
1

Widefield Fluorescence Microscopy

Confocal Fluorescence Microscopy

Nipkow Disk

Invented in 1884 by Paul Nipkow,a contemporary of Abbe.

Central element of an early incarnation of the television.
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Light Amplification by Stimulated Emission of Radiation

1917       Albert Einstein stimulated emission possible

1950s     Charles Townes built first “MASER”

         Gordon Gould coined term LASER

1960       Theodore Maiman built first LASER (ruby)
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Stable LASER output
requires establishment
and maintenance of a
“population inversion” of
excitable electrons.

Must “pump” the medium
with either electrical or
photonic energy

L

L / λ = integer

98% reflection

2% escapes

equilibrium = 2% overproduction

pumping = supply of energy to
produce population inversion
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~ 10,000 - 40,000 hours



5

Laser Lines

1152

Alignment



6



7

Confocal Imaging

Confocal Microscope

Light

Source

Object plane

Objective Lens

Image plane

Tubus Lens

Light

Source

Object plane

Objective Lens

Image plane

Tubus Lens

Pinhole

 

Line Scan

y

z

x

z-Stack

50 50 µµmmReconstructed
Neuron

Confocal Imaging

Confocal Microscope

Light

Source

Object plane

Objective Lens

Image plane

Tubus Lens

Light

Source

Object plane

Objective Lens

Image plane

Tubus Lens

Pinhole



8



9

What to look for in a fluorophore

Fluorescence Spectrum

Quantum Yield

Extinction Coefficient

Stability (Photobleaching)

Sensitivity to Environment

Toxicity

Reactivity

Solubility
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Fluorophores
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Aequorea victoria
Green Fluorescent Protein

Aequorea Victoria
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Green Fluorescent Protein

The excitation spectrum of native GFP from A. victoria
(blue) has two excitation maxima at 395 nm and at 470 nm.
The fluorescence emission spectrum (green) has a peak at
509 nm and a shoulder at 540 nm.

GFP transcriptional reporter

GFP transcriptional reporter
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http://www.olympusconfocal.com/java/confocalsimulator/index.html
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2-photon excitation (2PE)
•Both photons must arrive within < 10-18 sec
•Fluorescence emission varies with the square of excitation intensity
•Requires photon density ~ 106 x greater than for single photon exc
•3 photon excitation also possible ( ~ 10 x greater than for 2PE)

Multi-photon Fluorescence Microscopy

One-photon excitation

λemλex

Two-photon excitation

2λex

2λex

λem
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•Absence of out-of-focus absorption allows
more of the excitation light photons to reach the
desired specimen level.

•The red and infrared light employed in two-
photon excitation undergoes less scattering
than light that is bluer in color (shorter
wavelengths).

•The effects of light scattering are less
detrimental to two-photon microscopy than to
confocal microscopy

•Absence of out-of-focus absorption allows
more of the excitation light photons to reach the
desired specimen level.

•The red and infrared light employed in two-
photon excitation undergoes less scattering
than light that is bluer in color (shorter
wavelengths).

•The effects of light scattering are less
detrimental to two-photon microscopy than to
confocal microscopy
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Two-photo vs. single photon Imaging: penetration
Titanium-Sapphire Laser

Mode-Locked, Pulsed Laser

Tunable between 700 – 1200 nm

100 fsec pulses @ 100 MHz

Support frequency doubling to 350 – 600 nm

Costs ~ $160,000


