Functionsin physics are either power functionsor exponential functions;

Power functions (PF): Polynomey = axX’ + bxX™*+ ¢ X" + .. is a sum of various power functions.

Special cases of PF:

Linear function

Square function

Inverse square tionc

Inverse value function

Mathematical form: y = ax y = ax . a _ . a B
(n=1) (n=2) y=ax®=—z (=-2) y=axt-—= (=-1)
Examples | a) Equation of motion at the a) Displacement at the non-uniforra) The gravitational force: a) The potential energy of the
from uniform motion: X=Vvt motions depends on the tinte m mo gravitational force:
physics: | The coordinate of the body (assuming xo = 0,vo = 0): Fe =G 2 wherem, and E o __gmm
depends in Ii_near way on time :a_tz mp are the masses of interacting pot r
The speedv is a constant. 2 bodies andr is the distance | Abbreviations are the same-},
b) The linear momentum of the | 1) Kinetic energy of the bodyEx | between the centres of mass of | G is the Newton gravitation
body p depends in linear way on | gepends on the spead these bodies. constant,
the speedv: p=mv mv2 b) Electric field strengthE b) PotentialV or ¢ caused by th
The rtnais of the bodn is a Be=— caused by the point charggat | point chargeq at the distance
g;)gsaaggéitcﬂhe electric chargey_| ¢)ENeray of the electri fildg, | (e distancer ffom fis charge: | fom fis eharge g
stored in the capacitor depends in| 9€Pends on the voltage E= k% p=k—
linear way on the voltagéJ: E _ cu? r k— Coulomb '
gq=CU. e T 5 k— Coulomb constant. — Coulomb constant.
The capacitancé& is a constant.
Graphical | T X 'FG et beotd
represen- | I x=afr2 ’
tation:

X = Xo + Vt
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Thederivative of the function

is the value of the speed of | linear function is c

change of the function at the

v, :%x = const

The speed of change of th

eThe speed of change of the power function can beriteed by a function that has an exponen
onstant] that is by one number smaller than the initial fiorc For instance, the speed of change of sq
function can be described as a linear function.

t

uare

iven time: 2 . ,
give € v, _d,_dfat’)_a, . (speed at the moment of tinteor the final speed)
dt dt{ 2 2
The Linear function: Square function: example (a) Inverse square function: example (b) | Inverse value function: example (b)

—

d

derivative | example (b) Displacement = average speed * tine: 2 q q d d(, q q

or the upwards, derivative 0+ at at? jEdr :jk—zdr =k —kr—:U12 E§D=a kT :—kﬁz—E.

integral is constant: $=— *t = 1 1 ' 2 he derivative of the botential =

of the d d L e _ | The integral of the electric field strength dhe derivative of the potentigl =

function: ™ p :E(mv) =m | (initial speed = 0, final speed=at) o potential difference between the two| flel_d stre_ngthE. If we move alon_g
* ; field points or the voltage. the field dlre_ctlon, t.hen the potential
= cons decreases (sign ,minus®).

The The integral of the linear function is| The inverse square function is the dependencdata The inverse value function is

property of | the square function. The formula | characteristic of the field from the distance betwéhe body describing the dependence of an

the nature 0+ at at? exerting the force and the point of interest. Iseege, this is a | energy characteristic (that is, an

or the S= 5 *t= 5 law of geometry: a statement that the area caraloelated as a| integral of the force characteristic) off

mode_l _ represents the graphical integration SAuare fpnctlon of a linear dllmen5|on. Thus, |fdi31ance of the an FS = consq/A type of field (here

describing the linear function v = a t point of interest from the point source undergodsld increase, FS stands for field strength) from the

it, which | then the area of the imaginary sphere surroundinf point distance between the body exerting the

causes In the case of the non-linear function%ource undergoeg-fold increase. Thlf_s_ls in turn accom_panled force and the point of interest.

exactly the ch b din th y the fi-fold decrease of the probability of a field pagito NB! The prerequisite for the

such kind | . C cnanges are observedInte | o ch exactly this point of interest development of the FS = congtA

of interval of the argument values wide h ' type of field is the endless life-span @

functional enough to establish the non-linearity Field strength (FS) zonst” charge) t%g interaction-mediatin articlg (fie
(the graph of the function cannot be A(area) ; g partic

dependence . : particle). It means that the particle
depicted as a line segment).

between does not undergo a spontaneous

physical decomposition.

guantities.
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Exponential functions (EF): the common mathematical form ig = ae™* =aexp & bx)

2 3
Definition: e* :1+I+%+X§+.., where the factoriah! of the numbem is defined as the productn! =123 (n—1)'n.
The Euler numbere=1+l+1+l+l+..:1+}+1+1+i+..= 1+1+0.5+0.167 + 0.042 + 0.008 + .2.¥183..

1r 2 3 4 1 2 6 24

Such kind of sum is callezbnverging seriesin mathematics. I << 1, then we get a very helpful formul® ~1+ X.

For instancee® z1+OT'1= 11. The exact value ig®* =1+OT'1+ 0'01+ 0001+ 0'0001+... =1+0.1+0.005+ 0.000167 + ... =1.105171.

2 6 24

The difference can be neglected.
5 2t 22 28 2% 2%
e =1l+—+—+—+—+—

1 2 6 24 12
2 4
e3=1+§+3—+£+3—+i+.. =1+3+45+45+3.375 + 2.025 + 20.
1 2 6 24 12

+.=1+2+2+1.333+0.667 +0.267 +.7.4.

1 X2 X3 X4 X5

The simple exponential function can be presenteddarform of thepower series: expx :1+I+7+§+I 3
Thecosine function cosx is aneven function [cos () = cosx] and it can be presented in the form of the poseeies, consisting of trewen terms of the serie
of the exponential function, but in such a way thatsigns in front of the terms are varying (+ aijd
2 4 6
X" X
cosx=1-—+——-——+
2 4 46

Thesinefunction sinx is anodd function [sin (=) = — sinx] and it can be presented in the form of the paseeies, consisting of theeld terms of the series o
the exponential function, but in such a way thatglgns in front of the terms are varying (+ and -)
1 3 5 7
X

. x° X X
sinx="-—"—4 -4 ...,
r 3 5 7
Now we have
o\ 1 AV o\ 3 A HAYE] 2 3 4 5 2 3 4 5
exp(ix):1+(lx) L 007 ()7 ()7, (ix) +..:1+iﬁ+izx—+i3x—+i4x—+i5x—+..:1+iﬁ—x——ix—+x——ix—+..:cosx+isinx.
1 2 3 4 S 1 2 3 4 ) r 2 3 4 )

So we get th&uler formula exp (x) = cosx +i sinx, which enables us to switch from the trigononedisrm of the complex number to the exponentiatfaf
the complex number.

—iX

+e

X i iX
According to the Euler formula, the trigonometrilcesand cosine functions are the exponential fonstitoo: sinx:% and cosx= €
i
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Special cases: Exponential decay Limited exponential increase Rimetion Cosine function
Mathematical form: _ A _ A iX  —iX iX | X
y=Ae bxzﬁ y=Al-e bx):A_ﬁ y=Asinx=AS—° _Zie y=Acosx=AS "%
Examples | a) Decrease of the amplituBeas a a) Increase of the voltage(t) between the a) Equation of motion at the harmonic oscillations:
from function of timet for the_ damped plates of a capacitor used as the energy storage, X(t) = Asinwt or x(t) = A coswt,
physics: oscillations as a function of timé where the maximum valué of the coordinatg is
A(t) = Ag exp (—ft) = Ag exp (1), u(t) =Un[1 —exp(H7)]. Up is the limit called_amplitude, the anglet determining the
whereA is the initial amplitude p = 1/ z | (maximum of the voltage). In fact it is the coordinate of the oscillating body is called phasd
is thecoefficient of damping andr is electromotive force of the source used by the the speed of the changing of the phase is called
the time constant. charging of the capacitot: is the time angular frequency.
b) The law of the radioactive decay constant. b) Alternating current (AC):
N (t) = No exp (-t/7), whereN(t) is the | b) Increase of the currenft) through the i(t) =Imsinwt or i(t) =1, coswt,
number of the radioactive nuclei at the | inductor used for the energy storage, as a | where the maximum valug, of the instantaneous
time t, No — the initial number of the function of timet: currenti serves as the amplitude.
radioactive nuclei and —time constant. | i(t) = I, [1 — exp(#7)]. Im=Ux/R is the limit
c) The law of the absorption of the lightt (maximum of the current), wheRis the The sine function is used in case if we start dognt
I (X) =lo exp (—«xX), wherelg is the resistance of the circuit used. time at the equilibrium state of the pendulun¥(0,
intensity of the incident light and(x) is | Time constants: In the case (aF RC, where whent = 0)
the intensity of the light after passing ther is the resistance ai@l is the capacitance. In The cosine function is used in case if we starhtiog
distancex from the surfacex — the case (b) = L/R, whereR is the resistancelime at the maximally deviant state of the pendulun
absorption coefficient (in the units ¢ and L is the inductance of the circuit used. | X=A, whent = 0)
Graphical 1 i _
represen- Io - ! u(t) = U [1-exp(t/q)] X = A sin(wt)
tation: ) U -cecmcc=n- j---cc----- x = A cosot)

1(X) = lgexpExX)

sin




Thedc?rlvatlve of thde function d _3 A _; q _3 _; v =£Asina)t= A Coswt = wA CoS («ot) =
Vy,=—1VY Or V,=—1Y Vt:EAoe :_79 Vt:a U-Ue 279 d_t _
dx dt (case 8) wAsin [z/2 — (-wt)] = wA sin (@t + 7/2)

Thederivative of
the function as the
instantaneous
value of the speeg
of change of the
function.

Thederivative is also exponential function but has a phase shift
> radians with respect to the initial function. Itams that if the initial
function is exponential decay then its derivatséimited exponential
] increase. If the initial function is limited expangl increase then its
derivative is exponential decay. So the graphéefinction and its

Thederivative is also harmonic (sine or cosine) function but
has a phase shitz/2 radians with respect to the initial
function. It means that all which happens with filvgction also
happens with the derivative but in quarter of pgrarlier. The
speed of change (derivative) leads the functiaaifits

derivative are mirror images of each other witlpees to the argument

axis.

Theproperty of
the nature or the
model describing
it, which causes
exactly such kind
of functional
dependence
between physical
quantities.

The system possesses_an equilibrium state anedteeing

force (force directed to the equilibrium state) is agton the
system and determining its motion. But the ressstorce or
dragforceis also present and its impact is comparabledo th
impact of the restoring force. As a result the clesnaresow

The system possesses_an equilibrium state ancdteeing for ce (force
directed to the equilibrium state) is acting on ¢lgstem and determining
its motion. The resistive force drag forceis also present but its impact
negligible with respect to the restoring force.aAesult the changes are
fast and the inertial properties of the system are fm@egimportant. The

and the inertial properties of the systemraseimportant. The
system is asymptotically approaching the equiliorstate and
does not exceed it. The oscillations do not occur.

NB! The exponential dependence occurs whemwlthage of
the physical quantity studied is proportional te thitial value
of this quantity (function). The change is propaml to the
remaining amount. Only that can change what hashertiged
yet. Only those can die, who are yet alive

system does not stop at the equilibrium stateoritinues to move inertially
andexceeds the equilibrium state. The oscillations occur.

NB! An important parameter is thatio of the quantity describing the
inertial properties of the system (massin the case of mechanics,
inductanceL in the case of electromagnetic field) and thentjtia
describing the drag force (drag coefficidmtin the case of mechanics,
resistanceR in the case of electromagnetic field). The oatidins occur
only when this ratio is essentially bigger than lia¢f-periodTy/2 of the
oscillations. In the case of inductor (see abole)ratio aforementioned ig

the time constant = L/R of the LR-circuit. So the condition for the

oy . T,
occurrence of the oscillations |s:s > 70 .

is

t



