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How to propose and develop a new set of torque experiments to
overcome the limitations of the current set? The research aims to
provide students with an effective learning apparatus to avoid
difficulties and mistakes when conducting force balance and torque
experiments in the high school physics program. The research
methodology involves meticulous analysis of the constraints associated
with the existing torque experiment set, as well as the challenges and
errors that students commonly encounter when using this set. Based on
these analyses, we have successfully proposed and manufactured a new
set of torque experiments according to the proposed experimental
equipment construction process. This experiment set enables the
execution of most force balance and torque experiments in the 2018
high school physics program. The results of this research have
significant implications for innovating physics teaching and learning
methods in high schools.
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Lam thé nao dé dé xuat va phat trién mot bo thi nghiém moment luc
méi nham khic phuc nhitng han ché cua bo thi nghiém moment lyc
hién tai? Nghién ciru nham cung cp cho hoc sinh mét bo thiét bi hoc
tap hiéu qua dé tranh nhirng khé khan va sai 1am khi thuc hién cac thi
nghiém vé can bang luc v moment luc trong chuong trinh vt Ii phd
thong. Phuong phap nghién ctru dugc tién hanh biang viéc phan tich
k¥ ludng nhirng han ché cua bo thi nghiém moment luc hién c6, ciing
nhu kho khin va sai lam ma hoc sinh thuong gap phai khi sir dung bo
nay. Dya trén nhitng phan tich nay, ching t6i da dé xuat va ché tao
thanh cong bo thi nghiém moment luc mai theo quy trinh xay dung
thiét bi thi nghiém da dé xuét, bo thi nghiém nay mang lai kha niang
thuc hién hau hét cac thi nghiém vé can bang luc va moment lyc
trong chuong trinh vat Ii pho thong nam 2018. Két qua nghién cuu
nay co y nghia quan trong trong viéc déi méi phuong phap day va
hoc vat Ii & truong phé thong.
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1. Gioi thigu

Trong day hoc vat li, thi nghiém cé chirc nang la phuong tién cua viéc thu nhan tri thac; gidp
Kiém tra tinh ding din cua tri thirc da thu nhan duoc [1]; va 1a phuong tién cua viéc van dung tri
thure da thu duoc vao thuc tién [2], [3]. Ngoai ra, viéc sir dung thi nghiém trong day hoc vat li con
kich thich hung thi hoc tap vat Ii [4], t6 chirc qua trinh hoc tap tich cuc, tu lec va sang tao cua
hoc sinh [5]. Tuy nhién, cac bo thi nghiém duoc st dung trong day hoc hién nay, dac biét la bo
thi nghiém moment luc cé nhirng han ché nhét dinh [6]. Bé ndm duogc thyc trang viéc st dung thi
nghiém trong day hoc, dac biét Ia bo thi nghiém moment luc hién hanh, chung t6i da thuc hién
khao sat nhom gi&o vién giang day Vat Ii tai truong trung hoc phé théng s6 1 Tuy Phudc, tinh
Binh Dinh va dugc cu thé héa & bang 1.

Bang 1. Két qud khao sat tinh hinh si dung bg thi nghiém moment lyc hién hanh trong day hoc

CAC TIEU CHI C6 Khoéng

TC1: Tién trinh xay dung kién thtrc bai hoc nhur sach gido khoa c6 dé& 1am cho HS nham Ian

. N . PRI FOS 88% 12%
canh tay don voi khodng cach tir truc quay dén diém dét cua luc? .
TC2: Cau tao cua bo thi nghiém ¢o dﬁI}g nhu mé ta trong tai liéu hudng dﬁm kém theo khdng? 0% 100%
TC3: B thi nghiém c6 gilp cho HS dé dang thuc hién thi nghiém theo tién trinh xay dung 28% 72%
kién thic bai hoc nhu SGK khong?
TC4: Bo thi nghiém c6 gitp HS dé dang xac dinh canh tay don khong? ) 39% 61%
TC5: Bo thi nghiém c6 1am noi bat dwoc sy phu thudc cua tdc dung lam quay vat ran vao do

o N \ A 35% 65%
I6n caa luc, vao canh tay don khong? ) i . )
TC6: BO thi nghiém c6 1am cho HS dé dang thay dugc diéu kién can bang cua vat ran c6 truc
quay co dinh la Fy.d; = F,.d, khdng?

40% 60%

TCT: B0 thi nghiém c6 chinh xac khéng? 56% 44%
TC8: B thi nghiém co dat yéu cau? 55% 45%
TC9: Theo thay (cd) ta c6 nén ché tao lai bo thi nghiém khong? 81% 19%
TC10: Theo thay (c6) ta c6 nén xay dung lai tién trinh cho bai hoc khdng? 86% 14%

Tir két qua khao sét & bang 1, c6 thé thdy bo thi nghiém moment luc hién hanh cé nhing han
ché nhét dinh. Do d6, van d& dit ra 1a can nghién ciru, ché tao bo thi nghiém moment luc nham
khic phuc nhitng han ché cua bo thi nghiém hién hanh va van dung trong day hoc 1a hét stc can
thiét. Trong bai bao nay, chung toi dé cap dén quy trinh xay dung thiét bi thi nghiém, tir do dé
xuit b thi nghiém moment lyc da ché tao va tién trinh xay dung kién thac moment luc, quy tic
moment c6 sir dung b thi nghiém moment da ché tao.

2. Phuong phap nghién ciru

Dé tra loi cho van dé nghién ctu trén, chung t6i da sir dung mot sé phuong phép nghién ciu
nhu sau:

- Phuong phap nghién ctu Ii luan nham dé xuat quy trinh xay dung thiét bi thi nghiém, va van
dung quy trinh d6 dé thiét ké, ché tao bo thi nghiém moment luc.

- Phuong phép diéu tra, khao sat nham ndm bit tinh hinh thuc tidn nhitng han ché caa bo thi
nghiém moment lyc hién hanh, va thyc tién tinh kha thi caa viéc sir dung bo thi nghiém moment
luc méi da ché tao trong day hoc.

3. Két qua va ban luan
3.1. Quy trinh xay deng thiét b thi nghiém

Xay dung thiét bi thi nghiém duoc hiéu Ia thiét ké, ché tao thiét bi thi nghiém méi hoic cai
tién, hoan thién thiét bi thi nghiém d co [7]. Dua trén viéc nghién cau tong quan vé& quy trinh
xay dung thiét b thi nghiém cua cac nhom tac gia [8] chung t6i dé xuat quy trinh xay dung thiét
bi thi nghiém gom 05 giai doan chinh va duoc cu thé hda bang so d6 nhu hinh 1.
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........... 1. Xic dinh chire niing, nhi¢m vy cia thiét bj thi nghi¢m cin xdy dung }

- TBTN dwoc sir dung dé nghién ctru hién tugng, khai niém, dinh ludt,... vét li ndo trong chwong i
trinh vét If pho thong?
- TBTN duge ché tgo ¢6 thé tién hanh nhing thi nghi¢m vat li nao?

7
1 2. Tim hiéu thiét bj thi nghi¢m c6 ciing chire ning véi thiét bj cin xay dyng
T LY

Néu chura c6 thiét bi thi nghiém Néu da c6 thiét bj thi nghiém

Ché tao mdi hoan toan TBTN theo yéu clu - Tim hiéu nhimg han ché ciia TBTN hién
cua churong trinh hanh trong qua trinh str dung.

- Xéc dinh nhing bd phan cin cai tién, hoan
thién va dé xudt cach dé cai tién, hoan thién.

O

,,,,,,,, ’ 3. X4y dyng ban phic thio hinh vé chi tiét thiét bj thi nghi¢m cAn xiy dung

TBTN cin xdy dymg c6 nhimg bd phan nao? Cac bo phan lién két vai nhau nhu thé nao? Céc vat
liéu ndo dugc sir dung dé ché tao? Cch gia cong cac vat liéu nhu thé nao?

Ly

,,,,,,,,, { 4. Ché tao thiét bj thi nghi¢m }

Trong qua trinh ché tao, ¢6 nhimg chinh sira, bo sung va thay déi so v6i ban phéc thao hinh v&
ban du.

O

J— | 5. Thir nghi¢m thiét bj thi nghi¢m di ché tao } ,,,,,,,, .

- Tién hanh céc thi nghiém dy kién trén thiét bi thi nghiém di ché tao, tir d6 diéu chinh, bé sung
vi hoan hién thiét bi da ché tao dam bao do bén, vimg chic, hién twong rd rang, két qui chinh

xdc trong thi nghiém, ...

- Tién hanh day thir trén nhom thye nghiém dé danh gid tinh hi¢u qua va kha thi cta bo thi
nghi¢m da ché tao.

Hinh 1. So' do quy trinh xay ding thiét bj thi nghiém' Hinh 3. So' d6 thi nghiém trén bg momen hién hanh

3.2. Thiét ké, ché tao bé thi nghiém moment lzc

Dua vao quy trinh xay dung TBTN, ching t6i ché tao bo thi nghiém moment luc theo céc giai
doan sau:

Giai doan 1: Xdc dinh chitc ndng, nhiém vu ciia TBTN cdn xay dung

Bo thi nghiém moment lyc duoc sir dung dé hinh thanh nén kién thic vé moment luc, quy tic
moment va cd thé duoc tién hanh 4 thi nghiém sau:

+ Thi nghiém 1: Nghién ctu tac dung 1am quay vat cua luc ndm trong mit phing vudng goc
Véi truc quay cua vat ran.

+ Thi nghiém 2: Nghién ctru tac dung 1am quay vat ran khéng phu thudc vao khoang cach tur
truc quay téi diém dat lyuc.

+ Thi nghiém 3: Nghién ciru tac dung lam quay vat ran phu thuoc vao khoang cach tir truc
quay téi gia cua lyc (canh tay don).

+ Thi nghiém 4: Nghién citu can biang cua vat ran c6 truc quay ¢b dinh dudi tAc dung cua nhiéu hc.

Giai dogn 2: Tim hiéu TBTN c6 cung chie ning véi TBTN can xay dung

Bo thi nghiém moment lyc (Hinh 2) 1a ¢6 sin va dugc trang bi & cac truong trung hoc phd
thdng. Tuy nhién, qua thuc té sir dung va day hoc, bo thi nghiém hién hanh c6 nhiing han ché sau:

+ Vi tr can bang cua dia bj thay ddi (so véi vi tri can bang duoc lya chon ban dau) khi dat luc
P, tai céc vi tri E, D, B (Hinh 3). Hoic khi thay d6i phuong ctia luc P, nho rong roc (diém dat lyc
tai C, thay doi vi tri ciia phuong P, dé dia van can béng tai vi tri ban dau), nhung van rat khé dé
dia c6 thé can bang tai vi tri ban dau (canh tay don d; ¢0 thé bi thay dol)

+ Dia moment cua bg thi nghiém co cau tao gom cac vong tron dong tam, tam ciia ching la
truc quay c6 dinh, ban kinh cac vong tron tiang dan tirng xentimet mot, cac dudng kinh dugc vé
trén dia tirng d6i mot hop véi nhau goc 45°, tai cac giao diém c6 khoang 16 dé treo vat nang. Véi
ciu tao nhu vay thi khdng ton tai c4c 13 tai cac diém D, E sao cho D, E nam trén duong thang qua
B va vudng goc vaéi AB tai B. Gia sir ban kinh vong tron qua 15 tai diém B 1a n xentimet thi ban
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kinh vong tron qua cac 16 tai diém D, E s& 1a nv/2 xentimet, khac voi cac vong tron thuc té co
trén dia. Vi vay viéc tién hanh thi nghiém nhu tién trinh néu trén 1a khdng thé.

+ Ngoai ra d6 chinh xac cua b thi nghiém Ia khéng cao vi mét s6 1i do nhu: viéc lip thude do
d6 dai 1én gia d& khdng chinh xac, c6 mot s6 16 khoang khéng thuc sy dung vi tri,...

Do d6, b thi nghiém moment can ché tao phai khac phuc duoc nhitng han ché nay.

Giai dogn 3: Xay dwng ban phac thdo hinh vé chi tiét thiét bj can xay deng

Bo thi nghlem moment can xay dung gom hai dia tron, mong, phang lam bang mica gan lién
v6i nhau, dong truc ciing 1a truc quay ¢ dinh cia dia va duoc b tri nhu hinh 4.

+ Pia 16n c¢6 duong kinh ngoai 1a 240 mm, do day 8 mm. O tam dia c6 16 tron duong kinh
ngoai 1a 22 mm dé lip 6 bi. Mat ngoai cua dia c6 ranh nho dé co thé vit day treo vat nang. Trén
mat dia ¢6 dan thude do do dai.

+ Pia nho c6 duong kinh ngoai 1a 80 mm, do6 day 8 mm. O tam dia c6 18 tron dudng kinh
ngoai 1a 22 mm dé lap 6 bi. Mat ngoai cua dia c6 ranh nho dé co6 thé vat day treo vat nang. Dia
nho dugc dan dinh vao mat truéc cua dia 16n.

+ Mat trudc cia dia 16n ¢ cac vong tron vai ban kinh nhu sau: Vong tron (1) ¢ ban kinh 40
mm; vong tron (2) c6 ban kinh 60 mm:; vong tron (3) c6 ban kinh 602 mm (= 85mm). Cac dudng
kinh (1), (1) tao vé6i dudng kinh AC goc 45°. Nhu véy s& tao duoc cac diém D, E nam trén dudng
thang qua B va vuéng goc véi AB tai B. Tai ‘cac giao diém ¢ vi tri dé treo cac qua gia trong.

Dia moment duoc lp Ién truc quay ¢6 dinh nam ngang, truc quay gan trén mét tru dang,
Ngoai cling cua truc quay c6 vit hdm dé cé thé ham cho dia ding yén khi thao tac thi nghiém.

Bo thi nghiém con c6 rong roc R nam trong cling mat phang véi dia nh, rong roc gan lén mot
tru dang qua hai khop noi chir T. Rong roc ¢6 thé dé dang dich chuyén 1én xudng hoic qua lai
gitip d6i phuong cua luc tac dung 1én dia mot cach tuy y.

! Vi tri treo c&c qua gia trong
Vi tri 16 khoang

T

& 2

Hinh 5. Bg thi nghiém moment xay dung
I

Hinh 4. Ban phéac thao bg thi nghiém moment can Hinh 6. Luc F; cé ‘téc dung lam dia quay nguoc
ché tqo: 1. Pia lon, 2. Dia nho; 3. Truc quay; 4. chieu kim dong ho
Thuoc do; 5. Rong roC R; 6. Tru ding; 7. Gia do.

Giai doan 4: Ché tgo thiét bj thi nghiém

Dua vao ban phéc thao chi tiét vé bo thi nghiém can xay dung, qué trinh tim kiém vat liéu va
gia cdng vat liéu dién ra. Sau dé tién hanh lap rap cac chi tiét bo phan di gia cong thanh mot bo
thi nghiém moment lyc méi can xay dung nhu hinh 5.
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B¢ thi nghiém nay ngoai vi¢c khac phuc nhiing han ché ciia bo thi nghiém moment hi¢n hanh.
Con ¢6 nhimg diém cai tién dang luyu ¥ nhur:

+ Dén duoc thude do 1én trén dia nén viéc do canh tay don rat chinh xac, khdng con phai do
tim vi tri dt rong roc sao cho day treo tiép tuyén véi cac vong tron trén dia, khong con phai ding
dén eke dé do do dai canh tay don.

+ Nho 6 cAu tao dic biét nén mdi khi d6i phwong cua luc bang cach vit day treo qua rong roc
thi canh tay don déu khong thay doi do 16n. Lic nay day treo gidng nhu dugc cudn vao hoic nha
ra tir dia nh6. Néu mudn tiép tuc d6i phuong cua luc, chi can dich chuyén rong Ién hozc xubng,
qua hoac lai nho cac khép néi.

+ Tao ra dugc moment ban dau (moment M; = Fyd;) ludn khong dbi khi dia quay. Pay la diéu
ma bo thi nghiém hién hanh chwa thuc hién duoc. Nhd ¢ moment M; khong d6i ma khi treo
thém hai vat 1én dia néu dia chua cén bang ty khic dia s& quay vé vi tri can bang (dang can bang
bén). Tai ¢y HS dé& dang quan sat dugc canh tay don cua lyc.

+ Rong roc R gén véi try diing théng qua hai khép ndi chix T nén dé dang dich chuyén qua lai
hozc I&n xubng, rat thuan tién khi d6i phuong cua luc tac dung vao dia.

+ V& mit su pham, di tao dugc vit him dé gir dia mdi khi thao tac treo vat ning hoic thay
ddi vi tri diém treo, khic phuc dugc tinh trang “mét tay vin dia, tay kia treo vat”.

+ B6 thi nghiém cho d6 chinh xac rét cao, tinh truc quan rat tot.

Giai dogn 5: Thir nghiém thiét bi thi nghiém da ché tao

Tién hanh céc thi nghiém trén bo thi nghiém moment da ché tao:

+ Giir ¢b dinh dia (OA nam ngang), tac dung luc F, 1én dia tai A bang céch vt day treo qua
nang 0,5 N theo rinh quanh dia 16n tir A dén |, ¢b dinh tai | (Hinh 6). Khi ngi long vit hdm luc F,
lam cho dia quay nguoc chiéu kim dong ho, trong khi dia quay day treo duoc nha ra tir rdnh
ngoai cua dia 16n gidng nhu day duoc nha ra mot rong roc, luc Fy ludn tiép tuyén voi vanh ngoai
cua dia 16n, do d6 canh tay don khong ddi va ludn co gia tri 1a d, = 0,12 m; do I6n cua luc khdng
thay ddi, ¢ gidtrila F; = 0,5 N, do d6 moment lyc lubn la M; = F;d; = 0,06 N.m. Nghia la tac
dung 1am quay dia ngugc chiéu kim dong hd ludn khong doi khi dia quay.

+ Khi treo thém hai qua nang (trong luong 1,0 N, twong tng Véi luc F,) lan luot vao C, G, B thi
moment lyc thay d6i, HS c6 diéu kién khao sat s phu thudc cua tac dung 1am quay vao canh tay don.

+ Néu hai qua ning duoc treo lan luot vao B, D, E thi canh tay don khong doi, lubn co gia tri la
dz = 0,06 m nén moment luc ludn la M, = F.d, = 0,06 N.m do d6 dia dirng yén. So sanh giira cac
14n thi nghiém HS c6 diéu kién khao st sy phu thugc cia tc dung 1am quay vao d6 16n cua lyc.

+ Tai diém treo E d6i phuong cua luc F, d& dang bang céch vit day treo qua rong roc R. Khi
nai long vit ham, dia s& tu khac quay Vé vi tri can bang (dang can bang bén), khi dia can bang thi
day treo thang hang véi doan théng DE, doan DE di duoc khic trén dia nén rat dé quan st (Hinh
7), lac nay phuong cua F, tiép tuyén voi vong tron (2) nén HS dé dang thdy duoc d, = 0,06 m,
moment luc 1& M, = F,d, = 0,06 N.m nén dia dang yén.

Hinh 7. Bia ¢ vi tri can bang, day treo thing hang Hinh 8. Pia cin bang, day treo ba vat nang
voi doan DE dwot cuon quanh dia nho
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+ Khi treo ba qua nang (trong luong 1,5 N, twong tng véi luc F3) vao G bang céch cudn day
treo quanh dia nho theo rénh tir G dén H, ¢6 dinh tai H. Luc F5 c6 khuynh huéng 1am dia quay
cuing chiéu kim ddng hd, canh tay don cua luc bang ban kinh dia nho la d; = 0,04 m, moment lyc
ludn 1a M3 = F3d; = 0,06 N.m nén khi négi long vit ham dia dang yén vi tac dung lam quay dia cua
Fs can bang voi thc dung Iam quay dia ciia Fs. Tr ddy, ta doi phuong cia lyc F5 dé dang bang
cach Vit day treo ba qua niang qua rong roc R (Hinh 8), du rong roc & bat ki vi tri nao van luén c6
cénh tay don d; bang 4 cm vi day treo dugc cuon theo ranh quanh dia nho nén khi khi vit day qua
rong roc R thi luc nay phuong cua luc F; van tiép tuyén véi vanh ngodi ciia dia nho. Tir vi tri nay,
néu lam cho dia quay di mot goc nho quanh truc, day treo ba qua ning s& duoc cudn thém vao
hoic nha ra quanh dia nho nén d; van khong doi, khi budng tay thi dia s€ lai dung yén ¢ vi tri can
bang mai nay (dang can bang phiém dinh). Néu muén tiép tuc d6i phuong cua luc F; ta chi viéc
dich chuyén rong roc R dén mot vi tri khac nira 1a duoc.

Chdng t6i st dung bo thi nghiém da ché tao dé tién hanh day trén nhom thuc nghiém va dat
két qua t6t, danh gia duoc tinh hiéu qua va kha thi cia bo thi nghiém moment da ché tao. Ddng
thoi, chiing t6i ciing tién hanh khao sét lai nhom gido vién ban dau, c6 st dung bo thi nghiém
moment lyc da ché tao trong day hoc, va duoc cu thé héa & bang 2.

Két qua cho thay, 100% gido vién dugc khao sat dong y véi bo thi nghiém cai tién va tién
trinh bai hoc dugc xay dyng mai, phan Ién gido vién déu cho biét hoc sinh khong con mic sai
IAm trong viéc xac dinh canh tay don. Véi két qua khao sat thu dugc, c6 thé nhan xét bo thi
nghiém cai tién da dat duoc cac yéu cau caa mot bo thiét bi thi nghiém dé phuc vu trong qua trinh
day va hoc mén Vat li.

Bang 2. Két qua khao sat tinh hinh siz dung b thi nghiém moment luc ché tgo trong day hoc

CAC TIEU CHI Cé  Khong

Tien trinh x&y dung kien thic bai hoc da dugc xay dung lai c6 dé 1am cho HS nham Ian 50 95%
canh tay don vai khoang céch tir truc quay dén diém dat cua luc?
Céu tao cua bo thi nghiém c6 ding nhu mé ta trong tai liéu hudng dan kém theo khéng?  100% 0%
B¢ thi nghiém co gilp cho HS dé dang thuc hién thi nghiém theo tién trinh xay dung 80% 20%
kién thirc bai hoc da duoc xay dung lai khdong?
Bo thi nghiém c6 gitp HS dé dang xac dinh canh tay don khong? 80%  20%
Bo thi nghiém c6 lam ndi bat duoc sy phu thudc cua tac dung lam quay Vat rin vao do

e L \ R 68% 32%
I6n cta lyc, vao canh tay don khong?
Bo thi nghiém c6 l1am cho HS d& dang thay dugc diéu kién can bang cua vat ran cé truc
quay cé dinh 1a F1.d, = F,.d, khéng?

82% 18%

Bo thi nghiém cé chinh x&c? 78% 22%
Bo thi nghiém co6 dat yéu cau? 80%  20%
Theo thay (cd) c6 can cai tién gi thém bo thi nghiém khong? 0%  100%
Theo thay (cd) c6 can bd sung thém gi tién trinh bai hoc mai khong? 0%  100%

4. Két luan

Viéc ché tao cac TBTN va sir dung trong day hoc vat Ii ¢ trwong trung hoc phé théng khong
nhitng dap tmg chuong trinh hién nay ma con gop phan néng cao nang luc day va hoc ¢ truong
phd thong. Trong khudn khé bai bao, ching t6i di dé xuét quy trinh xay dung TBTN va st
dung quy trinh d6 dé ché tao bo thi nghiém moment lyc nham khac phuc nhitng han ché ma b
thi nghi¢ém moment hi¢n hanh gap phai. B6 thi nghi¢m da ché tao dap ung rat tot so vai yéu Cau
cua chuong trinh 2018, dic biét yéu cau vé tinh truc quan; rat tién ich khi sir dung trong tiét
hoc trén 16p; cho két qua chinh xac. Két qua nghién ctru da gop phan tao ra bo thi nghiém co
chét lugng cho thiét bi truong hoc, ¢6 thé sir dung 1am tu liéu day hoc cho gi4o vién khi day
kién thirc vé phan Tinh hoc. Qua d6 gop phan nang cao chét luong giang day bé mén Vat ly
trong nha truong.
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