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

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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Nghién ctru bo thi nghiém BKE-020 xac dinh suat dién dong
cua bé nguon mac song song bang mach xung doi

TOM TAT

Bai b4o nay trinh bay mot nghién ctru vé thiét ké va cai tién bo thi nghiém vat Iy, mot vin dé luén mang tinh
can thiét trong viéc nang cao chat lugng day va hoc ¢ trudng trung hoc pho thong. Cu thé, ching t6i da sir dung hé
thi nghiém BKE-020 dé xac dinh suat dién dong cua mot nguf)n dién. Sau d6, chung t6i tién hanh thiét ké va cai tién
b thi nghiém dé do duoc suit dién dong ctia bo ngudn mic song song bang phuong phap mach xung dbi. Két qua
cho thiy phuong phap nay két hop voi dién ké ¢6 d6 nhay dong cao va nguén dién chuan cho phép xéac dinh suét
dién dong cia bd ngudn méc song song voi sai sO rat nho. Gia tri cua nghién ciru nim & viée chimg minh tinh kha
thi cua viéc kiém nghiém 1y thuyét bang thuc nghiém, tir d6 khoi goi htng thu, phat trién tu duy cho ca hoc sinh va

gi4o vién vat 1y & cac trudng trung hoc phd thong.

Tix khéa: Bg thi nghiém vit Iy, nguon dién, mach xung doi, sudt dién dong, tw duy.

1. PAT VAN PE

Khoa hoc Vat 1i 1a khoa hoc thuc nghiém, kién
thirc vat 1i ¢6 1ién hé mat thiét v6i thue tién doi
song va phai dugc kiém chimg bang thi nghiém.
Vi vay, viéc sir dung thi nghiém trong qua trinh
day hoc la can thiét va co vai tro rat quan trong
dé nang cao chit luong day va hoc " 2. Thuc
nghiém khéng chi lam tang tinh hép dan cua
moén hoc, gitip hoc sinh himg tha dong thoi hiéu
sdu sdc hon cac kién thuc li thuyét da hoc va rén
luyén ki nang thuc nghiém cia hoc sinh, ma con
tirng budc tao cho hoc sinh tu duy va truc giac
nhay bén ddi véi cac hién tuong vat Ii.

O Viét Nam, phong thi nghiém Vét i cua cac
truong trung hoc phd théng con nhiu han ché,
nhiéu truong tham chi con khéng c6 hodc it khi
sit dung phong thi nghiém, do d6 rt nhiéu hoc
sinh chu yéu chi dugc hoc li thuyét. Piéu nay
anh huong 16n dén chat luong day va hoc mén
vat 1i *° Trong thot gian gan day, cac gido vién
va giang vién Vat li di chd trong nhiéu dén cac
bai thi nghiém va s6 liéu thuc nghiém cho bai
giang va nghién ciru ctia minh. Mic du cac thy
¢6 ciing ¢ nhing trin trd, tim huyét v6i cac bai
thi nghiém khi day hoc, tuy nhién viéc day thuc
nghiém Vit li & cac truong trung hoc pho thong
hién nay vAn con gip nhiu bat cap va chua
dugc thuc hién mot cach dong bo trén ca nudc 2.

Thém nita, cac ndi dung li€n quan toi
phan dién hoc trong chwong trinh mén Vat 1y c6
thé khai thac nhiéu thi nghiém, dé hd trg hiéu

qua cho qua trinh day va hoc. Mot sé nghién ctru
trude day da dé Cép téi viéc xay dung, cai tién
céc thi nghiém, bao gdm cé thi nghiém 4o va thi
nghiém thyc té * trong chuong trinh mén Vit 1i
tir bac tiéu hoc '°, trung hoc *° dén dai hoc .

Tir nhitng thuc té trinh bay & trén cho thdy,
vi€c nghién clru cai tién, thiét ké va ché tao cac
bo thi nghiém luén ludn 13 nhiing vin dé cip
thiét d& gop phan nang cao chat lugng day va
hoc mén Vat 1i 5. Diéu nay da thoi thic ching
t61 sir dung bd thi nghiém BKE-020 dé do suit
dién dong (SBD) cia mét nguon dién. Tu do,
v6i viée bd sung thém mot s6 dung cu can thiét,
chung t61 cai tlen thlet ké bo thi nghiém dé do
SPD cuia b nguon mic song song va hudng t6i
do SPD cic ngudn dién mic hdn hop bang mach
xung dbi.

2. PHUONG PHAP NGHIEN CUU

2.1. B9 thi nghiém BKE-020

Hinh 1. B¢ thi nghiém BKE-020.



Hinh 1 12 b thi nghiém BKE-020 gom:

- (a) day dién tro dai 1000mm, c6 con chay;

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

- (c) ngudn mot chiéu (0+6V; 50 +200mA);
- (d) ngudn dién chuan (E, =1,000+0,001 V);
- (e) c4c day ndi dién;

- (f) ddng ho da ning.

2.2. Co s& ly thuyét
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Hinh 2. So d6 mach di¢n do SDD béng von ké (a) va
mach xung doi (b).

Nhu ching toi duge biét, dé do SPD cua
ngudn dién, cac phong thi nghiém Vat 1y hién
nay thuong st dung von ké do truc tiép SPD
ctia nguon, nhu Hinh 2a'°,

Khi mach kin va nguén dién co6 dién tré
trong T thi hiéu dién thé U gilra hai cuc cua
nguon dién duoc xac dinh boi von ke V:

U=E _-Ir (1)

Do [#0,r#0,suyra U<E_. Piéu d6 co
nghia do SPP clia ngudn bang von ké 1a khong
that chinh xac. Khi do sai s6 cua phép do SBP
cang 16n néu dién tré cua von ké cang nho va
dién trd trong cua ngudn dién cang 1on.

Ngoai ra, c6 thé su dung phuong phap
mic ngudn dién can do SPD nbi tlep v6i 1 bién
tro, mot dién tré bao vé va 1 ampe ké; 1 von ké
giita 2 cyc ciia ngudn dién. Sau do, thay doi gia
tri cua bién trd noi trén, dua vao cac sd chi cua
ampe ké, von ké tuong ung ta tinh toan dugc
suét dién dong cua nguén. Tuy nhién, theo cach
nay sai s0 mac phai ciing 16n, bao gdm sai sb
cua dién tro, sai sO cua cuong do dong di¢n va
hi¢u dién thé do duogc.

Pé khic phuc nhuoc diém cia cac
phuong phap trén, ching t6i sit dung phuong
phap mach dién “xung d6i”. Do 1a cach ddi sanh
SPD cia ngudn can do voi SPD cua mot ngudn
chuén cho trudce co gia tri chinh xac dén 0,001 V
thong qua mot so @6 mach nhu Hinh 2b: Ngudn
dién E, E > E,, E > Ej tao ra trong mach dong
dién khoang100 +120mA ; M4t 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

tr6 R,; nat nhan P va con chay Z gan trén day;
Mot ampe ké A d do dong dién chay trong
mach chinh.

Nhu m6 ta trén Hinh 2b, nguén dién ap Eo
(cling c6 dién tro trong r) dugc méc sao cho cuc
+ ctia n6 dwoc ndi véi cyc + clia ngudn dién E &
vi tri X. Khi d6, dong dién I, chay trong mach ré&
la téng hop cia hai dong dién chay theo hai
chiéu nguoc nhau: mot dong do nguon E tao ra
di tr cyc duong cua nguodn Eo dén vi tri X, mot
dong do ngudn E tao ra di dén X ré vao mach di
qua ngudn Eo nén khir nhau.

Pong khoa dién K cua ngudn E va thiét
lap dong dién I khoang 110 mA. Nhan nut P,
dong I, chay qua ngudn Eg va dién ké G 1am kim
dién ké 1éch vach 0. Thay dbi vi tri ciia con chay
trén doan day XY, chung toi tim dugc vi tri ctia
Z ma kim dién ké chi vach 0. Ta c¢:

L,=0,1,=0,1=I,.

Nghia 1a dong dién chay qua day dién tr¢
XY bang dong dién do ngudn E cung cip trong
mach. T dinh ludt Kirchoff cho mach vong
XE GZX:

L(r+Rg 2)
Khi I, =0;I; =v, 11, (£) auge viét lai:

sz :IRXZ :Eo (3)

Trong d6: U,, 1a do sut dién thé trén day XZ.



Thay ngudn dién c6 SPD cho trudc Eoboi
mot ngudn can xac dinh SBP E, Nhu vy ching
t6i can thay ddi vi tri con chay dén vi tri Z' dé
kim dién ké lai chi dtng vach 0. Liuc nay, dong
dién qua doan day XY vén 1a I, (2) duoc viét lai:

U =IR_ =E_(4)

Chia phuong trinh (3) cho phuong trinh

(4), suy ra: E, :EOII:—XZ )

X7/

Xem day XY co6 dang hinh try, tiét dién
tai moi diém nhu nhau va dong chat nén ta bi€u

dién lai (5) nhu sau: E = Eoli (6)

0

trong d6 [, [, 1a d¢ dai tuong tmg cla cac doan
day dién tro XZ' va XZ.

Khi biét SDD Eo va x4c dinh dugc céc
doan /,[, twong Ung cua dién tr6¢ XZ, XZ,
chung t6i tinh dugc SPD E, cta ngudn dién can
xac dinh theo cong thurc (6).

So sanh véi cac bai thi nghiém xac dinh suét
dién dong cua ngudn dién & mot sd truong trung
hoc pho thong va truong Dai hoc hién nay, phan
16n mach dién déu gbém von ké, ampe ké va blen
trg. Do d6 viéc do sut dién dong cua nguon
dién déu dya trén viéc doc sb chi ctia von ké va
ampe ké. Tuy nhién, mach dién & Hinh 2b trong
bai nay khong co von ké va bién tro. Pay la
nhitng wu diém nbi tréi cua phuong phap mach
xung ddi.

Thi nghiém nay xac dinh sut dién dong cua cac
nguon dién co gia tri trong khoang (0+6V).
2.3. Tién hanh thi nghi¢ém

St dung céc thiét bj nhu trong B thi
nghiém BKE-020 va bo sung cac dung cu:
- Ngudn dién c6 SPD E, = 1,000+0,001 V;
- Pin can xé4c dinh SPP E, va gia d& pin.
2.3.1. Thiét Idp mach xung doi

Diéu chinh nam chinh tinh cta nguén E
vé s0 0. Thiét lﬁp mach dién 7dé két nodi ngudn E
v6i miliampe ké A, pin chudn Ey dién ké G va
day dién tr6 XY nhu Hinh 2b sao cho cyc + cua
ngudn Eo ndi véi cuc + ciia ngudn E.
2.3.2. Xdc dinh sudt dién dong Eix va ngué‘n
song song Box cuia pin
Budc 1: Piéu chinh niim chinh min cta ngudn E
dé thiet 1ap dong dién khong doi qua miliampe

ké A khoang 110 - 120mA. C6 dinh mot gia tri
dong dién trong khoang nay cho céc budc sau.
Boi vi, cuong do dong dién néu 16n s& dan t6i
sai s6 nhiéu hon, do hiéu ng téa nhiét Joule-
Lenz, 1am cho ciu ddy gidn no, hodc gidn no
khong déu trong toan day. Khi do, chiéu dai do
trén thudc gan cung cau day khong con chinh
xac.

Bug’wc 2: Bat Dcéng tic cua nguén dién chuén E,,
nhan nut P d€ con chay ti€p xuc voi day dién tro
XY ¢ diém Z khoang gitra thudc do. Kim dién
ké s€ léch vach 0 Thay d6i vi tri con chay trén
doan day XY dén khi kim dién ké chi vach 0
(I, =0). Lan luot thao tic nhu trén, dong thoi
ghi lai céc gia tri cua I, = XZ trong 5 1an do vao
Bang s0 liéu 1.

Luu y: xac dinh ding vi tri Z trén cau day dé
dong qua dién ké chinh xac bang 0 va lay so li¢u
ve chiéu dai cac doan day can than, tranh sai so.

Budc 3 Thao r}guf‘{n dién E¢ ra khéi mach va
thay thé bdi nguon can do SBb E,

Bué6c 4: Thuc hién nhu Bude 2 dé tim vi tri Z/
ctia con chay ma kim dién ké G lai quay vé ding
s6 0. Thyc hién 5 1an phép do nay. Ghi cac gia
tri twong ung cta do dai /; = XZ' trong mdi lan
do vao Bang 1.

Budc 5: Thao ng116n dién Eix ra khoi mach dién
va thay bang bo ngudn song song can do Ea

Bué6c 6: Thyuc hién nhu Bude 2 dé tim vi tri Z/
cua con chay trén doan day XY ma kim dién ké
chi vach 0. Thao tic phép do dong thoi ghi lai
cac gia tri cua doan L, = XZ trong 5 1an do vao
Béng s6 lidu 1.

B thi nghiém co thé do cac sut dién dong nho
hon 2V. Véi cac suat dién dong co gia tri lon
hon thi cin thay nguon dién chuan co gia tri
bang khoang ' gia tri can do.

3. KET QUA VA THAO LUAN

Véi sinh vién cac nganh Su pham Vat ly, Su
pham Khoa hoc Tu nhién truong Pai hoc Su
pham Thai Nguyén, thi nghiém nay la mot bai
thyc hanh kiém ching 1y thuyét va rén luyén 1§
nang lam thyc nghiém sau khi hoc xong ly
thuyét phan Dién va tir. Ngoai ra, thi nghiém nay
c¢6 thé sir dung cho hoc sinh 16p 11 thyc hanh
sau khi hoc xong 1y thuyét chuong 4. DONG
DIEN. MACH DIEN



Hinh 3. Mach dién v6i ngudn dién chuan Eo (a); voi
mot ngudn dién Eix (b); voi hai ngudn dién méc song
song Eax (¢).

Bang 1. Két qua do suit dién dong, trong d6
L,,Aly;1, Al va 1, Al 1an luot twong tmg 12 d6 dai cua
doan day dién tro XZ, X7/ X7/ va sai s6 vé do dai cua

thude khi mac nguon Eo, Eix va Eox.

Lol ay | | oA | oL | AL
Y| o) | gnm) | gnm) | mn) | @mm) | @nm)

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

g BT A | b= | AL | L= AL

513 =2 840 =3 844 =2

Ghi chi: n 14 s6 1an do; TB 1a gia tri trung binh.

Thiét ké so d6 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, ching toi
nhan dugc mot s6 két qua nhu thiy trong Bang 1.
Trong d6: SPD cia ngudn  chuin
E, = 1,000£0,001V; D6 chinh xac cua thudc

thang Al,, =1mm; Gia tri cia cudong do dong
dién trong mach chinh I1=111,2mA.

Két qua 1: Tir s6 liéu 6 Bang 1, cac thong s6 vé
Bo thi nghiém BKE-020 da cho va Iy thuyét vé
sai s6 cua phép do gian tiép, chung t6i xac dinh
duoc gié tri trung binh, sai sb ti ddi, sai sb tuyét
dbi va viét két qua cta phép do SPP cua mot
ngudn E nhu sau:

Sai sb dung cu cua thude do chiéu dai:
(AZO )dc = (All )dc = l mm

Gi4 tri trung binh SPD ctia mot nguon:

E_M=E0.l=1 _1,000.320_ 1 637v
I, 513

Sai s ti d6i cua phép do SPD cia mot nguon:
AE
8, =—=* , mat khac:

1x

5=RE0 A AL _0001, 3, 4 )6,
E, I, 4 1000 513 840

Al =Al, +(AlL), =2+1=3 mm,
VO1 _
Al = Al +(AL), =3+1=4 mm,

Sai ‘sé tuyét dbi cia phép do SPP cua mot
nguon:

— 1,161
=3,.E, =—-.
1x 11x 100
Viét két qua cua phép do SPD ciia mdt ngudn
E,: E =E, +AE, =1,637+0,019V

AE

C6 thé thiy két qua tinh toan SPP ctua mot
nguon Ex phu hgp tot véi gia tri ctia ngudn dién.
Két qua 2: Tuong ty nhu trén, tir s6 liéu & Bang
1, ching t61 xac dinh duoc gia tri trung binh, sai

s6 tuyét d01 sai so twong ddi cia phép do SPP
ctia hai ngudn méc song song Eax nhu sau:

Sai s6 dung cu cua thudce do chiéu dai:
(A),.=(AL),,=1mm

Gia tri trung binh SPD cuia hai nguén méc song
song:



E, =E, L0008 1 gas v
I, 513

Sai s6 ti d6i cua phép do SPP cua hai ngudn
mac song song:

2x

AE°+ATZO+A_I 0001+3 1—1040%
E, 4, 1, 1000 513 844

voi AL = AL +(Al), =2+1=3 mm,

9,=

Sai s6 tuyét ddi ctia phép do SPD ctia hai ngudn
mac song song:

AE, =5,E, = 1,040

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

Nhu vay, tu Kkét qua 1, do SBD ctia mét nguén
E, =E, £ AE =1,637+0,019V,

va két qua 2, do SPP cua hai nguén mic song
song E, =E, + AE, =1,645+0,017V

c6 thé thay rang: E, =E,, diéu nay 1a phu hop
tbt voi 1y thuyét.

Chung t6i c6 thé két luan rang bd thi nghiém
BKE-020 c6 thé sir dung dé do SPD cua ngudn
dién v61 mirc do chinh xac cao. Pong thoi, bo
thi nghiém cai tién nham klem chimg cong thirc
sudt dién dong cua bd ngudn mic song song. Cu
thé, chung t6i da vén dung phuong phap mach
xung d6i do suat dién dong cua 2 ngudn mic
song song Ex va so sanh véi gid tri cua mot
nguon Eiy, két qua cho thiy dung véi ly thuyét.
Thém nira, b thi nghiém nay co thé tlep tuc cai
tién dé do chinh xac SBD cua b ngudn gdém
nhiéu ngudn dién mac hdn hop.

IV. KET LUAN

Chung t6i da tién hanh hai thi nghiém Vo1 bo thi
nghiém BKE-020: do SBD cua mot ngudn dién
don 1¢ va do SPD ciia bd ngudn mic song song
bang phuong phap mach xung dbi. Bo thi
nghiém nay ndi bat voi cac uu diém sau: thao tac
dé dang, thuan tién; Kkét qua co tinh thuyet phuc
cao, phu hop v6i cac tinh toan ly thuyét; dap
ing, day du cac tiéu chi cua mot by thi nghiém
chuin muc vé tinh khoa hoc, tinh su pham va
tinh tham my; Bo thi nghiém nay da duoc trién
khai va ap dung trong day hoc hoc phan Thi
nghiém Vat 1y dai cuong hang nam. Két qua cho

thdy, cic sinh vién déu tién hanh thi nghiém
thuén 1gi, thu duoc s6 liéu véi do chinh xac cao,
rén luyén dugc ki nang thu thap va xir Iy s6 liéu.
Trong bdi canh d6i méi gido duc va phuong
phap day hoc theo chuong trinh gido duc phd
thong 2018, chung téi ky vong bd thi nghiém
nay sé& duogc trién khai rong rii trong day hoc
Vat li tai cac truong THPT. BO thi nghiém co
thé dung dé thay thé cho bo thi nghiém trong bai:
“Thuc hanh: Po suit dién dong va dién tré trong
cua pin dién héa” (trong chuong trinh mén Vit
ly 16p 11). Do bd thi nghiém cai tién c6 mot sd
uu diém noi tréi nhu két qua cé do chinh xac cao,
c¢6 thé kiém nghiém dugc nhiéu 1y thuyét lién
quan va rén dugc k¥ nang thuc hién thi nghiém
va tu duy phan bién.
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