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In these exercises you will construct and calculate transfer matrices of FODO elements. The beta functions of a circular accelerator will be calculated and particles will be tracked.

I .  Accelerator functions
a) Define a general function for each element of a FODO structure (dipole, quadrupole [k>0 & k<0 in one function], drift section and edge focussing) giving the transformation matrix in both planes including the dispersion.

b) Define an optical element as a typed list which contains its length s and a transfer matrix. After this define the multiplication of such optical elements as an overloaded operator. Then define a function which allows the multiplication of an optical element with a column vector.
c) Finally construct a function for the beta matrix (in both planes as a combined block matrix) and the dispersion at a given point s1. Construct a function which calculates the beta matrix (in both planes) and the dispersion at position s2, if the beta matrix and dispersion at position s1 and the transfer matrix from s1 to s2 are given.
II . The twiss parameters
The parameters of your FODO-components are

Quadrupoles QF and QD

	QF (half)
	QD

	k = -1.2 m-2
	k = 1.2 m-2

	l = 0.2 m
	l = 0.4 m


Dipoles and edge focussing

	B
	EB

	R = 3.8197 m
	rad

	L = 1.5 m
	


Drift section: 

       l = 0.55 m
a) Construct the FODO structure out of the optical elements. The circular accelerator only consists of four identical FODO sections. Therefore, the accelerator has four symmetry points where the twiss parameter alpha is zero. Calculate the value for beta in these points.
b) Calculate the beta function and the dispersion after each element. Store  ßx , ßz, D  in a vector and plot these values against the longitudinal position s for a FODO cell.
III. The phase space
Starting with a given point in phase space, calculate its evolution for 100 revolutions. Plot the points in the (x,x’) and (z,z’) projection of the phase space. 















