ORRBRTIAL. S7TARILITY

e IN DISCUSSION DF KFEZA T7RPON 0SCILLATIONS )
- A WEAKLY [FoCASED MAcCHNE DERIVED CoONDITIONS

FoR S 7ARI~ 7Y ARouNDd EQPUIL 1R IuH ORGB1r7
. PR STRONG FoCcusrnNG THHE [FrELe /NDEX
cnnNn BE >>4, IN FA{;?J W CAN IMAGMIEL

TrHRT I WLl V‘A«E} ArounDd  7HE  LiNG

WAN7 To S7udy
— S£PA7TiAL SZTARILITY OF BEA~
ENVELO R, —P BE7ATRON O3CILLAT7)OANS

— PHASE S7AB/ZYy L. F E Tre
PHASE OF ACCELER AZING VILZRGE

—» SYNCHROTLOIN ©SCrzch 7ionts



WeRrRIK AN MoviNG CoorRDNAR7E SYS 764

s EOUIL 1/ RIUM 9RBIT7T v A PARTICULAR MACHINE
1S DEPINED BY CHOSEN. MRAGNE7 CoNFLGuRATION™

e O UR MAIN INTERLEST 15 IN UAIDERSZAND IN'G /Fow
PARTICKES  piovE RELATIVE 70 EPuiciBRiuUM ERBI>

MoTI10A  EASER To TREA7 N CooRDINRAR7ZE
SYS7EM  THAT7 MOVES ALONG EQuiLIBRIUM BORBIT

Posi7ioN" OF PARTCLE

L
A P .1*‘41
REF 2 RENCE - .
e ¢ ) 5:::6;7 R""r*’gf';i)r‘f?*x

= QUATIioN 0F MoTioy

S MoV IN 6 dE—: e??xg
CoORDINATE SYs7EM adkE



MARAGNMNETIC FIELD —» RADIAL o VERT7ICAL Cort PONEAN TS
—&  NO COHPONENT IN S-DiRec7ion

— — A A L
VUx Yy Vg | 7 "?’5%9‘3 +'3'”33‘=;,'}
A
8 x 87 o 7-<va; - JEADS
A
ASSUME NO ENEFRGY CHANGE —> NO ACCELRATION W J
—B A0 SYNCHROTRON CADIATI O

= = _ dp - 2
e UxR = 2P . o " - Yo
X T d—E(X Q)-Xﬁ
él_z e'zjx%?
X m

EVALUATE TS IN LocAaL HoViNG CooRy §YVS7EM



RtA
VA 71000 N TR OF WANIT VEczoRS

AX A |
R A8 A
5, \— % mAe TeEemes
, Assame S CONSTZANT
A S 5.8
A x = @S




/
R = rxX +rp8 +
— VARIe§ In TINE
" LA ,fi. d ;s A :4;*»“'&
g = ~MX + fx *Fm 95)*34’” JJ
THEEY 1:\ /A ‘"1 AN e
= ;X L LX ~ FOS +F 1rBS tOST *JCI
y
5e L e
, / ¥ A,
- rPx 4-(:-?.1"“@ H’ﬁ_)'sf"déi ~dd
il '_"é;
— /4 /2

7= (F- ré“)z? +( L6 +rg)S +
\ — _— ———— ~ -

RAD AL ALontt VER, T1 CRL
MoTioN ORBI7




X er RAD/AL mM™MOT7/00 =R orf

i': (}3‘_/_“9{1)£ .;.CQ!JQE 4,,«5)5 +j‘ij

— — A 5 L1 b
e@?’x%‘)x:‘ -EZGEJ"’C' < j;% :Ym(y-réz)%
E@uazion O0F MoTian L 4] = — el &y

Jrm
FoR Vs << Vg ‘vgr::-: Ve ?b—a- b’m'zrg

2
' 2
o b= — Vs ’573_
IN AN ACCELERATOR MORE [NT7ERESED
IN HOW MOTIoN™ VARIES ALoNG PER/ops/c ORBIT

CHANGE VARIARLE - —<






HAD  d*r A.6-)|2 _6?{528
el TS
L‘b M = /) + 2 — f? /S cONSTANT
Ao . Vs
1 ol P .2
x z —-C 5
de* HCT}) -,(,-3 4
L. =P\ L 2 Ay pyE _ _ U8
aen T 5 (¢ m"_hvfm'ﬂ?_ 2 %&;
e _ 1 oh2x _ P _ - 85—
P B¢ ds*  f* f*  Bp
5
y-f+1-—*~ %-Eﬁi‘f):-</+£zj
S 'g ,pg

FEQOQUATION 9F MUT710M 1IN X~ DIRECTIONT



g — D/R = CTION ) Ar3d !

] i A

B (F-ré)s 1(2r6 +r6 5 s

/Z=Q@uAa7ions OF Moziond /N g—b?ﬁf&?c’?f@f\f‘



IN EANGINEERIAN G '?'ZSQHSJ THE MAGNE 7IC
FlEADS CAN ABE QPui7E COMPLEYX — ANoNL/NEAR

Bur ASSUME LINEAR [OR SimMPLICI7Y

6. B
Bx:BacCDJQ)*%I'J +§z.x

Don'?T wWaANT X qﬂ-;l MOT710N  COWPLED

. Assumg  0Bx I8y
dx 93, )









[FOR SHMALL 0SCILLA 710N Cx«ﬁ;} EQUA7)0NS OF Mi7Zion

x o drx oy [ - ‘98!4(5) x =0 D
4 0(5? lc?"l. gr:;

dZ 983_

i\a ds‘l —*SF'E.# =0 @
IN @ G- © FAcCk To FORNM

of2x _ P+x _ “13—1 (/7"%)1

ds? ez Bp F
on = Quit.iRRiuMM ORB/7 0/:'259::0’; X =0

1 - ﬁ%‘ —_— L - _'e__ 3’3 —s CIRCULANR
f Gp S P Ho7/0N /0
Dy PolLE Frecy




E@nWATIOonS o~ Mo7,on

- d3x ._f. L ﬁgg 620 O©
&Y _‘O(.S? + 10'2. ‘a
/P 4 4

OSCLELATIONS S F<< Q{a

%
d2q  _ L 98y _
i\& As> &° cB_,xfc;Z © €y

[HILR'S /= PuA7/0ry T RANS VERSE OSCielA710nS
SIrPLE J[+ARMDONIC MDT) 0K W:}zey N AMPLIZUD =
WI7H VARIABLE SPRING- FREQUENCY AtLonNG-
CONS7AN7 ' DRBI7 |



OF)F MoMIN TuM TRAJTEFCTORIES

DeERIVE D FZQun7/oN FoR RADAN MO ZionS

A*x e 1 578 .
A= *[f " (ep) = xO -

T AsSsurcs THA7 wWHiLE A PARTIcLE MAy A7

BE ON ThE £ PUL, BRIurm oRB7 — L7 Docs MHAVE
TiHe= EQOUILliBR UM  MoEnNS TUM

Asswunming J,NEAR BEHAVIOUR  WE 607
A2 _ (2% _gg(% )%
ds2 = B £
Re WwRI7TE
dzy (2 _ -8 __[/+ -"’) — )
oAs> (72

= O



IN Discuss pF WEAK F—"OC(A.SrAfG-/ FOR A SMALC
EXCuURSIOoN FROM THE EQuiriRRIuM 0RQI7

RES7oR /N6 3
FoR c= Fo = b:__mA’D - C. V. Bcj MKs

f?
£, - P%V__.g.q/-@y

Fa oL - 5y &

oV f Po
A-SsuM:_C /r_:g < X é—ﬁ = “L"—'E" L
PDV )0 ?" ;‘

A SsumMe pPor CoNSTANT ~+ Stow ACCELER AT on—
s AR — fx < e

J
r— - &  ©
N

=
Po



. -

;a@g: e '—f{.-DC

CoNS1DeR A PRRTICLE AT X WHiH DoES woy
HAVE EQuir)BRIuM MomMEn 7 71:

Pepotdr, PPl 4?) PR - (1- 8) 2« 3,

TALKIN G ARoU7 OFF MpMeaENZum PAR7)cy = Do

0{2-"!- _ "'{—"_..%. - -8, € /_/___-x_— %

ZZE N "";5'( F

A2e _ L X R E —éf *3_ 2

ds* f )02— Ot{'rba (/ Fo) 4 f)
A %> J X



o O (e

K=Ep lnEAR 7’5/2.»5/ 730 —- 7’6

ols’- (?’2_{)% ‘?’f &

C’OMPA-Q;C To

HJAVE £ tpuBTion O6F Me 7ion 0oz
DIFFE  MorlmNTAM PARTICLE



TRARS F£R MATRICES FoR MAEGNETS

C ( 1 4 LA
> S)-‘[)’(s) lk(Z]%(S)" rp(s);’i)'

S1éenv  oF ’A Lo ﬂﬂ@ﬁe/@@y
AsSswme NSDE A MAGCNET7 L 4 conszAN7

r

QuUADRUPLOLE (
:i’:(S)"”kSK(SQ:‘o k(o = FocusS/ni(f—
Fok k<O () rfx(s) o SH

Saku ZieenN ]S

2(s)= Acoo (ﬂ .s) + B Sk (@ -s)

OSClarA7ING SobuzroN = Focus/ng



For K >0 ExPoNENTIAL™ SoLuTioN~ — DEFOCU
X(sy< A cosh (T -s) + Bsmh (Tks)
2 ()« T A conh (ﬂ'O"‘@'é@k(JIJ)

hsS ume prericces Szaere A7 S0 AND  HAC
DISpLACE MENT AND AN ELE Lo 2./

o) (26)

YS) = Xy Cooh (S +%’3;A@ .
?

Z‘(‘X)zlom kams +2/%4@S

XD\ con L .1_. SV\I'\.Q) ) \_Q‘“\[E-S
’w(s) | S'Esilﬂ- cmkzﬂ)

APPLY )NniT1AL
Condi710nS




{1




Dipone MAGNET: co & 4p -0

£FRoM &)

THIS A 6AN S Tus7 SHH W7 s Fi
S0 Sowyqron SHour D Look KIKE
1(5)7 A’C-d’) -—S- + BSu —

NRPOLY intTiAL ConN D s7/0nS

S -
DS — Su —

Y _ f e
DjproL = 'Lg;.—s— Co 2
Cf ¢

TS 14 ACTAALLY  Focusin G

— N TERESTIN G-



THRIS ]S A DIFFEREN T WAV oF SLEE/NTG—

ThiZ CONDITION'S FoP WEAK FocuS/ni 6.
EQUATIonNS o HoZions ABRE
x + (*-F-’-z-—é)x(sy-o
j(S) + 43(5) e
DeFivi n= f*k
, y /=N _
X+ (_/f_’ —-1()2, = X (—-—)fx -o
/ /
"y A =
-0
R
(L‘_’,"_‘.) >0 FocusiiG i x WEAY
N

FocuS 6
M >D LopuUSNG (N g CoNDI1 71 ORN(™

-

|~



DIS PERSIO & MOMENTUM CoOMAAC7) On™

S0 FAR 4 nAvE ONLY LookeD A7 PAR 7/CLES
ON THE EQuUiLIR LuygM MIMENTUM
WiHA7 ABou7 AP/P =0

IN A PEeF Ec7 Dieos Kk o , THen @+

n J
IRy = ex(fs) = — A
+ z (s) f%
DEFNE A SPEC 1AL TPATECTORY Af’/,o =/

AD Chun THS D () & DisARSION FUNCTIonS™

ORGSR E.i'

UM — AN /N HONOGENEDUS £ PUATI0RS



D" (s) +‘rL‘z:DCs) - —(L— — o

HAVE ALREADY SolLved HOMOGENEOUS '—

D(s) = ACa—s‘f%' "'8&%?‘

S
D' (s) = A.sa;?; + B%F

To SOLVE THE |NHOND CENEOUS E£PuAT7IDV,

WE Jus7 NEEFD 70 FIND ONE PARTICU LAR
foL nT7ioN o ADD (7 To T I/ NHoMo GENE e S
SoLuTion,

ONE SoLutionN [S CLEARLY _23 = C <— ConS7An7
FRom O P15 ConsTm7



So GCenNeenL SoluT7ion OF [N HOMO EEWEOUS
. S
D(s) = /\\wo"‘s + @5"‘“? *C
D(s) = -A g&-?— 3 BC&O?

1)(5)_-30600-(-5,-'# D;fs;—(f,-ﬂ“f(l-‘”?-)
D(shs ~DesiS 4 D) wrg +st 3

THIS CAN RE WRI7T7Ew
N MATRIX  FORM



2\ [ wf 5 f(red) |

D' (s) _1e S o D,

“C C“S/P Je

\4/ \\OO o | 4

.7»’)”5 CAME HMATRIX ALSD G/'VES EVoLun7/oV ©OF
7HE  JECTC

I\

X (s)
X' ()

| AP/)O .

—» CONVINCE  YOuRSELF THAT THIS 1S 7RUE



A PARTICWE WITH THe  NOMINPL LEAN Mo Us] M

08@/5

2(s), = Lo con -(§-+ e za’su\_r

AND AN OFEF MOMEN Tium PAR7ICLE OREYS

2C (S_)D = Xo S 6’ \__S_, A §

/F WE ASSUME THA7 Ro7y PAR7ICLES ARE A7
THE Snme PoinN7 A7 S=o Y THEN) J(o)=:D'(0>:O

PP Dsy= P (A- o)

o~ DISPELS/Ion
SO0 X (_s)b S X(S)y F D(s) %f FUNC7100)

~X(s),,
-——/\ <~ .D(S).%P-

42(5)9




JF WE ReFER EVERY 7THiNG  To X (8,
/
1. E. ThE E@uir)8 e uM 0€8/7/ THEN-  THNE
TRAJECT70RY 0F THE OFF MOMENTUM PARTICLE IS
/
X (8)y = D(5) %

THIS Wit NOT 1IN GENERA, [HAVE SANE ORGIT7
LEN 671 AS REFERENCE PLARTIELE

THE RATIo OF cuanGgE /N 0R817 LENGT7H 7o

- AL
aplp



Benosmne MAGNETS

D) :Dﬂ
As f . -——B Peon ¢ ¢ A DIFFERENCE
IN PA74 LKENG7Y
° .
e de _ E\f; K= [t ds
f+3¢ f (°

PA71 AENG7H OF aF MoMeNTUM  PAL7ICLE

L= Lo+ AL = ﬁ; f+7’45:§0’5+£?jg@5)ﬂ's
p

? o
pL = 2P 56?_@/5
p (($)
MOMEN TuM Ay /A L[ D¢sy
X s . 7 —
COMPAC T1onS AF//’ o J P¢S



ANRALY 7ICAL. Sotunz)onN~ oF HILL'S EQUAT7ION

WANT JSoME FORMAKISM Wik DOES NoO7
TJuUus7 DESCRIBE ONE PART7/cee
— _ FPHASE
, WANT TO0 DESCRIBGE BEAM ENVELOME —® ampLiTUdL

f18

x + K(S) x =o
FoR A PERIODIC S7RucC7 WIRE /((5) =K(S+c:)

/4_} S = /NI T 1A, ConDrzionsS
K conts7ANT7 —> SHrM x = Aeos (?565) "Léj

e t Convszan7
. < - 3 INCREASES
CPC ) JE. AINEAB(,);

Rz A VARIES wiI7H S CP(;) DOES N0
N CREASE LiNEARLY WITHS



TRY SoruzionT X (s)= Aw(s)cos (Ps) +§)
N 06 + K(s)-a =¢

T +Kx :—A(445¢I+w¢") é’aiz\(c}é#-é] +

A (! —wf P thw) €2 (Pre)=0
/- & ARBITRARY  COEFFIC/IENTS OF SIN cos = O
W (85 rog) <o = (w19)' =0
f,bf"—' 'k/m"“ ,k CONSTANT OF /N7 GLAT7Ion
ABSoRB /NTO AJ '£“°’/f



COEFFICIE7 ©r COoSInE TERr

oot s R~ o =0 4 #KE) =0

W (" +K(s)w) = 4
NOW HAVE AN EduA7z/on~ ~oR I (s) AS
A Funrc7iond OF Posi7ion ARIUND
A CCELERATOR RiNG-

I (sy = Aco(s)cos [(pesd+§)
WKW Zr O P
AMPLi7 UDE 0F TRANS VERSE OSCiicA7)ONS

AS A Funczion” OF PLoSIT/o0N ACoUnND
ACCELERATIR  RinG-



W+ KS)w=253 o OFPi=

DEFINE CouRANT — SNY DER AR AMEZER (

B(s) = @ (5) AMPLITWRE [FUnNCTion
O(CS) — ""‘2L /8’(5.)
z'(s)- (144205 /8¢9

¢CSJ ﬁ(g) - A(P(S)
/__/

S
ﬁ’(SJ
X = Aﬁd(s,) CdSC}ﬁ(s) -},S) o™ — 0scC F&E’cvw.—‘:uc}'

ﬁzﬂ/g - OSCiLLATZIoN
PHASE AD VANCE Lo WAVE L GTH#

PA7# S M ?x

- :"""/3'(5)




HAD L' FK(SW 3 <P
I _
L= — L= 2% A
0O’ = 3/2@)14 B /‘97

—» .zﬂm/s ~ B) fk/g =0
(App' = p "+ ukp®) <4

Kp =¥+’




FoR A PERIODIC ACCELER ATOR
PARTICLE BRBI7S ARE SoLu71onSS OF

X + K(s)x =o j "
R OF I
AND Lpp - BTy REK(S) @

(D DrEscrBES iNDIVIDUAL PRR7ICLE

DESCRIBES BEAM ENVELOFL



CA ~h o N A & )4

)/n‘ + K(S)y =0  Soww  J(8)< AJRS)CM((?%)—J-S) CD

Dr/m=FEREAN7,; 47 SoL et 71 oS -

V)= A fTFer @) «p TR fomlprf

_ 14 Alf .~
X(s)s — 3 O N
s A OE DRoFP &
y"_ — AL qb r ¢ ¢7 ~or NOW
T e Al ZF s
Uz [30( L é"
g/ = ~ A< A .
cro ¢ — L
TR 5o



/87 X = —Arﬁwwé —A-J_(gsﬁd *‘A-J_ﬁ X o ph
= —A\JTQ,SL;¢ @)
TAKE @O f—@l
(f1'+e7)™ 72 < ATgon’p - AT 0P
2 23 2 2
g7 e asp Yy s AR

% y2 - gyt eaxyy = AT

2 fo?“/wf‘ff = A~



Couran7 ~SNYDER /NVARIANT — BEAr EMI7 7ANCE

1% y 2 a2, INIT/RL ConDIT7IONS
CD L’Q’ 7+ e 77 A b/\/ = A INVARIANT  OF MD 71 Oy
N —

TS 15 An EA21RSE v ) )] SPRCE
ELz2)PSE ax™> 7‘-a2bs:¢¥ -f-ng =

AREA = /?“4/1/&(: P
O ARER = TA[fpp—r = TA™
o~

= A

QEF!ME f = )T'/qz- a2 g
LY 2 =
vIA J B T Ry Ty = —

EMIT7ANCE T

//7 Y($)= Aw(s)ers (pLs)+5)
(177 ye =189 en(pm )




11

. B(s) = JoB(®
x [mm] iM
o LX(S) Je"_’._f____....,
s
1\//%
ok
-3 particle trajectory
r \

envelope
3 > /—\\
o ? ; :.:.-‘.:a%:@r -
e—— %
TRAJECTORY 3 =
e BEAM ENVELOPE
Y
+K(s)Y =0 d*w 1
dS2 dS2 -I—K(S)C!)ZE
¥(s) = Aol )os{ 5)+9)
p(s)=o" (s)
Y(S)z i (S) OOS(¢(S)+5) Amplitude of betatron oscillations



angle

x

 Single Particle Phase Space

« Beam Envelope

]
I

£

X1

31

S

X

] "
? position

 Real Accelerator
* Non-linear

==

.t3’

x3

33

QC-0625

" DQL-0.080
" Q5-0.100

+ 8y . DAM-0.050

Shape of phase space changes along accelerator lattice

Area constant -> Liouville



O
M
R X AN =4 A O 7
= E PLOT A 7 7/ P
CEA ERATDR
, Ve
A € MRt ix N A_ l ;
AN
CZ. = ;

A7

Sor
s £ Lo

i N7
MAX M1 7rf ?;’\fe - aa
i <. . 771C
. L L/ rPSE - WCE o

Mond FE A N i
| 7 7AnS o -
s ~77

S a
(s) =RATE — A-
:azC5) /
&

‘ﬂyflf_
KXYy # ryw
r ==
/T - AT

AD 77 =
/ MCE

PrAax




IN A REAL ACCELER AT79R TIHERLE ALE
/"“}7"'7 PAR7ICLES

USUPLLY  AD M) 77ANCE / EMIT7ANCE DEFNED
N TERM OF FHASE SPACE B ounoir 7
WHICH  CON 7AINS  FRAc7ion  f~ oF KEAN

NUMBER 2Z)s7R1BA7I0N ASSUMEDN §ERUSSIAN

N(x) oy = — “P( )ﬁ()(

N

ASSwuriE  THIS DIiSTEIEB 719N (S CONE7AN
N TIHE A7 X giwvEwn VALUuE 9~ S
/

oL Fpﬂ%‘ﬁ\\
x(s) < Alp oo pesr+s ] | -
X () x(s) +P(s)*'(s) == A B sw);@@ﬁék




IN  THIS TRANS FORMED Pr-rrAsE SPRcE
WHERE BoundDAR Y IS A CrRCLE

7 (x, C’(rl’/fﬁ,;];)d!}d of(oiac,+/52z,j
o?rra- Bl [L [2e% w2 e / _]/:aa— }dcoca@maa)

P = x? + (Kx +pa’)s
-—”7.:20"1

ﬁ(r;éﬁ)wmot-gmﬁ C F s ol

/F FRACT7/o0nd f~ BF BEAM 15 w700l

RADLUS a&_
L7, Q

L= j]/]r—drdé? =f 'V/Zoh fobr

o g3



F: ‘/,qe__r‘i/zo-zf_ér . qz: _ "L’éw ({_F,‘)

a
[FXZ) yz 4 LA +63
A D én: /g( )

2.
— 2 + (o{.t-; 'g‘x) — @ 1
ED /M a% - f_g_f_: = — AT &ﬁdf)
[ CconNTAIN E; — 7
£ F /e
Z:~°2_’T_0‘?',£M(,_.P) 0_1/@ e
¥ meT /B 3

/NT&"Z/(; 87



This is just some details

Relmesllincss .o Vs Spec arca  arisecaloy
Lt /zﬁ/&xﬁg st 2 el i il cceappt .
b R W aiac i 7417{
W Oferturs asedalle o tho heaw , 2 (S)
P AP M'@ammﬂ e (s)

F——n

v 36)

> L@ X pnegume. o [%(S)




Moty aolntins o (,7_ ﬁi& )M

/‘7'/4’1—-:: Gres % M%a;p

3

pta o s 2l -
At //7"_4_1}\
o afale 5 m — =Ty
,4*::25./_‘
I a

fn,m{

-l

ﬁ/“’“( Spuet  gute AR

fﬁ:\;}ﬂw ¢ Mg ~6l o /(JMABZ.\A_



fa/f 2 Bimu go O civm oo Pron Aows trcedlis £
/Jé‘, //94,5214 Spow iy loge plec! L? Cerr iR,
e

B = ¥uts Detxsn B
T f

@MV’M;A/;%" /45 3/‘@/’(07 ,@meu %/q /)M_
/wv-f‘\fw/é A sk _an @uway’ Pk h{f:am Sr}g

5@,@}0(}@? Muvzﬁ-léi}&j‘.. e %gwﬂw (ooef X 1/)

jm’m /\y ﬂ@—nsﬂér/ }lu’me/éw—xz

m(on - —— €
2ma

Trapechsme,  m 2= (A2 +py')  phav 3P0

X< 2(s)= AR Coo ¢ 5]
Y o= X E)xG) Rp)X) = —AJg s [p(s)+S)

P

Frey

Xl*‘y 2. A}ﬁ

&AY’ ~t éu;L £ ,&‘éﬂ Corrdirety X X {316 d
M it o GacsSio . eleosbes’
5@0{ ﬁ;é! O q‘DL VY i



aM a,,.,j,& o /wm&& 0 s PuAgE  ADVANCE

,WMMMMM@&W aw&.b

o?—ﬂ’(rmmw,o,{ /04“0/1_{ pﬁw ollfrv" MLLx(fu._
n (oc/ o<.z+ﬂ>c‘)0,bx oA [aq+/5 v')
G Qﬂ‘o* Exp LX + (A > [2o%
A A (ax+ {53")
gﬂ}’VZZé Lo /5"{&/ C&g«*&éﬂfw oéra

M=% 5 /0(3(#—3192—
%ﬁ Mor/ Lo A2 & /
-_r-z/za*z-

n (1, 8) rdede - ;%U-LQ rdc ol

L roctuns o WW
F%%WMWJ W

f /,7/-9{(0/9 = o za*'l r~obr
Q ‘5:—’2.

e V-
[ 1 '/17
0z 2, L_—ie ==
"2(-_6’ /Za“ +/ = —
-1 —a¥2e™ ==
‘L‘e



Q%= — 202 b (4-F)

-
LE = 2+ ( ""(9(‘*”!2‘%')2

J’f#«

/T

T

b loma 0 Ala K-

6%(441:{, = = x‘g /V L‘“«‘ Sﬂ/)m
e ‘é - Lg 0‘?

2. 2 :
-— l
i 2——-—7};0_ /QV\ ‘Ci H/C)

=t
et



N DISCUSING  HLL'S EQuATioN  WUSE 7L

SorL w70 X ()< AM(S)&O(¢<5)+6), C,b’ "’Z;Z—@)
cCmy  ALSo WRITE  A!
s w(s) (/4, CoD ¢(5J + Ay Sen (,'D('S”))
AnCD S
£ / ___i
2’ - <,4,c) +Az/w)coo5b+(/b__w LJ)S’&M b
INITI A CoNDITIONS X, 9(,”_ §es, @ =0
A, = Xe Ay = X W

PN <

Gome FrRoy fo—=S,*< /" Féii'ffm‘;;:” w(sﬂ+c);£o ('f’)

X 2 A .~ L' s A w*s- &g, a
/
S

/ = /7 (“7"’913..1 Aﬁ: Cdﬂét}bc + Lo S '&ﬁ:

X —

/s,tc

o



IN TERHS 0F camfem'7—smva&-£j LAST L= cormes

X _ oo Ad +X Sl R sudd,
(‘k')s o\ T ESAA% cod b —ok € ‘X

— +C ‘r+c dor-c
P&~ %)= AQ, j P hjr, ,auJ

Ti1e TRRNSFER HNA7RIX CAN RE WRIT7EN

M: ICMA¢: +JS‘;A(P¢

= X f5 ‘ Jz: - L
T (__b, _q) p

TAP
ek M= €




JUup pose PROD uc7? pF Pli. TZRANS FER
MAT7R)ce< N RIZPEA7Z PLPFERID . /e b
2 M (r: A

("' j)_.< cos Agy +XS-Af  psaag, o

c — ¥Sa A9, coo AP, ~Rse A

Co&é¢¢='{(‘3+d):i'7:”

N D/Scuss toeN~ dDF S7RBILITY CRITERIDAS
/N FODo

“1$ £TMS ] > —18 emu S
COMPARIN G- /oc /N é’{:/% /S A‘Pc

> PAHASE ADVANCE TrRINGH LEPEAT7 PELIOD



FRom () on ~AS7  PAGE

B = 2 ©X =
Swﬂ¢¢ .Zguiﬁl?’c

e A
( ) 1S TRANSFER A 72&’;}

AT TS Poin7 1N LRTT7ICE

= onNE KNows M carn g7 X p
ALLow OneE 70 CALCwuLA T&

PARTICIE HOTI0W)
M Cour-D B

L oo @L‘) or e

({ :_) o con ke

o 4 , I3
-JE.SU-C#L) GHJEL

D LAD

DRIFT FOcusin &



/= ONE DSZ7ER MinvE S A 7 EVE£7 fPorn 7
on A.A'?‘Z;c:f MOT7ion [RoeM A= 2

RLISE)

CR7 ExpPucz FoRM o6F M

START7  WITH
= ”(5)(14; coo ¥ ‘-“'423“‘35&)

x' (ﬁw(sjqw—%)co’)%*(ﬂzm(ﬁﬂ;%ﬂ 5‘”30

vt 7 AL ConDs7)10nNS s /z.rj
T . X "m -z, &,
— A = = A, < & }



{
s AW+ ul ey AP Bi {Z(cajékg)
—dzﬁ-ﬂ%/

NUMBELR ©OF
0Sc L AT10NS

B(s” * " J R ARONS

£ TUNE A CCELER AT 0r2

~
N
y
[V,
-
-
N
<
b {-u
[
il



This is just details W= (=" =) §
= £Is8) (14; Cos % »r As S 75

= = (A.'L«.)Ihi%“k- )Cm_qb
@

s — /‘/7’/___5)5; ¢

o deo A tast =ti(e) A sutf
d< (

T I i

i <A¢0,;_(‘/:S’ + Az”‘f‘)ﬁa-a([d
+ e -thor——t 2
( " W?A’D"’ ¥

pre A
—tg-Cs34 L,D's;q, : o

9{ £
t/l,aez + Az‘%) wo

ia (A?-O%"fs = %/—LQSQ%



/?W;' F il Cem bl @

Qo = W(3)A, ter O =D A,: X,
. (&)
2’0/ - (Ajw‘ i AZJ(.) da/) d
£
):0’ b ZO (,\Jf -+~ AL k_
- )
A = Ao . S K eo(s.) = (9
o L

3\ Mo s 2p 2] = K AP
“. F____——‘__'-‘————-—_.

k.

i

T
<L 4")( -/_4:!_.1_’_@ C@'jy/a*_ 7(0 Ld")a('dl‘ Sbly;)
T s

<
f
X = Lo ! +0 da= xd KW
= ——Jf" [Z7% Sontf
‘J‘( Fot® =~ XD Y

18
o e jSQE_\

e
HLAJ LJ



T V) 5
A,‘ 2@&3‘3{1‘/6 + Xj(“-) S\‘(-z“c- —HQ;E_O"SKC}(C
l<

% yeii*_ g Q‘D(TDC — :;04.7'. .'KC(}O "l"C - ::QJ' bdlj\; L(/
s e — (g3

—_—

s K k

&
— X K o 51/
Ly

f
= Lampc + o su %Y -

1<

e —(wf‘ ﬁ)
S T owr

s

—



%L .
e gy A
(oh A __E_- < ALJLc, _’: gn.Ap /)()
) o'/, \2 )
x! 24( //%) S“\A(PQ Qmﬂlfé#biﬁj‘gdﬁ )'(
S+t “"zk ] \(tj
SHC = %
Ag = £
5 Log(s)
' dy
ols )

o Ae - foz/?\g.ds

- k_ ds
wL
Cotee  rewsn e AU, a,
(2’) (WA‘;'Z +o\5lAq/C P s 44, ( X )
7L’SO+C __a/ S’\Aﬁc &MA%—QS;A*C 7(1 -
o A4, “"fm s
O






M= Tewby, +5 so A,

= (j(Y “i< )

Y
M- TaYe

NU  modasces o, pe fuos- Mf,gd gV

fi= (a b

e of

c // ol ) 1\ — ¥ ay 7Ty “:O(S“—“"’cj
s
/| a + ol = 2cos AY * condy = —é—EM

7
Opo At = Guon  mag, fuol op se At bk

S ,4{2, 1< . S':?:M S are @D b
Sin Acﬁ_

a-d
Sw A¢

a-d = ZxysAg, I



&2
jng&m&w Az o Ha,uw/"*’d)

%_dt/&ac@wgg)/wfg O@O

b wma&mf iV el R, awg %%ZD’Q
W o Lhs Al

RS )

x

DO Coan dfmdﬁ oY

ju/bpw W, 2 arf ,&;uﬁfba,/ W-mm @Y
-5
, = @(s)(ﬂ,myz + Ag g;%)

Q,If (/4/4)" ’4'211)@0'{4 +(/4 LJ(‘: _/J,//(_)

(s
npeceeoluro  gou S
ﬂ# /ﬁ(v Jaus ILM él‘”{
A o
4 wl
A = o:,'u, -, o

2gac THid Braden i
LOT. 0{ a/jz/wm il



E/M//?‘&_Zd $ %/ﬁw

g 2t

L{’:(E.)%(m A4 +2, 3 0 DY (ﬁ/[ﬁ)‘z < AY

A\ Ag i o —of
At o pqy DT sy (ﬁ‘) (contpmotz > 09)

()= (P03 =
2 45— 52 j
C)
il ds
e 21 (5(5\

S

/dé{/m,va;‘w ,m }Lg,
2 3 hecr  Qres Aol alins
M % /&fc’m% ggz /Jsf a,ay,ém Lov wuﬂ cwcbfae

Mg Vel a{ﬁc i 741?
W aferture asalolle o Ao beaw , A (S)




CACULATI N G~ HDDV )B-FN CHANGES 7Py AATm:

TPANS FER MATRIX MC _ 600/4 +°4$v?u ﬁSw/q
—-*Xsml\/,\ Cog/“ _ NS

CAN HAVE SPECIF IC TOANSFER MAT7R/x 4 PunD

M& - m,, D)
My Maq

So

M o A= M= My X,- - /M2,
) — J

009/ -5 (m,,-r/mp,) ) F: %ﬂ e 5




- THE /b-FA/ ALrOoWS US To0 CALCULATE THe<
BEAM DiMFNSIONS AND PHASE OF IMo7ion A7 ANy
Poin 7 oN THE AAT7ic £
- WE WNeed 70 BE pRLE 70 CALcurA7E THE

EVolUTZion OF THE p— FUNCTIonN PARounN b
TIHE  AATTICE

6 IVEN ﬂs; —»  FiND [SBea

—

THErR E ARE Two [FPPROACH £

—> Sce witre P g3



MET7HOD H 4

SAY  we 6o FRm Pornt 4 — FPoin72

_ [z ST - :
A X;‘" (Q;,) Xy = (l' ‘lz)
/

— _ My, M T [, ™
(RANSFER Uﬂr'ﬂg,l)ﬂ Mi2 - (Wl/ my,5 | M’Z ( / ‘)
DeFivE  B-MATR)X g, =

4 =

—_— -

Xll B X{ :<l/l:) ¥ <Qz)

?
= 0% 4o #/.3,30”‘ = £ = |yvpRIAVT
7T—



THE  TRASEC70RY o0F Tw: PARTICLE CAn B
CArculA7ED | —  UsIinNG6 TPANSFER MATRI

;Z:z: Miq 5(,
S = KT K »
Use M W=7 ,17(,4-.«-)-/_-.-/ o /N SER;

2//7’ = IIT @I;( <MIZ;)‘) g/_’ I”/z—’) M, ~ )7;

N ~

USE — ATBT = (BA)T o AT'ET < (84)
= X7 M2 (Mo B Ml My X
- - [ 7\ ! —
- (M/z X)) (Miz B, M:z) Mia X
v






METHOD &2 AT 2 BATTANCE  IRVARIANT

) 2 ) 5 2 / VA
=P X ’La?‘x/ = BaXy tdXX X 10, X

2N ) s [ M

%



MUKTIPRY  ou7 AND  LOMPARE  CoEFFILIEnNTS

2 — 2
ﬁ; m, ﬁl O?/mjzm n TM 7l

2 2
¥a = My P X oMy X, +My5 T,
B2 /m”7— —2m,;; Mz MA,Z: B
X R ol
- MW ) My, TMMy gy Mg |
DRIF7 B(1) ] —<2L5 L=\ /B,
(D | T o I —L ||

J (1) o O [ 2



