——

!
72

(iheiSaliStatel =y~

8,568 5 orr OShos (&l o 93 Sl SIS o Iy o) = a3 2 )
IV gy ol ot g 55 59 (B35 S il e Joliien L) 58 ST (g
e

Surd i liquids) B L U Ut &S Iednf Se U
1 e (oo (2 Ut 1B e bl o (Fluids) Ji
Ul Lo 2§ Ul e GnFluidity) <2k 2 U UFe U
U Uiy Ll s 21 2sl(Molecules)
5 G Dol o QnEixed) 15 | o Fy S ens @
FE U i e U-ur 22 150 6/ Uiy (Mean)
st eI s EE U % 4 Gl o (Rigidity)
L sl UG gt Jn/4 UG Jo s L el L
et P (St A Ut i E o
drrepllo, Ut Pt s E ort okl Je_up Qb dy
Ut uaac; f:/lﬁ sl Jﬁ:,}d/u’uﬁﬁ/ﬂ/gﬂ = uf+
L STL o P I S sl e e Sl Pl
e Qe Cie Py g8t ESMSEDE IS L)
Uil s S ond Akl u(j/w;/(ﬂ S e
4% J// s (}b bi . S ﬂ J/J‘bW:(Superconductors]
(Surgical U kI £l (Biodegradable Polymers) U A7
K (Biocompliant Solids)ur;;{ bjy{ b &??“& élmplants]
e b LIt S s b o I (F L Yt

2019-20

5262CHO1

Lol

SE L en J6 Tl LSSk i

Lf/uu_,uﬁru Setousd
uwé Ul u‘i’m (Amorphous) gfw
Lfﬁw
(Crystalline) uﬂ 2ok d/ =5y d/ u:’)’ u’,v
Lu’ﬁ/dyp/;d/uy}””
J J"f <Y sl (Crystal Lattice) dla (b
Lo/
Zuf/yu,gf,@_{n’gfgm
ey #2551 (Voides) U3 L (3 ik
(Close Packed Structures) U4 l»3 -
Zu“c/.»u;
S § ok ey §CL P
LJ’C . w“j d/ (Packing efficiency)
L J Kcﬂlfd/ Substance]c’. u/
ZJC/UL';/XVLVV!‘“;JJ/U)’
(Imprefections) U}Idl)d_lp (}L o~ J}””u/(
LIt NL ) pkr® s

Ju!;;l U d/. 21 U/J’W d/urﬁ”
LA uP



KUFTGI UL J(:’JC‘;_Z G U S 2 e Al

Z (Structural Imperfections]g)}.,junélffi (J:lé,‘.‘:, d”/(at J'(”uuz Gn,ﬁ}

Suly(Crystal) UsP s bl e o SEarS e fsdser AL or
e Ben AU

A AFF ey SuPe S £ oy AUt B S Sl 1
oIS (Substance) & (e § el o Lo sl Fo L s el § oy
(Opposing ¥ A\l € Ui u@ s (Stable) ( Fol) e or el Fufe A (((;U, eral
L) el U P ur U QUL 2 - g (Net Effect) 51§57 £ Factors)  (haracteristics of
O U 1t & 8019 Gl b 6 K e L1 (T Sl Sl
g7 g0 (o/.“a &)/)ﬁ/&db’d’ét’?df){‘é tae Ké/..ﬁ!c;g/u
ULtz et Ut AT S eSS QUL e B F 0y B
HE g S Mean)$s G ol —ur 2 /5 /(Fixed Positions) U#b 15
5 pmien o 2o U Fos B UE 2l 3 (Substance) & S sl f 25
o Qb o
_‘géndﬁ/,@_mﬁg.&noﬁié_ug&w (i)
g lntlsddee:
- Goex i F 9 AU )
ALy e G J”G ool Ut Jm/?*uf’?)g Y JTL LL«(”H )l u,{/“zi Ul V)
gES

- Py (Rigid):}‘m (Incompressible) {j{, Celios ()

/5!&8‘ng/;Juld4&Ja{ju(J!‘L L“lg“LWmut.,;}Jau;wf}Luyi ' J)"’b’u‘g}' U/@ s
WIsle b J}Z;lﬁd‘z J(Crystals) urgi.}?f/?ub(lp Jf?ds;g-‘a fu(uﬁ u’@ (Mhorphousand
u’,:)’//"/,ﬂé (G.ug- < 3}4 f (Geometrical) ég}f};?u’ﬂ%ﬂ J.:’:‘\-«g u((b;; = - (frgstu//inv
ANt bl e (B LS (g The Ul i Solids)

bt e S L Al pe Ll ES i /st o L F

w/,ufc/m_n; Ul 4 G S Fe L LS aernsatb gt E S e

#le Ul Ll (Regular Pattern)<s*s, L1 J* ,«,{")J_’;U}f‘& tae Ao K(Um gL

e 532§ B 0 3o G (e AP S 1 a1 L s P

2019-20



b FE N e el g
VSt B L ks U L
Cl Ln(u}”{ (Amorphouse) (fw:’/u’ c.t‘
F(irregular) ol o 3% T e
52 ~u¢u/¢“!-c‘- Lndf“%uui
P66 (T el ) =L
ug/u((:’u”_cé- L"}’Z{L’L;uﬁ:a;/.(Order)

4 Ve s/ (Regular)os | ..,g n () (b)
(RS pattem) 7S e 3 S IS D) 3 S Ta) 1.1 S

B Pt e §TES

S Jw ’) JEN sl (u’ﬁ )57 l/g. ds(Disordered) /”’/ Erenl sl gt &

Lu%f;t/&%gug WL Z 3L Ui TS U D) o 11 P A et

Jw;s‘,{f}_4_ W{bfcﬁc«bﬂ{'lﬁﬁ)r};’ﬂc‘- gﬂ’,’lb KL‘@.L‘/L;[JLBA
U O N 105 U FUdn ey b S i1 A 5

..{6 4 N7 o0 J/J-LL}’(Sharp)/ A _)W/Jw {ur}”ﬂfb

e (0L =7 on J/quuv/ Z gt len it S gl J@f

gfw_§. Lﬁtp Ule3 uﬁuﬁﬁfc)l-u‘? 9;/6}/ Ly:/‘)‘”gj;! Ut Lloxt /7 (Range)

AL (i/&jg@;ﬂijL&VTufl(’?é Gl At g F R e lor? FL S

IS G G S ¥ S ST G e pn Sy 2

A Liquias) =it o F Milky) oo = 20§ IS 526 SRt B

et e en Y il SIoa b K s D

(Super <=t s $L (Pseudo Solids)u# FEdL s O O |0

— L“W(u’{ Cooled Liquids)

Jut-ug Ln(lsotropic)_})fcui .:«/v'u';w’ﬁ’gfw O O O

=49 sl(Refrective Index) Vbl e d JKr S8 = lon? O O O

o uu/ Y J JI-Ut 8/ JLE U R /;(COnductivity) /

.,mu‘_,w.:r/!(umuu”’,wdfg (Long Range)@zdl O O

(Equivalent) J} bre ey w/‘)(ﬂ-a s u/u&b | w/d/

O
O
O

O O O O

O O

(Anistoropy) <2/, bl M| 053 11,2 Jg.“»
=7 ; (Value of Propety)/ﬂd/c/a‘bdfbgf{gffédl_‘cdl?n i S 5 i ik

-+dnutluﬁ S Gy S

A

Sy 3

2019-20



\.

:,ugnugwé un’%‘f%lu’g 1. lJug

oA
ywﬁ'{_
e bon Eui Gl Sz
U Tt e LTl 7T
(Irregular]oﬁG',Lu;‘%/ u?ug Ltgnd’;uﬁ
ot
S o el g

Ut LnSAAUE B

=Wl ;/4'}‘ I u’);{ (Pseudo) LP
(B, A

A
St
< bl :4 e Lo e i L
U I o e oo 2§
s N L e Gl U o S
uj&nu’gm
S A Gt L sy

<

¢

Ut L A = B

(Ture Solids) U¥

o

y

s

=tk d/ (Cleavage]ﬁ

Gt esi
(Heat of fusion)
R
(Anisotrorpy)

=

B e

J

df’_.».fca, ..«U'/‘ 19 Ut & (Anisotropic) _jl}mﬁuﬁ .:«/'5(}:' u’)‘b{u’b

VO wrtr (o 22 18 L T b b ol A L el Sl Ut P
iz d/ e 3 U US? ik (U L//JL‘J’l K (Values) s/~ i (Refractive Index)
uﬂ:lé: (:;J Jﬁd_c‘- y%@u: 1 2&’:’/@L V- (v e J(Anangement)?j’}
u?ﬁ (sharing stres) Lﬁf' jjfd; c«&n“’(ﬁlﬁ»-% 8/;[&)’/%;} Soblay

y

N g (gt 3 o

Ut &s U (Rigid) =5 s
fe mu{ﬁui’“tg KUsrs
¢<(Naphthalene) ﬂ 28 (Polyurethane) ‘.I:é} ng dz :é Sazon o ur;; Juj}! (fb d/ J: 3l

1.1
1.2
1.3

‘ J/L) d& ¢(Cellophane) u.‘.’,&/ ey, /%‘ ff U’{f <«(Teflon) u,‘ﬁf <(Benzoic Acid) 4= ..f)/:
-4 K‘JJK/U cf&/l/}g

= qurf (Super Cooled Liquid) CJ: %% &i i é ¥

1.4

P b Uasle LI L 1 £ &SI bs Lt il #s 15
¢ gg)}; w/_»/fﬁJ (Cleavage)uﬁi y/_“éu/’;{ Cf,ff}?d/

2019-20



ijuﬁjg&ﬁbz U~ e CD-(} féuﬂuﬁ J%uj(}@_ﬁw VS UF w2l
AL A LA S e hB £t v 1L F il e bt Ust)
—e Wbt 1 63001 En

S ZTE S a g L Fb 1 ol o F o
Qe dL it UPe B b F s b B T -t B s el
ug,.’;/f"é L:CW(Isotropic) (j/ (hr’ 3% J it J/ u";/ f/J Ny u‘x{g/"
- A (Anisotropic) &/ A (“ ) 2

Sorins S BT K Lotk sl 2 ‘éK_w(Matenals) wwuﬂf
A LIS L L St G S b b or et (i

- ‘L& (Photovoltaic)(}l‘ﬂ» ; :’

b & B K by Ut L (Substance) s o (cuh.zf?
Pagyedvd Jlm(l/“{ W Jf’/‘-uj P ‘fs']‘(luﬁ c«/j&:’(Solid Substances);"l«j’u’);
chi’uﬁéﬁnﬁag&)ﬁ LA b e e [}w/ UA Sl idssl g6l
oy e u’/u‘l’ (Naphthalane) u*‘ G5 4l
(’fu gtf/f}w;/v.u),,-au% Jc;u;ﬂ/ﬁdy,wd/u!w)&
Ly S oo S eI S UFF (intermolecular Process)BUL-¢2 w1y L1+
Cj?(‘ (iii)faﬁf ET ) P ks - Lre -t ZM;}:M s J’»@ ;?4 u?f o
BYA L #usl(Metallic) Sike ey T QUL U i b u’/4 sl - = Qlos(iv)ies)
! L/ﬁfuﬁ Py L(Categories) S0 (‘ - 3@ J U~ (Covalent)
< &tg S u;/JJ“;‘de,«k..w& sduleur Ln.»,usu,(}i U Sl il
&% Ussl 9L J#¥. :(Non Polar Molecular Solides) o 3¢5 Swlle b & (i)
e 0B PE A SES R L el o L 5 £
4! | (Dispersion Forces) s 9 /551 s 4 e U2 Ur# U 1, lHy, Clp, 2 Ut
o s S el st & oy SRIVE T LS
’.'wcf,;// /}b(b,//)’L (W% ﬁ;ﬂ/ku Ku!u‘ Py J"f//ﬂu‘ z_r(/J/
_w¢xu*u1uﬁzjmmuv
fﬁ&:«UV&(SubstanceS);y’(jf'wu/:fﬁHCI, SO, s Sllw ohd (i)
U}LGJ(Dipole—dipole)/}':’.Lb (el (1 U}“)‘?U’—UZ &l: J:@r_ Usks G)/i{/“
L urﬁauvu{’%&lfw'gulugLnﬂfj/;l(ju’ﬁdug;/&kc_

c«Ubu’};{ 5

2019-20

/) JQ}")”/UL 1.3
By~
(Classification of
Crystalline Solids)

AU 1.3

(Molecular
Solids)



Lnuﬁc)béhg U"{(/?Sl‘,)ﬂ‘g/l]gﬂig/}qc u’.‘fu!uﬁ"/.,fba bl sl e

g Aedumsl (:’ (SINHaU#51SOp U U
L USINLOF sH e UL Usrl (Dw o8 Sl Ay oy plila (i)
uri& (J/)HQO (Jx o J,ri’”_u‘ w L}""'/ u},& Cﬁsf Y /“u}”" s

-uj‘d.yz u’/r/QZJ/L(Volatﬂe V&b
Lug}d)w&u@,ﬁwmuz%uﬁ,_ug“gngus‘{/“ﬁuyﬁ.@wf ST 1.32
Gl Uy U Lw & = UFF ((GF G- ) bz ) K& (lonic Solids)
l{'ﬂ(Boiling Point]gji L5 sl &'/f LK - Ut L (Brittle) B sl =5 - ;«/'5
Electrical Zb (s U o Ubn & U1 2w UHIITUE <17 20 2o o T e o
_/(]/;l/;lu’l:u‘ /b o,v‘dpgj" dL L ol d/‘k{g)b/ Ut L sInsulator)

G In SIS S s TS
(Orderly J}‘;,’;/d/ur..fcﬂ Py ('ZL /}l;/(c ui,}?um’/?gufw J);{&LM 1.8.3
e ZndZ b Oy Pt gp ZseMobliled s - G Collection)  (Metallic Solids)
T e /316U Al e Ll LT e S U D P ("11 Qo
3¢ £ (Conducitvity)ed* (Thermal) (75! 3 J S S U s 2 50
& o e UL UsTedon L Je b YU G St Lnst
D QeI Sz Z U T e Qe Qi erd2 §L elbrerl bo-ut
Rlea bn S1 Bl e S Ut Wb 22 LT S U Qb SEL
(Malleable £k 381 G2y Ll Est E s -t o2 S U261 L
- &nand Ductile)

Soogr Zn F6IFS e S puen L Uiy Py A Qo £ g&sf.{/‘ 1.3.4
b«/}dl/ﬂu" (}/ Lr“’"u’/y u’/..f/-a Cl ln(u/(Glant Molecules) VUV(JJ J}ZJ’%

ol JtdnZ e ubr“Q UM/{ U.:,' U.:,' (:’“i STy L}}'Z(Dlrectlonal) Vepr” (Covalent
gf{ycgfunlug lw é)l:,«;( w’/ﬁkﬁé -t Lx u@”ﬁ/}l&?&gﬂ u’)”? or Network
SUsrP K (1.3 st o S a6 Eonl ot 2ot 2 Solids)

eoa U ey L & oy e JE U st N L g e
S 2 best AUl s1oe S Ene b, Fe P
U2 uf’%'gj:c«/?/: (":’/;A'LL &ﬂdﬁui{, Jy%f/“d/u;‘ifi ui/{(l.él)(ﬁ'-uz

2019-20



e g G L AL Utk
O 3 g K i et
< tw 32y e Uy k¥
Tl LSt o 2ol sl
= Jui,}'?m)fuu_‘a Lo
b Jo 1 L6 F s S
Fi e m L e
e »dUi-(stide)t &
ALl Ly S

-< U#(Solid Lubricant) ok

S AL U e

FSut1 2dve UL corle Seiu S 1.4 S S LTI IS B
OIS UrF 1.2

U _1

ﬂ»/. 7k (/| Ar,CCly, Hy, | ualLsE¥I = Ul a*’;{ i)
lp, COy 4]
. 2 (/' HCL S0, JWdydis | <Jgds & )
a 7l =5 HO(Se) | Pk | U e i)
sl Ze oS ..,@,‘d?c}‘ NaCl, MgO, Luﬂ/ T JFET 2

&uénu‘”’gu? 7nS, CaFy| 1 29
allol &n(}”};ﬂu’;‘;’ J)/"‘chf Fe, Cu, Ag, J’/&.&m STV S u’)galm -3

=l Pz Mg Luj}/b'g!
-V
T
e =5 | 810, ) | Jees/ L2 | wn 3ILE a
sic, C JF s
AN (£413)
GRS o Ciowh)

ey .

2019-20



Y g (e 2 0

ST QUK Z ik on St Us S urd it 1.6
KIS G X e QL by o ety

CV{/? =7 o ;é;l G etsle o O eFen U UPb U G d“gm JFAJY 1.7
e

oo IS S Mo B Sk Gt e (e BT 18

?uga“_n“/);;imd,;‘cdjr@/.JJL_{’U’JK 1.9

LI P g L S e I L e Fa S Kng‘f‘)';_;;’ oL d/
W B R (L S b Je) o855 Ly e g L L SJo L it & . )/ 1,
LU Y Ll UE L TR (6B S I U et S k!
S iS5 FOUFI Gl y P o Bl ey KB S S5
REFAT TP
2 (Motif ) b |

5o

(Crystal Lattices
and Ulnit Cells)

Ul dd 2o =9
T s L S X ; — Sgdl
<y i bl L U A_ua_u..»,éw/(”(a) ’
RN Ty (20) s

—e b T AL

< S8 o2 e ds fw(@ jﬁﬁ
. oa T — 5l .
(oL Lore 20 m)"ﬁ" @)’ﬁ‘i‘ ' S P die )
bW e t‘/’;;lb/ .
z ‘ s - ‘Ea‘gdl?
Sedd £ st
dBra e 2osf ol
JWSUsto, U b (s
- . 5 A K es
0:1.5“/7‘3-‘@ 8}4 S
PR
_‘aggfb/ﬁi}’/uxzéb/?dlgd}l}{b)’/ﬁ&lxdb@b}b},})fa’ug/)ldlgd)bf!u'

423 he 5ol 3 5T ol l3(0) U (D () (43 ) i so(a) 1.5 (S

2019-20



Ude § Pl 16 o Gl P o AFE UL Y
P Ay

(A) d v & . B

i S O s e 0l iy 1111 S

Jol St UF LU U“Q'VJP?U‘{LL G ool S 5 S
uﬁ(““flfxba wihu’rﬁt{uw‘aJnuﬁﬁg&wi;upgewf.gﬂ_ugZ,n
Ll e b U P g Jo 2o etk o

it L3 bmetor® S s
<A B @
e e FTHSE DA iz e sz LB 2 de )
e Qbbb e UAISAUFL Y ©
- 3;4:4/;/"6/.%4’—2_%7@]‘;&6@605&/({&5J_/uy/?uj’ﬂ({jﬁ
3¢t Unit cell) o K1 oL 14
gt Pbta e URASHF 4y
eSS UF 5P P bltad
= FUEIL Lo 361 oottt e
SFsyuaf o £ 0 Ao A
U Jbsbss L L8 g est
LLU{’C.‘;JUAQ‘;LEW-‘L{&UC&/]J
S e BELund Uk Bos
WavVySTSRY

S5 JEe S e e e (S 05 1.7

G S exle B sla g3 as g ae 2L
}(‘LLY:/}U Ku.l{‘/}é uwl‘L‘b’ui‘a’G/u JC/L JZ’/C 2 u’)lfu“ﬁui‘;wus
=¥ 9

2019-20



g L8 L K10 Slns T gL L (1L

—)
o o 47\)/0 \<>/
Aog o S ol 5 1.9 JSCs

gre=c=cay a— [ |:
ke (-]
N

o g1 ol S aSs eanla) 3118 IS

&z u/u” 1. gﬁ,u@méw,w(‘iw,

(:

f’Jquwww%ou |
of Ut R T L, u;wrabu’“uuu/uraiw}wéw ) i

_ugénfuﬁ;iugéfn PO ] b ____

(ugw LC/}‘a)B(u.L;w z (czﬂb)oudﬁ_al} € Z u;/l}’/ (ii) - !

2B, c.baA %4{ Z <y ugf//l’d"(uy/)ébma)ym S e S e g 2 11,10 K5

L WS008 5. L oy Aodigr sy
-Vt
SRy S s (P iy Uspins bl Ky
P g S (a)
(Primitive &2y $Le et st f oy 2K S o8 Fey L ens @ oa
—< tb Unit Cel)
(Centred Unit Cells) w & 0 awy (D)
?Un:;?r‘/? ulv@d/» ootle s ss6 Jf.."/}j u/(calu‘ (jﬁ//"u.l,/'c ,gg ..,gu?
il e EFey e b Fey ¢
(jﬁ//"ug A3 <% <1 :(Body-Centred Unit Celles)few &i 3 by g (i)
LUK e bl Ly sl by e $3LE U2 (G TL o5

o

~JrLm

2019-20

&:—Lb)

UJV)/)IJLC%' 1.4.1
Jey

(Primitive

and Centerd
Unti cells)

10



3 u’(]uguﬁ de’};j < | : (Face-Centred Unit Cells) pew & 32 (5 5 0 o (i)
Ly u:/'zgﬁc‘- tarostle 2 le t‘nuﬁbﬁc‘:oj?/z
»J;'L{f/“u“ﬁ S quv‘g <2/ :(End- Centred Unit Cells) phw &5 g1 oy .o (i)
£ UKL JIZe b pslle U0y sl b szs Jo s Ly, qul23 u/u/
-yl
P = Ukl U, Wty FUe 2l 0A £l
LUy B F e r6 s Pl G Sl v o
S el W Szt SIS e (o W td st e £ Usn
-di’:c«/)/d/uyfzééi_/

Cubic Tetragonal Orthorhombic

Jf & I/ V’C‘uf};!’

a a a a

Monoclinic Hexagonal Rhombohedral Triclinic

iy N okastns Al

RN EPLEPC RV RSN ERCHINES IS B R

I Gﬁnl 4J/uylg d)b{l/,’/&l’é L(Bravais)'{ﬁ/. Jb (f&} J’ﬁ/bg
Jﬂf&gd’?&_‘g VIS S Sseafusbdns Ul e bl UV yaed
- tﬁft{ug ufl.SJug:’/ayr‘;u(c)lJViVL C«"UZL/’U:%

&Ubgf)’bf 11

2019-20



-(Variations)c«l/.?.’::fé Yl o:’?d/)f&g Jﬂ/}l%&{élﬁlav :1.3dug

&l 94 JPS l/.l: pANy2 b“«l/.:’?j

Nacl, Zinc blend, Cu oa=p=y=90° a=b=c JV;_()'JL&J u)ﬁ

Py
CaS0,4TiOSN0 e fas* | o =B =y=90° a=b#c Qe &z
,&1@,@/ a=B=y=90° azb=#c JLC:’ ..,C‘;/)”ZT

BaS0,<KNOs J’G-()

&@f o=p=90° a=b#c R J’fu”
CdS«ZnO y = 120°
(CaCOg) ALY | o =p=y290° a=bh=c Qi [Ty
HgS (Cinnabar) Jf Jl/"
By a=y=90°| azbzc i Gk
NayS0O4<10H;0 B=#120° U}V -f} (Monoclinic)
HgBO3¢CuSO,«5HyOKoCry | 0% %7 % 90° azb#c Sz | (Trictinic) S

$7r-r*
i B L R

S S f”
ui»uy/;é: u?/-LLJC';c;G/J:LJWIL&QJé{Q: .ﬁ&{lé uyJ..(gJﬁ/"i"»
L9001

12 "‘*J‘/

2019-20



SEe o o
i - $r-(~
Luf/:awld:t//f : géglﬁ ﬂv@)/}éfjk
~r L90° sl Yl

s F L dn s T s
-q‘?ﬂc9009;’1£ UL/AZ: L)
60°
Jo ¢ & G
Lot sz b
| c;/»&@hféj
u}/ ui» - JC;
900 sl

de_g0°

fﬁ."ég‘ Kuj“)J//i:ﬁ )]
U e U Qe

.1

Qs cebeas s d81 ¥ A _EE 2
Ut ol Gl F CulBeALt Silad
e Lo

G Foye endedflspze s Jeey A1

G s o 8, L b e }w;b(u;:’u;

/"’(‘f' L'/(()l”‘,: u:‘z‘f"‘:' by 23 K(U:T (/ ZIHZI[)L’,I‘()/‘/I[()lll.\‘

h b e Jey Up}“;‘fc“’ Lof K3 i a Ulnit Cell)
-

/,égj”/o/fwyjuifé)f&g‘fcﬁ

oo i oo S L2 USS (F RS J S S el Sy

- U)de 1.5.1

s 23 5280 SIS p e ; P imiti "
p-; \ijd ety o ﬂ’ ..;Qw‘ U"V‘// (Primitive J/
L o Cubic Unit Cell)
=¥ 13

2019-20



6K Ly KL ey S
Jﬁé})c;_ v b s £ K 2y Lk £T
St ey §IF e Ui 1-(112
(/8IS LA Ll e (G DY
b P Foy AE S 5 (T A
Jc;uf[‘j:&.}“, ‘fﬂ@w Vg ui’l.lsdﬁ_q. (A Primitive Cubic Unit e s » 25 Jlizl ¢ 11,13 |Ss
4_/5_.5/0& Kl.lS(a)gﬁ.LLKLlAjcu;@/ S0 erle Jy 55 2 & (b) el LS Cell)(a)
AL S Py P bl TS S e e s
d/ VR Y g (Open Structures) u} l/ J{ / (Structures) u}"5 l/(f I t’il@( u’“ :'/
M3l LS S E S ey s e ol T U UP L Y s
/uﬁ&”iumﬁmru“d’uy u’ﬁu*l 13(c)‘f’_¢t/uaf//v&"7£¢.u

—= L

Sussivt Fey AL g Ln 12T, 6L Jrey 5‘6".@'..//? s

d b 1 -
_+dnﬁ|8xg=l;w’

(a) (b) (c)

—Li/(Body Centred))}g’)?éu’l/:!ﬁ;lug{)/g/;éJ:J/'{(bcc)U‘)Cu/ﬁ-()‘ug U}C .

. : (sl T S 152
UWUILU)’..I}’/J:J/‘g(C)J;Idﬁl.UIJL/{.J;(b)&VJ{(a)u: 1.14&4_‘@@1(4
IS Fe oot £ P e oy pre P L BOY

-centred

cubic unit
cell)
(@) (b) (©)
cole N5 05 4 Eab)antle JeS(a) Jow i g oo (55 o o bl 11,14 ST
SR S G o e i B g e i S0 5en(0)
fd)}ﬁvgc)w_‘gmruuﬁuﬂamJ‘”’;J@;gugMJ‘?ﬁ
it ey (beo)
5 1 o, o1 .
1= 8x§=(immgnK8 (i)
i LasFEl e o
14 .‘f‘{

2019-20



2= I SusFey dL U
(UK Sr Ly UL Ar e e S0 F et u’ﬂa/gug
)Qy‘g A ﬁl/; 515/?(Face-centre)}'}-ﬂ,f+ l:l:l, bg;uﬁl.ISy.uz L
/;,J?(b)&vd‘{(au.mgf/i% tnﬁl”édf_vg,g% Flpsle bl gpnd
gE P S =382 o QU Ur o £ Ussi Je ey s Jiln &

U:J:&z(fcc)u';ﬂd}'}~ézvg0/u”
b 1 Y L 1 b
1= 8Xg=Jf¢f‘gd(~l§ﬁi/)K8 @
1 Y L 1 P 4
6x5 =y dfg A elie )
g Susideey d

Lfﬁd/} Zu 1.5.3

(Face Jf —y

-Centred
Cubic Unit
Cell)

SR

(@) (b) ©

cle J5 S8 2 b) el A () Jow i oS58 0 £ ) 11016 S
wax > S0 el Iy oS Gl o e S5 2h(C)

\

11,15 SCs

R TS Jee i
Ly oo o 2 52 90 ol 2k
_2lsa

Y g gt gt o0

("‘LL (3}'? u:}([jdb c)&'wd: Ulnlgt LnZ i s.a:.}u./,’.}c‘// :«l/)"f"/}cu: ur;;'
UL E st 22 (Indentical Hard Spheres)d_f w5 ULE {3 o
G E e S

Sy o

2019-20

e bes$ ELU 110
e IR I AL ey 111
:gfffu&/'uynédsgp 1.12
}"/ <*¢(Mono Clinic)pé/..{ /}’Oéf u’y (i)
Ky (End-centred)$ Y- F a6 r0g (1)
KUy s o TR I K sty S L oy u’{g(a) SZE 13

- Cae 2>

/) 10

U Qe S
( Close Dacked
Structu rcs)




Ly S f e S (@)
3 el e 3 PSSP Kos I a3 B o f f S L L
(117U E A oo L SUAS e K es 25U PN EB G L
s u{+ b1 Z e Unraym | Ufﬁ Ay OOOOOOOO
(Co ordination > §4 75w §uss oo o)
IS i f e S L UF U1 bl | Numben) IS A B S e 11T S
— w2 AT
(Close Packing in Two Dimensions) b_f.&.&, B sl 93 (b)
2o L L SE A UnB S U ok o fe P sy e o P f oot
e Pb e Ui ¥
LHELLIL GGl e g LS BEEGs o
ﬁﬁ-un S U U fi;;id»fo L U u]);_un4,1£ s
LG AN s G LB E S I B AV
Ly Bl L LSS S8 Aannd S A LAV
(@1.18F°

: QLWL
LA
OGN
NS 5

(a) (b)
IS o S e S OIS eeslad 53(b) ISy o e () 11,1850

s s A Sl 0 LA - U L Uy s 1 05 U U

d /._,g sune 7 /’}L JILA S ; Y, La Ui/fl /f - 7 4(Coordination Number)
e b U Sl 1 St

LUt b AUie & b(staggared)os ALl 1 L BELB S )

A:’;af/“u(u)fuﬁ/@ &’{/ﬁvdlbﬂyu: (Depression)JX:C/lb}'#Lf

NG A il Ko A B sl S S5 M s T

Loy HLIL 176U, 5/ (Staggered) LI ﬁw&wd/»/

16 "‘*J‘/

2019-20



LGS A stadiey LN un st i8S U
ABAB "7y 4 &L Ux U (BB SuW L6 §pn S
ATl e e §F P U sl S LT LAUI - J.{L
E4T4 s Wins sl Bt UL Uy B e LUy e u& _Jn (Efficient)
T18BIS) - L un i L S Faub L7, E U 6066 £
A S P (1180) P s b 5 S S I
U St e B U U U U BBl g 6
e AL ey gf/,u)d//?,u(Apex)a/?d/?,iJ
(Close Packing in Three Dimension)“g@g Bl od ()
u:}'v, :.é//? P .,g;’/u?/? Sl -t 43;*: ;L‘}Lfd;l;{iufu.‘}b ﬁ(lﬁ
o Bl Sty e (2 g B S S L At FEE g G S
AL e $ S ES s St e $ S P S o U G G ES
_ugind'ibcu!_?ﬁc
TSy s ol 5 e 05 Iy IS e e ol ()
JIAIg iz/g'di J?/c«/? G, dl d.“/“d/» (2
d/ﬁ)ﬁ%wgbf.%&% S B S U
S L g By G- b W) (Adjacent) J©L 5
Ln‘{:lé u)fL % d?{:'_fﬁ =y d{;!f% (jlw J’jC/’
UG P (};’L %}J“(Lfé Uiy U UE 2 U
4,12_,@(7@}'0’!(1.19%2{))&4/}6)/”!@2_nuﬁ
3M¥E’ij/"d/u)f£ =y I EN IS IPIeY
J;l-{nAAA.{’lfuff,KC{l’J!Jn@}u“l.,f‘](fu;/?(a?‘a S e S AR 19 S
i 36 11 G B ol S Be 2 LA o S
(1.19&’(’“2:;),}&3{1
PGB Sy 3 ol o e 055 s ISy 3 (35 b ol g (1)
_‘agﬁlg&u/,{/{;/»vg/u?{:_w't/du,@
SEHICREMP ROAM (@)
ey s LGS st 4/;\&45;,.&@}%&6@,,,@
u]»f:.{/ - /lgé/uf (Depression) 5 =y J}{Lf Z =y d/»f o 2y s

c«UlaJ};{ 17

2019-20



o{(}?f&g}/ 1.20(ﬁ_£u5(B/a/?d/3;ﬂéj.J!uguﬁuy@_jﬁ;Lféu?/?
b/%_uj&m{g.uf/vﬂcu’lug’gngfcuﬂféca{d/;)(Voids]U}UMl}L
< rtgcf.v&;gbgi(‘amuiéu@% L“n/?;léuééa/?d@f{:,/?d/mﬁ/

/\/\/\/\/\/\/}

LA AL AL A A

AIAATATATA
NININININIS TN

M’LM“‘;“")‘:‘i.w"")‘))‘u:’—ﬁ)’g;‘)ﬁjﬁfé\ﬁ‘gm _'?Lsﬁﬁi 1.20 }g-‘a
T = Tetrahedral (54 s») O = Octahedral (sl c-ia)

JrL u)fu;;gw_fz‘a’l;&::’}u’w&y%gwf{‘a tb skt 2 S sl
WU 121 F e &bk b L § e W e THUIE 1,208 b

<
d/ﬁﬁlkﬁ Q J//?.’f'/b'j A
LT A
(

b
okt ke T :1.21 S

J}"' J *,
P WAV I

(b) s o sl (@) - >

-
-

|G
N
‘i‘kr
s

3

S (©) o) e S lgy Ssa 35
Wkt
(@ ) © S S S

18 L

.

2019-20



Jw,w4,1£wuﬁéyg&iu&uﬁé%d/»{uﬁd/u
3%(Apex)a/?d/g'u(ud'fpﬂéu,ﬁcuﬁcﬂ-uzufé”’Z{é-/»vgufﬁv'J#/
Zout 1.20&@511@1-@@@&&5/&{7 S e &/’L@!J}J/v;!ﬁ‘a
| (Octohedral Voids) s /el U &we A U bt ia (S,
L G AU U l-e LW Al 1216 LG et
< Jn/f'{ AR

S NS G

N=;w7&u&d/ujué -

ON = Jmm{usu&;wu,g

LS ) SRS o S s3> (D)
(Placing third Layer over the Second Layer)

-uz3%0%@»%43%0@&46/»:«46/5%
LnLie UL @46/505‘5%;/@{‘5/,; Ul a3 1S 05 Sl ()
LAV B SO L ey B BLAL e §A e Syt
- Jv ¥ (Alternate Layers) U4, Js( S attern) g e & Uy
b L =30 (hep)ss® d"}dff/wvuﬂ-g b WY ABAB # 1/ Uk
dwtu"uywuuxgﬁcmKp..w/JﬁmJuw(l 22 ) o

-
¢

Q,@. @D~
A

ﬁk o) u)g

:l>

e AK B
A
N %& »
Jfb/?; u:“ /“ (f‘ﬂ th fce
@ & (c)
= b u’};{ 19

2019-20

1.22 s

s S GBS 5 (a)
S 0,35 (hep) Sy
s+ (Exploded View)
2N S 05 S 0S8
—A LS ST s



:1.23 Ka
a3 S M Sy ks (a)
Oin g S Db

Uer K3 8 0 g cia (i)

O
d/.: (Covering Octahedral Voids) (’ ,
u’lféaﬁﬁtgu?c}u’léc«/?d/»/o{
AT s Y g >
;{L@@C/u’l/?g{‘d/»/c«/vdﬁ: ( ’.
Uﬂw/wu{:ﬁ&{hg-}féaédﬁf N S5 o L(CCP) JIs
C[%]J’-J:i@d/@{.d/” Sl 5 el (FOQ) oS
IEH P Ny e, @ v -
Ui U1l u?4(1.23¢f’3;1 1 .22yé;)_ﬁ U B S Ui ey J‘?Lf.;
u"ﬂd}}%g (ccp)u@%}u?ﬂ/&vw‘% tb WY ABCABC--- ¥ (Pattern)
g il 2 A s b K e b 5L (FeO)

574985 Ut & s (Efficient) 6L 2 ;i;i.?; b LBl L
UILAUI-c bt U (Contact) UL U s 08 (% Ll g e - 22T

-& (¥ 12(Coordination Number)/,}gf:'d LT Jewd l/vg e U

bw'vu@fC“{im%Jn%/".fgJaw'*zfaaug‘dé_ﬁﬂ;wuﬁf?w Ku’}u/ L6l
SUsbskt =202 oS 2 A s -t sl 5L (:3;?4_ dstheplCCP )
- Ao u"fnw? Juﬁuh%g o4* g Fee Sl s S s iy B (8 o) }
STy LS IES s b B 5 F (F Tl s D) T U Uiy IS E st
ALlusedig il Aeny i/ gL L L8uss(Jwy bpe)  (Formulaofa
I (Compound]./'// U/’:LL &b}ié Jufﬂ}}lﬁ, - ?uj P usfmr‘a &(‘7 Compound and
febUioe & vl L inde Qo SES P2 Ui big | bt b
— CC%WLU;JUVJ},?J,&

Py NI

Number of
Voids Filled)

ccp(Ut sl JT@)("QLMY/’.; JﬂJf.@’d/g"//Lfg'_YMX Al s
gﬁfg&,t’é-ufz_jj&ufﬂéﬁ,&%(?«uéui%f)():ILX/:’ulugZ_l:«.

S It
SUsIY 25Ut Ul S U st w0k g e dve v <5 copdls
nﬁJut@/mug4,-36?&1)5%1{;wﬁtéxﬁ,fg-+3ndaué;lﬁ
&uf;!ﬁd)bf(%'LYu!X/VC}u‘!‘c;.Jnd)wi:lﬁd/uﬁ?lLY/’up’/

—e XY UGS e 1 snr e 101

v

20 .lf'{

2019-20



7 2 L N 5 .
/}’A/V-Q?%/é:‘} §KUSU‘;}J:{.;Z,fo!d:A/’/:!ulezdlghcpﬂléBﬂﬁ L2

2 Jke

S U Kﬁigﬁﬁd:@,gu’LB

u;(":éA/fmu@/.u/,LZ»LmﬁfukuéB/'%MJujﬂh%gaﬁJi@ &
G a:3122/3): 1 S Bula 2 L AUI-L u:’//&dw% L

-{MAA} B3 U}"/ng?ﬂg{

(Locating Tetrahedral and Octahedral Voids ) 16 S 2 hrs S o shgy Cuid o) sl o

Uil gt 2 =31 (FCC) COPfioyt Lk =2 AN A A T A

Y P P A Ol
W S P e (@

e uﬁuf’:L;g’ZTJf&g,((a)dﬁé{;)ugz.ﬁfgdf&gugédtgmcgccpfu

/%lgu:.,ﬂ-(i)‘.’f/;((a) fﬁj})uj'/?(Alternate Corners]U}/‘/KJJl,;"%lL ..«’-(L)‘?f/;
_,»(L)‘?f/; C/I’JLUZZ Z_:(Tetra hedron]}%{.i,oﬁﬁ'@..«g;uj Lnd"z'ag/u.,g,_,a‘%: ﬁl
ugKquL,{uﬁTuﬁwagﬁL&vccp_ugLn Wikt s 2T, b Srie bn okt sy LU

Sy

- St 65150 S ussoie S 2L AU b i

@ % ~9

o’
:"‘ v

N,

.,-"'
y \ .
¢ . <
o 4

@ (b)

-2 BLS 3 (6 fhm s Mt g g Sl (D) Yl s @57 as o S g0 8 w2l CCP () 11 JSCo

Wy P Jgyeta ()
£ Body Centrer L et (20) S ) gp 2 I3 4  Jrey L Jerectoeps
(Face Centres)}'} Z/jd /7-47 s JL— uﬁ:ug »s £ (Face Centres)UU? C/’ugéj- Jf’&n $4
o skt ;}TVQKJ’{&{J!{ (Body Centre]}'}u"?é .,J-(C/u’i_‘a L“ngﬂ;lz{. wug?ufwd‘;'

21

2019-20



uﬁur%m/fauktg,(z[b)ﬁ/&f;)_gnuh%; N uum/grﬁﬁuwéﬂ}u"i?x
KA £y e Uk 5y J"?Kufm(/?)%,j,@,u? Ui e Jrey A K S
P 2 G2 1 /452K s o Oy STk e e bl s & Uy (5 e

e P Fy

< ,»"(’ <
(’ / § ) ‘.""«L
¢ v < ©

(a) (b)
I e S S (@) § 5515 0P sl st o 5 U ST I FCC K3 L CCP 22 K8
(215 LSV il B o Olg) 2 S 0 S )l 2 (b) 5l (Body Centre)
BN S T AN
Mﬁzwlzﬁguﬁuk&g/lg(‘fu{;m&

12><l:3
4

4=sLS FS Ul =t
Jnd,ué;lﬁu’m,o?o/uﬁuh%;aﬁfc)‘jwan(‘iulidf&g/; K3 CCPS U E LA

-
¢

Sed AU BB un g S (Tl fnesd® D06 @
Jﬁdl)i.%d/éu’éoﬂu'ﬁd%:/?(u@.-dif}:‘l(Free Space)); (Packing
w,r;d/ (Efficiency) UC///KV@. L UP L J(:’J;(T - bor 12 K,ﬁ é‘/‘/.i“’U”CU)

Ny s
&Vccpﬂ % — an' (Efficient)/jg/? s d}l/(hcp/)!ccp)g..@. d”/“d/bflf U ccpsslhep 1.7.1

seade h QUL WL Fey 120 g O KK S Ut ULUP L
b=Face Diagonal Ac Lf) /C Kd/ ﬂ
22 L{’(

.

2019-20



KU, Usile f

G K =

=b? =BC? + AB?
=a?+a®=2a%or

b= 2a
Lat’lgnkufq?%r/ﬁ(Lf/l
b=4r= \/ia

4r

- ==2V2r

) 4= 2 - S el oSa 11,24 S5
=ﬁuj£»@f@/u"(‘ &S S e I

. ) S 0SS Dbl
by L Joe g Gt eslcep S E N &Jf@ﬁ;u
t e .
ad or (2\/§r) =f{q(/,|4x(4/3)nrsﬁu‘,f
/ / dui
ALV A3 L W osesnrt Feyxi00
- %
ASE ey
_4x(4/3)mr® x100
(2\/_r)
(16/3)mr® x100
164/2r° ’ ’

M/Ju’c.wru:.ufu_/»umuu{u//fc_dwSu;vt~¢1 25& Lfﬁd/?()l 29

- ds(Digonal$ s j "
LU
In A EFD, _
b2 =a’ 2 _-9452 L(}/C gd/
Se e (Efficiency of
b=+2a Packing in
% A AFD | Body-Centred
¢z =a2+b?2=a?+2a%=23a? Cubic
Structures)

c=v3a

i;{;: ( 25‘}& < ol £4r,C(Body Diagonal) /s u‘)
(Digonal (5 Z 2 qu}f’{){‘é/} K(ﬁi)L:’%rJ/_gz
8 S Body) g LA e LAV
(Sold 25 Bacird
&lv SBoundaries) 4r
(S IS a="J3
= b Uy oo

2019-20



r=§au3£mﬁuﬂf@}kﬂﬁ
- L“nZX(%j . Z K dr2ad FE st esl st
Bl a’ Z(ir] L (%rj g{as_',;f

V3
/ Ly
J T ﬁgﬁ@uﬁwfuu@z/&dt&gxmo
N/ J '~7= ~

0,
Sy i
:2x(4/3)nr3><3100%
513)
_(8/3)mr’x100
= 64/(3\/§)r3 % = 68%

..«ng/l/L 4_/Ur.>115uiu3 P Z’El}{ UU'/KL JJ/(‘:!‘}‘.’ Jla ‘f”cd)tﬂ.ag
u’lr}; Kt sla il d/vﬂ(g &J JL/MC}J’(I.Z(S)%)-M; L)‘?:J’/L/))
Ut lsbi Ut

a=2r
ZKJ‘&{ a’=(2r)3=8r>
o b ISR F bl L,
4 ) .
gnrs =(€ K.Q (Occupied) -5~
O

Al
=——*  x100%

3

—7r - LemTTe o et .
=3 __ %100=2x100 ’ ’
8r 6
=52.36%=52.4%
SpEL ALV
d/)/;gb@. d/u}'}L/hcpu‘ccp
- &nup:.u.lzj

...........

2019-20

u:dw?ﬂuv 1.7.3
A

(Packing

Efficiecy in

25

Simple
Cubic
Lattice)

11,26 S

_Jgﬂ&iﬁggxgﬂblwa

S S s 5 oS

S a9 b gl gl

24

B Ut e

L

.



ﬂ?ba (}l’”& C'/Jcalﬁv/’ﬁ!_‘a dg(Calculation) u.y;u((;d: Jf."j;j cL;b{lJf&,ﬁ
i S PL 16 it B Pl § b e
) (G'd@vg"é/u’/-‘a Cﬁn (W@.}ﬁvﬁ KJ.‘.;Z: (Avogadro Constant]dly
#.3L (X-ray Diffraction) /L6l 12 (Bdge Length)0W L « L ey

3

L -&m (Molar Mass)J'b sl < deb O/d/ (Substance) & J!”? < a l,;’/y/f
b ol Fi*

c&f&)@%@
zxm= o $Ussi Ut ed aJJr‘tm = JJJQA;

- a;fcf(»! Flimusla sl S uszbay Ut ey Lzl

:o“/J("%ﬁwuﬁ Joy
M
m = —— (M is molar mass)

&
=l e edl ey
A6y

z.m z.M zM
3 3 or d= .
a a’.N a’N ,

A
()L’”c;u;@)’g/»/&c"/d/uﬁ_ca &JC(&}"L (s ;’,&C(d/()f&g f“éu.l,
AL AT e e Ut (Nymacz Med) Us2 13 Gl - bl U

gES

‘L(u’%f/ﬁ Ybeees b L

L e 7.28/embesl § 45 o (cell Edge)/ § UF 288 pmUt U

Sy

U sar i & A208 g

(288 pmf~ Ky
=(28810 °m)=(288101° cm)?

=2.391023 ecm®

szoSgL/& =d __208g - 28.88cm®

sl 7.2gem™

2,

2019-20

)W!Jf&{
gJe

(Calculations
/m‘o/l‘iug Ulnit
Cell
Dimensions)
1.3 e

&



s Sty Ut

28.88cm?
=12.08 X1023 unit Cells

T 2.39x10 % cm?® / unit cell
1208 g it L ot Sy e s 5L

2 (atoms/unit cell) 12.08 1023 unit cells =ijgfu( u;il I

=24.161023 atoms.

< e 5{}5’@‘.’ de’/’ngCC uQ{ gf‘L b6 2/br 6 (X-ray diffraciton). m;/’q’
K.:,BCVJ&U:,/.’;/M 1< t%§3.608108 cm(Cell Edge)/@f KU~
_éf)’”d/:‘;{d’iw({(_%‘.t‘n&92 g/cm3cj.‘.’}

z=4 atom)!ﬁ(fu;‘:!qj:&g&uﬁc«/ﬂu(dlgfcc
3
Mz nga QJ—J'

~ 8.92g cm® x6.022x10%® atoms mol ' x(3.608x10°cm)®
4 atoms

=63.1 g/mol
edS18,6=63.14

éu J;/U/L def’{ ) Jlf+ e[ Ku;‘gi Vsl Jl'/. dlgccp/:l’
(107.94:%@“305 ()’”&Cf d/ul’c‘_408.6 pm(Edge Length)

2= d=c I UsI ALy B CoPYb 7
107.910% kgmol! =107.9g mol = = Sst

Juwt;@vf&y: a = 408.6 pm= 408.610"2m
\ y p

. z.M
;&’Lf(d= a3 -NA

4x(107.9x10*kgmol ')

=10.510% kg m™
(408.6x102m)’ (6.022x10* mol ) &m

=10.5gcm™

I.4Jke

v

1.5 ke

A3

SV g (0 g 0

fe WAL E M Sobltss AV N SR T

UI-n s F S UsB 40,5 mol £ Ulea bl el f d~}5fﬁﬁgﬁ,ﬁ 1.15
‘Z JU# (Tetra Hedral) f’}z Uéé:"_/ < u.’f

2019-20

26



;1 21/3L Uik 5 AL Msle blieep, NA*%eo L“QJ:@},NMM/VMQ}_Q 1.16
S UKk IS

P N /'8 Jdlpuf:,u"uﬂwwy 1.17
Sl anik d“/tf/u/(m] Lfﬁd//()(u) JJMV(I)

4050Ud///u(u’c. b J& oy u"{fc_z 1702 kg molled b § U7 4* {11.18
SN, u’ﬁz: U172.710° kg®=3'§ U1 /i< pm(Edge Length)
?d/yzl[(Nature

Sl b 6 (Range) &0 Kuna"fui,;ﬁ S L rh
12 AL 0882 S P Ay bl L UF Perfect SEH S &
P IOV Y, (defects)u"jtzi - (Crystals) e dyz’ - by J””
FrS a g LV SE S 1 e b b B U Qunt i SR S
o L e foE S et il e Gen S
u”fxé,v c‘?wf w&ru‘uf"]d/ .Ju‘u/}iu* (Irregularities) ub’wa'La::.
L/»A'J‘LUA{(Pomt Defects) i\ L;u;r_u’"ukfu‘ d_}’A:uU’u udLaw
LY L( Ty (Crystalline Substance)& f LI _(Line Defects)_ai\i o
U,?Li/u@m BB fu):'./ﬁbd'_.l,cabﬁc(ldeal Arrrangment)%/db‘u/uy.lg
& t P b | bifi e e uutb“(LZJuﬂédla/J
®s ..f Point Defects)ud @ (,P J/‘[ & d f ‘/ Jé A_M (Crystal Defects)ud @
L J@w
(Stoichiometric u‘j&ﬂ J.L;, (i) G‘Cly d/uf.' u,v‘j'ufdy 0 /) Ju‘j@ fﬁ
gij'iJ JE; u"'l::/ff (iii) (Impurity Defects)uﬁj&'; é:U- (ii) Defects)
(Non-Stoichiomentrec Defects)
(Stoichiometric Defects) 2\ Sl s (a)
S u1- 215 UF P Ut Stoichiomentry) b, o6 S Ur#2 Ut B Fo
(:;)/? /)96)&3:,:_9 Cl t/;’/ (f{gfj ] (Thermodynamic Defect)g“tff L(Intrinsic)
(Interstitial u"jtai Qe _933l(Vacancy Defects)u"jm' &Ua..g & SpinLl
Defects)
Jb’/f‘a Cl L‘J/?ug‘ Lﬁdl}ah&‘»i:z: dlp_«? :(Vacancy Defect) 25 M= (i)
[Substance);_ uﬁf:ic‘:u’ !(1.27% &"C))-c;.(\facany Defect)uﬁj él}?ut
=l 97

2019-20

JUUEUr#E 10

(lmpexfections in
Solids)

S u"jm’ S 191
o

(Types of

Point Defects)



2 Plost Ly Sy w(Defect)ﬁ; - s u{ ey
— L“lwg(/'j( (Substance):&ug
L("?l)aus u{}m{ —2 (Interstital Defect) 25 &2 (i)
PerS eyl Hedes (L
_‘LL‘;,)L/D‘/./&C(J&U&ZUQSW“&Q)‘L
TG e FECE 1 S e § o dis
ek (o ¥ T By Wh 25 £ s
1 3esb_yt 201 22 244 (Electrical Neutrality)
sFrenkel ¥ P8 ol U¥ 9l ol = P 36
- L/;:U:{ WL ij B Schottky \
LU U T (Frenkel Defect) e S5 (i) (4
GI(L W #r O T it & 76S Defect) <
(Interstitial & 3¢5/ s (Normal Site)Z b 4
LAS oy Z,/’Jl(l.29y"£g)‘échSite) —
(Interstitial u"“”(%v{ Eh Sz o1l Adw s s 11,28 )5
- t’//l/:«.;, Defect)
SIS aA s JJ:Q‘%-@:&/ & (Dislocation Defect) & B4 =
e b Gl L Ui P b b2 5L & T S e
R d/ U7l j_ﬂ.’.’ L UsT Agt 8122 2 Ag1.51ZnS, AgCl, AgBr >
e PO Ut UsF BTy s 524 (Schotty Defect) jas S wLs (i1
(Missing % L%,J/)ﬁ”gj. L é//!;/. }’/(Electrical Neutrality) ki)
(1.308) - (st 1 S Usil Lsications)

( S‘i mple J’E Ju& <\ 600. ech
uﬂﬂ’f@, Z// JVacancy Defect) c°°°°°°°
é.’_Lf’/(Shottky Defect) °°°°.°°°
e B l’ﬁffcﬂo/d/ (Substance) °°°°°°°°

oy AN 00000000
ﬂ!@;ﬂ/{gu‘dw&”luﬁur/ﬂ! °°°6°°°°
NP 60 s 00000
schottky 22 {1050 ety GL-LL-TX- 1T -)

Zv(Cm?3)em d/(} Pairs) Al Sl 01,30 S AW 401,29 Kb

28 .lf'{

2019-20



S usT10160% LAt L T 1022@}fu£1cm3-@
/;lk:u:(Substance) “L/:'!ng I uﬁjf@_c‘; e uﬁ)f‘;‘ug o
g En S O L F gl g U e b
S & sk el o CsC1uNaCl, KC1AgBri™
-f(ﬁf@mf(dﬁd&)ﬁg. B 16U smAGBr
(Impurity Defects) 25 @ S (b)

by 37 0 v JE oL dﬁJJSrchut U NaClls U@fft cr

le Sr2+

CI'

ﬁgﬁ)-u] 3@}7{_/; LSrZ"uﬁ{ém{JUﬁTNa*:‘L
<UL LIS Tl et Ld Nansr2 1 (1.31F
gj.‘?{;dt}(Cationic) AN C/J!-‘c Y dl;,?d/»m
CdCly & G LS A ST it £ AL UicTsr2 A6 ur Gn g
- JH P ager
(Non-Stoichiometric Defects) @\ ol & ()
J}& U~ (Stoichiometry) é&: — d/ (Substace)lf"dﬁu It S Kgfj 08 & -
J}‘b{ (Inorganic) B,VL /:f (Non-Stoichiometric)et /{ d“’ o & Jlm’f Y i’fuj
boeupLntedtie a8 Aot upe TG ool P et
(Metal uﬁ) [5@ JZG I-23.3/(Metal Excess Defect)gf:“zj Jlm /.'-."( Vg 4 Enl a2y
Deficiency Defect)
(Metal Excess Defect) 22 s> =5 (i)
J}lNaCIILf}J 3@) /:)/ & J (Anionic Vacanci)o > &b 5L °
-2 U > S K(Defect)uﬁjcf_ Sy Xlkr u‘”ﬂ £ZKCI
A igibd (fuﬁ Lbjd/(\/apour)/g.} Eir S LNac
5}3}4 i/d/f/u:!ﬂc 1-Jf b él/’: (Surface) i/d/gf//ﬁl
e b Iyt LLNaCl S é e ustiNa sl g &
s e LS BN L L it TNar el i o
S g B AT UE o g 258 L
£y blee [}Lm g}fd/éfrut J"”/b,u? WL i( 1.32F

#NaCl S 5 25 <Sr2* SNa :1.31 5%
12, S (Cation Vacancy) S kS

%/;U)%!(Unpaired)/b d/”;?/-f uf’?(Anionic Sites}gj.‘?'é i i) e o S 2 :1.320&2

EUJZF—Centre}iin_uZ dJ}zJ/(F-Centre)}‘:._@’ug
(Colour /"-:.//guyd: u)‘L “UykleFarbenzenter

c«Ulau’};{ 29

2019-20

(F-Centre)



,.93’(5\."}3/. Juj)/ig’u"bvé:«-u? “%;;;.,f/ Qc,/u}b’/d:NaCI ~Centre)
LA ST -ur 2 S absorbleie $617 = 53 4 Ui Ly M re
e = F S E o Gotenkdl LUk Lict =1 S Lithium)F

< bl Lilac) 1L Wiolet & ke

S cntomy S S sn S 0S8 2S00 (Interstitial Sites) 0 5o s
uf:fl':,g L/’/(/’/_‘Lt"n,gﬂf.ﬁ {Jflff!'dz/){ a7 on L 4_/ toak Slas
e bl e

ZnO —feating 752+ 4 éoz +2e”

d& J;LJ u(uj’:TZn%_LL Cl e Zn), O bl (El;}’i &;LJ wa/uf Jb//';,l

peadt Sus® &@,M o sle 7 A4 (nterstitial Sites) s

(Metal Deficiency Defect) =& Sls> LB (ii)

L/JL?J' (Stoichiometric Composition)=31- Gt £ o ‘U J};d,!c A
FlUIFeO-< d/ {’M"Jylﬂ)&b‘é‘i u’m/d/rdwu“u’mégﬂ"
Fe.050 G4 Ut e b Wb 2 & Hind Feo 050 712 < J& ad
Ut & »(Missing) })Wu“ W/Fez‘“m{u" UIL//’/LFCO‘-L ‘jﬁ/ JFeO 060
T TRY PN P O B LA CHR

< 10202t L///QJ’! K é’/ /:(i Y4 d/ (Electrical Conductivities)e<=* J/. u’}“’b’
(fﬂuf Ui/ J/uric/WlL o.".a'..l'i}"_‘é b}{//? U o}L):_27~f 10°ohm'm!

< £ 107 ohm'm™! 104‘(::'/ J oy d/ o u’}"b’ »s _:(Conductors) s
e d/.?» 107 ohm™! m‘l(Conductivitieslcf..fl"’}”u(u;lm J-uj LMJ’?
- ‘3119( (Good Conductor)‘fi /d?: f

10'° ohm' 10’20ﬁo{. WA iy d/gfuj' J}‘?M:« -:(Insulators) ;>\~
—< Uyl e sm!

1076 é“/ &L{/} b d/gf e J)ﬁ?ud (Semi Conductors) e o

-+J 10* ohm™! m '« (Intermidate Range)

(i)

(i)

(iii)

Jl.dl K L&MC Movement) ...«J/JJUFI L UJ’}/O’(Conductor JJ/J
- (Electrolytes)LLU//slu* é/uw Lu'/ff uu J’?dw_atf (Conduction)

Juytmu*_Jtpdr&"ftuxu‘duuﬁu’w,c.uwdfdwKu/u*w

d/u:‘.?! dlos - dn/4 FIyts J(Valence Electrons)u:’:/g u)/’/)}?rﬁl d et

2019-20

S50 100

(Clectrical

Droperties)

JLUss 1.10.1

30

deJlel



- P e e LI Jtl?ﬁ e Z_b(Orbitals) Jo T [;u V(Orbitals]d')"ﬂu‘%!
dbfm’lxéJtl?g{ﬂ&ngj/@"{/}d)f&.dﬁ“@ (31: cji(Band)é; ,gu’u¢fug P
,‘Z&; é/, ug O }‘? [ I 9w én (f 7,, 4£(Unoccupied Conduction Band) & dl..a)"!
(1.33@F)e LK doralos i 2 AL QLT3

e £ (& Sl 5 6 ol § P mvalence Band)§ 3 b §4)
f e e § (Substance) £ (51 (F2 51 22 égufjug, 4 Yo o:gj(Gap)@"’
(1 .33(bkﬁgﬁg))_+ e ¥ (insulator) Zb LIS Ut o

£ U133t (Gap) B okn £ & Slar o & &F Ut U
e nedar 3y Ju)fr(‘l_ug LL%IKW%/}!@L@?’J@JM!U;%!
ﬁ‘"’kmu,@’_w&gégj@dwtu,}?ﬂ,;gju:wﬂui!ffg AL 3l
(f dis (Substance)*f (5ulsl Ut 316 (Behaviours)U i £ LA U ig=
-« bkl (ntrinsic Semiconductors)f%*

Susu Usiy e O &54 e L Je Jé“f{ c,é‘rgfu}‘r(l s A
e bl U Doping) 15/ S e (P Lo S dorr St L5001 o1 oo
c_uj)}gl}?% Cﬁgrl{l:. J},‘Td/(lmpurity]g (3511: u{!u"{(f(JfKDopingué}f
o uuﬁ;&,(é/;ﬂr K(‘”z& u/&i}‘r(i[}u‘)n JJui;jJ?lu:u%gnJL i
-ug&;}/ﬂ)fu‘j@u(l}?!

¢ Ol
b
g d

_—
&>
G
pE
% ‘et
.2
tc—
.
o
gi\

G
oY
G
é
.

é}’f d/kﬁ}] v@/”’

§ G .
U; 3] : V4" Jﬁ/ﬁ
@ (b) ©
[CuInATY ey s Sl a e O —oss ('.:J(C)))‘j—’-\"(b)c/u’(a)gﬁ\-")\?‘“ 1.33 J‘s:“':‘"

~2 B m Jlayl >

.“«Ulau’};{ 31

2019-20

U 21.10.2
deJ

Conduction of
Electricity in
Semiconductors)



(Electron-rich Impurities) s 5 Jb Y _w o5 S (a)

Cﬁsfugi Lre suise :.14.;)/?1 S Sos g}‘”“(,/ffz/,c S
(Covalent (§ g?/.,{/“/tg AL Uyt o (":uﬂ UM g oA
(@134 _tt.Band)

S Zn 18Ty 2 A Lastpes L5 o/

Ll AR LSS t ITL ol e B 6 s
Suse: G“/i{/‘/lgjvé U Al S P e 2 B (D134
—& bbx(Delocalized)zs L S e b 103 1 U1 L e b VL L SE
Ut edor g sy S dor S 2 0E 5 s 2 (Delocalized) s 716§
AL bl oL Ve e o Sus o bl 4 E 501
e bl in-typed i 5o
(Electorn-Deficient Impurities) s s 13 & 5 2S5 s (b)

BASree Fodfiecalal B2 AL 130/ 6§ Lol
U U < tw(Missing) 25 s 2 3 Gg Uz £ o e by J-”&//? U L)
3o .34&‘&6;)-4. ¢k (Electron Vacaney)b s 42| (Electron Hole) s
LS LS AU 5T, Hole)n s D (FTe A s D
SN s DNSCL Uy ATt 0 I K3y Py Foom G e s L
Wl N E W3 SALS i Ve Vou LTt er iz s L)
BT A -y A Gy bade &y L (Holes) £

i ¢ Y
Figgl oISy (13

O

dieACH : B Z ¢ BY:

J"“/J({ n-type p-type
(a) (b) (c)
“e5 (S0 s a5 S 5 Sl s S Sl 3 S olis ST 55518305 8 11.34 S

32

2019-20



VAL LU ot SPE ek bl b Enl s ke g bt s 22
g LWt
(Applications of n-type and Jlexiw! _S" ¢ sk 32 o GIU-py 3l GI6-n
p-type semiconductors)

Ut Lt g F 6 Combinations) 61 AL Uy 5 Fp sl Fn
JE1 6 U7 0T L Uk 2 Abpusl Aln 'Diode -Uf Sk £ Ui
SIril e pmdey Uil e bl Ut FS Rectifierf
b S s 2L Fepnpasinpnot L it AU E gl £ Udyss
LI(Solar Cel) JF U;};LL[?L?[:'/ 2 Camplify) by Sl &S ot S syt
L& St du3 84S Light Energy) 31769 KJ?‘aPhoto—Diode/C K
s

e sale AL a)fd/;tgc;,?, Sl gf Pl L 14?,,/@/&,4 4
LSS L e § I o UF- U A28t 2t (Bonds)
e UtsiniGe S Lot B g = s 4116/,!12.7;fg15m13.1,f4 Z
SIS Uty = (Gaas) 4 b T (f{u: GaAsIAIPANSb =7 552131500
b e cW Ut K G i S ud AL U8 e B e
=\l -yt S Selrliz-1 6;;5/;:HgTe/:lCdSe:CdS:ZnS-‘L
e S ot U ) Tt L (7 BF L ## SE 4 U (Compounds)
-< 3t (Electronegativities) U 2

U,L;Lr‘;d: S# L}“/.c(Transition Metal Oxides) 1/12/7& (s S8, A < pt ?;»,f;
Ut &6 (Behaviour) sk = esRe 03 4ICT O TiO-f &/ AF 1§ = biL5)
i/L/‘/TA!m{.‘a (e C)d//?g&wgﬂyd/;lgﬂﬂy}‘/@!cReOy(Rhenium Oxide)
£ o \IE Ut ESNEI6APL 2l L1L = e TiOs IV O3V OpeVOLE
-+
g K(":l-% Byt s s Y @Km}ut-ug Lyl J’}J‘tbb&mé:c & s
(Magnetic) }"l/.L:v u’:bbﬁ'* KUl - L"//bf! g%u & Z//l’ JJ»&U?‘.:, L}%’fvg
sle a7 S Slune L ‘ﬂgx L) bTU 2 Ui d ¢ >Moment)
usvﬁ@/tg.,gz/u,}?ﬂﬁ.35J¢¢g)¢;ﬁfdfuutg£d/agguémg i
2o (Ll (Loop) o b = o K2 e 2125 L (Motions) U577 il b

= U a3

2019-20

Jf L& 1
c«&n“?
(Magnetic
Dropeties)



L6 U U b Kﬁug»u/ibbe"».g
%JL’JC— J!}?g}f /4‘/.[{»‘ U""bw J%/Tvgj}!/gda/ w’/ﬂb&/u,}g' w/ﬂw
é}%’&;&(Magniﬁude)MG}J}‘l/’l{v u/fw V-
® B
e Ul Lo
() (b)

Bohr LiB </ < bl Lt Ut &y U3 Ul sl o
c““:"“-!’jj’f)\-@-b“{;|6)\-:” ;\..M]a“ L:Léuw"l.35 ﬁ:—-"“

by $1L£9.2710%* Am?, ~< £k | Magneton
S 6 substanca - 4 U167 o 03 535,50, o 05,5 BT S )
=§'C‘¢ o Sk s
30181 L o) i) 5 00 B2 )
KulUt 8 B s fen J7 i BES B B ey )
&r o szr(ﬁ Ji&’ u@?, - b U e §I(Magnetication)3ts
My $i% 2F ol L ..g‘(ﬁ‘? Iz -t (’jw%’f/{(Magnetsim)&{:bl}"«"
Cl lf.‘f’féu’ z i u@g‘ :J/ u)c‘“. Cye e o9 d/ (Unpaired Electrons)uj:;g I
-uju’glﬁ‘f:u" J(Substaces);“bil JfDJ!Cr3+/5'Fe3+:Cu2+‘OQ-LL
- &lp d/d){ Wt e é/;’:ﬁﬂj ..J.@?K/Lf! ..,f@py)” («,Mi» L3 (i)
Herde S uuzf‘fi}’t;a“»,g-ug e 1§ (106 HosINaC 1¢H,0
A1y e b 25 GIyp Kr}z‘g‘yﬁvﬁ; by 368 4 21_)’/;/:4.
b i2 S Zw s e 2 F sl U E(Paired) e 7
_Lj":"&{fj’;ﬂ;’ﬂt;/u’ibw Ztossle &;L}//u?rd/y»ﬂw%ﬂ (Pairing)
e 3L uu:»u/ib e crozj,cﬁﬁ:ﬁﬂ&gﬁ‘mﬁ gﬁt,,{ 25 55 (i)
,gjf’_uj’ ':J (Ferromagnetic Substances) “L«ﬁl v@"c‘ );.’ )’/ L}l u{.i_c‘; &n‘u:’y/
LB B o e (B 3t b B e £ 5
fufuo Y- &la Ju.‘.'(regions] u}ﬂi/u %L%L}‘fu@)/fzt d/u:':T &w
L}%?ug(domain))/‘g/; C}Jﬁ% Cl Lg’/(Domains)(ﬁLl& (f':blﬁ‘ L}g/{))/g
u:;?g(Unmgnatized)oﬁfts‘/:;c‘:i u@{/};.’ ug‘ré;- 3/fc}&ﬂw
Z Ul &n )”.’.;“ Jﬁ I (Orientation) J: /n L,( (Domains)ujw u""b (Vi Lﬁg/,‘f
Md/u’,gfﬂl}”“(Orientation) Q/”'“d/ufﬁ/‘%.’a?‘a Cl legui' ubyd/?/p“:bbz‘
S (E:/ d/uf)/‘q.% e Lg,/"' u’%l}’v",gﬁug/ﬂ ((a]l.SGgﬁé)‘LL (Elan -
e Qe e L B8 e ton P stie o e GuBusien
J/G.u:? 3/)%! Kr}?‘?)ﬂ L}E’l}? d/(Substances);“l}’ u"‘gMnO :(;g-'i.y;ﬂé e (1)
3/81;)1 UQUC?’ JE%Q;/;’ Jf‘a &n % u{.!(Domain Structure)e3l-

-

34

2019-20



&J/(f]f/"l/.tg/u’éWL L/}JugD)/}"L &nuﬁMJQQ}J(Domains)
(0)1.36 )0

L (Domains) Ul At & =2 < b b U ML&»K(;}"?&/} e 8 W)

Zw i G e $alr £ U S008Il $15 (Moments) wrgfﬁb (72

52*4 SnFend L uuﬂfﬁb w,:@wiygﬁlv@g‘,ﬂ_((cn.sef)_ug

Mg Fe, s/MgFe,04% (Ferritites) 2/t §2 s/(Magnetite)Fes O

¢
3

-Jr thn v@g‘!fmwL“;:»di'r/»;z"?d/};gif,/?L/?Zugd@&g@woél

SOIOIOIOIOI0
SOIOIOIOIO
SOIOIOIOIOIO

S s b liia o JeEn (5 5(0) 5 Naon s (D) aSis 3 5(a) 11.36 S
(Schematic Alignment)siy jUss .3

S g gt g o0

F e Ul e bl lg(Defect) P L of 7o bl IS SR
?‘L ‘3% = A 2,},—/1’ (ﬂ}’(‘. &n ;P(Property)aa’ G

0t Z_/Cl,‘J:Mu‘:u (Stoichiometric) ./l:rﬁb/ U’gf/ AgBr./ZnS 1.20

LA AT e b b Ut ol st L3 L &fénutuﬁ..@u{,z 1.21
& eolos_c tb Y (ntroduce) iy (Vacancies) U3

ot 2 (Vacancy)l 3T/l >3 (Metal Excess Defect) P Qs 7 J¥ 64T 1.22
_EE ol i SUB b St

sy bl f U S EL a3 L st 140 123
_ e pdr e

-“&q)ﬂ,w“gu—,@?‘d/}gu@gj—ﬁ?f"’”m}%(sllbstaces);gﬁtJ(:’J 1.24

(-

c«Ulau’};{ 35

2019-20



o>

Ak U6 gl u'/)lﬁ){(Fmed)a/f”d/a|/5u?‘/]£uﬂahuji/y/ﬂz::ag{}? s
¥ 6/%@/& - J@U}' (f')’/} W ur)"?(Arnorphous) d%'ﬁ (fw.c‘- (v = o9 JU’LL”“
Kl Fe by K(Supre Cooled Liquids) éh}/d‘ (Y TOII0F: éu’c. by (short range order) ” &

Slosssle L“n(Sharp)ugJ e yi/ﬁv b/ul-bg bx(Long range order) " 17 uﬁ{ IS4y
S UrA St End s P AF a5 1 % Ut & xe(aniso tropic) ) VAN
G E L o S Uspile e 1 Lt 2 e S S L L s
art e L e AW E 1 U (Covalent)ES £ Jos «(Tonic)efy T« (Molecular3UL-
—Ur = B3

cU(Pattern)<s’y ul Ut Ls 2 g(Pattern) iy onll Ll b3 ‘ff} I umffdg
Crystal S ¢F P e Bt 26 0 U S F S UF HT 7 o U G (Crystan
(3 g 4 G e bl (Location)E AL a5 L J (Space)lo S5 1 € Jb - bl Lattice)
§ (Charcteristic Portion) & (%L 18k 1 - bl f (Bravice Latticesl® Ut "l §
I siBdge Lengt) UL SEb Sutea?§rey Liour & oy & o (Felb e A F
LUy S el L un(Primmve)Ju"f.u}g Sy g e F s L Ul
(Face 77 £ {r «f(Body Centre) Sy (™ o) S 2ty §p - L UstCentred$ 77 A Lt st
F ey Primitive) i -t &st Jb L L3 &Lbl/?[End Centred) /L U#7521 | /Centred)
— FHISB e S R ey e L FeyCentred)$Fr-ur Sn L Ube b
-Ut 2 Breavais Latticesng U4 £ & U Ur Fey wag/& Fie LSSy

(Hexagonal Closed (%ot Zx Mo UE 8l enn it & £ & 5§ eus
Ul QS ¥ (Face Centrel Cubic)fce /13T (Cubic Colsed Packed)cep ss/Pakced)hep
Jike 0T e Qs gt P ot 25 £ 7. G- G0 G4 L 74908 B S 70
Ut S 5 S (:’ ' Ut L (Tetra hedral Voids) X141 < s/(Octa hedral Voids) £
< dw L 68% UL J‘) (Body Centrel Cubic)bee J' w2 See I sl Bl S 3 A sl
—— dru?/.l;52 4% 2 JJU){)L/

23/(Point defect]gf}i}} Y P “defects uwéf)@/u*u' d/quKJVJAMJ/
(Stoichiometric dﬁj Lj&: — L)’L () kf J,u B e dw Z () rb (Line Defect)uu/ u}'}

36

2019-20



Jﬁﬁdg q&:ﬂﬁ;m!ﬁ&g_u‘%g —t s (Impurity Defect),fﬁjg&ﬁlerefect)
szt S (Shottky Defecti S e sl(Frenkal) £ P Uf o2 B ET- Ut Ur Sod
N Kot S UPE T v 2 Susibsszrt S PL Latb ot Lw
S UFles L(Metalexcessibols § U u‘z’dg 2 Ut Qlost i u)"(;m{?‘a b e L
e bl bl u}‘r(l,,{ S 0ie P S U bl Pt S L (3 (Metal Deficient)f
;giuﬁ.c‘-t"lg%Lg;zuﬁoﬂj%?uw:(uutéfm-@[}lgngf",gﬁayﬁéﬂful;
uru’ihl;&d/}mﬂw,/;"&ndibt&,/é:;ﬂy?wys:wwweJlﬁug&/}w/oyﬁu/ﬁbt&gf(ﬁdf
= UFLL L el (e b YUt e Tl G A e

Sy

B GRS et S (Amorphous) SF LT 1.1
S (L UL BRI b S b e 6oL Ft 2 e ) 1.2
-“écagi (f./l:’&(C«:’/ug/&)uc}%‘JUV(&VJ‘&TUE?A &?!J}J’}'gzﬂ 1.3

37

CPL0 )XW T 5612

(NH,)gPOy 26 (s
siC

I

Py

2019-20

@
(i)
(ii))
(iv)
W)
(vi)
(vii)
(viii)
(ix)
x)

(xd)

by

3

&
U”



Sl U AW 1)

AT KU o i)
Ue3lcep  (a)
Jee3lbee  (b)

Che etz JJ‘&{M:J:C(JJI/_;TﬁZ q/c)fw;(%fu‘lit Jc.plw()l’”t J;,T
e

SIS (st E g e (re BB sk e L ST
é,{g;,i’u:;/gziuﬁ Jquuwa:guw’_éc’vJﬁL SE B e i
ur

?ZQ/J}@)J_{TUQMLu;jzé.;laubfu,):s,yp

cepsihep. A

ey (IS o

T

?@Ln&l{ﬂéﬂfuﬁd‘&gdfﬂu@;d}gp

TNt O

OS2 L w

SLF G

-E0F

SBEG e L AU Tl @

G in A= AET W)
PSS et b o L ST Y L i

S o

S5 w

(eI B E DS St )

(fi! d//}” I 10.5¢g cm'S&D/AVL.O? 10'8&,} J;A/L Jf/';i-ct‘. (Elp/: //U"”//uf Jyfccz)”
_FE et

“U/J//li KVJ//-U,? uﬁ?}(‘:!/ﬂépmuj/? u;’:’/é Jﬁﬂég-‘a & L/V))Q/J’pgf);bf’;‘vg

38

2019-20

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.11

1.12



73 g/:"u“’f“ﬁﬂ:’?gmp??n

u’i!J‘ r!-é > “.,Laju’i!K~'x:?ﬂ8.55gcm'S;bM-Lt‘nfMuf&Vu?ﬁdﬂ} ‘A 1.13
& (- ;
-993U.~<f

-“é 51) yuy/)LR/ﬂr;‘LRﬁﬂJU}%luﬁ _,@,/,K/,l/ﬁ_,@d K50 J/,é'z lﬁ’ﬂl’/'fl 1.14

{JJ{@, STy Jf’%%-‘LS.GI 108 cmél/(j@zl‘f& J>‘¢ l:’y:'//U"///uf u’?fcc/.:g 1.15
- A

(}?Juk.Tle-‘—p‘} L':J//}’Nl2+p4‘7 wg‘ﬁ-f-NlOOQSOIOo,J)’.JGKj@ILr"/T(ﬁfCL- to},z‘/}l:/{‘ L/;f.” 1.16
V‘Luﬁ

-l Kf/@dbe{!é u’/ﬂ“éuy u?."rju’lé» JU’LJ”T';' ?‘L l[(Semi Condutor)J’I}""i 1.17

e 2 leade uf:ffu(/?&uﬁi’bffw-% e Uteb £ cu 0L Ty o B o7 118
”LJ'I/(iJ(J—pa:J/@ZEQgJG/&?’J!%TL;C‘g (U};

& B L UET R it T S F Ve tn 7 B onep SUsTH T2 119
NS A S g N P

_“ég?ziJ’r(fifng(ppd,&gmfu@;ui‘ds@w 1.20
J2Tdmuce ()
J2TSSiUB ()
?Jn gauJé*;gL J'(«‘L bwe 7 St Sy $ 0a(0.144 nm=}3_.i-¢3(j%!)ﬂf 1.21
e 0SS s oier Jr L Sk 1.22
Zbs Sy W)
JYEaty
_E e Gl feb el f5 e 1.23
S F i) ST i) P U )
—< 125 pm/ﬁ.,&»é[}wKu‘l-‘amy’lﬁ'*/uiaﬁvccwﬁh 1.24
(e QT L ey o
sdunfey F .00 em3L @k
Bl K 5 o T T2 b S € 55U 10 Pmolo L SrCly§ NacLT 1.25
_EL oSS 1.26

&Ulau’); 39

2019-20



cabtzd ()
cafllE ()
catlB 2 (i)
cabbid Bt w)

c,pf/.;;f 13-15.112-16  (v)
ezl Ui, Gy
41.14
9.033 102515 S ¥1s 1.15
6.022 10233 & kel £
M,N; 1.16

ccp 1.18

40

2019-20



