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1   

    

(a) Write an expression for the radiance emerging from an atmosphere in 
local thermodynamical equilibrium as a function of the radiance 
emerging from the surface, the transmittance of the atmosphere and 
the Planck function.                                                             [10 marks]   

(b) A remote sensing instrument measures the radiance emerging from 
the atmosphere at a given wavelength . Assuming an isothermal 
atmosphere, write an expression for the emerging radiance in the 
case when the surface-to-space transmittance at 

 

is zero.  
                                                                                      [10 marks]   

Question 1 continues overleaf                   

Turn over
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Question 1 cont d     

(c) A remote sounding measurement yi (i=1, ,m) is related to an 
unknown quantity x(z) at height z by 

0

( ) ( )i i iy K z x z dz

 

where i is the observation error and Ki(z) is a known function. 
(i) Explain the meaning of Ki(z) and its importance for 

determining x(z) 
[10 marks] 

(ii) Consider a set of atmospheric layers of depth zj each 
centred on zj. Write an expression for yi as a function of 
x(zj). If Ki(zj) and x(zj) are the components of a vector k 
and x, respectively, find an expression for yi as a function of 
k and x. 

[10 marks] 
(iii) Assume Ki(z) is given by  
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and that we need to estimate the value of x(z) over a 2 km deep 
layer centred on 1 km. Find suitable values of ai and zi to 
perform this task, explain your choice and sketch the resulting 
Ki(z). 

[10 marks] 

         

Turn over
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2     
In the following you may use the result that the inverse of a non-
singular 2 x 2 matrix A is:  

1

1 1a b d b

c d c aad bc
A 

  

(a) Consider a remote sounding measurement vector y = (y1, y2, y3)
T

 

related to an unknown vector quantity x = (x1, x2)
T by 

1 1 1

2 1 2 2
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where 

 

= ( 1, 2, 3)
T is the measurement error vector whose 

covariance is S . A short-range forecast at observation location and 
time prescribes the value of x equal to xa = (xa1, xa2) with error 
covariance Sa. If we write y = Kx + , the maximum a posteriori 

estimate of x is given by 
1 1 1 1 1( ) ( )T T

a a ax K S K S K S y S x . 

(i) Find x

 

in the case when S

 

= I, Sa = 2I (where I is the 
identity matrix), as a function of y and xa. Determine the 
relative weight of the components of y and xa on x . 

[15 marks]  

(ii) The error covariance  of x

 

is given by   
1 1 1( )T

aS K S K S . Write S

 

first in the case when S

 

= 

I, Sa = 2I and then when S

 

= I, 
2 1

1 2aS . Determine 

whether the standard deviations of the estimate are smaller 
in the first or in the second case and explain why. 

[10 marks]  

Question 2(a) continued overleaf    

Turn over
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(iii) Explain why the radar return from a precipitation target 
fluctuates from one transmitted pulse to the next transmitted 
pulse and how the rate at which the return signal fluctuates 
is a measure of the Doppler width of the target.                                                     
[7 marks]    

(iv) Four phenomena are generally identified which lead to the 
return having a finite Doppler width.  Briefly describe three 
of them.                                                            [12 marks]    

(v) For the three components you have described in iv) explain 
why the magnitudes of each component might be different 
when the radar beam is pointing a) vertically or b) 
horizontally.                                                        [6 marks]       

3    
(a) The maximum unambiguous velocity, Vmax, for a radar operating at a 

wavelength   , and a time between transmitted pulses of ts , is given 
by:  

           Vmax  =   /   4  ts,  

Explain carefully how this limit arises.                         [12 marks]

      

(b) An operational precipitation radar has a maximum range of 150km 
and a wavelength of 5.6cm.  What is the maximum unambiguous 
velocity it can detect?  What will the performance be with this 
wavelength for measuring Doppler velocity and estimating 
precipitation accurately out to a range of 300km?        [14 marks]   

Question 3 continues overleaf   

Turn over
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Question 3 cont d  

    

(c) Tornado chasing programmes on television often show images of the 
Doppler on Wheels which operates with a 3cm wavelength radar 

and a 2m dish.  The funnel clouds are very narrow.  How close to the 
tornado must the truck be if it is to measure velocities in the funnel 
cloud with a resolution of 25m, and what would be the maximum 
unambiguous velocity?                                                   [14 marks]   

(d) What would be the advantages and disadvantages of operating the 
Doppler on Wheels using a 3.2mm radar?                   [10 marks]        

(End of Question Paper) 


