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In this study, the author designed and fabricated an experimental
apparatus to investigate the phenomenon of electromagnetic induction
based on the principle of determining the induced electromotive force
resulting from a varying magnetic flux in a closed circuit. A coil with
specified area and number of turns was placed within the magnetic field
of a rotating magnet. As the rotational speed of the magnet was varied,
an induced electromotive force was generated in the coil. Using the
constructed apparatus, the power generation effect of the coil was
evaluated by placing it in the magnetic field of the rotating magnet.
Experimental results obtained from a coil with 350 turns and a diameter
of 51.9 mm showed that an induced electromotive force appeared in the
circuit as the angular velocity @ of the magnet changed. Notably, when
® = 2300 rpm, the light bulb connected to the circuit began to emit
light. Furthermore, the relationship between the induced electromotive
force and the rotational speed of the magnet was found to be nearly
linear, with a correlation coefficient as high as R? = 0.9988. The results
obtained from this custom-designed experimental apparatus
demonstrate its potential applicability in physics laboratory instruction
at educational institutions.
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Trong bai bao nay, tic gia da thiét ké, ché tao bo thi nghiém veé hién
tuong cam tng dién tir da trén nguyén 1y xac dinh suat dién dong cam
ng khi cho tir thong bién thién trong mach kin. Theo d6, cudn day véi
dién tich va sé vong tuong (ng dugc dat trong tir trudng ciia nam cham;
khi thay doi toc do quay ciia nam cham thi trong cudn day s& xuat hién
suit dién dong cam ung. Dua trén bo thi nghiém ché tao dugc, hiéu tng
phat dién cua cudn day khi dat trong tur truong cia nam cham dugc
kiém tra. K&t qua khao sat trén cudn day co kich thudc 350 vong,
dudng kinh 51,9 mm cho thiy, khi téc d6 quay ® ctia nam cham thay
dbi thi trong mach xuét hién suét dién dong cam tng, dac biét khi o =~
2300 vong/phat quan sat thdy bong dén bat diu phat sang. Ngoai ra,
khao sat su phu thugc suit dién dong cam g vao tdc do quay cua nam
cham ciing cho thdy sy phu thudc nay gan nhu 1a tuyén tinh véi hé s6
twong quan 1én téi R = 0,9988. Két qua nghién ciru trén bg thi nghiém
duoc thiét ké va ché tao ¢6 thé lam co so dé dua vao sir dung trong giang
day thi nghiém vat ly & cac co s gido duc.
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1. Mé dau

Thi nghiém Vat ly dong vai trd quan trong trong viéc hinh thanh va duy tri dong luc hoc tép,
ddng thoi gop phan nang cao nang lyc tu duy, kha ning ghi nhé, van dung kién thirc cia ngudi
hoc [1]. Nhiéu nghién ctru di chi ra rang, viéc tich hop thi nghiém vao giang day Vat 1y giup tang
cuong hiéu qua tiép thu kién thirc va gan két 1y thuyét voi thuc tién [2], [3]. Hién nay, cac co s&
dao tao thudc khoi nganh k¥ thuét tai Viét Nam va trén thé gioi déu dua thi nghi€ém Vat ly vao
chuong trinh giang day, trong d6 ¢6 ndi dung vé hién twong cam tmg dién tir — mot chu dé co
nhiéu tmg dung trong thuc tién va k¥ thuat [4] — [6].

Trén thé gioi, da c6 nhiéu cong trinh tap trung nghién ctru hién tuong cam tmg dién tir tir goc do
ly thuyet cling nhu thuc nghiém. Céc b thiét bi thi nghiém vé hién tugng cam ung dién tir da dugc
nghién clru va ché tao dé phuc vu cho muc dich giang day va nghién ctu. Mot sb vi du tiéu biéu
bao gom: thi nghiém cam tng dién tir trong cudn day [4], kiém tra thuc nghiém cac hé qua cua dinh
ludt cam Ung dién tir Faraday [5], thi nghiém minh hoa vé hién turong cam ung dién tir [6], va
nghién ctru chuyén séu vé hién tuong nay [7], v.v. Tai Viét Nam, mot sb tai liéu cling dd bao co
két qua nghién ctru ché tao bo thiét bi vé hién twong cam umg dién tir phuc vu giang day [8].

Két qua khao sat hé thong thi nghiém Vat 1y v€ hién tugng cam Umg dién tir tai mot sO co s
dao tao trong nudc cho thdy rang sd lwong bai thi nghiém vé hién tugng cam tmg dién tir con han
ché. Trong d6, mot sb bai tap trung vao viéc do sudt dién dong cam tng tirc thoi sir dung dao
dong ky [8]. Tuy nhién, dao dong ky c6 gia thanh kha cao va dé xac dinh suit dién dong cam tng
cling doi hoi ngudi hoc phai thuc hién nhiéu thao tac diéu chinh trén thiét bi méi nhan duogc gia
tri can do. Vi vy, nghién cru nay duoc thuc hién véi muc tiéu thiét ké va ché tao mot bo thi
nghié€m véi thao tac don gian dé khao sat suét dién dong cam rng hiéu dung xuét hién trong cudn
day dat trong tir trudng ciia nam cham. Dua trén nguyén 1y xac dinh suat dién dong cam tng dién
tir, tic gia xay dung quy trinh thiét ké va so do thiét ké chi tiét bo thi nghiém. Vi so do thiét ké
chi tiét, tac gia lya chon vat li€u va ché tao dugc bo thi nghiém khao sat suét dién dong cam tGng
trong cudn day dat trong tir trudng ctia nam cham. Sau dé tién hanh khao sat thyc nghiém va
kiém tra hiéu ing phat dién ctia cudn day khi thay ddi tc d6 quay ctia nam cham.

2. Thiét ké va ché tao bd thiét bi
2.1. Nguyén Iy xdc dinh sudt dién djpng cim trng

Xét mot khung day co dién tich S gdm N vong dit trong tir truong cd cam tng tir bién do6i
theo thoi gian: B= BOCOS((DtJr(p). Mit phing ctia khung ddy vudng véi tir truong B. Theo
dinh luét co ban cua hién tugng cam Gng dién tur khi tir thong Oy, bién thién theo thoi gian t thi
trong khung day xuat hién suat dién dong cam tng. Suat dién dong cdm Ung &; dugc xac dinh
nhu sau [9]:

éc _ dg)tm :N_BO.S.(D.SiIl(COt‘i'(P)Zéo-Sin((’)t“'(p) (1)

& =N.B,.S.0 (2

Tir phuong trinh (2) c6 thé thiy khi mot hodc dong thoi cac dai lugng N, By, S va o thay doi
thi s& nhan duoc gié tri ctia suét dién dong cam tng &, khac nhau.

Trén co so do, tac gia dua ra so do bo tri thi nghiém nhu Hinh 1. Dt cuon day gin nam cham,
nam cham dugc gin vao dong co dugce diéu khién boi ngudn dién. Nam cham vinh ctru duge cho
quay boi dong co co thé didu khién duoc toc do quay. Khi nam chdm quay thi hai du cudn day s¢
xuét hién suat dién dong cam ung. St dung von ké méc song song voi 2 dau cudn day, c6 thé xac
dinh dugc gia tri hiéu dung cia suat dién dong cam tmg xut hién trong cudn day. Ngoai ra, daé
kiém tra hiéu (g phat dién cta cudn day véi bong dén la chi thi va quan sat sy xuét hién cua dong
dién trong mach dién kin, tac gia xay dung so dd b tri thi nghiém gorn mach ngoai nhu Hinh 2.
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Cljon
day

bong co

Hinh 1. So do bé tri dung cu thi nghiém khdo sdt sudt dién dong cam ing trong cudn day
‘ Dang ’

Hinh 2. So do bé tri dung cu thi nghiém Khdo st sudt dién dong cam iimg trong cudn ddy khi gdn mach ngodi

2.2. Quy trinh thiét ké ché tgo by thi nghiém

Cubn

day

Quy trinh thiét k& ché tao bd thi nghiém duoc xiy dung gdbm 7 budc (Hinh 3) twong tu cac
budc trong quy trinh [10].

Buwde 1: Xac dinh myc tiéu cta thi nghiém

!

Buwée 2: Tim hiéu tong quan va 1ap ké hoach

Buéc 3: Thiét ké co ban

Buée 4: Thiét ké chi tiét

v

Buéc 5: Ché tao va lap dat

v

Budée 6: Thir nghiém va didu chinh

v

Buwdée 7: Chap nhan va st dung

Hinh 3. Cac budrc trong quy trinh thiét ké ché tao bo thi nghiém
Buére 1. Xac dinh myc tiéu ciia bai hoc: Thiét ké, ché tao duge bd thiét bi khao sat suat dién
dong cam ung trong cudn day dit trong tir truong ctia nam cham, dinh huéng Gng dung trong
giang day noi dung kién thirc vé hién twong cam tmg dién tir cho ddi twong 14 sinh vién.
Budre 2. Tim hiéu tong quan va lap ké hoach: Tién hanh tim hiéu tong quan hé théng cac bai
thi nghiém v& hién tuong cam Ung dién tir hién dang giang day tai mot s6 co s¢ dao tao trong
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nuéc, tr do lap ké hoach thiét ké va ché tao dugc b thi nghiém dé do suét dién dong cam Gng
xuat hién khi tir thong trong mach kin bién thién.

Budre 3. Thiét ké co ban: V& so dd tong quan vé bé tri ctia bo thi nghiém va vi tri ciia cac
thanh phan chinh bao gdm hé khung gia d&, hop bang dién, nam cham, dong co va cudn day. Xac
dinh cac lién két gilia cac thanh phﬁn chinh nay. Lya chon nguf"m dién, dong co, nam cham, cac
day ndi, cac phich cim, bong dén va cac thanh phan khac dya trén yéu cau k§ thuét.

Budre 4. Thiét ké chi tiét: Xac dinh kich thudc cy thé va cac thong sb ki thuat cia timg thanh
phan chinh bao gom hé khung gi4 d&, hop bang dién, nam cham, dong co va cudn day. Xac dinh
vat liéu va quy trinh ché tao.

Budre 5. Ché tao va lép dat: Ché tao cac thanh phﬁn cua hé théng gia 48, bang mach dién, cac
cudn day. Kiém tra chat luong va dam bao tuan thu cac kich thudc theo ban thiét ké. St dung cac
linh kién, dung cu va cac thanh phan khac dé lap rap cac thanh phan thanh bo thiét bi hoan chinh
theo ban thiét ké. Kiém tra lai tinh hoat ddng ctia bo thiét bi.

Budc 6. Thir nghiém va diéu chinh: Sau khi 1ap réap xong, tic gia tién hanh thir nghiém khao
sat trén bo thi nghiém da ché tao. Ghi lai dix liéu va kiém tra do chinh xéac cua bd dung cu. Piéu
chinh thiét ké bd dung cu néu can thiét dia trén két qua thir nghiém.

Buéc 7. Chap nhén va sir dung: Danh gia két qua thir nghiém va dam bao rang bo dung cu dap
g muc tiéu da dit ra. Viét bao cao hodc xuit ban két qua cua thi nghiém sir dung bd dung cu méi.

2.3. Thiét ké b thi nghiém khdo sdt sudt dién dpng cim irng

Hinh 4. So dé co ban ciia bé thi nghiém
1 - hé khung gia do, 2 - dong co DC 775,
3 - nam chdam, 4 - cu¢n day, 5 - hop bang dién,
6 - nguon DC 3- 12V 5A

262
REN6
| | \ D=23
1 195

118X50X34

N\~ oms b=s0 5
: S :
N - i g

500

] Hinh 6. So do thiét ké chi tiét bj thi nghiém: Mt trudc ciia bg thi nghiém
Cau tao co ban cua by thi nghiém gom: hé khung gia d6 dong co va cudn day; bang mach
ngoai gan bong den; hé thong diéu chinh toc do quay cua dong co.
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He¢ khung gia d& duoc thiét ké 3 tang: tang thir nhat ¢é gin hop bang dién va thanh gia d truc
giit cudn day, tang thtr hai dé gin dong co va nam cham, ting thir ba dé dat may do tdc do quay.

Bang mach ngoai dugc thiét ké 1a mot hop kich thudc 265 x 185 x 95 mm c6 gin bong deén
day toc cung cac vi tri 16 cam day dién. Trén hop dién gin ngudn dé diéu chinh tdc d6 quay cua
dong co. So dd co ban cua b thi nghiém dugc mo ta trén Hinh 4.

T so dd thiét ké co ban, tac gia xac dinh kich thudc cu thé cua cac thanh phﬁn va dua ra so
db thiét ké chi tiét ctia bo thi nghiém. So d6 ban thiét ké duoc hién thi trén Hinh 5 va Hinh 6.

2.4. Ché tao va ldp rdp b thi nghigm

Hinh 7. BG thi nghiém sau khi ldp rdp c¢6 mach ngodi: 1 - hé khung gid dé, 2 - mdy do téc dé quay,
3 - nam cham, 4 - cuén ddy, 5 - hop bang dién, 6 - nguon DC 3- 12V 5A, 7 - Ampe ké,
8- Vonké, 9 - dong co DC 775, 10- bong den

Bo thi nghiém bao gom:

- H¢ khung gia d& dong co va cudn day, hop bang mach ngoai gan bong den va cac day ndi.

- H¢ thong dleu chinh va ghi nhan téc do quay cia dong co: ngudn diéu chinh, dong co giam
tdc, ddng hd do toc do vong quay.

- Nam cham, cac vong day, ampe ké, von ké.

Can ctr vao thiét ké chi tiét ctia bo thi nghiém, tac gia lya chon vat liéu va ché tao dugc bo thi
nghiém khao sat suét dién dong cam ung. Sau khi ché tao xong cac by phén, cac thanh phﬁn duoc
lap rap tao thanh bo thi nghiém hoan chinh nhu Hinh 7.

3. Két qua thuc nghiém

bé quan sat su xuét hién cua dong dién trong mach kin va biéu dién hiéu ung phat dién véi
bong dén 1a chi thi, tac gia thiét ké mach dién ngoai gdm 01 béng dén mic theo so dd Hinh 8.

Trong bai toan nay, tac gia sir dung 01 cudn diy 350 vong v6i dudng kinh 51,9 mm. Tién
hanh thay d6i tbc d6 quay ctiia nam cham, quan sat hién tugng phat sang cia bong dén (Hinh 9).

Hién twong: Diéu chinh cho tdc d6 quay ciia nam cham ting dan thi nhan thiy gia tri hién thi
trén ampe ké va von ké ciing ting theo. Khi toc d6 quay dat dén mot gia tri o =~ 2300 vong/phut
thi bong dén bat dau sang 1én. Nhu vay khi tién hanh thay ddi tdc d6 quay ctia nam cham thi
trong mach kin xuét hién suét dién dong cam tng va sinh ra dong dién cam tng chay trong mach
lam cho bong dén phat sang.

bé khao sat sy xuét hién va phu thudc coa suat dién dong cam tmg vao toc do quay cua nam cham,
tién hanh gan cudn dy Ién truc gia d5. Dung mot ddng ho do dién da nang hién s6 Proskit lam chuce
nang von ké méc song song voi cudn day. Diéu chinh dé chon céc gia tri tdc do quay cta nam cham.
Quan sat may do toc do quay va von ké. Ghi lai cac gi trj toc do quay ® va gia tri hidu dung ctia suat
dién dong cam tng & vao bang so liéu. Lap lai phép do 5 lan 601 Vo1 moi gia tri o da chon.

Tinh gi4 trj trung binh cua két qua do dac va tinh sai sé cua cac dai lugng, két qua dugc trinh
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bay trong Bang 1. S6 liéu trong Bang 1 cho théy, khi tbc d6 quay trung binh ctia nam cham ting
tu 505,8 vong/phut dén 3303,8 vong/phut thi suat dién dong hiéu dung & cling tang tur 0,434 V
dén 2,557 V. Suét dién dong cam tmg tang khi toc do quay cia nam cham tang phu hop voi cac
nghién ciru trong 1y thuyét va tai liéu [11]. Sai sb ctia phép do suat dién dong cam g khong vuot

qua 1,843%.
SO

= | [
= -/

Hinh 8. So dé mach dién khi gan béng den
Bang 1. Két qua do s thay doi ciia sudt dién dong hiéu dung E theo toc dé quay o

STT  ® (vong/phit) EV) EXALV) () %
1 0 0 0
2 505,8 0,434 0,434+0,008 1,843
3 1006,8 0,857 0,857+0,010 1,167
4 1503,6 1,243 1,243+0,014 1,126
5 2005,2 1,614 1,614+0,019 1,177
6 2504,4 1,974 1,974+0,027 1,368
7 3005,0 2,342 2,342+0,028 1,196
8 3303,8 2,557 2,557+0,029 1,134

y =0,0073x + 0,0501

R2=0,9988
200 300 400
Hinh 9. Anh chup hiéu irng phdt sing ciia o(rad/s)
bong den khi cho nam cham quay toi toc . N . » PR
d5 4052 vong/phit (cudn ddy c6 kich Hinh 10. Swphy thugc cua gia tri hiéu dung suat dién dong
thuée 350 vong d‘m‘mg.kz'nh 51,9 mm) cam g vao toc do quay ciia nam cham (cudn ddy cé kich

thude 350 vong d = 51,9 mm)

Tir s6 liéu Bang 1, d thi sy phu thudc cta gia tri hiéu dung suat dién dong cam tng § vao toc
d6 quay o dugc vé nhu Hinh 10. Két qua cho thay sy phu thudc ciia & theo toc do quay o gin
nhu 14 su phu thudc tuyén tinh v6i hé s6 tuong quan R? = 0,9988.

4. Két luan

Két qua thyc nghiém cho théy bd thi nghiém duogc thiét ké va ché tao di hoat dong hi€u qua
trong viéc khao sat suit dién dong cam (mg sinh ra trong cudn ddy dit trong tir trudng cia nam
cham khi thay ddi toc do quay cua nam chdm. Thong qua viéc do luong gié tri hi¢u dung cua suét
dién dong cam tmg & nhiéu muc toc do khac nhau, thlet bi cho phép quan sat rd rang moi quan hé
gan nhu tuyén tinh giira suat dién dong cam tng va téc do quay cta nam cham, véi hé sé twong
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quan dat R? = 0,9988. Pic biét, khi toc d6 quay dat khoang 2300 vong/phut, dong dién cam tmg du
16n dé 1am boéng dén phat sang, minh hoa tryc quan cho hién tugng cam ng dién tur.

Nhimng két qua trén khang dinh tinh kha thi va do chinh xéac cia thiét b trong viéc mé phong
hién tuong vat 1y theo ly thuyét da hoc. Thiét bi khong chi gitip kiém ching céac kién thirc trong
chuong trinh Vat Iy ma con hd trg ngudi hoc nang cao ning lyc thyce nghiém. Do ¢ cau triic don
gian va dé thao tac, thiét bj nay c6 thé duoc dwa vao ung dung trong cac giang day thi nghiém Vat
1y & truong pho thong va dai hoc.

Loi cam on
Tac gia xin gui l(‘ji cam on téi Truong Pai hoc Cong nghi€p Ha Noi da tai tro thuc hién
nghién ctru ung voi de tai ma Hb 14-2023-RD/HD-DHCN.
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