4C15/SS7 Homework Sheet 1
Set: 21/02/05

Due: 28/02/05

Answers
1.

a) Name the four main emission processes that are important at either X-ray or -ray photon energies.

1. Radiative recombination


2. Inverse Compton


3. Electron/Positron anhilation


4. Synchrotron emission











[2 marks]
b) Indicate briefly how each produces X-rays or -rays.

1. Electron capture to a bound state in an ion followed by photon emission


2. Relativistic electron interacts with a low-energy photon and transfers energy


3. Gamma-ray emitted following electron/positron anhilation

4. Relativistic electron spirals in a strong magnetic field and emits photons  

    due to angular acceleration










[2 marks]
c) Name the four corresponding photon absorption processes.

1. Photoionization


2. Compton scattering


3. Electron/positron pair production


4. Synchrotron self-absorption










[2 marks]
d) Indicate briefly how each absorbs X-rays or -rays.

1. Atom or ion absorbs a photon and releases an electron – Ee- = E - EI

2. Photon (E ~ 2 moc2) is scattered by an electron and looses some energy in 

                the process


3. High energy photon (E > 2 moc2) collides with a low energy photon and  

                produces an electron-positron pair


4. Photon arising from a synchrotron emission is absorbed by another electron 

                in the same region of strong magnetic field










[2 marks]
You may use well labelled diagrams to illustrate your answers.

2. 

a) Assuming equipartition of energy density for starlight and magnetic fields in the galaxy, if the energy density for starlight is Uopt = 106 ev/m3, what is the typical value of the galactic magnetic field?

------------------------------------

Uopt = 106 ev/m3 = 1.4.10-13 J/m3
                            = B2/2o     where o = 1.26.10-6 Newton s2 Coulomb-2
B2   = 2 x 1.26.10-6 x 1.4.10-13
B    = 6.10-10 Tesla

------------------------------------






[2 marks]
b) How many starlight photons/m3 does Uopt correspond to assuming that a typical visible light wavelength is 6000 Å?

---------------------------------------------

Photons of  = 6000 Å have energy E = 2 eV

So Nphot = 106/2 = 5.105 photons/ m3
---------------------------------------------





[2 marks]

c) If the number density of nuclei in space is ~ 106/m3 and the energy density of microwave background photons is ~ 5.10-14 J/ m3 with a typical photon energy of  3.10-4 eV, how does the number density of microwave background photons compare with that of the nuclei?
---------------------------------------------
Microwave BG energy density = 5.10-14 J/ m3
E = 3.10-4 x 1.6.10-19 J

So Nphot = 5.10-14/ Ephotons/ m3 which is 103 greater than the number density of  nuclei.

-----------------------------------------------




[2 marks]
3.

a) For an electron of energy E emitting synchrotron radiation in a magnetic field write the expression for m, the peak of the radiated frequency spectrum, in terms of the electron  value.




m = 2Be/2mo










[2 marks]
b) Using the value of the galactic magnetic field obtained from a) above, calculate the value of 2 required for electrons to produce X-ray photons of frequency m = 1018 Hz.
If B = 6.10-10 Tesla, then

1018 = 2 x 6.10-10 x 1.6.10-19/2x 9.11.10-31 

or
2 = 6 x 1016










[2 marks]
c) What is the X-ray photon energy in eV that corresponds to a frequency of 1018 Hz?

E = h = 6.63.10-34 x 1018 J = 6.63.10-34 x 1018 /1.6.10-19 eV ~ 4 keV
 [2 marks]

4.

a) For a relativistic electron colliding with a low energy photon in the Inverse Compton process, how is the ratio of final photon energy (hfinal) to initial photon energy (hinitial) related to the  value of the incoming electron?




IC2 ≈ hfinal/ hinitial










[2 marks]
b) What is the electron 2 value required for the production of 8 keV X-ray photons from starlight photons of wavelength 6000 Å?

For  = 6000 Å, E2 eV
so
2 = 8000/2 = 4 x 103










[2 marks]
c) What is the electron 2 value required for the production of 8 keV X-ray photons from 3K microwave background photons of wavelength 4 mm?

For  = 4 mm, Hz and EeV
so
2 = 8000/3.10-4 ~ 3 x 107










[2 marks]
d) If the high energy electron spectrum in the galaxy is of the form N(E) ( E-3/2, express the ratio of Inverse Compton-produced to Synchrotron-produced X-ray intensities in terms of IC and Synch.
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I IC/ISynch =  (No. of electrons with IC)   

        (No. of electrons with Sy)
[image: image2.wmf]S

IC

S

IC

N

N

2

2

g

g

=


but from the power law electron spectrum
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since E ( 
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[4 marks]
� EMBED Equation.3  ���
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