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TOM TAT

Vat li luwong tir la mot trong nhitng noi dung quan trong trong chwong trinh Vat Ii 12, trang bi
cho hoc sinh ¢é nhitng kién thire, ki ndng ban dau vé vt Ii heong tir diege lam quen véi cdc hat ¢é
kich thiede rat nho photon, electron... Céc két qua nghién civu trong linh vuc nay da givip gidi déap
nhiéu diéu con chiea biét vé thé giGi tw nhién dong thoi tao ra rat nhiéu tmg dung thiét thic trong
doi song mot trong nhing vmg dung dé chinh la mdy do phé. Bé thi nghiém mdy do phé da cé mdt
trén thi truong va déu sir dung dwoc trong viéc day hoc nhung van con ton tai mot sé han ché nhuw
chi dinh tinh chua thé dinh lwong, céng kénh, thiét bi thi nghiém van con st dung dién 220V- 50Hz
c6 nguy co gdy nguy hiém khi thao tac thi nghiém, khi tién hanh thi nghiém chi c6 thé quan sdt vach
quang phé cho timg hoc sinh... Do @6, nhém nghién ciru da tién hanh cdi tién, thiét ké va ché tao
mét bé dung cu do quang phé bang cdch tir nhiéu xa nham thay thé lang kinh nhw mét hé tan sdc va
sir dung ESP 32-CAM nham khdc phuc nhitng nhwoc diém trén. Trong qud trinh thic hién, nhém
nghién ciru da sir dung phirong phap nghién cieu thwe nghiém va thiét ké san pham tinh gon hon cdc
bé san pham cé trén thi truong dé c6 thé gidm gid thanh cho viéc san xudt sau nay. B thi nghiém
mdy do phé ciia dé tai c6 chirc ndng do dwoc budc séng va quan sat phé vach phat xa, quang phé
lién tuc nhir nguon sang nhw Hydrogen, Neon, béng dén soi dot, bong huynh quang... nhi cdc may
do phé c6 mdt trén thi truong, tuy nhién trong cdc nghién ciru tiép theo nhom sé cdi tién thém dé
gitip ha gid thanh ciing nhw giam sai s6 ciia bg thi nghiém hién dang ¢ 10%.

Tir khéa: quang phd lién tuc; quang phd vach phat xa; vat li luong tir; b thi nghiém do quang phd

1.  Giéi thiéu

Trong day hoc Vat li & bac trung hoc phé thong, vi¢éc minh hoa cac khai niém trtru
tugng nhu quang phd, budc séng anh sang, hay tinh chat ciia cac nguyén t6 thong qua quan
sat thuc té 1a diéu hét strc can thiét. Tuy nhién, cac thiét bi quang phd chuyén dung thuong
c6 gia thanh cao, ciu tao phirc tap, va khong phit hop véi co so vat chat ciia mot s6 trudng,
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chang han nhu bo thi nghiém may do quang phd hang Philip Harris, Birmingham c6 gia
khoang £610.48. Mot s6 nghién ciru gan day da tap trung phat trién cac may quang phé gia
ré nham khéc phuc han ché vé chi phi ctia cac thiét bi thuong mai. Chéng han, Likith va cong
su (2021) da d& xuat mot mo hinh quang pho str dung cardboard, dia DVD lam céch tir nhidu
xa, webcam Logitech lam cam bién, két hop phan mém phén tich phd Theremino (Likith et
al., 2021). Thiét bi nay c6 wu diém 1a chi phi thap va co6 thé quan sat dugc phd lién tuc 13n
phd vach, phu hop dé minh hoa thi nghiém trong maéi trudng gido duc. Tuy nhién, cac mod
hinh dang nay van ton tai mot s6 han ché dang ké: qua trinh cin chinh webcam — DVD doi
héi thao tac chinh x4c, phdn mém phén tich pho kha phire tap d6i voi gido vién phd thong,
va chi hd tro quan sat ca nhan qua may tinh, gay kho khan khi to chirc hoat dong day hoc
theo hudng quan sat tap thé trong 16p. Ngoai ra, viéc phu thudc vao webcam khién chat
lugng anh khong on dinh, va hoc sinh khé chu dong thao tac do dac. Trudce thyc trang do,
nhém chiing t6i da tién hanh nghién ctru va ché tao mot thiét bi giup hoc sinh quan sat ciing
nhu do dac dugc nhitng dai lugng trén.

Trong Chuong trinh gido duc phd thong 2018, bén canh cung cip cac kién thirc bai
hoc vat 1 vé mat li thuyét ngudi gido vién s& huéng dan va ho trg cac em hoc sinh thyuc hién
cac thi nghiém thyc hanh trong moén Vat i, muc dich cia viéc day hoc theo hudng nay nham
gitp cho hoc sinh hinh thanh khai ni¢m, quy luat, dinh luat Vat li, lam quen v&i nhitng ki
nang, ki xao can thiét cho sau nay cua cac em (Ministry of Education and Training, 2006).

D6i voi chuyén dé Vat 1i 12 trong Chuong trinh gido duc phd thong 2018, nhom nghién
ctru lwra chon ché tao may do quang phd boi vi trong cac b sach gido khoa Canh Diéu, Chan
Troi Sang Tao va Két N6i Tri Thire, & bai “Quang phd vach ctia nguyén t”, ndi dung chi
dirng lai ¢ viéc trinh bay so dd nguyén li hinh thanh cac vach phd (Nguyen et al., 2023; Pham
etal., 2023; Vu et al., 2023). Céc sach nay chua dé cap gidi thiéu thiét bi thi nghiém cu thé
nao trén thi truong c6 kha ning vira quan sat dugc quang phd vach nguyén tir, vira do va tinh
todn dugc budc song hay mirc nang lugng tuong trng cua tung vach ma nguyén tu phat ra.
Xuét phat tir thuc té d6, nhém nghién ciru da thiét ké va ché tao may do quang phd vach co
kha ning vira quan sét tryc tiép quang phd, vira xac dinh chinh xac budc song ctia cac vach
phat xa, gop phan hd tro hiéu qua cho hoat dong day va hoc ndi dung “Quang phd vach cua
nguyén ti” trong chuong trinh Vat 1i phd thong.

Trong phuong dién ki thuat, thiét bi quang phd gia ré thuong hoat dong dua trén
nguyén li nhidu xa va tan sic anh sang cua cach tir. Bia DVD, v6i mat 6 khoang 600-700
ranh/mm, c6 thé duoc str dung nhu mot cach tir nhidu xa phang. Khi anh sang trang di qua
hoac phan xa trén bé mat DVD, céc ranh ndy tao ra hién tuong nhiéu xa va giao thoa, lam
tach chum sang ban dau thanh cic vach sang don sac xuét hién & nhimng goc khac nhau. Hién
tugng ndy dugc mo ta boi cong thire cach tir nhidu xa dsin 6 = kA, trong d6 d 1a khoang
cach gitra hai ranh DVD, 6 1a goc 1éch cua van sang va A la budc song anh sang. Trong mo
hinh quang phé tu ché, anh cta cac vach sang dugc thu nhan bang camera va xir li bang thu
vién OpenCV. Thuat toan s& xac dinh toa do cia van trung tdm va van bac nhét, tinh khoang
cach giira hai van theo don vi pixel, sau d6 chuyén ddi sang kich thudc that dwa trén hé sb
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quy ddi ctia cam bién. Tir khoang cach nay, goc 1éch 6 duoc tinh thong qua quan hé hinh
hoc, va budc song tuong ing cua ting vach sang duoc suy ra bang cong thirc cach tir. Quy
trinh nay cho phép tu dong hoa hoan toan viéc nhan dang vach phd, do khoang cach va tinh
toan budc song, giup thiét bi van hanh nhu mot hé do dac quang phd hoan chinh.
2.  Noi dung nghién ciru
2.1. Déi twong nghién ciru

Déi trong nghién ctru ctia bo thi nghiém 14 quang phd vach, anh sang kha kién, budc
song ctia anh sang khi di qua cach tir nhidu xa.
2.2. Phwong phdp nghién ciru

Phuong phap thuc nghiém: Nhom nghién ctru di tién hanh thiét k&, ché tao sau do thir
nghiém b thi nghiém bang cach do cic budc song cua cac ngudn sang nhu dén hoi thuy
ngan, dén Neon, dén laser anh sang xanh luc va so sanh né vdi bude séng ctia nha san Xuét,
dua trén két qua d6 dé cai tién cong thirc tinh toan budc song sao cho dat két qua mong
mudn. Viée thuc nghiém khong chi giup kiém ching do tin cdy va tinh chinh xac cia bo thi
nghiém ma con cung cip co sé thuc tidn dé cai tién va hoan thién san pham.
2.3. Co 56 li thuyét

Hién twong nhidu xa 4nh sang: 13 hién twong tia sang bi léch khoi phuong truyén thang
khi di gan vat can anh sang (Nguyen & Diep, 2005, p.144). Hién tuong nhiéu xa khong thé
duoc giai thich bang quang hinh hoc, n6 chi c6 thé giai thich dua trén Ii thuyét song anh sang.

Céch tir nhidu xa: 1a mot dung cu quang hoc giéng nhu hé thdng cua N khe hep gidng
hét nhau, bé rong a, cach déu nhau, khoang cach gitra 2 khe lién tiép 1a 1. Céu tao cach tu
nhiéu xa rat tinh vi, trén mdi milimet chiéu dai cach tir c6 rat nhiéu khe (Luong, 2007, p.71).
MG&i cach tir nhiéu xa c6 mot thong sd quan trong do nha san xuat ghi nhan 1a s6 khe (n) trén
mot don vi chiéu dai cach tir (1a phuong vudng goc véi cac khe — trong thuc té ¢ thé ding
laser pointer dé xac dinh).

- -

fofuen dadi cach el

Hinh 1. Cdch tir nhiéu xa
(gido trinh thi nghiém dai cwong Truong Pai hoc S pham Thanh phé Hé Chi Minh)
Chiéu t6i cach tir mot chim tia sang song song téi cach tir. Khi qua cach tir chium tia nay
bi nhiéu xa theo cac phuong khac nhau, ta s& quan sat duoc cac bac quang phd khac nhau khi di
qua cach tir. Cac bac nay dugc phan bd trén mat phing vudng goc véi phuong ciia “chidu dai
cach ti”. Cach tir nhidu xa thue chét 1 trudng hop nhidu xa cia song phang boi nhidu khe hep.
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9"!
Hinh 2. Minh hoa tia nhiéu xa Hinh 3. Minh hoa thiee té quang phé vach
161 khi qua cach tir Va tia phdt xa cua dén hoi thuy ngdn

Quang phd cta cach tr gdm nhiéu bac quang phd ddi ximg nhau qua van sang trung
tam. Tai van sang trung tam, vach sang s& c6 mau gidéng nhu mau ngudn sang chiéu téi. Hai
bén van trung tdm 1a cac quang phé nhiéu xa bac 1, 2, ...

DBdi voi mdi cach ti diéu s& duoc nha séan xuét cong bd s6 vach trén mot don vi chiéu

dai, doi voi cach tor nhém nghiém ciru st dung thi nha san xuat cong bo c6 600 vach trén
-3

~ A s . N , ~ 10 R s ,
mot mm chi€u dai nén nhém nghién ctru da st dung D = m dé tinh toan.

600
Dsind =kA (1)
Dsing ... .. % . . 1073
P A= (v6i K lanhiéuxabac1vaD = el
10°sin@ | d
&P A=——(SiN=——n—
600 ( Vd? +m? )
10° d
=—. (2)
600 Jaz+m

D: khoang céach gitta hai khe 1ién k& cta cach tu.

6: goc 1éch ciia van sang bac m so voi phuong truyén thing.

k: bac ctia van nhiéu xa.

m: khoang cach tur cach tir té1 ESP32-CAM (gia tri 4.45+0.05 cm).

d: khoang céach tinh tir van sang ngudn trung tim tdi van sang can do budc song.
Ta str dung mot tia sang xanh biét trudc bude song dé xac dinh .

b I b ¥ I
k=-2 k=-1 k=1 k=1 k=2

- > - - vin — —
5ANg . g
kg phed b ieaang pliis bdie o Cang phe bde ang phis bae 2
i phiss bije 2 i phics b | Trumg i phe bie 1 2 phe | !
am

Y o 1 (i)

Hinh 4. Bdc ciia quang phé (gido trinh thi nghiém dai cwong dai hoc Sw pham ki thudt)
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Dd sang toi da: :> 350Im

- Cong suat: 1000 mw

— Kich thrdc: 120 * 21mm (Dai x Rdng)
— Pin sac 3.7 Li-ion, pin AX13650

— Chét liéu than: aerometal

— Chiéu dai séng: 532nm
Hinh 5. Bén laser xanh luc va théng sé ciia nha sdn xudt
Dua trén 4anh sang laser xanh luc c6 budc song dd duoc nha san xuit cong bd 1a khoang
532 nm, ta xac dinh vi tri cua van sang tuong ung dé 1am mdc chuan. Tu dé, so sanh vi tri
cua cac van sang khéc so voi vi tri chuan nay nham tinh toan d6 1éch va xéac dinh gia tri budc
song cua cac anh sang con lai.

Hinh 6. Quang phé Hinh 7. Quang pho Hinh 8. Quang phé

cua laser xanh ~ cuaden LED trang cua den hoi thuy ngan
B6 thi nghi¢m may do pho dugc thiét ké két néi véi man hinh hién thi dia chi IP dé két
nbi may may tinh hodc dién thoai t&i trang hién thi hinh anh cac quang phd vach duoc tach
ra tir ngudn sang va hién thi gia tri budc séng trén man hinh. Vi mach diéu khién 1a ESP 32-
CAM c6 két ndi wifi nén c6 thé két ndi voi may tinh va trinh chiéu cho hoc sinh quan sat.
2.4. Danh muc vit li¢u, dung cu cho bj thi nghi¢m

Hinh 9. B6 dung cu thi nghiém mdy do quang phé
e San pham bao gdm dng chuan truc va budng tdi.
e MOot vi mach tinh toan va man hinh hién thi.
e Mot ndp c6 khe nhé cho anh sang di qua.
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Bing 1. Cdc thanh phan ciia b thi nghiém mdy do quang phé

Céc chi tiét thanh phén cia bd TN

Mo ta

Hinh 10. Mét vi mach tinh toén va man hinh hién thi

Gdm mét vi mach ESP 32-
CAM va mdt man hinh hién thi
LCD

g |

Hinh 11. Buong toi

Mot khoi truc dong vai tro la
budng tdi dé quan sat anh sang

Hinh 12. Khe chan

Hinh 13. Server hién thi hinh anh

Khe chén cho tia sang di qua

Server dugc ESP 32- CAM taora
dé nguoi dung truy cap vao va
quan sat dugc hinh 4anh
quang phd

2.5. Diém mdi ciia bj thi nghiém

Piém méi cua bo thi nghi¢m do quang phé vach thé hién & thiét ké gon nhe, thuan ti¢n

cho viéc di chuyén va bd tri trong 16p hoc, dép tng yéu cau minh hoa va trinh chiéu gitp

hoc sinh quan sat truc tiép hién tugng quang phd ciing nhu thuc hién tinh toan budc song.

B6 thi nghiém duoc cdp ngudn bang pin nén khong phu thude vao dién ludi, dam bao an

toan va tang tinh linh hoat trong qua trinh day hoc. Thanh phan tan séc str dung cach tir nhiu

xa, cho phép quan sét rd cac vach quang phd phat xa va hap thu. Hé thong duoc didu khién

va truyén hinh anh thong qua vi mach ESP32-CAM, gitip gido vién trinh chiéu két qua thi

nghiém 1én man hinh 16n, ting hiéu qua minh hoa. Khung va gia d& dugc thiét ké bang phan

mém 3D CAD va ché tao bang cong nghé in 3D, gitip giam chi phi, ting tinh thAm mi, déng

thoi d& dang thay thé hodc cai tién khi can.
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B0 thi nghiém ddng thdi dép Gmg cac yéu cau can dat ciia Chuong trinh Giao duc phd
thong mén Vit 1i nam 2018, gop phan phat trién ning luc thuc nghiém cta hoc sinh thong
qua cac hoat ddng quan sat, do dac va phan tich két qua quang pho.

Bdng 2. So sanh bo thi nghiém da xay dung voi bo thi nghiém trén thi truong

B0 thi nghiém trén thi truong B0 thi nghiém da xay dung
+ C6 kich thudc 16n nang khong con tién lgi + B0 thi nghiém duoc lam tir nhya PETG nén
khi str dung trong 16p hoc. bén va nhe dé gia cong vi dugc thiét ké 3D
+ Lam hoan toan tur kim loai nén khi thay va gia cong bang may in 3D.
thé sira chita s& ton kém.
+ Str dung hé tan sic 1a lang kinh nén cé + Str dung cach tir nhiéu xa 1am cho tia sang
kich thuc to, kho thay thé néu bi hu hong. bi Iéch v6i nhitng budc song khac nhau. Do
+ B6 thi nghiém van c6 thé bi hu hong néu cach tr dugc ché tao tir dia DVD nén rat dé
bi roi hodc chiu va dap manh. Nhitng tac thay the khi bi hu hong.
dong nay c6 thé gy nit v, 1am anh hudng + Tich hop vi mach diéu khién va hién thi
dén tinh chinh x4c cta thiét bj trong qua thong qua wifi nén s€ ti€n lgi trong viéc giang
trinh st dung. day cho truong c6 trang bi wifi va may chiéu.

2.6. Cdc bwéc tién hanh thi nghiém do buwéc séng
Budc 0. Hiéu chinh khi str dung b thi nghiém dé chic chin thuat toan do chinh xac. Ta
can do thir khoang cach ¢ thanh trén nap ctia hop tdi c6 bang 28,4 mm khéng. Néu diing tirc 1a

may 6n khong can didu chinh. Néu khong thi ta cin vao muc S B = diéu chinh
tang néu khoang cach nho hon 28,4 mm va giam néu khoang cach do duoc 16n hon 28,4 mm.
Quy trinh hiéu chinh d3 dugc nhém nghién ciru hiéu chinh trong qua trinh tién hanh thi nghiém
nhung do mét s6 1i do nhu van chuyén, lép rap... nén co thé bi léch di so v&i ban dau nén can
duoc hiéu chinh lai. Sau do thuc hién cac budce tiép theo dé sur dung bo thi nghi¢m.

Length: 28. millimeters

Hinh 14. Hiéu chudn khodng cdach & thanh trén ndp
Buwéc 1. Bit cong tit trén hop dé ESP 32-CAM khai dong.

/“ ESP8266_SensorHub
7
Secured

@ Connect automatically ® 192.168.4.1 g

Connect Gmail Images /&

Hinh 15. Server hién thi hinh anh
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Buwée 2. Sau d6 truy cap va wifi mang tén ESP32 SensorHub v&i mat khau la
“12345678” va lén trinh duyét g5 “192.168.4.1” dé truy cap vao trang web. Day la trang web
dé quan sat va cong cu dé do budc song.

Hinh 16. Server hién thi hinh anh
Buée 3. Vi mach tinh toan va hién thi gén Vao buéng t6i, dAu con lai thi gén khi chan sang.
[ ¥ 7 3

V|

= e |
Hinh 17. Server hién thi hinh anh Hinh 18. Server hién thi hinh anh
Buiéc 4. Dit ngudn sang trude bd thi nghiém sao cho anh sang c6 thé chiéu qua khe
chin sang va khi 1én trang web thi co thé thdy duoc anh sang di qua va quang phd vach cua
ngudn sang do.

Hinh 19. Server hién thi hinh anh

Buwoce 5. Trén trang web s€ c6 mot thanh trugt va con tré, khi di chuyén thanh truot thi
con tro ciing s& di chuyén theo, di chuyén thanh truot sao cho con tré chi vao anh sang c6
mau can do budc séng, bude song cua anh sang s& duoc hién thi & man hinh.
2.7.  Xay dung tién trinh day hoc c6 siv dung b thi nghiém
2.7.1. Muc tiéu day hoc

Muc ti€u day hoc giup hoc sinh dat dugc cac yéu cAu can dat cta bai quang phé vach
ctia nguy@n tir cy thé nhu sau: M6 ta dugc sy ton tai ciia cac mirc ning luong dimg cia
nguyén tir, giai thich duoc su tao thanh vach quang phd, so sanh dugc quang phd phat xa va
quang phd vach hip thu, van dung dugc biéu thirc chuyén mirc ning luong hf = E; — Ea.

1012



Tap chi Khoa hoc Trwong DHSP TPHCM

2.7.2.Tién trinh day hoc
Chuing t6i da tham khao chudi hoat dong cua tién trinh day hoc ciia Nguyen va Le,
(2022) dé tir d6 dé xuét tién trinh day hoc dap tng cac yéu cau can dat trong ndi dung “Quang

Tap 23, 86 5 (2026): 1005-1017

phd vach nguyén tir” bao gdm 4 hoat dong va duoc trinh bay chi tiét & Bang 3.

Bing 3. Tién trinh day hoc bai “Quang phé vach nguyén tir”

Hoat dong

N¢i dung
hoat djong

Té chire thuce hién

San pham dy kién
cia HS

Hoat dong 1.
Tim hiéu dung
cu TN

GV s& huéng dan
cach st dung cac
dung cu TN

GV s& giao nhiém wvu lién
quan tén goi va cong dung cta
ting dung cu trong TN dé HS
thuc hi¢n nhi¢m vy tim hiéu,
lam quen va hiéu duoc cong
dung

HS nim duoc tén, cong
dung va cach sir dung cac
thiet bi

Hoat dong 2.
Lap rap, bo tri
cac dung cu TN

HS tiér} thanh lp
rap, bo tri TN

HS tién thanh chia nhém va
lap rap b TN d€ bo tri sau khi
bo tri xong GV s€ di kiém tra

Bo6 TN duoc b tri theo su
hudéng dan trude do6 cua
gido vién

Hoat dong 3.
Tién hanh TN
theo cac buwoc da
déra

HS thyc hién TN
theo phuong éan
da dé xuét va thu
thap cac dir liéu

HS thuc hién cac thao tac TN
theo cac buoc TN da xay
dung dé quan sat va thu thap
dir ligu

Bang s liéu TN

Hoat dong 4. Xir
li, phan tich dir
liéu thu dwoc

HS str dung cac
s6 lidu da co tinh
toan dé so sanh
voi két qua i
thuyét

GV yéu cau HS so sanh dir
liéu thuc nghiém do b?mg bo
thi nghiém so sanh véi budc
song trong sach giéo khoa

Budc song cua dén LED
do, LED Xanh luc, Pén
hoi Thiy ngéan, dén hoi
natri, hinh anh cua quan
phé lién tuc clia mat troi,
quang phd hép thu cua
cac loai dén hoi

3. Kétqua

3.1. Két qud do buédc séng dnh sing

Bing 4. Bang két qua do buéc séng dnh sing

d (cm) A (nm)
1.5 532.36
21 711
1.2 434
1.3 467

Bang s6 liéu ddy du duoc trinh bay ¢ Phu luc bén dudi.
e d 1a khoang cach tir ngudn sang trung tim dén van sang thir nhat.
e ) labudc song anh sang.
Luu y: St dung do gié tri d§ chia nho nhét trong thuat toan 1a 0,01 dé 1am sai sb cua d.
Chirng minh céng thic sai s ti doi

107

d

A= :
600 /d?+m?
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Inﬂ:InC+Ind—1In(d2+m2)

AL AC+A_d +£ 2_d+2m

2 C d 2 4%+
Xir 1i s6 liéu

e Gia tri trung binh cta bwéc song

Agreen (NM) Areg (NM) Aoge (NM)
532.36 711 434
Sai so ti d6i ciia tirng bwéc séng
AL AC+Ad +1 2d+2m

2 C d 2d+m
ey =+ 2, 1 2001420 4 51571 30
600 15 2 152407

1 001 120,01+20

(Lay vi phan 2 vé)

e = + +—.——==0,013=1,3%
600 15 2 152+0?
6. :i+0 Ol+ 1 2.0, 01+_20 —0,013=13%
600 15 2 1,5% +0?
Két quﬁ phép do
green (nm) j“red (nm) ﬂ‘nlue (nm)
555+7 711+9 434+5

Céc s6 liéu do budc song anh sang co thé tham khao thém 0 Phu luc bén dudi.

Hinh 20. Chiéu dai d ciia dnh sing xanh luc Hinh 21. Chiéu dai d ciia dnh sang do
Bu6c séng anh sang do dwoc bang bé thi nghiém c6 dé chinh xdc cao, cho két qua

trung khép vdi gia tri budc song duoc trinh bay trong sdach giao khoa.

3.2. Thdo ludn vé két qud ciia b thi nghtem mdy do phé

3.2.1. Phdn tich nguyén nhdn gdy ra sai s6

Thi nhdt, sai sb xuat phat tir thuat toan dém sd pixel dé tinh khoang cach ctia cam bién
ESP32-CAM. Viéc chuyén ddi tir don vi pixel sang don vi chiéu dai thyc doi hoi hé sb hiéu
chuan chinh x4c. Tuy nhién, trong b thi nghiém nhém nghién ctru da hiéu chinh thong sb
nay thong qua viéc str dung mot vat thé biét trudce chiéu dai that va diém sb pixel dé ra duoc
hé s6 ti 16 gan véi thuc té nhat. Nhung do khi thao ldp bo thi nghiém c6 nhiing sy thay d6i
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rat nhé nén anh thuong dén d6 chinh x4c cua hé s hiéu chinh ban dau.

Thir hai, cuong do cia ngudn phat xa khong 6n dinh ciing gop phan tao ra sai sb dang
ké. Cac ngudn sang nhu LED, dén huynh quang, hodc dén hoi thity ngan c¢6 xu huéng dao
dong cuong do theo tan sb ngudn dién hodc thay d6i theo nhiét do khi hoat dong trong thoi
gian dai. Su bién thién cudng do khién hinh anh cac vach phé thu duoc bi thay doi d6 sang,
dan dén thuat toan phat hién bién va cuc dai d¢ sang kho xac dinh chinh xac vi tri tdm van
séng. Diéu nay 1am gia tri budc song tinh duogc 1éch so véi Ii thuyét.

Thir ba, trong qué trinh thyc hién phép do, nguoi dung phai di chuyén tré do (cursor)
dé do khoang cach tir vach trung tdm dén vach phat xa can do budc song. Su di chuyén tro
do s& khac nhau & timg ngudi ding nén sé& gy ra sai s6 ngau nhién.

3.2.2. Thao ludn vé két qua do cua bo thi nghiém

Két qua thuc nghiém tir bo thi nghiém da cho thiy kha nang do luong dang tin cay, do

chinh x4c cao va sai s6 thap. Cu thé:

e Két qua do ctia bo thi nghiém cho ra gia tri A & nhitng budc song khac nhau.

e Sai sb giita thyc nghiém va li thuyét chi khoang 10%, chimg to bo thi nghiém hoat
dong hiéu qua véi do chinh xéc cao.

So sanh voi cdac b thi nghiém trén thi truong

Bo thi nghiém nay thé hién nhiéu vu diém vuot troi khi so sanh véi cac thiét bi hién co:

e Datinh nang: Bo thi nghi¢m tich hgp mach ESP 32-CAM nho gon tién lgi nhitng trang
bi nhiéu chirc ning dé do dac budc séng.

e Sai s6 nho: Két qua do c¢6 do chinh xéc cao, chénh 1éch nho so véi li thuyét.

e Tinh gon nhe va tién lgi: Thiét ké nho gon, dé su dung, tiét kiém thoi gian chuén bj va
thuc nghiém.

e Chi phi thfip: B6 thi nghiém nay tiét kiém chi phi hon so v&i cac bd dung cu hi¢n tai
ma van dam bao hiéu qua thyc nghiém.

Ung dung trong day hoc

Bo thi nghiém khong chi hd tro gido vién trong day hoc va do dac duoc cac budc song
ctia 4nh sang, kha ning thu thap, phén tich va xir 1i s6 liéu nhanh chong va chinh xac. Viéc
tmg dung chuyén ddi s6 khi dung vién thi may tinh (open CV) va 1ap trinh nhung (I0OT) vao
trong thuc hanh do quang phd ciia cac anh séng
4. Kétluan

Qua trinh nghién ctru va ché tao bo thi nghiém méy do quang phd da gbp phan hd tro
qué trinh day hoc ctia gido vién va gitp hoc sinh ciing cb, khic sau kién thirc. Nghién ctru
con déng goép vao kho hoc lidu day hoc, giup phong phti hon cac thiét bi thi nghiém trong
day hoc Vit li. So véi cac bd thi nghiém da co trén thi truong, bo thi nghiém ma ching toi
ché tao mang dén nhitng ddi méi quan trong nhu kich thuéc nhé gon, dé sir dung, tiét kiém thoi
gian chuan bj va thi nghiém, trong khi chi phi tong thap hon. Ngoai ra, nghién ctru d4 4p dung
chuyén dbi s6 trong viéc do luong két qua, déu str dung cong nghé nhan dién hinh anh do dac
khoang cach b?mg thuat toan may tinh hién dai nhung van giit duoc ban chét vat 1i khi do dac
cac bude song ciia nhitng anh sang khac nhau. Giai phap nay tao diéu kién thuan loi cho viéc
g dung cac phuong phap day hoc tich cuc, gitip gido vién va hoc sinh phan tich, xir li s liéu
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chinh xac va nhanh chong hon. Ché tao bo thi nghiém nho gon, chi phi thép, dé sir dung. Tich
hop chuyén ddi s6 vao qua trinh thyc nghiém, gitp tur dong hoa viéc thu thap dit liéu. Gop phan
d6i méi phuong phap day hoc, khuyén khich viéc img dung céng nghé trong day hoc. B thi
nghiém da duoc hoan thi¢n va dap ung yéu cau ctia bai hoc. Hé théng tu dong hod viéc thu thap
s6 liéu da duoc tich hop thanh cong, gitp tiét kiém thoi gian xir 1i dir liéu. Tuy nhién, bo thi
nghiém chi dugc ap dung cho mén Vat li trung hoc phé théng, chua tich hgp vao nhiéu linh
vuc khoa hoc khac. Do d6, trong cac nghién ctru tiép theo, nhom sé& tap trung mé rong pham vi
g dung cua thiét bi sang nhiéu linh vuc khoa hoc khac, ddng thoi t6i wu hod cu triic phan
cing va thuat toan xu li nham nang cao d9 tin cdy, kha nang tuy bién va mirc d6 than thién véi
nguoi dung. Pay s€ 1a co so dé bo thi nghiém trd thanh mot thiét bi day hoc da nang, hi¢u qua
va c6 thé trién khai rong rii trong mi trudng gido duc.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cam on: Nghién ctu nay duoc tai tro béi Truong Pai hoc Sw pham Thanh phé
H6 Chi Minh trong dé tai Sinh vién nghién ctu khoa hoc ndm hoc 2025-2026.
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ABSTRACT

Quantum physics is one of the key topics of the Grade 12 Physics curriculum. It provides
students with fundamental knowledge and introductory skills related to quantum phenomena.
Through the study of microscopic particles such as photons and electrons, students gain insights into
the principles that govern the behavior of matter and energy at the atomic and subatomic levels.
Research in this field have helped to explain many previously unknown aspects of the natural world
and have also led to numerous practical applications in daily life. One such application is the
spectrometer. Although spectrometer kits are available on the market and can be used in teaching,
they still have several limitations. Most are designed primarily for qualitative observations rather
than quantitative measurements. In addition, they are often bulky, require a 220V-50Hz power
supply that may raise safety concerns in classroom settings, and typically allow only individual
students to directly observe spectral lines during experiments. To address these limitations, this study
developed and fabricated a spectrometer kit that utilizes a diffraction grating rather than a prism as
the dispersive element and incorporates an ESP32-CAM module for spectral image capture and
analysis. The study employed an experimental research methodology combined with a scalable
design approach, enabling future mass production while reducing manufacturing costs. The
spectrometer kit developed in this study is capable of measuring wavelengths and verifying the
emission line spectrum, the continuous spectrum of common light sources such as hydrogen, neon,
incandescent lamps, and fluorescent lamps. Its functionality is comparable to existing commercial
spectrometers. However, our prototype is being further refined to both lower costs and reduce
measurement errors, which currently stand at about 10%.

Keywords: continuous spectrum; emission line spectrum; quantum physics; spectrometer
experimental kit
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