o s1

Specify a 1.8 m (arc length) long bending magnet that is capable to deflect a 3 GeV electron beam by an angle of
n/12. This is the deflection angle of PLS-II. Assume a full gap aperture of 34 mm. What is the total excitation
current in each coil? Determine the bending radius and sagitta. How many magnets do you need to define a circular
accelerator?

The deflectionangle is: v = [ = _ﬁr = 0. 29979 B or with E=3GeV

and B = 1 the magnetic field must be B = '12"0'29937"9‘1‘8' =1.4555T

and the bending radius p = 6. 8753 m.
The coil current is | 4(A) = o B(T)G(m) = 22>227 = 19690.0

o) = 9.8819cm

Finally, you need 24 magnets to make a ring. \Ih sagitta

and the sagitta: h = p(1 - cosy) = 6.8753(1 — cos




3 S2

A quadrupole magnet shall focus a parallel beam to a focal point 4 m away from the center of the quadrupole. The
beam energy be 3 GeV. Choose a magnet length and calculate the magnetic field gradient necessary.

The focal length of the quadrupole is 2 = ki = 0.25 m™ .

With a magnet length of { = 0.20 m the quadrupole strength is k= 1.25m*

Magnet strength and gradient are related by k(m_2> = 0.29979 ﬁgE<(Tc;r:\3)

and solving for the gradient we get g(T/m) = (m”)pE(GV) 123 _ 12 509 T/m

0.29979 0.29979




3 S3

Specify a Rf-cavity (pillbox cavity) for microwaves with a wavelength of 60 cm. What is the diameter of the pill box?
How long must the cavity be if an electron at the speed of light (V = C) is expected to travel through the cavity in
one half Rf-period. Express this cavity length in units of the Rf-wavelength. What is the Rf-frequency?

The cavity radius is given by the first root of the Bessel's function Jy(kr) ,
which is at kr = 2.405 or at r,,,, = 2.405A/(21t). Numerically, the cavity wall

must beat r . = %o, 6 = 0.22966 m and the cavity diameter is
D=0.45932m.

The Rf-period isT = 4 = 2199%5.108 = 2. 0014 nsec

and the electron travels during a half period the distance of A/2.

therefore the length of the cavity is one half wavelength long. If it were any
longer, the particle would see some negative fields.

The Rf-frequencyis f= % = L ___ — 499.65MHz
g 2.0014-10-°
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n Useful vector relations

V(ap) = pVa+aVe
Vx(ap) = p(Vxa)—axVop
Vaxb) =b(Vxa)—aVxhb)
V x(axb) = (bV)a- (aV)b + a(Vb) — b(Va)
V(ab) = (bV)a+(@vV)b+ax(Vxb)+b x(Vxa)
Vx(Vp) =0
V(Vxa)=0
Vx(Vxa)=V(Va) — Aa

albxc) =b(cxa) =c(axb)
ax(bxc) = b(ac) — c(ab)
(axb)(cxd) = (ac)(bd)—(bc)(ad)
ax(bxc)+bx(cxa)+cx(axh)=0
(axb)x(cxd)=c[(axb)d]-d[(axb)c]
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n Integral Relations

quDdr=§q00dG
V S

jVVadr3 = ffsaﬂ do Gauss Law

jS(V x a)U d0'=§ad0' Stoke's Law
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n Cylindrical coordinates

(p,9,2) transformation:  (X,¥,2) = (p COS@, p SNy, 2)
ds? = dp? + p?dp? + dz?
dV = pdpde dz

vector expressions

V(/):[ﬁfﬁ 1 aqb}

op’' P Op ' 0z
_1 1 03y | da
Va = ) ap(pap)+ P oo + =

| 108, 03, 08, 0da, 1 & B 8apJ
VXa_[P op 0z ' 0z op ' P 8p(pa¢) p op
_ 0% 109 1 0% 0%
Ap = op? +5 3 + 7 G0 +—
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n Polar coordinates

or’' T 0o’ rsnd 00’
_L 8 1 1 Oag
va (r ar) + rsnd 8 (Snpay) + rsnd oo
B 1 o(sinfay) oa, ]
rsin@( ¢ = - 00 )
Vxa= rsian (aaaer SN0 =5 a(rae) ’
< (ray) — 5~ aar

_ 1.0 2%) 1 0% 1 ( 8¢)
Ag = (r " 125120 092 ' 125n0 0 SN0

transformation:  (X,¥,2) = (r coSe InH,r Ine In6,r cosH)
ds? = dr2 + r2dn?0de? + r2do?
dV = r2snédrde do
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