PG PROBLEMS

(1) The precision of an energy measurement is often quoted in terms of ∆E, where ∆E is the Full Width at Half Maximum (FWHM) of the resolution function, which is usually assumed, or measured, to be a gaussian distribution. Show that in this case ∆E is related to the standard deviation by ∆E = 2.35
As a reminder: the gaussian probability distribution whose mean is E0  and variance is 2 is given by   p(E) = [(2)1/2]-1exp[-(E-E0)2/22]

(2) The condition for Cerenkov radiation to be emitted can be derived using Huygen’s principle by requiring that the wavefronts of rays emitted at different points along the path of a charged particle are always in phase. Using the fact that a wavefront is a sphere surrounding the point of emission and that wavefronts in phase must have a common tangent, derive the condition


cos = 1/n 

n= refractive index,  = v/c, v = particle speed.

(3) Sketch the distribution of electric field magnitude as a function of position between anode and cathode in 


(i) a parallel plate gas chamber (flat plates with a voltage applied between them)


(ii) a cylindrical proportional wire chamber


(iii) a silicon diode detector, when it is (a) partly depleted (V < VD), (b) fully depleted (V = VD), (c) over-depleted (V > VD),

(4) In a gas detector the average number of ionisations per cm produced by a high energy particle is N. What thickness of gas should be used to ensure a detection efficiency of 99%? (Remember this is a random process)

(5)
An ADC is used to digitise signals from an integrating detector intended to count monochromatic photons in an x-ray diffraction experiment. The largest signal to be measured is 108 photons. A 12-bit linear ADC which has a range of 1V is to be employed . 

(a)
What gain (V/photon) should be used? 

(b)
What is the magnitude of the Least Significant Bit (LSB) in volts? 

(c)
A resolution of at least 5% is required. What is the smallest signal which can be resolved and the dynamic range of the system? 

(6)
An N-bit ADC is used to digitise audio signals by sampling the incoming waveform. Consider a wave which has amplitude V volts at angular frequency  . By comparing the average signal power with the resolution of the ADC show that the maximum signal to noise ratio (SNR) in dB which can be achieved can be expressed as 


SNR = 6.0N + 1.8 dB

(keep in mind that a sinusoidal signal has both positive and negative amplitudes)
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