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TOM TAT

Trong bai b&o nay, ching tdi gisi thiéu két qua nghién ciu ché tgo hé thong vé cuong do
van giao thoa anh sang c6 si dung vi diéu khién Arduino d@é thu nhan diz liéu tir cam bién &nh sang
va trao déi dit liéu véi méy vi tinh thdng qua giao dién nong tac. Bo thi nghiém ndy ¢6 khd ndng
Vé durot i phan bé cieong do cdc van giao thoa trén treong giao thoa ¢ bé réng toi da Scm véi do
phan gidi nho nhdt vé vi tri 1a 0,1mm. Hé thi nghiém nay dwoc sir dung cho hé giao thoa khe Young
dé xac dinh buéc song anh sang laser He-Ne véi sai sé tuong doi nhé hon 2%. Giao dién diéu
khién va hién thi trén may vi tinh diroc thiét ké don gian, dé sir dung, két néi véi bé thi nghiém
bang cong nghé khdng day Bluethooth gitip cho viéc tién hanh, ghi nhdn, va biéu dién két qua do
duoc thudn tién, nhanh chong va chinh xac.

Ter khoa: Arduino, Bluetooth, giao thoa anh sang, thiét bi thi nghiém, khe Young.
ABSTRACT

Applying Bluetooth wireless technology
and light intensity sensor to fabricate a light interfering drawing system

In this paper, we present the results of the study on the fabrication of a light interfering
drawing system, using an Arduino microcontroller to receive data from light sensor, and exchange
data with computer through an interactive user interface. It can draw the intensity distribution of
interference bands in the interfering field with a maximum width of 5cm and with a minimum
resolution of position of 0.1mm. This system was used for a Young’s double-slit experiment to
determine the wavelength of a He-Ne laser light with a relative error of less than 2%. The interactive
user interface on the computer is kept to be easy-to-use, and can clearly display the recorded light
intensitive values in real time. It connects to the measurement kit by Bluethooth wireless technology
which enables us to record, and display conveniently and accurately measured results.

Keywords: Arduino, Bluetooth, interference, laboratory equipments, Young’s douple-slits.

1.  Mé dau

Trong day va hoc mon Vat Ii, viéc sir dung céc thiét bi thi nghiém dong vai tro quan
trong trong viéc hinh thanh, cung cb kién thirc va ki ning thuc hanh caa hoc sinh.
Tuy nhién, viéc trang bi va st dung cac thiét bi thi nghiém & truong trung hoc phd thong
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(THPT) van con nhiéu han ché c6 thé ké dén nhu: thiéu cac thiét bi can thiét, viéc do dac
xir If s6 lisu mat nhiéu thoi gian hodc mét sé b thi nghiém cé sai s6 16n dan dén két qua
do dac dinh lugng khéng chinh xac, gido vién ngai sir dung thi nghiém vao hoat dong day
hoc. Trong chuong trinh Vat Ii 16p 12, bo thi nghiém xac dinh buéc séng anh sang bang
hién tugng giao thoa da va dang dugc trang bi rong réi ¢ cac truong THPT. B thi nghiém
nay sir dung ngudn laser diode anh sang do chiéu t6i hai khe Young, hinh anh giao thoa
duoc quan st trén man tring c6 thudc chia vach véi do chia nhé nhat 1mm [1]. Budc song
anh sang dugc xac dinh theo cdng thuc:
il

A= ) (¢D)
vai i 1a khoang cach giira hai van sang lién tiép, | 12 khoang cach giita hai khe, D la khoang
cach tir man t6i hai khe. Dé do budc séng anh sang laser sir dung, hoc sinh can xac dinh
khoang cach giira hai van sang lién tiép bang hé thudc chia trén man.

‘ : 'iag

s I

Hinh 1. B¢ thi nghiém xdc dinh buéc song anh sang [1]

Sai s6 twong dbi cua phép do c6 thé dugc tinh bai cong thic:

= ﬁ = g + £ + @ 2
A i D a

Do khoang cach D thuong rat 16n, nén sai s6 phép do chii yéu phu thudc vao sai s6

do i. Vi vy, viéc cai thién sai s6 dung cu khi do khoang van i s& gop phan 1am chinh xéac

&

két qua thi nghiém. Ddi véi cac b thi nghiém vé giao thoa va nhidu xa duoc sir dung trong
giang day & mot s6 truong dai hoc, cac hdng ché tao sir dung mot cam bién anh sang dé do
cuong do cac van giao thoa, tin hi¢u tir cam bién dugce khuéch dai va duge do béng von ké.
Cam bién dugc gin trén ray truot, d6 dich chuyén cua cam bién duoc do bang thudc
panme Véi sai s6 dung cu 0,0lmm. Bang cach vin thuéc panme dé di chuyén cam bién
trén trudng giao thoa, dong thdi xac dinh cac cuc dai giao thoa bang cach nhin chi sé von
ké, ta co thé xac dinh vi tri chinh xéc cac cuc dai giao thoa. Tuy nhién, bo thi nghiém nay
kh6 c6 thé trang bi rong réi ¢ truong phd thong vi gia thanh cao, nhiéu dung cu doi hoi su
can than khi st dung, va hoc sinh chua dugc hoc cach sir dung thuéc panme.
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Bén canh d6, viéc s dung cac bo thi nghiém két néi véi may vi tinh dang 1a mot xu
thé tt yéu trong viéc d6i mai phuong phap day va hoc Vat li. Nhiéu nghién cau trong
nude da tng dung vi diéu khién va cac cam bién trong thiét ké cac bo thi nghiém két ndi
VvGi may vi tinh; gidp cho viéc do dac va sir Ii s6 liéu nhanh chong va dé dang hon [2] - [4].
Xuit phat tir ¥ tuong st dung cam bién dé do cudng d6 sang, trong nghién ciru nay, ching
t6i thiét ké mot hé thi nghiém c6 thé do cudng dé cac van giao thoa ciing nhu su phin bd
cac van ndy trén truong giao thoa bang cam bién anh sang. Ngoai ra, bo thi nghiém con c6
thé ddng thoi nhan va gui dit lidu thu dugc voi may vi tinh thong qua két ndi khong day
Bluetooth.

2. Noi dung nghién ciru
2.1. Cam bién do cwong dp sang

Cam bién anh sang dugc sir dung 1a mot phototransistor — mot linh kién ban dan hoat
dong dua trén tinh chat 16p tiép giap p-n-p (hodc n-p-n). Khi chiéu dnh sang véi budc song
thich hop vao phototransistor, tai 16p tiép giap p-n Xdy ra hién tuong quang dién, ning
lugng ciia photon duge hip thu va sinh ra cap 16 tréng — electron hinh thanh dong quang
dién 1am phototransistor ¢ trang thai dan. Cuong do dong quang dién ti 1& v6i cuong do
&nh sang chiéu t6i. Nhu vay, dé do cuong do anh sang, ta do cuong d6 dong quang dién
sinh ra théng qua viéc do dién thé chan E cia phototransistor khi dugc méc theo mach dién
Hinh 2.

C E
e
e PHOTO WPN
E

~

R1

s
.,\C,ja: RESISTOR
i "

GMND

Hinh 2. Hinh thuc té va so d6 mach dién cho phototransistor TEPT5700

Trong hé thi nghiém ndy, chiing t8i str dung phototransistor TEPT5700 dé do cudng do
sang. Day 1a loai phototransistor NPN ¢6 gidi han lam viéc trong ving anh sang kha kién
(340 dén 800nm) véi d6 nhay cao nhat ¢ budc séng 570nm [5] — phi hop trong cac bai thi
nghiém str dung ngudn 4nh sang laser d6 ¢ budc song khoang 640nm. Phototransistor duoc
méac ndi tiép véi mot dién tré va ngudn 5V, dién thé tai chan E duoc dua vao bd phan chuyén
d6i tinh higu analog thanh tin hiéu s (ADC) cua vi diéu khién. Khi chua duoc chiéu sang,
phototransistor dong nén dién thé tai chan E & muc thap. Tuy vao cudong do chiéu sang ma
transistor dan it hay nhiéu, dién thé tai chan E s& thay doi trong khoang 0-5V.
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Mot hé do don gian d& dugc thiét lap dé khao séat ving tuyén tinh cia dién ap ngd ra
theo cuong do anh sang chiéu téi phototransistor. Cuong d6 cua anh sang phan cyc thang
dugc phat ra tir nguon laser He-Ne model LG-471-830 cua hdng Leybold chiéu téi
phototransistor c6 thé thay d6i sau khi cho di qua mét kinh phan cuc véi phuong phan cuc
dugc thay d6i. Cuong do anh sang 16 ra khoi kinh phan cuc khi d6 s& tuan theo cong thirc:

| =1,Cos6? 3)
VGi 8 1a goc hop boi cac phuong phan cuc ciia anh sang toi va caa kinh phan cuc. Béng
céch xoay kinh phan cuc quanh truc quang hoc cua hé, ta ¢6 thé thay doi cuong do anh
sang chiéu toi phototransistor. Néu dap mg ctia phan mach dién tir cho phototransistor 1a

; <, A s 2
tuyén tinh thi dién ap thu dugc sé i 16 vgi C0s0”

|/

Phototransistor Kinh phan cuc

) Cf ‘} /: /‘ Laser He-Ne

Hinh 3. So'd6 bé tri thi nghiém khdo sat
su phu thugc cia dién ap ngd ra vao cuong do sang chiéu tsi phototransistor

Két qua khao sat duoc cho baoi Hinh 4: Khi cuong do sang ting dan, dién ap ngd ra
clia phototransistor ting tuyén tinh tir OV va bat dau dat gia tri bao hoa & 4,87V. Néu tiép
tuc ting dan cudng d6 sang thi Vou tang rat cham va tiém can gia tri 5V. Vi vay, dé dam
bao d tuyén tinh caa cam bién, trong qué trinh lam thi nghiém, nguoi ding phai diéu
chinh ngudn sang chiéu vao phototransisor & cudong d6 t6i da sao cho dién ap ngd ra

dudi 4,87V.
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Hinh 4. Bé th; biéu dién si phu thugc cia dién ap ngd ra vao cuong dé sang chiéu tdi
phototransistor khi thay doi goc hop béi phirong phén cuc ciia &nh sang va ciza kinh phan cyc
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2.2. Hé thong do d@é dich chuyén ciia cam bién anh sang

Phototransistor dugc dat trén hé théng thanh truot va duoc gén voi mét hé encoder
quang hoc nham xac dinh vi tri caa cam bién anh sang. Encoder quang hoc sir dung ¢6 cau
tao gom mat dia tron ¢ thé quay quanh mét truc; trén dia dugc khic 100 vach va mot cong
quang thu phat hong ngoai duoc dit déi dién nhau qua cAc vach trén dia [6]. Khi dau thu
dich chuyén, nhd hé théng banh ring, dia tron duoc quay theo. Néu khe tréng nam trén
duong thang néi gitra phan thu va LED phat, anh sang di qua duoc dia tGi phan thu, gia tri
dién thé ngd ra cua encoder s& & mic cao (xap xi 5V). Nguoc lai, khi phan kim loai nam
trén duong thang néi giira phan thu va LED phat, anh sang khong di qua dugc dia t6i phan
thu, gia tri dién thé ngd ra cua encoder s& & muc thap (0V). Dua vao viéc dém cac xung tin
hiéu, ta tinh duoc d6 dich chuyén cua dau thu véi do phan giai 1a 0,1 mm/xung.

Cam bién quang

bia khac vach

& mliﬁﬁ'ﬂ/;}},}% )

N\

?7
///U/Iﬁ,i /]

Hinh 5. So' d6 cdu tao cia encoder quang hoc [6] va hinh dnh thyc té

2.3. Truyén nhdn di ligu bang Bluetooth

Dit lidu vé cuong do sang va do dich chuyén ciia phototransistor duoc vi diéu khién
Arduino xur 1i va gui v& may vi tinh bang phuong thirc truyén din khong day Bluetooth.
Module Bluetooth HC-05 duogc str dung trong nghién ctru nay. Pay la loai module thu phat
song radio cong suat thap tan s 2,4GHz v&i khoang cach thu phat téi da 10m [7].

May tinh
Master

\;
O
O
XN
Q
S
3

Vi diéu
khién

Giao tiép

Hinh 6. M hinh truyén diz liéu tir vi diéu khién vé méy tinh théng qua module Bluetooth HC-05
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Mbi module buetooth s& giao tiép véi may tinh thong qua mot dia chi (address) theo
phuong thirc chil — t& (Master — Slave). Trong d6, may vi tinh dong vai tro 1& Master trong
viéc chii dong tim kiém va thiét 1ap két ndi véi Slave (HC-05). Trong so do, HC-05 nhu
tram trung gian chuyén nhan dir liéu tir vi diéu khién thong qua phuong thic giao tiép
UART va giri v& may tinh. Ngoai ra, mdi module HC — 05 duogc dit theo mot tén khac
nhau — device name (device name mic dinh 1a HC-05). Nho d6, khi c¢6 nhiéu module
HC-05 cling bat trong pham vi hoat dong ctia Master, may tinh c6 thé tim kiém, phan biét
duoc cac module khac nhau, va két ndi véi module Bluetooth mong mudn.

2.4. Cdu trac cia hé thi nghiém dwoc xay dung

So dd cuia hé thong v& cudng do van giao thoa duogc thé hién & Hinh 7. Vi diéu khién
Arduino déng vai tro 1a bo xir li trung tim trong viéc xir li cac tin hiéu dién tir cam bién va
trao d6i dir liéu do dugc vé may vi tinh thong qua két ndi khong day Bluetooth. Cam bién
anh sang TEPT5700 duogc sir dung dé ghi nhan sy phan bd cuong do van sang, tdi trén
truong giao thoa. Pong thoi, vi tri cia cam bién nay dwoc xac dinh nhd hé encoder quang
hoc. Tin hiéu dién tr cam bién va encoder quang hoc duoc chuyén cho vi diéu khién xtr i
va gui dit liéu vé may tinh,

Két ndi .
Vi didu khién Bluctooth | May Vi
tinh

Cuong do Vi tri
sang

Phototransistor Encoder

Hinh 7. So d6 két noi cac phan cdu tao hé vé cuong dg van giao thoa
véi ddu miii £8n chi chiéu truyén dir liéu

3. K&ét qua nghién ctru
3.1. He¢théng vé cuomg dg van giao thoa va giao dign nguwoi dung trén may vi tinh

Trén dau do cuong do sang c6 mot vach dau chir thap, phototransistor dat phia trong
va ngay tam dau chir thap. Trong qua trinh [am thi nghiém ta can chinh ngudn sang sao cho
tia sang dung ngay vi tri cua phototransistor va d§ cao cua h¢ v€ van giao thoa sao cho
vach k& ndm ngang. Mudn di chuyén dau do, ta dung hai tay kéo that cham dé cam bién
trugt trén rdnh. Bén trén hé thong co dén béo vé trang thai két ndi cua thiét bi. Néu dén led
do chdp tit nhanh (2 lan/gidy) thi thiét bi van chua duoc két ndi, khi két ndi thanh cong,
led s& nhap nhay chdm hon (2 gidy mot 1an). Ngoai ra, thiét bi con c6 cong sac pin dang
micro USB.
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1. Pén led bdo trang thai két noi cia
thiét bi

2. Hé ray truot gén voi Encoder quang
3. Man chdn véi phototransistor ddt tai
tam ddu chir thdp

4. Thanh codng cu phin mém

5. Viing do thi va bang s6 liéu

6. Vung hién thi cdc sé liéu do dwoc tir
cam bién

Hinh 8. Hé vé cuwong dé van giao thoa

Giao dién ngudi dung trén may tinh duoc thiét ké don gian, dé sir dung, dya trén nén
tang Labview, nham giup ngudi dung c6 thé két ndi, thu nhan dir liéu voi bo thi nghiém,
bao gom mot sé chirc ning co ban nhu: tim kiém va két ndi voi cac thiét bi thi nghiém
thdng qua bluetooth, v& va xuat anh d6 thi dudi dang file png, luu dir liéu duéi dang
file excel...

B ntetace Serscmn
Congcu Dubew Ty chink

sy el % @ R

¥ Buetoon tos  Cadet G Xes

ST Thoiglan (8 Vitd (mm) Cuong dosanp ~ »
' 000 1
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#et0 A7

Bl

0
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s w0
120
190
200

'17'95 0 ) — 2 0 1 2 ¢ ...V.M; LR TR IE J PREPRRE PRT Y

Hinh 9. Giao dién fwong tdac vaibg thi nghiém

3.2. Thi nghiém do buwéc song &nh sang bang hién rweng giao thoa khe Young trén hé
thi nghiém duwec ché tao

Thi nghiém duoc thiét ké nhdm xac dinh do chinh xac ctia hé thi nghiém sau khi
duoc ché tao hoan chinh, ¢6 ciu trac nhu Hinh 10. Nguén sang sit dung duoc cho boi laser
d6 He-Ne c6 budc song 632,8nm. Anh sang phat ra 1a phan cyc thing va phuong phan cyc
khong thay dbi. Kinh phan cyc dé diéu chinh cudng d6 chum sang laser trong hé. Khe
Young dugce dung c6 khoang cach hai khe la 1=0,18mm. Hé vé& cuong do van giao thoa
dugc can chinh sao cho hé van giao thoa nam trén vach k& nim ngang cta dau thu. Khoang
céch tir hai khe dén cam bién do cudng do sang 1a D=0,7m.
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= 1. Man chdn c6 gan cam bién
do cuong d¢ séng

2. Khe Young c6 khodng céch
hai khe 0,18mm

3. Kinh phéan cuc

4. Laser He-Ne bucc song

RO W W e M n koA OO N 632,8nm

Hinh 10. Bé tri thi nghiém giao thoa khe Young

Sau khi bat ngudn cua thiét bi, dén led b&o hiéu cho két ndi s& nhip nhay nhanh. Mg
chuong trinh giao dién trén may vi tinh, nhap chudt vao biéu tuong tim kiém. Chuong trinh
s& tim kiém va hién thi danh sach cac thiét bi bluetooth tim duoc. Nhip chudt chon tén
thiét bi can két nbi. Khi két ndi thanh cong, trén giao dién s& hién thi cuong do sang ma
cam bién do duoc.

Ldc nay, ta tién hanh dich chuyén khe dén vi tri van sdng c6 cuong d6 16n nhét (quan
st bang gia tri cam bién do duoc). Sau d6 xoay kinh phan cyc dén vi tri ma gia tri cuong
d6 sang tuong duong véi dién ap dau ra ciia cam bién nho hon gia tri bdo hoa 4,87V, nham
dam bao cam bién hoat dong tuyén tinh. Tién hanh dich chuyén cam bién that cham theo
mot chiéu, ta thu dugc d6 thi biu dién sy phan bd cudng do van giao thoa nhu Hinh 11.

4

8.2
10.6

5.6

Cusng dé sang (V)

Vi tri (mm)

Hinh 11. Do th; thé hién sy phan bé ciia cuong dé cac van giao thoa (phan trén),
va hinh chup hé van nay trong thuc té (phan dudi)

Do thi Hinh 11 thé hién sy phan bé cudng d6 cac van sang trén trudng giao thoa. Céc
van phan bé tuong ddi déu nhau, cuong do 16n nhat & van trung tam (vi tri 8,2 mm) va
giam dan & cac van d6i xang hai bén van trung tam. C6 sy khac nhau vé cuong d6 cua cac
van bac 1 hoic bac 2 ¢ hai bén truong giao thoa ching to chim séang laser chiéu téi hai khe
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Young 14 khong déu nhau. Nguyén nhan cé thé Ia do b tri thi nghiém chua tot hodc ngudn
laser khdng thang g6c véi mat phang hai khe Young. Dua vao do thi, ta xac dinh dugc vi
tri cac cyc dai giao thoa co cudng do 16n nhat:

X, =3,Imm; X, =5,6mm; x, =8,2mm; x, =10,6mm; x, =13,1Imm

Ta c6 thé xac dinh duoc khoang van va budc song anh sang theo cong thirc (1) va
(2). Két qua do dac budc song anh sang laser He-Ne boi hé thi nghiém nay a:

A =0,643+0,051um

Sai s6 twong ddi gitra két qua do ndy Véi gia tri chinh xac cta budc song anh sang
laser He-Ne chi 1a 1,6%.

4. Kétluan

B¢ thi nghiém duoc ché tao cho phép ta do dugc sy phan ) cuong do van giao thoa
trén truong giao thoa. Bang viéc s dung cam bién va cong nghé truyén dan dir lidu thong
qua két ndi bluetooth, bd thi nghiém ndy gidp cho viéc ghi nhan va xi 1i s6 liéu nhanh
chéng, va cho hinh anh tryc quan vé cudng do sang ctia hé van giao thoa, nhiu xa.

Tuy nhién, do encoder c6 sb vach chia gi¢i han nén budc nhay khi do do dich chuyén
chua thé nho hon 0,1mm. Ngoai ra, cam bién anh sang chi do dugc sy thay ddi ctia cudng
dd sang trong pham vi giéi han dién ap cua h¢, va don vi cuong do sang thé hién thong qua
don vi cta tin hiéu dién ap. Néu co thé khic phuc dugc nhitng khuyét diém nay, ta cd thé
m& rong tng dung bo thi nghiém ndy cho cac bai thi nghiém vé hién tugng nhidu xa qua
mot khe, hai khe... dé c6 thé ddi chiéu vai Ii thuyét vé su phan bd cac cuc dai nhidu xa trén
truomg giao thoa. Viéc dung tay dé kéo cam bién di chuyén déu trén trudng rt kho, doi hoi
ngudi sit dung phai c6 kha ning thao tac tét. Vi vay, trong twong lai c6 thé thay doi hé
thdng co hoc cta hé ndy bang cach dung motor dé kéo cam bién di chuyén déu trén truong
giao thoa.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.

< Lo cam on: Nghién ctru nay dwoc tai tro béi Truong Dai hoc Sww pham Thanh phé
Hé Chi Minh théng qua Dé tai nghién ciu khoa hoc cép Trwong.
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