
2

The deflection angle is:                                        or with E = 3 GeV 

and the magnetic field must be

and the bending radius                             . 

The coil current is

and the sagitta:

Finally, you need 24 magnets to make a ring.

S-1
Specify a 1.8 m (arc length) long bending magnet that is capable to deflect a 3 GeV electron beam by an angle of 
π/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?

  
12  ℓ

  0.29979 B
E

 ≈ 1 B  
12

3
0.299791.8  1. 4555 T

  6. 8753 m
IcoilA  1

0
BTGm  1.45550.017

410−7  19690. 0

h  1 − cos  6.87531 − cos 
24   5. 881 9 cm

hh sagittasagitta



3 

S-2

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                           .

With a magnet length of                     the quadrupole strength is k = 1.25 m-1

Magnet strength and gradient are related by

and solving for the gradient we get

1
f  kℓ  0. 25 m−1

ℓ  0.20 m
k m−2  0. 29979 g T/m

E GeV

gT/m 
k m−2 E GeV

0.29979  1.253
0.29979  12. 509 T/m
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S-3
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 (          ) 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?

v ≈ c

The cavity radius is given by the first root of the Bessel’s function J0(kr) , 
which is at kr = 2.405 or at rwall = 2.405λ/(2π). Numerically, the cavity wall 

must be at                                                     and the cavity diameter is 

D = 0.45932 m .

The Rf-period is

and the electron travels during a half period the distance of λ/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-frequency is 

rwall 
2.405
2 0.6  0.22966 m

  
c  0.6

2.9979108  2. 0014 nsec

f  1
  1

2. 001410−9  499.65 MHz
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Useful vector relations

∇a  ∇a  a∇
∇  a  ∇  a − a  ∇
∇a  b  b∇  a − a∇  b
∇ a  b  b∇a − a∇b  a∇b − b∇a

∇ab  b∇a a∇b  a ∇  b  b ∇  a
∇ ∇  0
∇∇  a  0
∇ ∇  a  ∇∇a − Δa

ab  c  bc  a  ca  b
a b  c  bac − cab

a  bc  d  acbd−bcad
a b  c  b c  a  c a  b  0

a  b  c  d  ca  bd − da  bc
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Integral Relations


V

∇dr 
S

ûd


V
∇adr3  

S
aûd Gauss’ Law


S
∇  aûd   ad Stoke’s Law



7Accelerator Physics 

Cylindrical coordinates

x, y, z   cos, sin, z
ds2  d2  2d2  dz2

dV  d d d z

,, z

∇  ∂
∂

, 1

∂
∂

, ∂∂z

∇a  1

∂
∂ 

a   1

∂a
∂

 ∂az
∂z

∇  a  1

∂az
∂ −

∂a
∂z ,

∂a
∂z − ∂az

∂ , 1

∂
∂ a − 1


∂a
∂

Δ 
∂2
∂2  1


∂
∂  1

2
∂2
∂2 

∂2
∂z2

transformation:transformation:

vector expressionsvector expressions
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Polar coordinates  

∇  ∂
∂r , 1

r
∂
∂

, 1
rsin

∂
∂

,

∇a  1
r2
∂
∂r r

2 ar   1
rsin

∂
∂

sina  1
rsin

∂a
∂

∇  a 

1
r sin

∂sin a
∂ − ∂a

∂ ,

1
r sin

∂ar
∂ − sin ∂ra

∂r ,
1
r

∂
∂r ra − ∂ar

∂ .

Δ  1
r2
∂
∂r r2 ∂

∂r  1
r2 sin2

∂2
∂2  1

r2 sin
∂
∂

sin ∂
∂

x, y, z  r cos sin, r sin sin, r cos
ds2  d r2  r2 sin2d2  r2 d2

dV  r2 sindrdd

transformation:

r,,




