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Abstract

This project investigates the application of nonlinear differential equations in modeling biological systems, focusing on population
dynamics, disease spread, and predator—prey interactions. The study begins with a first-order nonlinear differential equation to
describe the growth behavior of a single population. The analysis identifies equilibrium points and examines their stability using
Taylor series expansion and linear stability theory. The results show that equilibrium states can be either stable or unstable
depending on the sign of the derivative of the governing function at the equilibrium point. For the proposed population model,
two equilibrium states were found to be stable, representing long-term survival or extinction scenarios, while one equilibrium was
unstable.

The report then extends the analysis to a nonlinear system modeling infectious disease transmission through susceptible, infected,
and recovered populations. Analytical stability analysis using the Jacobian matrix and eigenvalues showed that disease-free
equilibrium stability depends on the relationship between infection and recovery-related parameters. Numerical simulations using
MATLAB confirmed these theoretical results, demonstrating convergence to equilibrium when stability conditions were satisfied
and divergence when they were violated.

Finally, the Lotka—Volterra predator—prey model was studied to understand interactions between two biological populations. The
analysis revealed that the extinction equilibrium is unstable, while the coexistence equilibrium leads to periodic oscillations.
Numerical simulations confirmed that predator and prey populations continue to exist with repeated increases and decreases over
time. Overall, the study demonstrates that nonlinear mathematical models provide powerful tools for predicting biological
behavior and understanding complex ecological systems.

el 5 gl pal1 L g iy gall cleleal) Koy o 38 5l e eom sl sl AadaiV) dadal 3 Aghadl) e dlialiill ¥ aleal) Gkt & g el 28 sy
sty O Y1 Bl aaad ais Baals s delan sad sla Chiasl ISV &N (e Aabad e Aolalsd Aabae Al o 8 faw Gudl )5 il jitall o
LSl Alall A 5 L) e Talaie) 5 jiiue je ol 3 e ()55 38 Ol 31 VW of il @ jelal 5 aaldl ) a1 Ay Hhis ) ohils Aluluia aladiuly L ) i)
adads il Laigy oy shall saall e laplina) of delaall oliy DS (G jitue o)) 33 ihis o Jsaanl) &5 iz yiiall 4 gall deleall 23501 g ol 5Y) Adais 2ic

L B oSe g (5 A




(Osibuadl s dladd oLl el GO JNA (e dgaeal Gl pe ) L) Chua sl Bphall e ddalil)l cVabea) e Lildas Jadil Al jall a5 a3 6clld 2ay
e s (5 92all Jame G AR o daing (i pall (e plaill gla Alla ) i) of A1) Al 5 o oSla 46 st aladiuly ol ) Jidaill jelal o sileiall
Ol YY) da gy 3ia die o 3V A (e Jshall g 381 G iy il il (Dl el o aladiiuly Laael) slSLacall CaST LS (5 a1 5 53 sall Jal gall 5 Siladl

L Lgiaad aae die Lgie Gty Laiy

(258 Laiy 8 a6 (e sill ol Al o Qs (O s Cptie ganna O Je il gl Ay 5all 5 (G yifall | ) b5 51 o3 g Al 3 3 ¢ A1 5 30l A
Sy ol s ae Laaalaed (83 )50 Ol s G san pe (e sanall 2sa s ) paiual Dpaall BlSaal) STy 5 paine 4y ) 90 bl ) Lagi (inlacll Ala
Baaall Al Aadas) agd s Ao o) ) Aadaill o gl 5iill Allad ol gl i Agadll e Apaly ) g 3ladll o)y i) e gy cale




