TAP CHi KHOA HOC VA CONG NGHE - SO 31 - TRUGNG BAI HOC PHAM VAN BONG
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Trong b&o cao nay, dua trén co so hién twong cam ung dién tir va dinh lugt Lenz,
tac gid da thiét ké mé hinh nam cham roi trong cdc loai ong khac nhau gom ong nhusa,
ong nhdm, éng dong khdng xé doc va dng dong co xé doc. Két qua phan tich cho thay,
cac logi ong cach dién (ong nhua) khong danh huong dén qud trinh roi tw do cua thanh
nam cham. C&c logi ong kim logi (nhém, dong) gay ra luc can twong déi lon cho thanh
nam cham khi roi trong né, két qua phan tich cho thdy toc dé roi trung binh ciia nam
cham trong ong dong da giam di gan 16 lan so véi trong ong nhua, Va gidam di khoang 9
lan khi siz dung éng nhém so véi ong nhyea. Thoi gian roi trong ong dong xé doc ciing
cho két qua gan bang véi éng dong khdng xé doc, diéu nay cho thdy dong dién xody xudt
hién trong éng kim logi khdng chi di theo vong trom theo phwong bdn kinh ma c6 thé
x0dy theo nhiéu phirong khdc nhau trén bé mat ong kim logi. Két qud ciing cho thay toc
dé roi ciia nam cham trong ong kim logi nhanh chéng dat gia tri khéng déi trong khodng

thoi gian ngan.

Tir khéa: Cam ing dién tir, dinh lugt Lenz, ong dong, vt Iy dai cwong.
1. Pt van dé

Cac dinh luat vat Iy c6 vai tro rat quan trong trong khoa hoc k¥ thuat va cudc séng,
mdi dinh luat vat Iy déu 1a co so dé xay dung, thiét ké cac thiét bi khoa hoc, k¥ thuat
hoac cac dung cu trong cudc séng. Céc thiét bi ky thuat duoc tng dung trong vat ly thong
thuong dugc xdy dung dya trén cac mo hinh vat ly. Do d6 cac mo hinh vat Iy dong vai
trd rat quan trong, tao ra nén tang co ban dé xay dung cac hé thdng ky thuat phuc tap
hon. M6t trong céc hién tugng vat Iy rat dac biét, co nhiéu tng dung cho dén ngay nay la
hién tuong cam ung dién tir, sy bién thién cua tir thdng trong vong day dan kin sé tao ra
dong dién trong vong day d6 [1]. Pay 1a dinh luat co ban dé tir d6 gitp ching ta phat
trién hé théng dién xoay chiéu ngay nay nhu thuy dién, dién gio, nhiét dién, dién hat
nhan. Mot truong hop riéng khac caa hién tugng cam tng dién tir it dugc quan tdm hon
d6 1a su bién thién cua tir thdng qua khdi vat dan hay qua mot dng vat dan, su thay doi tir
thong trong truong hop ndy dan dén mot dién trudng xody bén trong vat dan hoic sinh ra
lyc can chdng lai sy chuyén dong cua vat [2]. Viéc sinh ra dong dién xody din dén cac
g dung dac biét trong d6 c6 bép dién tir, nhung ciing gay ra tac hai doi véi khéi kim
loai bén trong may bién ap. Trong khi d6, hién tugng cam tng dién tir tao ra lyc can
chéng lai sy chuyén dong ciia mot vat trong 10ng vat dan chua thiy cé nhiéu nghién ciu
khao sat va ung dung. Trong nghién cttu cua Sahil Jian va cong su [3], cac t&c gia da
trinh bay co sé ly thuyét cia hién twong cam tmg dién tir va dinh luat Lenz khi nam cham
roi trong dng dong, ngoai ra nhom nghién ciru trén ciing da khao sat thuc nghiém tc do
roi ciia thanh nam cham phu thudc vao bé day cua éng dong (theo sé 16p). Tuy nhién,
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nhom chua tién hanh khao sat ky anh huéng cua cac loai vat lidu (46 dan dién) va danh
gia thuc nghiém su khéc nhau giita dng déng c6 hoic khong c6 xé doc. Do dé trong bao
céo nay, tac gia phan tich chi tiét mot sé yéu té anh huéng dén te do roi cua nam cham
nhu loai vat liéu 1am dng, tinh chat caa chuyén dong trong 6ng kim loai va anh huéng
cua dng ddng c6 hoic khong co xé doc. Két qua phan tich mé ra cac ¥ tuong nghién ciu
rong hon nhu xay dung thiét bi chéng roi ty do, hé thdng chéng rung cho xe, hoic hé
thdng chéng dao dong manh cho tau thuyén.

2. P6i twong va phwong phap nghién ciru
2.1. Poi twgng nghién ciru

Nhu chung ta da biét, khi c6 tir trudng di qua khung day dan kin, trong khung day
Xuat hién tir thong va duoc xac dinh theo hé thic:

®, = [ BdS @)
(S)

Trong d6 B 1a vécto cam ung tir (T), S la tiét dién cua vong day (m?). Khi khong
c6 sy thay doi cua tir truong gui qua khung day, trong khung day khong xuat hién dong
dién. Tuy nhién khi c6 su thay di cua tir truong gui qua khung day thi trong khung day
Xuat hién dong dién cam ang (Hinh 1). Mot cach tong quat, sy bién thién cua tir théng
gay ra dong dién cam ung trong khung day dan kin.

a) Tir thong khong déi b) Tir thong ting ¢) Tir thong giam

Hinh 1. Dong dién cam ing xuat hién trong vong day khi tir théng thay doi
Khi nghién ciru vé hién twong cam tng dién tir, Lenz di tim ra dinh luat tong quat
vé chiéu cua dong dién, va dugc tong két thanh dinh luat Lenz:
Dong dién cam ing 6 chiéu sao cho tir trieong do n6 sinh ra c6 tac dung chong lai
nguyén nhdn da sinh ra no
Tir thong qua mach kin ti 18 véi tiét dién cua vong day va do 16n cua tir truong,
trong truong hop tiét dién vong day khong ddi khi s6 dudng stc tir ddm xuyén qua vong
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day tang 1én nghia 1a tir truong B ting 1én va tir thong ting 1én. Do d6 dé chdng lai sy
tang 1én cua tir théng, trong vong day Xuét hién mot dong dién cam ung, dong dién cam
{rng nay sinh ra mét tir trudng phu chdng lai sy ting 1én d6, nghia 1a chdng lai sy ting 1én
cua tir trudng, hay nguoc chidu vai tir truong ngoai. Sau khi dd xac dinh duoc chiéu caa
tir trudng cam tng, ta xac dinh dugc chidu cua dong dién cam tng.

Ta xét trudng hop Mot nam cham roi vao trong mot dng kim loai (Hinh 2). Trong
qué trinh roi, tir théng giri qua dng kim loai ting dan nén xuat hién suat dién dong trong
6ng day va tir trudng cam Gng chdng lai sy roi cua nam cham. Lyc tac dung lén nam
cham c6 hé thuc:

F =kv+k\V’ )
Thong thuong, téc do roi cua nam cham rat nho do d6 hé sé v? dugc bo qua.
Trong qua trinh roi, nam cham chiu tac dung cua luc can khong khi, tuy nhién lyc nay

thudng rit bé nén ciing dugc bo qua. Do d6 trong khoang thoi gian dau, toe do chuyén
dong cua vat tang dan va phuong trinh chuyén dong tuan theo hé thic:

dv

m— =mg —kv 3
il ©)
Sau mot khoang thoi gian ngan, toc do chuyén
dong cia nam cham dat gia tri khong doi va
bang:
mga*
V=a 4)
Induced current w
N o Trong d6: a 1a hé s6 ty 18, m 1a khéi lugng cua
1 . ~ Nz . . A . PN s
1 B s nam cham, a la ban kinh cua ong kim loai va w la
F,=mg! :Fa=-kv X nes oo X . .
. : bé day cua ong kim loai.
Y s . .
Nhu vay, dé giam toc do roi cia nam cham,
ching ta can tim cach lam giam khéi lugng, ban
kinh éng hoac co thé ting d6 day cua ong kim
Induced current loai.

Hinh 2. Nam chdm roi trong 6ng
kim logi

2.2. Phwong phap nghién ciu

Trong thi nghiém nay, tac gia sir dung 4 loai dng c6 vat liéu khac nhau, gdm 1 éng
nhya, 1 6ng nhém, 1 éng dong khép kin va 1 ng dong bi xé doc (Hinh 3).

Ong nhya c6 chiéu dai 70 cm, dudng kinh trong 20 mm, bé day ng 1 mm.

Ong nhdm ¢ chiéu dai 70 cm, duong kinh trong 20 mm, bé day éng 0,7 mm.
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Ong ddng (khdng x¢é doc va c6 xé doc) déu c6 chiéu dai 70 cm, dudng kinh trong
20 mm, bé day 1 mm, duong xé doc rong 2 mm.

Nam cham duoc st dung 13 nam cham hinh tru, c6 duong kinh 14 mm va chiéu dai
12 mm (4 nam cham try tron ghép lai).

Hinh 3. Cac logi ong duwoc sir dung dé khao téc dé roi ciia nam cham
Hé thi nghiém dé khao sat thoi gian roi cua »
thanh nam cham trong cac loai 6ng vat liéu duoc
bé tri nhu trong Hinh 4. Trong thi nghiém nay, tac
gia sir dung cac 6ng vat liéu gin doc theo truc
thing ding tir trén xudng. Hai dau éng dwoc gén 2
cong cam bién D1 va B2, day 1a 2 cong cam bién
hong ngoai dugc két ndi véi dong ho do thai gian.

Khi nam cham bat dau roi qua cong cam
bién P1, dong hd do thoi gian bat dau hoat dong
va dung lai khi nam cham vira roi qua cam bién
P2, khi d6 ¢6ng hd do hién khoang thoi gian roi
ctia nam cham sau khi di qua cac 6ng vat liéu.

Pé khao séat téc do chuyén dong cua nam
cham trong 6ng vat liéu, tac gia tao mot 15 nho
Xuyén ngang 6ng Vvéi cac vi tri cach dau 6ng lan
luot 3, 5,..., 15 cm, sau d6 do thoi gian nam cham
di ngang qua cong cam bién D1 (At) va 1ap ty sb
L/At dé xac dinh téc do caa nam cham theo quang
duong khac nhau. Vi L = 1,2 cm 1a chiéu cao
nam cham.

Hinh 4. M6 hinh khao sat chuyén
dong cua nam cham trong cac
loai 6ng

3. Két qua nghién ciru

Khao sat thai gian roi: Hai cong cam bién hong ngoai B1 va B2 c6 chuc ning
xac dinh thoi diém vat di vao va di ra ng, ddng hd do thoi gian c¢6 khoang chia nho nhét
1én dén 0,001 giay. Céc két qua do thoi gian dugc danh gia nhu trong Bang 1.
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+ Vi truong hop 6ng nhya: Nam chim roi gan nhu tu do bén trong 6ng, bang cach
xac dinh quing dudng vat roi va thoi gian roi, ta c6 thé xac dinh duogc gia toc trong

trwong tai diém 1am thi nghiém theo hé thirc: s = % ot?. Véis=0,7m,E =0,378s ta d&
dang x4c dinh duoc gia toc trong trudng tai diém lam thi nghiém vao ¢& 9,798 m/s.

+ Khi tha nam cham vao 4ng nhom, toc d6 roi da giam di dang ké. Toc d6 da giam
cua thanh nam cham duoc giai thich thong qua dinh luat Lenz, mét dong dién xody trong
6ng nhém duoc sinh ra chdng lai sy ting 1én cua tir théng do thanh nam cham roi vao
6ng. Tir trudng caa dng nhém sinh ra lec tir chdng lai trong luc cia nam cham, din dén
nam cham giam toc d6. Két qua danh gia cho thay thoi gian roi di tang 1én gan 10 lan va
dat gia tri trung binh vao khoang 3,112 gidy.

Céc két qua nghién ciru ciing cho thdy sau mot thoi gian ngan chuyén dong trong
6ng vat dan, nam cham sé& chuyén dong thang déu [4, 5]. Tur két qua thu duoc, toc do
trung binh ciia nam cham trong treong hop nay la v =s/t =22,5 cm/s.

Bang 1. Két qud do thoi gian khi cho nam cham roi trong cac logi éng dai 70 cm

Loai 6ng/Lan do 1 2 3 4 5 TB
Ong nhya 0,377 0,378 0,377 0,379 0,378 | 0,378
Ong nhém 3,112 3,111 3,113 3,113 3,113 | 3,112

Ong dong khong xé

doc 5,264 5,266 5,264 5,265 5,264 5,265
0

Ong dong xé doc 5,012 5,014 5,013 5,013 5013 | 5,013

Khi tha nam cham vao 6ng dong khong xé doc, thanh nam cham roi rat cham voi
thoi gian roi trung binh vao khoang 5,265 gidy. Thoi gian di ting 1én khoang 14 lan so
véi roi tu do (roi trong dng nhya) va tang 1én khoang 1,7 1an so véi 6ng nhém cé cling
chiéu dai va duong kinh trong. Piéu ndy cho thay toc do roi phu thudc vao loai vat liéu
dé 1am dng, va cac két qua nghién ctu ciing chi ra rang thoi gian roi co ty 18 véi do dan
dién cua vat liéu ciing nhu bé day caa ong [6]. Ong ddng c6 bé day khoang 1 mm 16n hon
so v&i dng nhdm, mit khéc vat lidu dong c6 do dan dién cao hon nhom, do d6 lyc tir sinh
ra 16n hon va nhanh chong chéng lai trong luc dé dat trang thai can bang. Tc do trung
binh cua thanh nam cham di chuyén trong dng dong vao khoang 13,3 cm/s.

Déi voi trudng hop dng ddéng c6 xé doc, viéc xé doc dng dong dé xac nhan viéc
dong dién xoay trong dng ddng bién thién theo dudng tron hay bién thién xoay trong toan
bo vat dan, két qua cho thay toc do roi cia nam cham ciing giam di dang ké va gan bang
Vv6i truong hop dng dong khong xé doc véi thoi gian roi vao khoang 5,013 gidy. Diéu
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nay cho thay dong dién xody xuit hién khong chi theo duong tron cua dng dong ma nd
Xuit hién trén toan b ng.

Két qua phan tich cho thiy c6 thé nghién ctu tng dung caa hién tuong trén trong
céc tng dung rong hon nhu hé théng thoat hiém, chéng roi tw do. Két qua cho thay, néu
mé rong dng dong véi kich thude 16n hon, nam cham cé thé thay bang hé thong 16n hon.
Chng ta c6 thé sir dung trong trudng hop chdng roi ty do, sir dung hé thiét bi nay dé giai
phéng moi ngudi ra khoi viing nguy hiém.

Khao sat toc d§ theo quing dwdng: Trong thi nghiém nay, tac gia tién hanh do
téc d6 ctia nam cham tai cac vi tri khac nhau dé khao sat sy thay doi tbc do chuyén dong
ctia nam cham theo quing dudng. Két qua phén tich nhu dugc chi ra trong Bang 2 va md
ta nhu ¢ trong Hinh 5. Nam cham dat tbc do cuc dai vao khoang 44 cm/s tai quing duong
3 cm, sau d6 giam nhanh khi ting quing dudng 1én va dat gia tri khong thay doi vao
khoang 13 cm/s sau khi di dugc 15 cm.

Bang 2. Toc dé chuyén déng theo qudng dwrong

Quang duong (cm) 3 5 7 9 11 13 15

Tbc do (cm/s) 44 25 18 15 14 13 13

Két qua Fit ham cho thay trong khoang tir 3 d&én 11 cm, tdc d6 ciia nam cham giam
nhanh theo ham mii (duong nét dat). Két qua nay phi hop véi nghién ciu trude day cua
nhom tac gia khac [4, 7], su giam nhanh theo ham mii cho thay trong qua trinh roi, ngoai
viéc chiu tac dung cua trong luc, nam chadm con chiu tac dung cta luc tir, luc tir nay ting
dan khi nam cham roi cang nhanh dén mat luc luc tir can bang véi trong luc, IGc ndy nam
cham s& chuyén dong déu. Biéu nay phl hop véi két qua danh gia tir phuong trinh (3).

Téc d@d nam cham theo quing dudong
50
a5
40 N\
— 35 \
éj 30 N\
2 25 ™
g 20 S~ —
‘é 15 ee— —
10
5
0
o 2 a 6 8 10 12 14 16
Quang duong (cm)

Hinh 5. Biéu do toc do roi theo quang dwong

Dénh gia hiéu qua cta ¥ tudng chdng roi tu do: Hé théng chong roi tu do co thé
hiéu nhu mot hé théng thang may nhung dugc van hanh khong st dung dién ma dya trén
hién tuong cam tng dién tir khi cho nam cham chuyén dong trong éng déng co kich

® JOURNAL OF SCIENCE AND TECHNOLOGY @ 23



TAP CHi KHOA HOC VA CONG NGHE - SO 31 - TRUGNG BAI HOC PHAM VAN BONG

thudc 16n. Trong d6 c6 gan mot hodc mot s6 bd phan hd trg gitp con ngudi nhanh chong
thoat hiém & do cao nhét dinh xuéng mit dat khi X4y ra sy cd, hé théng nay co thé duoc
mo ta nhu Hinh 6. Khi xdy ra cic su ¢d nguy hiém & ting cao, mot ngudi co thé vao
buéng ctru ho dé di xuéng mat dat. Do tac dung cua trong luc cua nguoi, buéng cuu ho sé
chuyén dong di xudng dan dén cac nam cham duoc kéo nguoc di 1én, do hién twong cam
g dién tir, dong dién sinh ra trong 6ng kim loai lam giam chuyén dong ctia nam cham
va lam cho hé thdng chuyén dong déu voi tbe do du an toan khi budng ciru hd xudng mit

dat.
™~ el @

Rong roc

Budng ctru ho e T s
Ong kim loai

/

nam cham

o . I

Hinh 6. Hé thong citu hé chong roi tw do

Ngoai hé thdng chdng roi tu do, hién tugng cam tng dién tir trong 6ng kim loai c6
thé dugc g dung trong nhidu nghién ciru khac nhu chdng rung va giam x6c cho xe 0 t0,
chdng dao dong manh cho tau thuyén & trén bién va nhiéu tmg dung khac.

4. Két luan, dé xuat

Sau khi khao sat tdc do roi cia nam cham trong cac loai ong khac nhau, tic gia
nhan théy cac loai 6ng cach dién (nhya) khong sinh ra dinh ludt Lenz do khong c6 dién
tich tu do. Véi cac loai 6ng dan (nhom, déng), luc tir sinh ra cang 16n khi do dan dién
cang cao, mat khac két qua nghién ctru cho thiy toc do roi ctia nam chdm giam di rat
dang ké khi di chuyén trong dng kim loai so véi roi ty do. Diéu niy c6 y nghia hét sirc
dic biét, cac hi¢u ung néu trén c6 thé duge nghién ctru, danh gia day di hon dé tmg dung
trong cac hé thiét bi chdng roi tu do, chdng rung xe 6 t6 hoidc chong dao dong manh cho
tau thuyén.
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DESIGNING AND EVALUATING EXPERIMENTS BASED ON
ELECTROMAGNETIC INDUCTION TO SUPPORT GENERAL PHYSICS
TEACHING

Phan Nguyen Duc Duoc?, Pham Duc Tam?, Ho Son Thinh®

ABSTRACT

In this paper, based on the phenomenon of electromagnetic induction and Lenz's
law, we have designed a model of a falling magnet through various types of tubes,
including plastic tubes, aluminum tubes, solid copper tubes, and slit copper tubes.
Results of the analysis show that non-conductive tubes (plastic) do not affect the free fall
of the magnet. Metallic tubes (aluminum, copper) create a relatively large resistance
force against the falling magnet, resulting in a significant reduction in the magnet's
average falling speed. Specifically, the average falling speed of the magnet in the copper
tube decreased by nearly 16 times compared to that in the plastic tube, and decreased by
about 9 times when using the aluminum tube. The falling time in the slit copper tube is
also nearly identical to that in the solid copper tube, indicating that eddy currents
induced in the metallic tube not only circulate in a circular pattern along the radial
direction but can also swirl in various other directions on the tube's surface. The results
also show that the falling speed of the magnet in the metallic tube quickly reaches a

constant value within a short period of time.
Key words: Electromagnetic induction, Lenz's law, Copper tube, General physics.
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