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Mowms were popesed as  smallect buwilding blozks  of matter.
Since ’tf«ea were assumed  Smaller tham  what the human eye
conld see, it became neeessary to vk for indived evidence
for their existence.
Expen'me»J'aL evidence  generally Lelf 5 confirm or Yeéfine ~
hypothesi's.
Mudh of the ear{J eVidence comes from  chemical experiments.
EOJ‘C’S ldW, PV=RT was an en«P«'w'uuL law for which
a pwl"'oufaf‘e, matter  based explahad'lm Was Prow':lci by
Bermoulll  avoumd 1750 — Pp.rh'o(cs nove within ‘e malfer
and exert pressure  when  they cllide | and a non-zero
ean Hree P"H‘ gives it a velume -
A wojer vefinement was the observation of existence of
defrte  propotions in chemical veachons : (ab fixed €,T)

Rr two (or more) reaching gases the vobios of

volumes  of reacterls & products ave abwads Small

integers  (and  are fixed for a gtven Feaction)
Db ypbess

. 3 indivisible  anallest conshtnent aalled  sbms

- al soms A an gven clement are derbcal

but Affevent eements have Lifferent atome
. When  element A veacks  with clement 'y Na /Np

s a cmall integer

Avo_gad\\z
Molecule is the smalled unid of a snbakance. whazh

determares  all properties and s compased of atoms.
At Pxed P & cqml Volumes of Afferent Jses
Contmin equa[ Nnunbers of molesdes




De,tam'n»b'm_of AWjaﬂlYD’S_ const

Frome  the gas  laws R= N.Kg

So we d“'em\*’( B measwre R and Ky indefed%ﬁj-
Rois weasured as Co- C,
Best  wethod is by determining  the Vela-ulj of sowm.
in o~ acoushc  resonator-
Aconshe S‘b‘mduhj wWaves ave et W in a sphevic ok
Cavity.  Regomaces are picked W by 41"‘"':} the

Sowrce  frequency .
R= Maye | £
Ty 7 n
Y= GlCy, n—  hearmonds nunber ?’—- Hr hoble

Gases
])zf‘ermm*’lm pF KB %y A-FFM_“M
l"\easure ﬂl& verhical A&hs:tj AlS‘(’rlbuhm a]C hnj ;o(o(
Sf)l«eves in A I\qu column .

w2y = wlo) e~ M9z /KT

an = - n(z) Mg
dz k,T

Dived oomv\h'r\j 3\@(4’5 KK smece T & m Ave Sppard‘e{d Known -
IR measue the +ermn A vvbmty and  require Hhak
ak qwlilon'wm the vbward and  dowwward faxes (due
W Affusion and j‘f‘”“"’b must  balance .

V{,"m . m - (47”2/2) Pe
Gﬂqr
j Gy = V.. -mn J =
dr.‘vdj term A‘f‘f
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.Eleahbdnew'wla metheA:
Measure the M'CL\M\Og in the macs of an eecde

ofter d/mrge R lhas leen p(tfoS”"&J“

Am { M M: molar masg
& N M

N

L}

mass o asiv&\e abom

X-ray  diffrachon

Mstance betwesn PAYA“J P{mu in orys‘f-z,l, Labhee -

| A’K: a  sin o4 for xy F0
= A for A = 0

BY“jﬂ olﬂ-ffm.ol'\'m J\'vﬁ

24 sin, = m A
for different orientabions o the  emystal

2a sna, Sn &, = m A (}1 s knasn)

Fom 4hese datn  we . oblmin the “bet’ walie of

4.
Br a macmscapic  chystzhA  of size D and. mas M
tb‘-ﬁ’e A N = CD/“)S Aoms. Then

1
|
J

Na = M wmolar
N M erystal
3
N = M mlﬂf . ( 2)
A

A ———
) Ma-ryhl.




Gas 'Discka(qes r‘Vﬂf\L ﬂf@% Sruchure of A‘Im«_c‘

et

We rays — flmorecence i"“tj(“j
deflechon, bj ~A Wujvxof'fb f:’e(d-
Aeflechion, Lj am edectrc field
Plucker, Hittorf Lennard, Thowson  (1897)

Kanal Strahlen — opposite cothod e YoNs
: much wexKer flworescence
minor  deflechon { small q,/h\)
F  existence of e and -ve chages within the wlom
No informabon.  about the sr.oh'a-l. structure .

SIZE OF THE AToM BASED N X-RAY DIFFRACTION |
;(Tmy diffrachon  ppvides o firly dyeck method.

Dokernine the lattice constnk BA- [or Ay d, dy if the
crustel s mot cubic ] and  obtwin Ve the wlme of |

He e\emer\{’m:y cell. : Ve = 21' sz I.! ;
Let Ng be te number of atomg per eleme"b‘"f] cell.
N_ = 1 imph bic
e = 2 sb:fc “
= L fec
|
The packing frackions  are Also easly  found
£ o= (Lh) wr? _ o5 for s j
ey
- 2x W) T - oee for  bec ]
(45 B)*
= bx (43) T = fr  fec |
&4/z ) * ]

3
We then hawe _‘3&.7\’5 = f\ U
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SiZe ap B\e H- a{-sm, baSeA on the\’{'ﬂ.‘h}y P)’l'nq'?(e

Uncer bain b Ap bz ~ K
take p ~ Ap at  least v b s K
re ~ M2 i least r
botewtial energy of the abm Ept = —-__6_2
r
Kinehc energy of the eechon EKM = __t\._i
Imr*
2
Tobal  Enerqy = L ~ ’C’/_Z
Y 2mr* r
Ra[w"re Hak  Ha eheryy IS A MARMWAM
ar mr? P
(e, ]
\ /i s |
= r = h  ~ 05ZA !
| U&Vlﬂ s _%?{:_ roavE— € i"f—z ~me"
[Size of the dechmn - T ey

A syl\crfmi c«\ua'*'"\ce s qven as  C= HE Y

} worke  done  to  add dmrge 9 = "i iz
C

] . Se\F enerqy o€ an  dechrn = e* E‘**-»
‘ BMe,r e
| 5
Equal'e hs > resk mass energy m&cz %
| 2 .
-i \ re = e’ i -

J 8 neo mgcz ‘.\S 3

AT o)

“w &

! H o=

J dedvn. "Cize"  based on its J\Age & vest wass e




GAS DISCHARGE EXPTS  SHOWWNG  CHARGED NATORE OF ATOMC

cmHoDE’ /AN DPE

P _,__7< v Recame Possfue after Vacturu~
2 Vacuumn
& & Emclr}f, ng'(;meml' bem Ava.i\pue,-
N " thosphor
Low

I press Gas Malp  obserahon = streams of
d‘o"ﬂeﬂt par heles  ceen. under

cibidde  condibipng. — Seen by
LnoresCent  Screen

Iw{or‘oveweh('c: Anode with o fele |
o e T am— Allowe 4 s»u\;,h'hj of He
\7_,___,,—7‘-“;&' Bank E felds
T vt a EL B fidds appled in posk—
Erwdope hole Ansde region. allovsed m /g,
estimates b be made | based
on o(eﬂeoh'm\.
§ Vocuun Ervelape _
!/ window |
K A f;/ with
very Huin el !
foil
Glow dAue o J

fluorescence  Ceen due o elecms ew\e\{jihg intp Y

6/ o 4__...- He ocbsevabion of low moliliby
a posticly chwged  chean  (gaing ’
gmb\\-—-%—l\—-- shposte > orthede Taye. J

(called Kanak Strahl o channe]- rad_g) '




& Jpan 20\8 (1)
THOMSONS ~ VIODEL

"—Rm'sim (ake" vwwdel. with- eo]vm\i + 3 - cLarJe Jemsil—g.
"electrons ((\jl\t, "Pro{w‘r\s" keavﬂ

Tf we consider first only the postive charges then the
clechnc  fdd wihin  the abvm  would be

B = BE(r) = +Bze ¥

4T R3¢,
The force on the elechoms wirdd be attrackhive  and for
one  Snch eechom F=—eE
o —mu v (harmowe force)
! This gwes rise @ the idea of a plasmon frequency.
| T inctead of one dechm. we have 4 negative charge
| Jensu‘y , We gk ~ sirdar  harmonic Ll'hzb'v\j force
Witk & thiv\g {requohoj
W= 3 Ze?
€, m R

|  test Hws wadel consider an ot parbides passing
Unroujk the M cake aAom.

| Tic o paricle s asumed 4o have oy Vy intaly

] and has  an  iwbad  parameter b.

fA- =
‘ t R

When 1t emerges 17
‘M\S asp a V.L,

\L/ adam Loqw(m:y

D ing ol deleckins, the prth lergth oo the
Ao~ s apprex 2 [Rz’ b?] @ Y,

J The. cowesponounj {ll“jH’ time 1S 2 (R*-b*] / Vi

U The instantanesus angle  wert. the L diceckion. F: m

2 by/p




The force on the parbiele Vs GWom jp‘\j
Fo= F cos @ (ne neglek || fovee)
= 2ze* roocosf
4T, R

A’U’ = _L_ F d,t'
¥L - j YL

- 22e®h o 4zb 2 [e2 252

mhre, R? MU, 4T R

the deflecbion myle is & Ay /v,
“W &6 = L4zb e? RZpZ

my2 4R
2 2
7 - %\?zr;{( )[W —JE_%"L?] i
b for max ole(,(_ = g&z R/Vz
:mo\ im“ = 1z ( )R* /mvuz |
re) 2
" o bi ZT;rifL’ L szm"«z

fr gud ALPL\a. SMeV callering  Z=79  R= 02 wnm
Hemce b o Wwrad  or 27’ for 1 dom

Br n dom  waltiple sc&en'r&
oy- nb

Pr a Hwa fril 8 ~ 7 xloz/u.md.

p——————

—

J
J
J
J
i
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SCATTERING IN A CENTRAL POTENTIAL

conservakion  of argdar  mementum, :
_1; = M (?x\—/l) is  const
M ré (Tx@)
/LY24> ic & constant
/u.vo\o where Vv, = inthal vc(a-u‘lj
b = impack parameler

(L]
(") L

\

conservabion of enerqy
E = _11.’&\,02 inH ally

_I?__)w” + V(x) a any Pviv\l’ on the Jcrﬁ
g Al

Lo (PParrgr) + v

n

n

-\

) e = -‘i/u.fz+ L ~ o+ v(r)

Imr

Solving X owmd Y gives

S 2 _ 3 2 '/2_ y

r= (;‘1 (E, v(v) 'zl:}:rz )] [c*]
M

b L [d7]

pur?

Tn a vel ex)?m‘mw" it s ik posible o Allow He

Paﬂ\ of a Single particle | bout 0!\(3 measure a deflechon.
Also, b camnet  in general be Aefermned .

The SCaﬂerirg is &Hrelj _gaw\w\e'l‘h'c about  the PoivJ’ of
closest aH)YoML\ :

The net scaﬂen'hj amg(e (st

L= T 26(Ng)  Lre ¢ at r=rg]




¢rmir\ = J’ al¢
¢=0
Vmin
= f dé . 4t Ar
dt dr
Ye-o
Y="min
¥ =-o r
Timin o
v o=m-2 [ 2 = w2 S
r r
r=-e Y;hir\
= -2 L/ pr® :
(2 [E-vir)- L2 V.
o (& [V 27;:.])2
¥
[a] L= /“"’oloa ® Ll:/’*?’%z b = 2/*(02549
Hemce @
\\'X/ = - ij Ar
2 Lt V(r)
A= bT
Vmin [ ‘ T" ——E—‘]
ST J‘M L&’ ‘the  condibion ';(Al' r=r..;.\)=o

since the Parh'cle no Im\jer maves tawards the coatt: Centre.

Using  Cc* | d"

| =

min

I'{: b:OJ thir\.

a omd o
b

we geb

[1 " for..,-,,) ] Vo

s dmply given by [V |= B

tws wvalue of Tan s l«sw((y given & _Cpea‘al/
;yv\lool, D

d= =zze® |

for the

4Téo (4 ,u.;oz_) conlomb case



BASIC IDEA OF CROSS- CECTION 10 Jan 2018 (D
First  define  flux F as :
number of particles incident per umt time per umt area

on  the tmrget

gca’ctem'v\g | collision  deflects [or alters i~ Come w-m«er:[
some [o)’ Au!} 0€ the ivxa'él%f Pay{'l'oles.

Thas  some  partiddes  are  loct” from B orginal fux.

'ﬂ\e fl«m lost  will be PYDPOYH"ML ty the n adent ‘HM",
b the number Aen;ﬂy of the scalterers and the
lemﬁHv of the Pxfk in the tamet . Hemce

_4dF « F" wtﬂ:qet' Az (with & —ve ng\!)

o dE = - FntAz

—

[ FE = Foa,f(-O';L:;;

n for ——
Te ¢ the j&*\eraLiq loss / absorph‘m / surHerl'vH effeck
on the madent ’HMX

a k‘*S JA"'\%-C(‘O"\S 4[ aren hemce Hw name CYoSS-Sec.

We way dso define o Aiffevential cross-cec | da/dx | where
% s e scallering angle | as pllows

DCS = number of Parbb(e,( emerging at a Parh'c«(ar
ovnﬂle, per umt  tnadent fux "

[

doo = I W
J AL Foodr

_—
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/ RUTHERFORD
¥ SCATTERING

/7(, = ccatt&rfvxj AV\JLL
(NN

S .

A any arbitnrj poink  on He Jorojea{'wj

F_L = _.._.2._._?_.9_?:—-— Qiﬂé
ymé, v*
) J’V = r SU’\,(# = D1 2 gn
M 'Bf Ta. - i’wu rz

Av\ﬂu\aY momenbwa. (g conserved i @ a  central foree -ﬁ’cla(’
0 L= mvb - wmr’é  fo alls,r)
M M

¥ the lur{’fc(e emeryes afyw%*'muj at an arg(e v wrt-
the onwawL divedtion , then b [cb_-.o — $=1- ’X,—]
Ovey Yhe  Same %Ynjedhrj v [y=0 = = v, sin x|

Hence
% . i_z sing ges  ws
v, = A :Lﬁ sin
sl —_— 1+ cos X
prs Le* db =
In’ce,dm*ivxg over the limts above 3(w:_g = A+ cos Tty - sintxy,
2cos x/zrin’c/z
SU = a
v, sin L ( \+ cos x) C edd
. 2 cos K, sinX/
Zlg k 2 A
woet R(E) = ABE o 2 - b,
a D,\ -
4 D= g, = z e’
X= 2 tan _& 4mes (L pu?)
2 2""°
s b "
- 2 tal' 1 Ept (r=P)
2 EKl'r\ (ivﬁt)
= 2t [D/2b]




Some  vumerical  esHmabeg

Exin inbal = 5 MeV 4 = Ze (« pmh‘d(_)
Q = 79¢  (Gold nudeus)
42 ,

b= 2xtr®wm oz - t3
= 2)(10'13 m x = 13

= 2x10™ M 4=

Cov(esponab'r{g Cvoss- Sechon S are 'N'LZ & are wuch swmaller ]
tham the aborac  area 7\'?"02' since Iy~ 10710

That i, large ar\dle scaltering whch occurs for
small iMPad’ Famrv«cl'ers, is very unl&k&lj |

The Sca.{'fer(r\J process [ aziw%(\x symmetric. |
The  ifferentiak  crpss-sechon. (s Aefined by the Plloning.

(Al Flux of partides ic deftned as the wumber of particles
incAdent per vl area per ‘undt Hme — dengted E:j F |
[B] The mumber of partides g incident on o bargeb with
ivxkad' parameters betweem. b bedb — deroted by AN (b) ]
i 3(% by |
AN(b) =  F anbdb.
[cT]  Peom the SMHen'nﬁ equation we Knaw ]

cst X, = 2b where D= _Z2’
D irey( L ) )

Wch gi et 2 b
A gives ! cse _;g - £ 2z J
Using thes in (2] yields d
AN (b) = F.o2mb . D sr . dx J
b 2

~ sign Aroppedbecanse it has no relevance v partidle OOW\JHLU. g
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(D]  Aifferenbial  cross-sec ic  defined as

“m«w\ber o( parh'c(es cmerjt'nj at a FArHooJar ay\g(e_
for urat  incident JCIAAX .

doe = L 4N
dx Fdx
[c] gves 4N = F 2mb. D csct &
Ax 4 2
Hemce do = 2Tb - D . csc*x
dx 4 2
M;ivxg cott), = 2b/D we get
do = D%  cos Klz
Ax b slniyfy
I the sc;a’ftert‘v\j s d'Z(YnuM CYmmetric
AL = 2T sin% Aj&
= 4T WX cocX A% w
2 2

-frn»v which it -fpuous Hat

} ‘ A‘o,— _ 2-2. |
L= 16 stn,‘*( z ) ¢
2

Tn terms of parbde flux  amd  nunmber 4 Scattered
?arh‘des e"‘e’:?i“d at Parh'&ub\r Amjle we have

AN_ = F do
Lo Ao

The  Rubhrerford SQ\Hch‘rg cmss—cec diverges ac XL 0. T
correspords 4o large Values of b Tn the real experiment
however, 0L b< af, where a is the latbze const-




the total number o particles  gattered into particalar
olid anfle {s  given by

crosc-sec. :
AN do | F My Area of beam x thk
AL AL get o target
[ 1
v

nunber of targel atomc Intercepred.

'TLe, number 0{' ‘i“arge{‘ nucled per Uit area of the fm"
is Hivew bj P A'h«.r proten magg !

Tass a(ev\s\

aonag b
it £ hwuhbel
A e |

Lo = Fps t de ”

A A ™o A1

Tn the Prmh‘cal case AL = AS_/_r _Z where ]
AC (s the swface area of the detechor placed
Ak a distance v ﬁrom, the -ﬁql,

J




