Year 12  Physics
SAC

Unit  4

DATA:     Electron mass = 9.1 ( 10-31 kg, electron charge = 1.6 (10-19 C, 

Planck’s constant = 6.63 (10-34Js = 4.14 ( 10-15 eVs

Test 

Synchrotron and Applications

NAME:

Marks    30

	1
	The role of bending magnets in the booster ring of a synchrotron can be best described as:

a) Providing a force to change the direction of the electrons.

b) Providing a magnetic field to accelerate the electrons.

c) Forcing the electrons to change direction and thus produce synchrotron light.

d) Providing a force that produces a pulsed electron beam.
	2

	
	Ans a)
	

	2
	A RF cavity is used to boost the energy of the electrons in the storage ring. Explain why the electrons need to have their energy boosted every lap of the storage ring.
	2

	
	Every time the electrons change direction they lose energy in the form of synchrotron radiation. (1)
In one lap of the storage ring they will have change direction by 360o and so will require their energy to be boosted to increase their speed back up to 99.999996% of the speed of light. (1)

	

	3
	Why is the RF cavity tuned to the same frequency as the klystron in the Linac?
	3

	
	The Klystron in the Linac determines the frequency of the electron pulses in the storage ring. (1)
In order to ensure the maximum energy from the microwaves intersects with every electron pulse the frequency of the microwaves must be exactly the same as the electron pulses(1) so that the peak of each microwave strikes all the electrons in the pulse each time. (1)


	


	
	An electron gun produces thermal electrons at its cathode which are accelerated across an electric field of width 50 cm by a potential difference of 50 kV. 


	

	4
	Calculate the strength of the electric field.
	2

	
	E = V/d = 50(103/0.5 = 100 kVm-1


	

	5
	Determine the speed of the electrons when they pass through the anode.
	2

	
	Since Ek = 1/2mv2 = qV

then v = ((2Ek/m) = ((2q(V/m)                         (1)
( v = ((2 ( 1.6(10-19 ( 50(103/9.1(10-31) 

= 1.326(108 ms‑1                                                     (1)


	

	6
	The storage ring uses bending magnets of field strength 0.18 T. if the electrons possess momentum of  4.32(10-21 kgms-1 what is the radius of the curve through which each bending magnet deflects the beam?
	2

	
	r = p/qB = 4.32(10-21/(1.6(10-19 ( 0.18) = 0.15 m


	

	7
	Explain the difference between the synchrotron light produced by a ‘wiggler’ and an ‘undulator’.
	3

	
	A wiggler produces incoherent, brighter light over a range of frequencies.                          (1)
An undulatory produces coherent, collimated, extremely bright (intense) light over a very narrow range of frequencies.               (2)
	


	
	A photon interacts with an electron and it is detected afterwards to have changed its wavelength from 4.6(10-10 m to 8.5(10-9 m


	

	8
	This type of interaction is described as:

a) Photon Scattering

b) Compton Scattering

c) Thompson Scattering

d) The Photoelectric Effect
	2

	
	Ans b)
	

	9
	Determine the change in frequency of the photon. 
	2

	
	(f = fin - fout = 
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	10
	What is the change in momentum of the electron?
	2

	
	Since momentum is conserved (pphoton = -(pelectron 
(p = h(f/c

= 
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	11
	What is the gain in kinetic energy of the electron in eV?
	2

	
	(Ek = ½mv2 = h(f 

= 4.14(10-15 ( 6.17(1017             (1) 
= 2.55(103 eV (= 4.1(10-16 J)                  (1)

= 2.55 keV

cons 4.14(10-15 ( (Q9)

	


	12
	Find the atomic spacing between layers of a crystal which deflects X-rays of wavelength 7.5(10-10m at an angle of 35o for the second maxima
	2

	
	2dsin( = n(
( d = n(/2sin(
( d = 2 ( 7.5(10-10/(2 ( sin35o)                 (1)
        = 7.5(10-10/sin35o
        = 7.5(10-10/0.5736   

        = 1.308 (10-9m                                     (1)


	

	13
	What is the angle of the first maxima?
	2

	
	2dsin( = n(
( sin( = n(/2d

             = 1 ( 7.5(10-10/(2 ( 1.308(10-9)

             = 0.2867                                     (1)   cons = 7.5(10-10/2(Q12
( ( = sin-10.2867

        = 16.66o = 16o40’                            (1)
	

	14
	Braggs diffraction occurs because:

a) The X-rays “reflected” off the crystal layers undergoes destructive interference.

b)  The X-rays “reflected”  off the crystal layers undergoes constructive interference.

c) The X-rays “reflected” off the crystal layers undergoes Compton Scattering.

d) The X-rays “reflected” off the crystal layers undergoes Thompson Scattering.
	2

	
	Ans b)
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