MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
V. N. KARAZIN KHARKIV NATIONAL UNIVERSITY

MEDICAL AND BIOLOGICAL PHYSICS.

Practicum for students studying the subject in English

Kharkiv — 2018



YK 577.3 + 577.115 + 543.9 (076.6)
M 46

Reviewers:
A. V. Shvets — Dr. Sci. (Physics & Mathematics), Leading Research Fellow
of A.Ya. Usikov Institute for Radiophysics and Electronics, National
Academy of Sciences of Ukraine;
L. M. Lisetski — Dr. Sci. (Physics& Mathematics), Leading Research Fellow
of the Department of Nanostructured Materials, Institute for Scintillation
Materials, National Academy of Sciences of Ukraine.

Approved to the print by the decision of Academic Council
of V. N. Karazin Kharkiv National University
(protocol Ne 5 of 27.04.2018)

Medical and Biological Physics. Practicum for students studying the subject in
M 46 English / V. M. Trusova, O. A. Ryzhova, K. O. Vus, U. K. Tarabara. — Kharkiv :
V. N. Karazin Kharkiv National University, 2018. — 124 p.

ISBN 978-966-285-522-7

The material contained in the practicum represents the basic theoretical framework of
medical and biological physics. Each chapter provides a short description of the
theoretical material, the typical problems and formulas required for the problem solution.
The examples of solved problems are presented at the end of the subsections. The
practicum is intended for students studying the medical and biological physics in English.

YAK 577.3 + 577.115 + 543.9 (076.6)

ISBN 978-966-285-522-7 © V. N. Karazin Kharkiv National University, 2018
© Trusova V. M., Ryzhova O. A, K. O. Vus,
U. K. Tarabara, 2018
© Pravik M. V., design of cover, 2018



CONTENTS

PREFACE. ... o, 4
1. Elements of higher mathematics..................ooiii i, 5
1.1. Differential calculus. ... 5
1.2. Integral calCulus. ...... ..o 14
1.3. Differential equations.............cooiiiiiiii 25
2 Fundamentals of biomechanics. ... 32
2.1. Translation and rotation motion.................cocoiiiiiiiiiii i, 32
2.2. Elastic properties of bodies. Deformation.......................coen.. 37
3. Mechanical oscillations and waves. ACOUSLICS...........ccvvviiiiiiiiiinnnn.. 41
3.1. Free harmonic oscillations and their principal parameters............... 41
3.2. Damped oscillation and aperiodic motion......................coeen..n. 44
3.3. Forced 0SCHlation .........ccoiiiiii 45
3.4. MechaniCal WaVesS. ..........ooviiiiiiie e, 46
35 ACOUSEICS. ..ttt et e 48
3.6. Doppler effeCt. .. ..o 50
4. Fundamentals of biorheology............ccoooiiiii i 55
4.1. Motion of flUIdS. ... 55
4.2, HaeMOAYNAMICS. ...\ttt et 58
5. MEMDIANE PrOCESSES. ...\t ettt et et ettt et et e e et et e e e 61
5.1. Transport of substances through the membrane........................... 62
5.2. Membrane potentialS...........coooiiiiiiii i 64
6. Absorption of light...... ... 68
B.1. FIUOIESCENCE. ... .ot e, 69
7. ElOCHICItY . .o 76
8. GEOMELIIC OPLICS. ..ttt e e e e 83
8.1. Reflection of light..... ... 83
8.2. Flat mirrors, image formation on flat mirrors.............................. 84
8.3. Spherical MIrTOrS. .. ... e 84
8.4. Refraction of light.............oooiii i 86
8.5, ThINIENSES. ... 86
8.6. Optical system of the human eye. Microscope........................ 88
0. WWAVE OPLICS. ettt ittt e e e e 96
0.1, INterferenCe. ... 96
9.2. DITfraCtioNn. ... 97
9.3. Polarization of light.............ooi i 97
10. Thermal radiation. Quantum MechaniCs............c.ooviiiiiiiiiiiiiiieenns. 102
11, 1onizing radiation..........oeiii i, 108
110, X-ray radiation. .. ..o 108
11.2. Radioactivity. Radioactive decay..............coooiviiiiiiiiiiian... 112
11.3. The radioactive decay law. Dosimetry................ccoeviiiiiiinnan.. 113
REFERENCES. ... e, 117

Supplementary materials...........oooviiiiiiiii 119





