QUY NHON UNIVERSITY
R\ SCIENCE

Research on the BKE-020 experiment set to determine
the electromotive force of a parallel power supply using
the curcuit method with two opposite polarity power

Le Thi Nhieu'?, Pham Huu Kien?, Nguyen Ngoc Khoa Truong**

!Ethnic Boarding Secondary and High School, Lao Cai, Vietnam
2University of Education, Thai Nguyen University, Vietnam
SFaculty of Natural Sciences, Quy Nhon University, Vietnam

Received: 01/07/2025; Revised: 13/08/2025;
Accepted: 03/09/2025; Published: 28/12/2025

ABSTRACT

This paper presents a study on the improvement and design of physics experimental sets, an issue that
is always necessary in improving the quality of teaching and learning in high schools. Specifically, we used the
BKE-020 experimental set to determine the electromotive force (EMF) of a power source. Then, we designed and
improved the experimental set to measure the EMF of parallel-connected power using the circuit method with two
opposite polarity power. The results show that this method combined with a sensitive galvanometer and a standard
voltage source, allows for accurate measurement of the EMF of parallel connected power sources with very small
errors. The value of the research lies in demonstrating the feasibility of verifying theory by experiment, thereby
stimulating interest and developing thinking for both students and physics teachers in high schools.
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TOM TAT

Bai bao nay trinh bay mot nghién ctru vé thiét ké va cai tién bo thi nghiém vat Iy, mot van dé luén mang tinh
can thiét trong viéc nang cao chit lugng day va hoc & trudng trung hoc phd thong. Cu thé, chung toi da sir dung hé
thi nghiém BKE-020 dé xéc dinh suét dién dong cua mot ngudn dién. Sau do6, chung t6i tién hanh thiét ké va cai
tién bo thi nghiém dé do duoc suat dién dong ciia bd ngudén méc song song bang phuwong phap mach xung doi. Két
qué cho thay phuwong phap nay két hop vai dién ké c6 do nhay dong cao va ngudn dién chuin cho phép xac dinh
sudt dién dong ctia bo ngudn méc song song véi sai sb rat nhé. Gi tri ciia nghién ctru ndm & viée chirng minh tinh
kha thi cua viéc kiém nghiém 1y thuyét bang thuc nghiém, tir d6 khoi goi himg thu, phat trién tu duy cho ca hoc
sinh va gido vién vat 1y & cac truong trung hoc phd thong.

T khéa: Bg thi nghiém vat Iy, nguén dién, mach xung doi, sudt dién dong, tw duy.

1. PAT VAN PE O Viét Nam, phong thi nghiém Vat li cua

Khoa hoc Vat 1i 1a khoa hoc thuc nghiém, kién cdc trudng trung hoc phod thong con nhicu han

thitc vat If ¢6 lién hé mat thiét voi thue tidn doi 1o Mhiéu truong tham chi con khong c6 hodc
it khi sir dung phong thi nghiém, do dé rat nhiéu
hoc sinh chii yéu chi dugc hoc 1y thuyét. Diéu
nay anh huong 16n dén chat luong day va hoc
moén Vit 1i.>5 Trong thoi gian gan day, cac gido
vién va giang vién Vit 1i da chu trong nhiéu dén

song va phai dugc kiém ching bang thi nghiém.
Vi vay, viéc su dung thi nghiém trong qua trinh
day hoc 1a can thiét va cé vai tro rat quan trong dé
nang cao chat luong day va hoc.? Thuc nghiém
khéng chi 1am tang tinh hap dan ctia mén hec, cac bai thi nghiém va sb liéu thyc nghiém cho

giip hoc sinh hing thi dong thoi hiéu sau sac bai giang va nghién ctru cia minh. Mdc du céc

hon céc kién thirc 1y thuyét da hoc va rén luyén
k¥ nang thuc nghiém cta hoc sinh, ma con tung
budce tao cho hoc sinh tu duy va truc giac nhay
bén dbi véi cac hién tuong vt 1i.

*Tac gia lién hé chinh.

Email: nguyenngockhoatruong@qnu.edu.vn
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thdy c6 ciing c6 nhimg trin trg, tim huyét véi
cac bai thi nghiém khi day hoc, tuy nhién viéc
day thyc nghiém Vit li & cac truong trung hoc
phé thong hién nay van con gip nhiéu bat cap
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va chua dugc thuc hién mot cach dong bd trén
ca nudce.?

Thém nita, cac ndi dung lién quan t&i phan
dién hoc trong chwong trinh mén Vit Iy c¢6 thé
khai thac nhiéu thi nghiém, dé hd tro hiéu qua
cho qua trinh day va hoc. Mot $6 nghién clru
trude day da dé cap ti viée xdy dung, cai tién
c4c thi nghiém, bao gdm ca thi nghiém 4o va thi
nghiém thyc t&*° trong chuong trinh mén Vat 1i
tir bac tiéu hoc,' trung hoc®® dén dai hoc.”

Tir nhitng thuc té trinh bay & trén cho thiy,
vi€c nghién clru cai tién, thiét ké va ché tao cac
bd thi nghiém luén luén 1 nhiing van dé cép
thiét dé gop phan nang cao chat luong day va
hoc mén Vit 1i.>5 Didu nay di théi thac ching
t6i sir dung bo thi nghiém BKE-020 dé do suat
dién dong (SPD) cua mot ngudn dién. Tir do,
v6i viée bo sung thém mot s6 dung cu can thiét,
chung toi cai tién, thiét ké bo thi nghiém dé do
SPD cuia by ngudn mic song song va hudng toi
do SPD céac ngudn dién méic hdn hop bang mach
xung doi.

2. PHUONG PHAP NGHIEN CUU

2.1. B0 thi nghiém BKE-020

Hinh 1. Bo thi nghiém BKE-020.

Hinh 1 14 b thi nghiém BKE-020 gom:

- (a) day dién tré dai 1000 mm co6 con chay;

- (b) dién ké v6i d6 nhay dong 5.10° A;

- (¢) ngudn mot chiéu (0 + 6V; 50 =200 mA)

- (d) ngudn dién chuén (Eo = 1,000 £ 0,001 V);
- (e) cac day ndi dién;

- (f) dong hd da ning.

2.2. Co s6' 1y thuyét
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Hinh 2. So d6 mach dién do SPD bang von ké (a) va

mach xung ddi (b).

Nhu chung t6i dugc biét, dé do SPD ciia
nguén dién, cac phong thi nghiém Vat 1i hién
nay thudng str dung von ké do truc tiép SPD cua
ngudn, nhu Hinh 2a.'°

Khi mach kin va nguon dién c6 dién trd
trong r thi hi¢u di¢n thé U gitra hai cuc cua ngudn
dién duoc xac dinh bdi von ké V:

U=E,-Ir (1)

Dol#0,r+#0suyraU<E,_. Diéud6 cé
nghia do SPP ctia ngudn bang von ké 1a khong
that chinh x4c. Khi d6 sai sb cua phép do SBP
cang 16n néu dién tro ciia von ké cang nho va
dién tré trong cua ngudn dién cang 16n.

Ngoai ra, c6 thé sir dung phuong phép
mic ngudn dién can do SPP ndi tiép vai 1 bién
tro, mot dién tré bao v€ va 1 ampe ké; 1 von ké
giita 2 cuc cua nguon dién. Sau do, thay doi gia
tri ciia bién trd noi trén, dua vao cac sb chi cua
ampe ké, von ké twong g ta tinh toan dugc suit
dién dong cua ngudn. Tuy nhién, theo cach nay
sai s6 méc phai ciing 16n, bao gdm sai sb cia
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dién tro, sai s cua cuong do dong dién va hiéu
dién thé do dugc.

Pé khic phuc nhuge diém cua cac phuong
phap trén, ching t6i st dung phuong phap mach
dién “xung d6i”. P6 1a cach ddi sanh SPP cua
ngudn can do véi SPD ctia mot ngudn chuan cho
trude c6 gia tri chinh xac dén 0,001 V thong qua
mot so dd mach nhu Hinh 2b: Nguén dién E,
E>E, E > E| tao ra trong mach dong di¢n
khoang 100 + 120 mA; Mot day dién trd XY dai
1000 mm, c6 dién tré khoang 18 Q; Mot dién ké
G nhay dong dién (c¢& 5.10° A), c6 dién trd Rg;
nat nhan P va con chay Z gén trén day; Mot ampe
ké A dé do dong dién chay trong mach chinh.

Nhu mé ta trén Hinh 2b, ngudn dién ap E,
(ciing ¢ dién trd trong r) dwoc méc sao cho cuc +
ctia n6 duoc ndi véi cuc + cua nguén dién E & vi
tri X. Khi d6, dong di¢n I, chay trong mach r€ l1a
tong hop cta hai dong dién chay theo hai chiéu
nguoc nhau: mot dong do ngudn E, tao ra di tur
cuc duong cua nguén E, dén vi tri X, mot dong
do ngudn E tao ra di ¢én X r& vao mach di qua
ngudn E, nén khtr nhau.

DPong khoa dién K cua ngudn E va thiét
lap dong dién I khoang 110 mA. Nhéan nat P,
dong I, chay qua ngudn E, va dién ké G lam kim
dién ké 1éch vach 0. Thay ddi vi tri cua con chay
trén doan day XY, ching t6i tim dugc vi tri cia
Z ma kim dién ké chi vach 0. Ta co:

L=0;1.=0;1=1I.
Nghia la dong dién chay qua day dién trd
XY bang dong dién do ngudn E cung cép trong
mach. Tu dinh luat Kirchoff cho mach vong
XE,GZX:

L(r+R,)-IR _ =-E0 (2)
Khil,=0;1,=0;1=1, (2) duoc viét lai:
U,=IR,=E, (3)
Trong do: U, 1a do sut di¢n thé trén
day XZ.

Thay nguén dién c6 SBD cho trude E,boi
mot ngudn can xac dinh SBD E . Nhu vay chung
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t6i can thay ddi vi tri con chay dén vi tri Z! dé
kim dién ké lai chi dtng vach 0. Luac nay, dong
dién qua doan day XY van 1a I, (2) dugc viét lai:

Uy =IR, = E,(4)

Chia phuong trinh (3) cho phuong trinh (4),

suyra: E =E, II:_XZ ()

xz/

Xem diy XY c6 dang hinh truy, tiét dién tai
moi diém nhu nhau va dong chat nén ta biéu dién
lai (5) nhu sau: E_= EOIL (6)

0
trong d6 /, [, 1a d6 dai twong Gng cua cac doan
day dién tro XZ' va XZ.

Khi biét SDD E, va x4c dinh dugc cic
doan /, [, trong rng cua dién tré XZ', XZ, chung
toi tinh dugc SBD E_ cua nguén dién can xac
dinh theo cong thtrc (6).

So sanh véi cac bai thi nghiém xac dinh
sudt dién dong ciia nguon dién & mot s truong
trung hoc phd thong va truong Pai hoc hién nay,
phan 16n mach dién déu gom von ké, ampe ké
va bién tré. Do do viée do suét dién dong cua
nguén dién déu dya trén viéc doc sd chi cia von
ké va ampe ké. Tuy nhién, mach dién ¢ Hinh 2b
trong bai nay khong c6 von ké va bién tré. Day la
nhitng wu diém ndi troi cua phuong phap mach
xung doi.

Thi nghiém nay xac dinh suét dién dong
cia cac ngudn dién co gia tri trong khoang
(0+6V).

2.3. Tién hanh thi nghi¢m
Str dung cac thiét bi nhu trong Bo thi nghiém
BKE-020 va bo sung cic dung cu:

- Ngudn dién c6 SBP E,= 1,000 + 0,001 V;

- Pin can xéc dinh SDD E_ va gid d& pin.
2.3.1. Thiét lgp mach xung doi
Diéu chinh nim chinh tinh ctia ngudn E vé 6 0.
Thiét 1ap mach dién dé két ndi ngudn E véi
miliampe ké A, pin chuan E, dién ké G va day
dién tro XY nhu Hinh 2b sao cho cuc + cua
ngudn E, nbi véi cuc + ciia nguon E.
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2.3.2. Xac dinh sudt dién dongE va nguén song
song E, cua pin

Budce 1: Piéu chinh nim chinh min cta
ngudn E dé thiét 1ap dong dién khong doi qua
miliampe ké A khoang 110 - 120 mA. Cé dinh
mot gia tri dong dién trong khoang nay cho cac
budc sau. Bdi vi, cuong d dong dién néu 16n s&
dan t6i sai s6 nhiéu hon, do hiéu ung toa nhiét
Joule-Lenz, 1am cho cau déy gidn ng, hodc giin
né khong déu trong toan diy. Khi do, chiéu
dai do trén thudc gan cing cau day khong con
chinh xac.

Budc 2: Bat cong tic cua ngudn dién
chuin E,, nhin nat P dé con chay tiép xuc voi
day dién tré XY & diém Z khoang gitra thude do.
Kim dién ké s& 1éch vach 0. Thay dbi vi tri con
chay trén doan day XY dén khi kim dién ké chi
vach 0 (I, =0). Lén luot thao tac nhu trén, d@)ng
thoi ghi lai cac gia tri cua [, = XZ trong 5 lan do
vao Bang s6 li¢u 1.

Luu ¥: x4c dinh dGng vi tri Z trén cau day
dé dong qua dién ké chinh x4c bang 0 va ldy sb
liéu vé chiéu dai cac doan day can than, tranh
sai s0.

Budc 3: Thao nguén dién E  ra khoi mach
va thay thé boi ngudn can do SBP E

Budc 4: Thyc hién nhu Bude 2 dé tim vi
tri Z' ciia con chay ma kim dién ké G lai quay vé
dung s6 0. Thyc hién 5 1an phép do nay. Ghi cac
gia tri twong Umg cua do dai /, = XZ' trong moi
lan do vao Bang 1.

Budc 5: Thao ngudn dién E . rakhoi mach
dién va thay bang bo ngudn song song can do E,

Budc 6: Thue hién nhu Budce 2 dé tim vi
tri Z" cua con chay trén doan day XY ma kim
dién ké chi vach 0. Thao tac phép do dong thoi
ghi lai cac gia tri cua doan /, = XZ" trong 5 lan
do vao Bang s6 liéu 1.

Bd thi nghiém c6 thé do cac suét dién
dong nho hon 2V. Vi cac suét dién dong co gia
tri 16n hon thi can thay ngudn dién chuan c6 gia
tri bang khoang ¥ gia tri can do.

3. KET QUA VA THAO LUAN

Vi sinh vién cac nganh Su pham Vit li, Su
pham Khoa hoc Ty nhién truong Pai hoc Su
pham Thai Nguyén, thi nghiém nay la mot bai
thyc hanh kiém chung 1y thuyét va rén luyén
ky nang lam thuc nghiém sau khi hoc xong ly
thuyét phan Dién va tir. Ngoai ra, thi nghiém nay
6 thé sir dung cho hoc sinh 16p 11 thuc hanh sau
khi hoc xong 1y thuyét chuong 4. DONG DIEN.
MACH DIEN

Hinh 3. Mach dién véi nguén dién chuan EO (a); voi

mdt ngudn dién E1x (b); v6i hai ngudn dién méic song

song E2x (c).
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Bang 1. Két qua do suét dién dong, trong do /,, Al 1,
Al va l,, AL, 1an luot twong tng 14 d6 dai ciia doan day
dién tro XZ, XZ',XZ" va sai sb vé do dai cua thude

khi micnguonE, E, vaE .

N IS -0 T Y B R VA

(mm) | (mm) | (mm) | (mm) | (mm) | (mm)
1 511 2 847 7 843 1
2 515 3 840 0 847 3
3 510 3 835 5 842 2
4 516 3 840 0 845 1
5 514 1 836 4 842 2

R I e e
513 2 840 = 844 2

Ghi chit: n 14 s6 1dn do; TB 14 gia tri trung binh.

Thiét k& so dd mach dién thi nghiém
nhu Hinh 3a, 3b, so dd cai tién mach thi ngiém
nhu Hinh 3c. Thuc hién cac budc tién hanh
thi nghiém nhu dugc trinh bay trong muc 2.3,
chung t6i nhan duoc mot s két qua nhu thiy
trong Bang 1. Trong d6: SPD ciia ngudn chuan
E,= 1,000 £ 0,001 V; DBg chinh xac cua thuge
thang Al;. = 1 mm; Gia tri cia cuong do dong
dién trong mach chinh [ = 111,2 mA.

Két qua 1: Tur s6 liéu & Bang 1, cac thong
s& vé Bo thi nghiém BKE-020 da cho va ly
thuyét vé sai s6 cua phép do gian tiép, chung toi
xac dinh duoc gia tri trung binh, sai s6 ti dbi, sai
s6 tuyét ddi va viét két qua ctiia phép do SPD cua
mot ngudn E,  nhu sau:

Sai s6 dung cu cta thude do chiéu dai:
(AL, =(AlL), =1 mm
Gia tri trung binh SPD cia mot ngudn:

E_“=E0.l=1=1,ooo.@=1,637v
I 513

0

Sai s6 ti ddi cua phép do SPP cia mot

N AE < L1
nguon: §=—L, mit khic:

1x

5=2L0 A AL _0001 3 4 60,
E, [, [ 1000 513 840

Al =Al, +(AL), =2+1=3 mm,
VOl —
Al = Al +(AL),, =3+1=4mm,

https://doi.org/10.52111/qn;js.2025.19608

Sai s tuyét d6i ctia phép do SPP cuia mot
ngudn:

1,161

AE, =8 .E, =

.1,637= 0,019V

1x

Viét két qua cua phép do SPD ciia mot
ngudn E, : E, =E, +AE, =1,637+0,019V

C6 thé thay két qua tinh toan SPD ctia mot
ngudn E, phu hop t6t voi gia tri ciia ngudn dién.

Két qua 2: Tuong tu nhu trén, tr sb liéu
0 Bang 1, ching t6i xac dinh dugc gia tri trung
binh, sai s tuyét ddi, sai s6 twong ddi cua phép
do SPD cuia hai nguoén méc song song E, nhu
sau:

Sai sb dung cu cua thudc do chiéu dai:
(Al),.=(AL), ~Imm
Gié trj trung binh SPP ciia hai nguén mic

song song:

21000341 645 v
I, 513

Sai sb ti dbi ctia phép do SPD cua hai

E, =E

2x

nguon mac song song:

AE
8,=—=, mit khac:

2x

AE, Al AL =0»001+i+i=1’040%
E, 1, L 1000 513 844

v6i AL = AL +(AL), =2+1=3mm,

8,=

Sai s6 tuyét d6i cua phép do SPD cua hai
nguén mic song song:

AE, =5,E, = %.1,645 =0,017V

Viét két qua cua phép do SPD cua hai
nguon E, : E, =E, +AE, =1,645+0,017V

Nhu vay, tir két qua 1, do SDP cia mot
nguon E, =E, + AE, =1,637+0,019V,

va két qua 2, do SPD cua hai ngudn mic song
song B, =E, +AE, =1,645+0,017V

c6 thé thay rang: B, ~E, ,diéu nay la phu hop
t6t voi 1y thuyét.

Chung t6i c6 thé két luan rang bo thi
nghiém BKE-020 c6 thé st dung dé do SPD
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cua nguén dién v&i mae do chinh xac cao. Déng
thoi, bo thi nghiém cai tién nham kiém chung
cong thirc suat dién dong ctia bo ngudn mic song
song. Cu thé, chung t6i da van dung phuong
phap mach xung ddi do suit dién dong cia 2
ngudn mic song song E, va so sanh voi gia tri
clia mdt ngudn E. két qua cho thay ding véi Iy
thuyét. Thém nita, bo thi nghiém nay co thé tiép
tuc cai tién dé do chinh xac SPP ctia bd ngudn
gdm nhiéu ngudn dién mic hdn hop.

IV. KET LUAN

Chung t6i da tién hanh hai thi nghiém véi bo
thi nghiém BKE-020: do SPD ciia mot ngudn
dién don 1¢ va do SPP ctia bd ngudn méc song
song bang phuong phap mach xung doi. Bo thi
nghiém nay ndi bat voi cac uu diém sau: thao tac
dé dang, thuan tién; két qua co tinh thuyét phuc
cao, phi hop véi cac tinh toan 1y thuyét; dap ing
day du cac tiéu chi cia mot bo thi nghiém chuan
muec veé tinh khoa hoc, tinh su pham va tinh thAm
my; B thi nghiém nay da duoc trién khai va ap
dung trong day hoc hoc phin Thi nghiém Vat
li dai cuong hang nam. Két qua cho thdy, cac
sinh vién déu tién hanh thi nghiém thuan loi,
thu dugc s6 lidu véi do chinh xac cao, rén luyén
dugc ky nang thu thap va xu 1y sé liéu. Trong
bdi canh d6i moi gido duc va phuong phap day
hoc theo chwong trinh gido duc phé thong 2018,
chung t6i ky vong b thi nghiém nay s€ dugc
trién khai rong rai trong day hoc Vit li tai cac
truong THPT. B thi nghiém c6 thé dung dé thay
thé cho bo thi nghiém trong bai: “Thyc hanh:
Do suit dién dong va dién trd trong cta pin dién
hoa” (trong chuong trinh mon Vat 1i 16p 11). Do
bo thi nghiém cai tién c6 mot sb wu diém noi troi
nhu két qua c6 do chinh xé4c cao, co thé kiém
nghiém dugc nhiéu ly thuyét lién quan va rén
duoc k¥ nang thyc hién thi nghiém va tu duy
phan bién.
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