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PARTICLES AND
~ INTERACTIONS

FoETEE

ESSAY QUESTIONS

Write a note on discovery of elementary particles.
AHS-_ThB discovery and classification of elementary particles has
gvolved over more than a century. The classification and

understanding of elementary particles have been based on both
experimental observations and theoretical models.

Early Discoveries: The Beginning of Particle Physics

1. The Electron (1897): The first elementary particle to be
discovered was the electron, identified by J.J. Thomson in 1897, It
helped to establish the concept of subatomic particles.

Properties:

Charge: One unit negative (— 1)

Mass: Very small compared to atoms.
Significance:

The discovery of the electron led to the development of the field
of atomic physics and set the stage for further discoveries in particle
physics.

2. The Proton (1917): The proton was discovered by

~ Rutherford in 1917 during experiments involving the scattering of

alpha particles.

Properties:

Charge: One unit positive (+1)
Mass: About 1836 times the mass of an electron.

Significance: | ‘ ‘
The proton was the first known particle in the atomic nucleus,

leading to the understanding of atomic structure.

21
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3. The Neutron (1932): The neutron was dj
Chadwick in 1932. as discovereg by 1 ;
Properties: ey
Charge: Neutral (no charge)
Mass: Similar to that of the proton.
Significance:
The neutron explained the missing mass in the atoy;
and led to the understanding of nuclear forces. 1€ nucey,
Discoveries after the development of Quantum Mechap;c
Standard Model:/ ¥ and th
4. The Muon (1936): The Muon was discovered by An ders
on

and Seth Neddermeyer in 1936, during cosmic ray experiments
Properties: '
Charge: (- 1) like the electron.
Mass: About 200 times that of an electron.
Significance:

The Muon was initially thought to be a heavier electron but wag
later classified as a distinct particle, contributing to the understanding
of particle families.

5. The Neutrinos (1956): The electron neutrino was confirmed
in 1956 by Clyde Cowan and Frederick Reines.

Properties:

Charge: Neutral

Mass: Extremely small (very difficult to detect).
Significance: :

Neutrinos are involved in weak interactions and were vital in
completing our understanding of particle interactions.
The Quark Model and Hadrons:

6. Quarks (1964): The quark model was proposed by Murray
Gell-Mann and George Zweig in 1964, based on the patterns of
hadrons observed. Quarks are the fundamental particles that combine
to form composite particles (hadrons). There are six types (flavors) of
guarks:

Up (u), Down (d), Charm (c), Strange (s), Top (t), Bottom (b).
Properties:

Quarks have fractional electric charges (c.g., + 2/3 for up quarks
and — 1/3 for down quarks).

Quarks interact via the strong force and are confincd within
hadrons,
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B i k model b
The quark model became a cornerstone
article physics, explainiqg the structure 0‘? T;l;rgxingz . MOdte o
nsutroﬂs)- .2, protons,
The gtandard Model and Fundamental Interactions:

7, The Phﬂtﬂﬂ' (1905):  Albert Einstein's expl.anation of t]
potoelectric effect n 1905 led to the realization that light can ;ﬁ
hought of as discrete packets of energy, later called photons e

properties:
Charge: Neutral

Mass: Zero

Spin: 1 (boson)
Significance:

The photon mediates the electromagnetic force and is central to
quantum electrodynamics (QED). :

8. The Gluon (1970s): The Gluon was predicted in the 1970s as
the mediator of the strong nuclear force that holds quarks together
inside hadrons. ~ Gluons were indirectly confirmed ~through
experiments in particle accelerators, but the exact particle was not
directly observed until later.

Properties:

Charge: Neutral

Mass: Zero (but they carry color charge, unlike photons).

Spin: 1 (boson) :
Significance:

Gluons are the force carriers for the strong interaction, a
fundamental force in the Standard Model.

9. The W and Z Bosons (1983): The W and Z bosons were
discovered at CERN in 1983.

Properties:

W Boson: Mediates the weak force, responsible for processes
like beta decay. :

7 Boson: Mediates the neutral weak force.

Both bosons have significant mass compared to the photon.

Significance:
Their discovery confirmed the weak nuclear force as part of the

electroweak unification.

sigh
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10. The Higgs Boson (2012): The Higgs boson was discoy,
at CERN in 2012, after being predicted by the Standard Mo o :}?d
1960s by Peter Higgs and others. ¢
Properties:

Charge: Neutral

Mass: Heavy (compared to other e

Spin: 0 (scalar boson)

Significance:
The Higgs boson is associated with the Higgs field, which gives

mass to other elementary particles. Its discovery was 3 Majoy
milestone in confirming the Standard Model of particle physics,

The elementary particles discovered up until today are classifieq
into the following categories based on their interactions apq -
properties: - '

1. Fermions (Matter Particles): Quarks (e.g., up, down, charm |
strange, top, bottom), Leptons (e.g., electron, muon, tau, neutrinos) N

2. Bosons (Force-Carrying Particles): Photon (mediateg
electromagnetic force), Gluon (mediates strong force), W and —7 |
Bosons (mediate weak force), Higgs Boson (gives mass to particles)

3. Hypothetical Particles: Graviton (hypothetical particle that |
would mediate gravitational force, still unobserved). |

lenientary particles)

C} Scanned with OKEN Scanner



A ]
Heg _ O
jm’-'(o Mﬁn‘__ 45 Muclesss oud PML(L (9{7-49'5(_

Elemertosy pastelec  oud Inteschons -

it __P_f(_'SCOUelﬁ_' w,:_J m'%'m}: CZ) é[{men'/—aﬂ-z

s~
. o Olementshsy Pcwﬁldﬂl aar noﬂu'nj [‘jr.d"ffu_
Guante 9 @ Coldatponding g‘-ua,m Shuddsy 4 efme/ffﬁ,
pasttlis €3 bam( 4o Ha ondudtanding g todimbios
P"““"Umma: | |
s fcatron o, Elementdy pastietec
el ecuentehy Pa&t{‘d&f
-

J J)
[ %OQ_'Jn,g FC&W‘OAI -
Spen idl‘t%’m’l . Cpin l'\a}'}- '{n%‘-’—ﬁ?al)
mulbple . & \
r \ . LE{J‘[‘DM \Bcpj g
P{\D“‘nn}{ ‘ ‘ on(.
&9 ' \h‘, N
gk ] | e, ety ut vy
Piony kaons W -medon

Kr 00 ETD g L -

G Scanned with OKEN Scanner



. N
s dwoo %w}\ﬁ Wou.ig( coallod 19510'\4 aud| Féﬁwgn{
Tlare. oo Groum  howe Od(jﬁmhf‘ —ﬁypuag,, SI}(n
AUfp oind oy Statrgle | \

@a!ow Ciag P MW Loty Chthinke

m“m U0 wee pteum, -e.fua/{% an {n-[_-e,gra_,f Lwtdfl’o’e

FM‘O'\«( . ald Fhole Pa.k:baﬂu thh W't
W S.an ¢ I—\aiﬁ- Cn#%m_ﬂ Ko C@n%uaﬁﬂn é Faw éf’

bolont th e Univelse. pof [ fmuong & Grxetly
(onkefwed] .

fegw ae Bmply Wbt photony 4 /t_m? photong,
) Mamsens  bobon catted 4 graviten pilth oo p yabeble
Pin dh hoo LTl e aud “hotomane ceated by

cledowamtic ffeld. Ty ous feoo yper . Tty
oL )\ Pongt LA w- wnelong . (W+;n)7t)
8) Kamt & K- unelont (pF g~ ad p©) poluth
one heavier ttat— puonk .
' Fm‘“\l ﬁa,bl i o madn
clomed Colted  Leptons aud + Bagyone. ToL Leprons
o tht hehong (o) o) b muont [ iat) owel
hewthinel (V) aud audi . newdtine s )
| o/e.p}on& tntehadt W@ngy o/t ottas, (M*ﬁ%
"fw_ Ewﬁﬂn& ConktH th foo e hueleoas oty et
okl pasktled (o PP y LUJ}MM, Hepetont
ot exfsamly ootk le olivided tuls H Subgrovpe,
o | (E Scanned with OKEN Scanner



R

—

N putele ;g paticus (£, £7,g7) Tl S 8

PMDM frﬂ-! 'EOJ ad g - PM

—

S

szp@g o En-ﬁembﬁonf [fiﬁ‘j; éf“’i}’”mcf’”&bf
peak f’n-{-ex,abﬁﬂnfj:,-* L
~ — =, - o Cau
Tha <ndelockont  amonf Qferwe”*“‘? pabd""/[
Uﬁwﬁjﬁé‘(\@f M ‘fﬂ”ﬂﬁof.f.g- -joa.-l/ | 24
1) Tue Gyavbtetiona '[h}cekae,t‘c;nﬁ
R) Efectto wsgnebic Tntelactrone
I 3¢ &Houﬁ Thletackony
) weal Totelodtdong.
Electto wuagnetic i‘nﬁﬁa@
e Mcenghr g e ezle.e,:'-&o_u.mtfnw'?c
infehaclivn o §oven by He oliwentonlexs :é/«‘ne. Mhsiehy
Ontt-aunt— e il S \ o
ARV L) aud s clue do phohy

excharget. e elechoumpretoe  Enterackion s chatge
dﬂf@hﬁfenj‘f Tl CQ_PM,Q_. % Péa‘f"an Con effec— e
Procuelicn G wigione j\w,auon,f 63 an -efedfo —
uma@"f/!ﬂ Prdetachon
f+P/\Wﬂ'
N ket

’A“‘ ‘?:W'e % a, .Mp&aﬁrva, Caplute. Keackion o
A4p —2 o

“The hewhéal Powf/{ﬂfg Sucls &

C} Scanned with OKEN Scanner



Tie hewhal patditled Sech L ‘ - (@%é
K—s T+ 7" o> A\
s \
v (Y

C?(u,a?, electro ‘)m_&zfneil' ca/L% . o eledro Mé’neﬁ‘?
intetacon C8 Lagolued by nbroolieing o €0
nMawedecke Step tn bt ovetall Mﬂ/t% .
Tuwn e have ': |

-~

A° - ( N ) - atah
Strong Vikbna] ~Eleddroragrely .
% postrelet

Tl PTOCC/YS % WLW dhhfﬂlffwﬁ‘?n 5
and ol posticley €3 an example % Sl et
thelacton . | % /
8) Stvong Tnfehackion 3=
oo Tk Q.-MOrzs Cnﬁ&abtmq \Ea Cn&ep-aa@pu.l" Ob eledfie C,!/\.ajléle,.
rfﬂluu CL Came bl P~ owd h-n, Tue M%@- (Y Witk
it pruch Shotder Yoty §ravitakional aud  elecro-
wg_g;mjrr Entelackion - |
S’}‘»"'\g‘ \tﬂ*ﬁ*(..&btfoo -(’.MM%,? tﬁqj_u %
\mﬁ N:;”ﬂw At aues, bl oo pa.di(lo_g Gl
b m (\"MAZ? 096 _\—L‘—L MLLD.&L Eﬂ"'ﬂ.&&hﬁg Ca Aifre’«mﬂkﬂf
ﬁﬁy W@ ntuely. ol c:(,l‘vne;%‘anaj Cﬂu.PLAg_ Londs
/‘Zfrﬁf_‘, (-’}“,U}) 6 S‘.‘F 0 AJ::D;J‘- aQ \'HLOM%J ﬁmq e
u&&“?h\a(gnbtou C_au_FLr\g r_@{\g-}j o,

C} Scanned with OKEN Scanner



C'_ﬂuh (€2 Cpdaclion o 4 Shd | Gange é&e‘(‘ﬁlﬁ@
| Siring iote kackon bln Olementaty parlilus ke fedpontible
8 doted ok Getar Gn o ﬁmd}m ) G
b3) neak fnml@(n,cuﬁfi'tin—ii_*

1o weak  Cnihaclion © tedpontoble E{ﬁ:{u decay
SHang e and non . Chhange  paklices aud PE nan,..fgfg'f"ﬂm'a

a{wa.ys gy dt+hange Pmt"du,
e pumerica Cons?—lc;J Lyeak Cnieladion

(s obtained  Lxom felume ks =teoly ¢, p- decty JH elue
€ 0= lehl 16 b2,
¥ 4 :
@P /Lﬁ‘c)vj [ M C/‘E] 25X
T Ol ‘|'*Jp.e,«:b Ne;.,wl& ¢ niesadivnt b&l«i‘vt'u (g Like
Qo“‘f’u“ﬁ behoeen offiar paiu’ 06. ‘orv.

Klem1) s (6=0) 4 pS=2).
To wesk Cotetadiond Cavolving charge (n Shangeh®h o
foaﬂﬂﬂn& & metons o ckafh@& ' £-f~rah0ee,ne,,g g be
egual b e change (n M«wﬁe.
| En Nﬁ}ic,bfﬁ{ w}. Leptont, medont aud
| /-4—-""—_/’_—_;) _ . Do I}".“ﬂ L. h
—>  Conevabion olaw [~ Tsolpin, patcl, charge
Con jugalion ;| —
m" blhauiom 4, Tt o_l-o.mew'+axt(7 Pa.dic&& €y hotthictedd
bﬁ"l no 0'b, Conteavakion Xawt,

1) Contes, vadion C/b [inealy Mowentum.
) Conbet Ua'e?ﬂr) V} a-a“LJujaif Hﬂ"mEn'fu%

C} Scanned with OKEN Scanner



D Gnewatin 4, ensy . (B)
\_&f}‘@nkli’l.b‘cn (!; L“%j"
TY Lantex velon . !:ax?m humbey

N ) lephn b \
D 7 JSo8pcn

£ 7 Hypa doge .

9) ) dﬁ#argene«&,

ID) wzfe, {pndufa,ﬁ?;o
Ly Space Tnvethazn Lnvatiance (wa%)f
B) Time Rwosed,

) @hmudim c\, tkal.g,a ¢

Tt e o fbn{—f-wcrz’ lﬂ\f-ﬂu aucl no f’dda{ﬁtdfy
M Ehown . Al e{tmaﬁd?\vﬁm?m\zaﬂx\# 'ﬁw«Ltfﬁfc;
‘W«‘gf{ ol not f)
Yo Conser uation g Fiogpin:-
Aadoling o e coles dy CoTope Spin | each muetens,
Pcuitdd_ Pot&&k‘% o atdain el LSo"‘D”Kc Spen T, Ty
L&crhfm, Apen Aon% a  Cethady Qs T,

T P s wp aa
d"bh""‘bd“ CJWﬁL Ctete of— Tl Ca%ﬂoponabfﬁ vaffb&
iﬂ%atmcbwﬁwdﬂ"“ﬂ"r =h ond arqyis
Teon HY, aud -,

&y - /V o e

{)3* T, ')—T‘-&-l 3 Tgau, +J,0,-I
;R % 4Y 20
Q,(‘r""”H"H";'J 'Qﬂm - obimo, €. ==lt0: -]

g = Tg '1*@/2_

G Scanned with OKEN Scanner



" Llospin no (¢ dotiated pith Rocthong ( Strony

Canvﬁfﬂﬂ) GLJ- hot Witk /ﬁp"?’“’ﬂ - @
T L'%osfr(‘n (‘_om]vonahj“ TS_ (¢ Contewed

LN I!JD[LT_ S“*Lor\ﬁ aud &(&anm[ anfﬂj‘ﬁm bu_}-
hot- weak teactiong .
tholge Congugatios 1o .
uﬂ*ﬁr"- Corgipalion & clifined af e én#uchanéze» Y
P oud ki partieles, 4 unitey opaadd ko oo

) umga. Carﬁ:\.ﬁ,aﬂdo o petat-& 2‘;’ Sa,QIaFe,g W—(alfowiadz
IS N -

Some. Qlemwmn? Pakiclet ' auwdl 7° puetong aud poitani,,
(1) o Aitfed wlo Tanilis by et
CO“GLL%GK‘GD. W_M“(’C\QL‘(/ own  ands pastitled « Tease afe,
tchﬂfln a sunz’, C‘”}j"ﬁm & Hue heutral pa.dTLM

Tae. newtton (g i ¥=1 ) o £ ceprory
(Y2)1820) O 1ot tuatianie proles. o |
fmbuj 5~
e Paﬁ“tj ,'?Ln‘ncu:r,lc Sa?ft et Ca & Samm+% Bofwaeﬁ
e podd oud e i & dugge .

U Cuacy be. deftned af K@(}‘{e&ﬁn‘ f Slekss
Pﬂfn}" cn Spaa,e, ‘{Mmu(gﬂ\ “+tw OKA\&-T!I‘} Ob c;c Cm—&d{haﬁtﬂggg%,
Lame- S B ‘?-—-—sﬁ\# omd z >z

C} Scanned with OKEN Scanner



RREE ¥ stﬁm & procews €5 Such Tuak (5 {
ﬁb% L‘maﬁc 8 Cmpotsable fo obtaiy .Un hatwie /31
SE}’““VM G Pproters ». Sadd 3 Wolali Hre fano
i congunuetion. J
Aﬂg:" Hevman ‘:oaﬁa Cg eg,wfa Z/zﬁ 0 mila il Sa'mmh?_
The S forn, Cou by larisfieol by T efen valuer dy Tue
NG AR P Pt Girple pertile Snscdigen e
Judion G, Tae Logudr &) patebe o puckion
o Py L e (4 a0 |
4 a %‘F&? Ceal - phoot . hoer (aube Sef~ egual 4

| Felo
Pl@'(n) S s fLP(*'ﬁ)>

Y
Plewys = (v >
B Ce R
: Tos pobil by oo photon depends uponHiee
Wade. - fhauntyy,, |, T G due Fo e change 0
g»a»n A duu,_omgmm ahend T pndet P“p"l‘% Ol““h”
Kﬁ%”“ ound Ogo- megm = —vye pa,u/?
A ) ET G- ;-“—'“L“Uﬁw’ﬂf hawe. ~\—va,po&;kt7
AW aukt pouties e Spin e opposslte
Pd’vtﬁ H At Cokkmpwb‘réz pculi'tﬂip Qw!e_- +ra bolonk: bund
i, endipaibidy have o Swmt pautg.

I

e ——

.———""___.-’___'_

C} Scanned with OKEN Scanner



33102 2ATIETOU € LA uoyde padreyd v :(3) uodg (1
HoneIUID sy (v
318 3591][, "0ULLNAU ujpuodsoiied v pue uoyday paSieyo v Funmejuod
TONRIOUSS ORI YHIA ‘SUOKRIOUaT aoNy) OJul PIPIAIP I suojdo]
- :suoydor jo sadAy, °|
:suoydsj Jo sansadoad Aox au)
ale MOJog "3010) [eUONEIARIS pub {(paSaeyd J1) 2010§ OPAUTELIONO
‘9210 Yeam SY) Ydnoxyp joeINUL Loy ng ‘suonoridjul Fuoxns
ur 2jedionued jou op Loy so1skuyd oponed Jo [9POIN PIEpUEIS 3 O
[CjuawWEpuny 3¢ 18y sajoned K1ejuawapd jo ssepo e a1e suoyda]suy
_ *siioydaj jo sonadoad 3y JAID) ;su0yddry 1E JUUM H

*3STAYD0]D OULHNAUHUE [IYA SIMYI0[IIIUNOD surds oupnaN
.m_._mm.qn_uﬁ Aq poysmSunsip e OULINOUNUE PUE ouLnnanN
‘198uap pue wopaquieT HeD £q 9561
Ul PalaA0DSIP Seam ‘UOnNaUnUE A} ‘wonnou Jo sjoruednue 4L

-suojoxd AZzeus yany Jo uoISI[0d

o) W 19O pue urepaquieq) 015eg Aq paieaodsip St vojoxdnu®

o "U0[dd[2 Jo 2ponrednue paioaoosip 1y Ayl S uonisod
. . ‘ajonedyue 1oy} ALY sojorued mﬁ
[TV "suojoyd JO UOISSIWS 3y} HIM IDYI0 ORI DE[IIUUE Ko} “_uME -

ur awod sjonmednue sjt pue apppwed AR UAYM -a81eyo mM%M. 03
2

Jnq ssew dwes ay) Swiaey ajorued ot st 9[o1ped © JO 3 “ﬁ”u?m&u:ﬁ

- 5 oIS 981eyd U0 A[uo Ut sy uosddAU-D

= oanedap (q) pue ¢, = 2s1s0d _h.m

‘goje)s 99 retd om) Ul go1odiy-E

cqpue (@2

sa|e)s 2By 901y} Uk ISIXD suoradfug

oV se pajuasaidal a1e os pue sapoiyed [ennau I8 suotodAu-V

-suo1adA-zy pue suosadAy-z ‘suoredAy-X “gosedAy-V

:suoradAy] Jo sadky moj aIe Eu.w_m..o.__ i1
-suosadAy J ot of

50041
are uey 1a1se) Aedap Aau jeyy anoiaeyaq oFuens aneq mcoEEu
oy, a5 ,, 01 JO 1310 3U) STy YoIym ‘winagl 1o £q pe% e
ate Ast -suodonu ueyy 1auesy soprued ay) 28

‘lennau
e SUONNAU pue padreqs Ajanisod ore suojord ng .mm«E_ _M___uu

m_ama SAUY SUONNAU pUE suojolg ‘suonnou pue swojord are Aoyg
woje ue Jo snajonu oy jo saponied juamnsuos are SUoaNN
'suo1adfy (q pue ‘uosjonu (e
*528Se2 0M) Our padnosS satmyg ase suokreg ‘urds
1oSajui Jjey-ppo s1 uids orsupnut Jray |, “sajorred Kaeay ale asay |, .
isuolieg
"SSBLLE ORUOIIOJ[D ST} /06 IARY SUOSIUI ~3] [ELNAU J2LY) puy
'SSEW DIUOIJIS[2 AY) JO SAUWll) GG SSEUI SB UOSIU-Y IANISOJ
o ‘TennaN (o pue ‘3 9AneBaN (q °, 3 ‘aAnisoq (v
:s9)8)s a81RMD 221]) U 8q 0] PUNOJ AIE SUOSIIA-Y
, fisuosapy-y
‘paonpoxd a1e suosauwr _ v ‘ejuenb eurued o1j2810ud
Jo wononpoxdojoyd ur “Aprepiung “A9W (ST < £S1oua anaury Juisey.
Suojoud jo uwoisijoa ay) wr paonpord ore suosawl X [RHNAN
.no.:uﬂu 1]} JO SSEBUI S} $97 JO SSEL SEY U0sau-1 [ennaN
: o "098 ,_()] In0Qe JO AJI[
PUZ Su012910 30 ssewr sawn ¢/ g JO SSBWI SBY UOSSW-Y SANISO]
L ‘TennaN (0
pue_ ‘0A1ESN (q
¢ u‘oanisod (2
208300 JO $2J8)S S3IY) FAEY 0) pUNOY e SUOSIAL
:SUOSIPA-2
‘gosow -lt pue ‘(uoey)
(uord) uosapy-1 :sdnois 9a11) 0jur POPIAIP e SUOSAN
:su0safA] Jo sadAT,
-suosoq o1e LAY L ¢
onds orsupn 0192 ATy AL ¢
By ‘ploy Teajonu jo sojopyied axe AL ¢
Teajonu yjim uonoesajur Suoxs oaed sofoned aSHL ¢
o & *SHOLII2
oy EH_%_H SdWL 0001 pue (g7 usoMIaq SIY] SSTU JRYL *suoa[ony
'l PU suonoape wey sorawoy sojorued am 3SAYL
:Su0SIN

%
/pﬁiﬂb\! (W3bddBNIAHd sofew™25'8) II-LINA

namu.E;M

s

- .

G Scanned with OKEN Scanner



‘sjuawLiadya
ONS pue spueoruey-iadng oy) se yons anuEEux_u ydnoxy
SQ661 21e] 2} Ul pAULILUOd Aeuswuadxs Sem YOTgm ‘sseul 1oz
-uou Jnq Aur B 9ARY SOULINAU Jey} sonjdum S|, ‘[oAR) A3Y) Se Jaijjoue
0} (10aep) 2d4y suo w0y aupyo ued SOULNNAU I2YM ‘UOIE[[1IS0
ougnou paj[ed uouawouayd e 0319pun 0} UMOWY 218 SOULNIN
SUOPE[[PSQ OULNIN 'S
‘sajoned 1au0 Jo Joquinu uojda| Furpuodsaliod
apy Aq peomejeq aq jsnw Jaqumu uojdo] Fuipuodsaniod
sy ‘pakomsap 10 pajeard st apned e J1 ‘suonoear Ul (9
"ouLNau nej pue ney Joj () Jaquinu uojday ne, (11
"OULNAU UONW pue uonut 10§ (*) 1aqunu uoydaj uonpy (11
‘ouLynAU
UON3J3. pue UoNDR[R 10) () Joqunu uoyda] woxpday (I
:suojday jo uorjersuad
yoea 0 Jurpuodsanios sroqumu uoyda) JuasagyIp 201y axe a1y (9
: "UONORIDNII
Ue Ul juesuod surewal suojdajnue Jo Jaquinu |ejo) Ay snuid
suojdaj jo 1aquinu [E10) 3y ‘sprom o130 uj “suonoeau opored
150U Ul PoAIISTOD §1 Jetp) Jaquinu wnyuenb e s1 saquinu uoydoT (B
{uonEAIISU0) Jaquny uoyddT ‘¥
'S3210] 1310 9} 0 paredwiod Yeam Apauranxa st Kiaesd s uonIRIA!
0 “1aramol “Ayaesd Aq paoapye are suoydap “opeu [E ONIT
:U0NIEIAU] [EUONEHAELD (@
‘wonoatep 1124 &
[BRU23 2re Qorym ‘SuonoRIB)UI Yeam Ul PSAJOANT 212 SOULINAN (1r
Keoap e1aq 9Nl $355%°
10} 21qisuodsar st uonaesm spyy, “suosoq 7 pue A 94 49 pajerpaHt
3010) Yeam 3y) wIA yoraqut (jennau pue pasieyp) suoyde] 11V (!
:uonoEeIAU] HEIAL
‘[ennau A][eaLI99[3
Em.muﬁ se h__ﬁuuammEc:E_u 1oRIUI Bn~ op mcE._u_Eu: ayg, (1
SPIP onau3eut pue sioapo Aq vuﬁw&m aq ued m.u.: sugatll
Mw,_.u._ﬂsoﬁ a0 £q pajerpaur SLYDIym “a010] o1joudewo)d?]?
1A Peu (ney ‘uonuw .=cb8_ov suoyda) padreyo oyl (1 ;
- :uondeI)uU u:mnquatum_m (
ORI Jo sadky 13J1p ut spedioned ued suoyda]
T spogovol ¢

n
m.N Z:ﬁqﬂu\u (W3bddBNTAHA=10feW 25'8) gr-LIN

o1d

(a

il . SuoIsijoo afarued ut 1o Aesop seapony
HAp Se yons ‘Suonoesaiul yeom ur paonpoxd ore souLnap (i
0[NP Ajewanxa way) Sunyew ‘uonorIyus oy Ewﬂwh
1apew Axeuipio yanouqy ssed Koy “ynsas e sy “opews 00
s Apjeam AJaA joeIeyur Je1y) sapoiped WBomd “ennou
a1e (OULNNAU N} ‘OULNIU UONLI ‘OULINIU UO[II[D) soutnay (1
isournay (3
*(spuooas
g -01 x 67 punore ur Keasp suoyda] ney aiym ‘spuoses
;-01 x T'Z'punore ur Aesop suonw) awn yoys AIaA e 1aye
Sefonued 13130 ojut Aesap pue 9]qejsun are ne) pue uonus Ay, (it
21U uf A[oo1 SISIX2 PUe J[qEIS ST UonJA Y L{1"
. Apiqess (p
(% ) an[ea uids
1a8ajul-jrey © aaey Koy Sumresws ‘suopuwdy o suojdy] :uids (3
‘[eXmou A[eoLIa[2 278 SOULNAU 3} AIYM 931eGo 93|
Aledou e oaey oo (ney ‘wonw ‘vonpojd) suoyda] padreyd YL
28120 0a]0 anery soumnau of 3dsoxa suoidal [y :81e4) (4
‘suoyda] padreyd 3l Jo SeSSEU A1) Ue
|[ews gonur aq 03 wmowy are Jnq paunuLaRp Afesioald jaA jou
el sosseur Jews Ajpmanxa aAq ‘pUey Jogio dy U0 ‘souLynaU 4L
A8y a1 51 ey oy oy SIS AL S1 UONOAYD A, UONRILA
94 wo Juipuadop sassemm JuosAPIp ARy SUOKIT iSSTIN (e
SINSUAIETRY]) T
1 3 i poyeroosse ‘noyda) [eninan y 1) outanou ne, (i
‘wonu sy wey) so1aeay uojda] palrerd v :(2) neL (1
-uonesoudn payL
“uonm

"B Wim poyerdosse “woyday [esnen v 2(A) outnmo wonpy (!
. “I2IARIY

o yng uox9010 a1y 0 Jeyruns woday padgd v A() WO ¢

’ :uopesauas) puods (4
i W01}93[2 A4} [IIA PTEIO0SSE “SSEUl [[ELS
Plian Pim uoyda) [egnou v :(A) oukml uoxda[q. (1

m o] o -
N /w:«»«i (WapddBNT AHd Jofer 25'8) II-LINN

C} Scanned with OKEN Scanner



"3SIATUN 91} UT JO)EWIIUL PUE JOJEW UdIMIDQ
S0UL[eqUIT 34) PUE UONE[OIA dD) JO APTS Ay} Ut 3[01 Aoy e skepd yogm
{(yued pue uoneSnfuod ag1eyd Jo Anounuds pauiquiod o) AnjawwAs
gD jo uonejola ay) Suipuejsiapun Ul juepodunr a1e  suoey|
10y
‘suojoyd pue ‘sounnau ‘suord se yons ‘sajoned
121451] SNOLTEA 0JUI SUOTIIRIAJUL YLIM BIA Aeoap Ady ], "spuosas 4-01 01
101 WOy Furdues soumay yys ‘paal[-3uo] A[oAne[a1 2Je SUOBY
PwnIY p
"[exnou ST (11
"padeyd Kppanedou st Yy (11
"padieyd Appansod st i (T
:agaey) €
(suosoq aJe suoey) ¢ :urds T
(3 105} 9/APN
861 Pue () 105) .9/ ASIN p6 U2aMIaq sassewt oALY SUoeY] SSEIAL T
:suoy Jo sonsodord
“jrenb wsop-nue ue pue yrenb afuens v jo pasoduiop 1, M (1
“renb aBuens-nue ve pue yrenb umop e jo pasodwio)) M (1
:suoeyy eanoN (4
“renb dn-nue we pue yzenb a3uens e jo pasodwo) 3N (1F
“prenb a8uexns-yue ue pue yrenb dn ue jo pasedwo) 3,3 (1
:suoryy podaeyD (¢
suoey JO sadfy
[E19A3S e 2197 ] ~yrenb o3uexs ¢ ureyuos jery) suosour e SUOEM
(suosaw-)f) suoe3] I
(@d0) somueukpourorys wnjuenb jo 1daouos ays pue [PV
Henb ayy Suiuuyuos uy e 20m Koy snajonu iy Ul suonnd!
pue suojoxd spuigq 1Bl 2010) reajonu Suons oty ajeipaul sUCld i
2
‘suoioyd oyt Ajurenrd Keaap suord fennou pue ‘sournnau put sEOT
owt Aeaap suod pafieys sy aqeisun are suoig sowmaiT ¥
‘[ennau st 2 (@
‘poSieyp Ajoanedou st 2 (4
‘pafreyo Ajoamsod s1 % (%
sodauyD b
'(suosoq a1e suoid) 0 qurds ¢

1€ !zﬁ«:&h‘l (W3 ddmN g™ s0lEH 5D p1-LINN

/AP OF1 punole sassewr oARY X pue i U issep 1
ISUOL Jo
uonisodradns wnyuenb e ur syrenb :.%.m..mqh ﬂﬁu“““w_
10 syrenb dn-nue pue dn jo uoneUIqUIO? € Jo pasodiuioy) 1
Hwoig ennay (q
“ysenb dn-njue we pue yienb umop e jo pasodwio : x (n
“prenb umop-nue ue pue yrenb dn ue Jo pasodwo)) |
:suoig pasiey) (e
:suotd jo sadA) 9a1y) o1e 919y ], “suosau
UMOW-[[oM JSOWI pUB 1Sa)31] ) aIe Suolq :(Suosaur-x) swoig '
:urds pue 231egd
DY) uo paseq SolI0T2)ED UMW OM) OJUl PIPIAIP aIe SUOSIJA
:Suosapy jo sadAy
“1at1a0) 19[onu onwose Suipfoy
10] [e1onI s1 uoNoRISIUI SIY] "SNA[ONU OIWOJE Ay} Ul (Suoynou pue
su0joid su gons) suoKIeq usamiaq uondeIdur Juoxs i) FuneIpaw 10§
Jqisuodsal o1e SUOSIP SUOPILIANUY [ejudEpUn, UL AOY S
‘wosaut orj1oads oy uo Surpuadap ‘SpUEIISOIDNUF MJ
B 0) puooas e Jo suonoeyy Aun A12A oy Fuiuel ‘Awn HOYS € I2A0
Sparped 1a1ySiy ojur Kesop pue ajqeisun e SUOSIPY WA P
onisodod Jia) Ul pIA[oAU!
"Wenb 3o sadfy oyy uo puadop suosdu jo sassedt AL (PINN
LLLT moqe) uodo| ney oy pue (,9/A2 8E6 jnoqe) uojoxd e .ﬁ ssew
MW uamjoq SurSuer sossewr oawy Afjeords) SUOSIN iSSEI €
Ti0 o.us uids & 9AEY SUOSIUI UOUNUOD JS0Ul 4L .E&B e
o suzaus yorga “urds 105e1ur we oavy skemle SUOSIN wupds 7 "
"SUOSALL 9]qE]S WLLIOY 0] JAISSELL 00} YontL 318 Mﬁﬁ_m
_Eazoa pue doj oy ‘roaamoy ‘(q) L0#Oq PUE ‘1) doy “(s)aduen
0) wieys «(p) wmop “(n) dn :penb jo (siosvy) 0 il Hh
= UOeuIquios £ue woy opeur aq ued sifed sprunb asaq L EOOE

WO pup y, -gopisodwo) HLn0 '
enb 5 Suosapy :Uon!
b ! 2Uo JO ISISUO mp_a.,__a 10 SBSLIREIV) Loy
A -urds 1oS0yur oney A4 mEcuw““_.;mm%_ml_%
® Suosapy - 100 yrenb xoy) spuiq Ul
mﬂa.:m A o) mEuE__mzﬁ u_ﬁ_u_ N {(suokieq S3P 3
- : ue e
"PHeyenb 4 o dn oppus sopued ausodu0d 8 L g
‘swosagy Jo sonsadoad 9t ALD {SUOSIN 1P

® ~ \Hd Jofew 25'8) II-LIND
Z:«Eﬂ:\\‘ (Wabdd BN AHd 10l

C} Scanned with OKEN Scanner



JonRIoNU SAUSEWONIA[A PUE UOHIRIANUT SUORS A UI PIAJOAU D1
Loy, “1ojonu ooy JO $00[q Sup[ing a7} a1e SU0J0IJ [0 ()
(s1ojexojaoae afanued ul punoj asoy
931 SUORIPOD SWANX3 JO ST A ur) alqeig wnaly (@
(uomway) % :uids (p
"PIASN LT'SEG SSEIN (@
‘(paBreyd Ajpamsod) 1+ daey) (q
“(sprenb uaop auo ‘syrenb dn oay) pon tuomisodwo)) yaeng) (e
(d) wopoag 1
isuofaeg jo sapdmexy
“(paSreyp aze Loy 1) 00107 onPURWOIDID
pue 20I0J Yeam oy eBIA U osje pue (xeypodo;  syrenb
Sy Surpjoy al0j ) 2010} Suons oY BIA PrIUI SUOKIR
st o WOITINU] "9
ey *(uonnou “3-a) yrenb
dn auo pue syrenb umop omy jo pasocuoy 8 Anedan (1
*(uojoad “§-9) yrenb
Umop auo pue sjrenb dn om Jo paso: wor) :afaeyd aasog (1
‘uoneuiquiod yienb
94 o 3upuadap ‘Tennou 1o padieyo AJleowoae 2q ueo suokieg
S , Riaey) S
=11 HOgs aAeq (suodeq wopoq axy) syrenb Aaeay
L éwﬂﬂaﬁwhﬁa ‘SOLIEUROS J50U Wt 3|qe)s st uojoxd ayJ, (4
PHE W YEaM Bla A229D Jet)) SU0KIeq IatARY WIEMAI
qeisun 1o (ojod oy axy) 91qeIs aq e ued suokieq (2
PwmRi b
"(syrenb wopoq Jo uueyd

8
UIUIENI0D SUOKIRG oweay 107) oyAafy (eranas o (uojoxd oty 103)

/AP 8€6 Punore woy Sudues sossp oAy AjjeordA) suoAreg]
1 :SSEIAL "€
Am\_.v ..Enm uumﬂﬂm-h_wﬂ P SuoIwdy ae suofreg "—.—_n—m A

pue dn jo pasodus sypzenb umop
_..H.Mn—w.-._”hn_uu.._—”umc E_.m:o_ba.m— uouIOod jsow YL S

MH.W 10p ‘(n) dn :s10xeyy __aﬂg_ vﬁ%ﬁwﬂﬁﬁw a3uens ‘(o) ueyd

2 1B syrenb asayy IEAR XIS.9Y) JO UONEUIqUIOD

ienb 2aayy jo jsisuos suokieq (2
suopisoduroy) yaend ‘I
suoLieg yo sanspiapaeaey) AN

Ew&mﬁ:&%ﬂﬁ:&m.& 17-LIND

2 .l’/m.i__anwh‘r (

“Shajanu
onwoje oY) dn oxew yowym ‘suonnou pue suojosd | sajorued

segpiwey opnjour suokiegr “(uids soojur-j ey m sajonued) suojuwy
oxe Koy pue ‘suosow yim Suope ‘sojoned opoipey jo Apumy o)
0} Suojoq suokeg *(suon|3 £q pajerpowr) 20105 Fuoxs oy; .E.E:..,mq_
punog sxenb 2213 Jo dn apew sojorued apsodwios ate suokieg-suy

‘SU0AILE Jo saf).adoud aygy aare) jsuokaeg aaw jeym ﬁ

"syyzenb £AeaY Jo J0IARYq 9Y) pUB 20I0J LM
ot} Jo a1myeu Yy oyut spyFisur jueorpiudis papiaoid sey yowym ‘sorshyd
( pue uone[olA JO) Apm)S 0) Pasn dIE SUOSIW WOROE a0y

910§ YoM 9y} BIA Aeoop pue ‘spuodds ,, ([ jo Jopio

) uo ‘sawpeyi] Suoj A[PANR[21 DARY SUOSIW WONOF WL "€

‘(suosoq) ¢ :utds 7

5 €103 ,9/A2D PG pue €10} /A £ punoly :sSSEly ‘1
1SUOSIJA] Wojjog Jo sapiadosg

“yienb sJuens-1ue ue pue yienb ui0)joq ¢ Jjo pasodwo) : 'gl 5

yenb umop-ijue ue pue yrenb wiojioq ¢ Jo pasodwod yd °Z

“aenb dn-nyue ue pue yienb wopoq ¢ Jo pasodwo) = 4 °I

duigxe “syenb woy0q UrEued SUoSIL WOROH

R i :suosay wonod "Al
{((0)

sonueuApoosyo wnyuenb pue PO PEPUTIS ) JO ATEY o

ul Afjeioadso ‘sorskyd ojorped ut 3j01 spjrenb wLreyd ) pUe uonoeAul

ol ULERY)
Buons oy go Aprs o doj [Euess? o SO 10y

"spuodds ., 0130
14 Kpornb Aeoap [0S nq
oI SuosaL ULEYT)
uaji] '€
+(suosoq) 0 :utds ‘7
, . | punosy :sseI °1
Q205 /A0 L6'1 PUC, A% ﬂ.ﬁ”wm ey Jo sanado1d
: odwo) :,'d "€
“aenb oFuexs-yue ue pue end ol Emm&ewu 30T
“yrenb dn-njue e pue yenb uueg €30 P 0

dwo) :,d T
T
«21e sojduiexa JUIOS ‘sypenb UHEHD T «suosopy weyd ‘Il

t g gy o O

33p10 9y w0 sowTyAyI] YA 9210 e ) ©
Suoey pue suord oy pazedurod 2[q€I Ajoane[a1

Jofen 058) I-LINA

- i"

“ex i

4=

C} Scanned with OKEN Scanner



210§ Suons oy £q 1910501
poy ore Aoy “fjmonoufewondfe JaYo Yaed Suipjodas snyy pue
2SI o2 aamsod Sutaey 10q ySnoy) uaAg ‘uondRIAUI Suons
3y 0} NP S1 SNR[ONU 3y Ul suojord OAY UAAAJRQ JI10] YL, X7

(-333 ‘suonnat ‘sujod) suoIpey apIsul PAULIUOD syenb doay
0} paSuryoxa are SUONJ pue ,‘SINOj0d,, JUAIYIP Ul AW0S syend)
“syfenb U2dAU3q SUON|S JO HFULYIX M) SIA[OAUT YDA (and)
sowreudp oworn|) wmuend) Aq paquosap s1 uonoRIA ST, Y
238 (] JO 10pI0 3U)
JO I 23U SUSUAORIEYD 8y “me 2renbs as19Aul £3q0 3 USA0P I L
*suonyS pue syrenb jo AImea) € s1 sy, 28180 N0j00,, Pa[[Bd
Auadoxd ® Kueo jey saponred ueaageq sojerado ao10) Suons
) “WSHAUGEWonIA)d ul A3IBYd A ANIjup) 2SIeYd Mo[0D 9
"SUO[INT 27} JO UOLIRIUALIO dATIR[aI JO Juapuadapul ST °§
"Aj100194 24}
uo spuadap osfe pue ‘yuapuadap urds-ost pue yuspuadap-uids s3] ¥
“(suonnau pue suojoid) suoajonu u2amiaq
wey) syrenb wsamaq JaSuons yonw st -oupawwikse st ] €
'suonoRIAUL
(u-d) (d-d) “(u—d) 105 owres st 3] "paajoam sapoyyed aty Jo dTIEYD
SRR 3y uo puadap jou saop I .E%Emou:_-umhmﬁ st T
"STIdonu 31 J0 3z1s Ay Uey) 198 e] saouejstp Je o]qISISeU
$2U1023q 11 *a3uea-poys st ao10f Suons ey ~(snejonu g 10 0zIS
2 PUMOIE) SIITTISIP LOYS 12 IAROEIE st uonorsayut Suons 9L ‘T
teNSHRPITIEID
R -suoJynal
Suonnau pue mc.ﬁ am 1aB0) sywenb spuiq ospe 31 pue “1yRE%
% .EM“.E Buipjoy Joy ojqisuodsar st nonoeoyur FuOHS
o n < w. N3t pue suojoid apisu m&.—m_..__u usIMIaq ﬁum_._m:uxo
! wEDH._Hm hn__ Pajepaty SI 2210] uoTORIANL Suons
‘s, (1 moqe Jo mnu_“““amhw
150 3y 1 17 - [edwepuny moj oy Jjo R
Suoxs MF :AHMM HH__“_M fon a1wore spoy e aasoy ayy sy 0RO
_u=Zm=P=w._£=cruﬁm_=_m==.:m.~

*Suo
5244y angy c_”“w._u_:_v_mu? pue ,wnczw.u:u:mchbuu_u .__Eo:m:_.a._m
M1 woA0F ey P o sopnued onwojeqns Jo smotaeyd
._r”_-,_c_.hw”“._cr_ —ﬂ-:usm—unﬁm oy nm".u“mb.—ﬁ U“u:.—m_m ﬂ—.m.._#_‘
o Ieyuawepuny joqe ure[dxd m‘

mm W.:
T sy (WavddBNT A4 sofewos78) 141N

uoys {13a 1as0 e Ing sanioj

.mhmou_u Bm.GuEbEIcmo_bm«:E c. _
e L Eﬁﬁmﬁéﬁ M_Mﬁu “Nw_ﬂ_ )
“jrenb wopoq 2o Jse9] Je urejuo) {q7V “89) suokseg wopog 7
“jenb uLIeyo auo 188a I8 UIRIN0D): (Y “§+9) suokieg uey (1
_ ‘syaenb umop pue dn ay) uey soraay yonwr
ale yorym ‘sxprenb (q) woyoq o (o) uwreyo urejuoo suokieq asay ],
:(wopog pue wiey)) suokieg Kseay ‘p v
‘(suotuq ewdis 0} Je[uIs) POAL|-HOYS wnaT (41 :
"P/ASIN STET PUnoIy :ssepy (1
‘00 [ - R3aey) (n ‘
(ssp ‘ssn “32) syzenb a3uens osy sureyuo)) :uonisodwo)) yaeng) (1
(=) swodzeg 1x (@
*SUOTORISIUI J{easm eia Suikeoap ‘paat[10yg :ampnaji (Al 3
 O/AS T611 PUNOIY :ssejy (1n ~
u21u00 yaenb oryroads ags uo Fuipuadap - 10 0 [+ :981EYD (n 3
{ssp ‘spn ‘snn “39) syrenb ofuens pue
‘umop ‘dn jo suoneulquIod Uie) 109 UL) suonisoduwo)) yaen) (I
:(7) suokreg ewdiS (q
; (wnoruuay) ¥ suydg (A
5pu02as 0} x 97 MOQY LI (ar
- /AN 111 punosy :ssefy (1
. i 0 :a82eyD (1
‘(sy1en enb dn auo) ssn :noyisoduro)) yaenQ) (1
(senb o3uens omy pue 1 ) iy suoaeg wpame (
“pyprenb wojoq 10
Weyd “9Fuens ureyuod jeiy) SUKIE] I8 YPIYM a“ﬁmwmhum meum_mﬁmﬁ
e . : [uTg)U0d SUo/
42041, opmnb:3Buers 510 1585 mwu b o) suodiug EpAuTT E
& -gnajonu Sy Ul 19733503
ons a1 01 ANQLIU0I Kaqy, "swowe
Juoe ‘SUOTINAN ancm, G
[ JnoqE u ounau pue gona?
0 2jqEIsun) WA (C
+(uonmsay) % urdS ﬁ
656 *SSEIN
"(u0j01d a1p wet 191482 Apsts) mﬁmﬁﬂuﬂw Mmmm 1) Mﬁ_
. duo?) 3en0 (¢
L An_.: wonmayN T

W25'8) LI-LINN

oy

o

e

SUodjanu spuiq yeyy 20105 1eafonu S0
40 snopnu oty wmoy. ‘suojord YA
. (sonui 0
"0j01d & ojur skeoop) snajonu o APIS

($3renb umop oy Szenb dn 9u0) P

ve Zs&eﬁ?

(WapddBNI AHd Ofe

G Scanned with OKEN Scanner



i) jo paads 21 1 2 PUE ‘gsew ST W ‘Ad1aud

= g epwiog (3
g 3 oy ‘(vonenba sOWT) supisurg) A “pakosap 10 paTEars

youued Jng (vsian 3214 JO f815u2 SNnauDy 0} SSTW WOJ) ..m,utuéaﬁ
. HE_E 3?&3 aq ued A31u3 wonenjddy (g
o i a1} J2A0 JUTISUOD

surewal 2 nuawaes (v
ot g Mﬁuuwﬂo UONEAIISUO)
-aImyeu Ul $32J0) [EIUdWEPUN JO JOIARYDY D) PUT “SUONITII
‘skeaop aporyed SupuelsIapun Joj UOREPUNO) aip apraoad _..;...:._ s
-suonoesoqur apiped Jo Aypigeiipaud pue Kauzsisuod ) m.u_._EB,
.s_m..ﬁ_._n opyred wr sodouud [eA Az SME] UOIPAIISUO) ST
" egopshiy PIMEJ LY SAE] UORIBAIISUO]) WO 2JOU ¥ INLIAY ﬁ

WepY SIT)S uuﬁnﬁ

JEy) SUONOTa) 3] O] SWIOJE JO UONTALD ) IO “IHEw JO INOIAVY]
puE AMPLIS O} O] [RUAWTPUN) T SUOUIEIJUL YL
Ad D4 .__u - u
"OULNOURUR UONII[D UP pue ._._E_.._uﬂux.:s:a v ojut AvP
ued uonnau e ‘ssa0id s1g) uf ‘speLoEw dandvoipes ut Aeddp g
S 1jans ‘5255203 JEAJINU J0J (190D §1 UONIRIAUY Yeam 2] XA
“yaenb dn ue oqur pALAAUGD
st jenb usop v a14m ‘Aeaap vjag axi) sassadoad 20§ urpodin
styatgm “syrenb Jo (anoaeyy) ad4) ayy afuvya uva a33a) yram YL S
‘saishyd apared jo [poy prepueig oy jo uvd s A309Y) 1Y |
S2010) NeIM pur NAUTRWIONIAD Y autquiod Yo AL ]
Aeamonad(q ay Aq paquasap s oas0p uoipradur yram AL ¥
“Aiured 28195003 0p Yorym *s2310§ AnjouFrmn 2
pue Juons o o) uosuedwoy w Apadoad  anbm ¥
(pauanuy aze sajeuipaoos jeyeds YA DLLIES d1f) AEYQ JOU S30P
3210) Yeam oy “a1) papejois s1 Aed Jo uoneasasuod s ¥l
S i .AH“:_“,E:E" up ,_E_‘. ajanued ejaq v Funnud &.:ﬂ_“_
Eu__m_& E__u& Inau e fajdwexa 10j) saqroue ojul B0
1300 Jo uohwinwsuen ay) 10y aqisuodsad 1 1l
STAjonu Mwoje ue jo 244
u1-01) JO 43p30 2y Jo s2uERIP

) 0] uonpesagul yeam Ul .”__\.
“#U_-rm.—h—uﬂ.——. "

I g
!xﬁci i

4

9 uey) 1ayjews Janw *siapow (
Hoys Laan gang Auo  sajesad

[En2U 51 uosoq 7
(. A) s2dK) omy m 2won Suosog A\ 2y “sopwued Pwmﬂhgﬂ
‘suosoq Z PU% M 29 Aq paepaw st 2s0) vonowm yeam gy
(uo0.d £ oyut wonnau e jo GOISIIALOD 2y ST .._u_.ﬁ.v moaep) a5ueyd
v sped Amuawsp womg suonseniur o pue (Seaop maq
ST 1ans) 4233 3pured jo sodd) wieeo 10; qrsuodsa ST HOUdEI
T AL iad0g sepay yeay) wemdwmmp yeau f
2U0) IFTWANNN ) 0 _
B0 e [3da1 L2 “adny aanedou sures o aary w_.a.ﬂw._ﬂ ow:ﬂ.M _
PHAUETLON[ ARmd §1Suonaop oMl tompq u0j 4 :xy
1431 Jo paads o 1e
[PARS puw s52f sviw 2w gygm “suojoqd Aq pojeipow st 20§ 3y
usnaUEFTwonsap3 jo Kooyl pRy wmuenb g st ugn (qad)
Qiuruipondar] wmuemd) AqQ poqUISp st LoIRWI SIy] 9 i
‘Qpuwop
PU¥ Spuog [edmuagd se [jom st ‘uogeiper duuSRwonpR pue
1) o motaeyaq s 30y pqruadsas 51 )] suopud pue suanop
opons soprued podamp woomsq suompeul swoacd ) g
ol Y] LMY
Mnpedas jo sy wsoddo GRMPG MndRE X UD | b
(e
N0y Homog uonpul ued sjELORW ynogl) wipw Dy
U ose wnnoes e o awes A 51 0] JREITLANDP Y| f
Pl sadey ymoddo pue ‘jaday sodseg ayr] 23y AP
W% sopised wWonpq spe dxuo) a4l Hwpwdp-atiey) T
] 5 quojno)) 0 Juiuoooe
DU gon suoyean | yinog) *Doogy ur duuyur RN
eI Suop sano spe a0i0) opEdsnop 3g) P3uErue] |
SOBLIPEI)
: ‘spiy e P Jo Bb 4 e (I
“iogd g Poletpow st 3010} LogeRl JRETARNUIR ]
W3 pue wsnpudew "ARUEE Y eud0uad susod
3pPied iy Ajeaunop JO IMOWEBYN] ) 10} apqsuodsay
Wpuied poey wosq SHE e i ) 5 uoneRul
oo A wendesu] pedemein 1

w - [~ ™ -
; !z!:ﬁ\lﬁl&ﬁ LHd " solew 25°0) [1-2IND

A ) ._FE_

(¥ Scanned with OKEN Scanner



il (B.Sc,Meiiﬁf&Pﬁth&pp.qEM)

SHORT ANSWERTUESHONWS M,

ﬂ Write short note on Lepton Propertj
. es,

s —1— s
[ Bl |
Pro= | Electron | Muo tec- Mug L5 |
i : n Tau ron 0| Tay
pe _ Neu- fr?“' Neu-
P —————t—— | ftring no trino
-1 =1 R
Charge |1 0 e o
Vs |91X107 [ 1881077 EA T T e LB
b by ke | €| Extreme | Extreme
,é_,{[;—-"l}z— " j};——————h—l/ﬁ_’_nﬂﬂ__]ﬁ_nli‘_u_ ly small
12 A 74 bie -]
/. | Stable Unstabl _-‘—_""_‘_‘“‘/3’—-—-
I:lfe J Unstabl? Stable  |Stable |Stabje
ime (2.2x10° | (2.9x107 (no (1o
seconds) |seconds) |de »
Cay |decay |decay
zl))serve observe |observe
e 1 — - d) d
Interact | Electroma | Electroma |Electroma Weak, |Weak, vfieak_
ions gnetic \girn;tf: : gnt'-;tli{c gravitati | gravitati gravitrati
weak, ; weak, onal  |onal |onal
gravitation | gravitation | gravitation |

Leptons are fundamental particles that play an essential tole in
the universe, from the formation of atoms to weak nucleat processes,
and understanding them is crucial for our knowledge of particle
physics and the universe at large.

m Write a short note on properties of mesons.

Ans.Mesons are composite particles made of quark-antiquark pairs
and are bosons with integér spin. They play a crucial role in mediating
the strong interaction between baryons (protons and neutrons).

Pions are the lightest mesons and play a key role In nuck;ar
interactions. Kaons, charm mesons, and bottom mesons are heavier
mesons and are vital for studying the strong force, CP violation, and
the behavior of different quarks. Understanding mesons is key 10 the
study of particle physics and the fundamental forces of nature.
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) m - AYAM'S T
Summag of Meson Properties:

tty | Pions (m) .| Kaons (K) | Charm Bﬂt::.mﬂ
Quark | Up and MCSUMLJMW—)

e Strange and | Charm Botior
Composition down non-strange | quark and Rtk an(}ic
quarks (7', |quarks (K", |anti-quark anti-quar

T, m) K-, K%
Mass 140 MoV/c” (494498 |1.86-1.97 53-54
_ (n’, ) MeV/c’ GEYLC_Z_____.E-‘EE{E-——-
| Spin 0 0 0 0

B T e
Charge J217,m), [e1ac,  [£1@,D) [£1 2B
0 () K),0 (K" |

Lifetime 10%t010° (10 to 10 -Ta:ﬁ‘”__'-_ 107
seconds . seconds _599911515———- seconds

Interaction | Strong force | Strong force | Strong force Stror}g ‘force
mediation | mediation _| mediation | mediation

- erte a short nnte on charactenstlcs of Bal'yon“

Ans.Baryons are fundamental particles made of three quarks. They
include the proton and neutron as well as more exotic particles like
hyperons (containing strange, charm, Of bottom quarks). Baryons
interact via the strong force, and whﬂe many are unstable, protons are

stable and crucial for matter as we know it.

Property.c| Proton |Neutron Lambda |Sigma Xi Heavy
(p) (n) Baryons |Baryons |Barye |Baryo
(A) (X) ns (£) |ns
(A_e,
A b)
Quark uud udd uss uus, uds, |uss,  |ucq,
Compositi | - dss dss  |beq
on '
Charge |+l 0 0 +1,0,-1 |-1,0 [+1,0 |
Mass 938 939 {1115 1192 1315 |24
MeVic: |[MeV/i?  |MeV/icd  |MeVic  |MeVie GeVle
3 (appro
X.)
Spin Y A A Y %o
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gy, 45

Cfetime  [Stable | Unstable [Sho-  Jgp ]
(10min) |lived 1in: " |Short- | Short-
1070 | about lived |lived
sec.) 10710 (atl‘mt (about
sec.) [1071 |02
m Strong, | Strong, Strong, Stong '::-) sec.)
weak, | weak, weak it ’ WZ:E Strong,
electrom | electroma » weak
agnetic | gnetic (if
(if charged)
charg_ed)
[} Write the differences between a hadron and alepton.
Ans.
Feature Hadrons T
Composition | Made of quarks Elementary particles
- (composite) (not composite)
Interactions  |Strong, weak, Electromagnetic,
electromagnetic, weak, gravity
gravity
Mass Generally heavy Lighter (e.g., electron
is much lighter than a
proton)
Size Finite size (due to Point-like (no size)
quark structure) B ,-
Stability Some stable (€.g-, Stable (electron) or ,
proton), others unstable [unstable (muon, tau) ;
I (e.g., neutron) p
Examples Proton, neutron, pion, Electron, muor, tau, )
faom ¢ ] neutrinos 3
Quantum Baryon number, Lepton number, 0
Numbers charge, isospin, charge, Spif
— stran%__.____-/ ﬁ

o]

]
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Mention the properties of Barg.mns. ‘
Ans.Baryons are subatomic particles with several Properg
including:

1. Composition: Baryons are made up of three quarks, Th (.
"baryon" usually refers to triquarks, which are baryons made of threq
quarks.

2. Baryon number: Baryons have a baryon number of | whil,
their antiparticles, called antibaryons, have a baryon number of ~|

3. Spin: The three quarks that make up a baryon cap oy

produce half-integer values. |
4. Colorless: The combination of three quarks of different Colorg

(red, green, blue) gives white. | |
5. Strong interactions: Baryons are responsible for Stfﬂng

interactions. _ .

6. Fermions: Baryons are fermions, which means they are
described by Fermi-Dirac statistics and obey the Pauli exclusion
principle. - . .
7. Hadrons: Baryons are hadrons, which are composite Particlag
made up of quarks.

Examples:

Protons and neutrons are examples of baryons. Other baryons

include the lambda, sigma, xi, and omega particles.

s,

\

14 Compare strong, electromagnetic and weak interactions.
Ans.

s Type of

Interaction Medlsftmg Strength Range Parl:icles
Particle
Affected

Strong Gluon Strongest |Very short Quarks
Force (g meters)
Electro-  [Photon Moderate |Infinite Charged
magnetic (decreases particles
Force with distance) N
Weak WandZ |Weak  |Veryshort |Quarks&
Force bosons (10~ "® meters) |leptons |
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write a short note on Isospin,

s, 1sospin OF 1S0tOPIC Spin quantum nyppe, is
" ated to the strong nuclear force, It yoq a quantum number

. . i intrOdUCcd b -
o explain the similarities betweep protons and neuﬁgﬂHe:senherg
{rong force. I"10.t0ns efnd neutrons have different o S under the
they behave similarly in terms of their sty ric Charges, but

: ong interacti .
are both nucleons. Isospin was thus dey g action because they

; ' eloped as g .
{hese partlcles In a manner analogous to spin. way to describe

In isospin, the proton and neutron are treated as tw diffi
ates of @ sing}e particle called the nucleon The cons;‘vati' Bren’;
is0spin is- crucial for understanding the interactions of h::iI;oEs
(paxﬁcles like protons, neutrons, mesons, etc.) under the strong force
[sospin Quantum Number (I): '

[sospin is described by the quantum number I, similar to how
regular spin is described by the quantum number S. The isospin

quantum number 1 characterizes the symmetry of a particle under the
strong force. The z-component of the isospin, I,, represents the
difference in the number of up and down quarks (or antiquarks) within
a particle, and is related to the electric charge Q of the particle.
1. For a system with isospin I, the value of I, can range from
—Ito +1in integer steps, i.e., =L 1-1,..,-1.
2. The electric charge Q is related to I, and the isospin I by the
relation: '

rc]ﬂl

S =

1
L AR (N
Q Iz+2(N )

where N is the number of neutrons and Z is the number of
protons in the nucleus (this formula is used in nuclei, but the concept

is the same for individual particles).
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