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The master's thesis. "Characteristics of Far Field and Energy Flow due to a Moving Radiating 
Source in Various Media", submitted by Ng Chung-Sang, is an outstanding piece of work. 
Addressing the question of the spaUal and temporal dependencies of frequency, wave-number. and 
field intenslly for the radiation from a moving radiation source, the author extends previous 
knowledge in this area by a very significant amount. Lighth1ll (1960) and Giles (1978) laid the 
groundwork for this field, examining these same questions for radiation from a stationary source. 
Including magnetic-field immersed plasmas among the media through which the radiation might 
propagate, the problem takes on a fascinating complication stemming from the strongly 
anisotropiC nature of the plasma's dldcct.lc cnaracterisiics. Lal and Chan (1986) laid out the 
methods by which the work of Ltghthill and Giles could be extended to the case of a moving source. 
Ng, In the present paper, has applied the Lai-Chan methods to ari Impressive multipUcity of cases, 
has extended the calculation to cover sources moving with relativistic velocity, and has 
Inslghtfully resolved a number of results which, at first look, surprise one's intuition. 

One is impressed by a number of facets of this work. The author time and again shows both skill 
and elegance in his mathematical treatments, and carries through a large number of complJcated 
analyses with enormous energy. In many instances he has been able to apply his derived formulae 
to recover results that are already known -- those pertaIning to the simplest dielectric media. He 
has paid particular attention to the occurrence of Cerenkov radiation, where the velocity of the 
source exceeds the velocity of the wave in the medium. and to the question of propagation through 
a cold magnetoplasma. 

The present work, as a master's thesis, is unusual for its SCientific maturity and for the range and 
depth of its analysis. In summary, it constitutes an excellent piece of research and makes an 
Interesting and significant contribution to our knowledge in this field. 
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84 4. Energy Flow and Accessibility 

(21T)1 / 2e - iwt CF(k)e,k ' r 
( I ) 

u(r,t) = r L laG/ak iIK I1J2 + 0 ?- (50) 

as r - 00 along any radius vector I. if the sum}"; is over all points (kx,kY'kz) of 
the surface G(k) = 0 where the normal to the surface is parallel to I and 
r.vg > 0 ; provided that the surface has nonzero Gaussian curvature K at each 
of these points; that C is (a) ± i where K < 0 and aG/ ak is in the direction of 
± r. (b) ± 1 where K > 0 and the surface is convex to the direction of ± aG/ak, 
and that 

(51) 

G(w,k) is given by Eq. (42) , Vg by Eq. (48). The Gaussian curvature K-a 
quantity that will reappear in Sec. IO-is the reciprocal of the product of the 
principal radii of curvature of the wave-number surface, G(w,k) = 0, for W 

fixed, and is evaluated in Eq. (80). K is positive when the curvatures have the 
same sign (e .g., an ellipsoid), negative when they are of opposite sign (e.g., a 
saddle surface) . The case of zero Gaussian curvature, to which Lighthill's 
theorem does not apply, corresponds to the interesting phenomenon of " res­
onance cones" and is studied separately in Sec. 6-8. Lighthill's work has been 
expanded by M. J. Giles (1978) and extended to the case of a moving radi­
ating source by H. M. Lai and P. K. Chan (1986), and ." ... ¥. ..• f,.ili . ~n9.~;, .~ ; 
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236 9. Absolute and Convective Instability 

instability cannot occur. The two complex roots for real w correspond to one 
amplifying wave (k i < 0, z> 0) and one evanescent (k i > 0, z> 0) wave. 

(d) + + . k is real for all real w, but w may be complex for real k. The 
k roots lie in opposite half-planes for large positive a, and absolute instability 
can occur. 

Show, for case (d), that a double root for k occurs at the frequency and 
wave number 

(
1 1)-1 

Wo = 2ike VI + V
2 

' 

(36) 

ko = -

Sketch the loci of the roots in the complex-k plane in each example for 
w = w, + ia and VI > V2 , for the case w, = 0 as a goes from 00 to - 00 (R. 
J. Briggs, 1964). 

3. Oscillating Source. Consider the excitation of plasma waves by an os­
cillating source. Let the source, Eq. (10), be a dipole represented, for t> 0, by 
S(z,t) =exp( - iWo1)l>(z). Choose a model dispersion function, ~(w,k) =w 
- ku + i€, where u>O is a constant. Then invert E(w, k), Eq. (13), to find 

E(z,t) for all z and t. Show that your answer is independent of the order in 
which the Laplace and Fourier inversions are performed. What is the char­
acter of the waves for € > O? For € < O? 

4. Moving Source. Generalize the previous problem in two ways. First, let 
the oscillating source move, with constant velocity, V, through the plasma. 
Represent it by S(z,t) =exp( - iwo t)l>(z - VI). Then expand the dispersion 
function, ~ (w, k) , around the points w = Wo + ko V, k = k(fl where ko is such 
that ~(wo - ko V, ko) = 0, 

~(w, k) =0 + (w -Wo - koV)a~/aw + (k - ko)a~/ak + ... 

= (a~/aw)[ w - Wo - koV - (k - ko)vgroup ] + ... (37) 

where a~(w, k)law is evaluated at W=Wo + koV, k=ko. Would you expect 
ko to be real? If not, what physical arguments can determine the sign of 1m 
(ko)? Find E(z,t) . 

For the analysis of three-dimensional stable electromagnetic waves radi­
ated by a moving oscillating source, see H. M. Lai and P. K. Chan (1986) ; 
also H. M. Lai and C. S. Ng (1990) . 
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