Answer to Exam Questions in Biophysics
                                                                               January 2006

Theory exam questions
1. The blackbody radiation, the photoelectric effect, the dual nature of light and matter waves

The blackbody effect
Black body: A black body is a theoretical object that absorbs 100% of the radiation that hits it. Therefore it reflects no radiation and appears perfectly black.
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Hollow object (≈ black body)

Inside = radiation

Black curves = walls

T = temperature

Λ = wavelength

E = energy

Emitted radiation depends on the T of the walls, not their composition. An increase in T, will give shorter λ of emitted light and higher E.

Thermal equilibrium: Loss of energy (emission) is balanced by gain of energy (absorption). 
Kirchoff`s law:

E (λ T) (emitted energy)
A (λ T) (absorbed energy)  = constant
In practice no material has been found to absorb all incoming radiation, but carbon in its graphite form absorbs all but about 3%. It is also a perfect emitter of radiation. At a particular temperature the black body would emit the maximum amount of energy possible for that temperature. This value is known as the black body radiation. It would emit at every wavelength of light as it must be able to absorb every wavelength to be sure of absorbing all incoming radiation. The maximum wavelength emitted by a black body radiator is infinite. It also emits a definite amount of energy at each wavelength for a particular temperature, so standard black body radiation curves can be drawn for each temperature, showing the energy radiated at each wavelength. All objects emit radiation above absolute zero. 

The Wiens`s displacement law
Λmax = 0,289 x 10-2 mK

Λmax = the wavelength at which the curve peaks
[image: image63.emf]Increase in T:
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This graph shows how the black body radiation 
curves change at various temperatures. 
These all have their peak wavelengths
in the infra-red part of the spectrum as they are at a lower temperature than the previous graph. The graph shows: As the temperature increases, the peak wavelength emitted by the black body decreases. It therefore begins to move from the infra-red towards the visible part of the spectrum. Again, none of the graphs touch the x-axis so they emit at every wavelength. This means that some visible radiation is emitted even at these lower temperatures and at any temperature above absolute zero, a black body will emit some visible light. 
The graph also shows: As temperature increases, the total energy emitted increases, because the total area under the curve increases. It also shows that the relationship is not linear as the area does not increase in even steps. The rate of increase of area and therefore energy increases as temperature increases.
Hot bodies: emit radiation due to the oscillations of electric charges in the molecules of the materials
Maxwell’s theory of electromagnetism:

T ↑ (increase) = λ ↓ (decrease)      (only true for long wavelengths)

Planc: Claimed that the light was not a continuous flow of energy, but divided in small quants of photons. This means the net charge of any body can be only a whole-number multiple of the charge of the electron

E = h x f

h = quantity, Plancs constant (6,626 x 10-34 Js)
f= frequency
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Observed spectrum = Planc’s theory
Raleigh-Jeans law = Maxwell’s theory

The Photoelectric effect
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The photoelectric effect is the phenomenon that when light 

shines on a metal surface, electrons are emitted from the 

surface (occurs in other materials as well, but is easiest 

observable in metals). 
When light is shone on metal, the surface may become
positively charged. This is because electrons gain energy from
the light waves, and are able to leave the metal's surface.
However, there were some strange effects that could not
be explained by considering light as a wave. The frequency
of the light must be above a certain threshold value for that
metal for electrons to be emitted. For example blue light 


A = current
causes sodium to emit electrons but red light does not.                               V = potential differenc
If light was a wave the electrons would eventually absorb enough
energy to be emitted, regardless of frequency. Also, incredibly weak beams of light can cause electrons to be emitted. If light was a wave and spread out you would not expect any electrons to obtain the energy to escape. Finally it was discovered that the kinetic energy of the electrons depends not on the intensity of the light but on its frequency. A very weak ultraviolet beam will give electrons a higher kinetic energy than a very bright blue beam of light. Einstein explained this by saying that the light arrived in photons. One photon gave all its energy to one electron. The electron must gain a certain amount of energy to overcome the forces that hold it inside the metal. It appears that one electron can only accept one photon of energy, so this must have the required frequency to have the necessary escape energy, so the intensity will not make any difference to this. Brighter light means there are more photons, so more electrons can be emitted, but it is the frequency of the light that decides the energy of the photon and so the electron's kinetic energy. Electrons can also be emitted very quickly because it only requires one photon for emission to occur, not the gradual build up of wave energy

If light and V = constant, the A will be proportional to the light intensity
Dual nature of light
Bohr: The wave-particle duality of light is complementary. We have to use either model dependent on the case, never both simultaneously

Wave model: 

Used to explain diffractions, interference, and polarization
Particle model: 
Used to explain the line spectra and the photoelectric effect

De Broglie: 
When particles have momentum (norsk = fremdrift), they also have a wavelength.
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p = mc = hf/c = h/λ
                                             Matter waves      

λ = h/mv = h/p
v = velocity

p = relative momentum

c = speed

m = the moving mass

h = Planc’s constant (=6,626 x 10-34 Js)

If p ↑, the λ ↓

Matter waves

Matter waves: particles (electrons, protons etc.) that act like waves

Diffraction:

The apparent bending of light waves around obstacles in its path. All points around a wave acts as if they were sources. When light comes out of an opening it behaves as a single point source, so that the light emerges in all directions

Interference:

· constitutive interference: two waves in same phase will result in one wave with twice amplitude

· destructive interference: two waves in opposite phase result in no wave

Polarization: 
A change effected in a ray of light passing through a certain media, whereby the transverse vibrations occur in one plane only, instead of en all planes as in an ordinary light ray

Wave properties:
A movement of particles in elastic body, whether solid of fluid, whereby an advancing series of alternate elevations and depressions is produced

Particle properties:
Light is considered as a packet of energy called photons. Photon is a particle of electromagnetic radiation 

2. The Rutherford-experiment, Rutherford’s model of the atom. Bohr’s model and the Franck-Hertz experiment
The Rutherford-experiment
Alpha particles from a radioactive source were allowed to strike a thin gold foil. Alpha particles produce a tiny, but visible flash of light when they strike a fluorescent screen. Surprisingly, alpha particles were found at large deflection angles and some were even found to be back-scattered.
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This experiment showed that the positive matter in atoms was concentrated in an incredibly small volume and gave birth to the idea of the nuclear atom. In so doing, it represented one of the great turning points in our understanding of nature. 

If the gold foil were 1 micrometer thick, then using the diameter of the gold atom from the periodic table suggests that the foil is about 2800 atoms thick.
Rutherford’s model of the atom

Rutherford’s nuclear model of the atom was developed as a result of the surprising results achieved by two of his research students, when investigating the scattering of alpha particles. The model was just a vague description of a possible structure of atoms. It allowed Rutherford to develop a mathematical expression for the relative number of alpha particles that should be deflected through any given angle.

Rutherford also went on to discover one of the fundamental building blocks of the nucleus – the proton.
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Bohr’s model of the atom

[image: image67.png]outer ear middle ear inner ear
(filled with air) (filled with air) (filled with fluid)

auricle
or pinna

oval window

auditory nerve

cochlea

round
window

ear drum or

tympanic membrane :
Y Eustachian

tube




In atomic physics, the Bohr model depicts the atom as 
a small, positively charged nucleus surrounded by electrons 
in orbit - similar in structure to the solar system, but with 
electrostatic forces providing attraction, rather than gravity. 
The Bohr model is not a complete model of the atom, 
and fails to explain many of the finer structures seen in atoms. 
As a theory, it has been replaced by quantum mechanics, and 
thus may be considered to be an absolute scientific theory. 
However, because of its simplicity, the Bohr model is still 
commonly taught to introduce students to quantum mechanics.
The key ideas were:

· The orbiting electrons existed in orbits that had discrete quantized energies. That is, not every orbit is possible but only certain specific ones. 

· The laws of classical mechanics do not apply when electrons make the jump from one allowed orbit to another. 

· When an electron makes a jump from one orbit to another the energy difference is carried off (or supplied) by a single quantum of light (called a photon) which has energy equal to the energy difference between the two orbitals. 

· The allowed orbits depend on quantized (discrete) values of orbital angular momentum, L according to the equation 
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Where n = 1,2,3,… and is called the principal quantum number, and h is Planck's constant. 

Assumption (4) states that the lowest value of n is 1. This corresponds to a smallest possible radius of 0.0529 nm. This is known as the Bohr radius. Once an electron is in this lowest orbit, it can get no closer to the proton. The Bohr model is sometimes known as the semiclassical model of the atom, as it adds some primitive quantization conditions to what is otherwise a classical mechanics treatment. The Bohr model is certainly not a full quantum mechanical description of the atom. Assumption 2) states that the laws of classical mechanics don't apply during a quantum jump, but it doesn't state what laws should replace classical mechanics. Assumption 4) states that angular momentum is quantized but does not explain why.

The Franck-Hertz experiment
In 1914, James Franck and Gustav Hertz performed an experiment which demonstrated the existence of excited states in mercury atoms, helping to confirm the quantum theory which predicted that electrons occupied only discrete, quantized energy states. Electrons were accelerated by a voltage toward a positively charged grid in a glass envelope filled with mercury vapor. Past the grid was a collection plate held at a small negative voltage with respect to the grid. The values of accelerating voltage where the current dropped gave a measure of the energy necessary to force an electron to an excited state.
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 Electrons are accelerated in the Franck-Hertz apparatus and the collected current rises with accelerated voltage. As the Franck-Hertz data shows, when the accelerating voltage reaches 4.9 volts, the current sharply drops, indicating the sharp onset of a new phenomenon which takes enough energy away from the electrons that they cannot reach the collector. This drop is attributed to inelastic collisions between the accelerated electrons and atomic electrons in the mercury atoms. The sudden onset suggests that the mercury electrons cannot accept energy until it reaches the threshold for elevating them to an excited state. This 4.9 volt excited state corresponds to a strong line in the ultraviolet emission spectrum of mercury at 254 nm (a 4.9eV photon). Drops in the collected current occur at multiples of 4.9 volts since an accelerated electron which has 4.9 eV of energy removed in a collision can be re-accelerated to produce other such collisions at multiples of 4.9 volts. This experiment was strong confirmation of the idea of quantized atomic energy levels. 

3. The quantum-mechanical model of the atom. Heisenberg’s uncertainty relationship.

Quantum-mechanical model of the atom
Erwin Schrödinger, in developing a quantum-mechanical model for the atom, began with a classical equation for the properties of waves. He modified this equation to take into account the mass of a particle and the de Broglie relationship between mass and wavelength. The important consequences of the quantum-mechanical view of atoms are the following:
1. The energy of electrons in atoms is quantised.

2. The number of possible energy levels for electrons in atoms of different elements is a direct consequence of wave-like properties of electrons.

3. The position and momentum of an electron cannot both be determined simultaneously.

4. The region in space around the nucleus in which an electron is most probably located is what can be predicted for each electron in an atom. Electrons of different energies are likely to be found in different regions. The region in which an electron with a specific energy will most probably be located is called an atomic orbital. 
Heisenberg’s uncertainty principle

The Heisenberg’s uncertainty principle identifies a fundamental limit to the possible accuracy of any physical measurement. This limit arises because of the nature of quantum mechanics. Heisenberg showed that it was impossible to measure the position and the momentum of a particle simultaneously. The more precisely the position is determined, the less precisely the momentum is known in this instant, and vice versa. They are linked variables. There is a mathematical relationship linking these two uncertainties:



Δx Δp ≥ h/4π
Δx
The uncertainty in the measurement of position

Δp
The uncertainty in the measurement of momentum

Measurement of energy and time are also linked variables

ΔE Δ t ≥ h/4π
Δ E
The uncertainty in the measurement of energy

Δ t
The uncertainty in the measurement of time

The simplification of this lack of precision is profound
4. Interpretation of quantum numbers. The Stern-Gerlach and the Einstein de Haas experiment

Quantum numbers
The Bohr model of the atom gave an explanation for the quantized energy states for the hydrogen atom in accord with experimental data. Bohr assumed that these stable states consist of circular orbits around the nucleus. Each value of the principle quantum number corresponds to a particular shell rather than an orbit around the nucleus.

In the ground state there is a single wave function ψ1, for n = 1. As for the exited states there are four ψ (= wave) functions corresponding to the energy E2 and nine corresponding to E3 etc. This fact is referred to by the statement: exited states are degenerate to n2, using the terminology of the wave mechanics. Each of these states can exist. How do the n2 states belonging to the same principle quantum number, n, differ from one another? Quantum mechanics provides the answer to this question. It claims that the energy of quantum states depends only on the principle quantum number but the allowed wave functions are defined by three quantum numbers: n, l and m, where l is the orbital or azimuthally quantum number and m is the orbital magnetic quantum number. All quantum numbers may assume only integer values.

Defined relations restrict the values the quantum numbers l and m may assume: 

l = 0, 1, 2…, n-1

m = -1, -(l-1), …, l-1, l
According to these restrictions and conventions for designation the possible states for 
n = 1, 2 and 3 can be listed as follows.
	n
	l
	Designation of state
	Possible values of m

	1
	K
	0
	s
	1s
	0

	2
	L
	0

1
	p
	2s

2p
	0

-1, 0, 1

	3
	M
	0

1

2
	d
	3s

3p

3d
	0

-1, 0, 1

-2, -1, 0, 1, 2


Numbers and letters are both used for n and l
Quantum numbers from another point of view….

In the solution to the Schrödinger equation for the hydrogen atom, three quantum numbers arise from the space geometry of the solution and a fourth arises from electron spin. No two electrons can have an identical set of quantum numbers according to the Pauli exclusion principle, so the quantum numbers set limits on the number of electrons which can occupy a given state and therefore give insight into the building up of the periodic table of the elements. 
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R (r) 
Principal quantum number    n = 1, 2, 3, …

Θ (θ)
Orbital quantum number    l = 0, 1, 2…. n-1
Φ (φ)
Magnetic quantum number


Ml = -l, -l+1, …0…l-1, l or 2l + 1 values

Spin quantum numbers    ms = +½, - ½ 
[image: image69.jpg]cochlea

vestibular canal

Reissner’s membrane

median canal

tectorial membrane
receptor

. e
neurones sensory hairs

organ of Corti
basilar membrane

tympanic canal



The Stern-Gerlach experiment
The crucial experiment demonstrating the quantization of angular 
momentum was carried out by Stern and Gerlach using an atomic beam,
the magnetic moment of the atom was also measured in the experiment.
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An atomic beam is a beam of atoms moving with thermal velocities in
one direction, this is obtained by heating the element in an oven with a small
hole for atoms to escape from, and at a pressure of around 10-2 mm Hg. 
The pressure outside the oven is kept at 10-6 mm Hg so that the mean free path 
of the atoms is large compared to the hole in the oven, then no collisions occur, 
and the atoms escaping from the hole are all moving in one direction. The 
beam is also passed through collimating slits to further limit its size.

In the Stern Gerlach experiment the atoms (of silver) are deflected in an inhomogeneous magnetic field, obtained with a magnet with a wedge shaped pole piece. The diagram shows this shape, the atoms move along parallel to this sharp edge, the field gradient so produced is then perpendicular to the path of the atom beam. The path length so traversed is around 50 cm in the experiment. The atom beam is captured by a detector (a liquid air cooled target originally - the atoms just condense on it). A field of about a Tesla and a field gradient of about 10 Tesla/cm are needed to give deflections of about 1 mm. So the effect is not large.

The deflection is inversely proportional to the thermal energy of the atoms, and so the trace on the detector plate is spread out according to the temperature of the oven, this limits the accuracy of the experiment. With atoms such as sodium or silver, which are both in 2S½ states, two distinct traces are observed, with deflections appropriate to ± one Bohr magneton. Thus both the existence of spatial quantization and the magnetic moment (the Bohr magneton) associated with the electron spin are confirmed

Einstein de Haas experiment

This experiment was carried out by De Haas according to the suggestion of Einstein, demonstrating the connection between electron spin and the spin magnetic moment.
The theory of ferromagnetism assumes that the magnetization of elementary magnetic moments by external magnetic field.

Atoms of ferromagnetic substances have a magnetic moment which is caused by their spin.
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X-rays. The electromagnetic spectrum
The experimental procedure used for the production 
of x-rays relies on electrons
· Electrons emitted by a heated filament in a vacuum 

tube is accelerated by high voltage. When they 

strike the surface of the anode, the “target”, the 

X-rays are emited

In 1895, W.C. Roentgen discovered that when electrons were 
accelerated by a high voltage in a vacuum tube and allowed to strike a glass (or metal) surface, fluorescent minerals distance away would glow, and photographic film would become exposed. Because this was a different phenomenon than that of cathode ray, he gave it the name x-ray (x meaning unknown quantity). 
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The x-ray emitted from the target contains a 
range of wavelengths – all within different relative amplitudes. 
Graph of a typical x-ray spectrum is:
There is two different processes taking place in order for this

spectrum to be produced.

· Continuous features

As the incoming electrons collide with the target atoms, they are decelerated. This declaration means that the x-ray photon depends on the energy lost in the collisions. The maximum amount of energy that can be lost is all the initial kinetic energy of the electrons. The maximum energy available means that there is a maximum frequency of x-rays produced. This corresponds to a minimum wavelength limit shown in the graph.

· Characteristic features
In some circumstances the collisions between the incoming electrons and the target atoms can cause electrons from the inner orbital of the target atom to be promoted up to higher energy levels. When these electrons fall back they emit x-rays of a particular frequency which is fixed by the energy levels available.
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These two processes combine to give the overall spectrum. Changes in this spectrum can thus be predicted.

Bremsstrahlung X-Rays
"Bremsstrahlung" means "braking radiation" and is retained from the original German to describe the radiation which is emitted when electrons are decelerated or "broken" when they are fired at a metal target. Accelerated charges give off electromagnetic radiation, and when the energy of the bombarding electrons is high enough, that radiation is in the x-ray region of the electromagnetic spectrum. It is characterized by a continuous distribution of radiation which becomes more intense and shifts toward higher frequencies when the energy of the bombarding electrons is increased. The curves below are from the 1918 data of Ulrey, who bombarded tungsten targets with electrons of four different energies.

The bombarding electrons can also eject electrons from the inner shells of the atoms of the metal target, and the quick filling of those vacancies by electrons dropping down from higher levels gives rise to sharply defined characteristic x-rays. 
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Electromagnetic spectrum
Electromagnetic radiation can be described in terms of a stream of photons, which are mass less particles each travelling in a wave-like pattern and moving at the speed of light. Each photon contains a certain amount (or bundle) of energy, and all electromagnetic radiation consists of these photons. The only difference between the various types of electromagnetic radiation is the amount of energy found in the photons. Radio waves have photons with low energies, microwaves have a little more energy than radio waves, infrared has still more, then visible, ultraviolet, X-rays, and ... the most energetic of all ... gamma-rays.
Radio: yes, this is the same kind of energy that radio stations emit into the air for your boom box to capture 
and turn into your favorite Mozart, Madonna, or Coolio tunes. But radio waves are also emitted by other things ... such as stars and gases in space. You may not be able to dance to what these objects emit, but you can use it to learn what they are made of.
Microwaves: they will cook your popcorn in just a few minutes! In space, microwaves are used by
 astronomers to learn about the structure of nearby galaxies, including our own Milky Way!

Infrared: we often think of this as being the same thing as 'heat', because it makes our skin feel warm. In space, IR light maps the dust between stars.

Visible: yes, this is the part that our eyes see. Visible radiation is emitted by everything from fireflies to light bulbs to stars ... 
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also by fast-moving particles hitting other particles.

Ultraviolet: we know that the Sun is a source of ultraviolet
(or UV) radiation, because it is the UV rays that cause our 
skin to burn! Stars and other "hot" objects in space emit UV 
radiation.

X-rays: your doctor uses them to look at your bones and your 
dentist to look at your teeth. Hot gases in the Universe also emit 
X-rays.

Gamma-rays: radioactive materials (some natural and others 
made by man in things like nuclear power plants) can emit 
gamma-rays. Big particle accelerators that scientists use to help 
them understand what matter is made of can sometimes generate 
gamma-rays. But the biggest gamma-ray generator of all is the 
Universe! It makes gamma radiation in all kinds of ways.

Actually, the electromagnetic spectrum can be expressed in terms of energy, wavelength, or frequency. Each way of thinking about the EM spectrum is related to the others in a precise mathematical way. So why do we have three ways of describing things, each with a different set of physical units? After all, frequency is measured in cycles per second (which is called a Hertz), wavelength is measured in meters, and energy is measured in electron volts.

6. Structure of atomic nucleus. Nuclear forces and their properties. Nuclear binding energy

Structure of atomic nucleus

The basic atomic model, known as the nuclear model, was developed during the last century and describes a very small central nucleus surrounded by electrons arranged in different energy levels. The nucleus itself contains protons and neutrons (collectively called nucleons). All of the positive charge and almost all the mass of the atom are in the nucleus. The electrons provide only a tiny bit of the mass but all of the negative charge. Overall an atom is neutral. The vast majority of the volume is nothing at all – a vacuum.
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Nuclear forces and their isotopes

Strong nuclear force

The protons in a nucleus are all positive. Since like charges repel, they must be repelling one another, all the time. This mean there must be another force keeping the nucleus together. Without is the nucleus would “fly apart”. We know a few things about this force:

· It must be strong. If the proton repulsions are calculated it is clear that the gravitational attraction between the nucleons is far to small to be able to be keep the nucleus together
· It must be very short-ranged as we do not observe this force anywhere other than inside the nucleus

· It is likely to involve the neurons as well. Small nuclei tend to have equal numbers of protons and neutrons. Large nuclei need proportionately more neutrons in order to keep the nucleus together

The name of the force is the strong nuclear force.

Isotopes
When a chemical reaction takes place, it involves the outer electrons of the atoms concerned. Different elements have different properties because the arrangement of outer electrons varies from element to element. The chemical properties of a particular element are fixed by the amount of positive charge that excises in the nucleus – in other words, the number of protons.
In general, different nuclear structures will imply different chemical properties. A nuclide is the name given to a particular species of atom (one whose nuclei contains a specialized number of protons and neutrons). Some nuclides are the same element – they have the same chemical properties and contain the same number of protons. These nuclides are called isotopes – they contain the same number of protons but different number of neutrons.
Nuclear binding energy

Nuclei are made up of protons and neutron, but the mass of a nucleus is always less than the sum of the individual masses of the protons and neutrons which constitute it. The difference is a measure of the nuclear binding energy which holds the nucleus together. This binding energy can be calculated from the Einstein relationship:

Nuclear binding energy = Δmc2
For the alpha particle Δm= 0.0304 u which gives a binding energy of 28.3 MeV. 
7. Law of radioactive decay. Half-lives. Radioactive isotopes

Law of radioactive decay
Radioactive decay is a random process and is not affected by external conditions. For example, increasing the temperature of a sample of radioactive material does not affect the rate of decay. This means that there is no way of knowing whether or not a particular nucleus is going to decay within a certain period of time. All we know is the chances of a decay happening in that time.
Although the process is random, the large numbers of atoms involved allows us to make some accurate predictions. If we start with a given number of atoms then we can expect a certain number to decay in the next minute. If there were more atoms in the sample, we could expect the number decaying to be larger. On average the rate of decay of a sample is proportional to the number of atoms in the sample. This proportionality means that radioactive decay is an exponential process. The number of atoms in a certain element, N, decreases exponentially over time. Mathematically this is expressed as:

dN/dt α - N

Half-lives
There is a temptation to think that every quantity that deceases with time is an exponential decrease, but exponential curves have a particular mathematical property. In the graph shown below, the time taken for half the number of nuclides to decay is always the same. An equivalent statement is that the half-life is the time taken for the rate of decay of a particular sample of nuclides to halve. A substance with a large half-life takes a long tome to decay. A substance with a short half-life will decay quickly. Half-lives can vary from fractions of a second to millions of years.
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Half-life of an exponential decay
Radioactive isotopes

Radioactive isotopes or radioisotope, natural or artificially created isotope of a chemical element having an unstable nucleus that decays, emitting alpha, beta, or gamma rays until stability is reached. The stable end product is a non radioactive isotope of another element, i.e., radium-226 decays finally to lead-206. Very careful measurements show that many materials contain traces of radioactive isotopes. For a time it was thought that these materials were all members of the actinide series ; however, exacting radiochemical research has demonstrated that certain of the light elements also have naturally occurring isotopes that are radioactive. Since minute traces of radioactive isotopes can be sensitively detected by means of the Geiger counter and other methods, they have various uses in medical therapy, diagnosis, and research. In therapy, they are used to kill or inhibit specific malfunctioning cells. Radioactive phosphorus is used to treat abnormal cell proliferation, e.g., polycythemia (increase in red cells) and leukemia (increase in white cells). Radioactive iodine can be used in the diagnosis of thyroid function and in the treatment of hyperthyroidism. Since the iodine taken into the body concentrates in the thyroid gland, the radio action can be confined to that organ. In research, radioactive isotopes as tracer agents make it possible to follow the action and reaction of organic and inorganic substances within the body, many of which could not be studied by any other means. They also help to ascertain the effects of radiation on the human organ. In industry, radioactive isotopes are used for a number of purposes, including measuring the thickness of metal or plastic sheets by the amount of radiation they can stop, testing for corrosion or wear, and monitoring various processes.
8. Origin and properties of radioactive radiations

1896 Becquerel discovered radiation from uranium salt which didn’t require external stimulation. By studying phosphorescence he observed rgar this radiation darkened photographic plates even in lack of light. Radioactivity refers to the particles which are emitted from nuclei as a result of nuclear instability. There are many nuclear isotopes which are unstable and emit some kind of radiation. The most common types of radiation are called alpha (positively charged), beta (several mm of aluminium, negatively charged), and gamma (several cm of lead, neutral, no charge) radiation.
9. Interaction of radioactive radiations with matter

Alpha particles, beta particles, neutrons, gamma rays and cosmic rays are all known as ionizing radiation, meaning that when these rays interact with an atom they can knock off an orbital electron. The loss of an electron can cause problems, including everything from cell death to genetic mutations (leading to cancer), in any living thing. 

Because alpha particles are large, they cannot penetrate very far into matter. They cannot penetrate a sheet of paper, for example, so when they are outside the body they have no effect on people. If you eat or inhale atoms that emit alpha particles, however, the alpha particles can cause quite a bit of damage inside your body. 
Beta particles penetrate a bit more deeply, but again are only dangerous if eaten or inhaled; beta particles can be stopped by a sheet of aluminium foil or Plexiglas. Gamma rays, like X-rays, are stopped by lead. 
Neutrons, because they lack charge, penetrate very deeply, and are best stopped by extremely thick layers of concrete or liquids like water or fuel oil. Gamma rays and neutrons, because they are so penetrating, can have severe effects on the cells of humans and other animals.

10. Biological effect of radiations. Target theory. Theory of indirect action of radiation


The normal function of a cell may be disrupted when highly reactive ions or radicals are formed as a result of ionizing radiation e.g. hydrogen and hydroxyl radicals, formed from water, can induce bond breaking in proteins and other vital molecules. Thymidine dimers in DNA. Radiation can also remove electrons from structures. With large doses of radiation can lead to cell death or make them defective which can lead to cancer. 

Target theory
Target theory is a phenomenological approach to biological radiation damage which provides insights into the damage mechanisms in terms of the survival curves. The basic assumption of target theory is that an observable response takes place when a localized region of a biological system or a target absorbs one or more units of energy referred to as hits. The hit concept implies that radiation damage is a discrete process. Every damaging event may not constitute a hit owing to the location of the lesion and the action of repair processes. Target theory assumes that radiation damage is a random process. The distribution of hits should follow a Poisson distribution, which applies for a large number of equivalent trials in which the probability of success on a single trial is very low.

INDIRECT ACTION OF IONIZING RADIATION 
Indirect action in aqueous and biological systems involves the radiation chemistry of liquid water. The primary products of water radiolysis are generated with a non-uniform spatial distribution owing to the inhomogeneous distribution of the initial energy loss. The analysis of the early-time regime is based on spur theory. Those primary species that survive spur reactions eventually attain a random spatial distribution in the medium. The later-time regime obeys conventional homogeneous reaction kinetics. Homogeneous kinetics may not be applicable when a small intermediate, e.g., a free radical, reacts with a large biological target such as a macromolecule, cell organelle, or whole cell, because diffusional processes cannot maintain a uniform concentration of the reacting species. This situation has been modelled with large target reaction kinetics. 
11. The 0th and 1st laws of thermodynamics

0th – If bodies A and B are separately in thermal equilibrium with a third body, C, the A and B will be in thermal equilibrium with each other if placed in thermal contact.

The "zeroth law" states that if two systems are at the same time in thermal equilibrium with a third system, they are in thermal equilibrium with each other. 
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If A and C are in thermal equilibrium with B, then A is in thermal equilibrium with B. Practically this means that all three are at the same temperature, and it forms the basis for comparison of temperatures. It is so named because it logically precedes the First and Second Laws of Thermodynamics.
1st - ΔU= Uf-Ui= Q-W

U internal energy

Q heat

W work

1st is a generalization of the law of conservation of energy

The first law of thermodynamics is the application of the conservation of energy principle to heat and thermodynamic processes: 
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The first law makes use of the key concepts of internal energy, heat, and system work. It is used extensively in the discussion of heat engines.

12. The 2nd law of thermodynamics. Statistical interpretation of entropy

2nd- In a thermally isolated systems and processes that start in one equilibrium state and ends in another will go in the direction that causes the entropy of the system increases (irreversible) or remain constant (reversible)

The second law of thermodynamics is a general principle which places constraints upon the direction of heat transfer and the attainable efficiencies of heat engines. In so doing, it goes beyond the limitations imposed by the first law of thermodynamics. Its implications may be visualized in terms of the waterfall analogy. 
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-It is not possible for any cyclic machine to convey heat continuously from one body to another at a higher temp without, at the same item, producing some other compensating effect.

-A transformation whose only final result is to transform work into heat extracted from a source that is at the same time throughout is impossible 

Entropy
The change in entropy of a system, ΔS, is equal to the heat, ΔQ, flowing into the system as the system changes from one state to another divided by the absolute temp

Δ S = Δ Q/T

Second Law of Thermodynamics: In any cyclic process the entropy will either increase or remain the same.

	Entropy: 
	a state variable whose change is defined for a reversible process at T where Q is the heat absorbed. 
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	Entropy:
	a measure of the amount of energy which is unavailable to do work.
	

	Entropy:
	a measure of the disorder of a system. 
	

	Entropy:
	a measure of the multiplicity of a system.
	


Since entropy gives information about the evolution of an isolated system with time, it is said to give us the direction of "time's arrow". If a snapshot of a system at two different time’s shows one state which is more disordered, then it could be implied that this state came later in time. For an isolated system, the natural course of events takes the system to a more disordered (higher entropy) state.
13. Gibbs free energy. Chemical potential

In thermodynamics the Gibbs free energy is a thermodynamic potential and is therefore a state function of a thermodynamic system. It is defined as
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Where (in SI units)

G is the Gibbs free energy, (joule) 

U is the internal energy (joule) 

P is the pressure (Pascal) 

V is the Volume (cubic meter) 

T is the temperature (Kelvin) 

S is the entropy (joules per Kelvin) 
Each quantity in the equation above can be divided by the amount of substance, measured in moles, to form molar Gibbs free energy.

The Gibbs free energy is one of the most important thermodynamic functions for the characterization of a system. It determines outcomes such as the voltage of an electrochemical cell, and the equilibrium constant for a reversible reaction.

Any natural process occurs spontaneously if and only if the associated change in G for the system is negative (ΔG < 0). Likewise, a system reaches equilibrium when the associated change in G for the system is zero (ΔG = zero), and no spontaneous process will occur if the change in G is positive (ΔG > 0).It is named after American physicist Willard Gibbs.

Gibbs Free Energy 

Four quantities called "thermodynamic potentials" are useful in the chemical thermodynamics of reactions and non-cyclic processes. They are internal energy, the enthalpy, the Helmholtz free energy and the Gibbs free energy. The Gibbs free energy G is defined by
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The internal energy U might be thought of as the energy required creating a system in the absence of changes in temperature or volume. But as discussed in defining enthalpy, an additional amount of work PV must be done if the system is created from a very small volume in order to "create room" for the system. As discussed in defining the Helmholtz free energy, an environment at constant temperature T will contribute an amount TS to the system, reducing the overall investment necessary for creating the system. This net energy contribution for a system created in environment temperature T from a negligible initial volume is the Gibbs free energy.

The change in Gibbs free energy, ΔG, in a reaction is a very useful parameter. It can be thought of as the maximum amount of work obtainable from a reaction. For example, in the oxidation of glucose, the change in Gibbs free energy is ΔG = 686 kcal = 2870 kJ. This reaction is the main energy reaction in living cells. 
The chemical potential
The chemical potential of a thermodynamic system is the amount by which the energy of the system would change if an additional particle was introduced, with the entropy and volume held fixed. If a system contains more than one species of particle, there is a separate chemical potential associated with each species, defined as the change in energy when the number of particles of that species is increased by one. The chemical potential is a fundamental parameter in thermodynamics and it is conjugate to the particle number.

The chemical potential is particularly important when studying systems of reacting particles. Consider the simplest case of two species, where a particle of species 1 can transform into a particle of species 2 and vice versa. An example of such a system is a supersaturated mixture of water liquid (species 1) and water vapor (species 2). If the system is at equilibrium, the chemical potentials of the two species must be equal. Otherwise, any increase in one chemical potential would result in an irreversible net release of energy of the system in the form of heat (see second law of thermodynamics) when that species of increased potential transformed into the other species, or a net gain of energy (again in the form of heat) if the reverse transformation took place. In chemical reactions, the equilibrium conditions are generally more complicated because more than two species are involved. In this case, the relation between the chemical potentials at equilibrium is given by the law of mass action.

Since the chemical potential is a thermodynamic quantity, it is defined independently of the microscopic behavior of the system, i.e. the properties of the constituent particles. However, some systems contain important variables that are equivalent to the chemical potential. In Fermi gases and Fermi liquids, the chemical potential at zero temperature is equivalent to the Fermi energy. In electronic systems, the chemical potential is related to an effective electrical potential.
14. Thermodynamics of non-equilibrium processes

Non-equilibrium processes are transport processes where the substance of higher internal E automatically equalises with the other substance while generating current. The substances will reach equilibrium. (The entropy is the same).

General rule of non-equilibrium processes:

The law of entropy will make a spontaneous reaction happen.

Fyll inn meir……..

15. Diffusion. The role of diffusion in biological systems. Thermo diffusion.

Diffusion

Diffusion is a consequence of random thermal motion of molecules. The average speed of molecules depends on their mass and temperature. ↑ for higher molecules and ↑ for higher temperatures. 
Diffusion refers to the process by which molecules intermingle as a result of their kinetic energy of random motion. Consider two containers of gas A and B separated by a partition. The molecules of both gases are in constant motion and make numerous collisions with the partition. If the partition is removed as in the lower illustration, the gases will mix because of the random velocities of their molecules. 
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In time a uniform mixture of A and B molecules will be 
produced in the container.
Fick’s law:

The net diffusion rate of a gas across a fluid membrane is
proportional to the difference in partial pressure, proportional 
to the area of the membrane and inversely proportional to the thickness 
of the membrane.
Δ m   = -DA   Δ c             D = K T
Δ f               Δ x                     form factor
Δ m
Δ f    
= speed of diffusion (flux)
D 
= diffusion constant

A 
= the surface by which the material is transported through

Δ c
Δ x  
= concentration gradient between the 2 adjacent layers

The diffusion is dynamic and reaches its equilibrium when the concentration is equalized.
The role of diffusion in biological systems

1) Simple diffusion
· The diffusion of small uncharged, unpolar molecules across a histological membrane

2) Facilitated diffusion

· The diffusion of molecules (may be larger, charged and/or polar) across a histological membrane mediated by channel proteins

3) Active transport

· The transport against the concentration gradient which drives diffusion

· Is energy dependent
Thermo diffusion
The diffusion coefficient depends on the absolute temperature. If we have a multicomponent system, the thermodiffusion can be useful in separating the individual components. Sometimes, thermodiffusion can solve such separations which can not be solved by other methods or the separation would be very complicated and costly (isotopes). 
There is a possibility for thermodiffusion between organs in the human body as several tenth degree centigrade temperature differences can be measured between the different organs.
Resistant against diffusion:

K 
= permeability constant (depends on


Δ m  = kA x Δ c

The material to be transported)                                 Δ f                 

Δ c
= solute concentration difference 

Between the membrane sides

Usually we have facilitated diffusion across the plasma membrane. Carries proteins or channel proteins must help.

16. Osmosis. The role of osmosis in biological systems. Thermoosmosis.

Osmosis 

If two solutions of different concentration are separated by a semi-permeable membrane which is permeable to, to the smaller 
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solvent molecules but not to the larger solute molecules, then the 
solvent will tend to diffuse across the membrane from the less 
concentrated to the more concentrated solution. 
This process is called osmosis. 
Osmosis is a selective diffusion process driven by the internal energy of 
the solvent molecules. It is convenient to express the available energy per 
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unit volume
 in terms of "osmotic pressure". It is customary to express
this tendency toward solvent transport in pressure units
relative to the pure solvent. If pure water were on both sides
of the membrane, the osmotic pressure difference would be zero.
But if normal human blood were on the right side 
of the membrane, the osmotic pressure would be about seven atmospheres! 
This illustrates how potent the influence of osmotic pressure is for 
membrane transport in living organisms
Formula for osmotic pressure:

Π = c R T

c = molar concentration
R = general gas constant

T = absolute temperature
The role of osmosis in biological systems

Osmosis is of great importance in biological processes where the solvent is water. The transport of water and other molecules across biological membranes is essential to many processes in living organisms. The energy which drives the process is usually discussed in terms of osmotic pressure.
Thermoosmosis

Two identical compartments can generate osmotic pressure differences by differences in temperature. The warmer side will have higher pressure, the solvent will go from the warmer toward the cooler side and the warm side will end up more concentrated at equilibrium.

Osmosis in cells:

The solution surrounding the cell must have an osmotic pressure equal to that within the cell. If not, the cell might burst.
Red blood cells:
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Intravenous feeding:

It is necessary that the nutrient solution have exactly the π (osmotic pressure) of the blood plasma. If not red blood cells collapse. The intestinal fluid is regulated by exchange of substances with blood in the capillaries. There is a significant pressure drop along it. The blood pressure is higher than the osmotic pressure at arterial end (water out). At venous end the osmotic pressure is higher (water in)
17. Laws of fluid flow
Surface Tension

The cohesive forces between liquid molecules are responsible for the phenomenon known as surface tension. The molecules at the surface do not have other like molecules on all sides of them and consequently they cohere more strongly to those directly associated with them on the surface. This forms a surface "film" which makes it more difficult to move an object through the surface than to move it when it is completely submersed. 

Surface tension is typically measured in dynes/cm, the force in dynes required to break a film of length 1 cm. Equivalently, it can be stated as surface energy in ergs per square centimetre. Water at 20°C has a surface tension of 72.8 dynes/cm compared to 22.3 for ethyl alcohol and 465 for mercury.
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Examples for surface tension:

Walking on water

Small insects such as the water strider can walk on water because their weight is not enough to penetrate the surface.
Floating a needle

If carefully placed on the surface, a small needle can be made to float on the surface of water even though it is several times as dense as water. If the surface is agitated to break up the surface tension, then needle will quickly sink.

Surface tension and droplets
Surface tension is responsible for the shape of liquid droplets. Although easily deformed, droplets of water tend to be pulled into a spherical shape by the cohesive forces of the surface layer. The spherical shape minimizes then necessary "wall tension" of the surface layer according to LaPlace's law. The relatively high surface tension of water accounts for the ease with which it can be nebulized, or placed into aerosol form. Low surface tension liquids tend to evaporate quickly and are difficult to keep in an aerosol form. All liquids display surface tension to some degree. The surface tension of liquid lead is utilized to advantage in the manufacture of various sizes of lead shot. Molten lead is poured through a screen of the desired mesh size at the top of a tower. The surface tension pulls the lead into spherical balls, and it solidifies in that form before it reaches the bottom of the tower. 
Capillary action

Capillary action is the result of adhesion and surface tension. Adhesion of water to the walls of a vessel will cause an upward force on the liquid at the edges and result in a meniscus which turns upward. The surface tension acts to hold the surface intact, so instead of just the edges moving upward, the whole liquid surface is dragged upward.
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Capillary action occurs when the adhesion to the walls is stronger than the cohesive forces between the liquid molecules. The height to which capillary action will take water in a uniform circular tube is limited by surface tension. Acting around the circumference, the upward force is (see picture):
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The height h to which capillary action will lift water depends upon the weight of water which the surface tension will lift:
[image: image25.png]T2nr = pglhnr?)




The height to which the liquid can be lifted is given by
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Pascal's Principle

Pressure is transmitted undiminished in an enclosed static fluid.
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Any externally applied pressure is transmitted to all parts of the enclosed fluid, making possible a large multiplication of force (hydraulic press principle). The pressure at the bottom of the jug is equal to the externally applied pressure on the top of the fluid plus the static fluid pressure from the weight of the liquid.
Viscosity

The resistance to flow of a fluid and the resistance to the movement of an object through a fluid are usually stated in terms of the viscosity of the fluid. Experimentally, under conditions of laminar flow, the force required to move a plate at constant speed against the resistance of a fluid is proportional to the area of the plate and to the velocity gradient perpendicular to the plate. The constant of proportionality is called the viscosity.
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Poiseuille's Law
In the case of smooth flow (laminar flow), the volume flowrate 
is given by the pressure difference divided by the viscous
resistance. This resistance depends linearly upon the viscosity 

and the length, but the fourth power dependence upon the radius 
is dramatically different. Poiseuille's law is found to be in 
reasonable agreement with experiment for uniform liquids 

(called Newtonian fluids) in cases where there is no appreciable
turbulence.
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Bernoulli Equation 

The Bernoulli Equation can be considered to be a statement of the conservation of energy principle appropriate for flowing fluids. The qualitative behavior that is usually labeled with the term "Bernoulli effect" is the lowering of fluid pressure in regions where the flow velocity is increased. This lowering of pressure in a constriction of a flow path may seem counterintuitive, but seems less so when you consider pressure to be energy density. In the high velocity flow through the constriction, kinetic energy must increase at the expense of pressure energy. 
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18. Biophysics of circulation. Work of the heart.
Biophysics of circulation

Blood as a fluid
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Suppose you have an emergency requirement for a five-fold increase in blood volume flow rate (like being chased by a big dog)? How does your body supply it?

According to Poiseuille's law, a five-fold increase in blood pressure would be required if the increase were supplied by blood pressure alone!
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But the body has a much more potent method for increasing volume flowrate in the vasodilatation of the small vessels called arterioles.
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Since the smaller vessels provide most of the resistance to flow, the arterioles in their position just prior to the capillaries can provide a major controlling influence on the volume flowrate. This system of small vessels can constrict flow to one part of the body while enhancing the flow to another to meet changing demands for oxygen and nutrients
Blood


Average volume: 5 l


Average viscosity: 5 mPas


Average density: 1.05 g/cm3


Composition: 40-45 % corpuscular 55-60 % plasma

Determinants of blood viscosity 
Hematocrit (htc, (): Hematocrit = Volume of cells/ total volume

Normal range: 0.4-0.5.


Viscosity of blood as suspension


(in the physiologically relevant hematocrit range):










lg (s = A + B( 

(s=suspension viscosity


A, B=empirical constants

Plasma viscosity


Depends on plasma proteins.  

In paraproteinaemias (e.g. myeloma multiplex or plasmocytoma) the concentration of immunoglobulins is high, leading to increased viscosity.

Plasticity of red blood cells


65% suspension of blood-cell-size particles is rock hard.  


In contrast, a 95% blood suspension if fluid, with viscosity of ~20 mPas!


Deformation of red blood cells: droplet, parachute, arrowhead shapes.
Aggregation of red blood cells


Stack or roleaux formation.  


More pronounced at low flow rates
The circulatory system

A. Function:

Maintenance of environmental parameters of cells


“Steady state”


Transport:



Gases



Metabolites



Hormones, signal transmitters



Immunoglobulins



Heat

B. Hemodynamic requirements:

Slow (low flow rate)


Steady (no fluctuations)


Unidirectional

C. The vascular system is a closed vessel system returning into itself 
Capillary circulation, fluid exchange
1. Capillaries

Length: 400-700 µm

Diameter: 7 µm

2. Open state depends on tissue activity

Number of open capillaries in muscle:


At rest 5/mm2


During activity 200/mm2

3. Capillary fluid exchange

Fluids movement between plasma and interstitium


driving force: difference between blood pressure and colloid osmotic pressure. 

Colloid osmotic (oncotic) pressure: osmotic pressure due to colloidal protein molecules (2.6 kPa)

Work of the heart
An average time scale for the contraction of the ventricles of the heart is 0,3s. This is enough to pump 70-80 ml blood into the aorta. After relaxation the valves prevent the back-flush of the blood into the heart. The aorta has an elastic wall that is expended by the pressure of the blood. This mechanism helps at least partially to compensate the pulsation of the blood flow. The capillary flow, which is far slower than that of the arteries (due to the manifold greater section of the capillaries) is very near to a stationary one. Such advantages of the elastic walls can also be experimentally controlled. The blood circulation is also influenced by gravitational forces, the atmospheric pressure and the so called negative pressure of the chest. The latter is “negative” only (better to say lower) when compared with the atmospheric pressure.
The circulation is maintained by the work of the heart, which have an energetic background in the metabolism. The volumetric work of the heart, L = pV, is generally greater than the kinetic work i.e. L = ½ m v2 The average volumetric work, calculated from the 70 ml volume and the 12,6 kPa (95 Hgmm) mean pressure in the aorta, is about one joule for the left ventricle. The kinetic work, calculated from the 40 cm/s velocity of the blood, is around 5,6 x 10-3 joule which is much less than the volumetric work. Under pathological conditions this relationship can easily be turned upside down. The work of the right ventricle is about the fifth of the left one. The relative contribution of the kinetic work changes with age.

The great vessels, with losing their elasticity can contribute less and less to the volumetric work. This can explain that work loads which do not disturb the hearth function of a young person, may cause severe symptoms in more advanced age. The effect is very similar when the strength of the hearth is impaired by any sort of disease.
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[image: image34]
a) In the diastole phase, the blood relaxes between beats. Blood moves into the heart: blood atria are filled rapidly. b) When the atria contract, the systole, or pumping phase begins. The contraction pushes the blood through the mitral and tricuspid valves into the ventricles. 

c) The concentrations of the ventricles forces the blood through the semilunar valves into the pulmonary artery (witch leads to the lungs), and to the aorta (the body’s largest artery) which leads to the arteries serving all the body (picture to the right). d) When the hearth relaxes, the semilunar valves close, blood fills the atria, and beginning the cycle again.
19. Properties and role of water in biological processes

Dipole Moment of Water
The asymmetry of the water molecule leads to a dipole moment in the symmetry plane pointed toward the more positive hydrogen atoms. The measured magnitude of this dipole moment is
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Treating this system like a negative charge of 10 electrons and a positive charge of 10e, the effective separation of the negative and positive charge centers is
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This is 0.0039 nm compares with about .05 nm for the first Bohr radius of a hydrogen atom and about .15 nm for the effective radius of hydrogen in liquid form, so the charge separation is small compared to an atomic radius. 

The polar nature of water molecules allows them to bond to each other in groups and is associated with the high surface tension of water. 
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Dipolar Bonding in Water

The dipolar interaction between water molecules represents a large 
amount of internal energy and is a factor in water's large specific heat. 
The dipole moment of water provides a "handle" for interaction with
microwave electric fields in a microwave oven. Microwaves can add 
energy to the water molecules, whereas molecules with no dipole 
moment would be unaffected. This dipolar bonding of water molecules 
contributes to the high surface tension of water. 

Surface Tension of Water 
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The surface tension of water is 72 dynes/cm at 25°C . It would take a force of 72 dynes to break a surface film of water 1 cm long. The surface tension of water decreases significantly with temperature as shown in the graph. The surface tension arises from the polar nature of the water molecule. 

Hot water is a better cleaning agent because the lower 

surface tension makes it a better "wetting agent" to get 

into pores and fissures rather than bridging them with 

surface tension. Soaps and detergents further lower the 

surface tension.
Cohesion and Adhesion

Molecules liquid state experience strong intermolecular attractive forces. When those forces are between like molecules, they are referred to as cohesive forces. For example, the molecules of a water droplet are held together by cohesive forces, and the especially strong cohesive forces at the surface constitute surface tension. 

When the attractive forces are between unlike molecules, they are said to be adhesive forces. The adhesive forces between water molecules and the walls of a glass tube are stronger than the cohesive forces lead to an upward turning meniscus at the walls of the vessel and contribute to capillary action. 

The attractive forces between molecules in a liquid can be viewed as residual electrostatic forces and are sometimes called van der Waals forces or van der Waals bonds.

20. Structure of macromolecules. Biophysics of protein folding
Macromolecules
Biological macromolecules = polymers
Polymers:

Chains constructed of building blocks (monomers)

Number of monomers: N>>1; Typically, N~102-104, but DNA: N~109-1010
Shape of polymers:
The polymer chain is not rigid; due to its flexibility, it forms loose, random 3D network 
Basic flexibility mechanisms: 

1. Rotation around C-C bonds, 

2. 2. Rigid segments connected with flexible (frictionless) joints (FJC), 

3. 3. Torsion of bonds (WLC).


[image: image38]
The shape of the polymer resembles the path of random walk (Brownian motion)
Simplified shape of a polymer chain:
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R=end-to-end length

             =correlation length




N=number of elementary vectors

Nl = L= contour length
Flexibility of the polymer chain
Entropic elasticity: the polymer chain exhibits thermally driven bending motions, which result in the increase of the chain’s configurational entropy (orientational entropy of the elementary vectors). 

Elastic properties of the entropic chain:
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*correlation distance represents the chain’s bending rigidity.
Advantages in studying single molecules
1) Spatial and temporal averaging is avoided

2) Temporal synchronization not necessary when investigating processes as a function of time, 

3) Novel phenomena may be discovered, which are averaged in ensembles (e.g., blinking)

4) Anisotropic mechanical effects may be investigated. 
(For additional reading about macromolecules: see slides (evt: get a life))
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Protein folding

The peptide bond = 
Different structures:

Primary:

· Amino acid sequence

Secondary

· (-helix- right handed-3.4 residue/turn-H-bridges
· β-sheet-parallel or antiparallel-H-bridges between Distant residues
· β -turn
Tertiary

· 3D structure of single-chain protein
Bonds holding protein structure together

1. Disulfide bridge: between cysteine residues

2. Hydrogen bond: shared proton

3. Salt bridge: between oppositely charged residues

4. Hydrophobic interaction: between hydrophobic residues

    (in the interior of the molecule)
Protein folding diseases
· Alzheimer’s disease
· Familial amyloidotic neuropathy (FAP)
(For additional reading about macromolecules: see slides (evt: get a life))
21. Structure and properties of the cell membrane. Origin of membrane potential
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Structure and properties of cell membrane
1. Overton’s bimolecular lipid model (1890)


Lipid membrane, bimolecular layer

2. Danielli and Davson model (1935)


Phospholipid membrane, 


Surface protein layer is responsible for hydrophilic features
3. Robertson Unit Membrane Model (1960)


Trilaminar (dark-light-dark) membrane structure (ELMI), 
extended proteins on surface
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4. Fluid mosaic models
Green-Capaldi: protein-protein interactions dominate
[image: image86.wmf]Singer-Nicolson:
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Membrane transport
The transport of water and other types of molecules across membranes is the key to many processes in living organisms. Many of these transport processes proceed by diffusion through membranes which are selectively permeable, allowing small molecules to pass but blocking larger ones. These processes, including osmosis and dialysis, are sometimes called passive transport since they do not require any active role for the membrane. Other types of transport, called active transport, involve properties of the membrane to selectively "pump" certain types of molecules across the membrane. 

The transport of gases across membranes depends upon diffusion and the solubility of the gases involved. In life science applications such transport is characterized by Graham's Law and Fick's Law. 
Chemical characteristics of membranes
1. Main components:


a. Proteins


b. Lipids


c. Carbohydrates
Protein-lipid ratio varies between 1:4 - 4:1
2. Lipids: (cholesterol)
a. phospholipid (diacylglycerol-3-phosphate)

Alcohols bind in an esther bond to the posphate group (e.g., serine, choline)

3. Proteins

Studied with SDS-PAGE.

Different membranes contain diverse types and composition of proteins.

Protein spectrum of the erythrocyte:

“Membrane skeleton”
Physical characteristics of membranes
1. Thin, sheetlike structure (60-100 Å)

2. Asymmetric: the sides (inside-outside) differ from each other.

2. Non-covalent, co-operative structures (model lipid bilayer) sheet and vesicule formation

3. Permeability (model lipid bilayer):


Impermeable to charged solutes 
But: extremely permeable to water

4. Fluidity. Melting temperature (Tm)

5. Lateral diffusion: lateral movement of lipid or protein molecules

6. Flip-flop: transition of phospholipid molecules between the two layers (low probaility)

7. Flexibility, elasticity

Distorsion of erythrocytes in the capillary
How to study membranes:
· Electrochemistry, electrophysiology (Synthetic membrane, Patch-clamp, voltage clamp
· Dynamics, fluidity, diffusion
· Fluorescence Recovery After Photo bleaching (FRAP)

· Spectroscopic methods (EPR, Fluorescence)

· Elasticity (Mechanical distortion with micropipette (suction),  optical trap,  AFM)
· Morphology (Freeze etch electron microscopy)
Membrane potential

Membrane potentials are determined primarily by three factors: 1) the concentration of ions on the inside and outside of the cell; 2) the permeability of the cell membrane to those ions (i.e., ion conductance) through specific ion channels; and 3) by the activity of electrogenic pumps (e.g., Na+/K+-ATPase and Ca++ transport pumps) that maintain the ion concentrations across the membrane.
22. Function of sensory receptors

Sensory receptor
A specialized sensory cell that responds to a unique type of stimulus such as light, sound, or odorant molecules, and transmits this information to the central nervous system. 
Receptor

The term is also used for specialized molecules on the surface of cells that respond to external signals.

How many senses?

· Vision describes the ability to detect light and interpret it as "sight". 
·  Audition is the sense of hearing and results from tiny hair fibres in the inner ear detecting the   motion of atmospheric particles within a (at best) range of 20 to 20000 Hz.
·  Tactition is the sense of pressure perception. 
·  Gustation is the sense of taste and as such is one of the two "chemical" senses. 
·  Olfaction is the sense of smell and is the other "chemical" sense. 
·  Thermoception is the sense of heat and the absence of heat (cold). 
·  Nociception is the perception of pain.
·  Equilibrioception is the perception of balance.
·  Proprioception is the perception of "body awareness" and is a sense that people rely on enormously, yet are frequently not aware of.
Non-human senses
·  Electroception is the ability to detect electric fields (species of fish, sharks and rays).
·  Magnetoception (or "Magnetoreception") is the ability to detect fluctuations in magnetic fields and is most commonly observed in birds. 
·  Echolocation is the ability to determine orientation to other objects through interpretation of reflected sound (like sonar) (bats and dolphins).
Receptors 
  = 
transducers (convert stimulus to action potential)   + 
amplifiers
How is the receptor potential generated?
· the stimulus is used by the receptor to change the conductance of its membrane for one or more ions,

·  the conductance change(s) will cause the receptor's membrane potential to change,

·  depending on the nature of the change (i.e., depolarization, or hyperpolarization), the frequency of action potentials sent to the brain along the receptor's sensory neuron will increase or decrease. 
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Sensitivity:
Stimulus in the eV energy range is enough to evoke a sensation:

·  auditory hair cells: the Brownian motion of air molecules, response to stereocilia displacements of atomic dimensions.
·  photoreceptors: 1-2 photons.
Stimulus modality

Adequate stimulus

The energy type to which the receptor is most sensitive (e.g. light for photoreceptors).

"seeing stars" 
Law of specific nerve energies (Müller)

Each sensory nerve carries information about one particular subjective sensation.
The subjective sensation is related to the specific part of the brain that processes the sensory activity. Different sense organs send their messages to different parts of the brain, which determines how the message is interpreted.
[image: image87.wmf]Stimulus intensity
· frequency coding (change of the action potential frequency)

· population coding (change of the number of receptors)
Stimulus duration

· Sensory adaptation is decreased sensitivity 
of the receptor to a given stimulus.

· Phasic receptors or fast-adapting receptors - initial 
response declines when stimulus is applied for a long 
time (tactile, olfactory, heat).
· Tonic receptors or slowly adapting receptors – 
maintain relatively constant response to a given stimulus 
(cold, pain).

Stimulus location
· The receptive area within which the activity of a neuron can be influenced 
(in skin (tactile receptors) and at the periphery of the retina (rods)).
Action potential
The resting potential tells about what happens when a neuron is at rest. An action potential occurs when a neuron sends information down an axon, away from the cell body. Neuroscientists use other words, such as a "spike" or an "impulse" for the action potential. The action potential is an explosion of electrical activity that is created by a depolarizing current. This means that some event (a stimulus) causes the resting potential to move toward 0 mV. When the depolarization reaches about -55 mV a neuron will fire an action potential. This is the threshold. If the neuron does not reach this critical threshold level, then no action potential will fire. Also, when the threshold level is reached, an action potential of a fixed sized will always fire...for any given neuron, the size of the action potential is always the same. There are no big or small action potentials in one nerve cell - all action potentials are the same size. Therefore, the neuron either does not reach the threshold or a full action potential is fired - this is the "ALL OR NONE" principle.
[image: image88.wmf]
Action potentials are caused by an exchange of ions 

across the neuron membrane. Stimulus first causes 

sodium channels to open. Because there are many more 

sodium ions on the outside, and the inside of the neuron

is negative relative to the outside, sodium ions rush 

into the neuron. Remember, sodium has a positive 

charge, so the neuron becomes more positive and 

becomes depolarized. It takes longer for potassium 

channels to open. When they do open, potassium rushes 

out of the cell, reversing the depolarization. Also at 

about this time, sodium channels start to close. This causes the action potential to go back toward -70 mV (a repolarization). The action potential actually goes past -70 mV (a hyperpolarization) because the potassium channels stay open a bit too long. Gradually, the ion concentrations go back to resting levels and the cell returns to -70 mV.
[image: image89.emf]Function of synapses

Action potential propagates from one neuron to
another via synapses. The contact between a nerve 

and a muscle (endplate) alsoworks like a 
chemical synapse.
· Electrical synapse(only excitatory) – rapid,

no delay! 

· Chemical synapse (excitatory, inhibitory 

or facilitating) – slower, synaptic lag (0,5-2 ms)
Function of a chemical synapse
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·  presynaptic AP arrives

·  presynaptic potential is generated

·  Ca2+ -release initiates exocytosis 

·  transmitter-release

·  transmitter diffuses across synaptic cleft

·  receptor molecules in postsynaptic membrane recognize and catch       the transmitter molecule

·  ionic channels open in the postsynaptic membranes

·  postsynaptic potential is generated, resulting in action potential   which spreads over the whole neuron or muscle cell
23. Structure and function of the ear
The ear

The ear converts sounds into electrical signals in the brain. There are three main sections – the outer, the middle and the inner ear.

[image: image91.png]+50

0
Elll
(mV)
-50
-100

Depolarizing
phase

Resting state

Repolarizing
phase

Undershoot

Resting state

?




· The shape of the outer ear allows air vibrations to 

arrive at the air drum (tympanic membrane).

· The middle ear converts the oscillations in the fluid

in the inner ear at the oval window. Three small 

bones that are called the malleus, incus and stapes
(or hammer, anvil and stirrup) achieve this. 

Collectively they are known as the ossicles.

· The inner ear (and in particular the cochlea) converts the 
oscillations in the fluid into electrical signals that are 
sent along the auditory nerve to the brain.

Part of the reason for the complexity is the need to transmit (rather than reflect) as much as possible of the sound from the air into the cochlear fluid. Technically achieving this transmission of energy is known as impedance matching.
· The arrangement of the ossicles is such that it achieves a mechanical advantage of about 1,5. This means that the bones act as levers and pistons and the forces on the eardrum are increased by 50% by the time they are transmitted to the oval window of the inner ear.
· The area of the oval window is about 15 times smaller than the area of the eardrum. This means that the pressure on the oval window will be grater than the pressure on the eardrum

These two processes result in larger pressure variations in the cochlear fluid compared to the pressure variations on the eardrum.

Other parts of the ear’s structure include the semicircular canals and the Eustachian tube.
· The semicircular canals in the inner ear are not used for hearing sounds. They are involved in detecting movement and keeping the body balanced.

· The Eustachian tubes connect the middle ear to the mouth and allow the pressure on either side of the eardrum to be equalised. Although the tube is normally closed, it opens during swallowing, yawning or chewing.

Pitch
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The pitch of a sound correspond to the frequency of the wave – the higher the frequency of the sound, the higher the pitch.
Most sounds are not just one pure 
Frequency – they are a mixture of 

different frequencies. The particular 

mixture used makes different sounds

unique. The different frequencies 

present in the sound wave are 

distinguished in the cochlea. The cochlea is a spiral that
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contains three chambers. The pressure wave starts from the
oval window and passes to the top of the spiral along 
the vestibular chamber. It then returns via the tympanic
chamber and ends up being absorbed at the round window.
As the pressure wave travels along these two chambers,
 “sensors” in the middle chamber (cochlea duct) convert 
The variations in pressure into electrical signals in the
auditory nerve. The operation of these “sensors” is not
fully understood, but they involve small hair-like structures
 in something called the organ of Corti. As these hair-like 
structures are moved back and fourth, electrical impulses are sent to the brain. The hair-cells are set in motion by movements in the basilar membrane. This consists of fibres that change in length and tension as one travels along the chambers. Different frequencies are detected by the different sized structures along the cochlea.

Loss of hearing

If the ear conduction thresholds show a hearing loss but the cone conduction threshold are normal, this is called a conductive loss of hearing. The sounds are being processed correctly in the inner ear, but the vibrations are not reaching it. This can sometimes be corrected by surgery. The main causes for conductive loss are:
· Blockages – build up of wax or fluid

· Accidents – the eardrum can be ruptured or the middle ear could be damaged

· Diseases – the bones in the middle ear (and the oval window) can be prevented from moving

· Age – with increasing age, the bones in the middle ear (end the oval window) tend to become solidified.
24. The eye as an optical system. Function of photoreceptors. Colour vision.
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[image: image44]
Vision defects – normal, hyperopic and myopic vision
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Color Vision
Color is a sensation and not a physical parameter!
In human: 3 receptor types, each senses another color (wavelength range).
The human visual system can detect the range of light spectrum from about 400 nanometres (violet) to about 700 nanometres (red). Our visual system perceives this range of light wave frequencies as a smoothly varying rainbow of colours. We call this range of light frequencies the visual spectrum. 
The human eye has a lens and iris diaphragm which serve similar functions to the corresponding features of a camera. In other respects the eye is quite different from a camera. A camera has a flat image plane where the resolution and spectral response is reasonable constant across the entire plane. The eye is not at all like that, having evolved to serve several different purposes. It provides a motion sensor system with nearly 180 degrees horizontal coverage. The eye's peripheral vision system only supports low resolution imaging but offers an excellent ability to detect movement through a wide range of illumination levels. This motion detection has been useful to human kind for protection from aggressors and for spotting game while hunting. Peripheral vision provides very little colour information. The retina is a thin layer of nerve cells which consists of partially of light sensor cells. The majority of the eyes inside chamber has this retina layer, accounting for the very wide angle of our peripheral vision. The following illustration shows a cross section of the human eye.

The eye's high resolution colour vision system has a much narrower angle of coverage. This system can flexibly adapt to widely varying illumination colours and levels. It evolved primarily as a daylight system and ceases to work well at very low illumination levels. The sensors associated with this system are concentrated around the eye's fovea. The light sensor cells capable of working over a wide illumination levels and of providing quick response to changes are called rods. High resolution colour imaging is provided by light sensor cells called cones. The following illustration shows a functional diagram for the rods which are spread throughout the retina, and the cones which are localized in the area of the fovea.

[image: image47.png]The Retina

L, .

Fibres.

Light

Ganglion  Horizontal
Large Cells Cells




The cones in a typical human eye have the ability to separately sense three different portions of the spectrum. We identify these peak sensitivities as red, green and blue - the primary colours. All rod light sensors have the same broadband sensitivity and therefore only provide luminance information. Rods cannot create colour images. The brain and nervous system perform extensive processing of the rod and cone outputs in order to generate an image. 

Our eyes have three sets of sensors with peak sensitivities at light frequencies that we call red (580 nm), green (540 nm) and blue (450 nm). Light at any wavelength in the visual spectrum range from 400 to 700 nanometres will excite one or more of these three types of sensors. Our perception of which colour we are seeing is determined by which combination of sensors are excited and by how much. The following illustration shows the spectral sensitivity of the typical human visual system. It is customary to denote the RGB sensors with the Greek letters Rho (red), Gamma (green) and Beta (blue). 
[image: image48.jpg]400 500 600 700
Wavelength (nm)




The sensitivity curves of the Rho, Gamma and Beta sensors in our eyes determine the intensity of the colours we perceive for each of wavelengths in the visual spectrum. The following illustration is an approximation of the visual spectrum illustration adjusted for the sensitivity curves of our Rho, Gamma and Beta sensors.
Our visual system selectively senses the range of light wavelengths that we refer to as the visual spectrum. Selective sensing of different light wavelengths allows the visual system to create the perception of colour. Some people have a visual anomaly referred to as colour blindness and have trouble distinguishing between certain colours. Red-green colour blindness could occur if the Rho and Gamma sensor curves exactly overlapped or if there was an insufficient number of either rho or gamma sensors. A person with this affliction might have trouble telling red from green, especially at lower illumination levels.
The human visual system has much greater sensitivity in low ambient illumination. The cones contribute little or no sensitivity in this condition. Imaging is primarily accomplished by the rods when illumination levels are very low. The plot that follows shows the spectral sensitivity of the rods.
Notice that sensitivity is peaked at yellow-green, not the day-for-night blue of motion picture moonlight. Since rods all seem to share the same spectral selectivity characteristics, they cannot create a colour image so one colour of moonlight is probably as good as the next. The most accurate representation of moonlight is a contrast black and white image since we cannot see any colours at very low illumination levels.

Where is the Visible Spectrum located in relation to the rest of the electromagnetic spectrum? The following chart shows the relative locations of various sections of the spektrum.
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25. The cytoskeletal system. Cellular mobility, motor proteins.

A dynamic framework

Three types:


A. Intermediate


B. Microtubules


C. Microfilaments
Three phases:

    1. Lag phase: nucleation

    2. Elongation

    3. Equilibrium
Må fylle ut litt….kanskje, vi får se!
26. Structural and functional characteristics of muscle.

Introduction: All the muscles in the human body show biochemical specialisation which allows them to perform their particular physiological functions. The eyeballs are steered by extra-ocular muscles when reading: they must contract quickly and precisely, but the muscles in your back and buttocks evolved for continuous heavy lifting where fuel economy is important. The hollow viscera often require a slow steady squeeze to function properly. We normally recognise three basic types of vertebrate muscle: 

1) Voluntary skeletal muscle is under conscious control. Each fibre is an enormous, multi-nucleate cell, formed by fusing hundreds of myoblasts end-to-end. They show a striated pattern, reflecting the regular arrangement of sarcomeres within each cell. 

2) Cardiac muscle is similar to skeletal muscle, but is not under conscious control. These mono-nucleate cells are much smaller, but still show a striated pattern. 

3) Smooth muscle is closer to non-muscle cells. No regular striations are visible and the contractions are much slower. Smooth muscle is found in the blood vessels, gut, skin, eye pupils, urinary and reproductive tracts
Muscle tissue can be one of several types in the body: smooth, cardiac, or skeletal. For our purposes we are concerned with skeletal muscle, which makes up the bulk of the body's muscle and is the tissue we use for physical activity. 

The muscle that you can see is composed of subunits called fascicles. Fascicles are bundles of individual muscle fibers. Each fiber is one elongated cell that may extend for the length of the muscle. Each muscle fiber cell has several nuclei (unlike most cells, which have only one), and is segmented into distinct sectional bands. Within each muscle cell are numerous myofibrils, which also extend for the length of the muscle cell. Sarcomeres are the basic contractile subunit of myofibrils. 
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Actin and myosin are the two principal muscle proteins, and they are found in myofibrils. They are arranged in a ring-like structure, usually with six (thin) actin strands surrounding a (thicker) myosin fibril. Again, they run parallel and lengthwise. The myosin fibril has numerous small protrusions called crossbridges. The actin strand is actually intertwined with an even thinner, ribbon-like protein called tropomyosin, and a smaller molecule, called troponin, associates with tropomyosin in this structure. 

When a nerve impulse signals the muscle to 'do something' the activity causes channels in the sarcoplasmic reticulae to open their gates and release calcium into the cytoplasm. In skeletal muscle cells the sarcoplasmic reticulae (SR) is an extensive intracellular network which serves as the storage area for calcium. Usually, the inside of the cell cytoplasm has a very low calcium concentration. When it rises, some of the calcium diffuses over to the muscle protein fibers and causes a conformational change. 

Ca++ ions will bind to troponin and cause it to rotate slightly. This is enough so that the tropomyosin moves, and actin now is exposed to the myosin below. The myosin crossbridge then jumps up and binds to the exposed actin. The myosin crossbridge drags along the actin fiber like a ratchet, completing a "power stroke". 

When all the crossbridges in a sarcomere do this at the same time, the sarcomere contracts. After the nerve impulse ends, the SR has mechanisms to reabsorb the free calcium and put it back into storage. As calcium disassociates from the troponin, ATP binds to the crossbridge to 'disconnect' the bridge from the actin. The actin fibers change back to their previous positions and the sarcomere relaxes.

A muscle cell does not necessarily go back to complete relaxation right away. It can remain contracted through a series of stimulations. This process, called summation, increases the total force of muscular contraction. When the stimulus is great enough, many sarcomeres in many fibers are "recruited" and the muscle as a whole contracts. This is why we can lift or push varying amounts of resistance . . . more or less cells are recruited, and to a greater or lesser extent. Muscle failure occurs at the point where the maximum number of fibers are being stressed to their limits.

If you realize that each crossbridge requires ATP, and each myosin strand has dozens of crossbridges, and each muscle fiber has hundreds of myosin strands, you can see that muscular exertion requires a lot of energy. Glycolysis provides some energy (ATP), but the real engine is the Krebs cycle, which requires oxygen. As available oxygen diminshes during muscular work, incoming pyruvate *ferments* into lactate (aka lactic acid) instead of getting converted into acetyl coenzyme A. Lactate travels out of the cell and through the blood to the liver, where it may be reconverted to pyruvate and glucose and return to the cell, in a process called the Cori cycle. Or the blood lactate can enter a different muscle cell and get reconverted to pyruvate (and eventually acetyl coA) if there is sufficient oxygen. However, intracellular levels of lactate can rise more quickly than it can be carried off and this results in a painful local burning sensation that requires a temporary cessation of muscular work. This is the well-known "burn" of weight training. 

Given the huge energy needs of muscle, and its importance to the organism's survival, the body also has a backup system. ATP in muscle exists in equilibrium with creatine. After ATP gives up a phosphate group and becomes ADP, creatine phosphate will give it a phosphate group and regenerate ATP. This can allow muscular work to continue even while more ATP is being created in the Krebs cycle. 

Creatine is a short-term yet important reserve. If it is available to recharge ATP, the cell will not need to resort to glycolysis to make more in the immediate term. So what? Well, remember that the muscle is working hard, and the Krebs cycle is running at full blast. Oxygen is in short supply, so making ATP from glycolysis at this point would be anaerobic, meaning fermentation and lactate build up. Creatine cuts the muscle some slack, and it can keep working longer before exhausting the ATP and hitting "the burn". 

27. Molecular mechanisms of muscle contraction and its regulation.

Muscle is an organ specializing in the transformation of chemical energy into movement. Movement is essential to life, and takes many forms, from cytoplasmic streaming and the growth of neurones at the cellular level, to the long distance flight of the albatross or the explosive performance of a sprinter. Although only a few families of proteins are responsible for movement in the biological world, muscle has developed to optimize this function, and is packed with movement-related proteins. There are many types of muscles, but they fall into three categories: skeletal muscle (or striated muscle), responsible for locomotion, flight etc; cardiac muscle, which has a vital role and is able to function for a century or more, without ever taking a break, and smooth muscle (or involuntary muscle) which lines the walls of the arteries to control blood pressure, or controls the digestion of food by causing movement of the intestine. 

Skeletal muscle as seen under the light microscope has a striated appearance, as seen in the picture of a myofibril:
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This micrograph was taken by Ronnie Burns in March 1997 with a 100x objective in bright field/phase. The myofibrils are about 1 micrometer thick, and are the result of dissection of single muscle cells. The striated appearance is due to the arrangement of two sets of interdigitating arrays of filaments. The thick filaments consist of myosin, and the thin filaments consist predominantly of actin. The striations result from the fact that the thick and thin filaments have different refractive indices in the light microscope. The myofibrils are also birefringent. The dark bands in the micrograph represent regions of overlap between the thin and thick filaments. The Z-line which ties the thin filaments together can also be seen. Stretching to scale two of the sarcomeres above shows the relationship between the bands and the filament arrays.

A sarcomere from a mammalian muscle is about 2.4 micrometer long at rest. It can be extended reversibly to more than 3 micrometer (as in the micrograph above), and it can shorten to less than 2 micrometer. The appearance of the striations change during shortening. The filaments do not change length during shortening (recent experiments have shown that the filaments are slightly elastic, but most of the shortening is caused by sliding). 

The sliding of the filaments is the result of interactions between the myosin cross-bridges and the thin (actin) filaments. The cross-bridges reversibly bind to actin and produce a mechanical impulse which results in force transmission along the filaments, which either results in force production at the tendons, or results in shortening (or a combination of both). The energy for this process comes from the hydrolysis of ATP, resulting in the release ADP and Pi. The link between movement or force and the utilization of ATP is the fundamental aspect of muscle contraction, sometimes referred to as the energy transduction process. The areas of current research relate to understanding the link between ATP binding, hydrolysis and product release, and the production of a mechanical impulse. Little is known about these processes. The nature of crossbridge binding to the actin is crucial. Is there a single binding site, or are there several? How does ATP binding or hydrolysis affect the nature of actin binding. Which part of the crossbridges change shape? Each myosin molecule is a double helical coil and ends in two globular heads or cross-bridge. Does each head behave independently of the other? 

The study of muscle contraction involves the use of a large variety of biophysical techniques, in many laboratories around the world. Such techniques range from physiological studies of muscle contraction to biochemical studies of muscle proteins and nucleotide hydrolysis and include protein crystallography, low angle x-ray diffraction, the design of mutant proteins, NMR, electron microscopy, photolysis of caged compounds, in vitro motility assays and others. 

Muscle regulation

Troponin plays a central role in the regulation of skeletal and cardiac muscle contraction. The protein consists of three polypeptide chains (TnT, TnI and TnC) and is located on polymerized actin together with tropomyosin, forming muscle thin filament. We have determined the molecular structures of the core domains (relative molecular mass of 46 000 and 52 000) of human cardiac troponin in the Ca2+-saturated form by X-ray crystallography. Analysis of the four structures derived from the two crystal forms reveals that the core domain is further divided into sub-domains, connected by linkers, making the entire molecule highly flexible. The structures of the troponin ternary complex suggests that the Ca2+-binding to the regulatory TnC site displaces the carboxyl-terminal portion of TnI from actin/tropomyosin, thereby altering mobility and/or flexibility of the troponin/tropomyosin strand on the actin filament. These Ca2+-dependent changes in the properties of the tropomyosin strand on the actin filament may in turn alter accessibility of myosin heads (motor protein) to the actin filament.
28. Principles and applications of laser
Theoretical background of laser

· Light amplification by stimulated emission of radiation

· Light amplifier capable of producing an intense beam of photons, having identical vector properties (frequency, phase, direction and polarization)

Absorption 

· When a photon of suitable f is absorbed by an atom exiting the atom to a higher energy level (from a lover one)
Spontaneous emission

· When an atom undergoes a transition from a level of higher E to a level of lower E, thus emitting a photon or random vector properties.
Stimulated emission

· When a photon of suitable f interacts with an atom of higher E there is a probability for the photon to push an e- to a lower E level, thus transmitting another photon of coherent vector properties
· The first photon remains, thus the intensity of the light is amplified
Generation and properties of laser light
1. 
Small divergence

Parallel, collimated beam

2. 
High power

In continuous (CW) mode: tens, hundreds of watts (e.g., CO2)


Q-switched mode: instantaneous power is enormous (GW)


Large spatial power density due to small divergence

3. 
Small spectral width


“Monochrome”


Large spectral power density

4. 
Polarized

5. 
Possibility of very short pulses 

Ikkje ferdig…….

29. Principles of spectroscopic methods. Infrared, Raman, CD spectroscopy
Principles of spectroscopic methods

Spectroscopy:
· The study of selective absorption or emission of electromagnetic waves.

E.g. emission of hydrogen: (line spectra)
· Hydrogen gas placed in a sealed gas container → emission of pink light along the electrical discharge path. And usually emits blue light in other parts of the container → then passed through a diffraction grating (e.g. a prism) to separate the colours – spectrum appears as a series of bright lenses of different colours (the f of the lens is det. By the quantized energy levels which the h e- can occupy (E of photon = hf)). Ground state → exited state → ground state.

E.g. absorption spectra of cool hydrogen gas (line spectra)

· Light passed through cooled H gas → then through a diffraction grating → result in a diffraction grating → dark bands superimposed an the continuous ROGGBIF spectrum characteristic of white light.

Band spectra:

· The atoms and molecules of solid objects interact with each other and produce many more allowed energy levels which merge into continuous bands of possible energy levels (principal, vibrational, rotational). The energy bands of such a solid object may offer a continuum of levels such that any frequency in the visible range will be absorbed, causing hat object to be opaque to visible light.
Colours of visible objects:

· Result in selective absorption. Green objects absorb all visible light but green light, etc…

Raman spectroscopy
Special way of scattering of light (with frequency f) by a substance

Transitions that can be investigated by Raman scattering:
· pure vibrational

· pure rotational

· vibrational – rotational

Scattered light: Contains elastically scattered photons with the same frequency f, but an associated or “satellite” line appears on the lower frequency line

If the vibrational state of the substance is changed during the interaction with a photon, the Raman scattered quantum has a reduced energy.

The decrease in photon energy equals the vibrational spacing

hf = hf scat = hf vibr = ΔE vibr   

· f scat = f - fibr. 

· Lower frequency lines are called stoke lines
Scattered photons with higher than f frequency also exist gaining an “extra” energy while being scattered due to the transition of the molecule to a lower vibrational level.

The gain in E in the anti-stokes lines also equals the ΔE vibr

Room temp.  → Most molecules at zero vibrational level                                                                                                     →    small fraction in 1st vibrational state

This explains the big difference between the intensity of the stokes and the anti-stokes lines.

Infrared spectroscopy
· A quantum of infrared radiation does not have enough energy to exite an electron to a higher energy level, but to excite a molecule to a higher vibrational level
· Two types of vibrational motion:

A) Stretching motions: → the bonds became larger
B) Bending motions: → constant length of bonds, but angle between them increases and decreases

Bending and stretching of water:
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In infrared spectroscopy: Wave number is used rather than f
The higher the wave number → the more energy each quantum of energy carries

· Stretching motions generally require more energy and therefore occur at a higher frequency (and wave number) than bending motions.

· In order to absorb infrared light, a vibrational motion must result in a change in dipole movement of the molecule.

· When a compound is not infrared active (no charge of dipole) the frequency of many of these vibrations may be found by Raman spectroscopy.

· Vibrational motion of molecules (bending and stretching) causes them to absorb energy in the infrared region of the specimen

· → when infrared light is passed through a sample, some frequencies will be strongly absorbed whereas others will hardly be absorbed at all

Result: Infrared absorption spectrum, showing the percentage transmission at different frequencies (→ wavelength cm-1)

Certain bonds in a molecule absorb infrared radiation of a characteristic f, and so the percentage of an absorption band at this particular f indicates the percentage of such a band in the molecule

→ “fingerprint” regions of the infra-red spectrum

Used for determination of nuclear structures.

CD spectroscopy

A Circular Dichroism (CD) Spectrometer provides information about the unequal absorption of left- and right-handed circularly polarized light by chiral molecules. Proteins are chiral molecules, and CD has become a standard technique for assessing conformational attributes of proteins as well as peptides. The CD bands of proteins and peptides are found in the same spectral regions as their absorption bands. Thus, CD bands in the far-UV region (170 - 250 nm) contain information about the peptide bonds of proteins. These bands can be used to monitor changes in secondary structure during a structural transition. In particular, the a-helix displays a strong, characteristic CD spectrum in the far-UV region. CD bands in the near-UV region (250 - 300 nm) originate from aromatic amino acid residues and disulfide bonds. The near-UV spectrum provides a fingerprint of the correctly folded conformation of a protein that is surpassed in sensitivity only by NMR spectroscopy.

30. Absorption photometry
3 types of spectra may be specified:
The continuous spectra: 
- glowing solids, fluids and gases (at high pressure)

The line spectra 

- glowing gases at low pressure, and steams

The band spectra 

- molecules

Emission spectrum: examination of the emitted light

Absorption spectrum: examination of light passing through a substance

Spectrophotometer

· A substance under investigation is dissolved and put in a glass tank.

· A monochromatic ray asses through the glass tank and a photocell measures the light intensity

· Bu changing the colour of the monochromatic ray we can measure the absorption spectrum of any substance
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The monochromator of a spectrophotometer may be a prism or an optical grating. By turning the grating, different wavelengths of light pass through the sample.

When a sample absorbs light, the colour we perceive is the sum of the remaining colours that are reflected or transmitted by an object and your eyes.
· Absorbs all wavelengths of visible light → black

· Absorbs no visible light → white (colourless)

· Absorbs all but orange → orange

· Absorbs all but blue → also orange

An object has a particular colour

1) it reflects or transmits light of that colour

2) it absorbs light of the complementary colour

The amount of light absorbed by a sample as a function of wavelength → absorption spectrum

31. Principles of luminescence. Parameters of luminescence

Hmm..

32. Fluorescence spectroscopy. Fluorescence anisotropy. Fluorescence recovery after photo bleaching

Fluorescent spectroscopy

Fluorescence spectroscopy or fluorometry is a type of electromagnetic spectroscopy used for analyzing fluorescent spectra. It involves using a beam of light, usually ultraviolet light, that excites the electrons in molecules of certain compounds and causes them to emit light of a lower energy, typically, but not necessarily, visible light. A complementary technique is absorption 
Molecules have various states referred to as energy levels. Fluorescence spectroscopy is primarily concerned with electronic states and vibrational states. Generally, the species being examined will have a ground electronic state (a low energy state) of interest, and an excited electronic state of higher energy. Each of these electronic states has various vibrational states.

Photons of light are small "packets" of energy, each with energy proportional to its frequency; photons of high frequency light have higher energy than those of low frequency light. These can be absorbed by molecules, with the molecule gaining the energy of the photon, or emitted by molecules, with the photon carrying some of the energy of the molecule away.

In fluorescence spectroscopy, the species is first excited, by absorbing a photon of light, from its ground electronic state to one of the various vibrational states in the excited electronic state. Collisions with other molecules cause the excited molecule to lose vibrational energy until it reaches the lowest vibrational state of the excited electronic state.

The molecule then drops down to one of the various vibrational levels of the ground electronic state again, emitting a photon in the process. As molecules may drop down into any of the vibrational levels of this ground state, the photons will have different energies, and thus frequencies. Therefore, by analyzing the different frequencies of light emitted in fluorescent spectroscopy, the structure of these different vibrational levels can be determined.

Applications:

Is used in, among others, biochemical, medical, and chemical research fields, for analyzing organic compounds. There has been report of its use in differentiating malign skin tumors from benign

Fluorescence anisotropy
Fluorescence Anisotropy systems based upon photo elastic modulation (PEM) provide highly precise determination of anisotropy and can be utilized to measure other chiro-optic phenomena such as Fluorescence detected CD (FDCD) and Time-resolved circularly polarized fluorescence or phosphorescence.
Fluorescence recovery after photo bleaching
Fluorescence recovery after photo bleaching (FRAP) is a technique used in cellular imaging where a fluorochrome attached to a molecule is destroyed on purpose with an intense flash of light (by a laser). This is done in a well defined area to study the repopulation of this area with peripheral molecules still fluorescent. This method allows measurement of the speed of diffusion of molecules in living cells. FRAP is usually done with confocal microscopes. This technique is commonly used in conjunction with green fluorescent protein (GFP), fusion proteins, where the protein that is under study is fused to a GFP. GFP is a fluorescent protein that was isolated from jellyfish (Aequorea victoria). When excited by a specific wavelength of light, the protein will fluoresce. When the protein that is being studied is produced with the GFP, then the fluorescence can be tracked. Photodestroying the GFP, and then watching the repopulation into the bleached area can reveal information about protein interaction partners, organelle continuity and protein trafficking.
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33. Fluorescence resonance energy transfer (FRET). Fluorescence quenching

Fluorescence resonance energy transfer describes an energy transfer mechanism between two fluorescent molecules. A fluorescent donor is excited at its specific fluorescence excitation wavelength. By a long-range dipole-dipole coupling mechanism, this excited state is then nonradiatively transferred to a second molecule, the acceptor. The donor returns to the electronic ground state. The described energy transfer mechanism is termed "Förster resonance energy transfer" (FRET), named after the German scientist Theodor Förster. When both molecules are fluorescent, the term "fluorescence resonance energy transfer" is often used, although the energy is not actually transferred by fluorescence.
The FRET efficiency is determined by three parameters:

1. The distance between the donor and the acceptor. 
2. The spectral overlap of the donor emission spectrum and the acceptor absorption spectrum. 
3. The relative orientation of the donor emission dipole moment and the acceptor absorption dipole moment. 

The FRET efficiency E, which is defined as
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Where τ'D and τD are the donor fluorescence lifetimes in the presence and absence of an acceptor
In fluorescence microscopy, fluorescence confocal laser scanning microscopy, as well as in molecular biology, FRET is a useful tool to quantify molecular dynamics in biophysics, such as protein-protein interactions, protein-DNA interactions, and protein conformational changes. For monitoring the complex formation between two molecules, one of them is labeled with a donor and the other with an acceptor, and these fluorophore-labeled molecules are mixed. When they are dissociated, the donor emission is detected upon the donor excitation. On the other hand, when the donor and acceptor are in close proximity (1-10 nm) due to the interaction of the two molecules, the acceptor emission is predominantly observed because of the intermolecular FRET from the donor to the acceptor. For monitoring protein conformational changes, the target protein is labeled with a donor and an acceptor at two loci. When a twist or bend of the protein brings the change in the distance or relative orientation of the donor and acceptor, FRET change is observed. If a molecular interaction or a protein conformational change is dependent on ligand binding, this FRET technique is applicable to fluorescent indicators for the ligand detection.

Fluorescence quenching
Fluorescence quenching is a process which decreases the intensity of the fluorescence emission. The accessibility of groups on a protein molecule can be measured by use of quenchers to perturb fluorophores. Quenching by small molecules either in the solvent or bound to the protein in close proximity to the fluorophore can greatly decrease the quantum yield of a protein. Quenching may occur by several mechanism:

· collisional or dynamic quenching 

· static quenching 

· quencing by energy transfer 

· charge transfer reactions 


34. X-ray diffraction

Discovered by W. C. Roentgen in 1895. Given name x-ray, x meaning unknown quantity.

X-ray diffraction (or crystallography) is a method used for examining the microscopic world of atoms and molecules. In a simple crystal such as NaCl, the atoms are arranged in an orderly cubical fashion. The atoms are spread with a distance of d apart. Suppose that a beam of x-rays is incident on the crystal at an angle ø to the surface, and that the two rays are reflected from two subsequent planes of atoms. The two rays will constructively interfere if the extra distance ray I travels is a whole number of wavelengths farther than the distance ray II travels. This extra distance is 2d sin ø. Therefore, constructive interference will occur when
mλ = 2d sin ø,

m = 1,2,3….,

where m can be integer (ø is not the angle with respect to the normal to the surface) This is called the Bragg equation after W. L. Bragg (1890-1971) who derived it together with his father, developed the theory and technique of x-ray diffraction by crystals in 1912. If the x-ray wavelength is known and the angle ø is measured, the distance d between atoms can be obtained. This is the basis for x-ray crystallography.
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X-ray diffraction of a crystal
Actually x-ray diffraction patterns are quite complicated. First of all, a crystal is a 3D object, and x-rays can be diffracted from different planes at different angles within a crystal. 
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X-ray diffraction has been very useful in determining the structure of biologically important molecules, such as the double helix of DNA. Also the structure of haemoglobin, together with many other molecules has been known by this method

35. Principles of ESR and NMR spectroscopy
ESR

Electron spin resonance (ESR) spectroscopy is closely related to the probably better known nuclear magnetic resonance (NMR). It uses magnetic fields corresponding to a microwave frequency range between 1 GHz and 500 GHz to study paramagnetic materials and molecules. That is, molecules with unpaired electrons, like radicals, transition metal complexes, etc.  
ESR can be used to obtain structural information of molecules together with details about their electron density distributions. In solutions and solids, the dynamics of molecules can be determined and the kinetics of chemical reactions can be studied. Quantitatively, analytical applications such as dosimetry can be mentioned, as well as characterization of the redox-active centers in proteins. All of these properties can be observed at room temperature, but often lower temperatures are used. 

ESR was discovered in 1946 by the Russian scientist Zavoisky, and its use has increased steadily since then. The main categories of ESR are continuous-wave (cw) and pulse ESR. In cw ESR, molecules are irradiated continuously by low-power microwaves, whereas in pulse ESR, microwave is applied in very short and high-powered pulses. Additionally, radio frequencies (in a range of up to 150 MHz) can be applied, in which case one speaks of ENDOR (electron nuclear double resonance) spectroscopy. Both cw and pulse ENDOR experiments are possible. 

ESR is sometimes also refered to as EPR (electron paramagnetic resonance) or EMR (electron magnetic resonance). 

NMR

Nuclear Magnetic Resonance spectroscopy is a powerful and theoretically complex analytical tool. On this page, we will cover the basic theory behind the technique. It is important to remember that, with NMR, we are performing experiments on the nuclei of atoms, not the electrons. The chemical environment of specific nuclei is deduced from information obtained about the nuclei.

Nuclear spin and the splitting of energy levels in a magnetic field

Subatomic particles (electrons, protons and neutrons) can be imagined as spinning on their axes. In many atoms (such as 12C) these spins are paired against each other, such that the nucleus of the atom has no overall spin. However, in some atoms (such as 1H and 13C) the nucleus does possess an overall spin. The rules for determining the net spin of a nucleus are as follows; 

1. If the number of neutrons and the number of protons are both even, then the nucleus has NO spin. 

2. If the number of neutrons plus the number of protons is odd, then the nucleus has a half-integer spin (i.e. 1/2, 3/2, 5/2) 

3. If the number of neutrons and the number of protons are both odd, then the nucleus has an integer spin (i.e. 1, 2, 3) 

The overall spin, I, is important. Quantum mechanics tells us that a nucleus of spin I will have 2I + 1 possible orientations. A nucleus with spin 1/2 will have 2 possible orientations. In the absence of an external magnetic field, these orientations are of equal energy. If a magnetic field is applied, then the energy levels split. Each level is given a magnetic quantum number, m.
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When the nucleus is in a magnetic field, the initial populations of the energy levels are determined by thermodynamics, as described by the Boltzmann distribution. This is very important, and it means that the lower energy level will contain slightly more nuclei than the higher level. It is possible to excite these nuclei into the higher level with electromagnetic radiation. The frequency of radiation needed is determined by the difference in energy between the energy levels

36. Sedimentation. Electrophoresis
Electrophoresis:

· Many molecules have ionisable groups and can therefore be made to exist in solution as cations (+) and anions (-)

· Molecules with the same charge will have different Q/m ratios due to the different in m.

· These differences from the basis of differential migration when ions in a solution is subjected to an electric field

· Charges depend on the pH of the solvent buffer

Electrophoresis = The motion of molecules and particles in an electric field.

F = q x E    

Where f is the force exerted on the particle, q is the charge of the particle and E is the field strength.

Isoelectric focusing:

· Separation by charge

· A protein a of any pH has a overall charge which changes with pH

· Proteins are separated in a vertical columns in which there is a pH-volting gradient
· Each component migrates to the region of the column where the pH corresponds to that of its isoelectric point, and is immobilized (focused) there

· At a pH characteristic to each polypeptide (its isoelectric point), the net charge in the molecule is 0, and I ceases to migrate

Sedimentation
Fyll inn litt her….!


37. Computer tomography. MRI
Computed Tomography (CT) is also known as CAT scanning, Computed Axial Tomography. The images produced by the scanner unveil the distinction between soft tissue and bone. The basics of CT imaging are that of x-ray principles. When x-rays pass through a patient's body and are weakened or absorbed they in turn create a profile of x-ray beams of differing potencies. The profiles are registered on film which to state basically, creates an image. This principle holds true for x-ray imaging. For CT imaging the film is substituted by a detector, which measures the x-ray profile. The CT scanner consists of a gantry, which includes the x-ray source, x-ray detectors and data acquisition system, a patient table, a control console, and a computer. The CT scanner is linked to the computer. The scanner rotates about the patient, this proceeds as it takes pictures or slices of tissue. The images in general are then processed by the computer and either depicted on a cathode-ray tube and screen or is saved a permanent location on film. The resulted image is displayed or saved and referred to as CT slices. More specifically, as the image is being acquired, the detector is making a 360-degree rotation; this result in the slices that were mentioned. During the rotation, "the detector takes numerous snapshots (called profiles) of the attenuated x-ray beam. The CT images are reconstructed from a large number of measurements of x-ray transmission through the patient. This projection data is used to reconstruct the CT image.   
Magnetic Resonance Imaging or MRI produces images based on theories of nuclear magnetic resonance. The nuclear magnetic resonance technique or theory is based on the fact that when a substance is placed in a strong magnetic field this will affect the spin of the atomic nuclei of isotopes. In particular this refers to the protons and neutrons of the nucleus and the magnetic field associated with their individual nuclear spin and charge distribution. "Resonance is an energy coupling and causes the individual nuclei, when placed in a strong external magnetic field, selectively to absorb and at later time release energy unique to the nuclei and their surrounding environment. The studies of these concepts were applied and eventually were used in the creation of the MRI, which reflects the nuclear properties and produces an image. MRI in a sense uses the body as a radiation emitter. The body is comprised of negatively and positively charged atoms, and these atoms become like magnets when they come in contact with electromagnetic waves. The MRI equipment produces these electromagnetic waves. The MRI setup consists basically of a large magnet, scanning table and computer. As a patient enters the field of the cylindrical magnet, a steady magnetic field is created. This causes the protons in the water atoms of the patient to line up. The MRI will then simulate a pulse to knock the protons out of alignment, which then allows for the signal that each proton gives off to be recorded. A complex mathematical algorithm with the use of the computer is then used to produce 3-D images with the recording of the signals. These images appear as slices and are conveyed to film. MRI images normally represents magnetic representations of soft tissue differences. 
Common areas of the body that are examined with MRI are as follows; the brain for depicting abnormalities such as tumors, strokes, multiple sclerosis, and hemorrhage, the neck, spine, abdomen, and chest.


38. Gamma-camera. PET
Gamma-camera

Hal Anger developed the first gamma camera in 1957.

A gamma camera is an imaging device, most commonly used as a medical imaging device in nuclear medicine. It produces images of the distribution of gamma ray emitting radionuclides.

A gamma camera is a complex device consisting of one or more detectors mounted on a gantry. It is connected to an acquisition system for operating the camera and for storing the images.

The system accumulates counts of gamma photons that are absorbed by a crystal in the camera, usually a large flat crystal of sodium iodide with thallium doping in a light-sealed housing. The crystal scintillates in response to incident gamma radiation: when the energy of an absorbed gamma photon is released, a faint flash of light is produced. This phenomenon is similar to the photoelectric effect. Photomultiplier tubes (PMT) behind the crystal detect the fluorescent flashes and a computer sums the fluorescent counts. The computer in turn constructs and displays a two dimensional image of the relative spatial count density on a monitor. This image then reflects the distribution and relative concentration of radioactive tracer elements present in the organs and tissues imaged.
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PET

Positron Emission Tomography

· Makes use of positron emitters such as11C6, 13N7 and 18F9 
A short-lived radioactive tracer isotope which decays by emitting a positron, chemically incorporated into a metabolically active molecule, is injected into the living subject (usually into blood circulation). There is a waiting period while the metabolically active molecule (usually a sugar) becomes concentrated in tissues of interest, then the subject is placed in the imaging scanner. The short-lived isotope decays, emitting a positron. After travelling up to a few millimeters the positron annihilates with an electron, producing a pair of annihilation photons (similar to gamma rays) moving in opposite directions. These are detected when they reach a scintillator material in the scanning device, creating a burst of light which is detected by photomultiplier tubes. The technique depends on simultaneous or coincident detection of the pair of photons: photons which do not arrive in pairs (i.e., within a few nanoseconds) are ignored.

Because annihilation photons are always emitted 180° apart, it is possible to localise their source to a straight-line in space. Using statistics collected from tens-of-thousands of coincidence events, a map of their origin in the body can be plotted. The resulting map shows the tissues in which the molecular probe has become concentrated, and can be interpreted by nuclear medicine physician or radiologist in the context of the patient's diagnosis and treatment plan. PET scans are increasingly read alongside CT scans or MRI scans, the combination giving both anatomic and metabolic information (what the structure is, and what it is doing). PET is used heavily in clinical oncology (medical imaging of tumors and the search for metastases) and in human brain and heart research.

Because PET imaging is most useful in combination with anatomical imaging, such as CT, modern PET scanners are now available with integrated high-end multi-detector-row CT scanners. Because the two scans can be performed simultaneously, not only is time saved, but the two sets of images are precisely registered so that areas of abnormality on the PET imaging can be correlated with anatomy on the CT images.

However, while other imaging scans such as CT and MRI, isolate organic anatomic changes in the body, PET scanners are capable of detecting areas of molecular biology detail (even prior to anatomic change) via the use of radiolabelled molecular probes that have different rates of uptake depending on the type of tissue involved. The changing of regional blood flow in various anatomic structures (as a measure of the injected positron emitter) can be visualized and relatively quantified with a PET scan.

PET imaging is best performed using a dedicated PET scanner. However, it is possible to acquire PET images using a conventional dual-head gamma camera fitted with a coincidence detector. The quality of gamma-camera PET is considerably lower, and acquisition is slower. However, for institutions with low demand for PET, this may allow on-site imaging, instead of referring patients to another center, or relying on a visit by a mobile scanner.

Radionuclides used in PET scanning are typically isotopes with short half lives such as 11C (~20 min), 13N (~10 min), 15O (~2 min), and 18F (~110 min). Due to their short half lives, the radionuclides must be produced in a cyclotron at or near the site of the PET scanner. These radionuclides are incorporated into compounds normally used by the body such as glucose, water or ammonia and then injected into the body to trace where they become distributed. Such labelled compounds are known as radiotracers.

PET as a technique for scientific investigation in humans is limited by the need for clearance by ethics committees to inject radioactive material into participants, and also by the fact that it is not advisable to subject any one participant to too many scans. In neurological research, this limitation can be partly overcome by the use of short-lived radionuclides that result in a lower radiation dose. PET also has an expanding role in the assessment of response to therapy, and in particular cancer therapy (e.g. Young et al. 1999).

PET is also used in pre-clinical studies using animals, where it allows repeated investigations into the same subjects. This is particularly valuable in cancer research, as it results in an increase in the statistical quality of the data (subjects can act as their own control) and very substantially reduces the numbers of animals required for a given study. A further limitation arises from the high costs of cyclotrons needed to produce the short-lived radionuclides for PET scanning (for example 18F). Few hospitals and universities are capable of maintaining such systems, and most clinical PET is supported by third-party suppliers of radio-tracers which can supply many sites simultaneously. This limitation restricts clinical PET primarily to the use of tracers labelled with 18F, which has a half life of 110 minutes and can be transported a reasonable distance before use, or to 82Rb, which can be created in a portable generator and is used for myocardial perfusion studies.




Image of a typical PET brain acquisition




Schema of a PET acquisition process





39. Principles of information theory. Communication systems. Coding
Principles of information theory

· Communication processes are concerned with the flow of some sort of information in some sort of network.

· A communication system contains a transmitter, a receiver, and a channel carrying the information.

Transmitter    →    Channel   →    Receiver
· The purpose of sending a message is to diminish existing uncertainty, thus the information content of a message may be defined as the uncertainty diminished upon the receipt of the message

· The uncertainty of a certain situation increases with the increasing content of possible outcomes.

· There are 2 types of situations

1) Deterministic situation

· There is only one possible outcome, thus the probability of that outcome is 1
2) Stochastic situation

· There are several possible outcomes, thus the probability of those outcomes are less than 1

The smallest limit of information is a hit

The # of hits in a message is given by:

I = log n = - log (1/n) = - log P
Where I is hits, n is the number of equally probable events, and P is the probability of selecting one of these randomly
E.g. 2 possible outcomes:

I (2) = log 2 = 1 hit
Communication systems
· The flow of information from a source to an end onset

· The general scheme is as follows:

1) Source  

· Origin of information

2) Coder

· Converts the information into a signal appropriate for transmission, and amplifies this signal
3) Transmitter

· Broadcast the signal

4) Channel

· The medium in which the signal is transmitted

5) Receiver

· Observed the broadcasted signal and amplifies it

6) Decoder

· Reconstructs the original message from the received signal

7) End user

· Destination of information

Coding, redundancy
· During transmission in the information channel there is a probability of partial or total loss of information due to noise

· This may be represented in 2 methods:

1) Channel isolation

· The channel is isolated from the environment, and by that also the noise

2) 
Surplus signals
· The original information is mixed with surpluses signals, thus transmitting a       redundant message
40. Control Theory. Artificial neural networks

Control Theory  

· The purchase and control is to ensure that the output signal generated by a mechanism matches the input signal.

Input signal    →
 Mechanism    →    Output signal

There are 2 ways in which control and regulation may happen:

1) Open loop regulation
· The input signal is provided to both the mechanism and a regulator, thus the output signal carried out by the mechanism will match the input signal
Input signal    →
 Mechanism    →    Output signal
               Regulator
· The drawback, however, is that there is no feedback from the output signal

· E.g. the control of room temperature on the end basis of outdoor temperature. The room temperature will be kept constant against outside changes, but an open door will cause changes in temperature not sensed by the regulator

2) Closed loop regulation
· “Feedback regulation”
· The output signal will give feedback to the regulator which can affect the mechanism accordingly
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Color sensitive





Not color sensitive





Less converging neural connections (better spatial resolution)





More rods are coupled to one ganglion cell (higher sensitivity, lower spatial resolution)





Found in fovea, especially center of fovea





Found mainly on periphery of retina





No saturation





Saturates at middle level light intensities





Less sensitive, but sensitivity range is wide





Senses very low light intensities


(even 1 photon!)





Cone





Rod
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