












      



      



      



      



      



      



1o/12/2021 PROBLEMS CLASS 

Ex 36 

The Hirota bilinear differential operator D" D" is defined for any pair of natural nunbers 

(n. n) by 
(6.3) 

and maps a pair of functions (S(r.t), g{r, t)) into a single function. 

. Prove that the Hirota operators B, = D" D" are bilinear, i.e. for all const ants dj, 

d2 

Bm.n(01f +02f2.g) = a Bn.n(fi.g) +agBm.nfz.9) (6.4) 
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2. Prove the symmetry property 

D alf. 9) = (-1)m*" Bmnlg.f).
(6.5) 

(-a -3, at)*) ft) 
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3. Compute the Hirota derivatives DU.g) and DG.g), and verify that vour expression 
for the latter is consistent with the result for D:(f.f) given in lectures. 
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Ex 37 
Define a "mon-Hirot a" bilinear ditterential operator D" D; by 

- Sr,t)o(r. (6.6) 

(note the plus signs). for tircta 

1. Compute D,0.9) and D,(f.9). verifvine that in both cases the answer is given by the 
corresponding partial derivative 0, or ô, of the produet f(r.1)g(r. t). 

2. How does this result generalise for arlbitrary non-lirota differential operatoIS (6.6) Prove your claim. 

3. Compare your answer with the Hirota operators defined above. 
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Ex 38 

1. If 6, = a,r +b,t + C. prove that 

D,D,(,) = (b, - bz)(a -ag)e"+%. (6.7) 

2. Prove the corresponding result for D" D;(eh,e), as quoted in lectures. 
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Ex 40 

Consicder the function f. such that u = 2 log f is the KdV field, which corresponds to 

2-soliton solution: 
2 

(6.9) 1+ef+efh = 1+e (h -) +< ( 
where 0, = a,r-a}t+c, with a, and c, constants. Check that Blf. fa) = 0 and B(f2Ja) = 0. 

wlhere 3 = D,TD, + D), and show that this implies that the expansion (6.9), which is 

truncated at order e, is a solution of the bilinear form of the KdV equation. 
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