	1.
	Nazwa przedmiotu


	Biofizyka

	2.
	Kierownik jednostki


	prof. dr hab. Anna Maria Kostrzewska

	3.
	Zajęcia dydaktyczne w jednostce 
70

	
	Wykłady
	Seminaria
	Ćwiczenia
	ECTS

	
	20
	
	50
	5.5

	4.
	Wymagania wstępne niezbędne do realizacji zajęć dydaktycznych w jednostce i sposób ich sprawdzania

Studentów obowiązuje samodzielne opracowanie zagadnień do ćwiczeń przedstawionych w skrypcie „Biophysics Laboratory Exercises” p. red. prof. dr hab. Anny Kostrzewskiej.

Przed rozpoczęciem każdego ćwiczenia laboratoryjnego przygotowanie studentów sprawdzane jest w formie kartkówki.



	5.
	Tematy zajęć dydaktycznych w jednostce

	
	LECTURES
Fundamental concepts of thermodynamics:     
a.   I law of thermodynamics - equivalence of work and heat, internal energy

     b.   II law of thermodynamics:

          -   reversible and irreversible processes

          -   concept of entropy - phenomenological and statistical definition

          -   law of increase in entropy

          -   II law of thermodynamics for open systems

          -   stationary state, principle of minimum entropy

          -   biological systems as open systems

c. source of entropy and dissipation of energy 

    d.  coupled processes and their significance in biology

Intermolecular interactions 

          -   electrostatic forces

          -   hydrogen bonds

          -   Van der Waals forces

          -   hydrophobic effects

Structure and physical properties of biological membranes

          -   major components of biological membranes

          -   physical properties of proteins and lipids

          -   model of Singer and Nicolson

          -   properties of biological membranes resulting from physical properties of their

              components

Transport across the biological membranes: 

Passive transport – simple diffusion, carrier transport, transport through ion channels

Active transport – pumps, secondary active transport

Electrical properties of biological membranes:

Equilibrium potential –the Nernst equation, Resting Potential, the Goldman equation 

Passive properties of biological membranes
Action potential – mechanism of  generation, Propagation of action potentials

Physical properties of muscles:

     a.   viscous-elastic properties of muscles

          -   relaxation of tension

          -   creeping

     b.  Hill's equation

     c.  mechanism of muscle contraction:


- molecular bases of conversion of chemical energy to mechanical energy (sliding    

              filament theory)


- role of ionic channels in excitation - contraction coupling. 


- differences in the mechanism of contraction between striated and smooth muscles

Losses of heat from a body: 

Convection, Radiation, 
Evaporation, Conduction
Regulation of body temperature
Lasers in medicine:

Laser physics – stimulated emission and amplification, 
The conditions of a laser action

Types of lasers

Properties of laser beam

Laser interactions with tissue

Applications of lasers in therapy and diagnosis
Magnetic resonance imaging and spectroscopy:

Magnetic moments in an external magnetic field

Magnetization, Behavior of the magnetization vector, Relaxation times

Imaging with NMR

Chemical shift, NMR spectroscopy

	
	Seminaria – nie dotyczy

	
	LABORATORY EXERCISES

Determining solution concentrations using a refractometer and a polarimeter
Fermat’s principle, the law of light refraction, the law of light reflection

Phenomenon of the total internal reflection of light, Operation principle of the waveguide, endoscopy

Operation principle of the  refractometer

Phenomenon of light polarisation, Methods of light polarisation 

Optical birefringence, Optically active substances, Optical isomerism

Applications of polarimetry in diagnostics

Determination of  a simple equation by the least square method

Types of concentrations: weight to weight, weight to volume, molar and normal

Measurement of focal length and properties of converging lenses
Fermat’s principle, the law of light refraction, the law of light reflection 

Thin lenses, The lens equation, lens magnification and types of lenses, Systems of lenses

Focal length and converging properties of the lens and system of lenses, Lens aberrations

Optical structure of the human eye, The lens of the human eye, Accommodation of the human eye, accommodation range, Resolving abilities of the human eye

Energetics of the human vision process, Young’s model of colour vision
Microscopy. Resolving power and measurement of numerical aperture

Fermat’s principle, the law of light refraction, the law of light reflection

Phenomenon of light diffraction, phenomenon of light interference

Image formation in the optical microscope, Image magnification in the optical microscope

Resolution power of the microscope, Aperture of the microscope

Types of microscopes

Operation principle of the electron microscope

Determining solution concentrations using an absorption spectrophotometer
Types and classification of electromagnetic waves, Visible light, ultraviolet radiation

Young’s model of colour vision, Mechanism of absorption spectra formation, 
Bouger-Lambert-Beer law

Extinction and transmission, Determination of simple equation by the least square method

Bohr’s model of the hydrogen atom, Mechanism of hydrogen spectral series formation

Structures of the free atom, the atom in a molecule, the atom in a solid

Influence of IR, VIS and UV radiation on human organism

Mechanism of emission and absorption spectra formation

Line, band and continuous spectra

Applications of spectral analysis
The oscilloscope
How does an oscilloscope work?

thermionic emission, acceleration of electrons, luminescence, horizontal and vertical deflections

Measuring voltage and time period.

Biophysics of phonation
Properties of sound: intensity, frequency, sound pattern.

Some properties of waves: reflection and  refraction, interference and diffraction

Resonant standing waves: resonant frequencies 

Subjective sensation of sound and its correlation with the physical properties of the sound:

Frequency and pitch, Intensity and loudness, Harmonic content (sound pattern)  and quality (timbre) 

The principles of the phonation.

Hearing testing
Structures and functions of the outer, middle and inner ear
Types of hearing testing
The principles of the pure tone audiometry, The principles of the tympanometry

Intensity scales
Electrocardiography
Parts of the heart’s electrical conduction system, 

Cardiac action potentials: Pacemaker action potentials, Non-pacemaker action potentials
The "12 lead ECG": The 3 standard limb leads (bipolar), The 3 augmented limb leads (unipolar), 
The 6 precordial leads (unipolar)

Waves, segments and intervals in the ECG
Fundamental principles of reading the ECG: Measuring time of waves, segments and intervals in the ECG, Estimation of the heart rate 

The mean electrical axis

The measurement of the blood flow velocity
Production of ultrasound: inverse piezoelectric effect, magnetostriction

The properties of ultrasound: propagation velocity, acoustic impedance

The Doppler Effect, Continuous wave Doppler ultrasound, Spectral Doppler waveform measurements

Biophysical effects of ultrasound: thermal effects, non-thermal (mechanical) effects

Major uses of ultrasound in diagnostic
The circulatory system – the fundamentals of motion of fluids
Blood pressure measurement’s methods

The auscultatory method: viscous force, laminar flow, turbulent flow, Reynolds number, critical flow velocity, Korotkoff sounds

Pressure measurement equipment

The role of gravity in the circulation

Principles of dosimetry
Atom and its components, Isotopes and radioisotopes – how they are produced ?

Transmutations of the nuclei, The transmutation theory –  its mathematical form and chart. Decay constant and half-life, Activity – formula and units 

Kinds of ionising radiation
Principles of dosimetry (exposure, absorbed dose, effective dose)
Sources of exposure

Interaction of photons and charged particles with matter
Photoelectric effect, the Compton scattering, pair production.

The law of attenuation, Half thickness.

The Linear Energy Transfer. The interaction of particles with matter.

Bremsstrahlung

Materials used for stopping ionising radiation: alpha, beta, neutrons and gamma photons.

The methods of detection of ionising radiation
Gas filled detectors, Scintillation detector and its assemblies, Types of scintillators, Applications of scintillation detectors in medicine, Semiconductor detectors

Measuring of radiation energy  – spectrometry, The Anger gamma camera, Computed Tomography – generations

Random nature of the decay process, Standard Deviation and relative error, Error of the complex measurement ( with background)
Weakening of the laser beam passing through the solid matter
Determination of the extinction module.

	6.
	Forma zaliczenia zajęć dydaktycznych

Criteria and number of points assigned for exercises, the colloquium (test) and the exam

1) Class (exercise)

- theoretical part – max. 5 points

· practical part – max. 5 points

· minimum number of points to obtain a pass – 6 points

2) Section (3 classes/exercises) – max. 30 points
- minimum number of points to obtain a pass – 18 points

3) Colloquium (test) – max. 20 points
- class material / topics  – max. 15 points

- lecture material / topics – max. 5 points

- minimum number of points to obtain a pass – 12 points

4) Total for classes – 3 sections and 3 colloquia – max. 150 points
- minimum number of points to obtain a pass – 90 points

- total for classes is calculated as final points by being divided by 10; e.g. 

5)     90 points = 9 final points

6) Exam (test)– max.30 points

- lecture topics (20 questions) – max. 20 points

- class topics (10 questions) – max. 10 points

· exam evaluation:

· good answer: 
+1
point

· no answer: 

   0 
point
· wrong answer: 
– 0.3 
point
- minimum number of points to obtain a pass – 15 points
- examination points count as final points

7) Credit in biophysics – max. 45 final points 
(15 for classes and 30 for the exam)

- minimum to obtain a credit – 24 final points + a pass in classes, 

             colloquia and the exam according to the above stated criteria

8) Grading based on the number of the total of final points obtained

- failed (2): 0<24 final points

- satisfactory (3): 24<28 final points

- fairly good (3.5): 28<32  final points

- good (4): 32<36 final points

- better than good (4.5) 36<40 final points

- very good (5): 40≤45 final points 

	7.
	Wykaz zalecanych podręczników (proszę uwzględnić podręczniki zalecane w przygotowaniach do LEP)

1. Podręcznik niezbędny do uzyskania podstawowych wiadomości z przedmiotu
Paul Davidovits, “Physics in Biology and Medicine”, 2nd edition, Academic Press, 2001

Roland Glaser, „Biophysics“, Springer Verlag, 2005




