PHY 554. Homework 3.

{a) The closed orbit of a three-bump system is

Vi
2sin w4

y(s) = Z\f_é cos( T —

¥ — al).

Using the condition y(s3) = y'(s4) = 0, Then
Vi cos(mr + dng) +  Fafls cos(mr + ihag) + Ry cos e =0
Vi sin{mr + ns) + el sin( e 4 ) + W FaflzsinTr =0

where 1yg = vy — g and vuy = e — iy, we find

3y s5in g B sin gz
fly = —4 g =
? ! 'i’g Sin 1y 4 ! i:! sin g
(b) When g = nw, we find # = 0, Le. only two steering dipoles are needed for a local

bump. Since igs = g — Yoy = 0w — 1y, we have sinilgy = (—1,}"_1 sin gy, and
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1. PROBLEM 2
Given a distribution p(X, X’) with [ p(X, X’)dXdX' =1, we have

<X> = / Xp(X, X" dXdX'
<X'> = / X'p(X, X"dXdX'
0% = /(X— < X >)?p(X, X")dXdX'
0% = /(X’f < X' >)?p(X,X")dXdX'
oxxr = /(X— <X >)(X'— < X' >)p(X,X")dXdX'

And we can simplify 0%,0%,,0xx as

0% = <X?>-<X>?
0% = <X?>- <X >?
oxxr = <XX' >—<X><X' >

If we take derivative over s, we have

d2
% = 2<XX'>-2<X><X >
S
d2/
ZX = 2<X'X"> 2<X ><X">
S
d ’
U;X = <X?> < X' > <X><X"'>+<XX" >
S

Note that X satisfies the function

X"+ KX =0

So we can replace X" by —KX.
And emittance is defined as

52 = 0’3{0‘%{/ — Ug(xl
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Therefore

de? _ 2 do%, 2 do? 9% doxx/
- = — 1T T A0XXY
ds X ds X ds

= (X?>-<X>)2<X'X">2<X' ><X">)
+(<X?>-<X'>?)2<XX'>-2<X>< X' >)
2(<XX' > - <X>< X' >)(<X?> - <X > - <X >< X" >+ < XX">)
= (€X?>-<X>?) (2K <XX'>4+2K <X >< X' >)
+(<X?>-<X'>?)2<XX'>2<X>< X' >)
2(<XX'>-<X>< X' >)(<X?> - < X' > +K <X > —K <X’ >)
= 2K(<X’>-<X>) (< X><X'>-<XX'>)
F2(<X?> - < X' > (< XX'> - <X >< X' >)
2(<XX'>-<X>< X' >)(<X?> - <X >?)
2K (< XX'>-<X>< X' >) (< X > - <X?>)
=0
Note that the two terms with K are canceled and the two terms without K are
canceled. So we have

de?
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