Certainly! Einstein's theories of relativity—Special Relativity (1905) and General
Relativity (1915)—both rely heavily on advanced calculus, especially differential
calculus, tensor calculus, and differential geometry. Below is a structured
overview of the calculus details used in these theories:

0 I. Calculus in Special Relativity (1905)

Special Relativity describes physics in inertial frames (no acceleration), introducing:

e Constancy of the speed of light
e Time dilation, length contraction
e Lorentz transformations

1. Lorentz Transformations (Derived Using Calculus)
To transform coordinates between inertial frames:
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e (Calculus is used in deriving these equations via limits and differential forms.
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e The velocity addition rule uses derivatives:
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2. Time Dilation (Using Differentials)

The differential form of time is:
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e Derived by analyzing the invariant spacetime interval:
ds’=-c*dt*+dx’+d y'+d 7’

For a moving clock:
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0 II. Calculus in General Relativity (1915)

General Relativity generalizes Special Relativity to accelerated frames and curved
spacetime. Calculus here becomes much deeper, using tensor calculus and
differential geometry.

1. Einstein Field Equations (EFE)

These are partial differential equations that relate matter-energy to the
curvature of spacetime:
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Where:

e R, Ricci curvature tensor (2nd rank tensor)

e R:Ricci scalar (trace of Ricci tensor)

e g,.: Metric tensor (describes spacetime geometry)

e T, Stress-energy tensor (describes matter-energy)
G: Gravitational constant

c: Speed of light

These equations are solved using tensor calculus—an extension of multivariable
calculus.

2. Metric Tensor and Line Element
The metric tensor g,, defines distances in curved spacetime:
ds’=g,,dx"d x"
e This generalizes Pythagorean theorem to curved spacetime.
e Integration of the line element over a worldline gives proper time:
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3. Geodesics (Path of Free-Fall Motion)

Freely falling objects move along geodesics, the straightest path in curved
spacetime:
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e This is a second-order differential equation
. Ff,v: Christoffel symbols (derived from partial derivatives of metric tensor)

4. Curvature Tensors

The curvature of spacetime is encoded in tensors derived using partial
derivatives and commutators of covariant derivatives.

e Riemann Curvature Tensor:
RS, =0, =0, T+ 1Ty =0Ty,
¢ Ricci Tensor is a contraction of the Riemann tensor:
Ryv:Rﬁ)\v

These involve differentiating Christoffel symbols, which themselves involve first
derivatives of the metric.

5. Energy Conservation (via Covariant Derivatives)
General relativity replaces the classical conservation law with:
vV, T"=0

» Here, V, is the covariant derivative, an extension of the gradient that
respects curvature.

0 Summary Table

Concept Calculus Used

Lorentz transformations Differential calculus




Concept Calculus Used

Time dilation Differentiation, limits

Einstein field equations Partial differential equations

Geodesic motion Second-order ODEs + Christoffel
symbols

Metric & spacetime Tensor calculus + line integrals

Curvature tensors Covariant derivatives + PDEs

Would you like a LaTeX version of this content, or a PDF document of the same
with equations, diagrams, and proper formatting?



	🔹 I. Calculus in Special Relativity (1905)
	1. Lorentz Transformations (Derived Using Calculus)
	2. Time Dilation (Using Differentials)

	🔹 II. Calculus in General Relativity (1915)
	1. Einstein Field Equations (EFE)
	2. Metric Tensor and Line Element
	3. Geodesics (Path of Free-Fall Motion)
	4. Curvature Tensors
	5. Energy Conservation (via Covariant Derivatives)

	🔹 Summary Table

