Rreludeito Quantum Tﬁeory’

: Discovery of the X-Ray and the Electron Observation of X Rays

Wilhelm Réntgen studied the effects
of cathode rays passing through
various materials. He noticed that a
phosphorescent screen near the
tube glowed during some of these
experiments. These new rays were
unaffected by magnetic fields and
penetrated materials more than
cathode rays.

He called them x rays and deduced

that they were produced by the

cathode rays bombarding the glass

walls of his vacuum tube. Wilhelm Réntgen

Thomson’s Cathode-Ray Experiment

Thomson used an evacuated cathode-ray tube to show that the
cathode rays were negatively charged particles (electrons) by
deflecting them in electric and magnetic fields.
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3.2: Determination
of Electron
Charge

Millikan’s oil-drop experiment

Robert Andrews Millikan
(1868 — 1953)

Millikan was able to
Reversible voltage show that electrons
had a particular
Microscope charge.

e=1.602x 10" C

3.3: Line Spectra

hann Balmer found an empirical formula for the
Chemical elements were observed to produce unique wavelengths of wavelength of the visible hydrogen line spectra in nm:
light when burned or excited in an electrical discharge.

(where k=345...)




Rydberg Equation

As more scientists discovered emission lines at infrared and ultraviolet
wavelengths, the Balmer series equation was extended to the Rydberg

equation:

Discoverer (year)

‘Wavelength

Lyman (1916)
Balmer (1885)
Paschen (1908)
Brackett (1922)
Pfund (1924)

Ultraviolet
Visible, ultraviolet
Infrared

Infrared

Infrared

The spectral intensity (4, 7) is the total power radiated per unit area per
unit wavelength at a given temperature.

: The maximum of the spectrum shifts to

smaller wavelengths as the temperature is increased.
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3.5: Blackbody Radiation

are independent of the
particular material

Stefan-Boltzmann Law

The total power radiated increases with the temperature:
D 4
P(T) = J'o YA, T)dA=c oT

This is known as the Stefan-Boltzmann law, with the constant o
experimentally measured to be 5.6705 x 10-8 W / (m? - K4).

The emissivity € (e = 1 for an idealized blackbody) is simply the
ratio of the emissive power of an object to that of an ideal blackbody
and is always less than 1.
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Methods of electron emission:

Thermionic emission: Applying
heat allows electrons to gain
enough energy to escape.

Secondary emission: The electron gains enough energy by transfer
from another high-speed particle that strikes the material from outside.

Field emission: A strong external electric field pulls the electron out of
the material.

: Incident light (electromagnetic radiation) shining
on the material transfers energy to the electrons, allowing them to
escape. We call the ejected electrons .
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When photoelectrons
are produced, their

is proportional
to the intensity of light.

Light intensity

Also, the photoelectrons Classical theory predicted that, for
are emitted almost extremely low light intensities, a long

following
illumination of the
photocathode,
independent of the
intensity of the light.

time would elapse before any one
electron could obtain sufficient
energy to escape. We observe,
however, that the photoelectrons are
ejected almost immediately.
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Einstein’s Theory: Photons —-'NW\/\w—»

Einstein suggested that the electro-magnetic radiation field is quantized
into particles called photons. Each photon has the energy quantum:

hv

where vis the frequency of the light and % is Planck’s constant.

Alternatively,




Encrgy before (photon) = encrgy after (clectron)

—|-<||

Filament
supply

High-voltage
power supply

Current passing through a filament produces copious numbers of
electrons by thermionic emission. If one focuses these electrons by
a cathode structure into a beam and accelerates them by potential
differences of thousands of volts until they impinge on a metal
anode surface, they produce x rays by bremsstrahlung as they stop
in the anode material.
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Conservation of energy requires that
the electron kinetic energy equal the
maximum photon energy (neglect the

work function because it's small

compared to the electron potential

energy). This yields the

, first found experimentally. The

photon wavelength depends only on

the accelerating voltage and is the

same for all targets.

Relative intensity.
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3.9: Pair Production and Annihilation

If a photon can create an electron, it
must also create a positive charge to

balance charge conservation. e:

In 1932, C. D. Anderson observed a

positively charged electron (e*) in (
cosmic radiation. This particle, called a

positron, had been predicted to exist

several years earlier by P. A. M. Dirac.
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A photon’s energy can
be converted entirely
into an electron and

a positron in a process V4 —> eJr +e
called pair production:

Paul Dirac
(1902 - 1984)
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A positron passing through matter Positronium,
will likely annihilate with an before decay
electron. The electron and positron (schematic only)
can form an atom-like configuration
first, called positronium.

Positronium,
before decay

Pair annihilation in empty space
produces two photons to conserve
momentum. Annihilation near a
nucleus can result in a single
photon.

After annihilation After annihilation







