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Iedbiophysics Is the science that sg

physical and physico-chemical processes that occur
In biological systems at various levels of the
organization and are the basis for physiological
regulations.
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Key tasks:

|dentification of physical and physico-chemical Y-
parameters of the body, which could be used for P
object diagnostics; 3 P
The study of the physical and physico-chemical = Gp

basis of pathological processes; s
Deepening of knowledge of the mechanism of action
on the organism of medicinal factors and
environmental factors.

Biophysics is the basis of human physiology.



Many vital processes in the

physics:

the movement of blood through the vessels is in
accordance with the laws of hydrodynamics;

propagation of elastic waves through the vessels is the
harmonic oscillations;

in the study of blood flow velocity using the laws of
magnetic fields...

In medicine, the use of physical methods in diagnostics
(temperature measurements, listening to the respiratory
system (laws of acoustics), etc.).

Widely used methods of physical impact on the body UHF,
inductothermy based on the laws of electrodynamics.



processes in the livi

«Each person is a complex
oscillatory system. "
N. Wiener

Oscillations are processes that repeat in time.

In this case, the system repeatedly deviates from its equilibrium state and
returns to it again each time.

Depending on the physical nature of the repeating process, oscillations are
distinguished: mechanical, electrical, etc.
In this lecture, mechanical vibrations are considered.

Repeating processes continuously occur inside any living organism.



For example:

»[ibIXaTesibHble ABUXXEHUSA TPYAHOMN KJIETKM;
'Rhythmic contractions of the heart;

'Blood flow to the arteries (pulse);
'Breathing movements of the chest;

'we hear and talk due to fluctuations in the
eardrums and vocal cords;

'when walking our feet make oscillatory
movements.

*The atoms from which we are forming
fluctuate.
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Among the various modes of vibration, the most simple form is harmonic oscillation, i.e. such

that the oscillating quantity varies as a function of time according to the law of the sine or
cosine.

Their significance is due to the following reasons. First, fluctuations in nature and in technology
often have a character very close to the harmonic, and, secondly, periodic processes of a
different form (with a different time dependence) can be represented as the imposition of
several harmonic oscillations.
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X = Xmsin(wt + (Po) harmonic oscillation
x =Xmcos(wt+¢,)  equation




‘ VIBRATIONAL QM

x=X_sin(wt+q,)

X — the displacement of the point from the
equilibrium position at a given time (instantaneous

value).
* A, X - the module of the maximum

displacement of a point from an equilibrium position
is called the amplitude;

-QP=wt+ (P, - phase of oscillation, which
determines the state of the oscillatory system at any

time, ¢ =[radian]
‘P, — initial phase of oscillation




VIBRATIONAL MOg!H!! !

x=X_sin(wt+q,)

* T —the time of one complete oscillation is called the
period T =t/n,

where n is the number of complete oscillations in time t

* v - the number of oscillations per unit time is called the
frequency

V =1/T - linear frequency V =n/t [1/s=HZz]

w = 2x vV — cyclic oscillation frequency [rad/s ]

w = 27 V = 2a/T period and frequency relationship



x = Acos(wt) x = Asin(wt)

Graphs of the dependence of displacement on time for  x(0)=Anx(0)=0

displacement
period
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The red curve differs from the blue only by the larger amplitude(x’_>x );
X
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The red curve differs from the blue only by the value of the period (T'=T/2);

T) ; T}

The red curve differs from blue only in the value of the initial phase (rad).



1. Free undamped, \

2. free decaying, P
3. forced.

Free vibrations are called such vibrations that occur in a system left to itself

after it has been taken out of equilibrium.

Example: oscillations of a ball suspended on a string. In order to cause fluctuations, you

either need to push the ball, or, taking it aside, let it go. When the ball is shaken, the

kinetic energy is reported, and in the case of a deviation, the potential energy is

reported. _
Mathematical pendulum

Free oscillations are made due to the initial energy reserve.



Free oscillations can be undamped only in'the absence
Otherwise, the initial energy reserve will be spent on overcoming it,

fluctuations will decrease.
As an example, consider the vibrations of a body suspended on a weightless spring, arising

after the body was turned down, and then released.

nd the range of



From the side of the stretched spring to the body acts the elastic
force F, proportional to the magnitude of the displacement x:

F=—kx,

k - spring rigidity and depends on its dimensions
| = S and material.

i Xbo o - The sign "-" indicates that the force of elasticity is
always directed in the direction opposite to the
direction of displacement, to the equilibrium
X position.

In the absence of friction, the elastic force F is the
Puc. 1 only force acting on the body. According to

Newton's second law (ma = F):

— kx = mx"'

F, F.+F

mg

" o _
X - second derivative by time
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After transferring all the terms tc
and dividing by the mass of the body (m),
we obtain the differential equation of free
oscillations in the absence of friction:

L e AV o

d2x/dt? + @fx =0,
@,=vk/m,

The solution of this equation is the harmonic function

x = Acos(ogt ~ @) man x = Asin(e;t + @).

The value of wo (1.6) turned out to be equal to the cyclic
frequency. This frequency is called own.

Thus, free oscillations in the absence of friction are harmonic.



[Tpu BeIBOAC AU PEpEeHIINATBHOTO ypaBHEHU TApMOHUYECKOTO KOJIeOaHus
BEJIMYMHA , ObLIa BBEICHA (POPMAbHO, OJHAKO OHA MMEET OOIBIION (PU3UIECKHI CMBICI,
TaK KaK OIpeesaeT 4aCTOTy KoJeOaHU CUCTEMBI U MOKa3bIBAET OT KaKUX (PaKTOpOB

9Tad 4aCTOTa 3aBUCUT.
1 o

V = = 0
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YIPYTOCTH M MacChl MPY>KUHHOTO MAsITHUKA B OJJHOM MPUMEPE,
JUTMHBI HUTU U YCKOPEHUSI CBOOOHOTO TMA/ICHUS — B ClIydyae MaTeMaTU4€CKOrO MasiTHHKA.

[Tepron konebaHuil MOXKET OBITh HaIeH U3 (POPMYJIBL:
T
I =—
Wy

Takum 006pa3zoM, epuo/ KoaeOaHU MPY>KMHHOTO MasiTHUKA':

T:—EE—:Zn-ﬂ

Nk /m k

nepuoy KojieOaHu MaTeMaTHYeCKOTO MasITHUKA:

[
g

T=2rm



CKopocTh M YCKOpeHHEe K0J1e0II0IIerocs TeJjia:
YT0OBI HANTH CKOPOCTh MAaTEPUAIBHON TOUKHU MPU TAPMOHUYECKOM KOJICOaHUH,
HYHO B35ITh IPOU3BOAHYIO IO BPEMEHU OT BBIPAKECHHUS:

x=A-cos(w,t+@,)

U= % =—A- ), - sin(a)ot + (Po) =—U, . ° sin(a)ot + (po)_(*)

Umax — |Aa)0‘

— MaKCHUMaJjbHas CKOPOCTh (aMILIMTYa CKOPOCTH).
Ha ocHOBaHMU TpUTOHOMETpUUECKUX (popmyll mpeodpazyem (*):

T
L=U,__ -COS ) + (wyt +¢@,)

n
3amedaeMm, 4To (pa3za CKOPOCTH Ha



CropocTh 1 yCKOpeHHMe KOJIeOJTI0Ierocs TeJia:

[IponuddepeHipoBaB BbIpaK€HUE 111 CKOPOCTHU, HAMJIEM YCKOPEHHUE:

_dv

Y —A-w; -cos(w,t +@,) =—a

a w " COS(w,f + @)

m

2
Anax = 4 O — MAKCUMAJIBHOE YCKOPEHHE (AMIUIUTYAA YCKOPEHHS).

MoxHO niepenucars B BUJE:

a=a,_. -COST+(w,t+@,)

N3 cpaBHEHUA BBIpAXKECHUM [1JI1 YCKOPECHUSA U CMEILEHUS CIIEAYET,
4TO (pa3bl YCKOPEHHUS U CMEIICHUS pa3JIMYarTCs Ha T,
T.€. 9TH BEJIMYMHBI UBMEHSIOTCS B MMPOTUBO(A3E.



ange according to the same




The energy of the oscillating system consists of potential an

_ 2 2 2 2
E_EKuH +En0m E nmu :kx_ muv kx

x = A cos(w,t + @,)

v=—A @ sin(a)ot + (pO) , k

W) =—

m

E :ﬂAza)g sinz(wot+(p0)+EA2 cosz(a)ot+(p0) 2
2 2 mao, =k
kA> kA*
E = > [sm (0,f +@,) +cos’ (w,t + (po)] -
kA®
E'=—— " _thetotal energy remains constant = const

2



In real conditions, any oscillatory systemis under the i
(resistance). At the same time, part of the mechanical energy is converted into internal
energy of the thermal motion of atoms and molecules, and the oscillations become

damped.
Damped are called oscillations whose amplitude decreases with time.

4 x(t)

Ll




F = —kx Fconp:_ru
—rv—kx =ma

rae » - KO3 PUIUEHT CONMPOTUBIICHUS CPENIbl; V - CKOPOCTh Tena.

ma+ro+kx=0 /:m;
v k
—>a+—v+—x=0
m m



Differential equation of damped oscillations

" ' 2 AT A
x"+2 Bx'+wy;x =0 | fv -

[ — %j | 1
where B is the attenuation coefficient. InRN )
The solution of this equation is: (]

'A:

x=A0-e_Bt-cos((x)t—|—(p0)

The ratio of two amplitudes separated from each other by a period T,
are called the damping decrement:

D = At o eﬁT
At+T
A=InD=BT - logarithmic decrement decrement.

» = \/a)g — 2,32 - frequency of damped oscillations



Forced oscilla

e
In order for the oscillations not to decay, it is necessary
to inform the system of additional energy, i.e. to act on
the oscillating system by periodic force. Such oscillations
are called forced. Forced oscillations are made with a
frequency equal to the frequency of the change in the
external force.

——




maximum value in the case w

driving force coincides with the frequency of the oscillatory
system.

This phenomenon is called resonance.

For example, if you periodically pull the cord in time with its
own oscillations, we notice an increase in the amplitude of
its oscillations.




3aBUCMMOCTb aMNNNUTYAbI X BbIHYXAEHHbIX konebaHui oT 4acToTbl W
BbIHY>XOatoLLen

CUIbl Ha3blBaeTCH Pe30OHAHCHOWU XapaKTepUCTUKOWN UM Pe30HAHCHON
KpUBOMW.

x & 3

0 ‘.
@
Pe30HaHCHBIE KPUBBIE MTPU PA3JIUYHBIX YPOBHIX 3aTyXaHU:
1 — KonebarenbHasg cucrema 0e3 TPEeHUS;
pU PE30HAHCE aMIUTUTY/A X  BBIHY)KICHHBIX KOJICOaHU HEOTPAHUICHHO BO3PACTACT;
2, 3, 4 — peanbHbIEC PE30HAHCHBIE KPUBBIE
IUIS1 KOJI€OATEITbHBIX CUCTEM C PA3JIMYHBIM TPEHUEM.



destruction of machines, buildings, bri
frequencies coincide with the frequency of the
acting force.

So in the USA, a strong wind, whose frequency coincided with the frequency of
oscillations of the bridge, led to its destruction.
Let's look at the video.




OSIlive re

The resonance
phenomenon is used in
devices.

Frequency meter-a
device for measuring the
frequency of oscillations
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Hocogaa nonocrs

Mepeble TPM PEsSOHEHCa
B SAKDBITON Ty he

] Resonance cavities
of the vocal

P oToBas nonocTs GOG.?‘ apparatus
[on0COBbIE CKI3YO m7' The hearing is also

based on resonance

CAOKHOA 3BYKOBOA BOAHO,
ELIZBOHHOA BOCNPOUIBEASHUEM
OCAHOM HOTH

Human Ear Diagram

Pl

2,

ear bones

ACCTUITIOLUME YSAOBEKA 3BY KW NP6 PA3sYIOTCA CTRYKTY POMU HORYXHOMO U CF
YXQ B KOASEAHMA XMAKOCTH BO BHYTPEHHEM YX&. KPOWEeUHOA KOCTONKA CRaAHS!
CTPEMEUKO, «COTPACTET s YAMTKY, U3MEHAN ACBASHUE 3ONCAHAICWLEN &8 XKMAKOC



How
we Hear

Sound waves enter
your outer ear and
: travel through the ear

¢ canal to your eardrum,

The bones in your middie ear amplify the

sound vibrations and send them to your inner
ear, or cochlea. The sound vibrations activate
tiny hair cells in the inner ear, which in turn
release neurochemical messengers.

Your eardrum vibrates
with the incoming sound
and sends the wvibrations
to three tiny bones in
your middie ear.

Your auditory nerve
carmnes this electrical
signal to the brain,
which transiates it
into a sound you can
understand.

WIh—— Duilding A Heaichy Nation
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@ Tympanic membrane @ Vibrations are
vibrates in response amplified across
to sound wave. ossicles.

@ Sound wave represents alternating
areas of high and low pressure.

))))))))))))))

)
i Wavelength
1

;

Frequency of sound wave o . . .
measured in Hz (cycles @ Vibrations against oval window set up standing

per second) wave in fluid of vestibuli

Scala
\ vestibuli
Cochlear
duct

Organ of Corti

Basilar — [«
membrane

@ Pressure bends the membrane of the |
cochlear duct at a point of maximum :
vibration for a given frequency, causing VAL

hair cells in the basilar membrane to Frequency of standing
vibrate. wave is the same as
sound wave




Pe3oHaHC 1 COCTOAHME
yeJyioBeka _‘4

~ 1.5 I'y -3xcmas | )~ 16-17 'Yy - pE3OHANC
SHYMPENHUY OPZAHOS

~ 19 m -
pe3oHanc
TA3IHOZ0

4275 TY -
yacmoma
xoedanus

MemoOpanst
nremsxu

~ =5 'Yy - napatu¥ cepoyd U HEPEHOU CUCTEMbL



[IlpuBMAEHUA — 3TO C/1eACTBUE

UHPpa3BYK MOXKET OK YeHb
CTPaHHOeE, U, K‘npas TUBHOE
B/IMSIHUE HA NCUXUKY /Nt0aEeN oA M,
noABepriimMecsa BO34enCTBUIO
MHPpa3BYKa, UCTIbITLIBAIOT MPUMEPHO Te
)Ke OLLYLLIeHUA, YTO U NPU NoceLeHnmn
MecT, rae NpoucxoAu/in BCTpPeUu ¢
npuspaxkamm.




Human body vibrations and their registration

The analysis of oscillations created by the human body or its individual parts is widely used in
medical practice.
Walking is a complex, periodic locomotor process that occurs as a result of the coordinated
activity of the skeletal muscles of the trunk and extremities. The analysis of the walking
process gives many diagnostic signs.

- ) |
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Puc. 1.8. BeptukansHoe cmelleHne LIM Tena yenoBeka Bo BpeMs Xoab0bl



Mechanical oscillations of the heart

There are various methods of heart research, which are based on mechanical
periodic processes.

Ballistocardiography (BCG) is a method for studying the mechanical
manifestations of cardiac activity, based on the recording of pulsed microscopic
movements of the body, caused by the ejection of blood from the ventricles of
the heart into large vessels.

Apekskardiography (AKG) - a method of graphical recording of low-frequency
vibrations of the thorax in the region of apical stimulation caused by the work of
the heart. Registration of an apekskardiogram is usually done on a multichannel
electrocardiograph using a piezocrystalline sensor, which is a converter of
mechanical vibrations into electrical oscillations.
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Vibration

The work of many mechanisms is associated with the occurrence of
vibrations, which are transmitted to a person and have a harmful effect on
him.

Vibration - forced oscillations of the body, under which either the whole body
vibrates as a single whole, or its individual parts oscillate with different
amplitudes and frequencies.

Long-term exposure to vibrations causes persistent disturbances in normal
physiological functions in the body.

Oscillations with a frequency of 3-5 Hz cause the reactions of the vestibular
apparatus, vascular disorders. At frequencies of 3-15 Hz, there are disorders
associated with resonance oscillations of individual organs (liver, stomach,
head) and the body as a whole. Oscillations with frequencies of 11-45 Hz
cause visual impairment, nausea, vomiting. At frequencies exceeding 45 Hz,
cerebral vessels are damaged, blood circulation is disturbed, etc.
At a frequency of 10,000 Hz there is heating of tissues, destruction of cells.



Vibration

At the same time, in a number of cases, vibrations are used in medicine.
Using high-frequency vibrating apparatuses allows drilling a hole in a tooth in a

complex shape.

Vibration is also used for massage. With manual massage, the massaged tissues
are brought into oscillatory motion with the help of the hands of a massage therapist.




