
 

 

 

 

Medical and Biological Physics  

Topic Program 

Part 2 

 



2 

CONTENTS 

Lesson № 20 ................................................................................................................. 3 

Lesson № 21 ................................................................................................................. 4 

Lesson № 22 ................................................................................................................. 5 

Lesson № 23 ................................................................................................................. 6 

Lesson № 24 ................................................................................................................. 7 

Lesson № 25 ................................................................................................................. 9 

Lesson № 26 ............................................................................................................... 11 

Lesson № 27 ............................................................................................................... 12 

Lesson № 28 ............................................................................................................... 13 

Lesson № 29 ............................................................................................................... 14 

Lesson № 30 ............................................................................................................... 15 

Lesson № 31 ............................................................................................................... 16 

Lesson № 32 ............................................................................................................... 18 

Lesson № 33 ............................................................................................................... 19 

Lesson № 34 ............................................................................................................... 20 

Lesson № 35 ............................................................................................................... 21 

Lesson № 36 ............................................................................................................... 23 

Lesson № 37 ............................................................................................................... 24 

 

  



3 

Lesson № 20 

chapter topic Electric and magnetic phenomena in living organisms 

lesson topic Biomedical Measuring Systems 

the purpose of 

the lesson is 

to recognize the basic principles of biological measuring, to 

study the physical phenomena underlying the operation of 

sensors 

 

Theoretical topics 

1. Structural diagram of medical and biological measuring. Electrodes for 

detection and biomonitoring 

2. Electric conductivity of metals and semiconductors. Resistance thermometer 

and thermistor. Thermoelectricity. Thermocouple 

3. Piezoelectric effect 

4. Sensors: passive and active. Sensor characteristics 

5. Different types of sensors: 

 Temperature sensors 

 Sensors of parameters of cardiovascular system 

 Sensors of parameters of breathing system 

 

Practical part 

 

1. Discussion of solution of homework exercises and problems. 

2. Laboratory work «Studying the resistance dependence on the temperature of 

a semiconductor thermistor; calculation of temperature coefficient of 

resistance. Studying the resistance dependence on the length of a resistive 

sensor». 
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Lesson № 21 

chapter topic Electric and magnetic phenomena in living organisms 

lesson topic 
High-frequency Electrotherapy and Electrosurgery 

Techniques 

the purpose of 

the lesson is 

to study high-frequency electric and magnetic field effect on 

biological tissues and to recognize their usage in electrotherapy 

and electrosurgery 

 

Theoretical topics 

 

1. Physical basics of the high frequency therapy and electrosurgery 

2. LC Oscillator. Technical and therapeutic circuits of apparatus for UHF-

therapy 

3. Influence on a biological tissue by the high frequency alternating magnetic 

field 

4. Influence on a biological tissue by the high frequency alternating electric field 

5. Influence on a biological tissue by the electromagnetic waves 

6. Darsonvalization, surgical diathermy 

 

 

Practical part 

 

1. Discussion of solution of homework tasks 

2. Laboratory work «Influence on a substance by the high frequency alternating 

electric and magnetic field» 
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Lesson № 22 

chapter topic Optical phenomena and their medical application 

lesson topic Geometrical optics. Fiber optics. Refractometry 

the purpose of 

the lesson is 

to study geometrical optics laws, to understand working 

principle of fiber optics medical instruments, to recognize the 

basics of refractometry and to perform refractive index 

measurements by Abbé refractometer 

 

Theoretical topics 

1. Geometrical optics. 

2. Reflection of light. The law of reflection. Refraction of light. Index of 

refraction. Snell’s law of refraction 

3. Total internal reflection and critical angle. Fiber optics and its medical 

application 

4. Refraction in triangular prisms 

5. Refractometry 

6. Dependence of refractive index of solution on its concentration. 

Determination of unknown concentration of solution. 

 

Practical part 

1. Discussion of solution of homework tasks 

2. Test work 

3. Laboratory work «Investigation of Dependence of Refractive Index of Sugar 

Solution on its Concentration. Determination of Unknown Concentration of 

Sugar Solution»  
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Lesson № 23 

chapter topic Optical phenomena and their medical application 

lesson topic 
Geometrical optics. Basics of Optical Microscopy. Basics of 

Electron Microscopy 

the purpose of the 

lesson is 

to study the ray optics laws, to recognize the optical structure of the 

human eye and to understand basic concepts in optical microscopy 

 

Theoretical topics 

1. The compound microscope 

2. Magnification. Resolution of optical microscope, Abbe’s diffraction limit 

3. Specialized Microscopy Techniques 

4. De Broglie hypothesis. Electron diffraction 

5. Electron microscopy. Resolution of electron microscope 

6. Scanning probe microscopy 

 

Practical part 

 

1. Discussion of solution of homework tasks 

2. Find a solution of the tasks 

3. Laboratory work «Magnification and Resolution of Optical Microscope» 
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Lesson № 24 

chapter topic Optical phenomena and their medical application 

lesson topic 
Eye as an Optical System. Biophysical Basics of Human 

Vision 

the purpose of 

the lesson is 

to study optical and biophysical basics of image formation in 

human eye, to recognize correction of imperfect human vision 

 

Theoretical topics 

 

1. Optical system of the human eye and accommodation 

2. Imperfections of optical system of human eye 

3. Eye sensitivity to light and color 

4. Biophysics of visual perception 

 

 

Practical part 

1. Discussion of solution of homework tasks 

2. Find a solution of the tasks 
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Problems 

1. Calculate the size of the retinal image of a 10-cm leaf from a distance of 30 cm. 

Consider the focal length of the eye is 1.5 cm. How many times the image is less 

than the object? 

2. Suppose the focal length of a person’s eye is 3.0 cm when fully relaxed (looking 

at infinity). If the person’s retina is 3.3 cm behind the eye lens (a nearsighted 

eye), what must be the optical power of the corrective lens? 

3. To define eye angular resolution you may draw two parallel lines 1 mm apart on 

a piece of paper and tape the paper to the wall in a well illuminated room, then 

walk backwards from the wall until you cannot distinguish the two lines 

separately. Measurement of distance from the wall is approximately equal to 

3.4 m. Find eye angular resolution in minutes. Using calculated value and the 

dimension of the eyeball ≈22 mm evaluate the order of magnitude of the 

dimensions of the receptor cells in the retina, on the hypothesis that two objects 

become undistinguishable when the light coming from them falls on the same 

cell. 
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Lesson № 25 

chapter topic Optical phenomena and their medical application 

lesson topic Wave Optics. Polarization of Light 

the purpose of 

the lesson is 

to study electromagnetic waves characteristics, to recognize 

phenomenon of polarization, its use in optical devices and in 

studying of biological objects 

 

Theoretical topics 

 

1. Electromagnetic waves and their properties. 

2. Natural and polarized light. Linear and circular polarization 

3. Polarizers 

 Absorptive polarizers 

 Polarization by reflection. Brewster's angle 

 Birefringent polarizers 

4. Malus law. Polarizing instruments. 

5. Optical activity 

6. Polarimetry. 

 

Practical part 

1. Discussion of solution of homework exercises and problems. 

2. Laboratory work «Measurement of Concentration of Optically Active 

Substances by Polarimeter» 

3. Find the solution of the tasks 
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Problems 

1. If the angle of incidence of unpolarised light is        , where n is the 

refractive index of the glass, the reflected light is completely linearly polarised. 

What is the angle between reflected and refracted beams? 

2. The refractive index for crown glass for red light of wavelength 660 nm is 1.52 

and for violet light of wavelength 480 nm is 1.54. Calculate the difference in 

Brewster angle for these two wavelengths. 

3. Light reflected from the surface of a material in air at an angle 56.5° to the 

normal is completely polarized. Calculate the angle of refraction of the glass. 

4. The angle between two polarization planes of two Nicol prisms is φ=45°. What 

times will the natural light intensity decrease while going through a) one Nicol 

prism; b) two Nicol prisms? 

5. Unpolarized light of intensity 6.0 Wm
-2

 is incident on a polarizer, and then 

transmitted light is incident on an analyser. The angle between the transmission 

axes of the polarizer and analyser is 60°. Calculate the intensity of the light 

transmitted by the analyser. 
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Lesson № 26 

chapter topic Optical phenomena and their medical application 

lesson topic 
Stimulated Emission. Lasers and Their Medical 

Application 

the purpose of 

the lesson is 

to study physical principles of lasers, to recognize properties of 

laser radiation, its use in therapy and surgery 

 

Theoretical topics 

 

1. Stimulated emission and its properties. Light amplification 

2. Laser construction 

3. Three- and four-level laser systems of pumping 

4. Properties of laser radiation, its use in therapy and surgery 

 

Practical part 

1. Discussion of solution of homework exercises and problems. 

2. Laboratory work “Determination of Wavelength with Diffraction Grating” 
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Lesson № 27 

chapter topic Optical phenomena and their medical application 

lesson topic Absorption and Scattering of Light. Spectrophotometry 

the purpose of 

the lesson is 

to study the laws of light absorption and light scattering, to 

recognize practical application of absorption and scattering of 

light for. spectrophotometry and nephelometry 

 

Theoretical topics 

 

1. Energy levels of atoms and molecules. 

2. Light absorption. Beer-Lambert-Bouguer law. Absorption coefficient. 

3. Transmittance. Optical density (absorbance) 

4. Spectrophotometry (colorimetry). Photocolorimeter 

5. Light scattering. Rayleigh scattering. Nephelometry 

 

Practical part 

 

1. Discussion of solution of homework tasks 

2. Laboratory work: “Measurement of Concentration of Solutions With 

Photocolorimeter” 
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Lesson № 28 

chapter topic Elements of atomic and nuclear physics 

lesson topic 

Emission and Absorption of Energy by Atoms and 

Molecules. Luminescence. Fundamentals of Spectrum 

Analysis 

the purpose of 

the lesson is 

to understand fundamentals of atomic and molecular spectrum 

analysis, to study the phenomenon of luminescence and to 

recognize their medical application 

 

Theoretical topics 

 

1. Bohr atomic model. Spectrum of atomic hydrogen 

2. Fundamentals of atomic and molecular spectrum analysis 

3. Luminescence. Stokes Law. Kasha–Vavilov Law. 

4. Luminescent analysis in medicine 

5. Photobiological processes 

6. Photodynamic therapy 

 

Practical part 

 

1. Discussion of solution of homework tasks 

2. Laboratory work “Measurement of the Visible Spectrum of Neon and 

Absorption Spectrum of Potassium Permanganate” 
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Lesson № 29 

chapter topic Elements of atomic and nuclear physics 

lesson topic Thermal Radiation. Thermography and Thermal Imaging. 

the purpose of 

the lesson is 

to understand wave-particle duality, to study thermal radiation 

laws, to recognize medical application of thermography and 

thermal imaging. 

 

Theoretical topics 

 

1. Thermal radiation and its characteristics 

2. Thermal radiation laws and their quantum interpretation 

3. Thermography and thermal imaging and their medical application 

 

Practical part 

 

1. Discussion of solution of homework tasks 

2. Find a solution of the exercises 

Problems 

1. Define the photon mass, energy and photon momentum for red light (λ=700 

nm). 

2. How many photons does the radiation energy E=10 eV with λ=500 nm 

correspond?  

3. Which temperature does the radiant emittance of a black body correspond 

      
 

  
? 

4. What is the wave length of the maximum of the spectral density of the radiant 

emittance for:  

a) a human body with the temperature 37°C; 

b) an electric lamp with the temperature 1800 K; 

c) the sun with the temperature 5800 K; 

d) an atomic bomb at explosion when the temperature is 107 K. 

5. Radiation emitted from human skin reaches its peak at 

         

a) What is the frequency of this radiation? 

b) What type of electromagnetic waves are these? 

c) How much energy (in electron volts) is carried by one quantum of this 

radiation? 
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Lesson № 30 

chapter topic Elements of atomic and nuclear physics 

lesson topic 
Electron Paramagnetic Resonance and Nuclear Magnetic 

Resonance Techniques for Medical Applications 

the purpose of 

the lesson is 

to study magnetic field and its properties, to recognize 

magnetic field influence on a charge and current, to study 

magnetic properties of substances, biological and medical use 

of EPR and NMR 

 

Theoretical topics 

 

1. Electron magnetic dipole moment. Orbital magnetic dipole moment. Spin 

magnetic dipole moment. g-factor. Bohr magneton 

2. Electron paramagnetic resonance and its medical applications 

3. Nuclear Magnetic Resonance 

4. Nuclear magnetic resonance imaging (NMRI) 

 

Practical part 

1. Knowledge control 
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Lesson № 31 

chapter topic Ionizing radiation. Fundamentals of radiation dosimetry 

lesson topic Bremsstrahlung and Characteristic X-Radiation 

the purpose of 

the lesson is 

to understand the basic nature of X-radiation, to study the law 

of attenuation of radiation in matter 

 

Theoretical topics 

 

1. Bremsstrahlung X-radiation nature 

2. X-radiation tube 

3. Bremsstrahlung X-radiation spectrum 

4. Сharacteristic X-radiation nature. Moseley's law 

5. Attenuation of radiation in matter 

6. Linear attenuation coefficient, mass attenuation coefficient 

 

 

Practical part 

 

1. Find the solution of the tasks 

 

Problems 

1. The velocity of an electron is equal to 108 cm/s. It is decelerated in electric field 

and stopped. It emits one photon. Define the wavelength of emitted radiation. 

2. Define the minimum wave length of the Bremsstrahlung X-rays if the anode 

voltage in the X-ray tube is 120 kV. 

3. The number of X-ray photons (λ=10nm) emitted by X-ray source is 6.9x10
12

 per 

three second. Calculate the X-ray flux and energy. 

4. In an X-ray tube the current through the tube is 1mA and the accelerating 

voltage is 90kV. Calculate the kinetic energy of the electrons on striking the 
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anode assuming they leave the cathode with zero speed. Calculate the X-ray 

flux. The anode is made from tungsten (z = 74). 

5. The ground state energy level of a fictitious element is 20 keV and that of the 

next state is 2.0 keV. Calculate the wavelength of the Kα line associated with 

this element. 

6. Molybdenum Kα X-rays have wavelength 7x10
-11

m. Find the minimum X-ray 

tube potential difference that can produce these X-rays and their photon energy 

in electron-volts. 

7. Look at the diagram of an X-ray tube. How may the intensity of the X-rays be 

controlled? 

8. The half-value thickness of a 30 keV photon in aluminium is 2.4 mm. If the 

initial intensity of the X-ray beam is 4.0·10
2
 kWm

-2
. 

What is the intensity after passing through 9.6 mm of aluminium? 

Calculate the linear attenuation coefficient of the aluminium. 

What is the intensity of the beam after passing through 1.5 mm aluminium? 

 

  



18 

Lesson № 32 

chapter topic Ionizing radiation. Fundamentals of radiation dosimetry 

lesson topic X-Radiation medical use 

the purpose of 

the lesson is 

to study different types of interaction of X-radiation with 

matter, to recognize the medical uses of X-radiation and X-ray 

protection techniques 

 

Theoretical topics 

 

1. Interaction of X-radiation with matter. 

2. Physical principles of medical uses of X-radiation. X-ray imaging. X-ray 

therapy 

3. X-ray protection techniques 

4. The basics of computed tomography 

 

Practical part 

 

1. Find the solution of the tasks 

2. Knowledge control 
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Lesson № 33 

chapter topic Ionizing radiation. Fundamentals of radiation dosimetry 

lesson topic Radioactivity. Radioactive decay 

the purpose of 

the lesson is 

to recognize the phenomenon of natural radioactive decay, to 

study the law of radioactive decay 

 

Theoretical topics 

 

1. Natural radioactivity 

2. Radioactive decay. Different types of radioactive decay 

3. The radioactive decay law. Half-life time. Mean life time 

 

Practical part 

1. Discussion of solution of homework tasks 

2. Find the solution of the tasks 

 

Problems 

1. The symbol   
  is used for a particular isotope. If A = 14 and Z = 6, 

a) How many protons does the isotope have in its nucleus? 

b) How many neutrons does the isotope have in its nucleus? 

c) What is the element X? 

2. The radioactive α-decay of uranium-234 to is written: 

    
 

  
      

  

Identify the particle   
  that is produced. 

3. Identify the product formed when the radionuclide protactinium-234 decays 

with the emission of a beta particle. 

4. Initial mass of radioactive Co is 4 g. Find the mass of Co decayed during 216 

day, if its half-life is 72 days. 

5. One liter of seawater has an activity of 10 Bq. 

Approximately how many nuclei decay every day in this quantity of seawater in 

average? 
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Lesson № 34 

chapter topic Ionizing radiation. Fundamentals of radiation dosimetry 

lesson topic 

Interaction of the Ionizing Radiation with Matter. 

Principles of Radionuclide Diagnostics and Radiation 

Therapy 

the purpose of 

the lesson is 

to recognize the phenomenon of natural radioactive decay to 

study the law of radioactive decay, to recognize radiation 

detectors, to understand working principle of nuclear medicine 

imaging systems 

 

Theoretical topics 

 

1. Characteristics of interaction of the ionizing radiation with matter: linear 

specific ionization, linear energy transfer, mean linear range 

2. Activity of a radioactive substance. Specific mass activity. Specific volume 

activity. Specific surface activity 

3. Principles of radionuclide diagnostics 

4. Radiation therapy 

 

Practical part 

 

1. Discussion of solution of homework tasks 
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Lesson № 35 

chapter topic Ionizing radiation. Fundamentals of radiation dosimetry 

lesson topic Dosimetry of Ionizing Radiation 

the purpose of 

the lesson is 

to study radiation doses characterized ionizing radiation and its 

influence on objects, to know doses interrelation  

 

Theoretical topics 

 

1. Absorbed dose, exposure, equivalent dose, dose rate and their units. Their 

interrelation 

2. Effective dose equivalent 

3. Collective effective dose 

 

Practical part 

1. Discussion of solution of homework tasks 

2. Find a solution of the tasks 

3. Test work 
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Problems 

 

1. A patient of mass 70 kg receives radiotherapy. During the treatment, a tumor of 

mass 250 g receives 20 J of energy. 

Calculate the absorbed dose. 

2. A worker in the nuclear industry receives an absorbed dose of 400 µGy from 

slow neutrons and an absorbed dose of 2 mGy from gamma radiation. 

Calculate the total equivalent dose received. 

3. The natural radiation background at sea level is about 0.4μSv/h. In terms of 

mSv, what is your total radiation dose after 

a) 1 year? 

b) 70-year lifetime? 

4. A Cobalt-60 source emits gamma radiation. A certain distance from this source, 

the equivalent dose rate is 12 µSv·h
-1

. A thickness of 60 mm of lead is needed to 

reduce the equivalent dose rate to 1.5 µSv·h
-1

. 

Calculate the half-value thickness of the lead shielding. 
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Lesson № 36 

chapter topic Ionizing radiation. Fundamentals of radiation dosimetry 

lesson topic Ionizing Radiation monitoring techniques 

the purpose of 

the lesson is 

to recognize the basic physical principles of radiation 

dosimetry, to understand the origin of background and man-

made radiation 

 

Theoretical topics 

 

1. Radiation monitoring instruments. Dosimeter. Radiometer 

2. Measure of exposure rate 

3. Natural background radiation and man-made radiation sources 

 

Practical part 

 

1. Laboratory work «Determination of Substance Absorption Coefficient for 

Gamma Radiation» 

  



24 

Lesson № 37 

chapter topic Knowledge control 

lesson topic Credit 

the purpose of 

the lesson is 

to control knowledge on the topics: 

 Electric and magnetic phenomena in living organisms 

 Optical phenomena and their medical application 

 Elements of atomic and nuclear physics 

 Ionizing radiation. Fundamentals of radiation dosimetry 

 

Credit questions 

1. Structural diagram of medical and biological measuring. Electrodes for 

detection and biomonitoring 

2. Electric conductivity of metals and semiconductors. Resistance thermometer 

and thermistor. Thermoelectricity. Thermocouple 

3. Piezoelectric effect 

4. Sensors: passive and active. Sensor characteristics 

5. Different types of sensors: temperature sensors, sensors of parameters of 

cardiovascular system, sensors of parameters of breathing system 

6. Physical basics of the high frequency therapy and electrosurgery 

7. LC Oscillator. Technical and therapeutic circuits of apparatus for UHF-

therapy 

8. Influence on a biological tissue by the high frequency alternating magnetic 

field 

9. Influence on a biological tissue by the high frequency alternating electric field 

10. Influence on a biological tissue by the electromagnetic waves 

11. Darsonvalization, surgical diathermy 

12. Geometrical optics. Reflection of light. The law of reflection. Refraction of 

light. Index of refraction. Snell’s law of refraction 

13. Total internal reflection and critical angle. Fiber optics and its medical 

application 

14. Refraction in triangular prisms 
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15. Refractometry. Dependence of refractive index of solution on its 

concentration. Determination of unknown concentration of solution 

16. The compound microscope 

17. Magnification. Resolution of optical microscope, Abbe’s diffraction limit 

18. Specialized Microscopy Techniques 

19. De Broglie hypothesis. Electron diffraction 

20. Electron microscopy. Resolution of electron microscope 

21. Scanning probe microscopy 

22. Optical system of the human eye and accommodation 

23. Imperfections of optical system of human eye 

24. Biophysics of visual perception Eye sensitivity to light and color 

25. Electromagnetic waves and their properties. 

26. Natural and polarized light. Linear and circular polarization 

27. Polarizers: absorptive polarizers, polarization by reflection, Brewster's angle; 

birefringent polarizers; Malus law. Polarizing instruments. 

28. Optical activity. Polarimetry. 

29. Stimulated emission and its properties. Light amplification. Laser 

construction 

30. Three- and four-level laser systems of pumping 

31. Properties of laser radiation, its use in therapy and surgery 

32. Energy levels of atoms and molecules. 

33. Light absorption. Beer-Lambert-Bouguer law. Absorption coefficient. 

34. Transmittance. Optical density (absorbance) 

35. Spectrophotometry (colorimetry). Photocolorimeter 

36. Light scattering. Rayleigh scattering. Nephelometry 

37. Bohr atomic model. Spectrum of atomic hydrogen 

38. Luminescence. Stokes Law. Kasha–Vavilov Law. 

39. Fundamentals of atomic and molecular spectrum analysis. Luminescent 

analysis in medicine 

40. Photobiological processes 
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41. Photodynamic therapy 

42. Thermal radiation and its characteristics 

43. Thermal radiation laws and their quantum interpretation 

44. Thermography and thermal imaging and their medical application 

45. Electron magnetic dipole moment. Orbital magnetic dipole moment. Spin 

magnetic dipole moment. g-factor. Bohr magneton 

46. Electron paramagnetic resonance and its medical applications 

47. Nuclear Magnetic Resonance. Nuclear magnetic resonance imaging (NMRI) 

48. Bremsstrahlung X-radiation nature. Bremsstrahlung X-radiation spectrum 

49. X-radiation tube 

50. Сharacteristic X-radiation nature. Moseley's law 

51. Attenuation of radiation in matter. Linear attenuation coefficient, mass 

attenuation coefficient 

52. Interaction of X-radiation with matter. 

53. Physical principles of medical uses of X-radiation. X-ray imaging. X-ray 

therapy 

54. X-ray protection techniques 

55. The basics of computed tomography 

56. Natural radioactivity 

57. Radioactive decay. Different types of radioactive decay 

58. The radioactive decay law. Half-life time. Mean life time 

59. Characteristics of interaction of the ionizing radiation with matter: linear 

specific ionization, linear energy transfer, mean linear range 

60. Activity of a radioactive substance. Specific mass activity. Specific volume 

activity. Specific surface activity 

61. Principles of radionuclide diagnostics 

62. Radiation therapy 

63. Absorbed dose, exposure, equivalent dose, dose rate and their units. Their 

interrelation 

64. Effective dose equivalent. Collective effective dose 
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65. Radiation monitoring instruments. Dosimeter. Radiometer. Measure of 

exposure rate 

66. Natural background radiation and man-made radiation sources 


