general relativity without calculus, geometry of relativity introduction, undergraduate physics lecture notes, simplified
general relativity, conceptual relativity physics

general relativity without calculus a concise introduction
to the geometry of relativity undergraduate lecture notes
In physics

#general relativity without calculus #geometry of relativity introduction #undergraduate physics lecture notes
#simplified general relativity #conceptual relativity physics

Explore the foundational concepts of general relativity with this concise introduction, specifically tailored
for undergraduate students. This unique resource focuses on the beautiful geometry of relativity, making
complex ideas accessible without the need for advanced calculus. Ideal for those seeking a clear and
intuitive understanding of Einstein's theory within the context of physics lecture notes.

We ensure that all uploaded journals meet international academic standards.

The authenticity of our documents is always ensured.
Each file is checked to be truly original.
This way, users can feel confident in using it.

Please make the most of this document for your needs.
We will continue to share more useful resources.
Thank you for choosing our service.

Across digital archives and online libraries, this document is highly demanded.
You are lucky to access it directly from our collection.
Enjoy the full version General Relativity Calculus Free, available at no cost.

general relativity without calculus a concise introduction to the geometry of relativity undergraduate
lecture notes in physics

1. Introduction and the geometric viewpoint on physics. - 1. Introduction and the geometric viewpoint
on physics. by MIT OpenCourseWare 326,939 views 3 years ago 1 hour, 8 minutes - Introduction,; the
geometric, viewpoint on physics,. Review of Lorentz transformations and Lorentz-invariant intervals.
The 4-vector ...

Problem Sets

Mathematical Foundations of General Relativity

Special Relativity

An Inertial Reference Frame

The Inertial Reference Frame

The Displacement Vector

Greek Index Notation

Einstein Summation Convention

Lorentz Transformation Matrix

The Einstein Summation Convention

Dummy Index

The Free Index

Define a Space-Time Vector

Space-Time Vector

Transformation Law

Einstein Field Equations - for beginners! - Einstein Field Equations - for beginners! by DrPhysicsA
4,458,018 views 10 years ago 2 hours, 6 minutes - Einstein's Field Equations for General Relativity,
- including the Metric Tensor, Christoffel symbols, Ricci Cuvature Tensor, ...

Principle of Equivalence

Light bends in gravitational field

Ricci Curvature Tensor

Curvature Scalar



https://mint.outcastdroids.ai/search/general-relativity-without-calculus
https://mint.outcastdroids.ai/search/general-relativity-without-calculus
https://mint.outcastdroids.ai/search/geometry-of-relativity-introduction
https://mint.outcastdroids.ai/search/undergraduate-physics-lecture-notes
https://mint.outcastdroids.ai/search/simplified-general-relativity
https://mint.outcastdroids.ai/search/conceptual-relativity-physics

Cosmological Constant

Christoffel Symbol

General Relativity Lecture 1 - General Relativity Lecture 1 by Stanford 3,908,714 views 11 years ago
1 hour, 49 minutes - (September 24, 2012) Leonard Susskind gives a broad introduction, to general
relativity,, touching upon the equivalence principle.

General Relativity: An Introduction - Part 1 of 2 - General Relativity: An Introduction - Part 1 of 2

by DrPhysicsA 181,046 views 12 years ago 8 minutes, 29 seconds - An introduction, to the basic
principles of General Relativity, including the principle of equivalence, the effect of gravity on light
and ...

Introduction

Newtons gravitational constant

Newtons gravitational attraction

equivalence principle

tidal forces

gravitational attraction

Einstein's General Theory of Relativity | Lecture 1 - Einstein's General Theory of Relativity | Lecture
1 by Stanford 7,065,414 views 15 years ago 1 hour, 38 minutes - Lecture, 1 of Leonard Susskind's
Modern Physics, concentrating on General Relativity,. Recorded September 22, 2008 at Stan-
ford ...

Newton's Equations

Inertial Frame of Reference

The Basic Newtonian Equation

Newtonian Equation

Acceleration

Newton's First and Second Law

The Equivalence Principle

Equivalence Principle

Newton's Theory of Gravity Newton's Theory of Gravity

Experiments

Newton's Third Law the Forces Are Equal and Opposite

Angular Frequency

Kepler's Second Law

Electrostatic Force Laws

Tidal Forces

Uniform Acceleration

The Minus Sign There Look As Far as the Minus Sign Goes all It Means Is that every One of these
Particles Is Pulling on this Particle toward It as Opposed to Pushing Away from It It's Just a Convention
Which Keeps Track of Attraction Instead of Repulsion Yeah for the for the Ice Master That's My Word
You Want To Make Sense but if You Can Look at It as a Kind of an in Samba Wasn't about a Linear
Conic Component to It because the Ice Guy Affects the Jade Guy and Then Put You Compute the
Jade Guy When You Take It Yeah Now What this What this Formula Is for Is Supposing You Know the
Positions or All the Others You Know that Then What Is the Force on the One

This Extra Particle Which May Be Imaginary Is Called a Test Particle It's the Thing That You'Re
Imagining Testing Out the Gravitational Field with You Take a Light Little Particle and You Put It Here
and You See How It Accelerates Knowing How It Accelerates Tells You How Much Force Is on It in
Fact It Just Tells You How It Accelerates and You Can Go Around and Imagine Putting It in Different
Places and Mapping Out the Force Field That's on that Particle or the Acceleration

It's the Thing That You'Re Imagining Testing Out the Gravitational Field with You Take a Light Little
Particle and You Put It Here and You See How It Accelerates Knowing How It Accelerates Tells You
How Much Force Is on It in Fact It Just Tells You How It Accelerates and You Can Go Around and
Imagine Putting It in Different Places and Mapping Out the Force Field That's on that Particle or the
Acceleration Field since We Already Know that the Force Is Proportional to the Mass Then We Can
Just Concentrate on the Acceleration

And You Can Go Around and Imagine Putting It in Different Places and Mapping Out the Force
Field That's on that Particle or the Acceleration Field since We Already Know that the Force Is
Proportional to the Mass Then We Can Just Concentrate on the Acceleration the Acceleration all
Particles Will Have the Same Acceleration Independent of the Mass so We Don't Even Have To Know
What the Mass of the Particle Is We Put Something over There a Little Bit of Dust and We See How
It Accelerates Acceleration Is a Vector and So We Map Out in Space the Acceleration of a Particle




at every Point in Space either Imaginary or Real Particle

And We See How It Accelerates Acceleration Is a Vector and So We Map Out in Space the
Acceleration of a Particle at every Point in Space either Imaginary or Real Particle and that Gives Us a
Vector Field at every Point in Space every Pointin Space There Is a Gravitational Field of Acceleration
It Can Be Thought of as the Acceleration You Don't Have To Think of It as Force Acceleration the
Acceleration of a Point Mass Located at that Position It's a Vector It Has a Direction It Has a Magnitude
and It's a Function of Position so We Just Give It a Name the Acceleration due to All the Gravitating
Objects

If Everything Is in Motion the Gravitational Field Will Also Depend on Time We Can Even Work Out
What It Is We Know What the Force on the Earth Particle Is All Right the Force on a Particle Is the
Mass Times the Acceleration So if We Want To Find the Acceleration Let's Take the Ayth Particle To
Be the Test Particle Little Eye Represents the Test Particle over Here Let's Erase the Intermediate
Step Over Here and Write that this Is in Ai Times Ai but Let Me Call It Now Capital a the Acceleration
of a Particle at Position X

And that's the Way I'M GonNa Use It Well for the Moment It's Just an Arbitrary Vector Field a It
Depends on Position When | Say It's a Field the Implication Is that It Depends on Position Now |
Probably Made It Completely Unreadable a of X Varies from Point to Point and | Want To Define a
Concept Called the Divergence of the Field Now It's Called the Divergence because One Has To
Do Is the Way the Field Is Spreading Out Away from a Point for Example a Characteristic Situation
Where We Would Have a Strong Divergence for a Field Is if the Field Was Spreading Out from a
Point like that the Field Is Diverging Away from the Point Incidentally if the Field Is Pointing Inward
The Field Is the Same Everywhere as in Space What Does that Mean that Would Mean the Field
That Has both Not Only the Same Magnitude but the Same Direction Everywhere Is in Space Then
It Just Points in the Same Direction Everywhere Else with the Same Magnitude It Certainly Has no
Tendency To Spread Out When Does a Field Have a Tendency To Spread Out When the Field Varies
for Example It Could Be Small over Here Growing Bigger Growing Bigger Growing Bigger and We
Might Even Go in the Opposite Direction and Discover that It's in the Opposite Direction and Getting
Bigger in that Direction Then Clearly There's a Tendency for the Field To Spread Out Away from the
Center Here the Same Thing Could Be True if It Were Varying in the Vertical

It Certainly Has no Tendency To Spread Out When Does a Field Have a Tendency To Spread Out
When the Field Varies for Example It Could Be Small over Here Growing Bigger Growing Bigger
Growing Bigger and We Might Even Go in the Opposite Direction and Discover that It's in the Opposite
Direction and Getting Bigger in that Direction Then Clearly There's a Tendency for the Field To Spread
Out Away from the Center Here the Same Thing Could Be True if It Were Varying in the Vertical
Direction or Who Are Varying in the Other Horizontal Direction and So the Divergence Whatever It Is
Has To Do with Derivatives of the Components of the Field

If You Found the Water Was Spreading Out Away from a Line this Way Here and this Way Here Then
You'D Be Pretty Sure that some Water Was Being Pumped In from Underneath along this Line Here
Well You Would See It another Way You Would Discover that the X Component of the Velocity Has a
Derivative It's Different over Here than It Is over Here the X Component of the Velocity Varies along
the X Direction so the Fact that the X Component of the Velocity Is Varying along the Direction There's
an Indication that There's some Water Being Pumped in Here Likewise

You Can See the In and out the in Arrow and the Arrow of a Circle Right in between those Two and
Let's Say that's the Bigger Arrow Is Created by a Steeper Slope of the Street It's Just Faster It's Going
Fast It's Going Okay and because of that There's a Divergence There That's Basically It's Sort of the
Difference between that's Right that's Right if We Drew a Circle around Here or We Would See that
More since the Water Was Moving Faster over Here than It Is over Here More Water Is Flowing Out
over Here Then It's Coming in Over Here

It's Just Faster It's Going Fast It's Going Okay and because of that There's a Divergence There That's
Basically It's Sort of the Difference between that's Right that's Right if We Drew a Circle around Here
or We Would See that More since the Water Was Moving Faster over Here than It Is over Here More
Water Is Flowing Out over Here Then It's Coming In over Here Where Is It Coming from It Must Be
Pumped in the Fact that There's More Water Flowing Out on One Side Then It's Coming In from the
Other Side Must Indicate that There's a Net Inflow from Somewheres Else and the Somewheres Else
Would Be from the Pump in Water from Underneath

Water Is an Incompressible Fluid It Can't Be Squeezed It Can't Be Stretched Then the Velocity Vector
Would Be the Right Thing To Think about Them Yeah but You Could Have no You'Re Right You Could
Have a Velocity Vector Having a Divergence because the Water Is Not because Water Is Flowing in
but because It's Thinning Out Yeah that's that's Also Possible Okay but Let's Keep It Simple All Right




and You Can Have the Idea of a Divergence Makes Sense in Three Dimensions Just As Well as Two
Dimensions You Simply Have To Imagine that all of Space Is Filled with Water and There Are some
Hidden Pipes Coming in Depositing Water in Different Places

Having a Divergence because the Water Is Not because Water Is Flowing in but because It's Thinning
Out Yeah that's that's Also Possible Okay but Let's Keep It Simple All Right and You Can Have

the Idea of a Divergence Makes Sense in Three Dimensions Just As Well as Two Dimensions You
Simply Have To Imagine that all of Space Is Filled with Water and There Are some Hidden Pipes
Coming in Depositing Water in Different Places so that It's Spreading Out Away from Points in
Three-Dimensional Space in Three-Dimensional Space this Is the Expression for the Divergence
All Right and You Can Have the Idea of a Divergence Makes Sense in Three Dimensions Just As Well
as Two Dimensions You Simply Have To Imagine that all of Space Is Filled with Water and There Are
some Hidden Pipes Coming in Depositing Water in Different Places so that It's Spreading Out Away
from Points in Three-Dimensional Space in Three-Dimensional Space this Is the Expression for the
Divergence if this Were the Velocity Vector at every Point You Would Calculate this Quantity and that
Would Tell You How Much New Water Is Coming In at each Point of Space so that's the Divergence
Now There's a Theorem Which

The Divergence Could Be Over Here Could Be Over Here Could Be Over Here Could Be Over Here
in Fact any Ways Where There's a Divergence Will Cause an Effect in Which Water Will Flow out of
this Region Yeah so There's a Connection There's a Connection between What's Going On on the
Boundary of this Region How Much Water Is Flowing through the Boundary on the One Hand and
What the Divergence Is in the Interior the Connection between the Two and that Connection Is Called
Gauss's Theorem What It Says Is that the Integral of the Divergence in the Interior That's the Total
Amount of Flow Coming In from Outside from underneath the Bottom of the Lake

The Connection between the Two and that Connection Is Called Gauss's Theorem What It Says Is
that the Integral of the Divergence in the Interior That's the Total Amount of Flow Coming In from
Outside from underneath the Bottom of the Lake the Total Integrated and Now by Integrated | Mean
in the Sense of an Integral the Integrated Amount of Flow in that's the Integral of the Divergence
the Integral over the Interior in the Three-Dimensional Case It Would Be Integral Dx Dy Dz over the
Interior of this Region of the Divergence of a

The Integral over the Interior in the Three-Dimensional Case It Would Be Integral Dx Dy Dz over the
Interior of this Region of the Divergence of a if You Like To Think of a Is the Velocity Field That's Fine
Is Equal to the Total Amount of Flow That's Going Out through the Boundary and How Do We Write
that the Total Amount of Flow That's Flowing Outward through the Boundary We Break Up Let's Take
the Three-Dimensional Case We Break Up the Boundary into Little Cells each Little Cell Is a Little
Area

So We Integrate the Perpendicular Component of the Flow over the Surface That's through the Sigma
Here That Gives Us the Total Amount of Fluid Coming Out per Unit Time for Example and that Has
To Be the Amount of Fluid That's Being Generated in the Interior by the Divergence this Is Gauss's
Theorem the Relationship between the Integral of the Divergence on the Interior of some Region
and the Integral over the Boundary Where Where It's Measuring the Flux the Amount of Stuff That's
Coming Out through the Boundary Fundamental Theorem and Let's Let's See What It Says Now
And Now Let's See Can We Figure Out What the Field Is Elsewhere outside of Here So What We
Do Is We Draw a Surface Around There We Draw a Surface Around There and Now We'Re Going
To Use Gauss's Theorem First of all Let's Look at the Left Side the Left Side Has the Integral of the
Divergence of the Vector Field All Right the Vector Field or the Divergence Is Completely Restricted
to some Finite Sphere in Here What Is Incidentally for the Flow Case for the Fluid Flow Case What
Would Be the Integral of the Divergence Does Anybody Know if It Really Was a Flue or a Flow of a
Fluid

So What We Do Is We Draw a Surface Around There We Draw a Surface Around There and Now
We'Re Going To Use Gauss's Theorem First of all Let's Look at the Left Side the Left Side Has the
Integral of the Divergence of the Vector Field All Right the Vector Field or the Divergence Is Completely
Restricted to some Finite Sphere in Here What Is Incidentally for the Flow Case for the Fluid Flow
Case What Would Be the Integral of the Divergence Does Anybody Know if It Really Was a Flue or
a Flow of a Fluid It'LI Be the Total Amount of Fluid That Was Flowing

Why because the Integral over that There Vergence of a Is Entirely Concentrated in this Region Here
and There's Zero Divergence on the Outside So First of All the Left Hand Side Is Independent of
the Radius of this Outer Sphere As Long as the Radius of the Outer Sphere Is Bigger than this
Concentration of Divergence lya so It's a Number Altogether It's a Number Let's Call that Number M
I'M Not Evan Let's Just Qg That's the Left Hand Side and It Doesn't Depend on the Radius on the




Other Hand What Is the Right Hand Side Well There's a Flow Going Out and if Everything Is Nice
and Spherically Symmetric Then the Flow Is Going To Go Radially Outward

So a Point Mass Can Be Thought of as a Concentrated Divergence of the Gravitational Field Right
at the Center Point Mass the Literal Point Mass Can Be Thought of as a Concentrated Concentrated
Divergence of the Gravitational Field Concentrated in some Very Very Small Little Volume Think of It
if You like You Can Think of the Gravitational Field as the Flow Field or the Velocity Field of a Fluid
That's Spreading Out Oh Incidentally of Course I'Ve Got the Sign Wrong Here the Real Gravitational
Acceleration Points Inward Which Is an Indication that this Divergence Is Negative the Divergence Is
More like a Convergence Sucking Fluid in So the Newtonian Gravitational

Or There It's a Spread Out Mass this Big As Long as You'Re outside the Object and As Long as the
Object Is Spherically Symmetric in Other Words As Long as the Object Is Shaped like a Sphere
and You'Re outside of It on the Outside of It outside of Where the Mass Distribution Is Then the
Gravitational Field of It Doesn't Depend on whether It's a Point It's a Spread Out Object whether It's
Denser at the Center and Less Dense at the Outside Less Dense in the Inside More Dense on the
Outside all It Depends on Is the Total Amount of Mass the Total Amount of Mass Is like the Total
Amount of Flow

Whether It's Denser at the Center and Less Dense at the Outside Less Dense in the Inside More
Dense on the Outside all It Depends on Is the Total Amount of Mass the Total Amount of Mass Is like
the Total Amount of Flow through Coming into the that Theorem Is Very Fundamental and Important
to Thinking about Gravity for Example Supposing We Are Interested in the Motion of an Object near
the Surface of the Earth but Not So near that We Can Make the Flat Space Approximation Let's Say
at a Distance Two or Three or One and a Half Times the Radius of the Earth

It's Close to this Point that's Far from this Point That Sounds like a Hellish Problem To Figure Out
What the Gravitational Effect on this Point Is but Know this Tells You the Gravitational Field Is Exactly
the Same as if the Same Total Mass Was Concentrated Right at the Center Okay That's Newton's
Theorem Then It's Marvelous Theorem It's a Great Piece of Luck for Him because without It He
Couldn't Have Couldn't Have Solved His Equations He Knew He Meant but It May Have Been
Essentially this Argument I'M Not Sure Exactly What Argument He Made but He Knew that with the 1
over R Squared Force Law and Only the One over R Squared Force Law Wouldn't Have Been Truth
Was One of Our Cubes 1 over R to the Fourth 1 over R to the 7th

But He Knew that with the 1 over R Squared Force Law and Only the One over R Squared Force
Law Wouldn't Have Been Truth Was One of Our Cubes 1 over R to the Fourth 1 over R to the 7th
with the 1 over R Squared Force Law a Spherical Distribution of Mass Behaves Exactly as if All the
Mass Was Concentrated Right at the Center As Long as You'Re outside the Mass so that's What
Made It Possible for Newton To To Easily Solve His Own Equations That every Object As Long as It's
Spherical Shape Behaves as if It Were Appoint Appointments

But Yes We Can Work Out What Would Happen in the Mine Shaft but that's Right It Doesn't Hold It a
Mine Shaft for Example Supposing You Dig a Mine Shaft Right Down through the Center of the Earth
Okay and Now You Get Very Close to the Center of the Earth How Much Force Do You Expect that
We Have Pulling You toward the Center Not Much Certainly Much Less than if You Were than if All
the Mass Will Concentrate a Right at the Center You Got the It's Not Even Obvious Which Way the
Force Is but It Is toward the Center

So the Consequence Is that if You Made a Spherical Shell of Material like that the Interior Would Be
Absolutely Identical to What It What It Would Be if There Was no Gravitating Material There At All
on the Other Hand on the Outside You Would Have a Field Which Would Be Absolutely Identical to
What Happens at the Center Now There Is an Analogue of this in the General Theory of Relativity
We'Ll Get to It Basically What It Says Is the Field of Anything As Long as It's Fairly Symmetric on
the Outside Looks Identical to the Field of a Black Hole | Think We'Re Finished for Tonight Go over
Divergence and All those Gauss's Theorem Gauss's Theorem Is Central
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General Relativity Lecture 2 - General Relativity Lecture 2 by Stanford 624,537 views 11 years ago
1 hour, 45 minutes - (October 1, 2012) Leonard Susskind introduces some of the building blocks of
general relativity, including proper notation and ...

General Relativity Lecture 4 - General Relativity Lecture 4 by Stanford 214,035 views 11 years ago
1 hour, 41 minutes - (October 15, 2012) Leonard Susskind moves the course, into discussions of
gravity and basic gravitational fields. The Fall 2012 ...

Einstein's General Theory of Relativity | Lecture 3 - Einstein's General Theory of Relativity | Lecture
3 by Stanford 624,784 views 15 years ago 1 hour, 50 minutes - In this lecture,, Leonard Susskind
continues his discussion of Einstein's theory of general relativity,. He also gives a broad overview-

starting with the elevator at rest

remove the effects of gravity

removing the curvature of a curved space

introduce some notation

get its components by dropping perpendicular to the axes
drop perpendiculars from the tip of the vector

relating the coordinates of a vector in one frame of reference
connecting components of a vector in the y frame
transforming tensors

spend a few more minutes with the idea of a covariant vector
write the corresponding thing for the covariant vector

come to the idea of a metric tensor

the simplest set of coordinates cartesian coordinates




invent a new symbol

start with a general expression among the x components

drop a perpendicular

rewrite the metric in terms of r

write down the components of the metric

work out the metric in terms of x and y

look at the lines of constant r

locate it by a polar angle

write down the distance from one point to another using pythagoras

Einstein's General Theory of Relativity | Lecture 2 - Einstein's General Theory of Relativity | Lecture
2 by Stanford 1,205,218 views 15 years ago 1 hour, 47 minutes - In this lecture,, Professor Leonard
Susskind of the Stanford University Physic's Department discusses dark energy, the tendency of ...
The Spring Constant

The Cosmological Constant

The Big Rip

The Dark Energy Density

Dark Energy

Dark Matter

Differential Operator

Test Mass

Field of Acceleration

Divergence of the Acceleration Field

Mass Density

Gauss's Law

Gauss's Theorem

Gauss's Theorem

Gauss's Law

The Gravitational Field

Newton's Law

Harmonic Oscillator

Gravitational Potential

The Equivalence Principle

Elevator Analogy

Accelerated Frame of Reference

Uniform Velocity

Relationship between X and X Prime

The Bending of Light

How Gravity Affects the Motion of Light Rays

The Bending of Light by the Sun

Acceleration due to Gravity

Tidal Forces

Polar Coordinates

The Quadratic Form

The Surface of a Sphere

Cone

Curvature

Demystifying The Metric Tensor in General Relativity - Demystifying The Metric Tensor in General
Relativity by Dialect 316,485 views 2 years ago 14 minutes, 29 seconds - The path to understanding
General Relativity, starts at the Metric Tensor. But this mathematical tool is so deeply entrenched
in ...

Intro

The Equations of General Relativity

The Metric as a Bar Scale

Reading Topography on a Map

Coordinate Distance vs. Real World Distance

Components of the Metric Tensor

Mapping the Earth

Stretching and Skewing / Law of Cosines

Geometrical Interpretation of the Metric Tensor




Coordinate Systems vs. Manifolds

Conclusions

Taking PH.D Physics course General Relativity at Stony Brook University with Dr. Verbaarschot -
Taking PH.D Physics course General Relativity at Stony Brook University with Dr. Verbaarschot by
Bari Science Lab 77,700 views 8 days ago 50 seconds — play Short - Email: suborno.bari@stony-
brook.edu.
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Spherical videos

in general relativity. The study of manifolds requires working knowledge of calculus and topology. After
a line, a circle is the simplest example of a... 67 KB (9,476 words) - 21:20, 15 February 2024

require tensor calculus to express.: 43The Newtonian theory of gravity is a good approximation to the
predictions of general relativity when gravitational... 121 KB (15,363 words) - 19:16, 4 March 2024

In mathematics, the differential geometry of surfaces deals with the differential geometry of smooth
surfaces with various additional structures, most... 128 KB (17,468 words) - 05:14, 22 December 2023
fluid. In addition to his work on calculus, as a mathematician Newton contributed to the study of power
series, generalised the binomial theorem to non-integer... 138 KB (14,330 words) - 07:54, 14 March
2024

calculus: a new utility for an analytic treatment of geometry) (in German), archived from the original on
2006-11-23 Moore, Gregory H. (1995), "The axiomatization... 88 KB (11,557 words) - 10:40, 12 March
2024

Cartan and Hermann Weyl in the early twentieth century represented a major advance in differential
geometry. The introduction of parallel transport, covariant... 69 KB (10,191 words) - 09:21, 30 January
2024
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