PHYSICS

Light and Matter

Young’s double slit experiment: he shone light through two narrow parallel slits and observed the
pattern formed on the screen behind the slits. If the particle theory of light was correct then a pattern
of two bright bands of light would have appeared however this is not what happened. The pattern on
the screen was a series of bright and dark bands formed by the light from both slits hitting the
screen. The bright bands were due to constructive interference and the dark bands were due to
destructive interference. As interference is a property of waves, not particles, this experiment
supports the wave of light.

. Path difference (constructive)= nA

° Path difference (destructive)= (n-0.5)A
To produce narrower bands

. Use light with higher frequency/ lower wavelength
. Slits are further apart

e  Screen is closer to slits

e  Wider slit

Diffraction: the spreading out or bending of waves as they pass through a small opening or move
past the edge of an object Dz%

If the wavelength is of similar magnitude to the width, there will be strong diffraction
If the wavelength is much smaller than the width there will be little diffraction
Photoelectric effect: release of electrons from a metal surface as a result of exposure to

electromagnetic radiation/ light. Lenard shone monochromatic light of different intensities onto a
metal surface in a vacuum and found that electrons were being released. He observed that:

. There is a particular frequency at which electrons begin to be emitted from each metal
e As light intensity increases, current increases

o Energy of light is dependent on frequency and not intensity

Threshold frequency: the frequency at which electrons begin to be emitted from a metal (varies from
metal to metal)

Lenard modified the circuit so he could work out the energy of the electrons by reversing the power
supply to provide a retarding voltage on the electrons. He increased the retarding voltage until no
electrons could reach the opposite terminal.

Stopping voltage: the reverse/ retarding voltage at which the current is reduced to zero. This is
because the electrons haven'’t got sufficient energy to overcome it.

Maximum kinetic energy = stopping voltage
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The wave model could not explain these results or observations
According to the wave model of light you would expect that:
o Dim light would take a longer time to eject electrons however ejection is instantaneous

° More intense light (of the same frequency) would eject electrons of a higher energy

Einstein’s photon model

He suggested that light wasn’t a continuous wave but instead, travels in discrete packets of energy
or quanta called photons. He suggested that a single photon could pass its energy on to only one
electron hence it gives up all of its energy to the single electron it collides with.

Work function: the electron that the energy uses up to escape from the metals surface (varies from
metal to metal)

Line emission spectra: an electric current is passed through a gas such as neon or oxygen and the
electrons become excited. When the electrons drop back down to the ground state they emit light
(corresponding to the amount of energy released) forming an emission spectra. Each element has
itS own unique spectra.

Line absorption spectra: when light is shone through a particular gas a pattern of dark bands
occurs. The electrons can only accept/ absorb particular amounts of energy as determined by their
energy levels and the differences between them.

Bohr's model of the atom: He suggested that atoms exist in certain discrete energy levels or
guantum states. He said that:

. Electrons can only exist in one energy level and not in between i.e. levels are quantasised

. If an atom is provided with energy electrons move to higher energy levels by absorbing energy
equivalent to the difference between the energy level. The atom is said to be excited

e When an electron is in a high energy level it can return to its ground state by emitting energy in
the form of a photon. The energy of the photon is equivalent is equivalent to the difference in
energy levels the electron moves between

Light being produced in an incandescent light globe: when an electric current passes through the
filament electrons gain a wide range of energy from thermal excitation which allows them to move to
higher energy levels. When these electrons return to their ground state they emit light of a wide
range of frequencies.

Incandescent light globes give a continuous wide spectrum of visible light and beyond. This is
because discrete energy levels don’t exist in a solid and the electrons can emit any amount of
energy available. A mercury vapour lamp gives a spectrum that consists of a discrete set of
frequencies of light. This is because it consists of individual mercury atoms and they have discrete
energy levels. Light of certain frequencies are emitted during the transitions of electrons from high
to low energy levels.

De Broglie suggested that since light waves could behave like particles, particles could also behave
like waves. Experiments have shown that electrons can diffract and interfere with each other.
Thomson fired a beam of electrons through tiny crystals and a circular diffraction pattern was
shown. He then fired a beam of high energy photons (x rays) with the same wavelength as the
electrons at the same crystal. A similar diffraction pattern was produced.
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However, electrons diffract less than waves so the diffraction equation Dz% can’t be used.

Property

Particle

Wave

Reflection

Refraction

Diffraction

Interference

Photoelectric effect |

Momentum

Dispersion

Absorption and
emission spectra
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