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Electrophysiological and imaging setup
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Anatomy of the Fluorescence
Microscope

Electromagnetic waves
Electromagnetic waves are typically described by any of the
following 3 physical properties: the frequency f, wavelength λ, or
photon energy E.
The photon is the basic "unit" of light and all other forms of
electromagnetic radiation and is also the force carrier for the
electromagnetic force.
c = 299,792,458 m/s is the
speed of light in vacuum
h = 6.62606896(33)×10−34 J s

When light traveling in a vacuum enters a new transparent
medium, such as air, water, or glass, the speed is reduced
in proportion to the refractive index of the new material.

Mercury Arc lamps

Tungsten-halogen lamps

Light Emitting Diodes

Laser Systems

Radiation occur due to fact that electrons moving in orbits
around the nucleus of an atom are arranged in different
energy levels within their probability distribution functions.
Many of the electrons can absorb additional energy from
external sources of electromagnetic radiation, which
results in their promotion to an inherently unstable higher
energy level.
Eventually, the "excited" electron loses the extra energy
by emitting electromagnetic radiation of lower energy and,
in doing so, falls back into its original and stable energy
level.

The primary filtering element in the epifluorescence
microscope is the set of three filters housed in the
fluorescence filter cube (also called the filter block):
the excitation filter, the emission filter, and the
dichroic beamsplitter.

1) The excitation filter (also called the exciter) transmits only those
wavelengths of the illumination light that efficiently excite a specific
dye.
2) The dichroic beamsplitter (also called the dichroic mirror or
dichromatic beamsplitter) is a thin piece of coated glass set at a 45degree angle to the optical path of the microscope. This coating has
the unique ability to reflect one color, the excitation light, but transmit
another color, the emitted fluorescence.
3) The emission filter (also called the barrier filter or emitter) attenuates
all of the light transmitted by the excitation filter and very efficiently
transmits any fluorescence emitted by the specimen. This light is
always of longer wavelength (more to the red) than the excitation
color.

91002 Olympus
BH2

Absorption Filters - In Figure 1, the three incident waves are colored red, green, and blue but are intended to
represent all the colors that comprise white light. The filter selectively transmits the red and blue portions of the
incident white light spectrum, but absorbs most of the green wavelengths. As discussed in our section on primary
colors, the color magenta is obtained by subtracting green from white light. The light-modulating properties of a
typical color filter are illustrated in Figure 2.

Interference Filters - These filters differ from absorption filters in the fact that they reflect and destructively interfere with
unwanted wavelengths as opposed to absorbing them. The term dichroic arises from the fact that the filter appears one
color under illumination with transmitted light and another with reflected light. In the case of the magenta dichroic filter
illustrated below in Figure 3, green light is reflected from the face of the filter and magenta light is transmitted from the other
side of the filter.

The angle µ is one-half the angular aperture
(A) and is related to the numerical aperture
through the following equation:
Numerical Aperture (NA) = n(sin µ) where
n is the refractive index of the imaging
medium between the front lens of the
objective and the specimen cover glass, a
value that ranges from 1.00 for air to 1.51
for specialized immersion oils. From this
equation it is obvious that when the imaging
medium is air (with a refractive index, n =
1.0), then the numerical aperture is
dependent only upon the angle µ whose
maximum value is 90°. The sin of the angle
µ, therefore, has a maximum value of 1.0
(sin(90°) = 1), which is the theoretical
maximum numerical aperture of a lens
operating with air as the imaging medium
(using "dry" microscope objectives).

When light from the various points of a specimen passes through
the objective and is reconstituted as an image, the various points
of the specimen appear in the image as small patterns (not
points) known as Airy patterns. This phenomenon is caused by
diffraction or scattering of the light as it passes through the
minute parts and spaces in the specimen and the circular back
aperture of the objective. The central maximum of the Airy
patterns is often referred to as an Airy disk, which is defined as
the region enclosed by the first minimum of the Airy pattern and
contains 84 percent of the luminous energy. These Airy disks
consist of small concentric light and dark circles as illustrated in
Figure 3. This figure shows Airy disks and their intensity
distributions as a function of separation distance.

The smaller the Airy disks projected by an objective in forming
the image, the more detail of the specimen that becomes
discernible. Objectives of higher correction (fluorites and
apochromats) produce smaller Airy disks than do objectives of
lower correction. In a similar manner, objectives that have a
higher numerical aperture are also capable of producing smaller
Airy disks. This is the primary reason that objectives of high
numerical aperture and total correction for optical aberration can
distinguish finer detail in the specimen.
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Optical Corrections - These are usually listed as Achro and Achromat
(achromatic), as Fl, Fluar, Fluor, Neofluar, or Fluotar (fluorite) for better
spherical and chromatic corrections, and as Apo (apochromatic) for the
highest degree of correction for spherical and chromatic aberrations.
Working Distance - This is the distance between the objective front lens and
the top of the cover glass when the specimen is in focus. In most instances,
the working distance of an objective decreases as magnification increases.

Principles of Confocal Microscopy
Coherent light emitted by the laser system
(excitation source) passes through a pinhole
aperture that is situated in a conjugate plane
(confocal) with a scanning point on the
specimen and a second pinhole aperture
positioned in front of the detector (a
photomultiplier tube). As the laser is reflected by
a dichromatic mirror and scanned across the
specimen in a defined focal plane, secondary
fluorescence emitted from points on the
specimen (in the same focal plane) pass back
through the dichromatic mirror and are focused
as a confocal point at the detector pinhole
aperture.
The significant amount of fluorescence emission
that occurs at points above and below the
objective focal plane is not confocal with the
pinhole (termed Out-of-Focus Light Rays) and
forms extended Airy disks in the aperture plane.
Because only a small fraction of the out-offocus fluorescence emission is delivered
through the pinhole aperture, most of this
extraneous light is not detected by the
photomultiplier and does not contribute to the
resulting image. Refocusing the objective in a
confocal microscope shifts the excitation and
emission points on a specimen to a new plane
that becomes confocal with the pinhole
apertures of the light source and detector.

Confocal microscopy offers several
advantages over conventional
widefield optical microscopy,
including the ability to control depth
of field, elimination or reduction of
background information away from
the focal plane (that leads to image
degradation), and the capability to
collect serial optical sections from
thick specimens. The basic key to
the confocal approach is the use of
spatial filtering techniques to
eliminate out-of-focus light or glare
in specimens whose thickness
exceeds the immediate plane of
focus.

Series of images that compare selected viewfields in traditional widefield and laser scanning confocal fluorescence
microscopy. A thick section of fluorescently stained human medulla in widefield fluorescence exhibits a large amount of
glare from fluorescent structures above and below the focal plane (Figure 1(a)). When imaged with a laser scanning
confocal microscope (Figure 1(d)), the medulla thick section reveals a significant degree of structural detail. Likewise,
widefield fluorescence imaging of whole rabbit muscle fibers stained with fluorescein produce blurred images (Figure 1(b))
lacking in detail, while the same specimen field (Figure 1(e)) reveals a highly striated topography in confocal microscopy.
Autofluorescence in a sunflower pollen grain produces an indistinct outline of the basic external morphology (Figure 1(c)),
but yields no indication of the internal structure. In contrast, a thin optical section of the same grain (Figure 1(f)) acquired
with confocal techniques displays a dramatic difference between the particle core and the surrounding envelope.

is capable of recording action potential
propagation in individual neurons with
outstanding temporal resolution:
80 x 80 pixels: 2000 frames/sec
3 x 3 bin: 5000 frames/sec

1 frame = 80 x 80 pixels = 6400 pixels or channels at 14 bits
+ 8 channels of electrical recording
2000 frames /sec = 25 Mbytes/sec
1 CD =700 Mbytes = 30 sec of data
1 DVD= 4.3 Gbytes = 3 min of data

Principles of the Microlens-enhanced Nipkow Disk Scanning Technology

The most common conventional confocal microscopes use a single laser beam to scan a specimen, while
the CSU scans the field of view with approximately 1,000 laser beams, by using microlens-enhanced
Nipkow-disk scanning:

80 x 80 pixels
6400 pixels
14 bits resolution
2000 frames/sec
http://www.yokogawa.com/scanner/principles/principle1.htm

Fast optical recordings will help resolve the time of occurrence of action potentials

Spontaneous population calcium signals in individual glomeruli

Voltage-sensitive dye imaging: Evidence for inter-glomerular interactions

Video microscopy of cerebral blood flow

50 µm

Ultra fast imaging of red blood cell flow in capillaries

X60 objective

10 µm
Flow = # of RBCs that cross a point per
sec
Density = # of RBCs / mm
Velocity = distance traveled (mm)/ sec
Flow = Velocity x Density

SAMPLE TEST QUESTIONS:
1- In Clampex software, each sample of data is stored in:
A. 1 Kbyte
B. 16 bit
C. 16 bytes
D. 1 byte

6- The resultant of 2 resistors in series is the
A. difference between their resistances
B. The sum of the inverse of their resistance
C. The sum of their resistance
D. The product of their resistance

2- A low-pass filter is used to
A. eliminate low frequencies
B. eliminate high frequencies
C. to amplify signals
D. to de-convolute a signal

7- The unit pA indicates:
A. 10-15 Amp
B. 10-7 Amp
C. 10-12 Amp
D. 10-9 Amp

3- A decimal number of 10 is translated into binary as:
A. 1111
B. 0010
C. 1010
D. 0101

8- The capacitance is measured in
A. coulombs
B. mM
C. watts
D. Farad

4- A drug produces postsynaptic effect if
A. the paired-pulse ratio does not change
B. there is a decrease in the frequency on miniEPSCs
C. the paired-pulse ratio is decreased
D. the frequency of miniEPSC increases

9- GABAA receptors are
A. Chloride channels
B. cationic channels
C. permeable to calcium
D. voltage-dependent

5- The capacitance of the cell membrane can be used to
A. calculate its resistance
B. calculate its area
C. calculate the number of channels
D. calculate its conductance

10- During an action potential,
A. Calcium flows outside the cell
B. Potassium flows inside the cell
C. Chloride flows inside the cell
D. Sodium flows inside the cell

