Synchrotron questions
Charge on the electron = 1.6 x 10-19 Coulomb, mass of the electron = 9.1 x 10-31 kg
1.
Draw a diagram showing how the components below could be connected to make a linac.

Metal plates with hole in middle

100V DC Power Supply


[image: image1]
5 V D Power Supply




Filament


[image: image2]
Figure 1

2. What does “linac” stand for?  Choose two terms, one from the list on the left and one from the list on the right
A: Light

D: Accessory

B: Linear

E: Accumulator

C: Little

F: Accelerator



G: Acceptor

3. Calculate the energy in joules of an electron accelerated from rest by a voltage of 1000 V.

4. What voltage would be needed for an electron to reach a speed of 107 m/s?

5
What does a linac do? (select one answer)
A: accelerate charge, 

B: keeps charge in a straight line,

C: selects charges with the right speed, 

D: changes the direction of travel of charge

6
Draw an arrow on figure 2 to give the direction of the magnetic force on the electron moving in the magnetic field.  The magnetic field is into the page


[image: image3]
Figure 2

7. Calculate the size of the magnetic force of an electron travelling at a speed on 100,000 m/s in a magnetic field of 12.5 T

8. Determine the radius of curvature of the path of an electron travelling at 10,000 m/s in a magnetic field of 5.7 T.
9. Determine the radius of curvature of the path of an electron in a magnetic field of 3.4 T with a momentum of 5.0 x 10-20 kgm/s.
10. What magnetic field strength is need to achieve a radius of curvature of 5.0 m for an electron with p = 7.2 x 10-18 kgm/s?
11. Compare the brightness, spectrum and divergence of synchrotron radiation with that of light from the sun.
12. A monochromator is placed in a beamline to select X - radiation of a single frequency.  It uses Bragg diffraction from a single silicon crystal.  Describe how Bragg diffraction of X-rays from a single crystal can be used to select a particular frequency.

13.
When an X-ray photon interacts with a target any of the following events may occur: Photoelectric effect, Compton scattering or Thomson scattering.  For each of these describe what happens to the energy, speed and frequency of the X-ray photon and what changes occur in the target.

14. Using Bragg’s Law to find the angles at which X-rays with wavelength of 0.14 nm will be observed after diffraction from a crystal with atomic spacing of 0.23 nm.
15. Use graph of Intensity vs Detector angle for bunsenite (NiO) was obtained with x-rays with a wavelength of 0.1315 nm.  Determine the largest atomic spacing.

[image: image4.emf]X-Ray Diffraction Pattern of Bunsenite
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16.
	Main causes of accidents in X-ray laboratories
	
	Guidelines for preventing accidents in X-ray labs

	Poor arrangement of equipment, e.g. opening for beam lines not covered
	
	Know location of beam line and diffracted X-ray beams at all times

	Modification of the equipment such as adjustment of sample while the x-ray beam is on
	
	Provide and inspect shielding

	Safety equipment failure such as beam line opening fails to close when beam is off, or ON light for beam fails
	
	Do not perform maintenance without confirming that the beam line is off

	Inadequate training or violation of procedure, such as incorrect use of equipment or overriding safety locks
	
	Check the equipment whenever moved or connected in another way

	
	
	Cover all unused beam lines

	
	
	Keep body parts out of the beam


Connect each guideline with its corresponding cause
Variations

1.  
Include extra unused components, such as plates w/o holes, and batteries with reverse polarity.

2.
Alternatives:

Accelerator, accumulator, access, acceptor, accessory, accommodation or accretion

Lithium Sodium Carbide (LiNaC)

Light Intensification by the Neutralisation and Absorption of Charge (LINAC)

Light by the Nuclear Amplification of Current (angular, amplitude, atomic, induction)
Light Induction by the Nuclear absorption of 

3. Calculate the speed of an electron accelerated from rest by a voltage of 1000 V.

5. What does a linac do?  Multiple choice q’n. Same for other components

b)
Match each of the following components of a synchrotron with its function: linac, booster, storage ring, beamlines

11.  Compare the brightness, spectrum and divergence of synchrotron radiation with that of light from the sun (a laser beam, light from a torch globe, a radar gun)

13.
When an X-ray photon interacts with a target any of the following events may occur: Photoelectric effect, Compton scattering or Thomson scattering.  For each of these describe what happens to the (energy, momentum, speed, frequency, wavelength) of the X-ray photon and what changes occur in the target.

14.
Using Bragg’s Law: i) find the angles at which X-rays with wavelength of XX nm will be observed after diffraction from a crystal with atomic spacing of XX nm.  ii) Find the wavelength given spacing and angle of first order diffraction, iii) find the wavelength given spacing and angle of second order diffraction, iv) find the atomic spacing given wavelength and angles of diffraction.

Solutions
1
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2.
B
F

3. W= V q = 1000 x 1.6 x 10-19 = 1.6 x 10-16 Joules

4. ½ mv2 = Vq,  V = ½ mv2 / q = ½ x 9.1 x 10-31 x (107)2 / (1.6 x 10-19) =  280 volts
5.
A

6.
To the right

7.
F = Bqv = 12.5 x 1.6 x 10-19 x 100,000 = 2.0 x 10-13 N

8.
r = mv/Bq = 9.1 x 10-31 x 10,000 / (5.7 x 1.6 x 10-19) = 1.0 x 10-8 m
9.
r = p/Bq = 5.0 x 10-20 / (3.4 x 1.6 x 10-19) = 0.092 m
10.
B = p/rq =  7.2 x 10-18 /(5 x 1.6 x 10-19) = 9.0 T.

11.
Synchrotron radiation is brighter, a less broad spectrum with more high frequency and less low frequency, and a narrower beam.
12.
Bragg’s law says n =2dsin, so X-rays of different wavelengths will be diffracted at different angles. This means that an X-ray window could be moved around to select a particular wavelength.
13.
Photoelectric effect: the photon ceases to exist, and the energy of the photon is given to a single electron.  In Compton scattering the photon hits a free electron giving it energy and so momentum. A photon of lesser energy and lower frequency, but the same speed goes off in another direction.  In Thomson scattering, the photon undergoes an elastic collision with no change in energy, frequency and of course speed.

14.
Using n =2dsin, the values for the angle are 18 degrees, 37.5 degrees and 66 degrees.

15.
Largest spacing occurs with the smallest angle. The detector angle sis 32 degrees, so the diffraction angle is 16 degrees.

Using  =2dsin,  d = 1.315 x 10-10 / (2 x sin 16) = 2.4 x 10-10 m
16.


	Main causes of accidents in X-ray laboratories
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	Guidelines for preventing accidents in X-ray labs

	Poor arrangement of equipment, e.g. opening for beam lines not covered
	
	Know location of beam line and diffracted X-ray beams at all times

	Modification of the equipment such as adjustment of sample while the x-ray beam is on
	
	Provide and inspect shielding

	Safety equipment failure such as beam line opening fails to close when beam is off, or ON light for beam fails
	
	Do not perform maintenance without confirming that the beam line is off

	Inadequate training or violation of procedure, such as incorrect use of equipment or overriding safety locks
	
	Check the equipment whenever moved or connected in another way

	
	
	Cover all unused beam lines

	
	
	Keep body parts out of the beam


