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Introduction to Real Analysis

Study of real numbers and their properties.
Focus on sequences, series, and integrals.
Key concepts: Convergence, boundedness, and monotonicity.
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Properties of Sequences

Bounded Sequence: A sequence where all terms lie within
}nite bounds.
Monotone Sequence: Either non-decreasing or
non-increasing.
Convergent Sequence: Approaches a limit as n → ∞.
Cauchy Sequence: Terms become arbitrarily close.
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Convergence of Sequences

Limit superior and limit inferior.
Example: an = 1

n converges to 0.
Divergent sequence: an = n grows without bound.
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Convergence of Series

Series with non-negative terms.
Alternating series and absolute convergence.
Example:

∑
(−1)n 1

n (conditional convergence).
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Riemann Integrability

Integrability of bounded functions over a }nite domain.
Darboux’s theorem (statement only).
Properties of integrable functions.
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Convergence of Improper Integrals

De}nition and test for convergence at a point.
Example:

∫
∞

1
1
x2 dx converges.

Absolute and conditional convergence.
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Conclusion

Convergence is central to real analysis.
Sequences, series, and integrals rely on these properties.
Applications in advanced mathematics and physics.
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Introduction to Non-Linear PDEs

Non-linear partial dizerential equations (PDEs) of order one.
Charpit’s Method: Solves f(x, y, z, p, q) = 0 where p = ∂z

∂x ,
q = ∂z

∂y .
Singular Integrals: Unique solutions as envelopes of integral
surfaces.
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Overview of Charpit’s Method

Based on auxiliary equations: dx
P = dy

Q = dz
Rp+Sq .

Derives complete, particular, and singular integrals.
Geometrical interpretation of solution surfaces.
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Steps and Example

Formulate characteristic equations from f(x, y, z, p, q) = 0.
Solve for singular integral directly.
Example: p2 + q2 = 1 yields a cylindrical surface solution.
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De}nition and Properties

Singular Integral: Envelope of the family of integral surfaces.
Dizers from complete integral with arbitrary functions.
Arises from unique constraints in the PDE.
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Geometric Interpretation

Represents the boundary of solution surfaces.
Example: z = ax + b

a yields a singular integral under envelope
conditions.
Applications in envelope curves and physical systems.
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Worked Example

Solve p + q = pq using Charpit’s Method.
Auxiliary equations lead to z = x + y + log(1 − x − y) as a
singular integral.
Application in wave propagation envelope solutions.
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Conclusion

Charpit’s Method provides a systematic approach to
non-linear PDEs.
Singular Integrals ozer geometric and analytical insights.
Relevant in mathematical modeling and dizerential geometry.
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