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— The Substances which bhave definte shope amad Volume ove called Solid.
- Solids diffex from \iquid and Jas

with Yespect to havdness , density melbting
PoInt , bo'ling  point , lusture , electyical Cenductivity omd thewmal Conduct vity.
2 “Types s¥ solide~>

O Aworphous solids h%%ml%ﬂv&

- Gveek “ omorphous” = Mo Yo

AN omorvphous  solid Consist of  parbicles of .md\qdmc._o,« & \nope.-

- The p««pﬁwn«smsw of comnsituent paxticles ( atoms, olecules o Tems) N
omorphous  solid  is  enly short Yang ewder.
— In Shovt vonge o¥dey,

a J\mmcr,p« omnd ﬂm,..._o.w_,nn__m vepeating pattewn

distamces  only. such porkions are Scatewed
amad In between he cvromgerrant TS disorderd-

- The sbructuve of  amovphous solids (s  eimilor to that of liquad -

~  Awmorphous solids become  soft over « vamge of temp. amd com be
mowlded amd converted into vavious shopes.

s obsesxved ovey short

-
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- PAmowphous  Solids  become Coystalline at some +temp-

- Amovphous  solids  bhave o tendency o flow Lvery slow) like liquids . TThevefove

these ave colled pseudo Solids (GTASM) ov supey cooled liquids.(afaaidla za).
- Amoxphous solids axe isotyopic ﬁﬂ.nvw._,wﬂwu N nNatuve.
eg.:- (lass , wubber, plastic, @co«.«w m.omm ,  amovphous si\licon etc.

® nguvno,:,.jm mo:mmbmwﬂﬂd.ﬂﬂ\%ﬂpnw

- n&uwo;:jm solid consists  of ,o.a.m\. No. of  small n.u,@mwa._m.

— Cwystals TDﬂ:& o definile geomelrical Shoepe amd e Ddx.ﬁjm%g._l
of constituent particles s owdesd-

— The owramgewent of constituent pasticle in cwystalline solids s

Vewy ﬂodm womge osdey  Which YNRANS  ihat there 15 o .«NQF_Oﬂ partern

oF %ﬁmﬁﬁgﬁ, of particles which 7¥epeats lself vn.q,_omﬂnp__m aver 1the Qum*ﬂ_.

n.&mwn&:d» solids  have sharp ém_f,s“. peinis.

— Cwystolline solids awve amisetropic h@.ﬂn&@qv in Nature.

€.g-.- Qmmwcfsm NaC) amad quowsts

|
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> Isotsopy omnd }ﬁ,,moj.ovm. =

= g g&m..nb., propesties  like electvical cond., +hewmad cends, Mechanical Strength,
vef vactive index exc- of +the substance ave some (1  all divecHon ave

Samne , +hen the Substramce axe sSoid to e \sotyopic amd this _u«o?im
(¢ coled amog\oﬁa.

~ When physicel propesties of  the  substance oaye diffevent Tn  diffevent
divections. “+hen + s  called Qghwofd.%m.
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- Diffevrces /Lo nﬁawwp_::m and  oaMorphous solidsi2
Poopevty Cyystalline solids

1. Shope — Cleometvical  shape

2 TO.p- _Shoxp MM-p.

% € eavage propes ty

4. Heakt oF Husiem

5. Aniso .f_.ovm Natuve

6. Oxder in DiPﬁmmémi.
of- constituent particles

— When cut With o sharp
tool, they split Into tweo
pieces amad “he Tewly
gener aked Surfaces ave
plain amad Smooth

—  definite heat of Fusien
-  Anisotropic In natuve
— ra:m vamge ovder

ivath | Q 9O O m |3
Amoxphous solids

I:Hd«m@ﬁg Shope
— Soften over o Yarge oF

temp.

— When cut with o Shawp
tool , they cutr Intv two
pieces with Trregular
sux Face

— do pot have definite
heat of Husion.

— Tsotwopic In Nature
— Shork ¥ omge Sxdey
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- Clossification of cwystalline solids 2
— o0 the basis of Tature of imermolecwlay fovces-
() Moleculax solids 1

— The constituent paxticles oF olecwlay solids  ave ynolecuwles.
@ Non- pola¥ moleculas solids >

— Tn Ahese solids, the atoms &% ynolecudes ave held .od weal« dispersion

fosces ow \ondon fovces.
— These solids ave soft and Mon- conductors  of electviaty.

— These solids lowve |ow M.p. anmd ave (n liquid state ox gaseous
Skakte at Twoom Yemp amad pressuve.
m.@. b.d‘\ Iﬁ ] IP.\ nu—u.. { HH- ) wo_ﬂnw nop mm.d-* ﬂnmv p mﬁﬂ m+ﬁu

® Polox Moleculax solids >

~ TIp these solids, the o) ecules oave held _u&v J\m_D.T._C&_& WKWOJJ@Q..\ ar Auo,ml.
dipole Tntewvaction.

— These sokids ove soft amd mon- conduckors of electvcity.
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~ These solids have Zmym,q ™ P- than mMon- poelay moleculay solids amd most of
these ave gaseous o¥ |iquids Under ¥oOoMm temp. amd pressuve.
ey solid S0, , Selid NH; etc.

© mamhoamj sndend oleculas solids :»

— TIn ‘hese solids, +he mmolecules ove |held Um m««qﬁm :am,..omnj bend omad
contain _uoru.« covalent ponds b/l W amd F,0, o¥ N ataoms.

~ These awe MoNn -cemnductsr of electvicity.

- These axe Vvoabile |iquids ov soft solids.

eg- M0 (ice) etc.

@ Tonie solids:?

~ The constituent pavticles of {enic solids ove iens (cation amd cmion)
— Ca¥ions ond amions ave bound 6& m#«dﬁu electyostutic Jovce-

— Tonc <olids ave havd amd b¥tte

— These solds |lhave W mf TN-P-

- Trese a¥e MNoN-Cconductor of elecdidty 1y solid State buk conduct m_mnfm_o._i\
v Yoolten srate or 1n  aqueous sol.
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Metallic solids 2

Metals oxe <ollectien of 4ve Tens suwmounded oy sea N —
These ave good cenductor of electyicity.

show © Ynetallic lustuvwe and Colouy.

S“mZV\ ynalleoble amnad ductile.

Covalent ov WNetwoxk solids 2

These ave cwystalline  splids st  on- metads bended ..Tfed..»m») coVolent
bond -

These eolids axe havd amd bottle-

These solids  Wave _J,_a\r m-p. wnad even decomPose be fove ﬁ.ﬁu.I&.

Diamond , Grophite |, s\licon covoda eix.
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— Three ynain Sgmmetry {1 n,dmwp_ mam}mjo ove as Follows:-
O Plove of sYymmetyy mﬁﬁ@.mw_. aar)
® RAxis of symmelvy ( wHEATA 39eT)
® centve of symmetyry (TwiA F7%)

,(\ __-_,r:n ri Q_:.__h :\..v
— plane of symmetry s an W oginary plane Which com Fen. o
mﬁmmw& n to two parts sudh Hhok ene (s the exack MixvoY imoege

of each other.

Zl

4 I—

N —~ — Dlagemal plame of sy mmehy

Rectangulay plane of mm?«jng
[ 4:- plame of sywmety in Cuhiec Crystad
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D Axis of symme ?\& 12
4 0

An oxis of spmmehry is  a Jine obout  which 4he crysted may ke

wvotaled sSuch Hthat [+ presents the same appeavamce AMoxe thayy once

duxing +the Complele ~evolution.
Twoe fold oxis ov dicd oxis :» When similary  oppesrance  vepeated afles (3¢ QQ&F

- Theee fold o¥is o¥ txiad oxis :> when s \mi|ov appearance Yepeoted after |20° angle «
- douc fold ois ov teltyed oxis 2 when similax appeavance vepeated after 9o° amale.

Six dola oXis ox hexad axis:y when sSimilax oppeovavce vepeated after 60 amgle

n-Hold oxis 2 i dhe swmlax appearunce o} a nddquob, \s Yepeated on yotation

ticough  am o%%n of mWo. , oxound am :spm,,soi oxis, then Hhe oxis s
Colled m-fol\d ox\s.
]

5
Cp
) N U

Tian fold  axis Three .ﬂd; ax\$ .ﬂ.oc.« .ﬂo_n— ax\s iy L1 axic

. — |

] e
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(3) Centwe of symmekbry i3
—  Centye of symmee 7% of a n«dm¢9_ 'S

iiocas it Mirevgcects +he suvkace
diveckhen

# wny cysted wmay have ong Wnwmber of  plames
but it bhas Oﬁ,& eve centre of symmaebry,

D. " ™ —m WM

such a point thot any live dvawn
of +the dewo.. at equal distance in both

ov¥ oxes of md?gmf\d\

b |
|
|
R
B -— —4—»
LY
™

- - —

h_.a..l cenve of m&?gme n cukic nddm,,d.._
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=~ Elewents of md53m£ of o nduﬁﬁh_uw

- The +totael mo. of planes, axes amd cente o} symmelwies possess Um -
Ceystal s texmed as  elements of md\éég\

ET Cubic n..adme. =t NaCl bhas 23 elements of mdﬁ.ﬁ,h#lqm.

O Pplave of Syrometw

@ Dmnw\g@cl-.p& ﬂ~25ﬂ 0% .Md..qsgmg ~ wJ Z
3
® olagemal plame of symmetwy - ¢ |
3 Axis of m,&éﬁ\tﬁ_ﬁd
fnclud
©® four fold  oxis - 3 m_snc es 2 faces)
(o) thvee old  oxis - 4 13 (inclueds 2 coxners)

©® twoe HWA oxis - €
© Cevire of Sty
@ Ccevive ok i el

Tolkal > Y3134 L = 23

(inclueds 2 mmmav
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> Space lattice oand unit cell:-

> 9Space \attice or ﬁdam&u; lattice m%ﬂaggédé
- A vegular three dimentisned avvangement

of peints o _vo;.)mn’nn n space
{s called space latbice & nadmwd., lattice .

- Each pont n o lattice {s called |attice poInt o Lt dia

- Each point in a D&mw& \attice ~wepresents one constituent particle which
™oy be an atom an o oY o mMmolecule.

m-. WI\T lattice  point
\- \ .ﬂ_.mni .m_uﬁﬂm lattice o
h.&mwp_ laXtice
\ \ .rm..- umit cell

= Unit cell:? A wnit cell s the semallest vepeating umit Tn space |ottice which

Eyos,ﬂm_,pnwon_oé,«o\suoﬁ« Q.anus Jmms_vw..so. nﬁmmw& o_w.I..o mo.cms
gubstomce.
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Cc

- X
a
2<b P

~— The thvee edges of a unit cell ame Yepresemnied ,om o ,b omad ¢. These
mm@mm ™ay os¥  Ynoay mot be  pevpendiculax
- The amgles b/w the edge Paivs  ove vepresenied U& <, B omd 7,
- _So:u..ﬁm +he unmt cell diwensions, +he Mneoxvibcol density Qov i o n.&i..ﬁ
Cory e Calculated fsorn the wela¥ieom -
_ "M
f (NAV)
Whexe M= mo. of ymleades [atom/ ions

M= Molay Mass
V= Nol of umic shell
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< Bsavais lattice =2

Tn 1848, pcmcof Brvovais showed +that +theve camn be only 14 diffevent ways
im  which  similox  poinys con be awyanged in  4hree diment omal space.

The hdamwn% Fm,asm._sm +o the cCubic system™ hove thvee Kinde of Byvavais |attices
depending  upon the  Shope ot wrtty cell-

O Simple o¥ primitive cubic lattice :»

-—

In this cubic |lattige, poinys ove only ot the cowners ow wnl+  cell.
torol no. of atwms v simple cubic ladice = §

Calkulabh ogn: -

Totod Me.of atoms in prambive cubic Jatbice

2 AD.« CcoMey wv ¥ .F
gwople cubic g
vO.*I.n. e

l
—

each covnerx okom is
Shawed bl 8 cubic \ottice
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(2L-The Face centwed Culbic lattice .-
- JIn +his cuvbic

V_.H ..,.,.,.. * m ‘ ‘ ‘(1 ‘ { ‘ -+ hwu D) shapes @_::Om_._mvm Q. ink

lattice | the pown¥s ave at  Lthe
of each of the

of atoms

coxners as
ot the centye

Six Jaces 6} the Cube.
in face cenleved cubic lottice > 4

well as
- Totel mo.-

Calcul ati em

ay g (at cowners) Lm = 1
.\ * \ A
2

Ay 6 (at faces)

(!
W

._”_.q.. Face centewed Cubic lattice

Total atoms "

V
.DmT an atemn at face is shoved

Yl oo cubic {oktlea
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@ Body Centeved cublc |athice 12
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- In this cubic lattice ,; points ave at +he cowness as well
Centve oF each cube-
- Total mo. of aktems in body centeved cubic |atbice = 2
\n \- Colculation

| 7

d) 1 ((Body center)

O 8 (at nodsmqmq mel

drmath | Q9 ¢ @ | Ak

as

in +the Uomy

=1l

g i

£ig:- Bady centeved cubic |attice Totol atoms

2

'IIIIII-‘-III.I‘
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4 Byayais

ﬁD Tﬁr e
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.
c C o -
ey 1.0
A e
Simple or Primitive (P) Body-centred (1) Face-centred (F)
Cubic Space Lattices
.
¢ ¢ . . ¢ - L ¢ * L]
ﬂ".. W— b ﬁu.. ..wﬁ b ?... ”Mn b w" .Mﬁv
a K a R a " a e

Simple or Primitive (P)  Body-centred (1) End-centred (C) Face-centred (F)
Orthorhombic Space Lattices

-
c ¢ '
s a b ~ ....u b ) b
B s Ly Bl e
| 41 4 Y.
Simple (P) Body-centred (1) Simple (P) End-centred (C)

Tetragonal and Monoclinic Space Lattices

=L

a )

év ?.,:“..4 : ‘ r

Triclinic (P) Hexagonal (P) Rhombohedral or Trigonal (P)
) - Triclinic, Hexagonal and Rhombohedral Space Lattices

m.w Math

Q
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— 32 Point gvoup amd |4 Space lattice ove divided 1nYo  Seven n%mm,nnrp mN_hT§
Minimum Parameters of Unit Cell
Crystal System Bravais Lattices symmetry Cell e orfacial Angles
L Elements Dimensions
1. Cubic Primitive, Face-centred, Four 3-fold axes :
Body-centred =3 Three 4-fold axes a=b=c a=B=y=90°
2. Orthorhombic| Primitive, Face-centred, Body- Three mutually a=b=c a=p=y=9%0°
centred, End-centred = perpendicular 2-fold axes
3. Tetragonal Primitive, Body-centred = 2 One 4-fold axis a=b= a=PB=y=90°
4. Monoclinic Primitive, End-centred =2 One 2-fold axis abx |A=y=90°p #990°
5. Triclinic Primitive = ] One 1-fold axis a=b=c a#zB-y=90°
6. Hexagonal Primitive = ] One 6-fold axis a=bx |a=p=90°y =120°
7. Rhombohedral| Primitive = ] One 3-fold axis a=b=c a=y=p # 90°
or Trigonal
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a a

Rhombohedral Monoclinic
Oﬁ.ﬂﬁﬂﬂdﬂ.dﬂiy h@&..._mfg
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> Laws of cwystollography (fevesr fawma 3 ) :>

O Law of nqﬁm«QﬁQ of nterfudial 03%3 m‘@qau_,sg& Do %qgnii..manu

® Law of Rational Indices ( yiAg e | ATET® FerT)

@ Law of Consbancy of Symm ety ( wmfri forar @ oan)

O lLaw ot constancy of intexfadial Qﬁaﬂmmuiv Steno , \669

-

— This is olso called Fivst law of D...amwor:oa.qo.ﬁ,%

= DRDA%S@ to this law,” the Dj@_@w keteen +the Dodxmw_uodmﬂsm faces
of a Q.dmwo_ of the substance axe alwoys 1the same

the 7nethod of prepavation oy source of the cwystal.

O O

_uJ..- H_ima\hnnm?. Qsm‘_am Q\w. nedm+nr-

ivrespective of
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® Law of Rational Tndices:»

hvath [ Q9 O | 3

- Dnnoa.n—._jm to thie law, intevcepts of any

face of a n...amwp_ D_oﬁm the O&m*pzom«o.?..n

oxes ave either equal 4o the wmi} indewcept

whole mo. mulb ples

(a,b,c) 6% S0Me simple
of them

- €3 va ,nb 1 ¢ eirc

STMJQN .3 : j. _ j_-_.

etc avte whole no.

—  theee qumwn..._bwdo_vﬁn oxAs > O% , OY amd oZ
-~ lek ABC he o WMt plare. The wmit
theny be @, onmd c,

.fm.. - am,nu.:o @x.nvﬂr._n oxes
omd law ol vatiemnal
indices.
)nnodm.,sm to obove law ., Yhe ptevcepts ot amy face such as
+he game +hwee axes (Wil be Simyle
vespectively

Intevcepte Wl

KL™M on
Whele Mo. mubiples of a,b and <
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o

@

®

®
®

Millex Indices 1=

Millexr ‘ndices o@a¥e a set of integevs C(hikit) which ave
o gwven pane in a anmwo._ .

The millex ‘wndices of a <face of D.A.N_wwo._ oxe

used +o descvike

Wnveysely peo poxtignal to
the intevcepts of thoat {face on vaxidus  oaxes.

Detexyminatien oF  Mmillex naices =

prepave o  three columm table  wikth  Hhe

UMt cell oxes ot Hre top
of ‘e columns -

-

Ertey W eadh column  the intercept (expressed as o vwulbiple oF a b
omd c) of the plane  w\th Yhese oxes.

Toveyt ol WWmbers

Clear froctien +o obtan h.,X ama A
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Exowple:- Calculate bthe millex

the O.ﬂamwn.— oxes axX

) 2o 3b,cC

1

Solukien () 24,3k, <

o b <
Inteccept
Recipvocalds

c\ear Facton

Henwe +he voillex ndices

axe

g G =+ m ‘ ‘ ‘(i‘ ‘ ‘ ‘ + & ®shapes ] ink to Shape

Wndices

of Crys tal plarnes

hm_.u Mp -IWV ;t@ﬁ

Which cut

drmath | Q9 O @ | 3K

.ijdoc..m‘f

M 24 , -3k, -3<

a.
Intercept
ﬁﬂo._v.dogp s

Daﬁpd. %J\Dhig :

Hence Hae iller

b '

ndices one
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~ Tote¥ planay _spading in__a __Coystal m@wg,. 2

— Trtevplanar distance (dpky) in o h..dwwo., s @.Z,md rma

e 3

Fnrzc vr

Wheve h,k,\ 5 willex Tndices

o,b,c 2 cell diymensions

Fox @ Cubic system o=b = 5l thal

dt T qﬂwp -
K hKI Ch +XN+.-.~,H_..._

Yy

Fo~r o .rmT\PmQjQ._ wum.rm:.s. o.=b FHc

) (n%+ ?*) 1

(dme)” a

m.w Math

Q

Ve

¢ =e

N
AR
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Fox
o
wthovhom bi
o
S
am*mg
O#Zb#

yainktoT
o.x bk
# Math
09 o
> B8 a

i

)
@TK. v..r .-
a* =
b* =
00.

@
.
e law
of
DGﬁQRDJCY
oF
s
aﬁ)g e
TQ -

- Pn

Y &
@ admwo.p

plane - ....mﬁmwm
o w g 3  elem

. d ﬂ%mmzm

&y m mfw\ﬁh mﬂvbh mdﬁ,«joj
2d)

® Ce
nhre
of
mN_ﬁi.J MT.V ﬁuﬁ.ﬂ.w..ﬂl
&%)

— Sor
noxee
detal
_
J ﬂvfmnr.m
=
see
— 9
dﬁ;ﬁuﬁj
1%
<
aamwob
wd.im,_s h
feseeer
CEEE-E )
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> %-Ray DiHevaction (e frade) :»

— The gesmom vrum..nmw—. “Loue “ in 1913,
X - wvoys by cvystals. because the
Same ovdex as the

Wavelength of

ntexatomic distance 1n o ndmmﬁo.r.

- WsH. wdor&m used is “dechrnique Ffox Nac) Pddmwok. This
Udocpo— that —Ray dilfevackion technique
Shuctuves and dimensiens of

n.dmm.nb..m as wel as in tHhe
a Yo. of properties of

X—Ray ‘e selyes.
- The w,sorm@ equatien >

divan [ Q9 O

wﬁmsmmxm the possibility of diffevaction of
X-Yay was of about

obseyvation has
is  highly uselul Ty detevmining
study of

- Accowding to  Bvagy. Unlike ~veSleckon  of ordinary light | +he ~eHlectH o

of X-Ray con +toke place only at Cevtain amgles
by Yhe (Dove ,&5@+5 of X —Ray amd Mne distance

whic\hh axe deYevmined

b/ +he plames 1 +he
nuddmﬁo.—‘

— The Fundaynentol

_mﬁﬁ*f o¥ %Iﬂ@/\ , the wﬁ.rﬁdxﬁ—ﬁ.\snd. distance 'n the h.d.d.wl..ph
amgle of ~ellection (s Know as 4he w«omm C_...omo‘s.

egquaion which give a simrle velation sip bjw wave

oma

N
AR
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- Wqu._‘/%m»fuj ‘muh,l @%D@w‘(ﬂ\nﬂ A
— Considex .Pm

- The distonce bjw pavallel plance

¥I G+ ﬂ ‘ ‘ ‘(4 ‘ ‘ ‘ +  Bshapes inktoShape <%, inl

watieon .2

in “he
n.,dm.f.& stvuctuve = 4

Suwppse o beam ot X —-Ray {alls &

the o..mwwob ot m.oaa.jm amgle 6 ond
veflected 4xom the Uppes plame ok  Hae

Same ncsmﬂf e'. whle
be

. , ) )
T

othews Wi\ = .

o-bsovbed amd get wveHected fem

- - e — — —
the Successive \ayess - figi- X—Ray wetlection rom Cuystol
The waves ¥ekblected by dilfevent layers plaves Wil be in Phase with ovne
omother only When ne diffevence in path \ength 'S om ._Simﬁw_ number
o  (wove length.

path diffevence = m X

whese = 1,2,3,4__..
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A

thvath | Q © O B3
- To deteswine the patxh diffevence of x%-ray A -
AOD omd BNE |, dvaw perpendiculays oL and ) e
OM to the incddent amad vellected beams. .«MMH,N
the path diffexence s equal 1o
LN + NM
- In A& OLN
w:J@ = I.wull
ON
NM :
Snb = oON .?,@ul X —Ray vefleckion \m,u.as ﬁd&ﬁd.—
Since ON = Jd
+hen SN e = .rMZI s« dSwe =LN amd 8\WNQ = Vm@. s~ d95Nn6 = NW
thecefoxe path diffewevnce LN+ NM = 24 sine
oY .,»3, = 24 m.3®’ -+ path difHevence =N

This is colled D&Q&m equotiom. _ASEb,Sm ©, N amd X, d com be calculated.
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> Detexmmnation of n«amwo; Styucture :»

© Laue's ™ethod 3

Tn 4his method, o sample of h Slits
a f VAR
Q.am_no._ is Ynounted on a Stan 0 q
v bl 0 diculay KB Photogrophic
i ax\s e nNa
with Cwys X\ pexpe X-Ray bearn £iven

to x woy beom .
A beam of X% -Ray aftex
passing From  slits is  allowed to Hg:- *X-Ray Laue vnethod

Sl Upon  +the hd&mw&.

After diffractHon, x-Roy falls e ﬁTo*o.mx.oéfn. plate which ~yecords +the
fntensities omd posibons ot diffvacled voys.

The Brogg e€a- s Used ¥ HKpg indecplamay  distances .

This  Yoetnd s vewy wseful to FAnd out sgmmerhy st ceonshituent pavtides

WHy, the Tﬂ:v of photo &x.n%r.mn v—p.»n .
This Tmethod is mot Usefd +© fHnd unknoww |attice parometers becasde
Loave T-ﬁm; comnot be dentihed :.u._sm m_umﬂmP.n mﬁow n Hhe OYO._..O mﬁo.ﬂ.v{..ﬁ m_,o.ruo

X -Ray Souyce
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@ Poddex YNethod :>
- Also called Debye - Schexyex e Yhod.

- The powder Ynethod 1s (oidely wsed ﬂ.D«T.PrLDiV | L
nd.amw_p— with simple  shaucture.

Po wdex
Specmnen

- The powdery cemsist of wany  Synall n;..dmfﬁ.n wWhich
ave owented in  all possible divechions. as a vesw\t x-Ray loeam

x-voy oxe Scatteved o all gers of Fg:- The powde¥ methed

Plames.

— TIn Hhis MWethod ;| powder sample (s Kepk in  the Yin glass cylindes.
oMnad MNAXYoW  loeam oF X —ray s allowed +o fall on the powder.

— The diffvacted x-¥oy stnike o stAp of  photogrephic film gwanged in
the foom of o dvculay axc.

— TIn Hms Toekhed , yokakion ¥ sawample is wot  Vecessary lbecause Hae
powwder  Somple  olveady cCevtain  wicwewnystals  avvamged n all possi bl e
Aivecy ons-

- a«o.m@ equalieon s Used duv calculotion .



