
What is the Energy of the Electron? 1

The Coulomb force binds an electron and a proton into a hydrogen atom
with a force that is mathematically identical to the gravitational force that
binds the planets in our Solar System, the Moon to the Earth, etc. What
is the energy of an electron?
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What We Already Know. 2

The Organizing Principle.

ME0 = ME1

KE0 + PE0 = ME1 + PE1

1

2
mv20 + PE0 =

1

2
mv21 + PE1

The Forces

~Fgrav = −Gm1m2

r212
r̂12 ~Fcoul =

keq1q2
r212

r̂12

The simulation is here.
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https://phet.colorado.edu/sims/html/gravity-and-orbits/latest/gravity-and-orbits_en.html


The Kinetic Energy in Polar Coordinates - 1 3
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The Kinetic Energy in Polar Coordinates - 1 5
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The Kinetic Energy in Polar Coordinates - 2 6
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The Kinetic Energy in Polar Coordinates - 2 7
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The Kinetic Energy in Polar Coordinates - 2 8
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The Kinetic Energy in Polar Coordinates - 2 9
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The Kinetic Energy in Polar Coordinates - 3 10
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The Kinetic Energy in Polar Coordinates - 3 11

v
r

v
t v

F
C

Jerry Gilfoyle Quanta 9 / 22



The Kinetic Energy in Polar Coordinates - 3 12
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Orbits 13

A Russian Artica satellite that monitors polar weather follows an elliptical
orbit around the Earth at an altitude of h = 300 km above the surface
(radius rs = 6.67× 106 m) at a velocity

~v = 4.1× 103 m/s r̂ + 7.5× 103 m/s θ̂ .

What is the angular momentum? What is the total energy? What is the
distance of closest approach to the Earth? The satellite mass is
ms = 600 kg .

Arktica-M

Rearth = 6.37× 106 m
mearth = 5.97× 1024 kg
G = 6.673× 10−11 Nm2/kg2
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Changing Orbits 14

Blue: ME0

Red: ME1

Black :
L

2

2 r
2
ms

-
Gme ms

r
Green : -

Gme ms

r

0 20 40 60 80
-0.3

-0.2

-0.1

0.0

0.1

r (10
6
m)

E
(1

0
1
1

J
)

Jerry Gilfoyle Quanta 12 / 22



Classical Physics versus Quantum Mechanics 15

Classical Physics Quantum Physics

1. Start with Newton’s Laws. 1. Start with Schroedinger’s equation.

2. Insert the force/potential. 2. Insert the force/potential.

3. Solve the differential equa-
tion with initial conditions

~F = m
d2~r

dt2

where ~r is the position.

3. Solve the differential equation with
initial conditions

− ~2

2m

d2ψ

dr2
+

L2

2mr2
ψ+Vψ = Eψ(~r)

where ψ is a wave function.

4. Get the position ~r(t) as a
function of time.

4. Get the probability |ψ(~r)|2 as a
function of time.

x

y

r

ψ
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The Postulates of Quantum Mechanics 16

1 The quantum state of a particle is characterized by a wave function
Ψ(~r , t), which contains all the information about the system an
observer can possibly obtain. The square of the magnitude of the
wave function |Ψ(~r , t)|2 is interpreted as a probability or probability
density for the particle’s presence.

2 The things we measure (e.g. energy, momentum) are called
observables. Each observable has a corresponding mathematical
object called an operator that does ‘something’ to the wave function
Ψ(~r , t) and we obtain the value of the observable. The radial
dependence of the wave function Ψ(~r , t) is governed by the energy
operator which generates a famous expression called the Schrödinger
equation.

− ~2

2m

(
d2

dr2

)
Ψ(r) +

L2

2mr2
Ψ(r) + VΨ(r) = EΨ(r)
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A Theory for the Hydrogen Atom - Results 17

What did your ground-state wave function look like?
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A Theory for the Hydrogen Atom - Results 18

What did your ground-state wave function look like?
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Where is the Electron? 19

The Coulomb force binds an electron and a proton into a hydrogen atom
with a force that is mathematically identical to the gravitational force that
binds the planets in our Solar System, the Moon to the Earth, etc. For an
electron with energy Ee where can it be found as a function of r where r is
the distance from the proton?
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A Theory for the Hydrogen Atom - Results 20

What did your n=3 wave function look like?
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A Theory for the Hydrogen Atom - Results 21

What did your n=3 wave function look like?
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A Weird Result 22

For n = 3, L = 1.
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The Hydrogen Electron Density Clouds 23
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Orbits and the Effective Potential 24
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The Hydrogen Lines 25
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Hydrogen Quantum Numbers 26

En = −13.6 eV
n2

3p

n
n - principal quantum number

` - angular momentum
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Hydrogen Quantum Numbers 28
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Results from Optical Spectrum of Hydrogen 29

ni nf Energy (eV)
5 2 2.82± 0.04
4 2 2.55± 0.08
3 2 1.86± 0.02
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