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In recent years, nuclear magnetic resonance (NMR) technology has been implemented in various rapid monitoring devices, flow meters, fluid state analyzers, and flowing liquid NMR magnetometers for solving scientific and industrial problems [1,2]. A key challenge in using such devices involves describing NMR signals recorded using modulation techniques. The modulation-based NMR signal detection method offers significant advantages for operation in weak magnetic fields or with fluid flows, as in NMR flow-relaxometers and NMR magnetometers. 
Currently, only approximate solutions of the Bloch equations exist for describing NMR signals under modulation conditions, or numerical solutions are employed. This creates difficulties in certain research and technical applications, particularly when determining longitudinal relaxation times T₁ [3]. This is especially important for compact NMR relaxometers used in rapid monitoring of condensed media and flow conditions [1]. This work presents an exact analytical solution of the Bloch equations without approximations.
Consider the Bloch equations in a rotating coordinate system [3], incorporating dispersion and absorption signals through magnetization components Mₓ and Mᵧ:


Rewritten in alternative form:


Introducing the notation:



The system with initial conditions becomes:


The general solution of the system is:


The computed integrals are:




For matrix exponential calculations, we note that the studied matrices can be expressed as:


The final solution is obtained by determining the Jordan form of the matrix, yielding the solution functions:



The coefficients  are calculated according to the considered cases depending on parameter values.
The proposed new approach enables analytical solutions for dispersion and absorption signals, as well as the magnetization component Mz. Analysis shows that u(t), v(t), and M_z(t) depend solely on H₁, H₀, Hₘ, ωₘ, and the relaxation times T₁ and T₂. This significantly expands potential NMR applications in various fields using the described instruments.
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