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Abstract

The laws of motion or equations of motion for harmonic oscillations were derived using
the method of finding solutions to second-order linear equations with constant coefficients from
the discipline of "Higher Mathematics".
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AHHOTAINA

['apMOHUK TeOpaHHWIUIAPHU XapaKaT KOHYHJApW €KHM XapakaT TEHTJaMallapUHU XOCHII
kwmmmaa «Onuii MatemaTtuka» (AHUHMHI MKKMHYM TapTHOIM Y3rapMac ko3¢ (UIUEeHTIH
YH3UKJIM TeHIJIAMAIAPUHN SUUMIIAPHHHM TOIUII yCyIuAaH (oianiaHu0 TOMWITaH.

Kanur cy3nap

rapMOHMK, TeOpaHuUILIap, Macca, NIPYy)KHHA, peaklUMsl Ky4M, CTaTUK y3ailulll, TEHIJaMa,
OMKPIMK, OCLUIISTOP, aMIIMTY/1a, 4acToTa, (da3a, 1aBp.

AHHOTANUA

3aKOHbBI JBUKEHMSI WIM YpaBHEHUS JBUKEHHS I TapMOHUYECKUX KosieOaHUM ObLIu
BBIBE/ICHBI C HCIIOJIB30BAHMEM METOJA HAXO)KJIEHUS PELICHUM JUHEHHBIX YpPaBHEHHH BTOPOTO
HOPS/IKA C TIOCTOSIHHBIMU KO3 (QUIIMEHTaMH U3 JUCIUTUIMHBL «BBICIIas MaTeMaTHKay.
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KiroueBnle ciioBa

TapMOHHUYCCKUC KOJ'Ie6aHI/I$[, Macca, IpyKuHa, Cujia p€akKunn, CTaTUYCCKOC YAJIMHCHUC,
YpaBHCHHUEC, CUHTYJISIDHOCTDb, OCHUJIIATOP, aMIUINTY 4, 4aCTOTa, (1)8.38., Iepruona.

Suppose a load of weight P is suspended from a vertical
spring of length | at rest. When the load is pulled down slightly and
then released, we can find the law and equation of motion of the

e load, ignoring the mass of the spring and air resistance, using the
section of higher-order linear differential equations with constant

coefficients in higher mathematics.[1].

To do this, we direct the axis OX downward through the
J' point where the load is suspended, as shown in the figure. We take

the origin O at the point where the load is in equilibrium, that is, at
the point where the weight of the load is balanced by the reaction
force of the spring.

If A is the current elongation of the spring, 4., and static elongation, that is, the distance
from the end of the unstretched spring to the equilibrium position. In that case
A=A +xékud —AL=x (1) will be

Now this is the differential equation of motion from Newton's second law

F =ma (2)

. F . . . .
we find using Here 111 = — — is the mass of the load, a is the acceleration of motion, and F
ia

is the resultant force acting on the load. In this case, the resultant force is the sum of the tension
force of the spring and the force of gravity. According to Huss's law, the tension force of a spring
is directly proportional to its elongation and is equal to cA. Here ¢ is a constant, called the
constant proportionality coefficient, and is also called the spring stiffness. Taking these into
account, the second-order differential equation of motion is the following equation:

dZx

m— = —cA+P )

In equilibrium, the tension force of the spring is balanced by the force of gravity.
.ID = C}ICT (4)

knowing that will be, (3) putting the expression of R in the differential equation and
A — A_r — Denote by x and solve the equation for this

d2 dZx
m-—— = —cA +cAp, m—— = —c(A—2A.), A—A,p=x
d2 . . & 2 P
Because mg = —cX we will show. From this — nu k “- by specifying
1
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d*x 2. _
dtz+k x=0 (%)

We derive the equation. This equation describes the oscillations called the equation of free
vibrations of a load. It is called the equation of a harmonic oscillator. In mathematics, this is
called a second-order linear homogeneous differential equation with constant coefficients. To
find a solution to this equation, we need to find its characteristic equation, which is

r?+ k=0 (6)

The equation is formed and its solution has r=#ik roots, and the general solution
corresponding to it, that is, (5), is:

X = cycoskt + c,sinkt (7) is found as follows.

To determine the physical meaning of the solution, we introduce a new arbitrary constant
and transform it into a different form.

(7) Hu +f Ci‘ + CEE multiplying and dividing by , we get the following equation:

x= /C%‘f‘c% coskx+ sinkt
c%+c% c%+c%
B c .
If \Jei+c3=A4, = sin@, ——=—==cosa  we introduce the
c2+e2 le2+e2
v v
notation as , then the solution is
x = Asin(kt + a) (8)

appears. From this, we conclude that the load vibrates harmonically around the
equilibrium position.

A is the amplitude of the oscillation, and the argument kt+a is called the phase of the
oscillation. The value of the phase at t=0, i.e., the magnitude a, is called the initial phase of the
oscillation.

[ 2 [
k = |= magnitude is the frequency of oscillation. Of vibration T = f =21 |
m

c

period and k frequency only

A
c=2 =22 for the period due to T = 21 ’—ET It is also possible to derive the
g

Aer At
formula.

We find the solution for the velocity of the load by differentiating with respect to

471

https://ijmri.de/index.php/jmsi

COMPANY: GERMAN INTERNATIONAL JOURNALS




JOURNAL OF
MULTIDISCIPLINARY |
ISSN NUMBER: 2751-4390
SCIENCES AND INNOVATIONS IMPACT FACTOR: 9.08

dx

9=dt

=Akcos(kt+a)

To determine the amplitude and initial phase, initial conditions must be given. Let's say
the state of the load at the initial moment t=0 X = X, and speed ¥ = ¥, Let it be. In that case

xo = Asina, U, = Akcosa, here
A= [x2+-=2 @ = arctg=2 willb
= [+, = g 5, Willbe.

It can be seen from the amplitude and initial phase formulas that they depend on the initial
state of the system, different from the frequency and period of the particular oscillations.

In the absence of initial velocity ¥y = 0 amplitude 4 = x;; , while the initial phase
T .

@ =7 as, X = XoSin (kr + g) or X = Xgcoskt will be.

If numerical data is given, P = 2 H,l = 40 cM, A.; = 4 cM, At the same time, the

load is pulled by =2 cm and has no initial velocity. (19, = Q) is released, then the law of
motion is according to the formula (8).

x=Asin(kt+a)
is determined by appearance. Here k = ’%‘g uacrora P = cA_r determined by the

2
% _ i

1 1 = i = £ = 2 = = (FI:_T) = —
relationship. € S s, k J; , A x5 + 2 2, a=argtg % S as

t
X =2 CGSE\/E we generate.

2 47
The period of vibration of the load T = Tn =T~ 0,4cek. The greatest stretch
Vg

Avpax = Acop + A = 6 CM. The maximum tension of the spring is

Frax = CApmar =3 H

In conclusion, the laws of motion of harmonic vibrations can be determined and found
through "Higher Mathematics" and the theory of differential equations.
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