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#howtolearndifferentialgeometry #differentialgeometrylecturevideo In this video, I have given a ...
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The Biggest Ideas in the Universe | 15. Gauge Theory - The Biggest Ideas in the Universe | 15. Gauge 
Theory by Sean Carroll 193,996 views 3 years ago 1 hour, 17 minutes - The Biggest Ideas in the 
Universe is a series of videos where I talk informally about some of the fundamental concepts that 
help us ...
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- this Gives Mass to the Electron X Squared or Phi Squared or Size Squared Is Where the Is the Term 
in the Lagrangian That Corresponds to the Mass of the Corresponding Field Okay There's a Longer 
Story Here with the Weak Interactions Etc but this Is the Thing You Can Write Down in Quantum 
Electrodynamics There's no Problem with Electrons Being Massive Generally the Rule in Quantum 
Field Theory Is if There's Nothing if There's no Symmetry or Principle That Prevents Something from 
Happening Then It Happens Okay so if the Electron Were Massless You'D Expect There To Be some 
Symmetry That Prevented It from Getting a Mass
Point Is that Reason Why I'M for this Is a Little Bit of Detail Here I Know but the Reason Why I Wanted 
To Go over It Is You Get a Immediate Very Powerful Physical Implication of this Gauge Symmetry Okay 
We Could Write Down Determine the Lagrangian That Coupled a Single Photon to an Electron and a 
Positron We Could Not Write Down in a Gauge Invariant Way a Term the Coupled a Single Photon to 
Two Electrons All by Themselves Two Electrons All by Themselves Would Have Been this Thing and 
that Is Forbidden Okay So Gauge Invariance the Demand of All the Terms in Your Lagrangian Being 
Gauge Invariant Is Enforcing the Conservation of Electric Charge Gauge Invariance Is the Thing That 
Says that if You Start with a Neutral Particle like the Photon
There Exists Ways of Having Gauge Theory Symmetries Gauge Symmetries That Can Separately 
Rotate Things at Different Points in Space the Price You Pay or if You Like the Benefit You Get 
There's a New Field You Need the Connection and that Connection Gives Rise to a Force of Nature 
Second Thing Is You Can Calculate the Curvature of that Connection and Use that To Define the 
Kinetic Energy of the Connection Field so the Lagrangian the Equations of Motion if You Like for the 
Connection Field Itself Is Strongly Constrained Just by Gauge Invariance and You Use the Curvature 
To Get There Third You Can Also Constrain the the Lagrangian Associated with the Matter Feels with 
the the Electrons or the Equivalent
So You CanNot Write Down a Mass Term for the Photon There's no There's no Equivalent of Taking 
the Complex Conjugate To Get Rid of It because It Transforms in a Different Way under the Gauge 
Transformation so that's It that's the Correct Result from this the Answer Is Gauge Bosons as We Call 
Them the Particles That Correspond to the Connection Field That Comes from the Gauge Symmetry 
Are Massless that Is a Result of Gauge Invariance Okay That's Why the Photon Is Massless You'Ve 
Been Wondering since We Started Talking about Photons Why Are Photons Massless Why Can't 
They Have a Mass this Is Why because Photons Are the Gauge Bosons of Symmetry
The Problem with this Is that It Doesn't Seem To Hold True for the Weak and Strong Nuclear Forces the 
Nuclear Forces Are Short-Range They Are Not Proportional to 1 over R Squared There's no Coulomb 
Law for the Strong Force or for the Weak Force and in the 1950s Everyone Knew this Stuff like this 
Is the Story I'Ve Just Told You Was Know You Know When Yang-Mills Proposed Yang-Mills Theories 
this We Thought We Understood Magnetism in the 1950s Qed Right Quantum Electrodynamics We 
Thought We Understood Gravity At Least Classically General Relativity the Strong and Weak Nuclear 
Forces
Everyone Could Instantly Say Well that Would Give Rise to Massless Bosons and We Haven't 
Observed those That Would Give Rise to Long-Range Forces and the Strong Weak Nuclear Forces 
Are Not Long-Range What Is Going On Well Something Is Going On in both the Strong Nuclear Force 
and the Weak Nuclear Force and Again because of the Theorem That Says Things Need To Be As 
Complicated as Possible What's Going On in those Two Cases Is Completely Different so We Have 
To Examine in Different Ways the Strong Nuclear Force and the Weak Nuclear Force
The Reason Why the Proton Is a Is About 1 Gev and Mass Is because There Are Three Quarks 
in It and each Quark Is Surrounded by this Energy from Gluons up to about Point Three Gev and 
There Are Three of Them that's Where You Get that Mass Has Nothing To Do with the Mass of the 
Individual Quarks Themselves and What this Means Is as Synthetic Freedom Means as You Get to 
Higher Energies the Interaction Goes Away You Get the Lower Energies the Interaction Becomes 
Stronger and Stronger and What that Means Is Confinement so Quarks if You Have Two Quarks if 
You Just Simplify Your Life and Just Imagine There Are Two Quarks Interacting with each Other
So When You Try To Pull Apart a Quark Two Quarks To Get Individual Quarks Out There All by 
Themselves It Will Never Happen Literally Never Happen It's Not that You Haven't Tried Hard Enough 
You Pull Them Apart It's like Pulling a Rubber Band Apart You Never Get Only One Ended Rubber 
Band You Just Split It in the Middle and You Get Two New Ends It's Much like the Magnetic Monopole 
Store You Cut a Magnet with the North and South Pole You Don't Get a North Pole All by Itself You 



Get a North and a South Pole on both of Them so Confinement Is and this Is because as You Stretch 
Things Out Remember Longer Distances Is Lower Energies Lower Energies the Coupling Is Stronger 
and Stronger so You Never Get a Quark All by Itself and What that Means Is You Know Instead of 
this Nice Coulomb Force with Lines of Force Going Out You Might Think Well I Have a Quark
And Then What that Means Is that the Higgs Would Just Sit There at the Bottom and Everything Would 
Be Great the Symmetry Would Be Respected by Which We Mean You Could Rotate H1 and H2 into 
each Other Su 2 Rotations and that Field Value Would Be Unchanged It Would Not Do Anything by 
Doing that However that's Not How Nature Works That Ain't It That's Not What's Actually Happening 
So in Fact Let Me Erase this Thing Which Is Fine but I Can Do Better Here's What What Actually 
Happens You Again Are GonNa Do Field Space Oops That's Not Right
And this Is Just a Fact about How Nature Works You Know the Potential Energy for the Higgs Field 
Doesn't Look like this Drawing on the Left What It Looks like Is What We Call a Mexican Hat Potential 
I Do Not Know Why They Don't Just Call It a Sombrero Potential They Never Asked Me for some 
Reason Particle Physicists Like To Call this the Mexican Hat Potential Okay It's Symmetric Around 
Rotations with Respect to Rotations of H1 and H2 That's It Needs To Be Symmetric this this Rotation 
in this Direction Is the Su 2 Symmetry of the Weak Interaction
But Then It Would Have Fallen into the Brim of the Hat as the Universe Expanded and Cooled Down 
the Higgs Field Goes Down to the Bottom Where You Know Where along the Brim of the Hat Does It 
Live Doesn't Matter Completely Symmetric Right That's the Whole Point in Fact There's Literally no 
Difference between It Going to H1 or H2 or Anywhere in between You Can Always Do a Rotation so 
It Goes Wherever You Want the Point Is It Goes Somewhere Oops the Point Is It Goes Somewhere 
and that Breaks the Symmetry the Symmetry Is Still There since Symmetry Is Still Underlying the 
Dynamics of Everything
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- Lecture 2 | Hal Haggard by International Society for Quantum Gravity 1,982 views 9 months ago 2 
hours, 11 minutes - This course will offer an introduction to Loop Quantum Gravity,. We will begin by 
exploring the challenges of quantum gravity, and ...
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in mathematical physics by Physics World 12,393 views 3 years ago 9 minutes, 17 seconds - Roger 
Penrose is one of the recipients of the 2020 Nobel Prize for Physics,. The British mathematical, 
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