BECTHUK Ka3HIY um. Abas, cepus «Pusuko-mamemamuyeckue Hayku», Ne1(69), 2020 a.

MPHTH 14.25.07

DOI: https://doi.org/10.51889/2020-1.1728-7901.06
V]IK 37

TEACHING HIGH SCHOOL STUDENTS TO SOLVE DIFFERENTIAL EQUATIONS USING PYTHON AT
MATH CLASS
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University of International Business, Almaty, Kazakhstan

Abstract

The article discusses examples of the differential equation problem in Python with a graph for high school students.
The basic characteristics of some tools for solving problems in mathematics using information technology are given. The
difference between the two modern-known computer programs Python and Pascal is briefly explained. The article uses
illustrative examples of built-in and manually entered functions that can be repeated by readers in Python to recreate
graphs of trigonometric, differential, and other functions. In conclusion, it describes how the program can save time and
energy for solving graphic problems in mathematics using the Python program. The article concludes that it is important
for students to use logic to solve problems with improvised tools, where there are built-in functions, compared to
remembering programming language algorithms for solving problems.
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Anoamna
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! Xanvixapanwvis Busnec Yuueepcumemi, Anmamol, Kazaxcman
KOFAPYBI CbIHBIII OKYIIBIJIAPBIH MATEMATHUKA CABAFBIHIA JTU®P®EPEHIIUAJIIBIK
TEHJAEY I PYTHON APKbBLIbI INEINY]II YHPETY

Makanana opTa MeKTenke apHanran rpaduri 6ap Python-ma nubdepeHunanmsik TeHASY ecenTepiHiH MbIcaiaaphl
KapacThIpbUIFaH. AKNApaTThIK TEXHOJIOTUSHBI KOJIaHy apKbUIbl MaTeMaTHKaJla ecenTep/i LIblFapyra apHaJIFaH Keioip
KypalaapaslH Herisri cumattamanapel kentipinren. Exi Python skome Pascal xommbroTepsik GarmapiaManapbIHBIH
apachIHIaFbl AMBIPMAIIBUIBIK KbICKAIIA TYCIHAIpiIeai. Makagaaa TPUTOHOMETPUSUIIBIK, AuddepeHInanapK xoHe Oacka
GbyHKIMsIapasiH rpadUKTepin Kaiita Kypy yuiin Python-na oksipMangap Kaiitanai anaTeliH KipiKTipiJireH jkoHe KOJIMEH
eHri3iired (QyHKUMSUIAPABIH KOPHEKI MbIcAnapbl Kenrtipiired. KopweiTeiHabLiaii kene, Oyn mporpamma Python
OarzapiamMachlH KOJJaHa OTBIPBIN, MaTeMaTHKalarbl rpaduKajblK eCeNTepAi IIenIyre yakblT IMeH KYIITI Kajia
YHEMICUTIHIH cUmaTTaidapl. Makaia OKylIbUIapFa ecenTepli IIenryre apHajFaH Oarlapiiamalay alropUTMIEpiH ecTe
cakTayMeH, KipiKTipiireH GyHKImsiap 0ap MMIPOBH3ANMSIIAHFAH KYpajJdapMeH Mocelesiep i MIeNTy YIIiH JIOTUKAHBI
KOJIIAHY MaHbI3/IbUIBIFBIH TY)KBIPBIMIAMIEL.

Tyiiin ce3aep: Python, nporpamma tini, uMmopTTay, QyHKIHS, TYBIHIB, UbOEPEHIHATIBIK TCHICY.
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OBYYEHUE YYEHUKOB CTAPHIUX KJIACCOB HA YPOKAX MATEMATUKU PEHIEHUIO
JTA®PEPEHIIUAJBHBIX YPABHEHUM C UCITIOJIb30BAHUEM PYTHON

B crartbe paccMaTpUBarOTCs IpUMeEpHI 33124 AuddepeHnnatsHoro ypasHeHus B Python ¢ rpadukom uis yyamumxcst
cpeaHel mkombl. [IpUBOASTCA OCHOBHBIE XapaKTEPUCTUKU HEKOTOPBIX MHCTPYMEHTOB Ul PEIICHHS 33a4 MaTeMaTHKU
C moMolpbl0 HMH()OPMAIMOHHBIX TeXHOJNOTHMH. KpaTko moscHseTcss pasHHIA MEXIy JABYMsI KOMITBIOTEPHBIMHU
nporpammami, Ha si3eikax Python u Pascal. B crathe MCIONB3YIOTCSI HATJISAHBIC PUMEPBI BCTPOSHHBIX H BPYUHYIO
BBOJMMBIX (DYHKIMHA, KOTOphIE MOTYT OBITH MOBTOPEHBI yuammmucs B Python, durober Bocco3mate rpaduku
TPUTOHOMETPHIECKHX, TH(hepeHINAIBHBIX U APYTUX QYHKIUH. B cTraThe cuenaH BRIBOJ O BaKHOCTH MCIIOJIB30BAHHS
JIOTHKH JJIS PEIICHH 33129 OPYYHBIMHU CPEICTBAMH, TJIE €CTh BCTPOSCHHBIE (DYHKIIUH, [T0 CPABHEHHUIO C 3aTIOMUHAHNEM
AITOPUTMOB S3BIKa IPOTPAMMHUPOBAHUS JJIS PEIICHUS 33124 IS YIAIIXCsl.

Kuarouessie cioBa: Python, mporpamMmHuslit 361K, UMIIOPT, QyHKIHS, TPOM3BOAHAS, U DepeHIaTbHOEe YpaBHEHHE.

Computer science is currently the most changing educational field. Discipline, both among schools, and
among subjects studied at schools and high education universities. It should be noted that in most schools
Pascal or Basic is currently being studied as a programming language, which raises the logical question of
whether there is a need for future computer science teachers studying at the university to learn the Python
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language, whether there is a need to master the basics of this language high school students [1]. Of course,
schoolchildren learning Python, as the first programming language, may cause some legitimate fears: these
will include, first, dynamic typing and high-level language. For example, replacing the concept of “array” with
a high-level list does not give students a full-fledged opportunity to analyze the principles of the internal
organization of the array. However, the undoubted advantages of learning Python as the first programming
language at school. Programs in Python are much more concise than Pascal, which greatly simplifies the task
of introducing the language to novice programmers, as finding errors and debugging requires significantly less
time. For example, compare two elements of program code written in the Pascal and Python programming
languages (Picture 1):

a=[1]*1000 u
var a: array [1..1000] jf integer;

for i:=1 to 1000 do
alil:=1;

Picture 1. Difference between Python and Pascal program languages

Based on the above code, we can see that in two programming languages equivalent operations are written,
as a result of which we will get an array of 1000 elements filled with units. However, in Python this code takes
1 line, whereas in Pascal 3. Perhaps, from a methodological point of view, when studying this section and
solving the above problem, the student needs to explain that the array is a continuous fragment of the allocated
memory, and when creating it, we should reserve a place for it in memory, declaring it, and then initialize it.
However, the line a = [1] * 1000, in our opinion, reflects the meaning of the action performed by the student
(you need an array of 1 repeated 1000 times) is more complete and, ultimately, easier to write [2]. Considering
the issues of teaching computer science in grades 7-9, we can note that these are the initial ideas about
programming, perhaps there is a threshold at which the child stops, having a general idea of arrays, their
declaration and processing. At the next stage of training, in specialized classes, the teacher and student will
have at their disposal a universal, modern programming language that is used for software development [3-4].
Of course, many high-level routines built into the Python language, the wide functionality of the language will
lead to the temptation for the student to use these features, instead of really studying the algorithms and
principles of operation of these functional elements. To look more closer, there are given some examples using
Python. First, in order to code off we need to import some of the necessary libraries which we will be use
throughout the code (Picture 2).

In [1]: M import math
import numpy as np
import matplotlib.pyplot as plt

Picture 2. Importing libraries in Python
Then, we need want to take a derivative of some function f(x). To define what x values those are we create

some array from 0 to 4 math.pi. we have to specify how many function evaluations we will be using. Before
that we define what N is, we make it 10,000 points (number of function evaluation) (Picture 3).

In [2]: M N=18@88 #Number of function evaluation
xvals=np.linspace(@,4*math.pi,N)
h=(4*math.pi)/(n*1,8

Picture 3. Number of function evaluation
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Then to define function f(x) equals to Val equals math.sin(x) return Val. Next, define a function to evaluate
what the derivative of f(x). Define fPrime(x) and we essentially use the same equation but without the limit as
H goes zero because we use a specific H for choosing one that sufficiently close to zero [5] (Picture 4).

def f(x):
val = math.sin(x)
return val

def fPrime(x):
new val = (f(x+h)-f({x))/h
return new wval

#xvals = {8, h,2h,3h,...,4 pi}

yvals = []

for 1 in xvals:
edrivative = fPrime(i)
yvals.append(drivative)

fvals = {}

for i in xvals:
function = f(x)
fvals.append(function)
plt.plot(xvals,yvals) #plotting the derivative of sin{x)

plt.plot(xvals,fvals,"r") #plotiting sin(x)
plt.grid()

plt.title("plotting the derivative of sin(x)")
plt.show(

Picture 4. Describing the process of function sin(x)

Val is equal to f(x+h)-f(x))/h. If we think about what our x values are we start from zero go to 4 pi 10,000
points. So the first point of that should be zero. The next point should be 0 + h and then the next point plus H
of 2H, 3H so on until we get to 4 pi. There would be 10,000 points in that array [6].

Next we need to evaluate fPrime at all of these points. For | in xvals. We want to evaluate out fPrime at
those X values we call it derivative is equal to Fprime evaluated at pi. So this is automatically is going to start
evaluating the derivative. Create another list y vowels it will be an empty list. And we continuously add those
evaluations to the list. yvals.append(derivative). So after each iteration of the loop finishes add what we have
got to the list [7].

And we add another for loop. Fvals will correspond to the y values associated with just sin(x). We plot
what all this looks like. So, plt.plot and add depended and independed x plt.plot(xvals,fvals, 'r") # plotting
sin(x), plt.grid(), plt.title("plotting the derivative of sin(x)"). (Picture 5).

Plotting the Derivative of sin(x)
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Picture 5. Plotting the derivative of sin(x)
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The next example, pic.6 shows differential equation solved in scipy.integrate package using ODIENT
function, it requires inputs like:
y= odeint (model, y0, t)
1. model: function name which returns derivative value y and dydt=model (y,t)
2. y0= initial conditions of derivative states
3. t: time points at which the solution should be reported.

dy(t)
T —ky(t)

We come up with numerical solution to integrate this differential equation and will use odeint package as
it shows above.

First, we define function, where function returns the derivative dy/dt, as we give different t values and y
values. The initial condition is equal to 5, time point is equal to three arguments the fourth one we add args=k.
We record them as y1, y2, y3.

At the end we plot those three lines. We add labels in order to know which one those are (Picture 6).

import numpy as np
import scipy.integrate
import matpletlib.pyplot as plt

#unction that returns dy/dx
def model(y,t,k):

dydt = -k#*y

return dydt

Einitial conditin
FLMTLaL Congairion

ygé =5

- o -
Lme poiats

np.linspace(@, 28}
y1
odeint{model. ya, t, args=(k,))
T
¥2 = odeint{model. y8, t, args=(k,))
=
25
odeint{model. ya, t, args=(k,))

#plot results

plt.plotit, y1, 'r-", linewidth-=2, label-"k=8,1"}
plt.plotit, ¥2, 'b--', linewidth=2, label="k=8,2"}
plt.ploti(t, y3, 'g:", linewidth=2, label="k=8,5"}
plt.xlabel{ 'time'}

plt.ylabel( y(t)"')

plt.legend()

plt.show

Picture 6. Differential equation in Python example #2

The solution of our odeint equation shows below. We can see that the higher the k value the more quickly
it decays to the value of 0 [8]. Using this we can solve different and difficult differential equations like
(Picture 7):

L 2= —y®+2 (0 =0

2. 428 = —y(®) +u(®); y(0) =1

3. dy(t) _

L2 = 3exp(—t); y(0) =0
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d
4. ZE=3-y(®); ; y©=0

5 2 d(yi—(t” = —2(t) + u(t);

6. 528 = —y(t) +x(t); u=25(t-5), x(0) =0,

0.0 25 5.0 75 100 15 150 175 200

Picture 7. The solution of differential equation in Python example #2

The next example pic.8 describes differential equation which is in latex format and used sympy library. To
solve an order differential equation we need to define the variables that our function depends on as well as
function itself. X is independent variable, x = sp.symbols('x’).

dZ

To define differential equation diffeq = Eq(f.diff(x,x)-2*f,0) —2f (x) + — f(x)=0.
To solve it we write dsolve(diffeq,f)f (x) = Cle“/ix + Czeﬁx (Picture 8).

In [7]: M from sympy.interactive import printing
printing.init printing(use latex=True)
from sympy import *
import sympy as sym
X = sym.symbols( 'x")
f = sym.Function( 'f')(x)
diffeq = Eq(f.diff{x,x)-2%f, @

display(diffeq)
dsolve(diffeq,f)

d
—2f(x)+ —f(x) =0
f(x) I fx)
out[7]: flx)=C, c’._\‘ax + Cge"ﬁ“
Picture 8. Differential equation in Python example #3
Thus, the teacher can approach most of the tasks associated with sorting arrays, searching for elements,
which ultimately at the profile stage of training will allow the student to solve a large number of various

problems in a short time. Considering the intricacies of preparing for the exam in computer science, in the
framework of the application of the functional elements of the language, in our opinion, students should not
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have difficulties in preparing for the exam [9]. The student can successfully overcome the ban on the use of
built-in functions by understanding the intricacies of the operation of the algorithms if language learning takes
place taking into account the methodological features of the awareness of the regularity and algorithm of the
element's functions. As a result, it can be noted that not only is there no need to abandon the idea of studying
high-level programming languages at school, but, on the contrary, learning Python, with the right approach
and taking into account methodological features, will open up new horizons and opportunities for the student,
as modern programming languages, improving, becoming more universal, flexible and simple, convenient for
perception and debugging. Such an approach to the study of high-level languages will make it possible to train
beginner programmers with versatile experience in writing programs at the school level.
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MOPAJAOK HAUJIYYILIETO MMPUBJIMXKEHUA ®YHKIIUI B MIPOCTPAHCTBE JIEBETA

Annomayus
2 .
B crathe paccmarpuBaercs Lp(T ) ipoctpanctBo Jlebera nepuoguueckux GpyHKIMit ABYX nepeMeHHbIX. M3yueHb
BOMPOCHI MPUOIMKEHUS (DYHKIHH ABYX MIEPEMEHHBIX TPUTOHOMETPHUYCCKUMH OJIMHOMAMU C “HOMEpaMu” TapMOHHUK W3

CTYNEHYATHIX THIEPOOJIMIECKUX KpPECTOB. BenuuuHa EQr (f), = inf || f—t ||p 1 < p < o -Hamnyumee
n teT (Q)

npubimwkenne (QyHkuun  f (X) TPUTOHOMETPHYECKAMH [OJIMHOMaMH ¢ "HOMepamu' TapMOHHK W3 CTYIICHYATOro
r
runep6omuaeckoro kpecra Q.. Crarbs cocTouT U3 ABYX pasienoB. B IepBoM pasjiene NpHBEACHbI HEKOTOPbHIC

N3BECTHBIE YTBEP)KACHUS, HEOOXOANMBIE /IS JI0Ka3aTeIbCTBA OCHOBHBIX PE3yJIbTaTOB. Bo BTOpoM paszzese ycTaHOBIICHBI
TOYHBIE I10 TTOPSAKY OLEHKH HAWIYYIINX IPHOJIMKEHUH HEKOTOPBIX QYHKIMNA. DTH OIIEHKH 1al0T BO3MOXKHOCTD OLIEHUTh
BEJIMYMHBI BEPXHUX TpaHeW HAWIYYIINX NPUOIIDKEHUH [UIs OIpefesieHHBIX KiaccoB (yHKmit. Bompocsr,
paccMOTpeHHbIE B HACTOSIIECH paboTe, OTHOCATCS K KPYTy BOMPOCOB, M3ydeHHBIX B paborax K. U. baGenko, C. A.
TemsikoBckoro, A . C. byrposa, H C. Hukonbckoii.

KiroueBble cioBa: npoctpancTBo JleGera, Hamimydiiee NMpHONMMKECHWE ABYMEPHBIM YTJIOM, CTYIIEHYATHIH KpPECT,
TPUTOHOMETPHUIECKHUH OJIMHOM, ITpou3BotHas JImyBumis-Beiins, obre MOHOTOHHBIE TOCIIEI0BATEIBHOCTH.
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