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A	Question	For	Gen.	Phys.	Students

…All the “Stuff” inside an object…

What’s	All	The	Stuff?

…Well, It’s All the “Matter”…

What’s	All	The	Matter?

What	is	Mass?
✓
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m2

m1 = 2kg

✓ = 39�

µs = .412

µk = .333

m2 =?

T =?

What’s the 
minimum mass of 
block two and the 
resulting tension 
in the rope if the 
system is at rest?
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Ff = µsN
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Newton’s Gravity

Ch.9

Newton’s Gravity 
Moon’s Orbital Period:

Earth

Moon

r

Fgrav

mM

GME =

✓
2⇡

T
r

◆2

r

GME =
4⇡2

T 2
r3

T 2 =
4⇡2r3

GME
Kepler’s Second Law
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What’s the initial and final kinetic energy?

vb
mb

M

15cm

vb = 750m/s, mb = 0.3kg, M = 4kg, vf = 52.3m/s, Ki =?, Kf =?

Ki =
1

2
mbv

2
b +

1

2
Mv2M =
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2
(.3)(750)2 + 0 = 8.44⇥ 104J

Kf =
1

2
(mb +M) v2f =

1

2
(.3 + 4)(52.3)2 = 5.88⇥ 103J

Ki > Kf

OMG??? What Happened???

Ki = 8.44⇥ 104J, Kf = 5.88⇥ 103J



Let’s	Answer	the	Question
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Seems to be true classically.

• Gravitational Mass

– Nöther’s Theorem:R
T00dV = mADM

– ADM Procedure:

MADM =

1
16⇡G limr!1

H
�ij (@igjk � @kgij)nkdS

• Inertial Mass

– Objects’ property to resist change in its state of motion

– Weinberg Salam:

Lh = |Dµh|2 � �
⇣
|h|2 � v2

2

⌘2

• Way to di�cult for General Physics!



Gravielectric	Duality

q ! m charge-mass

1

4⇡✏0
! �4⇡G Coulomb-Newton Constant

~E ! ~g Electric-Gravitational Field

Ch.15

Using Gauss’ Law 
All we know is Gauss’ Law, find the electric field of a point 
charge ‘Q’, a radial distance ‘r’ away.

~E · ~A� =
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✏0

~E =?
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Gaussian Surface
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Gauss’ Law

~g · ~A� =� 4⇡Gmencl Gravitational Gauss’ Law



Holography	and	ADM	Mass

~g · ~A� =� 4⇡Gmencl Gravitational Gauss’ Law

mencl = � 1
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~g · ~A�

Need to make sure S2
encloses all the charge:

r ! 1

m = lim
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Holography	and	ADM	Mass

ds
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• Holographic Definition of Mass

– Mass is the gravitational flux through the surface of a 2-sphere at
radial infinity.

mADM = lim
r!1

� 1

4⇡G
~g · ~A�



Black	Hole	ADM	Mass	From	Holography
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Questions?
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