Biophysics of light

® Light as wave.Wave phenomena.

L l G H T : WAV E A N D ® Electromagnetic waves, spectrum.

® Light as particle. Photoelectric effect.

PARTICLE .

® Matter waves. Electron as wave.

Dual nature of light.

MIKLOS KELLERMAYER
® Applications

What kind of wave is light?

Light as wave: .
Electromagnetic wave

“wave phenomena” are displayed

Electromagnetic disturbance propagating in space.

Diffraction Interference Polarization No elastic medium is required for its propagation.
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The electromagnetic
spectrum
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N.B.: ) “spectrum” = function (intensity of EM radiation as a function of energy)
2) “electromagnetic spectrum” = types of radiation as a function of energy

Photoelectric effect
The explanation

1905: “Annus mirabilis” ght photons
 photoelectric effect
« diffusion

* special relativity

Z,

Z 7
< =
) Sodium metal j

Albert Einstein
(1879-1955)

Ekin = hf - Wex

Erin = kinetic energy of escaped electron

h = Planck’s constant (6.6210-3 |s) Photon:

/= frequency of light etravels with the speed of light (c) in vacuum
hf = light energy = light quantum, “photon” edoes not exist at rest, has momentum

Wee = work necessary for the escape of *has no rest mass

the electron from the atom

What happens if an object is
illuminated with light?

Photoelectric effect: The experiment

Hallwachs-effect:
Upon UV illumination, negative
charges leave the metal surface

Wilhelm Hallwachs
(1859-1922)
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Measurements, observations

| 2x light intensity

v

light intensity

Electron emission: instantaneous upon illumination

Electron emission only in high-frequency (e.g., blue, UV) light
No electron emission in low-frequency (e.g., red) light
Photoelectric current: depends on light intensity
Photoelectric current: does NOT depend on light color

Light is at once wave
and particle!

(1629-1695)

Wave
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During propagation

Manifestations:
*Diffraction
eInterference
*Polarization

Christiaan Huygens

>

Sir Isaac Newton
(1643-1727)

Particle

During interactions

Manifestations:
sPhotoelectric effect
sRefraction
sExcitation, lonization
Compton scatter
*Pair production



If light can be a particle, then can
a particle be a wave?

Matter waves: The electron as a wave

Davisson-Germer experiment

Einstein: Planck: Maxwell:
mass-energy equivalence  law of radiation  speed of light
E=mc” E=hf c=Af
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p=2 2= maxima
A my The electron is thus a wave!

Bullet: for m=1 g and v=1 kms,

Why don't we experience the wave nature
of macroscopic particles (e.g., bullet)? A=6x 1034 m!!

Capturing cells with optical tweezers

Trapping of bacterial cells

We can now better understand
optical tweezers

Refractile particles may be captured with photonic forces:

Refraction is accompanied by photonic momentum change (AP)
(Theory later):

Laser

Incoming
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Refractile Gradient
microsphere force
Refractile
EQUILIBRIUM

microsphere

Scatter force
(light pressure)

in the optical trap a momentum change occurs 3 pm latex (polystyrene)
microspheres in the optical trap

between the photons and the trapped particle:

N.B.: the terms optical tweezers,
optical trap, laser tweezers, laser *

trap are synonymous

The optical trap is 3D handle without a shaft:

A knot can be tied on a molecular filament without releasing its ends

Actin filament DNA

Phase contrast image Fluorescence image

Fluorescence image

Arai et al. Nature 399, 446, 1999.




Applications |.

Matter waves: Electron microscope

Wehnelt cylinder

Voltage source (focussing electrode)

(high voltage)
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Ray source: Cathode (heated
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F=force on the electron; e=electron’s charge;
F= eBV SINQ B=magnetic field; V' =electron’s speed; a=angle
e between the optical axis and the direction of the

magnetic field

Projected
image
A{ d=smallest resolved distance
Resolution: d = — /="de Broglie” wavelength
a=angle between the optical axis and
Film, fluorescent screen (04

the direction of the magnetic field

Transmission electron microscope (TEM) Based on the de Broglie wavelength the theoretical

resolution is: ¢~ 0,005 nm (=5 pm).

Applications |l.

Photoelectric effect: photodetection, photocell, CCD, etc, etc.....

Light detection, image Harvesting and transformation of
recording, CCD camera light energy

Light amplification,
intensification

Silence of the lambs night vision scene:
Buffalo Bilt wearing a night-vision goggle - a
microchannel-plate intensifier

Solar panels

CCD chip in mobile-
phone camera



