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Problem 1 
M. Marchevsky (Unit 2 and Unit 3)
4 points

[image: ]
[image: ]


Problem 2 
M. Marchevsky (Unit 2 and Unit 3)
4 points
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Problem 3 
E. Todesco, (Unit 5 and Unit 6)
6 points

The LHC has a quadrupole spacing of L=50 m, and a 90 degrees phase advance. Quadrupole integrated strength is 660 T, and is realized via 3.15-m-long quadrupoles having a nominal gradient of 210 T/m. 
1. Compute the required integrated gradient in the case of a 60 degrees phase advance. (1 point)
1. Assuming that the cell quadrupole has the same nominal gradient of 210 T/m, estimate the required length of the magnet. (1 point)
1. Assuming that the space made available by the quadrupole length can be used by the dipoles, estimate the increase of the energy of the accelerator. (1 point)
1. Repeat the same computation (integrated gradient, quadrupole length and energy increase) keeping a 90 degrees phase advance, but increasing the cell length by a factor 3. (1 point)
1. In this case, give also a guess for the increase of the aperture of the magnets due to the larger beta functions, assuming that the offset (see equation in slide 2.18) is 0=20 mm. The LHC main magnet aperture is 56 mm (diameter). (2 points)




Problem 4 
E. Todesco, (Unit 5 and Unit 6)
2 points

The LEP accelerates electrons at 110 GeV, and these particles are faster than the 7 TeV protons in the LHC. Compute the energy of a proton collider having particles as fast as in the LEP. Is the particle speed closer to the speed of light by one part per billion ? (2 points)
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A cylindrical tin sample of radius R (R > 1) is cooled to 4.2 K, and then an external magnetic field is
applied perpendicular to its axis and swept up from zero to 30 mT, as shown:
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Plot magnetization curve M(H) of the cylinder for this field sweep (3 pt)
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A miniature magnetic field sensor is scanned along the cylinder surface to measure spatial
variation of the normal field component during the ramp. Field is being held at 20 mT to
perform a scan. What range of field variation can be seen by the sensor? (1 pt)
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Homogeneous magnetic field of 1 T is applied along the axis of a NbTi wire of the diameter d = 1 mm at
T=4.2 K. Estimate the net magnetic flux and amount of individual flux lines in the wire. Ignore the Meissner
effect in this case.




