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THIET KE, CAI TIEN BO THI NGHIEM NGHIEN cUU
HIEN TUONG QUANG PIEN NGOAI

Nguyén Chinh Cwong*, Nguyén Quéc Huy', Nguyén Thi Dung?

Tém tat: B6 thi nghiém nghién ctru hién tuong quang dién ngoai & truong phé théng
hién nay con nhiéu han ché. Bé thi nghiém str dung kinh loc sdc dé phén loai buéc
séng clia &nh séng t6i. Pay lIa mot nhuroc diém I6n cda bé thi nghiém hién co, bdi
khi str dung kinh loc séc, &nh séng qua kinh loc séc la mét dai mau trong ving mau
séc duroc né loc. Thi nghiém vé dinh ludt gi6i han quang dién, st dung kinh loc sac
mau dé cé sai s6 rat I6m. Buéc séng cua anh sang dé ttr 640 nm dén 760 nm nén
khi di qua kinh loc sdc sé thu dwoc mot dai mau dé, dén dén sb chi cia ampe ké
khéc 0. Céc tdm loc sdc nay duoc ché tao bdng cach dan nilon mau lén tdm mica,
sau mot thoi gian I6p nilon nay bi nhén lai, bong ra, tam mica bi cong, vénh lam kha
néng loc séc khéng con tét. Tir do, dat ra yéu cu cén phéi nghién ctru, céi tién thiét
bi thi nghiém hién c6é dé st dung trong day hoc, dap tng chuwong trinh gido duc phé
théng mai.

T khéa: Hién twong quang dién, thi nghiém hién twong quang dién, electron quang
dién, quang dién, dong quang dién bdo hoa, té bao quang dién

1. MO PAU

Nhimng yéu ciu ctia thoi dai hién nay doi hoi muc tiéu gido duc chuyén tir viéc trang
bi kién thirc sang phat trién nang lyc ctia hoc sinh (HS). Muc tiéu day hoc theo xu thé
hién dai khong chi ding lai ¢ viéc truyén thu ddy du nhimng kién thuc, ki ning da c6 cia
nhan loai cho ngudi hoc ma quan trong hon 1a boi dudng cho cac em ¢6 ning lyc nghién
clru, tim t0i sdng tao giai quyét cac van d¢, dap img dugc nhitng doi hoi da dang cua hoat
dong thyec tién [1].

Vat 1i hoc 1 co s& ctia nhiéu nganh ki thuat va cong nghé quan trong, nhitng hiéu
biét va nhan thic vé tri thire vat 1i ¢ gia tri to 16n trong san suét va doi séng, ma dac biét
1a trong su nghi¢p cong nghi€p hoa va hién dai hoa dat nude hién nay. Vat i, voi tu cach
12 mot moén khoa hoc tu nhién trong day hoc & truong pho thong, co kha niang to 16n trong
viéc rén luyén cho HS tu duy 16gic va tu duy bién chimg, hinh thanh & cdc em niém tin
vé ban cht khoa hoc ciia cac hién twong ty nhién cling nhu kha nang nhén thirc ctia con
nguoi, kha ning ap dung khoa hoc dé day manh san xuit, cai thién doi sng.

Thuc té cho thdy, khong phai nguoi thdy nao ciing nhan thay va thim nhuan duoc
tinh than d6i méi phuong phap day hoc. Viéc khao sat thuc trang day hoc mon vat li &

1 Khoa Vat li, Trwong Dai hoc Suw pham Ha Nbi
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mot s6 truong trung hoc phd théng (THPT) cho thay: Phuong phap day hoc theo kiéu
thong bao, truyén thu kién thire mot chiéu, gido vién (GV) ¢d gang thong bao hét ndi dung
kién thirc duge trinh bay nhu trong sach gido khoa (SGK) van dién ra pho bién. HS tiép
thu kién thirc mot cach thu dong, chwa tich cuc tham gia xay dung kién thtrc va tinh sang
tao it duoc phat huy [1]. Qua trinh chuyén d6i tir day hoc tiép can nodi dung sang day hoc
tiép can nang luc can phai tra 1oi cAu hoi “ngudi hoc ¢ thé 1am gi vai kién thirc ho thu
dugc ?”, thay vi chi ghi nhd cac kién thire, hoc sinh dugce khuyén khich dé xuat y kién dé
giai quyét van dé gap phai trong hoc tap va thuc tién cudc song. Dé lam dugc diéu d6 can
phai c6 cac thiét bi phi hop dé nhdn manh vao viéc phat trién cac ky nang, kha ning va
kién thirc thuc té.

Do vay, trudc yéu cau ddi mai day hoc & nudce ta ndi chung va véi bd mon vat 1i noi
riéng theo hudng phat trién cac ning lyc hoat dong ciia HS, dic biét 1a doi hoi phai ting
cuong hoat dong thuc nghiém & HS trong day hoc Bo mon vat 1i, can phai c6 nhiing
nghién ctru cho viéc doi méi day hoc timg ndi dung kién thic cu thé theo hudng phat
trién hoat dong hoc tap cua HS, déc biét 1a cac hoat dong thuc nghiém. Xem xét tinh hinh
chung vé thiét bi thi nghiém (TBTN) va thyc trang day hoc phan kién thirc dong hoc va
hién twong quang dién ngoai dé tim hiéu nhimg khé khin, nham dé ra cach khic phuc,
chung t6i thdy c6 nhimg van dé nhu sau:

Hinh 1. TBTN nghién cuu hién tugng Hinh 2. TBTN nghién cdu hién tugng
quang dién ngoai hién hanh [4] quang dién ngodai hién hanh su dung den Led [5]

Nhin chung, b thi nghi€ém nghién ctru hién tugng quang dién ngoai (Hinh 1) hién c6
O truong phé thong hién nay c6 mét sb6 uu diém: nho gon, tién 191, cac bd phan ro rang
gitip HS ¢6 cai nhin truc quan khi tién hanh thi nghiém. Tuy nhién, bo thi nghiém sir dung
kinh loc sic dé phan loai budc song ciia anh sang t6i. Diéu nay 1a chua hop li boi khi sir
dung kinh loc sic, 4nh sang qua kinh loc sdc 1a mot dai mau trong viing mau sic duoc nd
loc. Pay 1a mdt nhuoc diém 16n cua bo thi nghiém hién c6. Ngoai ra, cac tam loc sic nay
dugce ché tao béng cach déan nilon mau 1én tAm mica, sau mot thoi gian 16p nilon nay bi
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nhan lai, bong ra, tAm mica bi cong, vénh lam kha nang loc sic khong con tdt nira; diéu
nay lam cho két qua thi nghiém bi sai s6 16n. Pic biét, trong thi nghiém vé dinh luat gidi
han quang dién, st dung kinh loc sic mau d6 co sai sd rat 16n. Budc song ciia anh sang
do tir 640 nm dén 760 nm nén khi di qua kinh loc sdc thu duge mot dai mau do, dan dén
s6 chi ctia ampe ké khong con chi s6 0 ma chi khoang 12 mA. Hién nay, trén thi truong
da c6 bo thi nghiém hién tugng quang dién ngoai st dung dén LED (Hinh 2) nhung gia
thanh cao, tinh trén tong sd truong phd thong ca nudc thi sb tién chi phi kha 16n, khong
tan dung duoc cac b thi nghiém cii sin co & truong phd théng. Mit khac, theo thong tu
50 39/2021/TT-BGDDT ctia B gido duc va Pao tao thi viéc nghién ctru, ché tao cac thiét
bi thi nghiém nham dap tmg chuong trinh gido duc pho thong 2018 14 van dé rat cap thiét.

Tu nhitng phan tich trén, dat ra cau hoi can phai nghién ctru, xay dung TBTN hién
tuong quang dién moi dung trong day hoc nham thay thé, khic phuc cac nhuge diém cia
TBTN hién cé va dap tng dugc yéu cau ddi mai day hoc & nudc ta.

2. NOI DUNG NGHIEN cUuU

2.1. Thiét ké ché tao ba den

- Cdc nguyén vit ligu ding dé ché tao 3 dén gom cé: Dén LED mau (do, luc, lam),
dui (hodc bong) dén Halogen, keo AB, day dién (Hinh 3a). Pen LED mau (do, luc, lam)
1a loai da tich hop mach dién tir nén duoc st dung truc tiép v6i ngudn dién xoay chiéu
220V. Dai budc song cua cac LED nhu sau: D6 tir 620 nm dén 630 nm, Luc tir 520 nm
dén 530 nm, Lam tir 450 nm dén 460 nm.
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Hinh 3a. Nguyén vit liéu dung dé ché tao den Led
Quy trinh ché tao dén:
+ Dung kim thao bong dén Halogen ra khoi dui, bo phan bong va giita lai hai chan
cam kim loai.
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+ Han hai chan cim kim loai véi hai dau cta hai
day ndi, hai dau con lai cua hai day ndi han ¢b dinh vao
hai cuc cua den.

+ Dit hai chin cdm kim loai vao hai 13 trén dui,
dung keo AB d6 day vao dui dé cb dinh.

- Co ché phit sing ciia dén LED (Hinh 3b):

bén LED hoat dong dua trén hién tugng phat xa
ctia vat liéu ban dan. Bo phan chinh ctia dén LED 1a 16p
tiép giap gitra hai loai ban dan p va n. Ban dan loai p
dan dién chu yéu béng 16 tréng, ban dan loai n dan dién
chu yéu bang electron. Khi c6 dién trudng thich hop dat
vao 16p tiép giap p-n thi electron dich chuyén qua 16p
tiép giap. Do c¢6 su chénh 1éch muc ning lugng giita hai
16p ban dan nén phan ning lwong chénh léch nay duoc
giai phong bang cach phat ra anh sang khi electron dich
chuyén qua 16p tiép giap. Pac tinh cta anh sang (mau
sac, cuong d6) phu thudc vao chit lugng ban dan va ciu
tric cua dén LED.

2.2. St dung ba den Led vdi bo thi nghiém
nghién cuu hién tuong quang dién ngoai
TBTN duoc thiét ké, cai tién (Hinh 4) gdm:

- Hop chan dé (1) co tich hop: khoa K, ngudn vao
220V-50Hz, ra 1 chiéu toi da 50V/100mA diéu chinh
lién tuc.

- Chan dén LED (2).
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Hinh 3b. Cd ché phdt sang cua den

Hinh 4. Thiét bi thi nghiém
nghién cuu hién tugng quang dién ngoai
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- Ba dén LED mau d6, luc, lam (3) diéu chinh dugc cudng d6 sang nhd nim xoay
trén hop chan dé (1).

- Té bao quang dién chan khong (4), catot phu chat nhay quang Sb-Ce c6 hdp bao vé.

- Pong hé do dién da nang (5).

2.2.1. Thi nghiém 1: Khao sat dinh luat gidi han quang dién
a. Muc dich thi nghiém

Khao sat diéu kién dé xay ra hién tugng quang dién ngoai.

b. Tién hanh thi nghiém

+ B tri thi nghiém
nhu Hinh 5.

+ Thay d6i dén
LED (3) lan lugt vdi ba
mau do, luc, lam. Quan
sat sb chi cuong do
dong quang dién thong
qua dong ho do.

c. Két qua thi
nghiém

Anh sang chiéu toi

cia dén led mau luc,
mau lam 1am xuét hién
dong quang dién trong Hinh 5. Thi nghiém khdo sat dinh ludt gidi han
mach. Anh sang chiéu t6i cua dén led mau d6 khong 1am xuat hién dong quang dién. Nhu
vay, hién tugng quang dién khong xdy ra véi anh sang do.
2.2.2. Thi nghiém 2: Khao sat su’ phu thubc cuong dé dong quang dién vao céng

sudt ngudbn sang

a. Muc dich thi nghiém

Khao sat sy phu thudc ctia cudong d6 dong quang dién vao cong sut ngudn sang.

b. Tién hanh thi nghiém

+ B tri thi nghiém nhu Hinh 6.

+ Piéu chinh d6 sang cia dén (nham thay d6i dinh tinh cong suat phat xa ciia dén)
thong qua num diéu chinh, quan sat sé chi ciia dong ho van ning dé so sanh cuong do
dong quang dién thu duogc.
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Hinh 6a. Anh sdng luc vdi céng sudt nhd  Hinh 6b. Anh sang luc véi cong sudt (6n

Hinh 6c. Anh sdng lam véi Hinh 6d. Anh sdng lam vdi
cbng sudt nho cbng sudt lon

Hinh 6. Thi nghiém khdo sat su phu thudc ctua cuong dé dong quang
dién vao cng sudt phat xa cia nguén sang

c. Két qua thi nghiém
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Hinh 7a. Anh sdng luc Hinh 7b. Anh sdng lam

Hinh 7. Thi nghiém khado sdt sy phu thudc cua cuong dé dong quang dién
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Tir db thi ta thay, khi cong sudt phat xa cua dén ting thi cuong do dong quang dién

tang va nguoc lai.
2.2.3. Thi nghiém 3: Khao sat su’ phu thuéc cua cudng dé dong quang dién vao

hiéu dién thé€ giira anot va catot

a. Muc dich thi nghiém

Khao sat sy phu thudc ctia cuong d¢ dong quang dién vao hi¢u dién thé Uak khi gilt
c0 dinh cong suat nguon sang.

b. Tién hanh thi nghiém

+ B tri thi nghiém nhu Hinh 8.

+ Giit ¢b dinh cong suit cua dén, thay ddi hiéu dién thé Uak thong qua niim chinh
tich hop trong hop chan de¢ (1), doc cuong do dong quang dién thong qua dong ho do va
ghi chép so li¢u khao sat vao bang so li¢u.

+ Tu bang $6 lidu, v& dd thi su phu thudc U-I va nhéan xét.

Hinh 8a. /\nh sdng [uc Hinh 8b. Anh sdng lam
Hinh 8. Thi nghiém khdo sat su phu thudc cua cuong dé dong quang dién vao hiéu
c. Két qua thi nghiém
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Hinh 9a. D6 thi U-1 déi véi dén led mau luc  Hinh 9b. D6 thi U-I d6i vdi den led mau lam

Hinh 9. Do thi sy phu thudc cta cudng dé dong quang dién vao hiéu dién thé Uak
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Tir d6 thi ta thay:

+ Khi Uak tang, cuong d§ dong quang dién cling taing. Khi Uax dat mét gia tri gidi
han nao d6 thi cuong do dong quang dién khong ddi (dat gia tri bao hoa) mic du van tiép
tuc tang Uak. Nguoi ta goi d6 1a cuong do dong bdo hoa Iph.

+ Khi Uak giam dén mot gia tri Uak = Un < 0 thi cudng d6 dong quang dién bang 0,
tuc 1a khong c6 mdt electron nao dén duoc anot, khi d6 U, goi la hiéu dién thé ham.
2.2.4. Thi nghiém 4: Khao sat su phu thudc cua cuong dé dong quang dién bao

hoa vao céng suéat cua ngubn sang

a. Muc dich thi nghiém

Khao sat sy phu thudc cua cudng d6 dong quang dién bio hoa vao cong suat ngudn
sang.

b. Tién hanh thi nghiém

+ BO tri va tién hanh thi nghiém nhu Hinh 8.

+ Tién hanh khdo sat thong s6 U-I voi hai cong suét dén khac nhau. V& dd thi su phu
thudc U-I véi hai cong suat dén khéac nhau, tim cuong do dong bao hoa va nhan xét su
phu cuong d6 dong bao hoa véi cuong do sang.

c. Két qua thi nghiém
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Hinh 10a. Anh séng mau xanh luc Hinh 10b. Anh sdng mau xanh lam

Hinh 10. D6 thi sy’ phu thudc cta cudng dé dong quang dién bédo hoa
vao cbng sudt phdt xa cua ngudn sdng
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Tir d6 thi ta thdy, v6i budc song giit nguyén tri sé nhu cii nhung ting cuong do sang

chiéu vao catot, thi thdy cudng do dong quang dién bio hoa ting va nguoc lai.

2.2.5. Thi nghiém 5: Xdc dinh hdng s6 Pling

a. Muc dich thi nghiém

Xac dinh hang s6 Plang tir thiét bi thi nghiém da thiét ké, cai tién.

b. Tién hanh thi nghiém

Tu két qua thi nghiém cuta thi nghiém 3 ta xac dinh dugc hi¢u dién thé ham ung voi

tung anh sang don sac nhu sau:

+ Anh sang mau lam: Budc song: 4 =480nm; Hi€u dién thé ham: U, =-0,7V.

+ Anh sang mau lyc: Budc song: A, = 540nm ; Hi¢u dién thé ham: U,,=-0,4V.

c. Két qua thi nghiém

Ap dung cong thic:

he he
PR L GRS 1o
Sh, = (U, ~U,,)| 1610707 + 0.3)|

fot)

1
450.10°  540.10° ]

~6,9214.10

Ma hang s Pliang 1ah = 6,626.10™* (J/s)— Sai s6 ciia phép do hang s Pling:

|h_htn
Ah = T =~ 4,5%

3. KET LUAN

Tur cac két qua khao sat tur thiét bi cii va thiét bi sau khi da cai tién, ta c6 bang ddi sanh

nhu sau:

Noi dung d6i sanh

Thiét bi thi nghiém cii

Thiét bi thi nghiém sau
khi cai tién

Tinh don sic ctia anh sang kich
thich

Tinh don sac khong cao, 1a
mot dai mau don sac.

Tinh don sac rat cao.
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Thi nghiém khao sat dinh luat
gi6i han quang dién.

S6 chi ampe ké dao dong
tr 8.10° A dén 12.10° A.

S6 chi ampe ké 106 A.

Thi nghi¢m, khao sat sy phu
thugc cua cuong do dong
quang dién vao hiéu dién thé
gitra anot va catot.

- Khong xac dinh duoc
hiéu dién thé ham.

- S6 cap gia tri U-I thu
dugc ¢ ving Uak < 0 va
vung Iph it.

V¢ dugc duong dac trung
von-ampe v6i nhiéu cip
gid tri U-L

Thi nghiém khao sat sy phu
thugc cuong d6 dong quang
dién vao cong suit ngudn
sang.

Cong suat phat xa cla
ngudn sang khong 6n dinh
khi thay d6i do sang ciia
den.

Cong suat cua ngudn
sang 6n dinh.

Thi nghi¢m, khao sat sy phu
thugc cua cuong do dong
quang dién bao hoa vao cong
suat ctia ngudn sang.

S6 cap gia tri U-I thu duoc
o vung Ipn it nén kho xac
dinh duoc gia tri bao hoa.

Xac dinh dugc ro rang
ving Iys v6i nhiéu cip gia
tri U-L.

Thi nghi€ém xac dinh héng sd
Plang.

Khoéng xac dinh dugc hiéu
dién thé ham nén khong
xac dinh dugc hang sb
Plang.

Xac dinh duoc hing sb
Plang vdi sai s6 4,5%.

Céac TBTN di ché tao dap tmg duoc cac yéu cau vé mit khoa hoc — ki thuat, su pham,

tham mi va kinh té d6i véi TBTN duoc sir dung trong day hoc vat 1i & truong pho thong, dong
thoi khic phuc dugc cac nhugc diém ctia TBTN hién c6. BO ba dén LED duoc ché tao don
gian tir cac nguyén vét li¢u co san trén thi truong, co thé tan dung cac dui dén cii, hong.

Viéc chuyén giao két qua va ung dung thuc tién hoan toan kha thi. Dya vao cong

nghé ché tao cong tac kép, mach dién tir va dén LED da néu ¢ trén, GV dé dang ché tao

thiét bj dé st dung trong day hoc, do d6 c6 thé nhan rong trén ca nudc. Hién nay, trén ca

nude ¢6 2970 trudng THPT nén néu cong trinh dugce nhan rong trong ca nude thi mang

lai hiéu qua kinh té rat 16n.

Céc két qua nghién ctru gop phan dbi mdi phuong phap day nham nang cao chat

lwong day hoc vat li & truong phd théng. Chiing khong nhimg gitap HS dé dang linh hoi



138 ” CHUYEN SAN KHOA HOC GIAO DUC

céc kién thirc vat Ii tuong tng trong cac thi nghiém, dio siu, mo rong vén kién thic da
duoc hoc ma con 1am tang hung thu hoc tap vat i, kich thich tinh tich cuc, phat trién nang
luc hoat dong tri tué - thuc tién doc 1ap va sang tao ciia HS. Pic biét, mot s6 TBTN vdi
cac thi nghiém tién hanh sé& tao diéu kién cho viéc td chirc cac hoat dong trai nghiém sang
tao hoidc t6 chirc cac du an day hoc cho HS [2].

Nhimg két qua nghién ciru da thu dugc 1a tai liéu bd ich cho nghién ctru sinh, hoc
vién cao hoc trong cong tac nghién ctru, cho GV va HS st dung trong day hoc vat 1i &
truong pho thong. Chung ciing ¢ thé dugce sir dung trong dio tao va bdi dudng GV & cac
truong Pai hoc Su pham va Cao déng Su pham. Thiét bi sau khi cai tién di duoc dua vao
sach Chuyén dé hoc tdp vat li 12 do NXB Giao duc Viét Nam phat hanh.
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DESIGN AND IMPROVE THE LABORATORY INSTRUMENTS TO STUDY THE
EXTERNAL PHOTOELECTRIC PHENOMENON

Nguyen Chinh Cuong, Nguyen Quoc Huy, Nguyen Thi Dung

Abstract: The current laboratory instruments to study the external photoelectric
phenomenon in High Schools still have many limitations. The instruments use a
chromatic filter to classify the wavelength of incident lights. This is a major drawback
of the current instruments, as when a chromatic filter is used, the light passing
through the chromatic filter is a range of colors within the color range it filters. When
doing experiments on the photoelectric limit law, using a red color filter results in
significant errors. The wavelength of red light is from 640 nm to 760 nm, so when it
passes through the chromatic filter, a red band will be obtained and this leads to a
different reading of the ammeter than 0. These chromatic filters are made by pasting
colored nylon onto mica acrylic sheets. After a period of time, the nylon layer wrinkles
then peels off and the mica acrylic sheet is bent or warped, leading to poor filtering
ability. Therefore, it is necessary to study and improve the current laboratory
instruments for use in teaching to meet the requirements of the new general
education programs.

Keywords: Photoelectric phenomenon, Photoelectric phenomenon experiments,
Photoelectrons, Photovoltaic, Saturated photoelectric current, Photoelectric cells.
(Ngay Toa soan nhén dwoc bai: 27-4-2024; ngay phan bién danh gia: 16-5-2024;
ngay chép nhén déng: 30-5-2024)



