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Abstract: We present a simple experiment to verify the work-energy theorem in electric and magnetic
fields to develop engineering students’ learning and research capacity. An electron is accelerated by a
voltage U from rest. Next, the electron is put into a uniform magnetic field generated by a constant current
1. Under the effect of the magnetic force acting as a centripetal force, the electron moves uniformly in
a circular orbit, radius r. The work of the electric force is proportional to U, the work of the magnetic
force is 0, while the final kinetic energy of the electron can be determined through I and r. Hence, the
relationship between the kinetic energy change and the external force'’s work can be verified. We built the
experiment and performed investigations. The obtained experimental results demonstrate that the work-

energy theorem is correct.
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1. it van dé

Mot qua trinh vét 1y thuong lién quan dén nhiéu
mang kién thtrc khac nhau. Diéu nay co thé gay ra
nhitng khé khin nhat dinh cho qua trinh hoc tap cua
sinh vién nhung né ciing mang dén cac két ndi kién
thirc, thic day sy tim hiéu, phan tich va d4nh gia tir
nguoi hoc. Thém nira, mdt qua trinh vat ly nhu thé
gitip nguoi hoc ciing cb, hé thong hoa va hidu siu sic
kién thtrc, tir d6 nang cao kha ning van dung kién
thtre.

Dién truong va tu truong 1a cac ndi dung quan
trong trong hoc phan Vit 1y dai cuong, c6 tinh mg
dung cao, nhat 1a dbi voi cac nganh khdi ky thuat.
Mic du phan kién thirc nay khong qué phirc tap vé
mat toan hoc nhung lai kha truu tuong véi nguori hoc
do cac dai lugng vat ly lién quan khong thé quan sat
truc tiép va it gap trong doi séng hang ngay. Ngoai
ra, cac phan kién thtc khac trong hoc phan nay nhu
dong hoc, dong luc hoc, va nang lugng, ma sinh vién
da dugc tim hiéu trude do, 1a can thiét duoc cung cb
[1-4]. Do vay, mét thi nghiém tryc quan dap ung cac
yéu cau trén la can thiét.

2. Noi dung nghién ctru

Chung t6i xay dung mot thi nghiém don gian,
trong d6 cac electron, sau khi dugc tao ra, s€ thuc
hién cac chuyén dong dudi sy chi phdi cua lyc dién
truong va lyc tor truong. Xac dinh dugc dong nang
lac dau va lac cubi cua electron, va cong cua cac

ngoai lyc tac dong 1én electron trong subt qué trinh
giip chung ta kiém nghiém lai dinh 1y bién thién
dong nang.
2.1. Co sé' Iy thuyét

a. Pinh Iy bién thién dong ning

D6 bién thién dong nang ctia mot chét diém trén
mot doan dudng dich chuyén bat ky bang cong cua
céc ngoai lyc dit vao chit diém trong doan dudng
dich chuyén do, AW =W — W,=A, (1)

trong do W, va W lan lu'ort la dong nang luc dau
va ltc sau cua chat diém va A 1a cong cua cic ngoai
lyc tac dung 1én chét diém [1, 3].

b. Chuyén dong cua electron trong dién truong
déu

Mot dién truong déu duoc tao ra trong khong gian
nam giita hai tim dién cue phang, dit song song cach
nhau khoang d, két ndi vdi cac cuc cia mot ngudn
dién khong ddi U, sé ¢co cuong do dién truong E =
U/d. Khi mét electron, c6 khéi luong m va dién tich
g, duogc dua vao dién truong déu, & vi tri sat ban cuc
am, no6 s€ chiu tdc dung cua lyc dién truong c6 cuong
do F = |q|E = |q)U/d, va dugc gia tdc, chuyén dong
hudng téi ban cuc duong. Cong cua lyc dién truong
tac dong Ién electron trén doan duong dich chuyén
dla[2,4]

A =Fd=|qU. )

Goi V 1a van toc cudi ma electron dat duoc, dong
nang cua electron khi do 1a
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W==mv’. 3)

c¢. Tur truong sinh boi dong dién tron

Cam ung tir do mot dong dién khong doi I chay
trong mot vong ddy dan hinh tron ban kinh R giy ra
tai mot diém trén truc vong day va cach tim vong
day mot khoang h duoc cho boi [2, 4]

B=2r107IR*(R>+h) 2. )

Trong thi nghiém, dé tao ra mot tir truong déu du
manh, chung t6i st dung hai cudn day dat g?m nhau,
mdi cudn diy chira n = 154 vong day ban kinh R. Khi
do6, mot dong dién khong ddi co cuong do dong dién
I chay trong cac vong day s€ giy ra mot tur truong
gan nhu déu trong khong gian giita hai cudn day. Do
16m vector cam ung tr cua tu truong nay duoc xac
dinh boi biéu thic B=0,8"?4nn 1071/R, (5)

& day thira s6 (4/5)*2 lién quan dén vi tri trong
dbi gitra hai cudn day.

d. Chuyén dong ciia electron trong tir truong déu

Khi electron dugc ban vao mot
tir truong déu véi van téc v theo
hudéng vudng goc v6i cam g tir B
no s€ chiu tc dung cua luc tir truong
hay con dugc goi la luc Lorentz
fL = (V><B) o day “x” latich co

hudéng. Luc Lorentz vauong goc
v6i cd van tde v va cam ung tu B,

vacodolénlalf2, 4] £, =|q|VB. (6)

Do d6, luc Lorentz dong vai tro lyc hudng tam
(b6 qua trong luc vi rat nho), f = mv? /r, (7) giit
electron chuyén dong trén quy dao tron trong mat

phang vudng goc voi cdm ing tir B .Luuy, lyc Lorentz
trong truong hop nay la khong sinh cong [1-4].
e. Kiém nghiém dznh Iy bién thién dong nang
Néu bo qua vén téc ban dau cua electron, chiing
t6i c6 AW [J W =q’°B’r’ / 2m. (8)
Do vay dai luong
[AW-A] [4,096.10"7|g[n’’r* - mR*U|
A mR’U
cho biét do chénh léch giita do bién thién dong ning
cua electron va cong cua cac ngoai luc tac dung Ién
electron.
2.2. Dung cu thi nghié¢m
Dé tién hanh thi nghiém, chung toi sit dung b
dung cu thi nghiém hién c6 tai phong thi nghiém Vat

)
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ly dai cuong cua Truong Dai hoc Phenikaa (Hinh 1),
bao gém:

) Bong thuy tinh chira hoi thuy ngan Bén trong
dat mot nguon sinh electron, mot ong gia tde electron,
va mot thude do vdi cac bude 2 cm, 3 cm, 4 cm, va 4
cm dung dé xac dinh ban kinh quy dao T .

(2) Ciap cudn day, mdi cudn c6 n vong diy véi
ban kinh R, ding dé tao ra mot tir truong B gan nhu
déu bén trong khong gian giira hai cudn day.

(3) Ngudn cung cdp dong dién khong ddi I cho
hai cudn day dé sinh tir truong.

(4) Pong hd van niang dung do cudong do dong
dién .

(5) Ngudn cung cap dién ap U gia toc céac
electron. Bo ngudn nay ciing cung cip dong dién dé
nudi ngudn phat electron trong bong thiy tinh.

(6) Bdng hd van ning do dién ap U.

(7) Céac day dan két ndi giita cac dung cu thi
nghiém.

Chung t6i lwu ¥ rang bo thi nghiém nay dugc thiét
ké ban dau cho x4c dinh dién tich riéng cua electron
[5]. Gan déy, chung t6i ciing dd ding no dé nghiém
lai dinh luat 2 Newton [6].

2.3. Cdc budc tién hanh thi nghi¢m

Budc 1. Piéu chinh ngudn cung cip dién ap (5)
thong qua cac nut chinh thd va chinh tinh dé dong ho
van nang (6) chi gia tri dién ap U = 140 (V).

Budc 2. Diéu chinh ngudn cung cap dong dién (3)
dé nhan duoc cuong do dong dién I sao cho ban kinh
quy dao tron cua cac electron théa man r = 2 (cm),
ttc 14 quy dao ciia chum electron cit qua bude 2 cm
cua thudce do, va khi do6 chi mot nura duong tron quy
dao phia trén thang do duoc quan sat thiy.

Budce 3. Lap lai bude 2 chor =3, 4 (cm).

Budc 4. Lap lai cac budc trén voi cac gia tri dién
ap khac, cu thé U = 160, 180, ..., 300 (V).

2.4. Két qud thi nghiém
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Céc két qua do dugc trinh bay trong ba cot dau
tién cua bang 2.1 bén dudi. St dung cac hang so,
m=9,109.10"" kg, |q| =1,602.10"" C
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n=3,142, n=154, R=0,2m,

va cac biéu thuc ¢ trén, cling nhu 1y thuyét sai so,
chung t6i tinh dugc cac gia tri cua cong (cdt thi tu,
bang 1), dong nang cudi (cot thir nam, bang 1), va
chénh léch giita d6 bién thién dong ning va cong (cot

cubi cung, bang 2.1).

3. Két luan
Mot phuong an thi nghiém don gian phuc vu cho

qué trinh giang day va hoc tap phan dién truong va tir

(10)

truong da duoc dé xuat. Thi nghiém ciing gitp nguoi

hoc cung c6 cac kién thuc vé dong hoc, dong luc

hoc, va nang luong. Vi sai léch dudi 1%, Kkét qua thi
nghiém cta chung t6i mot 1an nira khing dinh tinh
dung dan cua dinh 1y bién thién dong ning.
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