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Tom tat

Bai bdo trinh bay phirong phdp va két qua mé phéng mét dao déng diéu hoa ciia con
lic 16 xo bang cdch iing dung vi phdn va Idp trinh Python. Két qua bao gom doan hoat hinh ciia
con ldc dang dao déng diéu hoa cing véi sy bién doi ciia cdc dai heong ciia dao dong twong
ing thoi gian thiee ciia con ldc. Hon nita, nghién civu nay dwa ra mot cach tiép can vé dao dong
diéu hoa ma khong thong qua viéc giai phwong trinh vi phdn bdc hai.
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Abstract

This article presents the method and results of simulating a harmonic oscillation of a
spring oscillator by using differentiation and Python. The result includes the animation of a
spring oscillator and real-time variations of the corresponding components of the system.
Furthermore, this study offers an approach to harmonic oscillation without solving second-
order differential equations.
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1. Mé dau

Mo phong 13 mot cach dé day hoc hiéu qua va truc quan, gitip hoc vién tich cuc va chi
dong khi hoc cac mon hoc khoa hoc tu nhién cting nhu STEM (Falloon, 2019). M6 phdng
gitip ngudi hoc hiéu rd hon cac khai niém 1y thuyét, quan sat dugc cac hién tuong thuc té va
ren luyén k¥ nang thuc hanh. M6 phdéng cling 1a mot cong cu quan trong trong giang day va
nghién ciru khoa hoc ty nhién, gitip kiém tra cac gia thuyét, mé hinh héa cac qua trinh va du
béo cac két qua (Falloon, 2019).

Dao dong dicu hoa 1a mot trong nhitng ndi dung quan trong trong chwong trinh vat Iy
phé théng ciing nhu & céc cap hoc cao hon. Dao dong diéu hoa 1a nén tang dé hoc nhiéu
hién tugng vat ly nhu soéng dién tur, dong di¢n xoay chiéu, va ké ca vat ly phan tr va nhiét
hoc (Alrasheed, 2024). Pé mo phong dao dong diéu hoa nham hd tro trong day hoc vat ly,
gido vién thuong sir dung cac cong cu c6 san nhur trinh v& hinh trong Microsoft Office, cac
phan mém chuyén nghiép hon nhu Geometry Sketpatch, Geogebra. Ngoai ra hién nay c6
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mdt s6 cong cu md phong cac hién twong vat 1y truc tuyén dé hd trong day hoc, ching hang
nhu trang “oPhysics: Interactive Physics Simulations”.

Véi xu thé day hoc tich hop nhu hién nay, trong nghién ctru nay tac gia sir dung tich
hop cac kién thire lién quan veé vat ly, toan hoc va tin hoc dé mo phong mét dao dong diéu
hoa ctia con lic 16 xo. V&i muc dich 13 hd trg trong day hoc va nghién ctru vat 1y, bai bao hy
vong déng gdp phan nao trong d6i méi phuong phap ciing nhu img dung cong nghé vao day
hoc hién nay.

2. Phwong phap
2.1. Nguyén Iy ciia dao dong diéu hoa

L D

Vigri
-A céin bing A

lo
1 X

Hinh 1. Con ldc 16 xo
Xét dao dong cia mot con l4c 10 xo, bao gém vat nang co khdi lugng m va 10 xo nhe c6
d6 cung k, dao dong trén mat phang ngang (Hinh 1) trong trudng hop ma sat khong dang
ké. Khi d6 vat chiu tac dung cua 3 luc la trong lyc ciia qua nang, phan lyc vudng goc cua
mat phéng ngang va luc dan hdi cta 10 xo. Trong do, trong luc va phan lyc 1a cap luc can
bang. Nhu vay, trong subt qua trinh dao dong ciia con lic trén, vat dao dong (qua ning) chi
chiu tac dung boi duy nhat mot luc 13 Iyc dan hoi cua 10 xo.

Fy =—hx (1.1)

Dé tim qui luat chuyén dong cua con lic, theo Dinh luét IT Newton ta co:
F=ma=mx" (1.2)
Tu (1.1) va (1.2) suy ra:
—kx =mx" (1.3)

" k
x"+—x=0 (1.4)
m

Phuong trinh (1.4) 1a phuong trinh dong Iyc hoc cta vat nang trén. Nghiém ctua phuong

trinh nay c6 dang:
x=Acos(wt+@) (1.5)

Do d6, dao dong cuia vat nang nay la dao dong didu hoa. Tir phuong trinh (1.5) ta c¢6 thé
biét duoc qui luat dao dong cua vat nang trén, biéu dién db thi 1i do cua dao dong diéu hoa,
va do do, cling c6 thé x4c dinh duoc cac dai lugng khac ctuia dao dong diéu hoa nhu van tdc,
nang luong. Tuy nhién, trong nghién ciru nay, tac gia khong sir dung phuong trinh (1.5) dé
dung hoat hinh (anh d6ng — animation) ctia dao dong diéu hoa boi mot sé 1y do s& duoc néu
& phan sau. Thay vao d6, dé thuan loi trong viéc 1ap trinh thi phuong phap vi phan dugc sir
dung trong nghién ctru nay.

Nhu phén trén da néu, trong sudt qua trinh dao dong cuia con lic trén, vat dao dong (qué
nang) chi chiu tac dung boi duy nhat mét Iyc 14 luc dan hoi cua 10 xo. Luc nay c6 dic diém
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1a Tubn hudng vé vi tri can bang va c6 do 16n ti 18 nghich véi li 6 (Cong thirc (1.1)). Chi
can diéu kién nhu vay thi vat s& dao dong diéu hoa, va ta ciing c6 thé dyng/ching t6 duoc
n6 s& dao dong diéu hoa chi tir diéu kién nay ma khong can lap phwong trinh vi phan bac
hai nhu ¢ trén.
2.2. Ung dung vi phan dé khao sat dao dong diéu hoa con lic 10 xo

Xét mot con lic 10 xo nhu Hinh 1. Céc dai lugng cua dao dong diéu hoa con lic 10 xo tai
thoi diém ban dau:

Li do: x=1-1, (1.6)
bong lugng: p=0 (1.7)
2
bong nang: w, = L (1.8)
2m
. ) kx?
Thé nang dan hoi: W, = > (1.9)
Co nang: W=Ww,+W, =constant (1.10)

Céc dai luong tai thoi diém sau mot khoang vi phan thoi gian At ké tir luc ban dau:
Py =P+ FE,At (1.11)

X, :x+Ax:x+pLAt (1.12)
m

Cong thuc (1.11) cho biét dong lugng cua vat ndng sau mot khoang vi phan thoi gian At
ké tir lc ban dau, gitp xac dinh dugc dong ning cia vat theo cong thirc (1.8). Cong thirc
(1.12) cho biét vi tri cua vat nang tai thoi diém At. Khi biét duoc vi tri va dong lugng cua
vat ta co thé xac dinh duoc cac dai luong con lai cua dao dong tai thoi diém At.

Tiép theo, ta cho mot khoang vi phan thoi gian At nita, roi xac dinh trang thai ciia dao
dong tai thoi diém nay. Qua trinh nay lap di lap lai theo mot vong 1ap nhu nhau. Do do6 s&
thudn tién trong viéc 1ap trinh cho may tinh thuc hién vong lip nay dé khao sat ciing nhu
mo phong dao dong.

2.3. Chwong trinh Vpython va dao ddng diéu hoa ciia con lic don

VPython 14 mdt md ngudn mé va 1a mot phan cia thu vién Python, két hop ngon ngi 1ap
trinh Python véi module db hoa 3D. Ung dung thu vién nay cho phép nguoi ding tao cac
dbi twong 3D, chang han nhu khéi hinh hop, hinh cau va hinh nén, sau d6 hién thi cac dbi
tuong nay trong ctra s6 tmg dung. Diéu nay hd trg viée tao ra cac hinh anh va hoat hinh truc
quan don gian, cho phép cac lap trinh vién tap trung hon vao khia canh tinh toan va mé
phong cua chuong trinh ctia ho. Vpython 1a mot cong cu pho bién dé minh hoa toan hoc va
vat 1y don gian, dic biét 1a trong moi truong gido duc, do tinh don gian va cép phép ngudn
mo ctia nd. Vpython 1an dau tién dugc st dung trong cac khoa hoc vat Iy co ban tai Trudng
Pai hoc Carnegie Mellon (M¥), sau d6 lan rong sang cac truong dai hoc khac va cudi cing
1a cac truong trung hoc, dic biét 1a lién quan dén chuong trinh giang day vat chat & tuong
tac. Mot su phat trién lién quan cua David Scherer va Bruce Sherwood 1a GlowScript, cho
phép viét va chay cic chuong trinh Vpython trong trinh duyét tai trang GlowScript.org
(Wikipedia, 2024). Trong nghién ctru nay, tac gia thuc hién chuong trinh Vpython trén trinh
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duyét may tinh tai dia chi https://glowscript.org.

Mot con lic don dao dong diéu hoa bao gém cac thanh phan hinh hoc va vat 1y. Cac
thanh phﬁn hinh hoc gém cac khéi hinh hdp chir nhat (vat nang, diém tua, mit ban), duong
helix tron (10 x0). Céc thanh phan vat 1y bao gdm: dao dong diéu hoa cuia vat ning quanh vi
tri can béng theo diéu kién ban dau cho trude; 10 xo c6 mot dau cd dinh, mot dau gén chat
v6i vat ning, 10 xo ludn co gidn twong tng theo dao dong cia con lic; qué trinh bién d6i
ning lugng cua con lic va cac dai lugng khac cua dao dong. Nghién ciru ndy tap trung vao
viéc md phong hoat hinh dao dong diéu hoa ctia con lic 16 xo trén mit phang ngang va su
bién ddi niang lugng tuong tmg voi qua trinh dao dong cua con lic.

3. Két qua va ban luan
3.1. Két qua
Dé tao ra hoat hinh cta con lic 10 xo, trude hét phai khai bao céac diéu kién ban dau cia

hé dao dong cho Python bao g6m dd dai ty nhién va do ctiing cua 10 xo, khdi luong cua vat
nang, van tdc va vi tri ban dau cua vat. Cung voi do 1a dung cac thanh ph'?m hinh hoc co
tham gia vao hé dao dong, sau do la viét doan ma dé diéu khién hoat hinh cta cac thanh
phan hinh hoc. Hinh 2 13 doan mi mé phong dao dong va su bién dbi ning lugng ciia con
lic duge thyc hién trén méi truong Vpython. Trong d6 bao gém céac thanh phan duoc dua
vao chuong trinh nhu 16 xo, vat ning, cac thanh phan nang luong, vi phan thoi gian, lyc dan
hoi, dong luong, do dai va do bién dang cua 16 xo, va cac ham cta Python. O diy vi phan
thoi gian dwoc 1y 1a 1/1000 téng thoi gian khao sat. Pong luong va vi tri cta vat tai thoi
diém At dugc mo ta & doan md dong 35 va 36 cua Hinh 2, ndi dung nay duoc trinh bay &
cong thuce (1.11) va (1.12).

25

26 while t < 5.@:

27 rate(200)

28 DongNang = ©.5/m*mag(pVat_m)**2

29 TheNang = ©.5%k*s*+*2

30 CoNang=DongNang+TheNang

31 DongNangVat_m.plot(pos=(t,DongNang))
32 TheNangVat_m.plot(pos=(t,TheNang))
33 CoNangVat_m.plot(pos=(t,CoNang))

34 FdanHoi = -k*s*Lhat

35 pVat_m = pVat_m + (FdanHoi)*delta_t
36 Vat_m.pos = Vat_m.pos + pVat_m*delta_t/m
S LoXo.axis = Vat_m.pos-DiemTua.pos

38 L=Vat_m.pos

39 Lhat=hat(L)

49 s=mag(L)-Lo

41

42 t=t+delta_t

Hinh 2. Poan ma mé phéng hoat hinh dao déng diéu hoa cia con ldc 16 xo bang Python
Poan hoat hinh mé phong dao dong cing véi su bién doi ning luong duoc phat ra ngay
sau khi chay chuong trinh, tat ca dugc chay truc tuyén trén trinh duyét may tinh. Hinh 3a Ia
cira s lam viéc cua Glowsript va Hinh 3b la cua s6 xudt két qua duoc cit tir doan hoat hinh.
Toan by doan hoat hinh nay dugc tai 1én tai duong lién két:
https://photos.app.goo.gl/Xpm86gvukrwvswFZ8. Hinh 4a dugc cit tir doan hoat hinh dao

dong cua con lac cung voéi sy bién d6i cua li d6 va van tdc, doan hoat hinh nay dugc tai Ién
tai dudng lién két: https://photos.app.goo.gl/rE9qvx1SC4FkMsqdA. Hinh 4b dugc cit tir
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doan hoat hinh dao dong ctia con lac cung voi su bién ddi cua gia tdc, doan hoat hinh nay
duoc tai 1én tai duong lién két: https://photos.app.goo.gl/HTmoaaiGo5eqWRC38.

v & @ NewTad

€ 3 € &5 glowsaiptorg/#/userfh

* Physorg-Newsan.. @ Intemational Numb_ @) Adobe Acobat

Run this program Share or export this program Download

22

23 CoNangVat_m = gcurve(color=color.orange, label="Co nang")

24 TheNangVat_m = gcurve(color=color.yellow, label="Thé nang dan hoi")
25 DongNangVat_m = gcurve(color=color.red, label="Béng nang")

26

27 while t < 5.@:

28 rate(208)

29 DongNang = B.5/m*mag(pVat_m)**2
38 TheNang = 8.5%k*s**2

31 CoNang=DongNang+TheNang

32 DongNangVat_m.plot(pos=(t,DongNang))
33 TheNangVat_m.plot(pos=(t,TheNang))
34 CoNangVat_m.plot(pos=(t,CoNang)) % ) s o8 0 13

(a) (b)
Hinh 3. Méi truong lam viéc ciia Glowscript (a) va hoat hinh dao ddng va sw bién doi
nang lwong ciia con ldic (b)

Edit this program Screenshot Edit this program Screenshot

Li 66 Gia tic
v téc!

40

-40

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 0 0.5 1.0 1.5 2.0 2.5
(a) (b)

Hinh 4. Sy bién doi ciia li do va van toc (a) va gia toc (b) ciia con ldc

3.2. Ban luian

Thong qua hoat hinh ctia qué trinh dao dong kém véi su bién thién lién tuc cua cac thanh
phan ning lugng nhu trinh bay & phan két qua s& rat thuan tién cho hoc sinh va sinh vién
thay duoc thé niang va dong niang khi nao tang, khi nao giam va bién thién theo qui luat hinh
sin (Hinh 3) ma khong can phai tim ra phuong trinh ning luong thong qua viéc giai phuong
trinh vi phan bac hai. Tuong tu, cac thanh phﬁn bién thién khac cua dao dong nhu li 4o, van
tc, gia toc cling duge cho thiy 1a ching bién thién theo qui luat hinh sin mot cach truc
quan (Hinh 4).

Phép tng dung vi phian dé mo phong hoat hinh ciia dao dong con lic 10 xo ching t6 duogc
néu mot vat chi chiu tac dung boi mot luc hoac hop luc c6 do 16n ti 1¢ nghich véi li do va
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luén hudng vé vi tri can bang thi vat s& dao dong didu hoa ma khong can phai thong qua
budc 1ap phuong trinh vi phan béac hai. Piéu nay c6 tinh su pham, d& thuyét phuc hoc sinh
va sinh vién hoc vat 1y trong qua trinh nhan thtrc va khong lién quan dén phuong trinh vi
phan béc hai.

Nguoi dung c6 thé diéu chinh cac tiy chon dé chii dong diéu khién hoat hinh ma khong
han ché hodc phu thudc néu st dung céc phén mém day hoc dung san. Chéng han nhu
ngudi ding c6 thé thay doi kich thude, hinh dang cua cac thanh phan hinh hoc; diéu chinh
cac thong sd vat Iy nhu do cimg cia 10 xo, thém vao lyc ma sat dé chung to dao dong cua
vat la dao dong tat dan.

Vpython chay trén trang truc tuyén Glowscript 1a mot chuong trinh tién loi, nguoi dung
c6 thé 1am viéc trong méi trudng soan thao chay truc tiép trén trinh duyét, bao gém cac
cong cu va ham dé dung va diéu khién céac hinh va hoat hinh 3D, 12 mot cong cu tdt dé hod
trg trong day va hoc vat ly.

4. Két ludn

Bing cach tmg dung vi phéan va lap trinh Python, nghién ctru nay di mo phong mot dao
dong diéu hoa cua con lic 16 xo, bao gdm hoat hinh cuia con lic dang dao dong diéu hoa
cing v6i su bién doi cuia cac thanh phan ning lwong. Hon nita, ngudi dung ciing c6 thé tiy
chinh moi thong sb cua hé dao dong ciing nhu chui dong trong viéc hién thi cac dai luong
ctia hé, gitip hd tro trong day hoc vat 1y. Tuy nhién, nghién ctru ndy chi tip trung vao viéc
mod phong hoat hinh cua dao dong ma chua hién thi va khao sat nhiéu dai luong vat ly khac
ctia dao dong diéu hoa. Nghién ctru nay c6 thé phat trién dé khao sat nhiéu dbi tuong hon
hodc ap dung dé mo phong va khao sat cac hién tugng vat 1y khac co lién quan nhu song
dién tir, giao thoa séng, dong dién xoay chicu. Bai bio hy vong dong gop phan nao trong
cong cudc d6i maoi phuong phap ciing nhu tmg dung cong nghé day hoc hién nay 0
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