Discipline "Medical and biological physics"

The list of questions for Differential Credit,
 including material for student's self-study 
2015 – 2016 academic year
SECTION 1. Mathematical methods in biology and medicine
1. Derivative of functions of one variable 
2. Geometric and physical meaning of derivative of function of one variable 

3. Properties of derivatives 
4. Derivatives of some elementary functions 
5. Composite function, its differentiation
6. Higher-order derivatives 

7. Functions of several variables 

8. Partial derivatives of the function of several variables 

9. Differential of function 

10. Differentials of higher orders 

11. Partial and total differentials of function of several variables
12. The use of differential in approximate calculations 

13. The gradient of a scalar function: definition, symbol, formula, direction 

14. Antiderivative function 

15. Indefinite integral and its properties 

16. Integrals of some elementary functions 

17. Method of integration with variable substitution (substitution method) 

18. The method of integration by parts 

19. Definite integral 

20. Formula of Newton-Leibniz
21. Geometric meaning of definite integral 

22. Differential equations: 

• definition 

• ordinary differential equations 

• differential equations with partial derivatives 

• the order of the differential equation 

• solution of differential equation 

24. Differential equations with separable variables
25. Differential equations, homogeneous with respect to the variables y and x
26. Linear differential equations
27. Differential equations of the n-th order  
28. Differential equations with constant coefficients 
29. Random events 
30. Trial, trial outcome: favorable and unfavorable
31. Relative frequency of the event

32. Statistical definition of probability
33. Equally possible outcomes, sure event, impossible event 
34. Exclusive events, independent events, dependent events 
35. Classical definition of the probability of a random event 
36. Theorem of addition of probabilities for exclusive events 
37. Events that form the full group of events, opposite events 
38. Theorem of multiplication of probabilities for dependent and for independent events 
39. The Bernoulli's equation and the condition of its application 
40. The formula of total probability and condition of its application
41. Bayes ' formula and the condition of its application 

42. Definition of a random variable 

43. Discrete and continuous random variables, examples 

44. Law of distribution and the normalization condition for the discrete random variable 

45. Definition of probability density and distribution function for continuous random variable
46. Formula for calculation of probability of continuous random variables falling in the given interval if probability density is known
47. Formula for calculation of probability of continuous random variables falling in the given interval if distribution function is known
48. The normalization condition for the continuous random variable 

49. Formulas connecting the distribution function and the probability density function for the continuous random variable
50. Numerical characteristics of random variables (discrete and continuous): mathematical expectation, variance, standard deviation
51. Binomial distribution of discrete random variables (distribution Bernoulli) 
52. Formulas for calculation of mathematical expectation, variance, standard deviation of discrete random variable at binomial distribution 
53. Normal distribution of continuous random variable (Gaussian distribution): • the formula for the probability density of continuous random variable • graph a normally distributed continuous random variable, its shape; • the effect of numeric values of the parameters of the normal distribution (a) and (() on the shape and location of graphics • the notion of a Laplace function • the formula connected the Laplace function with distribution function of normally distributed continuous random variable • the formula for calculation of probability of continuous random variables falling in the given interval with using Laplace function 
54. Basic notions of mathematical statistics: assembly  (general and sample), assembly size 
55. Statistical characteristics of the assembly
56. Methods of estimation of statistical characteristics 
57. Formulas for calculation of the sample point estimates of the mathematical expectation, variance, standard deviation and sample mean 
58. Interval (confidence) estimation of statistical characteristics 
59. Confidence interval, confidence level and significance level 
60. Formulas for calculation of confidence intervals for mathematical expectation of normally distributed random variables with known and unknown variance of a random variable
61. Notion of the null hypothesis 

62. Formula for calculation of the value of T (for the case when the sample sizes are large and approximately are equal to each other)

63. Correlation dependence between random variables 

64. Regression function of Y on X and X on Y, regression line, regression coefficients

65. Notion of correlated field 

66. Sample Pearson correlation coefficient (R), its values
67. Method of least squares
68. Coefficient of the Spearman rank correlation: formula, the analysis of the obtained values
69. The definition of measurement, types of measurement

70. Measurement errors: absolute and relative errors
71. Accuracy of the measurement, its definition

72. Origin of systematic errors, their elimination 

73. Origin of random errors, ways of their reducing 
74. Additive and multiplicative errors
75. Data processing of direct measurements results
76. The accuracy class of the instrument

77. Data processing of indirect measurements results
78. Data processing of joint measurements results
SECTION 2. Biomechanics

1. Types of deformations: elastic, inelastic, highly flexible

2. Mechanical stress, allowable stress, relative extension
3. Hooke's law for the deformation of stretching (compression)

4. Diagram of dependence of mechanical stress on the relative elongation at deformation of stretching 
5. Brittle and ductile materials; Poisson's ratio

6. Shear deformation, Hooke's law for shear deformation 
7. Linear and volumetric coefficients of thermal expansion

8. Notion of a absolutely rigid body

9. Characteristics of rotational motion: angular velocity, angular acceleration

10. Moment of force, condition of equilibrium of a body in rotational motion

11. Moment of inertia of a material point

12. Moment of momentum, law of angular momentum conservation
13. Human musculoskeletal system 
14. Human dynamic and static works at various types of its activity
15. Ergometry

16. Mechanical properties of biological tissues

17. Anisotropy of mechanical properties of tissues

18. Contraction of the muscles, Hill's equation
19. Stress relaxation, creep

20. Ideal and real fluids

21. The Bernoulli equation

22. The equation of continuous flow
23. Newton's formula for the viscous friction force, dynamic fluid viscosity

24. Viscometry

25. Newtonian and non-Newtonian fluids

26. Laminar and turbulent flows of liquids

27. The Reynolds Number

28. Poiseuille formula
29. Hydraulic resistance 
30. Real liquid motion is as shear deformation

31. The main rheological characteristics and the ratios between them (shear rate, shear stress)

32. Flow curves for Newtonian and non-Newtonian fluids

33. Properties of  blood as a viscous-plastic liquid
34. Role of erythrocytes for rheological properties of  blood, the haematocrit value (H)
35. Shvedov-Bingham's equation (model)

36. The Caisson's formula (model)
37. Changes in the mean velocity values and in the mean blood pressure in the blood circulation system
38. Work and power of  heart

39. Pulse wave

40. Measuring of blood pressure (according to Korotkov)
41. Vibratory process, its basic physical characteristics

42. Classification of vibrations (free undamped, free damped, forced, and auto-oscillations)
43. Resonance, resonance frequency

44. Auto-oscillation, self-oscillating system

45. Mechanical waves, their characteristics

46. Differential equations and their solutions for an undamped, damped and forced vibrations

47. Logarithmic decrement of damping

48. The Doppler Effect

49. Hygienic standardization of the levels of noise, infrasound and vibrations
50. Equilibrium system of a human body in space

51. Acoustics, acoustic waves
52. Physical (objective) characteristics of sound (sound pressure, intensity and level of intensity, frequency, wavelength, velocity of propagation, the acoustical spectrum)

53. Physiological (subjective) characteristics of sound (loudness, pitch, timbre), the relationship between physical and physiological characteristics of sound

54. The Weber-Fechner law
55. Curves of equal loudness, threshold of sound audibility and pain threshold, and their dependence on frequencies
56. Sound methods of clinical examination
57. Ultrasound and its using in medicine

58. Infrasound and its effects on the human body
59. Human auditory apparatus
60. Thermodynamic systems: isolated, closed and open

61. Internal energy of the system

62. First law of thermodynamics 

63. Hess' Law
64. Reversible and irreversible processes

65. Entropy, unit of measurement

66. Second law of  thermodynamic
67. Thermodynamic potentials (energetic quantities):

• enthalpy (H)

• Gibbs free energy (G)

• Helmholtz free energy (F)
68. Notion of chemical potential

69. The phenomenon of "osmosis" and its role in biological processes, the osmotic pressure

70. Notion of negentropy 
71.  Prigogine's theorem
72. The Prigogine-Glansdorff principle

73. Biophysics of macromolecules:

• structure of proteins: primary, secondary, tertiary and quaternary

• structure of nucleic acids (RNA and DNA)

SECTION 3. Electromagnetic phenomena in biology and medicine.

1. The main functions of biological membranes

2. Liquid-mosaic model structure of biological membranes

3. The main types of transport of substances through the membrane surface 

4. Diffusion of uncharged molecules, the Fick's equation

5. Diffusion of substances through the membrane pores, facilitated diffusion, exchange diffusion

6. Electrodiffusion, Nernst-Planck equation 

7. Active transport of substances across membranes, types of ion pumps

8. The sodium-potassium pump
9. The calcium pump of membrane sarcoplasmic reticulum 

10. Proton pump of mitochondria and chloroplasts
11. Membrane potential

12. Membrane resting potential

13. Equilibrium potential by Nernst

14. The Goldman-Hodgkin-Katz formula
15. The permeability of the membrane

16. The relation of the membrane permeabilities for K, Na, Cl ions 
17. The action potential, its generation and propagation

18. The electric field and its characteristics (intensity and potential, relation between them)

19. The principle of superposition of fields

20. Electrical dipole

21. Dipole moment of electric dipole
22. The characteristics of current (current strength, current density)
23. Ohm's law in differential form

24. Current dipole

25. Dipole moment of current dipole

26. Heart electrical activity (the basic postulates of the Einthoven's theory)

27. What is called the electrocardiogram?

28. Standard leads
29. Chest leads

30. Augmented leads
31. Analysis of the normal electrocardiogram in the second standard lead
32. Vector-cardiography

33. Electroencephalography (EEG)

34. Electromyography (EMG)

35. Electroneurography (ENG)

36. Electroretinography (ERG)

37. Conductive properties of biological tissues for alternating current, impedance and its components

38. The dependence of the module of impedance of the tissues on the cyclic frequency of the alternating current

39. A diagram of the electrical equivalent of biological tissue

40. Direct electric current and its characteristics

41. The main mechanism of action of direct electric current on biological tissue

42. Galvanization and electrophoresis (medicinal electrophoresis)

43. Pulsed electric current, its characteristics

44. The main mechanism of action of pulsed electric current on biological tissues 

45. Dubois-Reymond law
46. Weiss-Lupic equation, notions of rheobase and chronaxie

47. Electrocardiological stimulation
48. Electrosleeping
49. Muscle electrogymnatics
50. Defibrillation
51. Alternating electric current, its characteristics

52. Different mechanisms of action of alternating current in biological tissues 
53. Nernst law
54. Rheography (or impedance – plethysmography)
55. Diathermy (therapeutic and surgical)
56. Local d'Arsonvalization
57. The main mechanism of the action of alternating electromagnetic field on biological tissues
58. Inductothermy 

59. UHF-therapy
60. Superhigh frequency therapy (SHF-therapy)
61. The action of a constant electric field on biological tissues
62. The action of electromagnetic radiation of radiofrequency range on biological tissues
63. Hygienic standardization of the levels of electromagnetic fields

64. Magnetic field and its characteristics

65. Magnetic induction
66. Ampere's force formula

67. Magnetic moment formula

68. Lorentz's force formula

69. Magnetic permeability (formula) and magnetic properties of substances

70. Magnetic field intensity
71. Biot-Savart-Laplace law

72. The phenomenon of electromagnetic induction

73. Magnetic flux formula

74. The law of electromagnetic induction
75. The phenomenon of self-induction
76. Magnetobiology and Biomagnetism

77. Magnetocardiography
78. Classification of electronic medical equipment

79. The block diagram of monitoring diagnostic equipment
80. Electrotherapy equipment
81. Cybernetic electronic devices

82. "Breakdown to the instrument case" and "leakage current"

83. The classification of electronic devices according to the value of the allowable leakage current

84. Reliability of an electronic medical equipment; probability of no-failure operation; failure rate 
85. Curve of the dependence of failure rate on time

86. Relationship between probability no-failure operation and the failure rate 
87. Classification of medical electronic devices on failure during operation
88. Electrodes and the basic requirements to them

89. Classification of sensors (power and bio-controlled)
90. Classification of bio-controlled sensors (generating and parametric)
91. Sensitivity of a sensor
92. Amplifiers and their types: alternating and direct currents amplifiers 

93. The main characteristics of the amplifiers: gain, amplitude response, frequency response

94. Pass band of the amplifier

95. Types of generators, their application in medicine

SECTION 4. Optical devices. Physics of visual reception.
1. Laws of light reflection and light refraction
2. Absolute and relative light refractive indices, the ratio between them

3. Phenomenon of refraction, the critical angle of refraction

4. Phenomenon of total internal reflection, critical angle of total reflection

5. Optical fibres, endoscopes and laparoscopes, their application in medicine

6. Lenses, their characteristics 
7. Focal power of the lens 

8. The construction of the image of the object in converging and diverging lenses 
9. Thin lens formula and linear magnification of the object in the lens (formula)

10. Types of lens aberrations (spherical aberration, chromatic aberration, astigmatism, distortion)

11. Optical microscope
12. Angular magnification of the optical system
13. Total magnification for the microscope
14. Resolution of the optical microscope

15. Limit of microscope resolution (formula for normal and oblique rays falling on the subject)

16. Ways of reducing the resolution limit of optical microscope

17. Special methods of optical microscopic
18. Light conducting and light perceiving systems of human eye
19. Human eye as an optical system.
20. The process of accommodation, distance of the best vision
21. The construction of the image of the object in the optical system of the human eye

22. Eye defects (myopia, hypermetropia, loss of accommodation, astigmatism, colour blindness)

23. The process of adaptation, its mechanisms

24. Angle of vision, the limiting angle of vision, resolution limit of the human eye

25. Eye-resolving power

26. Acuity of vision
27. The nature of light

28. Light wave and its characteristics

29. Polarization of light

30. Natural light

31. Partially polarized light and plane-polarized light
32. Polarization of light on the dielectric boundary

33. Brewster's law

34. Polarization of light in double refraction

35. Nicol prism

36. Phenomenon of dichroism

37. The method of polarimetry and its application in medicine

38. Polarizing microscope

39. Absorption of light by a substance

40. Bouguer's law

41. Natural monochromatic absorption coefficient 

42. Absorption of light by a substance dissolved in a solvent

43. The of Bouguer-Lambert-Beer law
44. Natural molar absorption coefficient and molar absorption coefficient

45. Light transmission factor and optical density of the solution

46. Absorption spectra of substances

47. Objective physical characteristics of light

48. Subjective physiological characteristics of human light perception 
49. Physical and visual photometers
50. Classification of photo-biological processes in the two groups, which serves as the light energy so-lo energy and a storage medium
58. Classification photo-biological processes in the positive (useful) and bad (harmful) processes
59. Typical overall stage photo-biological processes
60. The photo-biological processes related to the light stage photochemical reactions
61. The photo-biological processes related to the dark phase photochemical reactions
62. Photochemical reactions: photoionization, photoreduction, photoxidation, photodissociation, photoisomerization, photodimerization
63. The range of photo-biological action
64. Photosensybilized photo-biological processes (photosensitizers of the first and second types)
65. Biophysics of visual reception

SECTION 5. Biomedical aspects of atomic and nuclear physics

1. Thermal radiation of bodies
2. Radiation flux, radiance, spectral radiance, integral radiance.
3. Thermal radiation spectrum of body

4. Monochromatic absorption factor, the range of its values

5. Black and grey body

6. Kirchhoff's law
7. Stefan-Boltzmann law

8. Wien's displacement law
9. Optical pyrometry

10. Thermal radiation of human body
11. Diagnostic methods (dermoscopy, thermometry, thermography)
12. Wave-particle duality of matter

13. Wave properties of micro-particles
14. Wave function

15. Schredinger equation

16. Quantum numbers

17. Pauli principle

18. Uncertainty relation

19. Selection rules

20. Luminescence and its types
21. Mechanism of photoluminescence (fluorescence and phosphorescence)

22. Stockes ' law and deviations from it ('antistoks' luminescence)

23. Spectra of  substance luminescence
24. Luminescence analysis and its use in biomedical research

25. Spectra of substance absorption and emission

26. Application of emission and adsorption spectroscopy in UV and visible parts of the spectrum

27. Induced radiation
28. Principle of operation of a helium–neon laser

29. Application of induced radiation in medicine

30. Phenomenon of electron paramagnetic resonance (EPR)
31. Investigation methods with use of "spin marks" and "spin probes"

32. The phenomenon of nuclear magnetic resonance (NMR)
33. Method of NMR-introscopy
34. Principle of operation of the electronic microscope

35. Resolution limit of the electronic microscope

36. The working principle of electron microscope

37. Ionizing radiation, types of ionizing radiation

38. X-radiation, its nature

39. Bremsstrahlung breaking and characteristic X-radiation
40. Mechanism of occurrence of bremsstrahlung breaking X-ray radiation

41. Spectrum of bremsstrahlung breaking X-radiation
42. Bremsstrahlung breaking X-ray flux
43. Mechanism of occurrence of characteristic X-radiation
44. Spectrum of characteristic X-radiationx
45. Moseley law
46. Principle of operation of x-ray tube
47. Attenuation of the X-radiation flux by material, Bouguer law

48. Mechanisms of interaction of x-radiation with material: coherent scattering, incoherent scattering (Compton effect), photo-effect

49. Attenuation factor, mass attenuation factor
50. Protection from X-radiation

51. Application of X-radiation in medicine

52. Radioactivity

53. Types of radioactive decay

54. Law of radioactive decay

55. Half-life period of the substance
56. Activity of substances

57. Interaction of different types of ionizing radiation with substance 
58. Mechanisms of interaction of gamma-radiation with substance
59. Ionizing braking and annihilation reaction
60. Attenuation of the monochromatic radiation flux by a substance, Bouguer law

61. Linear ionization density, linear breaking capacity, mean free path
62. Penetrating capacity of ionizing radiation

63. Negative influence of ionizing radiation on biological objects

64. Methods of protection against ionizing radiation: protection by time, protection by distance, protection material

65. Dose types; radiation dose, exposure dose, equivalent dose

66. Dose rate for radiation dose, exposure dose, equivalent dose
67. Maximum permissible dose
68. Effective equivalent dose

69. Internal human radiation
70. Detectors and dosimeters of ionizing radiation

71. Radionuclide diagnostics: dynamic and static methods

72. Radiation therapy
73. Direct and indirect affect of ionizing radiation on DNA (and other biological macromolecules)
