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Nematic liquid crystals (NLCs) are an important system for studying in nonlinear optics as these crystals allow many nonlinear phenomena to be explored due to a very large nonlinear response via the electro-optic effect [1]. In particular, spatial solitons, also known as nematicons [2], can easily be observed in NLCs and these nematicons have shown to be remarkably stable in the two transverse dimensions [3]. NLCs are generally described by a pair of interconnected nonlinear differential equations governing the behavior of the wave function of light and the angular tilt of the molecules of the crystal [4]. Of further interest is to study systems with cubic-quintic [5] and septic [6] nonlinearities in order to precent the well-known spatiotemporal collapse of the system when there are two or more transverse dimensions [5]. Various methods have been proposed to solve the NLC system of differential equations, including the tan(φ/2)-expansion method [7], the modified simple equation method [8] and others [4,9]. 
In this work, we generalize the Jacobi elliptic function (JEF) expansion method, developed in [10] and [11], to find exact solutions to the NLC system of equations with cubic-quintic and septic nonlinearities. We apply the principle of harmonic balance to both the wave function and the angular tilt and apply matching conditions to obtain the degrees of these two functions in terms of the JEF. For the cubic-quintic nonlinearity the Jacobi function has a degree of 1, while for the septic nonlinearity it has a degree of 2/3. Solitary and travelling wave solutions to the NLC system of equations with cubic-quintic and septic nonlinearities are obtained, both with and without chirp, which is the quadratic dependence of the phase of the solutions with respect to the transverse variables.
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