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1 Major : Minimal Surface Theory and Riem-
mannian Geometry

e Basic Riemannian Geometry

Curvature: Sectional, Ricci, Scalar Curvature, Mean Curvature and
Gauss Curvature

Jacobi Field, Myers Theorem and Synge Theorem and Morse Index
Theorem

Comparison Thoerem : Rauch Comparison Theorem, Volume Com-
parison Thoerem, Topogonov Comparison thoerem

Morse Theory : Morse Lemma, Handlebody Decomposition Theo-
rem, Morse Inequality

Bochner’s Formula

e Variation Formula and Consequences

Definition and Minimal Surface Equation in R™
First Variation Formula and Monotonicity Formula
The Theorem of Bernstein

The Strong Maximum Principle

Second Variation Formula, Morse Index, and Stability

e Curvature Estimates and Compactness Theorem

Basic Compactness Theorem

47 Estimate, Small Energy Curvature Estimate
Global and Local Estimate

Total Curvature Estimate

Minimal Cone



e Minimal Surfaces in Three-Manifolds

Hersch’s and Yang and Yau’s Theorems

— Lower bound for the first eigenvalue

— Compactness Theorems with A Priori Bounds
— Positive Mass Theorem

Extinction of Ricci Flow

e Yau’s conjecture : The abundance of minimal hypersurfaces on compact
manifold

— Existence of Infinitely many minimal hypersurfaces in positive ricci
curvature (with Frankel Property)

— Existence of Infinitely many minimal hypersufraces in closed manifold
with general metric

— Sublinear Growth of k-width of mod 2 cycle (Guth’s Argument)

2 Minor : Partial Differential Equations

e Laplace’s equation

— Fundamental Solution of Laplace’s equation
— Mean-value formula

— Properties of Harmonic function

— Green’s function

— Harnack Inequality
e Heat Equation

— Fundamental Solution
— Strong Maximum Principle

— Uniqueness



e Existence and Maximum principle of linear elliptic PDEs

— Existence of Weak Solutions
— Maximum principles for weak solutions of elliptic PDEs

— Eigenvalues and Eigenfunctions
e Calculus of Variations

— First and Second Variation, Euler-Lagrange Equations
— Existence of Minimizers

— Mountain Pass Theorem
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