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Equivalence Principle
Einstein 's insight on gravity

→ to ×
← ⇒¥•:→

↑ ✗ ✓

gravity is the metric tensor describing the
curvature of spacetime

Big Question :
How Equivalence Principle (EP) leads us to

the mathematical strategy of describing gravity as
the geometry of a curved manifold

WEP

EEP

SEP
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Weak Equivalence Principle CWEP)
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"

gravity is universal
"

Newton 's second Law

Fg = ma

to

mgfñ& ) = Mia↑ +
inertial massgravitational ↓

response
a = ↑m⇒tñ&)

lingam;) Xchange " of response
if mg=- Cmi , ( (kinematically ?

% CfÑ& )
set C- 1

Newtonian mechanics =p WEP : m;=Mg
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The response of matter to gravitation is universal .
Every object falls at the same rate in gravity , indep .

of the composition of the object.

freely -falling = inertial trajectory

#Y
Can accelerated
↳ means
"

subjects only to gravity
"

*

* *

wrap ⇔ FF1N
*

/
*Earth space

gravity
caution : g = guys ⇒ Only small enough region

*
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(no experiment)
WEP : there is no way

to disentangle the effects

of a grav. f. from those of being in a

uniformly accelerated frame
, simply by observing

the behavior of free -falling particles .
in small enough region of spacetime

EEP

(Einstein 's Equivalence Principle)

In small enough region of spacetime, the

laws of physics reduce to those of II;
it is impossible to detect the existence

of a grow. f. by means of
local experiment

Remark 1 "

gravity " couples to all forms of energy
and momentum

Mg = Mi
the - *
I :& ' ? -SR
'

-
_
-

!
My

= Mp + Me - B. E. (F- =me2)
off}WEP *I
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Remark 2 Local Lorentz frame
(no external fora)

SR : we can define inertial frame⇒ acceleration
can be well-defined

E-EP : no such things of grow. neutral
(gravity is inescapable)

inertial frame = ? =p acceleration

due to gravity
cannot be

well-defined
"
un accelerated

" "

freely - falling "

* gravity is not a
" forced
↳ the cause of acceleration

• TILL locally inertial frames
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Note

SR
Galician 's

Principle of Relativity
=D

Einstein 's

Principle of Relativity
(only mechanical laws) (all laws of physics :

mechanics + EM + nuclear+ ⇒

GR WEP
⇒ F-EP

(Newton's laws : [all laws of physics
meek

. +grow. ) mech .tEM+ - . .

BUT not gravitation)

=p SEP
Elevator

(mech + Ent - -

f-
-
_ _ ,

v=o•. > v↑•↓ v+at↑↓÷÷¥
"""""

+ self-gravity )

-5¥.
light bending
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EEP

↳ gravitational redshift

% % csv<<c)

to tip
so = ast

< Z 7

70+41 = a¥
totbt →

At = £
from SR

,
rel

. Doppler effect

%bs= to 1+-9
1-P

≈ ✗
◦
+ top ;p=b¥

1
4-
◦

≈ He = ¥

EEP
,

✗

^ { total
¥
.

= 9¥- grav .

¥
≥

↓I↑↓ñg redshift)
✓
{ to



- 23 -

g. = -ñ¢

↑ ñg = 94

§ ag.lt,
¥
.

= IS ¢ dt

= If :& dt

↳ to

= £594 da

Xiao = ¥14 =D 7- = ✗
◦ (1- + ¥2 )

to

¥
.

= 1¥ = (1+14) le=1)

Att = G- +s&)sto

the clock on the tower appears
to run more quickly 11

E) = 1-DI (grav
.

time dilation
↳

☒ top of the tower at y=•

ds<
= - (1-←*)dt2-dxt.ly 2+12-2
→ ↑

1- in inertial framecurved spacetime


