearua sfdg @8 | oar Frefdasrag
wﬂdﬁwqa foea Srampat dgoeirs 9] Farz? 37 o e T9e @b
et @ op WS B TRCETarsa wfeael Aife wwadl @R F9E Afeed
Ffvwsica Frefa 71 7w 1 @R wmige s Temga R s wsgm «Te ww
Fiefn 21 31 29, SIETRT (Al (T (R G ST R GO AU #igrS . O1 SR
TS A (SI7% | S BT SIS T A B i W e e | s SER v
LEiin mr&m Ay Ay <4 1, ufie @R s At @eE 4ieE $l [ce @l
{11 AR T | (PG @) S ZEregar 2 s oifede |

e @i (RS g TR bR i 6 (O W 2EREADS SR Aeel
S5 | IFIR TR PTG A G = | 3071 S DAI0A SR Sfi FSrIs] (pur 209
@ AfsHreE ees FrFT AP TR S Sgmereitd AN T T A4 2p 43R 3d TIEH
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caa fszel 3RS PoFE A TEFIEE FHER @IP[ GREEE | 37 ASTe Awfba
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318 W?Wﬁfﬂ'ﬂ W"EI FHP {Many electrnn atomic
urhltal)

W REEHNT oA T i ?ﬂﬁﬂ‘hﬁﬁﬁa A vreﬁﬁ ST Wﬁ?ﬂ leag
HANS FifEE TERG ARTE & A FEPeliE YRYIE AREgE SR I
H#igeia @R & tanutfEs e (analytical expression) W9 2P T H&T -7 | Ju-
FER T Eel e TERGEE YAE LA WORE &be ST | ShEl € (1 [
| a3l Al s AR Srelieh ST o 9o ©IF e A1 IS 9l
Broffs 51 | G @F 9T TERIEE 399 G TRz ZRICE 8o Fee 3 gaz @
wals RATGNAGR TR S | (@FIenid St wurs z ool = FuE o5
<G5 FAEA) CHET TR Z* (effective nuclear charge) 9l @fS%iie 2|

ST G TR G AT I TEEHA (P (T WL TR
farmila wu, @A s TR 3mend AgrEs &w mﬂ(‘f qerae HSIAEH | @A
B e Gem feartie culb MR Juea SR, SrEaAha Bom e o
Sirata Sz fsea e s am | 93 T e Srdl e wiem Z2F o

2’ =Z-a
o C6 ST 44T (Screening constant) € 78 | (FH EBHER (FL G2 o 84561
i R AbR (slater) wAfEe @t am ey o9 1|

W B G ﬂmﬁmﬁaéﬁﬂﬁwqﬁwmw%w Rfen
e e diee |« [ Fm sEe 38 aai (2.11) 79 1|

319 GIA((GF Tﬁf@?ﬂ W (One-dimensional harmonic
ﬂsmllator}
EapiEae -emeﬁ“wm fafon wvwdd e g FT ofoms Boa g9 =
w1efa adfiehia SEEAE I S wefEs I dfeme @R e e TERE
o7 |
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- qarEd ST wal o 3 gafg e S sEeE Wﬁﬁf@.-ﬂﬁﬁ AR @
qrera Wi =, Stz S omedRam st o gaiae Aues =9 96 38 1 311D
Tola fEraniier 91 3w F(x) 29 ) O1RE

\ F(x} o= (-X)
3 F(x) = —kx DN WM . 1

% afor 2A 7 (Hooke’s Law) 071 | k 200 H3RS] 4% | L% 3&(-44% (Force
constant) 77 224 | @tz 3ie [ Som (e sy Vix) 2o

Vix)= %kxl= % T1a o N PR 12 LR {31.99}

AT m 200 90 ©7 938 w TR B2 IS @5 ; w = 21, (T v $efba
Firs | V(x) Fealt wifigerea (59 3.18) 1

~-A 0 +A
B - 3,18 : i P FeeEn [eT

goli) et s sfa o = E~=%kx§, CRIR x, 18R caes 4ifea
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(@R PRI TG T (O e Py 3Ire T OB O Sy i
FEEAdl AR FA0S 203 | 99 G369 o YiERam weret o

'H’=§ﬁ"§l + 0

n d 1
== ae gy 3 Mo _ eresusrasesobite BOUY
W% 75y e miteadlt o=
hr dy |
Hy = — om dx? +,]mmrx1w 5T A S R R, (3.101)

QU E 0% F=iaioa (N6 1% @98y = yi(x) T8 I o wre T |

@3. mnﬁmﬁmmwﬁﬁmmlﬁﬁﬁwmwaﬁwmﬁm
A WA AAhewt 9T g 5,

E=(v+ Ii)hu ............ (3.102)

O v G0 CHAIDE g wag v =0, 1,2, 3 (fFa 3.19)

E, o<(n+ l)

2

o : 3.19 : @Il e it TR TEen
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ATfwad (3.102) Zs @R am @ o =fF B3 i 30t RRS T 1w o)
Ty ALY CITATOI T~ (4 (T 31 208 #E &1 | WRE REeE Fa (06 =G
E 346 =) 208 7 71 1 74FH “[wq v = 0 (9 E & 9F

1 "

E, (3 YIRS & (Zero point energy) =1 TR ‘ﬂﬁﬁ_ﬁﬂﬁﬁ fEgrme v
Tl ST A 99 I s i T A A | FRT e Sy
wiRTsAled SFesl e 5o e, I @R Foa b iR [ 26T W
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Tl SiE | WAE Tt Fefe o sfefe Seuz smree 2ear (Vi —~kxz
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320 ARG e e — (Tlme-dependent Schro-
dinger equation) : < [T SCEGAL
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274 | T A GO D ST 3% SRl SRl AT, WA RS GO G HCH -
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L= 0 (5 G ST Wag ol 4 o saad) el snfen i siad wEl
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AR GNP § wewl @l e 21 (Imaginary Variable/function) €38 QI ¢ 378z

X, y, 7 ZRICE S SRR SRSl F

Al coR woEa cFen V Rl 70 (e Rt s o), SEe ogia

e e E e saraa el sefEafee ans @dfie 9% 20| Gt ¢ = ¢ (x, ¥, 2. 1) (3 9FH
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s wae Gafo FkiSa Sesimre [RE8 o1 1 | aowE RS Sedmsh Afme b

a1 wdie ¢ @ e W
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|El JEI
«|yre W ye ™|
SRy ar : PoRsie e (3.106)

wfle.wlf aas |yl (g =yx, y, 2)) 9% Rl o $0 1 (3.105) (5 o T
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b 7o < | e (1 v |y FE a3 werRyel Fot ew )
: IEt -
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(@i V= V(x, y, z) adie Ve Facees i)

W opraty Qv Aty .
el g ayl"' azq]+ Vy=By . ."“{3'10-”

Tafy werfEeers caforia e, T Sa s SEe skl (3.107) 94 (3.25)
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R (@R @ RS WA SIS 1) @ B A |
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4.5 GEIE SFPIS @ @e sRsE q AR ALt (Coordination
Number) '

cam T e Reifieudt smef omvm qal AR S SREIE R A
g ol {1 e el et s R, Foar, «fel s s @R e
wr gl AR A | @ e s oo a3l s SR el S
TR e i A< oty SmAoa vl de 23 | 281 3 oA S cutoea i et
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cwtE CrafeR gemmers S R4 9t b sEere wa e | [ien Y o
esta Tdfiven W e «Rass 1@ O AT 9o =i [ECH 02 ; Block | 2.5,
Wl 7. 48 @83 ECH 06 ; Block 1, #. 129] &y &1 Zw0z |

4.6 w_ﬁm ot N @ FEAIFS -

SRR #AAiceR BemAse foqer fers 7l Ree | Seimasis feael Aves = a1
3 sifés zam dfeam, Rediedl el ool e Fafie swife == swpim s
S G 510 A 1\GF TS ST A0 | S o S 2 (B 9T CRa
i s oS fon smicda s, S a | S emicda A creieR g e
FaE FoTufE e A 91 il o T3 3 | s AadelEm o dfisam e e
7313 e, RAdlowh sl 3@ awo fFare 20 #iE O AR 223 W (ECH 06,
Block 1,44 5, % 105-] SR | Boiraie Siembata {fsfes s Bl i wma soof
Wi A (I A5 W S |

E Sz S Gz fE AR wAHR @ RN A i 20 ¢ SaeTS Woi
Ui 7S A @ef@ 1 1 (G NaCl) a1 2 : 2 (G0 ZaS) T8 14 | Q3T «@7al o1l
i 545 0% CICAT 1 § FIUIEETS, o SIS S S siefafE st e curs qalEs
st cuf® BotrarT 14 1A ST B ceEnfite T | stomelE s 3 RrEE SRAGEE
asfe a1 HET A A1 o7 Tl T | GETer wighed femel Wt wReltE 4, 6 W
8 T Al

1. oifwtn pialRs et :
ST HGiE ()2 1), AR i S e YR SSwE H5E 6.

Fa-4.4 . Nfenm FREG (FEGE ATF G
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e Fifen wRaga gEEveR (Fim, enfer, #BifFma, sEGem i
FeRvel o Btmm @ETy) Wi waael AR s, srekEm, g,
cafeamy '@ aprefmm amRuof % s gl SREEd 30 |

2, Ffeme cralis e -
SRR A (] ; 1), SRS, ST e W Serm FasiE 8.

fog-4.5 : CsCl (P& 9T

THEaTea wiausfEE Swg CsCl, CsBr, Csl 4R 51el 98 (a0 e HRas 22 | Seobl+|
araicat B whe) SRR HEEE PERvefi CyCl-aa ] 51en #1S 38, NH.F 2io! s=i
s wiEResfd, TICH, TIBr, TI(CN), CsCN, CsNH,3 5518 CsCl-ad SR | '

3. Rrerge @ GE LD (Wurtzite) 5167 '

AR AgEs ZnS
AR ARSI (1 2 1), GETR0 : i, wEs 4 T @6 o waer, TS 4

(b)

Fa-4.6 : o AFERS @EAPE G5 @ (a) TAEE0 (b) &% @G HAFFS
(&G (ST Zn? Wit S 5%
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Ba0, Zn0, BeS. MnS, CdS, HeS wifi [fsa e sreg sraize ¢ serriivaf sumas
wuies 3l o @ued el 516 PR FE |

W% Pt AAS] SHIERdGETS M ¢ SR AR SEEAS |2 ) R o
SRR 517% 1 AR 330 AR fod | (ra—a8 1 4.6 : 3,4 : 2300 | @i W o
- I 8 TR S g e Reeu e @ wFEe 20 | IR oI
OO0 A @ WA A0 Weed 2 1 @t ganea SReiE weiimea weEs 5 |

e PR oo 2
ainmfE w@Es Caly

ST HGIGA (FAIE < W) | ;2. IR 5 SRR A0S Tt A A3 8 (sREeE
MGG SAAEE AR T 8 AR 4 (AmEe e @meE SeeRa
) |

fBE-4.7 ; FoalEs @ENER GFT I CH6 @I TSGR0 TATH Ca’t G F Wi

G GRS @ GRIEG CaF, {4 55 @11s 231 Sr, Cd, Hg, Pb-agod
T3S ¢ Zr, HE Zoifia ©f%; omiids s S Serese | W Li, Na, K erpfes
TG 7z AEPRIEG (Antifluorite) MG CFAIFHS 2

@ 61T 504 ; )
1ol sirel BRBIFTN Uit wmiEwaa ffen oAb fA0eR SIS 29 F6iRE |

Al AgTe Tio;,
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S et (SR - W) 1 ;2 SOTE it weslin r AR e 6 (R
sifamare W WREHAT AAE) ¢ dreE 3 (adEEn sines @ S

HATE) |

Bu-4.8 : Foie (AR Q3% (T
#Bi3% 151 Swimad ; Cr, Mn, Ge, Ru, Rh, Sn, Os, Ir, Pt '8 Pb99 Gi3 SHEG |
o pRFBRERE

Gifen [ wer @ e swey 2@ G|

AT Aeee Sio,
- R A (SRR I ) - 2) SR FasE A A A 4 8 FReE 2.

Ba-4.9 : [ FOUAEIES (Si0:) G 97T (@

SISSIE ZnS (&% @res)-az witd s sy | au St elem FuRl SarTs
®wizad 58 BeFa, ZnCl; Be (OH) @ Zn(OH); |
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@ FIEPIED a2 WEsAiRD W

Q s on TS AR A @S TR 4RI 6 96 (AT (6T Tk e
YRS @3 el 22 HEE WA TR S S AT GRSl erE—fie
e CRd S S AOReE GG |19 iR SR R S 2w gl
TS ST SHeE Bo w6 )

AT #uEs CaCOs :

et Hesth (4RI AER) | : 1 FEPIRG F7eeay (thombohedral) SRITSFED ;
GaTEARe (Orthothombic) SATNGTR #Rsfi 31 RT3 6, LA SIS 4 Z0 AMLIAIS
9 FHE S SYRICIRES o7 #1fS 23| '

584,10 (a) : DEFIED, (b) SRCAFIEG G4 LIS CFA | T (ACH Cab I
qauf Ty wfEtes, aEbum @ $E oEmy
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Auias NaNQs, FeCOs. LINOy, MgCO, wef® aispiiZiea Mol @&t SrC0s, KNO;
Funfia owrd GNANARES 516 T o9 9|

4.7 oo =& ¢ af=ny wHlead (Lattice energy and Born-
L.ande equation

SRR (elE Smm amasf e TR oR, weie SeE cieR sl
STATEPTIS Bre G &%e 4 95iR A G e zam RS swiwa Goeey simef a3
AfiTe wdfiqa e Aty 771 Qg <8 smEed [ie Ay o siwee R i geiba
o S g s e €% RS sTesive ey oo R wiers e 21
SIS PITaF TFA T G i elfFun erea s sy finae caiie s s a0 | =
we At o e Fofe zn oif iR amere 3R T wm) e Ffier e,
e yay (wefe st Fiefea B 4 sagm) o GeimA SR e e e
TR e ARE Fam @« W R 2 e wEs *fE 3 s e
wilfarad AR

M* (g) + X (g M) T e 4.1)
iE S SOTARTE ST RS
WA (+) A (-) Affae 4fHa MX

aft @l @re oAl Sema s cm A Rffe Wfew wme HfE )
oy Rl el @ @ @erR o A wa il Wi e et ek
e GRl Bmd T vEeR, 99 @R e gwite Fefts «fem fmm,
s —3pIT® 391, Saepis *rs =& (Zero Point energy) 2o i s vk | B @
Frasai %@ (de SR defie swe aweEl wrmiedd afv—age Wil
AR | :

ST O e sl SR, IR 3 8 M (Born and Lande) &
HefiE i adenme Twad A AfRbe
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4a) TE E, Ydiage B4 (diclectine constant) J& (R TIHITH OF (S8 Uit
QoA MY, X AEolEa (W (S ¢ RS R 0 | e T Sl T G SISy
{5 (Fc) 291 :

Ec= —— By

#
g

Toa. 1 ;. 9wl s e XiE @

citzs wnmef ol Refesdl ok o SN o TR gEe
SRERE R e HEE Bt e T R | S Y S Sl s e
ATAles AT ST AR S arers A | 5a (4.11)-09 #ET «fe’ Ry
(B, CPANAL TS| (Y AN SIFPPR RERGER ORI (e) AT frditae =
oK,

Lt
- AmEer

Bc = 4.3
WWWWWWWWHWWWWI
Shreerrael NaCl Gres) 5t 4.12 | et (o S wibe s, SR «s A1 S
12 % s wfvedd ey amEc R 6 ) Rfrme SHeR $3 GUTER o —
e e, s el cEp! T R SR g SfFeSTE o
ol ool cEsRe A a3 ST iR i e e gt e
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e %3 | AT AT GAP (A) [Madelung Cosntunt | 4057 | (FITH4 SS9 GI0ETG] e
ol e AT AT AT,
A Z,Z¢€
T Ane.r

itz Fivac WA 2w 9 761 < e @arm o Siteeie g v Bdam
GO oI 7w | Bz a Tl NaCl GoaieT Neee &<rea i sl a1 cros i)
e Wit e fafbr (4.4] Refifs T s o wwom ) [ 4.12 (a, b))

Ec [4.4]




4,12(0) Ibtam cars @R 3l @d ® Prye wmat Nat | 93 7Rmscl S smlcafim
waglel Acs 66 (@) 9 bfes C1 1 8 e wmTere [EreEe @y @EieRE sy
Gefiul opica @ RSaiia | «meel «iie aae 120 Biee Na* O | vofs ooa
(BEa AAGS A ey an e waige | wae elfen @ SPit REe «
RS ST vl Ay T s Yl | WIReTE SRR SRS a8
Cl s Ewe Fefa w1 3w Redle ol @ aunt SRAel JEm SR aeE)
@FE Al @ A TS TS SRR SEe armskne wuge 3@ Fe sireers

4T A A i | eidie A 2 e e aemaEl aiRefim aeE -
- 8
A=6- el s Zoifi v (4:5)

QTS GEIE YA 36 SfEna) sifafes i o em wat 3 | wiyFHe s
HEo HFlefm Sme S TR |16 Feafl @ErT B qeEls gaced FAS s S
%4 59| (SR 4.1)

A9 4.1
Twafd o (Feier TeEle S T9
(T fdza ALt _ TSt T T
cifeam GraRe 6:6 1.74756
Tferm cpEide 8:8 1.76267
T @9 44 1.63806
ICLE 4:4 1.64132
CFRIED B:4 251939
whiRe 6:13 2.408%
{B-fFcrEnzs 4:2 2,298
AT 6:4 4.1719%

+ sboum wpe @mew Few nie T Ry om)
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=[Te% AMGele 4a77a qA @=or w@ififes s G4 Foadia ; aag w) (=my -
SN TMSER S A SR Sre AR el g S+ e sy

ENAE (4.4 =50d) SEd A gwEare @ [edtend SR iR S geie @
Wgrufer sifbawen st e @ ¢ @uEafir e Tmiel el anm
Al Redde s | g 2 Redton re Reidted simmet o e s asim
I Bota SIS ga Al SR Fvfoad s e 99 el s
qrel Fedae sieren 21 | siam Revfiaa e v 92 g o ors [ 9ae Ao
Zri A e Eoa (4.11) @ 9 Req yerayl v Bbfes wa zome)

qefa A O T e “fErE (By)

Bz e |46

T el aial SRep A AN GRS BF T &g qter | SR e SR
AEAre] (Compressibility) FEE 91 (AT 2+ arafEy {(exponent) n-9d 3l feicfa a1 T
efE AR 4.2 (0 Sua T TE 9P I (@A G SHiTstaiog] A (N) w3 e
o G iGa AR (u) T, |

u = Ec + Ep
; 2
_ANZ,Z.e” N8B [4.7]
= 4““1. F'ﬂ

ceraifoat 4. 11 @ 2 @A oy @l | 92 e sdfan waft wdie =feq Feie a8 mm
ol HTHA &,

du_q
__ANZ,Z ¢? nNB _, . [4.8]
2 47[53['2 l'mql



% o fefesdi snRe ARl S o foa fen Shmef SR SeEEE
ST ST G SR TR cean sEmaiE 9af G Ao Ses 20 | arEn A<
449% B-93 W@ TEres e o o, @,

[-]:M 49
4REGT
_Ne? ANZ.Z_e?
-AZ.'.Z Nc = 1'_' = 4‘1{}

o Up =
.['I 4H£nl'u 4117E1;|.l'q.:|'l

ﬁﬂmuﬁﬂrﬂﬁwwmﬁﬁﬂﬂ%ﬁwmﬂﬁﬁ‘ﬁﬂﬁfﬁml

AZ,Z_e?N 1 .
A | =_ET (!—"I—I') h 4.11
SoirarG TR ST CeR S MR SR ad-ie e e e sy Roia
s filium soseR et Mevm 931 2 fF, 956 AETer o wrreiea cionf
slzeialel 3 B 0 | ~oes @ S @R e T S @ETR S S
GG 44T Aﬁwhﬁa.mmm:mﬁqﬁwﬂmﬂwzﬁmmm;

wlerE st R, 2 QreicEd s, WA A GiF] LS | SHAPEgTE I8
SR s SRR AR T e BrEegra SeiRa I o TRe @ 2|
fEarle st SSR el g szera aw faibe 701 e g e Sea e I
+i18fn 4Ry na3 TRafE ART 4.2 0o HEkT 7

AT 4.2 : 3 TrEITER T

WA Esha A n
He 5
Ne 7
Ar, Cu* g
Kr, Ag* ' 10
Xe, Au* 12
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2 %-mm AR (4.11)-c> @iifbam @EaRmea o fifes yaosd Frefilfe R fag
ey (@ @ErsE &5 4fE v, =755 kImol-| Py =31 zams|

AU,

A= 174756 (3] 4.1 98]

N=6.022 x 1023

Z.=+1 [Na* SIHs Si4E]

Z =—| [f:i' TG 4]

o= 1.60218 x 10-1% =13 [Br@ga Si4A]

£o=8.854188 x 10-12 erw2 ey | falbta-!

o= 2.814 x 10-10 [GiifGam @9i2e @@ Smshiuas 3]
n=8 [Na+ 8 CI" SiHrg 3 QreEa 5] |

e IRTRE T e S A @ wE aft e [isEEE W -770 k) mole.
97 &fE a5a9] | Fele adEnte WAl e3% A WA FEE 998 AT |

47.1 3 -ER v

wisofeRma 2@d FaTE @R AfFn 99 9 ooifEs e Fel e, R
GreElHa TS a8 W W @OF T (Hess's law) F& 20| <=1 1w @FHE &
nferq Forer Seim w@iifds, aga voen dimn wg@ < Bem T @
e | cAeRE A s v b o fes feml A Fam @5 <l e
;;fma{!-labcr}mﬁ:ﬂMﬂwmaﬁiﬁmﬁ!ﬁ*ﬂmmﬁaﬂlm'ﬁm
B T :
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@H GF M 9% 9947 936 oTa X9 [iFFay 3 st oA MX Sesly =R
afErmfe 3 car @@ v SpiE MRl s@ e ars @i |

AHjg
M(g) ' M)
+
AHag X(E) — D te)
aH,,.{K,I l o
M(s) + —;- Xa(®) — L MX(s)

fPa—4.13a 3-am 55 - M ¢ X,3 Bfimm MX siba

800 -
10} Na'yy +e+Cl,

480 - B =495.4

400 || Na'yy #€17

ke

el

=
Li

'-Em _ | Magyy# €l

1
o
Nig +§ Clug  Alag = 1209 lears

B0} 1 o
Allpy, = 1084 Magg +Clyy) ol

}hl n -w

w4502

0.
3

d.ﬂ'f--ll-lﬂ.l -
a0} Vs ® 3368

NaClgy
~4p0 L .

foa-4.13b ; cifbam GRRE 45w 3-29m 50 fou
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00T5 e B ACE

AHF = AHpom + AHapg + AHig + AHga +u. 4,12
T4,

AHf = MX~98 "ovile

AH aqn) = M St smgaad e

A axy = X-a9 wREad =&

sHip = M-43 247 Siea i
AHpa = X-04 Bregd S
o= MX -9 TR %
NaCl 75173 C¥ra @8 TR 30, (ki/mole <)

AHe=—4109

AHa{Na) = 108.4

AHy(C = 120.9

AHjp = 4954

AHpa= 348.5
5 —410.9= 108.4 + 1209 + 495.4 - 348.5 + v,
o -4109=724.7-348.5+ 1,
» —4109=1376.2 = u,

5 tp=-187.1 kl/mole.

4.7.2 ad-czaia voera SeatfEe

o 3-CZA BT AYE T ciesta 7 ot <=1 am e el MO
et B0 ) A S Mg+ 6 O2- Wi it R o 4, «rwe
MeO-431 =i 8e6 Gere e MpO-3 51t e eyl e |

210



@ @l czam bR MR STEE SR i TEE) 1 e Tl o1t 3RS 5@
W] A7 | SIEETE IC 2 T Al NaCly 9 26 P78d. ©IR[ 059 MaCl
¢insifo 74 |

o = (ZAM BEA AR ATLs] I Tl T STAWIP (% G M5 ot w2
o e flrr e Baifee o one ¢ Giites B siasweas ces sefas
| Il R CaF cnsi Fefls '

2CaF = Ca 4 CaF2
ww: Giae-Form ffa Aees e
o a-cEaia ST A AEEFera 2ERE wrie M w1 1w

o (@ wivE @R TR T g 9W Sl 9, 929 ST S
e wn A e G alah EE see ¥ilee e AE e @ Reiad 99
qm | '

o -z srad WEon aEEiea 9 W em @R @m del @ Efes dreg
ARG YEa Tw o Saaea vyl Hfafea i ww 3|

4.8 ST IFAA WTG% 5{9@ (Covalent character of ionic bond)

4.8.1 a4 91 449 AL gTaiers] (Polarization and Polarizability)
I TG WO (I ) 3+l S FoiceT @ S errara HIeles & we) 3 “Haa
BERGA S a FioiEe R e o | qIeEE WHita e S (P SR (CPEN)
oA @ i AR zen b g oo Rudhon R = @R
9BAIs CORFFAd 91 437 (Polarization) 3071 | @% fudhren o 42 fRedy ane |y &
wifE® Bufwanss (induced dipole moment) T | 3 el @ =y @l B
chvjwmtuﬁuwmqugmaﬁﬁmaﬁWﬁW
72 =0 | Sfvma® SREEE A e @8 Ryderee SRR WB | ©fbe CreEa Giewl
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(Blectric field strength) £ 281 «at ¢wafe @) Ol A1l =& oifee 8318 9, & a3
Feq FRFAST |

WOE
9, i =0e e S T s {4.13)

O 00 S| &7 | oL 3 441l (Polarizability) T0e11 o o7 4l | e v RSt
oFF o TR T A S WE Rt 6 @l 2| '

AT GTEA (TR e fEE (U 2w oiGerEi 9ER W oW | @
WA 3 44 o FReaRe wate WeR G4 IR WA | W Gl aE o8 e
M S WH a6 3 O SEEE S e T (interaction) A | ST
R el (a1 Ra) WEE B (PR e A1 SR SRS GRS ST
(electric induction) | O EHAGR WSS TR TF 998 T, gl gTva ovg waR |
WAE] YHHATO] T a3 AR N ST wiwEd qu HE SiEihl TR | G wEE
TR WAl [SIE G SR 98] A b e S\t siisel T |

4.8.2 Saem THAR AN sfEcea

AT A Ga% B eguigi adieT Ate B SIETEH S16 I | G2F A8 BT @aGr Sisias
3w <t i i wiftRes s 30w w2 Smam JE e TaR o) e g
IR SR Y AL A* IS Sl B v Snmbe JErmiHeE e e
] FA0A | I S A T B O TAFE AT ST s bl e (ns |
G A*wiiafon Gl B- R TR | @} (Ve e vl winea i B «m
T SR B SIS BofR A A, T A 6 B NSt g W s =i 1
T | T FANEAI) TETIS TG “Hia NaS] e ZEreha (G Wl HANRE S (TS
QT | SR S SIS Sl 7 AT SR BT GF (RRETR T AB I Tt S
1 71 TPl ARTANG} G Seq A | W 11 Sl G R COTRte S YIRS S
S0t 2% sjcaielf SR ) 2 gD o) 2l 2 el A | GRiA QPR O R AR
AT W (3T SRR 13 IR Caien) b e a1 799 TR 51 WISIA F0a
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(Fajan's rule, el Fajan-4 7/ SRaii) ARG 41 900 SR 949 WIGIEE TR
STAGA! B

LS

LY
@ ‘
]

I

/!

'_,/

(a) (b)

f5a-4.14 : owrrFag de

(a) S AR 1Y, TR S
(b) +rr~ifaT uffe Wi =i
() CHFTACT SR Harare A%

4.83 wigtcm yaiad : (Fajan’s rule) |
FIeR I SEaE) g 9 OGS 95 SoR bl A s s
w@ ol [ge w1 =

(i) B85 WYF 2T G TE SO FHHER (Cation, ¥AIF STF) Q¥ SYFIEER (anion,
S )RR G Pl TR

TR WG SR (Z+) 38 DDA (r) S ohs TORET CRad weE «slb
Meiifd et et | a&mﬂmwmﬁm (ionic poténtial) T wfeRe
Fal |

_ Q=24
Z @ WA ) T SRS ¢ R A N e Q R AR P A | TR T (S i
HWW.WW'L@WWWWW.W I T
(ii) T WFYE G G AP ST P 3T (Polarizable) X0 | B WD
i ) SR Ol 3G L I SRR BRI ot eI s e
A | P R TR 0w STREDA 4 AT TA|
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(i) PR BRTR CReead el oAb TEag AR Bo o saa |

TR ORGSR F ARGE A6QTA] T (shielding or screening
capacity) T 1 2 IR (R AP SR AT Bl Seiff i
ST SRR DRI SIE (UG AR | @ ifers GRefm Sl oFe Qs
e foure I0F SRS d JEFGER vl TIE T 29U S @ wrrelE

i) S R el T@ @3 wiEe Me?t e Ca?t Somm ey o[ sam el
e Mg2* @ SrEsesil d TEeieR Befefen o) 61 GReaRId WYl Ca?* < (6T
@t 7

0] 57T I (1 FOHA G SYHITA GRESAEE Woo1 GFISITE SRR w6
FBRR  Ead 84 B | g O AR R TR (@ SaiE o 1
a1 el B 2o G AT ¢ FIBRRAR RIS W4 67 ST hAs] e (0 TS
) TR wdie. R WS (A Al |- SEEmeleied Gl U ST We ST
G (PN R SR TERGAS [ 0 | AR AGACT LEATEAH A
e iy =T =1

4.8.4 GFEFAR 2el

AFARATICS eltem AT (ITsi Sals wrlb Gie Yoers g ofa R i
opE g | G CHIED e @ W e — iR e s g QR e
iR | A Be2t @ Al um WH o0 Sl | 9GS Be2t < Q R AN IIGE Ca?*
W@ Q A (BTH SIS 1 | 2 PG Be © Al 1 24 SR O9g] (TS = 23K +3)
el %G SrH AAMET UGl W Spa A T 3R AR SR EIRE T
chaefm crmre 992 g S|

NaBr, MgBr, <733 Al Br, 49 5715 GaRrea 755°C, 700°C 3% 97.5°C1 412 cnsefed
eI B T WG SOad AT AT R 4 | Nas o GERIT Mg2+ AR O e
Al @ Sl o Reum AR EivRaRE TR s a 3 i @R e
STEITE BACA| PR RS SEEAH AR SfeI ST GO o G 20 | A
LiCl, LiBr @@¢ Lil <R 5% T2 et 613°C, 547°C 938 446°C | TR CI « B
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Br- @2 O GARA [- IR 4G ZEM LiCl <@ (6T LiBy a2 O gem Lil o) i
s A | He* =i Sigsei iy d SEehem Selfafen o gam sl el 263l CaCl..
HgCl, @ oA TwommiE RFR

oIl4R FiFRueRE Ty AgF BTF BR 3R RS wikEm s wiam i atr e
BRTSIE 2 A | TE GRS 2E @ AEe) I «end A Ay 43 T8 w0E 4490
29 |

QT e 10 2Tare dfde M S W T A o1 T cnes b
CPistafa et @ serice RS 2, g TRCIrTor e s sfapifa sTifFe 7 1 ofp
R wfedd aEE By Fea a0 | SEAelE T @i SuS 5 @
IR G T TS FOLANGTOR H{F HRTSH 7 7o (F2 | Ot SR AR Sl Fe
BN G B FETRETR Al s < |

@16 TR veRR e gy wieimE e AL SIEeE 11 T4 T | PhX,
(X =T, Cl, Br, 1) PhX, <2 gty wifés e | PoF, sditersl 2 (GRIDIERE | PbCly 0°C
Sty Mo SfFw grere 50°C SR S PhCl, 8 Cly (9 (S0F TR | PbBry Sere jfge
Tl @3 PBI, R wifrg i somes et st gt | 9w ordl e ca eaianeEs sl giwa
el e PhXs <3 YHTS ST 7105, | gl 431 S PhCly &8 PbCly ¢S s | Phe
Cl- QTR CRESAIR 7ol Wb C-SIFA (e 56 ZERGH Pbed @ 5721 G0 Phiv @ #ifidw
08 & Cl, Fiofls 70 | el SnoRm aamiaet SR e re 3% #i18 0 Z91RS (3w
wCEiG S gy @ 2w Y

4.9 SANCAETe] @9 ’ﬁl’f‘ﬂﬁ Tl {Cﬁvalencj and covalent bond)

it (A @ T Oive, (IR At T O W el VU R E U
TN ST WIITH ST A iberaie e oW A | R 4ib B SiGe, Rers! AR
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explanation of chemical bonding)
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5.21 GaaiE
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5.4 Wﬂ‘@‘jﬁl Bete Cﬁlﬂﬁ'ﬁ : (Potential energy curve of
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5.6 C(UISYSI-99 ©g ¢ (Valence Bond Theory)
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sea | Buig@d wme NHy 9A Np= 5, Nep= 0, Npp=8

AR Qr= 5 -0 (B)
=5-4=1
«2ica SFy 9@ o%68 Qe (8) =0, Qr (M =0
OPCL S90S Qr (P) = 1, Qr(CD) = 0§ ¥R Qe (0) = -1 W
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57 CASTel IFN BG 8 (N(eTd OGS HAFFS! (Valence bond

theory and electronegativity of elements)

i AYRTSiE S @ GeE oise, e (electronegativity) ZUPL CFIN FATAMRE]
AFANCS BolfS ZEEh (S A PG Sy ~{e @ anefva fvsm Mo st wwet
TS #GRL TS TE] OIY G A 09wy bEE e e ofbe gy
gla15a sEemd FraH | +GTER 7 I @ it FEnEE T 9g AB @3 IFIE A, e
B, «& T9 =& ot @AM 21 PR CIF w98 359 =& 255 KJ mol™' ¢33 Cl, @33 F,
WA 29 & 1Y 242 KJ mol™ &2 153 KT mol! #i18fER 4wl wEE @ CIF |y
T9 I SERIFROA @ 267" FEY CLE 9414 s ofia | wdfie 9911 ars < o
AB @R oA Sk SiEAlm 6% AR SrE A, a3z B W93 weml wifis AfEf
WH | '

Ee AB 9 A1 biaw A @@t B i TR S ieiees R s o
TR SRS wIER B Fea 39 1 AW x (@R YFE 9T EeiAEE SRR el
SITCeTe WAFIS TN, SIECET AB IGTR S 5 | xa~xp | G MER Gor 67 TR0 x4
YR xp YARPGL A R B T4 T I5E TER g FHoa Woe el el
oM AL KA a3 Xp G UYRFTI A @38 B oaiE St adqee! A

U AB TR OIS 9%l 1@ M @3t AB a9l 1l AOiE oo AaciE a9 2,
I o[ Tl E 25 Q) @R AB FHAICS A0 S of@ Ao o H @@ HE @i
ot QR A1 H @38 Q i AR S A=+ *If& (Tonic resonance energy) 1
ST A e A 2E

A=H-Q s 30)

AB 3 IR R cE) AB S e A s R wm @@ s Tal
(@S AB 2 S SRER AB Wi 3 A wR F e <= am

AL xp—~xpl ....,....-..fj.l 1]'

947 Raw sl AB 9 VR e Tl @ @@ e 9@ Q «i WA Pl
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Q| ACRK Q (F Az 938 By W IGA MG TUFT Ea GR Ep 97 W01ffew 46 2wy

TS B |
A= f‘EA')": Ep {512}

G4 @RIE RS (0 @RS xa 498 xp 99 B9 W (absolute value) SRl =
A Wi GRS WA ofeeudEel Gheby Sfbe YIS YH IS
fdiay T T S SR ALeCE FACAH ofbe T Aty SibeudNTe AW e
HIYE 201 AeER =Safde o i efSewdtas onel FRra wfte, AT
40 @ TH|

5.8 wldq9%E 9§ (Molecular Orbital Theory)

581 H,* 99F %64 ;

Tl Yl (3.3.3) Be e 8 Hyt @9 i enm wiiEre =S giee coifta giva
NG S YT SR S | T AR weE Sl cafta gta oy fedd aeE
St #fiica fica w74 303 1 5 (5.2) il Hyt sqpe ife s wead) waiffis
Qe WA TR O R cafba qive Ty G J6T1 B | G HE el SieE
Wy 4N ol B were RERTia SReeE TeRTe! 3 Hent) sidie w08 wabiEe
QDTS Iyl o g @ S R | O et H,t S0S SrehAla sy Hot 3 |
RS Oy Y (P SR 90 | i

13 W GH A (T A 6 B uEl Bfew H, gRreiem g @it Hyt it 9
i TRt WO 20 | SIS Ha' @R% Hy (908 6% Tateng @3g 9 A1i0s 2w
SIS AT R T G0 SRE WARFCY ga* 933 fp* 2R T SOl S
et 971 S T Ha 3t Hy T8 R0 SR et yi o yp BT Sitamag
IR RO 15 G2 S| Hj, @@t He* FI0 SRR e e Seeafon Som
H {50930 CRATGATG i iR 20 | o SR ST Gl i (o3emiia H, (e SerIgH
AR 1 | R 7] Hy iGGH SSRITH TR 911 A @R B b *RRIeR 2ol
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SEYITE IR AR T | HSAR BLEAPHANA ST dp A p (FH G0 TF e
TP Wl T I R A AN | GO G0 A W o TR 2 SR
Ha 9 Hp (W 93 #a9sg W0 A (4T Hy @33 Hy <93 @l 1ioa 3998 =i
widfie LB Ha 43 Hy sEAIE W00 SN AR 2 100 B (5.2) @ g
GHE WD SISO WY S AEDGAE SRR TeEel @ =) af e 7.
Ha #@wd @33 Hp=Roa ZEo5 98 O3 0y 998 ¢p Y03 WY 994 st v
CoAfeirs 20 o @G wm e 9@ RE Hy, @9 Hy 97 wRs) guifte s af 2 .
(a1 5.19()]1

foai-5.19(a) : 7fo TRTGIEH AT 15 FHF W] FARTH
(in-phase) ﬁm '

| GURTE BF W Al AT (Qul? A [Quf? R (5T (@ T | % BT AR
E Tl

Yo=NQu+Qa) = = g (5.13)
I N 70 IR 43 | CrIT W N @@ W IE g | udie

WEp Qv ) e (5.14)

Wy T H,* S ST R O 3 | |yl He* o RIST 916 Sergiba s
AWl Rk 3@

SR Qa R Qp ZETEL I THSAN Y0 0 WA Bl e vl 9, AfGTEn
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5 3% =1 5 5.19(b) €O T4t T (W T BARANGT FA Hp G Hp G 53] e
I\of? R i G AT IR TG 2P I | S[OAR G8znel SAfdeirs HHS Wy 15wm rge
| QA g o SR el 7d |

tpg=q'§{Qa.—Qa}' ssenarimysal DS

Ba-5.19(b) : 50 TRTGER ATNE 15 TS T
@i (Out-of-phase) FEa

WA TR G Qi 4R% Qp 97 A STETS Beifasiicss vfﬁw..mmm'am
AR TR T B g Ha <3t Hy OF T2 @3 950 36} o1 5163 | Smjein y, 7
] st AP | O R0 Wy 9% y, @ TUTE 6 49 F5F (bonding molecular
orbital) R =99 W@ T% (antibonding molecular orbital) A1 | ARMIART FFF
TR WeREEreRe WiRiT Temiea waE fo 5@ SR IR 5 ol @R 9E
REFHER SRR TS Aot w )

T w1 wHefE AT AR TeEa e ger 9 | udie aft @ g
nﬁaﬁﬂmﬁmaﬁmﬂﬂaﬁwuﬁﬁmmmWWﬁm SAizraelfa
T G G iy G, 1 MIRER e R el T Rt e R
LS, SR 3 w1 B (5.20) 9 C7l AR (0 T SR SERGADA St (M)
G RE G SAACa SEA i | TR 99 WG U SR S i
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1 offsas wEER G a%a SR en gem @R IR W aeR wREEl Tesiaia

. '.:..:'_
wiE B ll

B1-5.20 (2) : T ST B THOAR 595,20 (b) ; 2fSTH SAFEE Lrerls s
582 Hy wim =fewa fom :

(Energy level dmgmm of Hz* molecule)

Hy* 93 gy, O gy ST e T Rt (5.21) MRAG TE1 |

’l \G.

.
‘ l“‘ . *s
* . LY

., 7
L] - "'
L ol
\+-/ u’.

H #i7= H, =g H =t

fBu-5.21 : Hy* w@ “fiEwa fBa
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I FFT Wy, G G YRGS AR 15 TSR EY BT AE “FN9 391 AE 29
1, =43 a9 =@ (Binding eneray), Hy* ¢ 43 Bl Wh TS AT G vy
el BT 0S| (PR S SRS 2GR #IGE il aufbau TS St
1| He* Oqrs 3l Reeis Seeh dfet Hy' 990 @dpeP (paramagnetic) 273

583 H, wog oy B4 ;
H, wqa *iforwq Hy? g s (e 5.22) | ARmiRe swee 36 o Siersmne
aiiEfem serEen TS SRl gt e Redle gefma gt I Ge #rE H e

P "‘u'-.
‘ it s
l' "‘l
! ,“ “\‘
> o .
i b
18 “ '—H— 1s
i ¥
L ""
" . .ﬂ.E
. Fig
. +
* Pl
; O
H H, H

Bu-5.22 : H, ua wfewa oo

i, i Y BTG AP GG 3% i 24E @ FMARTAL H, SIS RETEA 169
% TS (spin paired) 267, H, =K ST |

584 H; w7 =fewa Ba :

H, i (epeaios o) H *Rmiq e H- SR Siems sifos @ SRl e |
Hy € H, Selie wrel «rmme wides 46 00 o H «@g H- o Is s swees
" Bolfaciien | €8 S C GAfS TeRieR A 3 e nSers Mfe ewarh el

*i7e @t el Al am
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TG Yy FHCE AT AR | (B 5.23) o dd 0 M@ H i |5 TR g
AE «fimi @) ea b = a1 @ Hy =a 399 =& ~ 2AE - AE = AE|

H - Hf -

63523 : H; o isa o

5.8.5 He, wiqa e foa : |
I He, @ 5175 20 711 B asf @ stauig@ P11 He, & 3% a1 2ews
i T SO SRR 7l 531 U | He, ¢ 41 2o i He #immidt 1s S Seifefnss
TP S S 1 B R 2 e B e v (5 5.24) 1 He 910 i

‘.-' ‘t,‘
- O
o 1=—H—{, e ,3'—}!- 1s
", 7 AE
- “ “'
‘+ 'd.
He He, He

B9-5.24 : He, =iz *fowa fou
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X AT @, FFIYR 4N ¢, FFEPS YT JEWHA W09 FAS | CORLE G
THME 2AE-2AE = 0 203 1 %Ak He, W, 516w 7 7t | R o0 T0m as=maiqe zanm
PR GG WY A 417 |

59 W6 $HF TG 4R WA Tl & (Bond order)

mmwmaﬁmﬁfm H, S90® 9T 3% s 0, Rre {asdt 9w «ag N,
wors fEaw] AT 8- 969 (Lewis-dot structure) S Gl S4TS yoafe Eletar|
CENG TH1 T ST & WA aflew T J@en 93 i s A @t
COIUTBTT SEH AT FPRh1 ARG @ ol T W0y R O T & 707 LR
SO T T | WG FHE SYEEET %) o' wewl e |

¥

Th THE AT (Nyy) - 4S5 Twrs AL (N,
S AT AT (Np) - 24f RS GG AL (N)

L
R RS Hy* , H, 998 H,y~ SEEwE IETa vdiem 1.1@R L1 He, w93

gTIE ey 1 Sdie gt He i fifie sor oM He—He 2% a1 Hc,ﬂiﬁbﬂmm
af SIS ST YRe Sor o)

A A 3 ol 99 Y 21 i |

510 MRS FHITLRA @RE wras A (Linear

Combination of Atomic Orbital, LCAO principle)

Ht i T SIS T (5.9.1 S i@l (AR 1 H,t SeE SRR
O g, 1S H etmiga Is FHFA (Q, 9 Qp) SRS Ta %R W ey Tifafes
vl T

L
Vo =75 (Qu+Qu)
=t 0
Va =75 @0~ Qs)
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a2 sififer evef 1 (T3%) SrewEa T Ay @ e 93 h (F9)
St Geslfe WG T (5.9.1 W) WeABS ¥ q@ewrn et i qfb
e TR R SR Seeifed WA fifersi EE g i
BT T S SCAECA (s Wy i et T A | 6% sf AR swe
- IR Tl s S 2 sikewel LCAO i 991 20 1 st @ S ceia i 7w 3
oo orpfba AR TR Ne GRS T 3 B ST e 39 | SRR
P R A WSt (Overlap) %11 2CH 1L |

ca i W sitmIeis e i) tafRe T 30 oo o 16 e
#S fealo zoi—
(1) %% qba S =G 7@ TR a1 &1 T 0 13|

(2) m@mwﬂmmwmﬁmmﬂmmmﬁmwaﬁ
St 23, Sedm b B e 21 wdie 3EArfE o G
wal)

(3) aws gfors AT @y [T EHe ATUN TOFR AT 9372 Afonn
(symmetery) RFEE Zo 7R @ OF awliee 2-5F e <l ST p;
T ST R p, THETS, PR SN T, py A py W AR @A
T8l fetaief wEa |

st iR @ iR Irolm v wiws T [{en g [fon Bz
(+3 ) 7o w4 el o aoft YerlnE AR Fee 3@ 4@ e
T, vz @3+ Bren wwem ww ol - B wwRen o, g @ kR
gl i it Retdis w3 SEbTE (+, + 31 -, ) WY T OF 9] 7 |
AR @+ FHET ARG WA b+ wwCTR WS 0, Sl Y et
sl warcad R @ 231 adie & g 1eHe aEoaeE Tug EINE Sefens 3 ok &
Y SEF T ST S @R w1 w4, + 3l -, — SSTEEeE e I el
THE W% WA THIHSIE 1 W (A +, — SfSrarem 90 S T g 4w
Beifisitven v aifsawa weRea iR 1|
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iﬁts.zij oo Rfen Twmen Ty ER WIS ST (+, + 39—, <) |, Yo
wfGTere (+, —) a8 *F Siraene Swzad foom s siok 3 w1 o S

(+, +—,-)
wferEeT

RS
(+-)
HlGrA+A

s

( fom ; 5.25) ffen mqﬁwmmcﬁsﬁmfﬁl
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oI AIRDE @W fSTEAR A WS A, SR el e e e Sty
T @i Al w20 A |

5.11 RfSw ggfoa widaa=rs ¥z @ Ova A9 (Different

types of molecular orbitals and their nomenclature

wp@ﬁtﬁ@f‘ﬁmﬂmw@*@wmwﬂmﬁ%mﬂs.zmﬂmm
O 291 | SR o SR it el el Rfen fics s v |

@ @ 5+ 5

S0 0.9 Pet Pr

O e
PxtPa
8 8 or
Py + Py
I %= Px
8 8 &
Py~ Py

(OXC O .

@_ SO0 | §+ Pr

(5 5.26) W stranefins owcens o tetoim o e Rfa wiomars srgfd
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1 S 9 T S SR MeeE Qe 1 BifeIEa (eylinder) wim
>3 507 THESHE GI0 o—WEEES (o=Pe) @l 701 wdle 93l o widm FEn
sinfirs o ol e it srmcrdEtn Srwd B aofb 1Y die oo siecrEty
errwa Ferde el A3 +ive aeE o Repps Sote 7, o2 Rrifbre awala i
eaea Frnfen wwEa Bz e 71 1 & Repgbes s e dreicm Redfle o
St FEFHE -l T (n=>i13) 2= 21 4 <R I W =T e
AR SfSEeR T o B 20 | EHR IR o-351 09 |46 AR e

C (g py A py TS AP SSTASNA T n-SRTRET e T | AR A n-

50 T | 9T o-THE ETH I W 4919 @ [ G die Al | 93 -3
IR [ TP JAE GFB T Oe A

G St T AR amsafEE Sy SfSEEiEa T s e @
2O G 0-AFT) n-aEN Ger ST 55 At MG I |

(1 (A AT T SIS SR AOF Coraeia @i FrrweE A | i
T3 o Fare + B 39aE o9 20| ASE  (homonuclear) Regald w43 ooy 1s
e Twe (A e RS OIRE FEIL o), A urE B T ) 2p A

T A oS 515G WA SIE 2p IR n-FHF WIS 20 SIS 11, G oS T

771 | eifSass 96 %0 7 ©olg *b% 92 =9 |

@F AR A ST 9l R [T (e 9@l TR 9@ JART
el T Wty crmfega wy fon Redie fiee e el Regs 2 swelba forew
sAffada 3 T3 Wi e GEs (gorade ; G W%, W ‘oale’) FHT @ | red
+ifi$s are el Gafealte (ungerade | wef ‘Rreis’) T 3ret | 991 ﬁlxﬁimﬁ
awft frans s @3 0" SRRl w3l Sl wws, wafb o fEmis %9 o
il @At o BafEmite 999 o, 9l RS = 23|

IR I TS (U D ZE G AR O i J Ao Brea Seig Avdm @
T o T | (T 6y THCP GO0 TG U AR OF 05”9l S S|
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512 Widq FHF Srgd At [EA Z : (Preliminary

postualates of molecular orbital theory)

Wi PHCPA o9 @ AP FHACE S FHS] AREGA (AeE [y g coivaig ) o
o ol s wiene oF 9@l WRe 159 3fim 1= Tivefl Tora wRra Ry e
Eall

(i) <=f sz wiYe drerl WABHER B4 (state) GT G TTF TCATD ¥ G7 TE
FIoi= =1 20, 9T SAFP  F WIEHS (molecular orbital = m.o.) T5 T4
lyld I dT" SRS FERE LRG0 SR ASRM Fot 90 | SR s g
T | *

(ii) el y SIS0 @ErEE 7 el [ER 1) g 93 =fe g3z wigie @marem
RSB AT cr o T

(iii) =rorel SrTEEes g oi = [Re ) a9bs @b 2EeiTm @ SEeha an iy
Wiy gl caln i e

(iv) mwﬂﬁmwmmﬁaﬁmﬁﬂmmﬂiﬁmﬁﬁﬁmmm
(aufbau) T 31 Frafid A o= = 1 SRR SR TS s @F oo e
oA ﬁﬁﬁaﬁawmmm\maﬁmﬁaﬁa e SPE
faerats 40 70 T@|

513 fafen folastiq® @igg wiids TP 641 : (Description of

the molecular orbitals of different diatnmic molecules)

5.13.1. 5% ={&d 3

% ST SR SRS g e 31 e Tfeetn G Bl T et
(A fam Wl aimefFrR @l e smceata ek wof 45 e wa@m) 9]
GRS (1 AN W9 FEFR 36N, AANEE TS (W@ OioE SedfE T 3fH

L2 T
O.=1ls+1s
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G, *=1s5-Is

T = 25 +25

O ¥ =25-28

Gap, = 2, + 2p, (SICECTE & HCE ST 2 W To73)
O, = 2p; — 2p,

Top, = 2py + 2py

Toop, = 2Px + 2ps

W, = 2Py — 29y

T2, = 2Px~ 2Px

% T S TS et e S Al 2 |

L * E ;
G < 0ps <03 <0 < O, < Mop, = Ty, < 11;*11:? = ﬂ'*lp‘ < O%1p,

—F

“ifiers S

5.13.2. W4 T F(LR LA @01 ¢
() Hp o : i o weeisan oredfE (O Hy ars o TERE O FHRCE AR
oA H, 993 Rl e < 62| T 1

(i) Hey WY : Oy 012 |AENTA O | He, oSS

(i) Lis ™9 : 0,204 Ug;£ | 3%+ @ 1, Lis 993 Wi Reup Seies oot T3
a7 | W KKon? | KK= 0,2 0, (K=K o)

(iv) Bep ¥ : KKoy! a,.'nq@mmmnmwmmﬁﬁmwﬂw
- 3 e | @ FE S S AR SEeE

(V) By, Ci @ N, & 76 WE| #1638 W=l 33 |
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(vi) O, %9 :

1

Enerpy
(not in scale)

v el .
KK G2 03¢ 2 03,7 g, Tap, 2 Ty ™' 703, 1| T&T) 379 21 Sfdiges

Rstarice N7 @R QqETFW o TE7 )1 iad 1t e 4 gy
(unpaired) TLATPET AE| 1y, @R E*gnlw % wiefers geyly sy

S Segaifll Reer b 4o 1 frgon w93 oot v 2l ot e
AT |

V% o

2s ] { “
\\ r—- },J' ” o
o0 Hl—
ls H ”
0 0O, 0
“iraaafas
Wi “frarisifae

- (T6a : 5.27) wfies wem g v wfewa
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(vii) Fa @ : KKO? 05 ? Ozl Toap' Moy | a9 | | PR e e

(viii) Ne, © : Ne, i siffw e 63 Terola [Pl 2© KK O O, 2 Ogp? Mg 58
02,2 el T T 01 I Faw o017 G SN |

5133 R e Ropes v o Fwaifes AwiiTe o ;

S SR S = 21 Bemia FrrefR (3) gemm =i, (4) geriv iy
m;{ﬁ}maﬁaaﬁﬁ@ﬁ%ﬁmmwwaﬁﬂﬁﬁﬁ o2 T i ERE
ST T SRR 3R 0 1 4 o4 SR T Svin SR fer RO s
Fafs ) Be i wrvefe e AW ofRlFE @@ qe WS #Ata | *ifea [eiE
el FErR 20 R AT ol 2 RIS MEHIER T IO R SRR
ﬂ%mmmﬂﬂmﬂmﬁmwmmmﬁmﬁuﬁmﬂﬁﬁﬁmﬁm
mmmwwtaﬁaammﬁwmﬁms.zs-aaﬁlwmu

/ \:."
/ \
/ A
—{
\
\ AE, /
L
/o
{i)
7 y ot
' \
A ' \
\ \
\ \
\ \
\ s e
\\ AE, . - "
i1 Fd

(ii)
(o : 5.28) (i) 77 (i) Fom e wwmefm A s WA I
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Bonam TR 7 Taee ) g AT SRR ST A 8 A% w4
e} @ g W fweufea (e iR Afe 201 vRESITE NN FRerEn
SR NG S i el wiea Rt Swow s wweba s Swew it
SRF B | Sl FE AW 9 WA A ey IRl are @ e g Swe
et aRe @ e =)

Bviraa SiTeeE “Reis oival sweh B S cIss S g
SRIRSIIE S

B Sa sfoereicel Al AR el Som o s s 0y 91 @ 2
KKoyop:* Ggpz(ngpy T2p, ) (ﬂ‘gpx n‘*zpj.] % 2p, | I B, @94 slifg<s e
FFPORR T 05 IR Gap,, (G Al RS A/ 301wl | ($OER O ) | ARG QAT wfapllefa
TR Y W STAHPS T, O W8 W TS G we e A s
ST | AR (1 ST AR, W AT 4P e Ry | e @7 FEead
et e ot SRR 168 Sayeena a4 Tl wae Faew ufEe o,
wfigsd AR 1% Tea |93 Swed =Fa oyp, TG aFw el Wi @ o
G5 T A W— TS 8] AR 7% p, W, WIS PHEGIRS T A
GFEETA (g% AR O*p, AT A AR Ao 6 e T, @7 b= ahiR
wqf wRETToRE =REEN FCNER SR T SRR AeNNS TN W@ KXo,
ags* 2p, W2py O2p, ﬂ*zFI ¥ 2py 5*1[';'. | Rifew suvewras @ wEea FHanmes #ien
By, Ca @98 N, W42 725150 #R@fe 701 B, C @at N g3 CoFCa T STied) CFET
TG AR ASTE AT | T AN FwFoline Tt s (o i [Hora T
S WS A | TGS O, <A O ) el @} A<fram g (o STl - |
sy i weeifive ot Sepmd Tam o @R wdie. arwss Wi o b SRgT
ol @ w@ B, @ N, ORI s st s wps W

5134 W6 ICHEL AATEN [T W ST B :

o[rda (5.14.3) wiEneAR Gcefee opm a9 3@ @ W@ B, G 9NN, Wl
STl MREFT O, Gt F, 43 ToRR fomea | auiet siva sesrerce #fdf uga
wivawe 5 *AiTab1 T |
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B, @ : KKo2s?os?n'2py wlzpy ! 98 1 wqite affe sl aws R
wele® TEAR Fre1 0o I S TE T I T I e
gl wtgs =@ woe Rerdgy sl wpEdn 2@l

B B, B
. /ﬁﬁdk
s A
7’ % LY
’ A
; -~ -’i‘ xll'\
4 \
g 3‘-1,5- %‘-\ \
8 2
-
T ip %;H _'_--FE ip
.\\\"h“\ rﬁ’f"}#
E T %
WL H v\a_i__,..-'.ﬁju: Py
not in- e SN Tk
scale ’ }-_l_(‘ﬁ! % .

-
""__,.-"'" -
2 £ =
ot = e 2
-~ -~

(fBar ¢ 5.20) GRA @9 R FwE e
C, W ; KKo2s?02s"21'2py n22py | IETEN 21
N, oy : KKo2s?62sn22pyy B72px 0°2pz | FEa 31

514 @59 @@ feamgs w9 (Heteronuclear diatomic
molecule) Sl F% od

s Relamy SR oot g6 siangaR e = T 2a | ek i e
I LI e SRR O Hf6 AR R SR AR =) e g fen
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Mg CHTn TG SEN TR &) @R 93D WA w15 s e
SEHI TR wihe T A {BA 5.30)

s gn oL s
{ ﬁ&_ﬁ{%:ﬂ‘:im%
R homp T

( 5 ; 5.30) yfb Fon s AFmusfas aww ¢, @ ¢y 97 s
iy, @ 'y, 99 TEHT 6 HfeTE TEE 6

S FEE G0 AT FF G ST T W ARG S G G I e
I T PR 20 IR | U BRER 25 B0 = TSR 25 TR o wEHR
1 (1, g 2p P *MEFa TR | 9 CO Y 90 C 49 25 T 0-98 2p TR
HS T WA g CHTE SR siow TR | O G 25 THEE e ST 39 26U 25 FHID
C <R (TR THIY ML TG [l | CO WG 0 @A 25 T5916 S3918 (non-bonding)
S A G & T SN T 1 5

- fow (5.30) (U il AR @ TR FHG 97 TG O, 97 WG WO GETE | R
dfmrrrs v, 93 % ¢, 97 1R sl ) aaem g, SsEEata of ¢, drdRe
T MR A (T AP T | TR, O3 ¢, G R G Y Tt |

5.14.1. CO <& HCISEs 14 F75%7 5
CO wuH :

CO gl N, S 7Y 73 ey | ez il 0wt € wat gemn @
wfeeudiy® o7k CO 93 5 YRS 39 Fwoef i ieEz AraEEe
Trsefin FRvad! 231 wore 59 S iief afiseE uRBrem [awgg I weEE
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5.17%45 AMAE 9991 (Weak chemical bonding)
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5,18 4194 9% (Metallic Bonding)
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Any system ol education which ignores Tndian conditions,
requirements, history and sociology is too unscientilic (o commend itself
lo any rational support.
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