Medical Biophysics
Final exam theoretical questions 2016.

I. semester

1. General characterization of radiations, classification of them. Physical quantities to describe radiations, simple laws concerning radiations.

2. Proofs for dual nature of light. Electromagnetic spectrum.

3. Photoelectric effect and the significance of its application.

4. Harmonic oscillation and waves. Interference. Electromagnetic waves, diffraction, polarization.

5. Bases of geometric optics. Light reflection and refraction. Refractometry, endoscopy. Image formation, depth of field.

6. Principles of wave optics. Microscopy, resolution. Concept of diffraction limit.

7. Image formation on curved surfaces. Optics of the eye, resolution of it.

8. Proofs of particle-wave duality in case of electron. Matter waves in free and bound state.

9. General description of atomic and molecular interactions.

10. Principles of atomic force microscopy (AFM), working modes, applications.

11. Ways for description of multiatomic systems. Ideal gas. Interaction between particles.

12. Boltzmann distribution, 3 examples for general significance. 

13. Structural classes of materials and consequent properties.

14. Liquid crystalline order, examples for occurrence and applications.

15. Crystalline order affecting the electronic energy levels. Electronic energy-bands, valence and conduction band, types of electrons filling these bands, consequent properties.

16. Intrinsic semiconductors and doped semiconductors. Electric and optical properties. Basic units of microelectronics. 

17. Basics of light absorption. Absorption spectrum (lines, bands) and interpretation. Attenuation of light intensity by absorption.

18. Absorption spectrophotometry. Specificity and selectivity of it.

19. Luminescence, fluorescence, phosphorescence. Emission spectrum and interpretation. Comparison of absorption and luminescence spectra. Kasha’s rule, Stokes shift. Lifetime of electronic excited states. Fluorescence labelling, application in microscopy,  therapy (photodegradation of tumors) and diagnostics, fluorescence light sources. 

20. Thermal (black body) radiation, basic laws. Thermal radiation as source of light (spectrum of the Sun, incandescent lamp)  Significance in the heat exchange of human body with the environment. Diagnostic application: telethermography. 

21. Concept of light amplification. Conditions for laser oscillator.

22. Properties of laser light. Applications of lasers.

23. Atomic nucleus. Nuclear forces. Isotopes.

24. Unstable nucleus. Alpha-, and beta-decay. Gamma-radiation.

25. Radioactive decay law (different forms).

26. Interactions of nuclear radiations with matter.

27. Mechanism of effect of ionizing radiations. Radiotherapy, radiation protection.

28. Dosimetry. Dose concepts.

29. Nuclear measurement technique. Measuring devices.

30. Isotope diagnostics. Selection principles of radioisotopes.

31. Isotope diagnostic methods. Gamma camera. Static and dynamic examinations. Scintigraphy, SPECT, PET.

32. Types and properties of biological signals. Fourier's principle.

33. Amplification and filtering of biological signals. Processing of pulse signals.


II. semester

34. Stimulus characteristics curve and its significance. Parts and function of electronic devices for therapeutic purposes.

35. Generation and characteristics of ultrasound.

36. Medical applications of ultrasound. Ultrasound imaging, dynamic examinations. Ultrasound therapy.

37. Production and properties of X-radiation. Energy spectrum of X-radiation.

38. Mechanisms of interaction of X-radiation with matter. Application of filters.

39. Mechanisms of X-ray image formation. Contrast agents. DSA. Principles of computed X-ray tomography (CT).

40. Flow of fluids and gases. Characteristic physical parameters and conditions for application. Types of fluids and ways of flow. Laws for ideal fluids.

41. Laws to describe the flow of real fluids. Fluid flow in tubes. Applicability of laws for blood flow and for respiration.

42. Diffusion and its laws. Application for exchange of alveolar gases. Osmosis.

43. Microscopic description of diffusion.  Drift. Brownian motion.

44. Thermodiffusion and heat conduction. Experimental background and theoretical description.

45. The cardiac cycle. Work of the heart.

46. Thermodynamic systems. Extensive and intensive quantities. General description of transport processes.

47. First law of thermodynamics. Internal energy and change of it.

48. Second law of thermodynamics. Entropy.

49. Statistical interpretation of entropy. Thermodynamic probability. Third law of thermodynamics.

50. Bioelectric phenomena. The resting membrane potential.

51. Changes of membrane potential.  Hyperpolarization, depolarization, action potential.

52. Electrical activity of the heart. Physical bases of ECG.

53. Working principle of sensory receptors. Psychophysical laws.

54. Biophysics of vision. Sensitivity of the eye. Mixing of colors. Color vision.

55. Biophysics of hearing. Signal amplification in the ear. Loudness.

56. Frequency discrimination in the ear. Theories of hearing. Pitch, tone.

57. Biophysics of water. Anomalous properties of water.

58. Biopolymers: types, properties, global structure, stability and elasticity.

59. The cytoskeletal system. Polymerization of cytoskeletal filaments.

60. Motor proteins. Duty cycle. Processivity.

61. Mechanism and regulation of muscle contraction.

62. Characterization of tissular forces, biomechanics of tissues. Viscoelasticity.

63. Examination of biomolecular structure. Measurement of light scattering, X-ray diffraction, mass spectrometry.

64. Basic principles of confocal and multiphoton microscopy.

65. Working principle and applications of electron microscope.

66. Luminescence spectroscopy. Energy transfer. Luminescence quenching.

67. Infrared spectroscopy and its applications. Comparison of conventional and Fourier transform (FTIR) spectrometer.

68. Magnetic resonance. (ESR, EPR), (NMR). Fundamentals of MRI.

69. Fundamentals of physical examination. Physical interpretation of inspection, palpation, percussion and auscultation
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