High Energy Astrophysics

Solutions to Exercises

5. (a) The beam is defined by
2 2
B(x.y) = exp| (35 + 2 |
267 207
The FWHM contour is defined by:

B(x,y)=%:—+y— = In2

The axes of this ellipse are therefore:

(6,,0,) = (J/8In2c,, +/8In25))
(b) The flux per beam is
FB(x,y) = [L,(<',y)B(x—x', y=y")dx'dy’
Now, if [,(x',y") varies slowly within the extent of the beam, then we put
L,(x",y") = I,(x,y) and
FB(x, y) = 1,(x, ) [Bx=x', y=y")dx'dy’ = 1,(x,y) x 4
and

FB(x,y)
IV('X’ y) ~ - A

(c) For a Gaussian beam

2 2
A= J-eXp[—(x_z+2y—02)}dxdy = mcxx JZIGy = 2ncx0y
y
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. (0,,9,)
(d) Since (6., 6,) = 2~ then
T 82
_2n _(nz)(n 1)2( 0,0, )
4 = = | — || =
81n2exey 41n 180X3600 square arcsecond Str



(e) For an unresolved source represented by 7, (x,y) = 4,06(x)d(y) the flux per beam is

FB(x,y) = IAVS(x’)S(y')B(x —x',y—=y")dx'dy’ = A,B(x,y)
The peak flux per beam is therefore
F,(0,0) = 4,8(0,0) = 4,
The flux density of the source is
F, = j A,8(x)8(y)cosBdxdy
where 0 is the angle between the ray and the point on the sky. Because of the delta-function,
FV - AV

Hence, for an unresolved source, the flux per beam F5 is equal to the flux density of the

source.

. From the contour image of Cygnus A, we have:
* Point A = Contour 7 => 0.04 x 14.5 Jy/beam = 0.58 Jy/beam

* Point B = Contour 2 => 0.002 x 14.5 Jy/beam = 2.9%10°° Jy/beam

The beam is circular with a FWHM of 1 arcsecond. Hence 4 = 2.66x10 ' Str
Hence the respective surface brightnesses are given by:

-26
I,(4)= %1011 = 2.18x10 '* Wm=2 Hz! Str-!
2.66x10°
2 26
1,8y~ 2200 X102y 6951077 Wm2 Hz ! St
2.66x10°

. We are required to prove that

ﬁf_[" x (n B(f'))} _ nx[(n=B() xB(r)]
i 1-B(t) n [1-P(')-n]?

This is fairly straightforward.

! d ’ ’ d ,
dnx(nxB(t)) _ [I—B(l‘)~n]xg;[nx(nx[i(t))]—[nx(nxB(t))]zi_t_'[l_g(t).n]
de 1=p(r)-n [1-B(r) n]’

Look at the various parts of this:

Llnx (nx BUN] = Spm- p(eyn—P] = - ple)n—p()

4

TlL=B(t) - n] = —p(t') - n



Combining terms

dnx(nxB()) _ [n=B)IB)-n-BE)H1-B() - n]

A 1-B(t)-n (1-B(') - n)?
_ nx[(n=B()) x B()]
(1-B(r') - n)?

. In order to determine the transformation of the Stokes parameters we can utilise the trans-

formations of the electric field in a wave to determine the quantities £ E E . For a rotation

E, _ | cosy siny||Ex
E' —siny cos\y E,

by v in the plane of the wave:

¥
ie.
E, = cosyE +sinyE,
Ey = —sinyE, + coquEy
We then evaluate all of the combinations E . E.*, E. E y* etc.This just involves a bit of algebra

with the results:
E.E = cos?YE E +sinycosyE E; + sinycosyE E, +sinyE E]
[ . * * . * . *
E{E,y = —sinycosyE E; + cosszxEy - smz\pEyEx + sinycosyE B
EE = —sinycosyE E; —sin?yE E + cos’yE E[ + sinycosyE E;
’ rEk . 2 * . * . * 2 k
EyEy = sin“yE E — sm\ucoswExEy - sm\ucoswaEx + cos \I’EyEy
One then has to form the combinations that give the Stokes parameters:
EE’+EE = EE +EJE;
EET—EE} = cos2y(EE; —E E})+sin2y(E E; +E EY)
E.E +EE, = —sin2y(E E; —E E})+ cos2y(EE; +E EY)
' 1 rE 1 * *
EE,-E.E, =EE -EFE,
We can then express the transofrmations for the Stokes parameters in matrix form:

! 10 0 0|17
o) 0 cos2y sin2y 0[|0
U 0 —sin2y cos2y 0| |U
v 0 0 0o 1V
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