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Tém tat: Trong bai bao nay, chung toi xdy dung hai chuong trinh mé phong hién tugng
quang dién phuc vu ndi dung giang day chuyén dé vat 1i lugng tir trong chwong trinh
mon vat li 16p 12. M6 phong thi nghiém phat hién hién tuong quang dién va thi nghiém
khao sat dong quang dién dugc xay dung bam sat chuwong trinh va hién tuong thuc té,
gilip gido vién va hoc sinh c6 thé dat dugc mot sd yéu cau can dat trong bai hoc, qua d6
hd tro gido vién xdy dung bai day phat trién nang luc cho chuyén dé vat 1i lugng tur.
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1. MO PAU

Chuyén dé vat 1i lugng tr 1a mot trong nhitng ndi dung hoc tdp moén Vat Li cia hoc sinh
trung hoc phd thong, noi dung kién thuc lién quan dén chuyén dé 1a nhitng van dé triru tuong,
khé quan sat bang thye nghiém. Vi vay, viéc sir dung k§y thuat mé phong dé xay dung tai liéu
da phuong tién vé chuyén dé vat Ii luong tir 14 doi hoi tat yéu cia chuong. Nguoi hoc can quan
sat, phat hién hién tuong quang dién va tham gia thyc hanh khao sat dong quang dién dé dat
dugc yéu ciu can dat cua chuyén dé trong chuong trinh Vat 1i 16p 12 do B Gido duc va Pao
tao ban hanh nim 2018 [1] cu thé nhu sau:

“Néu duoc hi¢u iing quang dién la bang chimg cho tinh chat hat ciia birc xa dién tir, giao
thoa va nhiéu xa la bang chung cho tinh chat song cua bic xg dién ti.”

“Thdo ludn dé thiét ké phwong dn hodc lya chon phwong dn va thiee hién phwong dn, khdo
sat duwoc dong quang dién bang dung cu thuc hanh.”

Hién tuong quang dién c6 thé dugc quan sat trong thi nghiém thong qua sy thay do6i dién
tich cua vat, thong qua dong quang dlen . Tuy nhién b dung cu thuc hanh khao sat dong
quang dién chi dugc trang bi & mot so it tru:ong THPT va khong dap ung duoc didu kién thuce
hanh cho chuong trinh méi [4] nén cAn dugc mua mdéi hodc stra chita. Quan sat cu thé vé hién
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turong quang dién hay khao sat dong quang dién dé xac dinh budc séng gidi han cing khong
thyc hién duoc bang bo thi nghiém hién co.

Mot s6 cong trinh nghién ctru sir dung thi nghiém mo phong tmg dung trong day hoc vat li
phd théng [5, 6] di dugc thuc hién trude yéu cau thyc tién ciia day hoc Vat 1i phat trién ning
luc. Céc nghién ctru nay da gop phan d6i moi phuwong phap giang day va gitup hoc sinh quan sat
r5 hon hién tuong Vat li. Pay 1a mot hudng nghién ciru méi nham dép ing chwong trinh dio
tao gido vién ¢ truong Pai hoc Su Pham Ha Noi ciing nhu céc co s¢ dao tao gido vién khac trén
ca nude. Hién nay chwa c6 mot chwong trinh mé phong hién twong quang dién nao duoc tao ra
dap ung yéu can can dat cta chuong trinh méi nén viéc xdy dung cac phan mén nay 13 yéu cau
cép thiét. Trong bai bao nay, ching toi sir dung phan mém Mathematica [3] 14p trinh xay dung
hai chuong trinh mo6 phong thi nghiém: “phat hién hién tugng quang di¢n” va “khdo sat dong
quang dién” nham bam sat vao ndi dung chwong trinh, gitp hoc sinh phat trién dugec mot sb
ning luc dap tng duge yéu ciu can dat cia chuong trinh, dong thoi hd tro tai liéu da phuong
tién cho gido vién trong qua trinh glang day chuyen dé Vat li luong tir. Uu diém ctia Mathematica
la chuong trinh chay dugc trén cac phan mém mién phi nhu Wolfram Player va Wolfram Cloud
c6 san trén cac kho img dung CH Play hay App Stor dung cho dién thoai thong minh, may tinh.

2. NOI DUNG
2.1. Phwong phap nghién ciru

Budce 1: Phan
tégg é;? Ccfil:; Budc 2: Thiét Budce 3: Xay Bl(rigclzl4nﬁay
chuone trinh ke va trien dung bai toan hong bin
vat hg phd khai thue li thuyet dam I\Eathe%matlga
théng 2018 va | ™ | nghiémlayso | 8P| bao muyc tiéu va kidm tra sy
chc yéu cau liéu cho mo6 thi nghiém mo6 phu hop véi
cua thi nghiém phong phong thuc nghiém
mo phong

Hinh 1. So do cdc buée tién hanh nghién ciru
Céc bude tién hanh nghién ciru dugce chung toi xay dung nhu so ¢ Hinh 1 v6i muc tiéu
bam sat vao ndi dung yéu cau can dat trong chuong trinh Vat 1i 2018, chuyén de: Vat li lugng
tu nhu sau:

Budre 1: Phén tich yéu cdu cin dat cia chuong trinh vét 1i phd thong 2018 va cac yéu cau
cta thi nghi¢ém moé phong

Nang lyc chung:

— Nang luc ty chu, tu hoc thong qua thao tac véi mo phong.
— Nang luc giai quyét van de.

— K¥ nang str dung cong nghé thong tin.

Nang luc Vat li:
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— Giai thich dugc cac hién twong, mbi quan hé giita cac dai lwong thong qua qua trinh dwa
ra gia thuyét va thir nghiém cac y tudng véi mo phong

— Trinh bay dugc cac hién tugng, qua trinh Vat li; dac diém, vai tro cta cac hién tuong,
qua trinh Vat li bang cac hinh thuc: tinh, v€, 1ap so do, biéu do.

Vi vay, thi nghiém mo phdong can dam bao cac yéu cau chung nhu sau:

Tinh
chinh ‘ Tinh
Xac Cua | khoa Thl
mo (- Tinh mg nghiém
phong . JEcxay Pham v¢ €6 th
S Ung thi mat hip}, quan ga¢
A nghigpy, anh Va thay
doi tham
SO da
dang.

Hinh 2. Céc yéu t6 ¢am bao chit lugng ctia mo phong
Budre 2: Xay dung bai toan 1y thuyét moé phong ban dau

e Thi nghiém phét hién hién tuong quang dién do Hertz kham pha (1887): Gan mot tam
k&m tich dién 4m vao can cua mot tinh dién ké, kim cua tinh dién ké léch di mot goc nao do.
Sau d6 chiéu mot chum sang do déng hd quang phat ra vao tim k&m ta thay goc léch cta kim
tinh dién ké giam dan theo thoi gian. Hién tuong tuong tu khi thay tAm kém bang kim loai khac.

Dé mb phong thi nghiém nay chung ta can tao ra giao dién la m6 hinh thi nghiém gom cac
dung cu: Ngudn sang, tinh dién ké dugc gin tAm kim loai tich dién 4 am. Thong sb diéu khién
duogc 1a kim loai 1am thi nghiém va budc song cia anh sang chiéu vao tAm kim loai.

e Thi nghiém khdo sat dong quang dién:
Theo Einstein, hién twong quang dién chi xay ra khi tim kim loai dugc chiéu bang anh sang
c6 budc song phu hop. Phuong trinh Einstein cho ta biét:

hf = A + lmvé hay he ke | ] —mv,
2 N 7» 2

fe A . hc \ £- , Y S ,
v6i cong thodt A = = m 1a khoi lugng cua electron, ¢ 1a van toc anh sang.
0

Hién tugng quang di¢n chi xay ra khi: hf = % > A hay A< % =1,. Ttc la dong quang dién

chi xuét hién khi budc song anh sang chiéu téi phai nhé hon bude séng gisi han A, cta kim
loai. Mat khac khi tang hiéu dién thé giita hai cuc ciia té bao quang dién, dong quang dién ciing
s€ tdng dan lén. Khi hiéu dién thé trén dat dén mot gia tri nhat dinh thi dong quang dién s€ gitr
gi4 tri khong d6i va ta goi 14 dong quang dién bdo hoa. Thyc nghiém va 1i thuyét déu cho thay
dong quang di¢n bao hoa ty 1€ voi cuong do anh sang téi.
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Dé mb phong thi nghiém nay ching ta can tao ra giao dién 1 m6 hinh thi nghiém gdm céc
dung cu: Nguon sang, von ké do hi¢u dién the, ampe ké do dong quang dién, t€ bao quang dién,
ngudn di€n va day noi. Thong so di€u khién duge la: Cac kim loai, budc song clia anh sang,
cuong do chum sang, hi¢u dién theé Uak ¢ hai cuc cua t€ bao quang dién.

Burée 3: Thiét ké va trién khai thyc nghiém

Cuong d6 dong quang dién duoc chung t6i thiét ké thi nghiém khao sat theo thiét bi trong
danh muc thiét bi t6i thi€u cho trung hoc ph6 thong dugc Bo Gido duc va Pao tao ban hanh nam
2021 [4]. Két qua duong dac tuyén Von — Ampe & hai truong hop khac nhau vé cuong do sang
cua anh sang mau xanh lyc dugc the hién trong Hinh 3.

= == Xanh luc véi cubng 85 sang nhé hon
= 34 {—e—Xanh lyc v6i cudng 66 sang I6n hon

T T T T T r T
5 0 5 10 15 20 25 30 35
uv)

a) b)

Hinh 3: Khdo sdat dong quang di¢n: a) B9 thi nghi¢m khdo sdt dong quang di¢n; Dén led
xanh luc 220V — 3W, mét Vén ké va mt Ampe ké cing day néi.

b) Pwong dic tuyén Von-Ampe ciia té bao quang dién doi véi dnh sing xanh luc trong 2
truong hop cwong dj sang khdac nhau.
Két qua thi nghiém trén duoc sir dung dé thiét ké giao dién mo phong, cac tham sb thay dbi
va ket qua hién thi trén giao dién chuong trinh moé phdéng.
Budée 4: M6 phong cac thi nghiém bang Mathematica va kiém tra sy phu hop voi thuc
nghiém

Céc thong s6 khao sat Nhiém vu cu thé cho mé phong

1. Céc loai kim loai khac | - Thiét lap cac giéi han quang dién khac nhau img véi timg kim
nhau cua t€ bao quang dién. | loai.

2. Céac budc song anh sang | - Thiét 1ap céc khoang budc song khao sat.

khac s& chiu toi t& bao | - Xay dung hién twong quang dién xay ra (mg véi timg kim loai
quang di¢n. véi timg ting budc song.
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. o . .| - Thiét 1ap khoang cuong d6 sang md phong cho dén led 3W.
3. Cudng d6 sang chiéu téi

t bao quang dién. - X4y dung biéu thirc sy phu thudc dong quang dién vao cudng

do sang

- Thiét 1ap khoang hiéu dién thé nhu trong thi nghiém thuec.

4. Higu dién thé ngudn | - Xay dung hién tugng quang dién v6i sy phu thude dong quang
ngoai. dién vao hiéu dién thé ngudn ngoai dya vao dudng dic tuyén
Von — Ampe thu dugc trong thi nghiém thuyc.

2.2. Thuc hién mo phéng

Trén co s¢ nghién ctu va thyc hi¢n dé tai, chung t6i da xay dung dugc mdt s6 code lap
trinh trén phan mém Mathermatica dap tng muc tiéu cta bai bao nay. Dudi day chiung t6i xin
gi61 thi€u cau trac xay dung code cua hai chuong trinh: phat hién hién tuong quang dién va khao
sat dong quang di¢n.

¢ Code m6 phdéng phat hién hién twgng quang dién.

- Cdc thong sé diu vao

M[1]="Ag"; M[2]="Al"; M[3]="Au"; M[4]="Ca"; M[5]="Cs"; M[6]="Cu"; M[7]="Fe";
M[8]="K"; M[9]="Mg"; M[10]="Na"; M[11]="Zn"; A0[1]=260; A0[2]=420; A0[3]=243;
AO[4]=430; A0[5]=580; AO[6]=300; AO[7]=275; AO[8]=550; AO[9]=338; AO[10]=500;
AO[11]=350;

- Mo phong hién twong quang dién
Intfm_,A_,int ]:=If[A<=A0[m],int,0]

gl[m_,A ,int ]:=
Graphics[ { Thick,Line[ {{400,200},{400,140} }],Line[ {{400,250},{400,200} } ],Line[ { {400,50
},{400,80} } ],Black,Rectangle[ {350,25},{450,50} ],Rectangle[ {350,300},{350,325},

Rectangle[ {400,110},{400,200}],Rectangle[ {390,190},{410,200}],
Thick,Brown,Polygon[ {{200,345},{225,352},{225,248},{200,255} } ],
Rectangle[ {50,255},{200,345} ], Thick,Gray,Rectangle[ {385,250},{415,350}],
Thick,Black,Line[ {{398,300},{402,300} } ], Thick,Orange,Circle[ {400,140} ,60],

Thick,Orange,Circle[ {400,300},10],White, Thick,Red,Line[ { {400,140} ,{400-40
Sin[(27)/3+Int[m,A,int]/70 /3], 140+40 Cos[(2n)/3+Int[m,A,int]/70 w/3]}}],Line[{{400,140},
{400+40Sin[7n/3-Int[m,A,int]/70 7/3],140-40Cos[n/3-Int[m,A,int]/70 /3]} } ],

Text[Style[G,15,Red], {440,145} ], Text[Style[0,15,Black],{400,88}],
If[618<=A<=760,Red,If[A>=760,White,[f[A<=380,White,ColorData[" VisibleSpectrum"][A]]]],

EdgeForm[Black],Opacity[int],Rectangle[ {265,340},{385,260} ],

EdgeForm[ {Thick,Black} ],Opacity[int],Rectangle[ {250,230},{265,370}],

EdgeForm[{Black}],White,Rectangle[ {250,255},{225,345} ]} Jcolor[m_]:=Gray;
color[3]=RGBColor[1,.843,0];color[6]=RGBColor[1,.5,0];color[8]=color[ 10]=LightGray;
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- Cdc tham so dé hoc sinh thao tdic
g2[m_,A_,int ]:=Graphics[{Text[Style[M[m],24,Red],{450,300}]}]
quang=Manipulate[Show[g1[m,A,int],g2[m,A,int],ImageSize->{575,350}],
{{m,11,"Kimloai"},{1->"Ag",2->"Al",3->"Au",4->"Ca",5->"Cs",6->"Cu",7->"Fe",
8->"K",9->"Mg",10->"Na",11->"Zn"},Control Type->SetterBar},
{{\,288,"Budc song (nm)"},50,800,Appearance->"Labeled"},
{{int,0,"Thoi gian t(s)"},0,70,1,Appearance->"Labeled"},SaveDefinitions->True]
e Code m6 phdéng khao sat hién twong quang dién.
- Cdc théong sé dau vio
M[1]="Ag"; M[2]="Al"; M[3]="Au"; M[4]="Ca"; M[5]="Cs"; M[6]="Cu"; M[7]="Fe";
M[8]="K"; M[9]="Mg"; M[10]="Na"; M[11]="Zn"; A0[1]=260; AO[2]=420; AO[3]=243;

AO[4]=430; AO[5]=580; AO[6]=300; AO[7]=275; AO[8]=550; AO[9]=338; AO[10]=500;
AO[11]=350;

- Mo phong hién twong quang dién
Intfm A _,int ,ul [:=HA<=A0[m],Iflul<=8,(ul+0.8)/10*int,8/10*int],0]
flul_]:=ul

gl[m ,A ,int ,ul ]:=Graphics[{Thick,Line[{{100,0},{0,0},{0,400},{100,400}}],

Line[{{100,380},{100,420} }],Line[{{110,395},{110,405} }],Line[{{120,380},{120,420} }],L
ine[{{130,395},{130,405} }],Line[{{130,400},{200,400} } ],Line[ { {300,400},{500,400},{500,
325} }],Line[ {{500,360},{700,360},{700,250} } ],Line[ {{700,150},{700,20},{500,20} } ],Line[
{{202,370},{298,430} } ],Gray,Rectangle[ {200,385},{300,415} ], Thick,Black,Rectangle[ {450,
75},{550,100}],Rectangle[ {450,300},{550,325}],Line[ {{500,75},{500,0},{200,0} } ],Polygon
[{{292,434},{304,426},{308,436} } ], Thick,Brown,Rectangle[ {200,155},{350,245}],Polygon[
{{350,245},{375,252},{375,148},{350,155} } ], Text[Style[LED,25,Red], {275,200} ],

White,EdgeForm|[ {Thick,Black}],Rectangle[ {100,25},{200,50} ],Black, Thickness[.01],Ci
rcle[{150,-10},50,{n/4,3,m/4}],Thick,Red,Line[ {{150,-10},{150-50Cos[10.27/20+
Int[m,A,int,u1]/5000],-10+50Sin[ 10.27/20+Int[m,A,int,ul ]/5000]} } ],

Text[Style[A,15,Red],{120,-10} ], Text[Style[0,15,Black],{150,20}],
[f[618<=A<=760,Red,If[A>=760,White,[f[A<=380,White,ColorData[" VisibleSpectrum"][A]]]],

EdgeForm[],Opacity[int/100],Polygon[ { {375,240}, {460,240}, {540,160, {375,160}, {375
22511],White,

EdgeForm[{Thick,Black}],Rectangle[ {650,150},{750,250}],Black, Thickness[.01],
Circle[ {700,190},50,{n/4,3 m/4}],

Thick,Red,Line[ {{700,190},{700-50 Cos[n/2+u1/50],190+50 Sin[n/2+ul/50 ]} }],
Text[Style[V,15,Red], {670,160} ], Text[Style[0,15,Black],{700,225} ]} Jcolor[m_]:=Gray;
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color[3]=RGBColor[1,.843,0];color[6]|=RGBColor[1,.5,0];color[8]=color[ 10]=LightGray;
- Cdc tham so dé hoc sinh thao tic

g2[m_,A ,int ,ul ]:=Graphics[{Blue,Dynamic[Refresh[Point[ {Re[#],Im[#]}]&/@Rando
mComplex[ {460+1001,540+2401},Round[ Int[m,A,int,ul]/70]],Updatelnterval->.1]],

color[m],Polygon[{{450,300},{550,300},{550,150},{450,250},{450,300} } ],
Text[Style[M[m],24,White],{500,265}]}]
Manipulate[Show[g1[m,A,int,ul ],g2[m,A,int,ul ],ImageSize->{575,350}],
{{m,5,"Kimloai"},{1->"Ag",2->"Al",3->"Au",4->"Ca",5->"Cs",6->"Cu",7->"Fe",
8->"K",9->"Mg",10->"Na",11->"Zn"},Control Type->SetterBar},
{{A,500,"Budc séng(nm)"},50,800,Appearance->"Labeled"},
{{int,2000,"DJ choi (cd/m”2)"},0,5000,1,Appearance->"Labeled"},
{{ul,0,"Hi¢u dién thé U(mV)"},-0.8,40,0.5, Appearance->"Labeled"},
SaveDefinitions->True]

2.3. Két qua va ban luin
Trong bai bao nay ching t6i da nghién ctru, thiét ké va xay dung hai chwong trinh mé

phong: phat hién hién twong quang dién va khao sat dong quang dién. Két qua dat duoc dudi
day da dap img dugc muc dich nghién ctru dé ra.

* Poi v6i thi nghiém phat hién dong quang dién:

Kimioai Ag Al Au Ca Cs Cu Fe K Mg Na Zn
dcsong (nm) 204,
Thel gan ts) “
- m::a o

—— — —
a) khong xdy ra hién tugng  b) Xay ra hi¢n tuong quang  c) Xay ra hi¢n tuong quang
quang dién véi kim loai Zn. dién véi kim loai Zn. dién véi kim loai Ag.
Hinh 4: M6 phong thi nghiém phadt hién hién twong quang dién
Chuong trinh mo phong thi nghiém phat hién hién tugng quang dién cho phép tién hanh thi
nghiém voi 11 kim loai khac nhau véi cac bude song lién tuc. Két qua co hay khong xay ra hién
tugng quang dién dugc thé hién ¢ d6 1éch cua kim tinh di€n ké minh hoa trong hinh 4. B¢ 1éch

ctia kim tinh dién ké thay d6i theo thoi gian chiéu sang, thoi gian nay c6 thé dugce tity chinh gitip
hoc sinh thudn tién quan sat hién tugng.

* Pdi voi thi nghiém khao sat dong quang dién
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Kim loai Ag Al Au Ca Cs Cu Fe K Mg Na Zn
Budc séng(nm) 1 a30.
96 chéi (cdim?) 1 3253
Hiéu dién the U (mv) 1 17

—

o T

A

a) Khong xay ra hién twong quang dién
khi khao sat kim loai Al

Kimloai Ag Al Au CaCs Cu Fe K Mg Na Zn
I 430.
1 3253
I 147

¢) Xay ra hién twong quang dién doi voi
kim loai Cs khi chieu anh sang mau tim va
cuong do lon.

Kim loai Ag Al Au Ca Cs Cu Fe K Mg Na Zn
Budc séng(nm) 1 430.

6 chéi (cim?)

Hiéu dién th U (mv)

b) Xay ra hién tuwong quang dién doi véi

kim loai Ca

Kimlosi Ag Al Au Ca G3 Cu Fe K Mg Na Zn
Buse sénglam) ] P
06 chsi (cdim?) 1 1354

Vitu dién 1 U () ]

A

d) Xay ra hién tuwong quang dién doi véi kim
loai Cs khi chieu anh sang lam va cuong do
nho.

Hinh 5: M6 phong khdo sdt dong quang dién.

Chuong trinh mé phong thi nghiém khao sat dong quang dién cho phép tién hanh thi nghiém
v6i cac thong sb thay doi gom: 11 kim loai khac nhau; cac budc song lién tuc tir hdng ngoai dé
tir ngoai; cuong do chim sang tGi va hién dién thé Uak. M6 phong c6 thé thay ddi cac thong sb
tuy thudc theo muc dich tirng thi nghiém cu thé, vi du nhu: khéo sat dong quang dién véi budc
song thay ddi nham xac dinh budc song gidi han, khao sat dong quang dién véi hiéu dién thé
Uak thay doi dé xac cuong do dong quang di€n bao hoa, khao sat dong quang dién vdi cuong

d6 séng thay doi, .
3. KET LUAN

. Két qua mot s6 thi nghiém duoc minh hoa trong hinh 5
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Trong bai bo nay, chiing t6i di sir dung phan mém Mathematica dé xay dung hai chuong
trinh mo6 phong: Thi nghiém phét hién hién twong quang dién va thi nghiém khao sat dong quang
dién. Hai mo6 phong nay c6 thé hd trg giang day thuc hanh trong chuyén dé Vat i lugng tir thude
chuong trinh Vat 1i 16p 12 nham dép Gmg dung yéu ciu can dat.

Chuong trinh mé phong trén c6 thiét ké nhiéu tham s6 dau vao dé khao sat hién tuong quang
dién nhu: Kim loai, budc song anh sang, d6 chéi cia ngudn sang va hiéu dién thé ngudn ngoai.

Két qua thuc hanh mé phong dugc hién thi trong mg bang hinh anh minh hoa (thi nghiém
phat hién hién tuong) va do thi biéu dién d(‘)ng quang dién (thi nghiém khdao sat dong quang
dién). Chuong trinh m6 phong nay c6 thé hd tro gido vién day hoc thyuc hanh trong chuyén dé
Vit li luong tir. Phin mém ciing cho phép hoc s1nh quan sat hién tuong mot cach tryc quan, lam
tang tinh twong tic giita cac nhém gitp cho tiét hoc thyc hanh sbi ndi va 16i cudn hon. Ching
t6i ciing hy vong két qua mo phong trong nghién ciru nay s& sém dugc ap dung cho viéc dao tao
gi4o vién pho thong trong thoi gian téi clia cac truong Su Pham trén toan Qudc.
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SIMULATION OF PHOTOELETRIC PHENOMENON FOR TEACHING
PHYSICS IN THE GENERAL EDUCATION PROGRAM ISSUED IN 2018

Abstract: In this paper, we build two softwares of photoelectric simulation to serve the teaching
contents of quantum physics topic in the 12th grade physics curriculum. The simulation of the
photoelectric phenomenon detection experiment and the simulation of the photoelectric current
survey experiment are built to follow the curriculum and the actual phenomenon, which helps
teachers and students to achieve some of requirements in the lessons, thereby supporting
teachers to build competency development lessons for the topic of quantum physics.

Keywords: Simulation, photoelectric phenomenon, quantum physics.



