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thhagorean Theorem

GOAL.:
Pythagorean Theorem

0 A=c"f(0,¢)

METHOQOD:
Dimensional Analysis

A+A4,=
a’f(0,)+b°f(0,)
A+A,=A

a’+b’=c’



Infinite Line of Charge
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Note: < can be
very useful



Scale Invariance
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Cutoff Method
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' (72, 2 *We cannot remove the regulator L
V= A log + L+ L2+x2
ame, | —L+VIL+x7

All physical quantities are independent of the regulator:

—dv A A

Electric Field E
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Problem solved at the expense of an extra scale L
AND we have a broken symmetry: translation invariance



dmtey 7| —(L—c)+V(L—c)+x*

Broken Translational Symmet

Shift: y > y'=y-c

y=[+L+c, -L+C]
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V(r) depends on y coordinate!!!



Dimensional Regularization
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Dimensional Regularization

All physical quantities are independent of the regulators:

BlecticField  p(yo—dV _ A |2epTle]) - A 1
)= dx  4me, ‘X | eo0 2me, x
A 2
Energy SV=V _y N loo| 22
(x) <xz>e—>oo 41T€, og-x?-

Problem solved at the expense of an extra scale W and regulator €

Translation invariance is preserved!!!

Dimensional Regularization respects symmetries
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Renormalization
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Original
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Vi (X)) = Vi (x,)=6 V=V s (x) =V 15 (x,)

VVS<X1)_VMS(X2>¢5V¢ VMS(X1>_VVS<X2)



Connection to QFT




Dimensional Transmutation




Renormalization GrouE Esuation
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RecaE

Regulator provides unique definition of V, f, ®

Cutoff regulator L:
simple, but does NOT respect symmetries

Dimensional regulator €:
respects symmetries: translation, Lorentz, Gauge invariance
introduces new scale U

All physical quantities (E, dV, 6) are independent of the regulator
Renormalization group equation: do/du=0

We can define renormalized quantities (V,f,®)
Renormalized (V,f,®) are scheme dependent and arbitrary

Physical quantities (E,dV, 6) are unique and scheme independent
if we apply the scheme consistently
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