
commun. Math. Phys. 149,263-278 (1992) Communicat ions in

Mathematical
Physics

© Springer-Verlag 1992

Solving the KP Hierarchy by Gauge
Transformations

Ling-Lie Chau1, J.C. Shaw2, and H.C. Yen3

1 Department of Physics, University of California, Davis, California 95616, and Los Alamos
National Laboratory, Los Alamos, NM 87545, USA
2 Department of Applied Mathematics, National Chiao Tung University, Hsinchu, Taiwan,
R.O.C
3 Department of Physics, National Tsing Hua University, Hsinchu, Taiwan, R.O.C.

Received July 1, 1991; in revised form January 10, 1992

Abstract. We show that it is convenient to use "gauge" transformations (sometimes
called explicit Backlund transformations) to generate new solutions for the KP
hierarchy. Two particular kinds of gauge transformation operators, constructed
out of the initial wave functions, are of fundamental importance in this approach.
Through such gauge transformations, a very simple formula for the tau-function is
obtained, encompassing and unifying all kinds of existing solutions. The corres-
ponding free fermion representation and Baker functions for the new τ function can
also be constructed.

1. Introduction

There are several different ways to formulate the mathematical problem of the KP
hierarchy equations. For our purpose it is most convenient to adopt the pseudo-
differential operator formalism developed by Sato and his school [1-5]. By the KP
hierarchy we mean a particular infinite set of coupled nonlinear equations for ut

(i = 2, 3, . . .), where each ut = u^x^ x 2, x3, . . .) depends on one "spatial" vari-
able Xι and infinitely many "time" variables x2> *3> These coupled equations
are to be generated in the following way [2].

Let A denote the pseudo-differential operator

A = d + u2d~ι + u3d~2 + u4d~3 + . . . , (1.1)

where d = d/dx1, and d" 1 is a suitable inverse of d, obeying the generalized Leibniz
rule

ί=o

For an operator multiplication we put a "o" in between, e.g., δ°f= δf+fδ °. Now
let

Bn = lΛ"2+, (1.3)


