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This study aimed to numerically analyze damped and undamped oscillations of a
spring using the Euler and Euler-Cromer methods via Spreadsheet software. The
varied parameters in this study were the damping constant, namely 0.1 (damped)
and 0.0 (undamped). Various quantities analyzed in this study were position (x),
velocity (v), kinetic energy (K), potential energy (U), mechanical energy (E), and
phase space as a function of time (t). Iteration was done in t < 60-time steps
(seconds). The results of this study indicated that when the spring experiences
damping, the numerical results of x, v, K, U, E, and the phase space decrease
periodically to zero due to the damping force, both for the Euler and Euler-
Cromer methods. Meanwhile, for the undamped spring (zero damping constant),
there was a difference in the results for the Euler and Euler-Cromer methods. For
the Euler method, the resulting values of x, v, K, U, E, and the phase space
increased periodically with time, which was not following the actual situation.
According to the simple harmonic oscillation, the Euler-Cromer method values
of x, v, K, U, E, and the phase space were stable over time.
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. Introduction

Science and technology, especially in the field of
electronics, have rapidly progressed. This has resulted in
the rapid development of computational physics [1], which
examines physics problems based on numerical and/or
simulation studies. Computational physics can provide
accurate calculations of various physical phenomena to
serve as a visualization tool [2] or simulation of physical
phenomena [3]. Computational physics can also provide
solutions that can be compared with analytical results.

One of the uses of computational physics is solving
differential equations using computer software, e.g.,
Spreadsheet. Differential equations are a part of
mathematics, especially calculus, which has a very
important role in physics. Various laws of physics can be
expressed in the form of differential equations, including
Newton’s laws [4], Maxwell’s equations [5], and the first
law of thermodynamics [6]. These various differential
equations need to be solved to obtain physical information.

In the process, only a small number of differential
equations have analytical solutions, especially linear
differential equations that have been idealized. Most
differential equations that describe physical phenomena
are non-linear and difficult to solve analytically. This is
where one of the strengths of computational physics, i.e.,
computational physics offers numerical solutions to
various differential equations that are difficult to solve,
such as solving atoms with more than two electrons using
the configuration weight functions method [7] and density
functional theory [8].

Vibration is the movement of a system that can be in
the form of regular and repeated movements continuously
or can also be irregular or random movements. When
vibration or oscillation repeats itself (back and forth
motion) on the same trajectory, then the motion is called
periodic [9]. In this study, the damped and undamped
oscillations are numerically studied. A study on damped
oscillations has been carried out [10] that analyzed the
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oscillations of vertical springs in fluids using Tracker
software  (https://physlets.org/tracker/). In addition,
damped harmonic motion using high-speed video has been
studied [11]. A computational analysis of damped
harmonic motion on a vertical spring using a Spreadsheet
is performed [12]. However, the study is still limited to
comparing positions (functions of time) for analytical and
numerical results, comparison of damping parameters and
spring constants.

The numerical method used in this study is the Euler
and Euler-Cromer methods. These two methods have been
used to discuss the physical properties of damped
oscillators [12,13]. However, there has been no further
study on the mechanical energy of oscillations and phase
space, especially for damped and undamped oscillations.
Therefore, this study is aimed to analyze the damped and
undamped oscillations of a spring using the Euler and
Euler-Cromer methods.

Meanwhile, as mentioned above, the software used is
Spreadsheet as used in [12,14]. The main advantages of
using the Spreadsheet are ease in data handling and
flexible in data presentation. Moreover, the various
quantities being studied are position (x), velocity (v),
kinetic energy (K), potential energy (U), mechanical
energy (E), and phase space as a function of time (t). These
quantities are essential in the mechanics of the spring
system. As mentioned above, the aforementioned
quantities are determined using the Euler and Euler-
Cromer methods and finally compared.

Il. Theory
A Brief Description of a Spring System

One law that has been successfully revealed by
physics is that when energy is transferred or changed
through any process, there is no increase (gain) or
reduction (loss) of energy in that process. This is known as
the law of conservation of energy.

For the spring system, the potential energy is given

1
U =§kx2 (1)

Where x is the spring’s displacement from its normal or
unstretched length, and k is the spring’s constant. The
kinetic energy of the spring can be given as follows:
1
UK = Emv2 (2

Where m is the mass of the object and v is the object’s
velocity. If there is no friction or other forces acting on this
system, then the principle of energy conservation produces
the following equation:

U1+K1=U2+K2 (3)

The subscripts 1 and 2 refer to the potential and kinetic
energies at two points at different times.

Figure 1. Oscillation of a spring.

When an object vibrates or oscillates in the same
trajectory, and each oscillation takes the same time, then
the motion is periodic. Suppose a spring is attached
horizontally, as shown in Figure 1, with an object of mass
m sliding frictionless on a horizontal surface. The spring
has an initial length where the spring does not exert a force
on the object. The position of the object at this point is
called the equilibrium position. If the object is pushed to
the left, then the spring is compressed.

On the other hand, if the spring is pulled to the right,
then the spring is stretched. The spring exerts a force on
the object in the opposite direction by pushing or pulling it
to its equilibrium position. Therefore, this force is called
the restoring force, F (red arrow in Figure 1). An
oscillatory system with a restoring force directly
proportional to the negative displacement can be given
mathematically as:

F = —kx 4)

This oscillatory system is said to perform simple
harmonic motion (SHM).

SHM can also be modified by generating other forces
that affect the system’s motion, namely damping forces.
For example, a study in [15] shows the phenomenon of
damped oscillations caused by a wooden rod given a
magnet swinging near an aluminum rod. The damping is a
function of the distance between the magnet and the
aluminium that can produce underdamped, overdamped,
and critically damped oscillations.

This study investigates the phenomenon of damped
and undamped oscillations of a horizontal spring (see
Figure 1). To stretch or compress a spring, work must be
done. Thus, the potential energy is stored in a stretched or
compressed spring. If the damping force is directly
proportional to the velocity, i.e., F> = -bv, then using
Newton’s second law and equation (4), the differential
equation for the spring system can be written as follows:

¥ = —ng—Efc (%)

and

w0, = Jg (6)

The damping parameter may be stated as £ = b/(2m).
Therefore, the damped oscillatory system has a frequency
of
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k b2 Xip1 = X + Vit — ). (14)
w= |z (5] = Joi -8 (7) . . _ .
m \2m 0 Equations (13) and (14) are a pair of numerical equations

for the underdamped condition where < ax. In this study,
equation (5) is the differential equation used to model the
spring system using the numerical methods of Euler and
Euler-Cromer.

Euler and Euler — Cromer Methods

Euler’s method is utilized for solving differential
equations by utilizing the description of the Taylor series.
The initial step of deriving this method starts from the
explicit relationship,

dy _
a = f(x,y) (8)

Equation (8) can be approximated using the finite
difference form, i.e.:

dy Ay Yy — i
—_———=— = 9
dx D xy—x, fey) 9)

By denoting @ = f(x,y), equation (9) can be written as:
Yis1 = ¥i + P;Ax (10)

The value of @ is an estimate of the gradient for the
extrapolation from y; to yi+1 with a distance of AX = Xj+1 - Xi
withi=1,2,3,...,n. Equation (10) can calculate the y step
by step with linear extrapolation on Ax grid. However, the
Euler method has a disadvantage, which is its error is
relatively high, i.e., more than 60%, so that the numerical
results may not be correct. Hence, the Euler method can be
modified to the Euler-Cromer method via substituting ®;
to @41 in equation (10), that is:

Yier = ¥i + Py Ax (11)

The Model

The physical model of the spring is based on the
differential equation (5). Substituting y and x for v and t,
respectively, in equation (10), we obtain

Vigi = Ui+ Oi(tiyq — ) (12)

Comparing equation (5) and equation (12), an Euler
numerical equation is obtained as

k b

Viyg = v + (—;xi - ;Ui) (ip1 — to). (13)

Another equation is obtained by substituting y and x in
equation (10) with x and t, respectively.

based on the Euler method used in this study. A
modification of the Euler method results in the Euler-
Cromer method by modifying equation (14) according to
equation (11), namely:

Xip1 = X + Vi (Eipq — t). (15)

Equations (14) and (15) are a pair of equations for the
Euler-Cromer method.

The kinetic energy of the spring system of equation
(2) can be modified according to equation (13), i.e. :

K; = %mviz. (16)
Similarly, the potential energy of the spring can be
determined from equations (14) and (15) for the Euler and
Euler-Cromer methods, respectively, viz.:

2

Hence, the mechanical energy of the spring system can be
obtained by adding equations (16) and (17), that is:

Ei = Ki + Ui' (18)

Finally, the momentum of the spring system can be
calculated using equation (13), i.e.:

p; = mv;. (19)

Equation (19) is used to generate the phase space.

I11. Computational Method

This numerical study was conducted using a personal
computer (PC) with the hardware of Dell Desktop-
FAODGS3T and the Inspiron 1.1 3000 Series model. The
processor used was Intel(R) CPU N3&10@1.60HZ with
400 GB RAM. Meanwhile, various software used in this
numerical study were MS Word and MS Excel. The coding
was based on the Spreadsheet using the Euler-Cromer and
Euler methods.

The coding steps for the Euler-Cromer method were
given as follows: 1) opening the worksheet in Spreadsheet
(MS Excel); 2) declaring the known parameters, namely:
m, k, b, and t in cells (boxes) B22 to B25 as can be seen in
Figure 2; 3) creating a table consisting of 8 columns
containing iterations (i), t, x, v, K, U, E, and p, as can be
observed in Figure 2. Especially for iteration i =i + 1 starts
from 1 in cell B32. 4) Declaring the initial conditions,
namely t=0,x =0, and v =1, in cells C31, D31, and E31,
respectively. The time step At = ti+1 - tj used is 0.01 with
the number of iterations t < 60-time steps (seconds). 5)
Writing the formula for iteration of v; based on equation
(13) starting from cell E33, namely: = E32 + ((((-
B$23/B$22)*D32) - ((B$24/B$22)*E32))*(C33 - C32));
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6) writing the formula for iteration of x; based on equation
(15) starting from cell D33, namely: =D32+(E33*(C33-
C32)); 7) writing the formula for the iteration of Ki based
on equation (16); 8) writing the formula for the iteration of
U; based on equation (17); 9) writing a formula for the
iteration of E; based on equation (18); 10) writing the

formula for the iteration of p; based on equation (19).
Moreover, 11) plotting the graphs of v against t, X against
t, Kand U against t, K and E against t, and p against x (for
the phase space). Finally, 12) for undamped oscillation,
steps 1) to 11) were carried out by setting the parameter b
=0.

A B [ ] E F c] H J K L M 1] a P
e ] | el

m=
250k | 18] | w= v.+(_£1._£v.)(t. =z

i+l = U i i) (i — T

24 [b= 01 mom
25 A= | 001 Velocity
26 1= ] Xipy = X+ Vi (Gag — ) _ k ]
s v = v+ (*ﬁxx *Ew) {tie1 — 1)
£
23 _ [FE32{(((((BS23/B%22)"D32){(BS24/B522)°E32))7(C33-C32)) |
30
7 i i xEC VEC Euler-Cmme| U Euler - Crog EI’-CI’DmE+.||EI’-CI’DmEI’ Position
1 1 2 5‘?_ 1 — o] o — Ko = X+ Vi (b — 1)
33 2| 001 g00 E 2o 0129091068 0,292
34 3| o,02] 0,01983] 0,39275] 0,14783183 0 149188002] 0,29782 SRS (R
35 4| 0,03] 0,02978] 0,38824] 0,14545382] 0,00073738] O'Jl291204] 0,29647 Kinetic energy
36 5| 0,04] 0,03961] 0,38316| 0,14499135] 0,001411528] 0,144™g322| 0,2945¢ [
37 6| 00s5| 0,04938] 0,37751| 0,14332864] 0,002194838] 0,149523Mg| 0,2932¢ 2
3 7| 008 00591|0,97123| 0,14151001| 0,003143121) 0,144653131[W2913c =0,5*§BS22*(E32"2)
39 8| 0,07 008874 09645| 0,13954032] 0,004252819] 0,143793142| 0, 205"
40 9| o8| 0,07831] 0,95716| 0,13742471] o0,005519614] 0,142944327 -3,23?15\ Potential energy
4 10| 0,09 0,08781] 0,94928| 0,13516863] 0,006938844] 0,142107478] 0,28475 vt
42 11 0,1] 0,09721] 0,34084[ 0,13277785| 0,008505514[ 0,141283353] 0,28228 \ 2
43 12| 011 0,10853] 0,93187| 0,13025833| 0,010212311] 0,120472701| 0,2795¢ =0,5*$B$23*(D32"2) |
44 13| o012[011576| 0,92238| 0,12761658] 0,01205%62] 0,1396762] 0,27671
45 14| o013[0,12488| 0,91238| 0,12485838 0,014035537] 0,138894521( 0,27371 Mecanichal energy
45 15 0,14] 0,1338[ 0,30182] 0,1219524] o0,016135385] 0,138128285] 0,2705¢8 E=K+U
47 16 0,15| 0,14281( 0,89078| 0,11902386) 0,018354235| 0,137375094/ 0,26723 =F32+G32
45 17| o0.16] 0,1516] 0,87924] 0,115%6057| 0,020683518| 0,136644488( 0,26377
43 18| 0,17 0,16027 0,86722| 0,11280994] 0,023118045] 0,135927982( 0,26017 Momentum
50 19| 0,18 0,16882] 0,85471] 0,10957952] 0,025649525] 0,135229046] 0,25641 P =mav
51 20| 0,19] 0,17724] 0,84173 0,10627703] o0,028271082] 0,13454811] 0,25252 —

Figure 2. Display parameters and formulas on the Spreadsheet using the Euler-Cromer method.

((B$17/B$15)*E27))*(C28-C27)).

The coding steps for the Euler method were carried
out by repeating steps 1) to 12) in the Euler-Cromer
method in the cells that have been determined. For step 5)
the formula used was =E27+((((-B$16/B$15)*D27)-

Meanwhile,

the

formula in step 6) is changed to equation (14), namely:
=D27+(E27*(C28-C27)). This can be seen in Figure 3

& B [ [n] E F G H | o K L M M [n] F 7] R
14 Known
B m= 0.3

- kb

:: == 10? Vip1 = "4+(_;x’i_;"|)(‘|u —t)
:g :\: D'DJ Ty = X T ol — 1) v X 5
= Vi = "r+(_F"J_;Vr)(‘Ju -}
23
2 _ =E27+((((-BS16/B$15)*D27)-(BS1/BS 15)*E27))*(C28-C27)) |
25
2 Position
7 1 1] 1] 1 Zpq =Xt va(tng —t)
= 2 oo < E-0_ 0,193
2 B D e —D27+E27*(C28-C27))
a 4| 00| 0.0233] 09602 00008 0.1
at 5| n0d| 00598 0959 0000 0145 Kinetic Enerzy |
2 B|  0.05] 0.0496] 09775 00022 01433 R
2 7| 0.06] 0.0534] 03713 0.0032] 097
at B|_0.07| 00591 0.9645 0,0043] 0.1395 | =12:3B$15%(E27"2) |
= 8] 00| 0.0787] 0957 00056 01374
= 0] 0.03] 0.05aa| 0.9492]  0.007] 01351 Potential energy
a7 T 04| 0.0978] 0.9407] 0.0086] 01527 v=lie
2 2] 0N 0.4072] 09377 00103 01302 0.1406| 02735 2 -
3 3] 0.4z] 065 09722 00122] 01276 0.1398| 02767 =1/2*$B516*(D27°2)
4 ] 03] 09257 09721 002 0ea8|  0,139| 0,273k -
# T 04| 0.1343] 0907 0014 0121|0133 0.2705
12 6] 0.95] 0.1439] 0,6304] 0.0186] 0.163] 0.1376| 0,267 —
4 7| 05| 0.%528] 06788 0.021 0.156] 0.1369| 0.2636
at 78] 07| 0.%516] 08567 0,0235] 0127 0162 0,26
45 T3] 06| 0.170z] 08541 00261 0,094 01355 02562
P 20| 0.413] 0.frea| o.04n| 00zaa| 0061 01343 02523 Echnzs
4 7\ 02| 0.1872] 08275 00375 01027 0.1343| 02483 _
- ] e e Yo e B e

Figure 3. Display parameters and formulas on a Spreadsheet using the Euler method.
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IV. Results and Discussion

The numerical analysis of damped and undamped
oscillations of the spring in this study uses two numerical
methods: the Euler-Cromer and Euler methods.

0.6 damped ()

x Euler-Cromer
0.4

x Euler

x (m)

04

Furthermore, the various numerical results generated from
these two methods are discussed. The first result obtained
in this study is a graph of position versus time (x vs. t).
This can be observed in Figure 4.

1 undamped
x Euler-Cromer P

""" x Euler [y

x(m)

Figure 4. Position the spring concerning time (a) with damping and (b) without damping.

Figure 4(a) shows a comparison of the spring’s
position as a function of time resulting from the Euler
method and Euler-Cromer methods for the damped
oscillation. As time advances, the amplitude of the spring
gets smaller. This means that the spring’s displacement is
getting smaller and will become zero at the equilibrium
position. Thus, the spring undergoes a damped oscillation
to decrease the spring’s oscillation. The damping may be
caused by, e.g., the friction of the spring at the interface as
applied in [16] or viscous fluid in the liquid-spring-
magnetorheological-fluid-damper system [17].
Furthermore, the Euler-Cromer method produces a smaller
oscillation amplitude than the Euler method. On the other
hand, the same oscillation phase is obtained between Euler

damped (@)

v Euler

""" v Euler-Cromer

v (m/s)

and Euler-Cromer methods, which means that both
methods produce the same damping evolution.

Figure 4(b) shows the graph of the spring’s position
for the Euler and Euler-Cromer methods in the undamped
condition, which is obtained by changing the parameter b
to 0. It can be observed that the Euler method gives the
position of the spring, which the amplitude gets larger as
time progresses. Of course, this does not satisfy the law of
conservation of energy. In contrast, the Euler-Cromer
method produces stable amplitude, which is according to
the SHM system without damping. Thus, the Euler-
Cromer method is more stable than the Euler method in the
spring vibrations without damping.

(b)

undamped

v Euler

v Euler-Cromer

Figure 5. The spring’s velocity concerning time (a) with damping and (b) without damping.

Figures 5(a) and 5(b) show v vs. t graphs obtained
from two methods, namely: Euler and Euler-Cromer
methods, for the damped and undamped oscillations,
respectively. In general, the profiles of the velocity of the
spring oscillation are not different from the position profile
of the spring in Figure 4. It can be observed that the
velocity of the oscillation of the spring with damping

decreases and eventually becomes zero at the equilibrium
position, both for the Euler and Euler-Cromer methods.
Meanwhile, the spring’s oscillation velocity without
damping is stable for the Euler-Cromer method compared
to the velocity of the spring’s oscillation obtained from the
Euler method.
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0-16 damped (2) — K Euler-Cromer ==~~~ U Euler-Cromer (b)
0.14 0.16
o T K Euler-Cromer ~oaz ittt
< oes f\. U Euler-Cromer ‘—i o1 BYBUES IR Yo i
& - &
S o006 g 008
oo = oo i i P i
u ooa JfARARIRARLLARARANTRHRARARIRARARARIDA NS
o | NP o e e e
0! A LA RA A RA A EA KA A B A R b A R4 RARA A A2 b
002 0 5 10 15 20 25 0 5 10 15 20 25
1(s) 1(s)
016 | damped ) undamped d)
1
0.14 l|. 0.8
. | —U Euler o7 — U Euler
= 01 |
>
% oo Yfsf\ === K Euler = K Euler
S 006 &
0.04 Lfl
0.02
0
0 5 10 15 20 25
1(s)
Figure 6. The kinetic and potential energies for damped spring oscillation using (a) Euler-Cromer and (c) Euler methods, and
undamped using (b) Euler-Cromer and (d) Euler methods.
It can be shown from Figures 6(a) and (c) that for the undergo damping faster than the Euler method.

damped springs, K and U profiles decrease with time for
both Euler-Cromer and Euler methods. In this case, the law
of energy conservation applies: when K is maximum, then
U is minimum, and vice versa. Furthermore, the K and U
profiles obtained through the Euler-Cromer method

damped

— K Euler-Cromer

===="E Euler-Cromer

Energy (J)

(a)

20

0.16
0.14
0.12

e

0.08

Energy (J)

s =
® g

0.02

25

(©

10
t(s)

15 20

25

Furthermore, Figures 6(b) and (d) show the K and U
profiles for undamped spring oscillation obtained from the
Euler-Cromer and Euler methods. Via the Euler-Cromer
method, K and U profiles are stable over time. Meanwhile,
in Figure 6(d) K and U profiles are getting larger with time.

0.16

0.14
0.12

0.1
0.08

Energy (J)

0.06
0.04
0.02

t(s)

0.8

undamped

Energy (J)

t(s)

Figure 7. Kinetic and mechanical energies for damped spring oscillation using (a) Euler-Cromer and (c) Euler methods and undamped
using (b) Euler-Cromer and (d) Euler methods.
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Based on Figures 7(a) and (c), a relationship is found
between the velocity and the total loss of mechanical
energy in damped spring oscillation using the Euler-
Cromer and Euler methods, respectively. With the increase
of time, the value of the velocity of the oscillation gets
smaller. This causes the mechanical energy produced to
dissipate and eventually go to zero. This phenomenon of
mechanical energy is a physical phenomenon and not due
to computational calculations. The area with the highest
change in the mechanical energy occurs when the slope is
greatest on the graph. Figures 7(b) illustrate the
relationship between velocity and the mechanical energy
of the undamped spring via the Euler-Cromer method. It
can be observed that the oscillation velocity of the spring
appears to be stable, while the mechanical energy of the
system is also stable and shows the ripple effect. This is
different from Figure 7(d) obtained using Euler’s method.
In this case, it is obtained that the spring’s velocity
increases periodically with time, while the mechanical
energy also increases but appears smoother without any
ripples.

The phase space of the spring oscillation can be
observed in Figure 8. The phase space is the p vs. x graph.
Figures 8(a) and (c) show the damped spring oscillation
phase space generated by the Euler-Cromer and Euler
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damped Euler-Cromer 04

)
£
b
S
= -0.4 0.5
0.4 (©)
damped Euler
E
=0
<04 0.5
y

-03
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methods, respectively. It can be observed that the spiral
profiles move from the outside to the inside and are getting
closer to the zero point value (origin). This means that the
momentum and position of the damped spring oscillation
decrease towards zero. The greater the damping parameter,
the less number of spirals that occur because the faster the
spring is damped. In addition, it can be observed that the
damped spring oscillation phase spaces from the Euler-
Cromer [Fig. 8(a)] and Euler [Fig. 8(b)] methods produce
similar profiles.

However, the phase spaces for the spring’s oscillation
without damping show different profiles for the Euler-
Cromer and Euler methods. This can be observed in
Figures 8(b) and 8(d). Figure 8(b) is the phase space of the
spring oscillation without damping from the Euler-Cromer
method. It can be observed that this phase space is circular.
This is because the phase space is stable, so there is no
spiral, according to SHM. On the other hand, Figure 8(d)
shows the phase space of a spring oscillation without
damping based on Euler’s method resulting in a spiral that
is directed outward and gets larger with time. This is
unrealistic because the spring dynamics by itself (without
force) can’t produce larger values of momentum and
position.

b
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e
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Figure 8. The phase spaces for damped spring oscillations using (a) Euler-Cromer and (c) Euler methods, and undamped using (b)
Euler-Cromer and (d) Euler methods.

The numerical results above show that the Euler-
Cromer and Euler methods work equally well in the case
of damped spring oscillations. This is due to the damping
factor b, whose value is not zero so that the Hamiltonians

of the spring system via Euler-Cromer and Euler methods
obey the principle of conservation of energy.

However, the performance of these two
computational methods is different when faced with the
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Hamiltonian case, which is independent of time, namely,
in this case, the vibration without damping (b = 0). The two
methods have different performances due to their
numerical structure. Especially Euler’s method cannot
maintain the principle of conservation of energy. In a
spring without damping, the structure of Euler’s numerical
equation causes the oscillation to get larger. This results in
all the quantities becoming increasingly large and
unrealistic. On the other hand, changing the parameter v;
in equation (14) to vis1 in equation (15) causes the
oscillation of the harmonic motion to become stable, and
the principle of conservation of energy is fulfilled. Thus,
the Euler-Cromer method produces quantities that are
more stable and idealistic.

V. Conclusion

A numerical study of the spring oscillation with
damping and without damping has been carried out. The
numerical methods used in this study are Euler and Euler-
Cromer. The quantities of x, v, K, U, E, and phase space
produce the same profiles for the Euler and Euler-Cromer
methods for the spring oscillation with damping.
Moreover, the numerical results of x, v, K, U, E, and the
phase space decrease periodically to zero due to the
damping force. Meanwhile, when the spring does not
experience damping, there is a difference in numerical
results from the Euler and Euler-Cromer methods. For the
Euler method, the resulting profiles of x, v, K, U, E, and
phase space increase periodically with time, not matching
the ideal condition. Then, on the profiles of x, v, K, U, E,
and phase space from the Euler-Cromer method, stable
profiles are obtained with time, according to the ideal
condition of SHM. This means that the Euler method only
works well for the spring oscillation with damping,
whereas the Euler-Cromer method is good for spring
oscillation with and without damping. Hence, we
recommend using this study's appropriate computational
method for the spring oscillation. Moreover, this study can
be used as a part of physics learning for senior high school
and undergraduate students.

V1. Acknowledgment

The authors would like to thank the Postgraduate
Program of Physics Education, Universitas Ahmad
Dahlan, for supporting this numerical study.

References

[1] R.F.Martin, “Undergraduate Computation Physics
Education: Uneven History and Promising Future,”
XXVII TUPAP, Conference on Computational Physics
(CCP2015) 2-5 December 2015, J Phys. Conf. Ser., vol.
759, p. 012005, 2016. doi: 10.1088/1742-
6596/759/1/012005.

[2] X.Wang, C. Guo, D. A. Yuen, and G. Luo,
“GeoVReality: A Computational Interactive Virtual
Reality Visualization Framework and Workflow for

Geophysical Research,” Physics of the Earth and
Planetary Interiors, vol. 298, p. 106312, 2020. doi:
10.1016/j.pepi.2019.106312.

[3] M. Bansal, S. Bansal, and R. Kumar, “A Simulation of
Two-Body Decay of A Particle and Radioactive
Equilibrium States,” Physics Education, vol. 56(5), p.
055007, 2021. doi: 10.1088/1361-6552/ac0159.

[4] N.B. Otojonova and D. B. Tojonova, “The Role of
Differential Equation in Physical Exercise,” Pedagogy &
Physchology: Theory and Practice, vol. 4(30), pp. 26-30,
2020.
https://journals.indexcopernicus.com/api/file/viewByFilel
d/1222945.pdf

[5] T.Rabczuk, H. Ren, and X. Zhuang, “A Nonlocal
Operator Method for Partial Differential Equations With
Application to Electromagnetic Waveguide Problem,”
Computers, Materials, & Continua, vol. 59(1), pp. 31-55,
2019. doi:_10.32604/cmc.2019.04567.

[6] R.D.Kaufman, “A First Law Through Experiment With
A Second Law Result of Heat Engines Based on A Self-
Contained Modified Carnot Cycle,” European Jornal of
Physics Education, vol. 10(1), pp. 24-37, 2019. doi:
10.20208/ejpe.v10i1.222.

[71 V.M. Tapilin, “Solving the Schrodinger Equation for
Helium-Like lons With the Method of Configuration
Weight Functions,” Journal of Structural Chemistry., vol.
60, pp. 1-6, 2019. doi: 10.1134/S0022476619010013.

[8] J.Li, N.D. Drumond, P. Schuck, and V. Olevano,
“Comparing Many-Body Approaches Against the Helium
Atom Exact Solution,” SciPost Phys., vol. 6, p. 040, 2019.
doi: 10.21468/SciPostPhys.6.4.040.

[9] D.C. Giancoli, Fisika: Prinsip dan Aplikasi Jilid 2
[Physics: Principles with Application], Ed. 7. Jakarta:
Erlangga, 2014.

[10] M.R. Aulia, “Osilasi Teredam pada Pegas dengan
Medium Fluida [Damped Oscillations in A Spring With A
Fluid Medium],” Journal of Teaching and Learning
Physics, vol. 3(1), pp. 22-26, 2018. doi:
10.15575/jotalp.v3i1.6549.

[11] J. Poonyawatpornkul and P. Wattankasiwich, “High-
Speed Video Analysis of Damped Harmonic Motion,”
Physics Education, vol. 48(6), pp. 782-789, 2013. doi:
10.1088/0031-9120/48/6/782.

[12] A. Fauzi, “Analisis Gerak Harmonik Teredam (Damped
Harmonic Motion) dengan Spreadsheet Excel [Analysis of
Damped Harmonic Motion (Damped Harmonic Motion)
With an Excel Spreadsheet],” Orbith, vol. 7(2), pp. 318—
322, 2011. https://eprints.uns.ac.id/1713/.

[13] A. Nurdin and S. Hastuti, “Analsis Gerak Osilator
Harmonik Teredam Menggunakan Metode Numerik
[Analysis of Damped Harmonic Oscillator Motion Using
Numerical Method],” Journal of Mechanical Engineering,
vol. 3(2), pp. 13-19, 2019. doi: 10.31002/jom.v3i2.3366.

[14] R. Eso, “Simulasi Gerak Osilasi Paksa dengan Redaman
Menggunakan Spreadsheet Excel dan Macro Visual Basic
for Application [Simulation of Forced Oscillation Motion
With Damping Using Excel Spreadsheet and Macro
Visual Basic for Application],” Jurnal Aplikasi Fisika,
vol. 13(3), pp. 52-55, 2017.
http://ojs.uho.ac.id/index.php/JAF/article/view/4141/3228

[15] D. U. Sowarno, “Getaran Osilasi Teredam pada Pendulum
dengan Magnet dan Batang Aluminium [Damped
Oscillating Vibrations on A Pendulum With Magnets and
Aluminum Rods],” In Seminar Kontribusi Fisika, ITB,
Bandung 2015.

[16] S.Li,P. Xiang, B. Wei, C. Zuo, L. Jiang, and W. He,

Janah, et al. Comparison of Euler and Euler-Cromer Numerical Methods for ....

p-1SSN: 2621-3761
e-ISSN: 2621-2889


http://issn.pdii.lipi.go.id/issn.cgi?daftar&1526275227&1&&
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1526650381&1&&
10.1088/1742-6596/759/1/012005
10.1088/1742-6596/759/1/012005
https://doi.org/10.1016/j.pepi.2019.106312
https://doi.org/10.1088/1361-6552/ac0159
https://journals.indexcopernicus.com/api/file/viewByFileId/1222945.pdf
https://journals.indexcopernicus.com/api/file/viewByFileId/1222945.pdf
https://doi.org/10.32604/cmc.2019.04567
http://31.220.4.173/index.php/EJPE/article/view/222
https://doi.org/10.1134/S0022476619010013
https://doi.org/10.21468/SciPostPhys.6.4.040
https://doi.org/10.15575/jotalp.v3i1.6549
https://doi.org/10.1088/0031-9120/48/6/782
https://eprints.uns.ac.id/1713/
https://doi.org/10.31002/jom.v3i2.3366
http://ojs.uho.ac.id/index.php/JAF/article/view/4141/3228

Indonesian Review of Physics (IRiP) 54
Vol.4, No.2, December 2021, pp. 46 - 54

“Interface Friction Effects on Scaling A Vertical Spring- [17] N. Maus and F. Gordaninejad, “A Bi-Diretional, Liquid-
Viscous Damper Isolation System in A Shaking Table Spring-Magnetorheological-Fluid-Damper System,”
Test,” Structures, vol. 33, pp. 1878-1891, 2021. doi: Frontiers in Materials, vol. 6 (6), pp. 1-11, 2019. doi:
10.1016/j.istruc.2021.05.046. 10.3389/fmats.2019.00006.

Janah, et al. Comparison of Euler and Euler-Cromer Numerical Methods for ... p-1SSN: 2621-3761

e-ISSN: 2621-2889


http://issn.pdii.lipi.go.id/issn.cgi?daftar&1526275227&1&&
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1526650381&1&&
https://doi.org/10.1016/j.istruc.2021.05.046
https://doi.org/10.3389/fmats.2019.00006

