r/\hCorcf;cu] Ca)-/\(,zvé)"’_s ;l/\ PCH“HC,/& Fl\/sf‘og L

T/M Co&le‘/) (CER./’// EPFL/ UOPC)M\)
T he ‘7oql of fhese lectures is o introduce

The Theoretice| Framework of prticle ,ok/s;cs/
& subject clled “Quantum Field Thes.” (o)
Vor Lave now  larued Fhat euery Thing, Is
built  From Fundemental paeicles”
We will enploce what flis really means and
o ky QFT s ABrcad Upom WS,
We tale as « Sheting premise Sha
(N Queafum Mechewes (QM) governs Tle
be havier of Our tniverse of The atowic
Seale aud (2) §pec:al Qc(c»fivh‘/ (SR)
iicks in tohen The YHinehi'c ewersy of o
par ficle &P'oroqc,Les Ifs et wmess [kE?.,mc’),
(Or in The cose of massfess ow{cieg/
ﬂey q'wq/s fravel at fie “speed of
light” g0 SR is alweys rc/evwf.)



For our Pur,DaSCS, The /‘e/ CC’"‘“F*’ [ 2

Ve Need Tfrom eeach %L{jccf' are

= QM: probabilishic iwderpretation

- SR: WMo Ffaske Tl /;jkf Communienfion
The wwigue  gelf- ConsistenT pathe matica/

-Frcu/v\c wol‘k n&_')l ;IACcPfoP%fCS Aoﬂ 01[
These FFMC;{)/@S (s what weeall QF]T.

—

I. Syv;ame‘/‘r/

Before we get iafo (FT, we need 7o fake
W hat ”“"j"* Seem [ibe o defour fo discuse
"57mwe7‘r/. “ T]le idea of §/vw~«e7’r/ S
Uery mtuitive (omd we wilf explain it
More prccfs:// in o [ittle wL(/e). The
[Feasom if s So iM)oonc««:% in plycfcs
s due fo a Tleorefical ol:‘sz,mz/er/ "
| 915 é//weuﬂqu)Lfc}qvl Emm/ N oe Tler,



Sle fauaht us [3

IP & ﬂ‘eof‘/ Contains & ”Cowfivl(/mb.j‘

n
5/w4w\e)‘—r//" ﬂen 1t thS]L have o coungerved

C(M:J“je.”

Lef‘S ““beh escl 07[\ ﬂe_Se 'ft/‘h}?

(On{')nh ous SyMm C‘H‘y
T / 7

¢ Lc‘f’ us Work 1 2 cl;w\c,\s;owS ﬁr S:m/)/I'C)'é/,
We cau 6pe¢,'£/ a Puinf Gw ﬂe ZDp/qne

us?vj . Vector ?=(>(,/Xz).

«f

—

X

(&0)

We want to for mulafe our PL7s;CqJ [aws
$o Tlat fhey are independent of where
We are in Space. In ofter werds/ (o
we [ofate fle point X about fhe origia
107 awn Cd/l.ale 9

L we have



7 Ve
(0,0) %

w hece
x,’) (s B \[%) (Cosé’x, , 3546X2)
X S5l cosD ) X)  (csinby, 4B,

OLV;OV\.S// S(_S ¢?/ Howeve l_/ 'ﬂ\e 0/07[ beJkL‘]L

- > 2 2
XX =X X

=/ | 2 =
and X%’z ((;ogex, t sin@x,) + (~simbBx, +m59xz)
= (65’0 X7+ 6in Ok, + 2c0sO5i0 x, %,
2

b S0 X+ o5 O Xy — ZlosBsin@x, x,

= (cos®® +5:a%0) (X 2+ X7 ) = X+ 7

[Se Therefore call The (owmbination

~> - .

XX = b - :Aéef@u\&v\‘]' an /AUCLF;OU/\’/'.



QI-F' we b(,.,'lc' onr ﬂeo4~/ usF.:L) on/ {5—
;/tl/qr'w.m','S [2-3\ we ov\f/ nwse 'FZMC%"MS Toa t

(JE Fev\d DA 5-(".))(/ never lAS:n.) >_<‘ alone )/
ﬂem we oare jb\ chm'/‘&&o‘ ""Lq.f‘ cus
"n.eor/ will net heve a pre fered diveec tion,

Tn wmere Techacal ferwms our

ﬂeo-/\/,

= S)'r«me,f'ria under fota flons (OL Cou Fintows
§/Mwe+’7 whose franstrmation de’oemdf
ou The coutinuous ,oara.mefer (9)

'Emm/ Noether +old ws 1he} we Sheuld
CXfec'f‘ There fo be Gwn asseclated
COpserved gu&n"';?t;/. Fer fle Case of
) +°~]L\‘0u\3/ This s &ﬂ()u/qr Wmone v am
conserystion! Tudeed e Staudicd
Mode [ of Particle Physies ic fotmolated
o be l‘o‘l*q.'/‘z'ow-‘/// avariant, awd se

a-v\gu./aw MO mey 7L°«-/'1 S Q/wa/s COMSf'fl/e«CJ'



’ Y/LLE9 Q}Mfle' C>(0\|M/>,€. je"f}‘“/;fcso ( 6;—-.
/{746 {o\y:jua?e_ of S/Mme ILI‘/ and ﬂe

charictorization of Pegs:é/z muapiean ¥
combinotions of ?eucrﬂffzcc’ " Vee fors ™
s best Framed n Tlhe /owl)uajc_ of
So-c afled g roup ﬁlew\/, Tlere are
two  types of geoups Thaf appear in
QFT: Speace- fime Symmetry  omd

inferae | 67 W\mef-r/,

'§'P€C_/'°\ ’ FCIQ7L/ [/;"Fly DLV\J é(‘ou)o ﬂeo7

* Ulen we Sa7 "spuce - Time 5/mmc%r/v”
Thet s jl«Sf -Femc7 /&n\]uq)& for
§Pec;q( rc[qf)'u:‘#y, Tle [orent?
trans for mafons (moving Clocks run
Sloew cnd movi M w lecs SAPI‘AA.)

Can  be expressed jn terms of fle
Lerent? g Pesp. Tlis g roup mcludes
The 3D rotakions cnd Fhe Loreutz “bosss!



® 1/\.)6 jemerq[}fe 771( do?" FPOQZMCJL {7

~

XX infe o Lol‘emIL-Z }V\vario\nf dof pmdqa‘

X/AK/A/ where X* /s o four - vVeefor.

For a 9 .vea Pof'uul M Spacetive , we
weite x7= {cf/ X(, %, X3) , wolere
¢ = gpeed of [i9ht. pote fluf c € bas
tnits of (evDﬂ/ So [This /s o Seusible
ﬂ,‘nj fo do. Tlew rotatious miy The
X;'s while beosts mix fie x;'s wif ¢,
e« T1 we coustruct ouwr fleories w5ing These
new dof proczuafs, Tlen They, will be
Lorentz iwvariant Ly 7£ctcf-/ we
Slhouwld olso euforce The b ouc~
Theorics do uof Je_pcm/ on lere
we Ferﬁorm Our e)(Periwew/J.
Twn ofher wowés/ We must enborce 7laf
fle ftormalalfon of our 770»47 ’s

javariont upuader a 5V\ce-1"in€_ ‘I‘an/o)L;'o.q:



x> X*+ 3/ wlere M is o« ﬁ
four - veetor Thaf encodes fle four

trans [« fion ,waefcrf.

NMoether's Theorem ac,)opl"ed 7o Frans fations
Tlen implies Thet

Q:/_V\crg/ cuncJ Vhomemﬁ«m afe c_onsery

(qlwa/s/ c‘lwq/s/ a./wq/s)

T ntecna| Symmetries and charges

¢ T ntfernal S/nvx,d-r}es ate more obstract.
The ba;/d:ng blocks of QFT are g wanfun
Fields, A field is e mafhematical object
1hat euncodes a Ualue af every S)oace-f/'n«e
poiat. The Simplist example is a
scalar freld Q(x). A Gealar field
is used fo model parficles wifiout
Spin (e.j. fue /‘/I'j)s boson ).



¢ Tf o Sealar Field is real yalued, fen [T
an  example of au infernal Symmetry s
the Franshenation Tule @)= —@(.
Tf we werife a ﬂeox\/ thet respects This
Fule) Then This cwplics we Cam cn7 have
even powers of P() @c0)" = (pee)®
s variant. For coufrast, odd powers wre
neF iuvafient ! (cpm)B—a ~(gv(»«>>3.

Tlis impeses o Selechon rule on The
ﬂeor\/: On/)/ pro cesses .'nyo/uiAj even

nambers of @ particles are alfewed,
ey PP 9P wd §p 2 Gepp  but

ot PP S5¢¢9.
( We call s jroup 21. I-/— 1S "ijc.l‘eft.u)
* f;ﬁ o 5&0\/4/‘ Leld s Com/O/C—Y Z/o-./aed/

?(X) = G, (x) + ¢ ¢;”°7((>7 Tlea we caa
ew‘r)ose 771.**7" 11119— ﬂtew‘/ 'S /ldl)‘ll‘i"’m./'

awn LJ'CJ‘ o /’P ha se ~o f'a_‘ﬁon 1 p



@ () = e“P(x) Zﬁ
(Ae;ab Euler’s formula 5“62 oz + ¢ 5in8B,
one Coan Show That This fransfer mation

ocfs fo rotute Pre ond gﬂ:Mj o
eacl ofler.
(We esll s qrowp U0).)
To buld cu impariant ’I’heor/v/ we  casx ouly
use ohjecfs /e
?*(P - {e‘.eq)*[e"@?) L ?q.e-c'ecc‘s?
[ ¢*€D = Ig/*
(’F = complex cm(ju(jdioa)
The paramefer & Cow?t;wuousf oo  Aoethers
The orew q/:,o)ies‘
A ﬂeor] that J‘Csfec+s Tlic p hase o fafion
97""“*‘7 has & LonSerwed c:Lq/:?e K.
¢ (Quantun E/ecfmcl/namcs (5 o ﬂe07
of a Spin /2 pacticle Toat las exselly

9,&(,& a Pque /‘o+«f¢‘ov\ ,'mV‘\.I‘I'qVILC-



Tw This case, The associafed charge L//\
R is The fowiliar electric <A-.r)e_,’

¢« The Fque Cotetion 6)/Mwe7t!‘/ Frane focnmation
s commntative: if we frantform 19/ a
purar\«ef'cr B, aad fhen b)/ 8, [l s
CBuEVa[/ev\" fo  First ’/'To-mspoomiuj [a/ 8, and
Then 67 &, , Siuce

(B B, :(6,+6,)

. (8, #6,)
e ¢t =€ =

CIQZ ('9
o /

e e

We refec fo qroups with fhrs p/\opem‘/
as Iocmj Abelian.

v T jc_nerq‘/ The pqquefcr B Con be
Poomo{-ed o wateix (A). Then fie
phase rotefion becomes o wmafrix too &
Thic wedrix ack on a vectr 5&)/

c @

cnd Wwe bu;/cl iuvariants Tle Same wa-‘/,'/q\;(’f)/z.
(ﬂc exFunen‘Fa/ of & mafrix is defined

L)y i fs Tq//o-/‘ expansion ! 345 ,*/’7‘2"42"'-'-)



Howcvef‘/ I7L r's nof' juaro.:uteec] W 7Le !IZ
+("cm6 "Q(‘qu'fons O M te e

() @, {(O+8:4i[®,0]+)
C C e

—
-—

loL}le,

e,tl@z 65@' : e(‘ (@24 ®. + E’[@% @;7 ,«)

This is fhe Beoker - (qmpéc// ~ Hews dor FF 'ﬂrwk/q/
and [A, B):/]B"BA 's e Commoatater.
We see Thatf }@, ¢ (A, (@, . ®),

€

e = € e
I'F [@,/@2]: O A jrou.’) w1 ﬂe
FPOPE‘!‘?"/ f@,/ @z’]#o (S called Mon'Aée/;a.‘,
‘ BOTZl ALE/’IG\‘V\ OMJ /lon'4be/;&v\ eru/S &r’ caf
in The Standard Model. Fou posy See Tie
Sr‘ov\P Strucfure of Tlhe Shnderd Mode(
ex pressed  as Su(z) ww

9?‘"[‘0‘47 E/ec ?L/‘o NCmé
farce forces

U(') r's Abc/;qq vLiIC 50((2) QuJ Sh(:") cefe Aow*ALt/iM



L. Obgecrvables uw QFT [13
¢« QAFT P"Cd"cb That foJ‘)‘;c/e.? Lan

Gfom/qneaqs// transform jnfe cller
types of pecticles, os [ony as fhe
6'7mme-/-m‘es of fle ﬂeon/ afe }‘es‘pea‘ed.
For The Stauderd Model, 77/s means
energy and Momen fumn  and Charye

mMust be conserved.

¢ Tlece are fwo primary obserypables we
@MPMfe in KQFT

) scattering cross sechons o~

2)decay rates [T

* Con intecpret [ as prebalbilty fr [
particle = ofher (liyhler) pacticles
( aq Ml‘erfre_d Oo— as /Q.noée(ér'//év
Cr 2 pqrffc/eﬁ 9 Came 2 parkicles
(e/q slic gcaffewinj) or L patbicles
—2  ofwer pirheles  (iuelasfre Sewfening )



'ﬂ/of-e ﬂcse oLServ«B/?S Can 0"9’ be ZM
Preolicfeel Probabq//sf{cq/// simee OFT

is o guaafum mechanical Theory,

o The primacy fool  for CoM/;,A;L;‘:\) abservables
are F</nmn cl:ajram;. They compute
con &w/)/ifao(e A for = given process as
a  perturbative expouasion,  Amplitudes
for QFT are analogous fo Wave fauciions
i quv\'/&m mechancs ¢ Probab,'//hey age
observalles are PJ‘OPoFffomo./ fo

141"

o e COMFqu Fﬂynmm Ai‘u;/‘«ms us:‘nj
a sget of Fe)rnw.an rules. Each ﬂeo7
hWes fs oww assecri=ted /:e/nm..,, [a/es.

e To define c«ncor/, Ve must g/oec,‘// o
function Thet we call fhe Legrasyiong &,
(ﬂz idea of a (aarangiay toy be

fouwi/fcm frow\ Co C'/QgSII&QI meciqn,'c; C'o,,.r;e.)



The L&jrﬁwj;aq hos fwo puris: &—

’7 7216 //Z(,‘wef:‘c" 7":/‘.»4.5,‘ 77658 afe
Often niverSe| ferms ﬂx‘/ Ov/p& feguife
"lemete '
terms " 5’06 017['7(‘9 The wmess q,no/ 5,0:‘4 of

enl( refer

*J;ﬁ'i”‘ e j,'uen pqrﬁcze, De uote 7Ze5e b/ EZlo'n-
depiustives

E)(,' For ourl rem/ §c«./q{‘ 'F»:/J (Mc) 3/9}-4)

Wwith  wass ™, e hove

Zuin = - 340 WPy - Fe(pea)’
( ne V\o‘JL‘k)L"O»’\ D/M = %ﬁ I's s a-"?l Z\Gud)

2) The “interachon” ferms: These are
model specific. ﬂe7 fell us how
1he Fa.l“{’('cle,s interact wWith cacl
other, ﬂe7 inelude e )o«rqmchr Tt
sets the Strengfl of fle (nteraction,

the (,ouP/Mj constent. Denote by Ty,

Ex: Ta our ﬂe,w/ with a feal Sealar

freld, we could write ‘Z,—w+=’%,A¢L(



Tle w is conventiona] (mekes Hhe | /6
Feynma rufes Jook nicec), The A is The
éouPl:w) Concfent. This interactio respects
The eo-p 2 é)vwme/‘/‘/.

* For Tuis fhesry, we have The Fe)mmqn

ules b

1)

- PPOP"«)&%;OVI by —_,,:?—

A) ( S visit )
Ny

— (nfecaction ¢ \< ¢ )
7

/ N

I

d

¢ To C\P)O/)/ ﬂc_se Fty'/l"un Fu/es/ Our

first Fathe (s fo Specify o process,

for exsmple PP 500, @@ 2200, 00 pope
and Se o9 ﬂen we C.I/‘a.w all pbssf'é/c
F'?-)/.A'Mom dc'q.jl‘c«ws ﬂ«f cav Coﬂf(/'éqfe.'

N\ /
W 7/

_ T ’ + /00 3
??D ) ¢? ; AN 1;0
:e’wfu/



| 7
- qﬂ¢ - ¢¢¢ e o‘fq,j ramsS Since L—

It vio [ufes The &, S/mmc/'?r,

1 \ 4 ‘, s g
Py - opo@ e~ e
b =, ~f "
7 \\ /7 U
7 S ) “N
\\ /// \ /
+ ~ \ /
.7 i /\/‘(,/// t /°°7”
- \l / \

are 7"!’06 - [eve] Jiajrqms, We Q/So Can
L\gUC o[;ocy Cgms Wi 771 C fasec! /OOPS} Fbr stﬂf/e,
?Cp —2 ?(F cl'r'fx)rcw,.s wifl a S?n)/e /oo/o:

oo st ; N
I -7 N
/i'_ ’<\ N\ + Pef‘mu\/q}‘lo”}o
~ - v
/ L1y

g ﬂe Fe)mr«wl rules '/‘c-// us how 7LOJ<D
'F"“’"“‘ The Dl"‘tjl‘c-ﬁf 7% o -ﬁrmu/q ﬂr‘
ﬂe OLHFI;VLIAJE 4.



? Cp;'/'/lc.mll/ we l/“luS7L CoviSefrpe cmzd7/ //8
c’mol Mowmen 7L(AIM q7" cuer/ 1'»17‘6{‘4(:}&;'0.« er"/teJ(.

Le,/' LS do cn exm«f/e Tle Feyaman
J, / k ’
T8y Puwes Coupu oA

N Y

7\
D A=-) D o~ al~ N
Note }‘/ooF J:‘a.jl‘&ms [ihe

<= 7

¢ 7 > J
¥zl (Fid) w(leop str) A )
.

\

2 Az=-2+0607%) D o]~ A +6(H)
= Leoops are L.‘jLer order ia The A expansion.
As Jong as A is "Snall", fhen fle [loop
contribution will be o Swmall correction

Jo Tlhe Free- [eve] result

7/2(:5 IS Aow Wwe Lmu,oute ProdesSeS,

We call This Perfurbaf/on ﬂeof‘/v,




E,D;MenQ;ono\( /4!/\0,/}/9;5 Z/_q—

* We can wake our estimafe even betfer
L}I aF/Dcot[iu\)'hb ﬂe /‘Aes;l I.M/D/‘J'QII%
f'oo/ i 1 /3’479"65.‘ dimenstonal qvl-./}«s"-&-
o We use a clever frick 7u QOFT to wmeke
diwmen sional anqksis e,ccs/; ﬂe Fwo
‘Fum JO.VME'A*Q ’ Zown 97Lqﬂ+9 /‘e/e Vaun ;L 74»
QFT are The Sfeed of /i‘jl\f c {Dp'fu‘ﬁ/
relafivity ) and Planck's Conshat %
(Buan}'um mec,anicS). ﬂen we de
Some 7‘7";“_) ﬂq?t IMO«)I Cang € }/okl‘ Shin
to C_l‘ouol: We SQ7L c=[ and k""/.
ﬂ;s 'S 61‘?667‘!'%// c:Loos:'v a S/S)‘en(

o]p (Am'?‘SZ Wwe <l 71 s S/S}eo« Na Farg/

Waits o
[ 7_0 un Jefa’vLﬁnJ ﬂe imF/I‘Cq/IIQMS o-/\ /)q%{.re‘/
’ _ lens A .
lAmI/S/ nofe That ({6)3- 7_7;7.1_&_ u
Conventionn| tmids, e wse fls nofation for The

tuits of wWhafewer appers Tuside



ﬂere(ore/ =1 =2 /c-ajﬂm time Eg\
This is exnctly e [esson of Specir] reletiod,
and nafurl wnits bake it jute Oeur
dimen siona | awq//vsis.
. Fo//oui.j The Sane (o5 for Plancks Coustant,
we have [t [ =erersyx fine
= f: D eneryy Spime
Aqain, This s fhe fandameat] lessen of
ﬁmm‘«m mechanies | Euep]), & frepuacy .
* W len working in nafursl anfs,
we Choose fo express Energy, (eMjﬂ.,
cad time in terms of oune of Thewm.
¢ For qu‘fic/e PL/;,'cs'/ we %/,D(cq/// cloose
fo work in terms of euergy, So Tht
all dimensionfal guantaties in ferms
of  Gigaclectonvolts (GeV).
. ncrefore/ (enj‘fll/v Gely! -

/

tine v Gel/ !
Enerj/'v Gel/



o We can qlse defermine Some derived waits:| 21
Mo menfum Gel/j’ ma Ss v Ge |/
v A geod  rule of Thawb s Thaf The mass of «
mem ~ | Gel.
e Our 9taler 3 tanfun field has wnts Foo
L@)=GeVe The Lagramian alse has
wonits [[27)= GV This allows us
de termine  The wnils for cur Coupling Consfnt
L= -5 40" 2 [20"]=0330077= Gev!
iy

11
= [f\—j = dimenﬁl'ovi /@S}‘ QCV

¢ The Cross Section is defined as Tle
zzwmﬁm amloj of a classieal Scaffcri:y
cross Section, whie b s dle fermined b/
fle Cross Sections/ area. S0 O lat
uaids of arcqmleuj+4zm Emrg/’?‘
. PuH;nJ [+ all 7[‘0}6 fher, we heye

z
O A é/ cz;}’hens('onq/ qm.é«gf,‘f,
Eud‘y)/z



What 5(2 %Crm{nej' The eneJ‘7/ Ae.lgrj Z 22

in  The ole_nou«?vt-c)(or? Ee call flat we are

CO//;JI‘AJ fwo @ Ptl‘f,‘c/e; :7‘ Sewme evlt-’r]/ £.

_’E%' E""W\/ ﬂen 0_"!/:—, /'S r"OLDL.// Cous ko

£ E 22m, Then 0“"/2__: and Rils oFK
Zb\ch(\q-fica////. TZU'S' I's eyO.c_fé.. ﬁe

belavior you would Flud by doiny <
detailed QRFET calewlfion!

V. Tle PJ‘OP&)Q‘foF

* Consider o different theory of o real
scalar Lileld @ wift interoaction

.= - 53
:Z/n{- ET@

(j is fue CouF l,'nj cq,,,Ls-Femf/ w»'ﬂ [3]: GeV}
For This ﬂeor/, 1he Fz/n mon  Cules are
= propugeationl — o= = A(p)

P
/

/7 .
\ - —C
\ J

(ru\‘}'erqcf';ov\ : —_———



'43‘\?:4, (Zf WS Cous:idev ?qp—agbg, [2\3
There are ﬁree Qll.o\‘jl\c\w.f:

\ bP’ , b
P ol AR
\\y /7’f ', N /7/' ,>
S ) { ) "FL
‘2 \ NV Py 7 N
2 Py 2T SR
Y 7 P,

TL@ Qw\'o}:'WLt«o’c we Comp“/‘e '@F‘ Qach Jl&j/‘e‘w
will fobe fhe Rem id= (9 D(p).
go we heve ‘)lo cmdc.rskno’ what 747 éé’) dees.

Eme(‘jy omo’ Momen‘fuw\ ComSQPU&}L:'oq

—

Recall thaf The Feynman rules reguire

That everyy and momentum ape cowseryed

at svery verfex. Let us foke o

Mowment o discuss how o copfure  This

reguiremeat in fle [anguaye of four-vechs.
. Spec;a[ /‘ela+iui;‘/ Fells s Ti.f Space

and Fuwe Mixy updec Jposts D

| ohe
we introduce K/A:[{:/ X)) %2, Xa Aj[«e:\c_c



* Ander boo>-fs/ Qmer7/ c\ucl Mom e n fum {Z"—f
‘|‘\l‘cwlc‘Forvw imfo Cacl o Ther. We ﬂereﬁre

combine Them iate a four -vecisr

P#:(E/ ﬂ}Pz;Fg,) (tkgqm Wil C:/)

Thea it s Cas/ fo St.fe eneJ‘)/ qud
W\omer\‘{'hw\ Couserqu/O« 141— oy pl\ocess
Pp > PP prep” = BORS
[7711'5 sl‘\"u,ol :ét red as ‘F;ur e%uafllbns/ one 'g-f‘
cwel pefue of ﬂ.c/u Ja de y .)
’ /l/ow W<€ L\C‘ve Wwhet e /lce,of 'f‘o v ders fand
onv Fe)rrw\om (Jl'& fowms 1 more olejq}l,

Lﬂf’ ns Sttt it

\\\izp , /7173 /hdmenﬁm Couserl/o.f;‘om at
z;’l \\\J Py Toe left vertex 2 P=fth

i

and Tle ﬁjl\f' vertex = P:B +Py
I/OL('C.L\ 'S COoOnS (s '}Cvd' I,JFh\ OUQI‘O..N gu(‘ ’HOM«CMAH

Conser o tion f{ +p, :/i> +P’1



Tlen The amfl}ﬁ/\ele for Tars O/f‘kjf‘@m ’S [?\;
(A = (‘(:)>ZA (P, *Fz>
gim;lu\/y

\ 7
& v 7
r Fa

= P-P"RB °° PP ~f

(VP
rz/7 A\ Py
\ S0 That P{",‘}:ﬁr —fzﬁﬁf&:é%"

= (A= (‘fj)ZA(Pr‘P;)

amJ 'Finet/()/
\\J’; B
22 T\/ﬂ = P=F _IO'-/:Pg"fz
(,}7,0 \‘S\P‘l I 11
> > A=) AR -A)
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