CHUYEN PE CAM UNG PIEN TU,

CHUYEN PONG CUA PIEN TiCH TRONG PIEN TRUONG VA TU
TRUONG

Nguwoi soan: Nguyén Chi Trung
Pon vi cong tac: Truong THPT Chuyén Bac Ninh

I. PINH LUAT LENZ.

Dong dién cam tng phai ¢ chiéu sao cho tir trudng (tir thong) ma no sinh ra co

tac dung chdng lai nguyén nhan sinh ra né.

I1. PINH LUAT CAM UNG PIEN TU .

Thue nghiém cho thay rang: Téc d6 bién thién theo thoi gian cia tir thong %

xac dinh d§ 16n cua suat di¢n dong cam ung.

Khi cha ¥ dén chiéu coa dong dién cam ung theo dinh luit Lenz ta
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co: ¢, :—7:—@(1)

Tuy nhién trong nhiéu truong hop, khi tinh toan d6 16n cua suat dién dong cam

ng ta thudng bo qua dau trir trong biéu thire (1).
Cong thir (1) doi khi con duge viét duéi dang khac: & — _% )

T4t nhién cong thirc (1) va (2) chi twong duwong dbi v&i truong hop tir théng bién
thién déu. Trong trudng hop tong quat, cong thire (1) cho gia tri tirc thoi cua suét

dién dong cam Ung, con cong thurc (2) chi cho gia tri trung binh cia nd.

Cong thire (1) duoc dung rat hiéu qua khi tir théng c6 thé viét dudi dang mot ham
s6 cua thoi gian. Con cong thirc (2) can duge st dung ddi v6i cac qué trinh ma tir
thong bién thién nhanh t&i muc khong thé biéu dién né nhu 13 mot ham cia thoi
gian, trong nhitng trudong hop d6 gia tri trung binh cta suat dién dong cam tng thuc

te 1a trung véi gia tri tie thoi cua nd.



Néu tir truong v6i cam ung tir B tai thoi diém d cho 1a nhu nhau d6i véi moi
diém cta vong day phang c6 dién tich S thi tir thong gli qua vong ddy do6 la: @ =
BScosa, trong d6 o 1a goc hop badi véc to cam Gng tir B voi phap tuyén cua dién
tich S.

Tir théng bién thién khi ba dai luong B, S, o bién thién. Trong cac bai toan thuc
thi thudng chi c6 mot trong ba dai luong d6 bién thién.

III. MOT SO BAI TOAN CU THE.

Bai toan 1.

T mot ddy din c6 chiéu dai 1 = 2m va dién tro R = 4Q, nguoi ta B

han lai thanh mot hinh vudng. Tai cac canh cta hinh vuéng nguoi

ta mac hai ngué)n dién c6 suit dién dong E; = 10V va E, = 8V
theo hinh 8. Mach dugc dit trong mot tr truong déu c6 huodng
vudng goc véi mit phang hinh vudng. Biét do 10n clia cam Gng tir
B ting theo quy luat B = kt, trong d6 k = 16 T/s. Tinh cuong do

dong di¢n trong mach. Bé qua di¢n trd trong cia cac nguon.
Gidi.

Do B tang nén trong mach s& xuat hi¢n mogt suat dién dong cam tng Ec ,
dong dién cam ung do Ec sinh ra phai c6 chiéu sao cho tir trrong do nd sinh ra
nguoc chiéu véi tir trudng ngoai B.

Suat dién dong cam ung Ec dugc biéu dien nhu hinh vé.

B
Véi E, _[a®| _{ABS)|_ (JAGkD|_ o _ k(ljz =4y @;l
] AT 4 B -+
Ec
Vi Ec + E;=12V > 10V = E; nén dong dién trong mach s¢€ co E

chiéu ngugc chiéu kim dong hé va ¢6 dd 1on 1a :
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,_E Ell—;kl 116 _ 054




Bai todn 2. 0
Mot doan day dan thang chiéu dai 2L duoc udn thanh mot goc xOy
= 2B, dat trong mat phang nam ngang. Mot doan day dan MN trugt  ,/ B H

trén Ox, Oy va ludn tiép xtac véi Ox, Oy. Trong qué trinh truot, l
MN lu6n luén vudng goc voi duong phan giac cua goc xOy, van
tdc truot gitt khong d6i va bang v. Toan bo hé thdng dugc dit
trong mot tir trudng déu cd véc to cam Ung tr B vudng goc Vi
mit phang xOy. Gia sir ban dau doan ddy MN chuyén dong tir O.
Céc day din trong mach duogc lam tir cing mot chat, déu cung tiét
dién va co dién trd trén moi don vi dai 1a r. Xac dinh :
a) Cuong do dong dién chay qua MN.
b) Nhiét luong téa ra trong toan mach khi MN di hét Ox.

Gidi.
Goi H 1a trung diém ctia MN, tai thoi diém t ta c6 OH = vt ; MN = 20H.tanf3 = 2vt
tanf3

OH vt

C6 OM =ON = =
cosff cosf

Suét dién dong cam ung xuét hién trén doan day dan MN: £ = BMN.v = 2BV2t.tanB
bién tro toan mach :

I+sin g
cos

R=r(OM + ON + MN) =2rvt( )

S _ Bvsin

a) Cuong do dong dién trong mach la: 7= R rrsng)

b) Nhiét lugng toa ra trén toan mach:

*y?sin® B 1+s1nﬂ
IdQ '[1 Rdr = r (l+smﬂ) I cos,B “eosp !

Tich phan ta dugc



0= B*V’sin® B
- r(1+sin f)cos S

ts vOit, =Lcosp /v

_ B*vL’sin’ Bcos B

= Q r(1+sin )

Bai todn 3.

Mot khung day dan hinh vuéng canh a, ¢6 khdi lugng m va dién tré R, ban
dau nam trong mat phang thang dtng xOz (cac canh song song voi truc Ox va 0z),
trong mot tir truong cd véc to cam Gng tir B hudng theo truc Oy vudng goc voi mit
phang xOz va c6 d6 16n bién thién theo toa d6 z (truc Oz hudng thang ding xudng
dudi) theo quy luat B = B, + kz, (B, va k 1a cac hang s6). Truyén cho khung mot
van tdc ban dau v, theo phuong ngang Ox va khung chuyén dong trong mit phang
xOz. Ngudi ta thdy sau mot thoi gian khung dat dugc véan toe khong doi bang v.
Hay tinh v,. Cho gia toc trong truong 1a g.

Gidi.
0 =
Céach 1: Pong luc hoc B@MLFI& N
Bl
¢ thoi diém t khi tAm O cua khung ¢6 toa d z, tir thong gui qua 't + ;_ Vo
3
- VT
khung bang: z\ v
® =a’B=2a’B,+kz)
Suat dién dong cam tng trong khung (do vi tri ctia khung ttrc
toa do tim G cua khung bién doi theo thoi gian) la:
dd ,, dz 2 . v s Ao A X ,
E= —— = kE =—a’kv, vO1 v, 1a thanh phan cua van tdc v cua khung
theo phuong Oz.
. Lo - 4 a’kv -
Dong dién cam tng xuat hién trong khung c6 cuong do 7 :E:Tz va co chiéu

nhu hinh v& (khi khung chuyén dong xudng dudi thi B ting nén dong dién cam Gng
sinh ra B, ¢ chiéu chéng lai su ting tirc 12 hudng ra ngoai => ap dung quy tic cai

dinh &c¢ ta x4c dinh dugc chiéu dong dién cam Ung)



Xét cac lyc dién tir tac dung 1én khung ta thiy cac luc F, va F4 tac dung lén céc
canh NP va QM triét ti€u nhau con céc lyc F; va F; ngugc hudng nhau nén hop luc
dién tir tac dung Ién khung c6 do 16n la:

a’kv.  k*a'v

F:F3—F1:(B3—B1)Ia:k(Z3—Zl) RZ: R = (dOZ3—Zl):a).LUCFCé

hudng 1én trén.

Theo dinh luat IT Newton ta c6: P — F =0 (tai thoi diém khung c6 van tbe khong
d6i v)

boloncuavantocla: v=v, +v, => v=,/v; +v’

2R2
k4 8

Nén v, =v’ -’

Céch 2. Bdo toan nang lugng

+ Theo Oz : khung chiu tac dung cua trong luc va luc tir gitta dong dién cdm Ung
trong khung véi tir truong. Luc dau, khung roi nhanh dan sau d6 dat van téc khong
d6i. Tir 46 dong ning cua khung ciing khong d6i. Khi khung roi trong trong trudng,
d6 bién thién thé ning cua khung trong thoi gian At bang nhiét lugng toa ra trong

khung ( do trong khung c6 dong dién cdm ung va khung day c6 di¢n tro).

2
mv At = IRAt voi [ =5 =95
R R
. R
Ta co vZ:ZZg4
a
2p2
g°R
Nén v, =v’ -’ k4 .

Bai todan 4.

Tai tAm cta mot khung day dan tron, phang, ban kinh r = 20cm c6 mot khung
day thir hai c6 dién tich cia miat phang khung S = lecm’. Khung day tha nhit c6 n, =
50 vong, khung day thir hai c6 n, = 100 vong. Cho khung day thr hai quay quanh
mot trong cac duong kinh cta khung thir nhat véi van tée o = 300 rad/s. Tim gid tri

5



cuc dai cua suit dién dong cam tng xuat hién trong khung day thtr hai khi cho dong
dién I = 10A chay qua khung thir nhat. Cho biét lac ddu mat phang hai khung tring
nhau.

Gidi.

Ta c6 dién tich ctia khung day tht nhét 13 : 400 = 1256 cm” >> dién tich cua khung
day thr hai nén ta co thé coi tir trudng trong pham vi mién dit khung ddy thir hai 1a
tir truong déu va cam ung tir c6 do 16n bang cam ung tir tai tAm cua khung ddy thir
mu,d  2mm1071

2r r

nhat: B =

Ta chon véc to phap tuyén » v&i mat khung thi hai sao cho ban dau véc to  tring
v6i hudng cia véc to B d6. Vi quy ude do thi khung day thir hai quay 1éch khoi vi

tri ban dau mot goc ¢ = o, tir thong giri qua khung thir hai duoc tinh theo cong

, JA
thirc: ® = n,BS cos ¢ = %cos( wt)
r

Suat dién dong cam Gng xuat hién trong khung diy tha

hai: & = - Ao _ pomnyI5e sin( wt)
dt 2r
Gia tri cuc dai cua suat dién dong cam tng 1a & = ”0”1;—215” ~ 0,005V
r

Bai todn 5. N
Doc trén hai thanh kim loai dit song song nam ngang, khoang []r ©
cach gitra ching 1a d, c6 mot thanh truot, khoi lugng m cé thé

M

truot khong ma sat. Cac thanh duoc ndi voi mot dién tré R va dat
trong mot tir trudng déu cé véc to cam ung tr B thang dimg
vudng goc v6i mit phang khung. Truyén cho thanh trugt mot van
tdc v,. Tim biéu thirc van tdc cua thanh theo thoi gian va tim
quing duong ma thanh truot di dwge cho dén khi dimg 1ai?Bo qua

dién tro cua thanh trugt va hai thanh kim loai.
Gidi.
Gi4 st taj thoi diém t thanh ¢6 van tdc v, gia tdc a
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F 13 luc can tré chuyén dong nén van téc thanh MN giam tir v, vé ti 0.

Ta co a:—E, F = Bdi, j_o _Bdv
m R R
2 72 2 72 2 72
Nén a:—BdV¢>ﬂz—Bd ﬁc:wlv:—Bd ds N
mR dt mR dt mR ®B
R <
0 2 72 s Vv,
. . B~d F A o
Lay tich phan hai vé : | dv = — ds i
y tichp f — f d
Ta duoc: s = ’Zf;g
Bai todn 6. N
Doc trén hai thanh kim loai dit song song nim ngang, khoang R @ |
o~ 4 \ J4 A A , 2 B Vo
cach gitra chung 1a 1, c6 mot thanh trugt MN, khoi lugng m c6 thé
M

truot khong ma sat. Cac thanh duoc ndi voi mot dién tro R va dat
trong mot tir truong déu cod véc to cam ung tr B thing dimg
vudng goc voi mat phang khung. Biét doan ddy MN truot véi van
tdc dau v, nhu hinh v&. Tim biéu thuc cuong do dong dién I chay

qua R.
Gidi.
MN chuyén dong trong tir trudng, cit cac dudng cam ung tir, nén hai dau cua thanh

xuét hién mot suét dién dong cam ung Ec = Blv, do d6 c¢6 dong dién di qua R d@)ng

thoi xuat hién luc tir F = 1Bl can tré chuyén dong nén van téc cua MN gidm vé téi 0.

272
Cé[:ﬂzB_"l =>F:BZV _ N
R R R B
R <t
Theo dinh luat II Newton T
272 272 M
L F_dv_ Blv __dv_ BI
m dt mR v mR
. PR 272 ¢ , 272
Léytichphﬁnhalve:jd—‘):—Bl Idt@lnv __ Bl
WV mR 5 Yo mR



B*l*t

7

=> v=vy,exp(—

272
B ;t) Vi I, = Blv,

Blv
= [=—=1] exp(—
R 0 €xXp(

Bai todn 7. Trén dia cach dién nim ngang, doc theo ban kinh cta

dia c6 gan mot thanh din AC. Pia dat trong tir trudng déu co cam

tmg tir B =10 T. Cho dia dao dong diéu hoa quanh truc di qua O
va vudng goc véi dia theo quy luat ¢ = @.cosmt. Biét chidu dai AC
=a + b. Xac dinh hiéu dién thé cuc dai giita hai dau thanh AC. Ap
dung: a=0,5m, b=1m,p, =0,6rad,w=0,2rad / s.

Gidi.

Giai thich

Khi cho dia dao dong, doan OA va OA’ quét ngugc nhau nén khong gy ra suit
dién dong.

Dién tich thanh A’C quét duoc khi ndé quay mot goc do la:
ad B© dos *

4421242 (p—q) (dign tich hinh thang) W

ds

o g (0-0)

(a+b)de

= ﬁ:M(a.pb)d_(”:(bz—cﬂ)

—qi t
dt 2 dt 2 Oy (=sin )

do
dt

ds
di

2 2
= B(bTa)a)goo sin ot

€ =

2 2
Nén hiéu dién thé cuc dai trén thanh AC 1a: U, = M 45107V

Bai todn 8. C
Pau trén cta hai thanh kim loai song song, rat dai dat dung dung /‘ |\

ndi v6i tu C. Hiéu dién thé danh thung cta tu 1a U,. Mot tir truong B

déu cuong d6 B vudng gdc v6i mit phang hinh v&. Mot thanh kim




loai MN khdi lugng m, do dai L. Tai thoi diém ban dau t = 0,
nguoi ta truyén cho thanh MN van tdc dau v, tir hai dau thanh ray
xubng dudi. Tim thoi gian truot cua thanh MN cho dén khi ty
dién bi danh thung. Bo qua dién tré cua mach.

Gidi.

Vi bo qua dién tré va cam ung dién nén ta luén c6 u =e. = BLv
Diéu kién tu bi danh thing 13 U, = e, = BLv

Theo dinh luat IT Newton: ma = mg — F;=mg —iBL (1)

Lai c6 dong dién trong mach 1a : i = dq _d(Cu) _ Cﬂ = CBLQ =CBLa(2)
dt dt dt dt
Tr(l)va(2)suyra a= % = const nén thanh MN chuyén dong nhanh dan déu
m+
Taco v=v,+at=v, +—mgt2 5
m+CB°L

U
(L —v))(m+CB’L?)
mgt = BL
m+CB*L? mg

Khi tu bj dénh thiing thi v=—2 —v, +

Vi v, < Yy
BL

Bai toan 9.

B
A , - A N Y - r A m.q

M§t thanh nhe cach dién, nam ngang, chiéu dai | c6 thé quay * o

quanh truc thang ding di qua trung diém cua thanh. O hai dau

thanh, nguoi ta gan hai qua cdu nho, mdi qua cau c6 khéi luong S -

m va mang dién tich q. H¢ dugc dat vao trong mot tr truong
déu ciia mot nam cham hinh try ¢6 cam ung tr B. Puong kinh
cua cuc tur la d <1 va tryuc cua né trung voi truc quay cua thanh
(hinh v&). Cam tng tir giam déu dén gia tri bang khong. Tim
van téc clia cac qua cau va van tbc goc ciia thanh ¢ thoi diém

cam mng tir bang khong.

Gidi.



Khi tir truong bién thién theo thoi gian no sinh ra mot dién trudng xody co cic

duong strc bao quanh cac duong cam Ung tir. (rotE :—%—B). Dién truong xody tac
t

dung luc dién 1én hai qua ciu gdy ra momen ngau luc dién 1am hai qua cAu quay
quanh truc.Dién trudng xody nay dong vai trd 1a lyc la 1am cac electron di chuyén
trén thanh.

Congcualycla: A=Fs=Fnl=qE .nl véiE la cudng do dién truong xody tai
M, N

Theo dinh nghia suat dién dong chinh 14 ti s6 A/q.

%

, A gE"
Taco: e :—:q—”l:E

c

= E' =% (1)
q q 7l

Theo dinh nghia suat dién dong cam tng :

dd 7mfzaf_B__7mV2 (0-B) md’B

2)

T a4 dt 4 (1,-0) 41,
véi t, 1a thoi gian dé cam tng tir giam tir B dén khong.

2
Tir (1) va (2) ta co E' = thB

0

< LA LA A Xe . A 14 F E’ d’B A 2
Gia toc tiép tuyén ctia mdi qua cau 1a : a=-< =92 =99 2 _ ;,p5 nén thanh chuyén
m m  4mlt,
A A A oA qxs Xe 2 A1y qd’B
dong nhanh dan, van toc dai cia moi qua cau la v=ar, = T
m
, 2
Va van téc goc cua thanh : w=— = qd ‘}29
y 2ml
2
Bai todn 10. -

B

Mot vong day ban kinh r c6 mot day ndi dan dién MN dit doc theo £ | =
duong kinh. Mic cac tu C, va C, vao ntra duong tron bén trai va bén N
phai nhu hinh v&. Vong day duoc dit trong mot tir trudng bién thién
theo thoi gian B(t) = kt. Tai mot thoi diém nao do, nguoi ta 1ay
day ndi MN ra khoi vong ddy va sau d6 ngimg thay doi tir truong.
Tim dién tich mdi tu sau khi can béng.
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Gidi.

Vong day tron va doan MN tao thanh hai mach MC|N va MC,N c¢6 cung dién tich
S, =S,=0,5mr".

Tir thong qua mdi mach bién thién theo thoi gian: @, = ®, = ® = BS = 0,577kt
Suit dién dong cdm ung bﬁng hiéu dién thé trén mditu: u=¢, =e, = ®’ =0,5nr’k

Xét tai thoi diém t dién tich duoc phan bd nhu hinh v&, dién tich cac ban tu ndi vao
M:

Q, = Cu=0,5C,nr’k
Q, = Cou=-0,5C,nr’k

Khi bo ddy MN di ta dugc hai tu ghép song song va dong thoi ngimg thay ddi tir
truong (sudt dién dong cam tng bang khong), cac dién tich duogc phan bd lai d&én
khi U;” = Uy’ khi1 d6 Q,’ va Q,’ 1a dién tich cua cac tu sau khi bé day MN di.

Taco: L -2 (1)
Cl C2

Dinh luat bao toan dién tich :

kmr

Q1'+Q2':Q1+Q2: ) (CI—CZ)(Z)

Két hop (1) va (2) ta duoc:

0 '= kW2C1(C1 _Cz) 5 0,'= kﬂTZCZ(CI—Cz)
1 2AG,+C) T 2C+G)

Bai toan 11.

Trén mat ban phiang nam ngang nhin dit mot khung day dan
hinh chit nhat c6 cac canh la MN=a va NP=b (hinh v¢).

Khung duoc dit trong mot tir truong ¢6 thanh phan ctia cam

ung tir doc theo truc Oz chi phu thudc vao toa do x theo quy
luat: B, = B,(1- oax), trong d6 B, va a la cac hﬁmg $0.
Truyén cho khung mot van tde v, doc theo truc Ox. Bo qua
dd tu cam cua khung day, hdy xac dinh khoang cach ma

khung day di duoc cho téi khi ding lai hoan toan. Biét dién
11



tré thuan cua khung day 1a R.
Gidi.
Xét khung tai vi tri nhu hinh ve€. Ta c6 : By = Bo(1 - ax) va Bpg = B,(1 - a(x + b))

Suét dién dong cam ung Xuat hién trén hai thanh MN va PQ la : Eyw = Byw.vaa ;

EPQ = BPQ.V.a
Dong dién chay trong mach c6 chiéu nhu hinh v& va ¢6 d6 16n bang :

EMN _EPQ _ V.a(BMN _BPQ) _ V.a.BO.Ol.b
R R R

I =

Luc tir taic dung 1é€n hai thanh MN va PQ ¢o chiéu nhu hinh v& va ¢6 do 16n béng :

Byaba® v Byaba® v

F =B,,la=B,, -

VA F, =B,,.la=B,,

Ap dung dinh luat IT Newton cho khung theo truc Ox :

dv dv Bya.ba® v
F,—F,=ma=m— P m—=(Bp, — By ) ———
1 2 dr d ( PO un) R
o mdv__BgOt2 *a’v.dt
R
& vdt =@dl‘ = —#Rzzdv Sde= —#Rzzdv
dt Byja“b a Bya“a'b
Lay tich phan hai vé ta dugc d6 dich chuyén cua khung day 1a : s = %
yata

Bai toan 12. Mot vanh kim loai ¢6 ba nan hoa kim loai co
chiéu dai r = 0,2m nim trong mit phing thiang dting co
thé quay quanh truc c¢6 dinh nam ngang trong tir trudng
déu B = 0,5T. Véc to cam Gng tir vudng goc v4i mit

phang cia vanh. Gilra truc quay va mép vanh dugc noi

vo1 nhau qua mdt dién tré R = 0,150 nho hai tiép diém
truot. Qu.’fm mot so1 ddy manh, nhe, khong dan vao vanh

con dau kia ctia diy treo mot vat c6 khdi luong m = 20g. O thoi diém nao do
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nguoi ta tha vat. Bo qua moi ma sat, dién tr¢ ciia vanh, cac nan hoa va day noi.

a. Tim mémen luc tdc dung Ién vanh do luc tir khi vat chuyén dong véi van toc
khong doi.

b. Tim cuong do dong dién chay qua dién trd khi van téc cua vat 1a 3m/s.

c. Tim van toc 16n nhat cia vat.

Gidi.

a. Khi vat chuyén dong déu thi méomen cua luc tir tdc dung Ién vanh bang momen
cua trong luc ctia vat m tac dyng lén vanh.

M =mg.r=0,02.10.0,2 = 0,04 (N.m)
b. Khi vat c6 van tdc v thi van tc goc ctia vanh 13 : o= r
r

2
Khi vanh quay mot géc da thi nan hoa quét dugce dién tich d4s = %da

by 1lon cua suat dién dong cam uUng xuat hién trong vanh la:

B Zdﬁ
e—dg— .r.2 _Br’o _ Bvr
dt dt 2 2

_ Bvr _ 0,5.3.0,2 14

Cuong d6 dong dién chay qua dién tro1a: 1=5
R 2R 2.0,15

c. Khi van tdc ctia vat dat 16n nhét thi do giam thé nang cua vat sé chuyén thanh
nhiét lugng téara trén R, ta ¢6 :

2.2

Bvr Br
mevdt = I’ Rdt = (—)* Rdt < megv = V2
&Y SR YT T4R
dmgR
= v="=12mls)

Bai todn 13. Mit phang cua mot vong day dan manh vudng goc voi duong sirc tir
ctia mot tr truong déu B. Ban kinh cua vong day bang a, do tu cam cua nd twong
mg bang L. Tinh ning lugng tich trit trén vong day, néu ta lat nhanh vong day
180°.
Gidi.
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a. Tir thong giri qua vong day lac dau : @, = ta’ B (Wb)

Tir théng giri qua vong day lac sau : @, = - ta’ B (Wb)
Sau khi 1at nhanh vong ddy, theo dinh lut Lentz, trong vong day xuét hién dong
dién cam mg i sao cho tir thong toan phan qua vong day cé gia tri nhu trude khi
lat :

2
Li-m*B=m*B=i=5

Cach2: Co e, =29 9% 14— ao
dt dt

i A ) 27a’B
Tich phan 2 vé ta dugc: Li=A® =27a°B — i =22

A b ~ \ 1 2
Trong vong day ton tai nang lugng tur trudong : W, = %

Bai todn 14. Mot vong day bang kim loai ¢6 khdi lugng m, dién trd R va ban kinh r

quay xunh quanh mdt truc thang dimg di qua duong kinh trong mét tir truong déu B

nam ngang. Van toc goc quay ban dau bang w,. Gia st rang do bién thién twong doi

ctia van tc goc ( Aw/o ) trong mot vong quay 1a nho.

a) Xéac dinh ning luong mat mat trung binh trong mdi vong quay do hiéu tng

Joule - Lentz.
b) Sau bao lau thi van tdc goc giam di e 14n so vé6i gia trj ban dau.

Giai.

a) Tir thong qua khung day ¢ thoi diém t 13 : @ = BS.cos(wt + @) = Brr®.cos(mt +

?)

Suat dién dong cam tng trong khung: e = —CZE =-Bm’o.sin(ot + @)
t

Dong dién cam ung trong khung: i = % = —%Bﬂrzw.sin(a)t + )

Trong mdt vong quay, do bién thién twong ddi Aw/o cta van toc goc 13 nho, nén

trong mot vong quay coi o 13 khong d6i. Nhiét luong toa ra trong mot vong quay

khi van téc goc bang o la:
14



27l @ 27/l @ 2 2 4 2
AQ = [i*Rdt = | Brro
0 0

B*r*r‘w

sin * (ot + @)dt =
( ®) z

b) Ap dung dinh luit bao toan ning lwong: d6 bién thién déng ning bing nhiét
lugng tda ra trong mach:

Lo’

_d( 5

) =i*Rdt

B2ﬂ_2r4a)2

& —lodo= sin’ (ot + @)dt

Lay tich phan hai vé v6i cha ¥ @ = o./e

wyle 2 2 4t 2_2 4
—I_[ida)=B”r I sin’ (ot + @)dt <& I=B7[r t
o @ 0 2R

Trong d6 I 1a mémen quan tinh cta khung day d6i véi truc quay 1a duong kinh

2

roer . mr
coglatrl [ =

mR

Do d6 thoi gian dé van toc gée giam e lan so voi gia triban daula : ¢ = By
/a

Bai toan 15.

Thanh kim loai AC c6 khdi luong m co thé truot trén hai thanh ray kim loai
nam ngang, song song nhau va cach nhau mot doan d. Hai dau thanh ndi voi dién
trd thuan R (hinh v¢). Ban dau thanh kim loai AC & cach dién trd R mét khoang /.
Thiét 1ap mot tir trudng B c6 cac dudng cam ung tir song song, cach déu, hudng
thang dung 1én trén. Trong khoang thoi gian rt ngan, do 16n cta cam tng tir ting
tir 0 dén B, va thanh AC dat t&i van tdc vy. Sau khi tir truong dat dén B, thi gitr
nguyén gia tri d6. Bo qua su dich chuyén cta thanh trong qua trinh thiét lap tir

truong.
3 R ’ * A At~ \ A =y
a. Tim biéu thuc lién hé gitta By va v,? I © B
R
b. Gia st ma sat gitra thanh kim loai AC
N\ . /4 /’7\ 2 14 ~ C
va hai thanh ray c6 thé bo. Tinh quang < N

dudng thanh AC di duoc cho dén khi ding lai.

15



c. Hé s6 ma sat giita thanh AC va mdi thanh ray

L P . A _
déu bang x . Khoang cach cuc ti€u giira thanh kim © B
. \ acA ” M “ A R <+
loai AC va dién tré R bang bao nhiéu? X I v oL
) C
D R REEEEEE >

Giai
Tai thoi diém cam Gng tir ¢6 gia tri B (0 < B < By), tir thong gli qua dién tich
mach kin: ¢ = Bld

Sut dién dong cam ng Xuat hién trong mach c6 do 16n e:d—¢ - ld‘;_B
t t
Cuong dg dong di¢n cam ung: =S ld dB
R R dt

- Theo dinh luat Lenx, dong cdm tng co chiéu nhu hinh v&

- Theo quy tic ban tay trai luc tir s& phai vudng goc véi thanh va co chiéu tir phai
sang trai
dv _ Bld*dB _ dv

- Theo dinh luat II Newton: F=Bid=m— < m
dt R dt dt

d ( B*ld? B*ld? B*ld?
o — —v|=0=> —vy=const=0 =>v =
dt\ 2mR 2mR 2mR
Blld*

KhiB=B0thiV:VO=

2mR
b) 1,0 diém

Khi B = B thanh s& bat ddu chuyén dong véi van tbc dau v, vé phia R

- Goi v 12 van tc thanh & thoi diém t. Dong dién cam Gng trong mach:
e E _Byvd
R R

Bd*

Luec tir tdc dung lén thanh F=Bid = %

16



Theo dinh luat Lenx, F ngugc hudng véi v,

2 12
- Phuong trinh BPLH : —-F= m%@—Bod v=mﬂ:>ds=vdt=— mk
t

dv
R dt Byd?

-Quing duong thanh di dugc cho dén khi dimg lai:

K 0 l
s=_([ds: ! 212 Bod2 Vo = 2

c)
2 12
Phuong trinh PLH: -F-F,, _m@<:>—B°d V—pumg=m—
dt R dt
NI
Byd
v t
-bit 7 = n;R2:>.[ v __ (4
Byd V0v+,ugz' 0 7

_t

Thuc hién phép lay tich phan tim dugc : v = (vo+ugr)e 7 —ugr
- Tur diéu kién v = 0, tim thoi diém vat ding lai:

t
(vo+ugr)e ¥ —ugr =0= 1= zrln(1+ij
Hgr

4

4 _L
- Quang duong thanh di duogc: SZIth = J((Vo +ugr)e © —ygr]dt
0

0

Thuc hién phép lay tich phan dugc :

4

§= T(v0+,ugr)£l—e T]—,ugrtl :(vo—,ugtl)r

Cudi cung: /. =/ (vo—,ugrln(H % Bz’
Hgt

17



Bai toan 16.

Trén mat ban nam ngang khong dan dién co dit mot vong diy manh bang kim loai
c6 khoi lwong m va ban kinh a. Vong & trong mot tir trudng déu ndm ngang co cam
tmg tir B. Xac dinh cuong d6 dong dién can phai cho di qua vong kim loai dé no

bat dau dugc nang 1én.

Gidi.

Gia str cdm ung tir c6 hudng nhu trén hinh vé, con dong dién I di

qua vong kim loai ngugc chiéu kim déng ho.

Xét mot phan tir vo ciing nho dl kep giita hai ban kinh véc to

dugce dung dudi cac goc o va o + da, trong d6 goc do 14 gbe vo cung nhé. Chiu
dai ctia phan tir nay 1a dI = ado.

Luc Ampe tac dung 1én phan ttr nay khi c6 dong dién I chay qua c6 hudng vudng

g6c mit phang hinh v& (ciing dugc coi 1a mit phang ndm ngang) va di vao phia sau

mat gidy. B A
: . . o)
D9 16n cua luc nay bang :dF = Bldlsina = IBasinada 0 f
d
Nhu théy rd tir hinh V&, tai cac goc tir 0 < o < 7 luc Ampe & )
trang gidy, con tai cac goc m < o < 27 thi luc Ampe lai di ra \_/

ngoai phia trang giay. Do do, trén vong kim loai tadc dung mdt
momen lyc nang doi véi truc OO’ va moémen can cua trong luc.

Khi ting cuong do dong dién I thi mémen cuia lyc Ampe ting va tai mot gia tri gidi
han I, cua dong dién thi momen lyc nay sé so dugc vo1 momen trong luc va vong

kim loai s& bat dau duoc nang 1én, bang cach quay xung quanh truc OO’.
Bay gio ta tinh mémen lyc Ampe tac dung 1én phan tir dI ddi v6i truc 00’
dM ,= — dF(a — asina) = IBa’(sina —1)sinada.

Suy ra momen luc Ampere toan phan tac dung 1én toan vong kim loai bang:

2z
M, = jIBaz(sina ~1)sinada = nBa*
0

18



Moémen trong luc tic dung 1én vong kim loai d6i véi truc OO’ :
M,= — mga
Vong bat dau duoc nang 1én khi momen luc tong cong bang 0.
pIghBa2 —mga = 0

Cuong do dong dién phai di qua vong dé vong kim loai bat dau dugc nang 1én la:

_mg

=
' 7Ba

Bai toan 17.

Mot vong day dan duong kinh d duoc dit trong mot tir trudng déu co cam Gng tir B
song song Vi truc cua vong day. Hai thanh kim loai manh c6 mét dau gin véi truc
di qua tam O ctia vong day va vudng goc v4i mit phang vong day, ca hai thanh déu
tiép xtic dién véi vong day va tiép xtc dién v6i nhau tai O.

a. Ban dau hai thanh sat vao nhau, sau d6 mot thanh dung yén con thanh kia quay
quanh O véi vén toc o. Tinh cuong d6 dong dién qua hai thanh va qua vong déy sau
thoi gian t. Cho biét dién tré cia mdi don vi dai cta thanh kim loai va ctia vong day
danlar.

b. Bay gio cho ca hai thanh quay voi van toc o; va @, (@) > o).
Tim hiéu dién thé gitra hai ddu mdi thanh. Xét hai truong hop:

- Hai thanh quay cting chiéu.

- Hai thanh quay nguoc chiéu.
Giai.
Trudce hét ta tinh d6 16n cta suit dién dong xudt hién trén mot thanh

kim loai quay trong mit phang vudng goc véi tir trudng : & :‘%:B% voi dS 1a

dién tich ma thanh quét duoc trong thoi gian dt. Goi o 1a van toc goc ctia thanh va 1
1a chiéu dai cta thanh. Trong khoang thoi gian dt thanh quay dugc goc do = wdt va
xl? I’ wdt

do

quét dugc mot dién tich: dS =
2r 2
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2
Tirdo ¢-p% PO
dt 2

a. Gia str thanh OA dung yén con thanh OB quay véi van téc goc o .Suat dién dong

cam Grng xuat hién trén thanh OB (va trén doan mach BOA) bang:

_BR’w Bd’w

5 ~~ (OB=R=d/2)

g

Hai doan mach BCA (BCA = 1;) va BDA ( BDA = 1,, |; + 1, = nd) mic song song
voi nhau, ¢6 cac dong dién I, , I, chay qua. Ki hiéu I 1a dong dién chay qua hai

thanh, &p dung dinh luat Ohm ta c6:

Uag = LR = Li(1ir) = Lx(or)

Uap=¢& - Ldr

Val=1+1,

Vil =0,5dot, I, =nd — 1, = nd — 0,5dwt

(1-“")Bdw
I = 2r
> 71 2,2

) 42 +or- 2"t
2r

Bdw’t

2.2

't
)
Vs

Bdw

2.2

42+t -2
2r

Tur d6 tim duoc : 7 =

va i, =
)4 87 (2+ wt —

b. O hai thanh c6 xut hién 2 suit dién dong cam ung:

Bw.d* Bw,d*
& = — & = :

8 8
Hai ngudn dién twong duong &, va &, mac xung ddi, bo ngudn cé suét dién dong:

Bd*

= (0, — w,) Vi ®] >

§=§1_§2

Hai doan mach BCA (BCA = 1;) va BDA ( BDA = 1,, |; + 1, = nd) mic song song
v6i nhau, c6 cac dong dién I, , I, chay qua. Ki hi¢u I 1a dong dién chay qua hai

thanh, &p dung dinh ludt Ohm ta c6:
Uxg = LR =Li(lir) = Ix(Lyr)
Upag=¢& - Ldr

Val=1L+1
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Voi 11 = 0,5d(00t, 12 =nd - 11 =nd — O,Sd(Dot voil Wy = M1 -
w,t
Bda)o (1 _E)Bdwo
2.2

t
42+ w,t -2
2r

Tur d6 tim duoc : 7 = va

9 ]1 = 2
w, t*

) 42+ gt ——
27

)

Bdw,’t
2.2
t
872+t —
2

I, =

)

Hiéu dién thé & hai diu mdi thanh:

rd rd
U, =§1_17; U2=§2_[7

Trudng hop hai thanh quay nguoc chiéu cho két qua twong tu, chi khac o, = o, - o,

Bai toan 18.

Mot thanh kim loai c6 chiéu dai / nam ngang, c6 thé quay quanh BJ« 1V\
truc thing dimg di qua mot dau. Pau kia cua thanh duoc tua trén Q

mot vong day dan ndm ngang c6 ban kinh /. Vong day duoc nbi véi

truc quay (dan dién) qua mot dién tré thuan R. Hé duogc dit trong
mot tir trudng déu hudng thang dung xudng dudi. Hoi luc nho nhat
can thiét phai tic dung vao thanh dé né quay véi vén toc goc khong
d6i @. Bo qua dién trd clia vong, truc quay, cac ddy ndi va ma sat.
Ap dung $6: B=0,8T, /=0,5m, ® = 10rad/s, R=1Q.
Giai.
2

Xét khi thanh quay dugc mot goc nho da, dién tich né quét dugce 1a: ds = %da

, , 2 2
Suat dién dong cam ung xuat hién trén thanh: e= _do _ —Bd—S __Blrda_ Blo
dt dt 2 dt 2

Cong suit toa nhiét trén R (chinh 13 cong suit ciia mémen can chuyén dong quay

2 274 2
cua thanh): p-¢_5 Fo
R 4R

Pé thanh quay déu thi momen lyc tic dung 1én thanh phéi bang mémen can: M =
M.
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Mit khac: P:Mcci—a:Ma)
t

c

P Bl'w
[0

Suyra M =
y 4R

Luc can thiét tac dung 1€n thanh la nho nhat khi lyc d6 duoc dit vao dau A cua
thanh (OA =1):

e M _Bleo 02
mny 4R R

Bai toan 19.

Mot khung day hinh vudng lam tir ddy kim loai c6 duong kinh d,, dat gan mot day
dan thang dai mang dong dién I, sao cho ddy nam trong mit phiang khung va song
song voi hai canh cua khung. Néu ngét dong dién thi khung thu duoc xung lugng 1a
P,. Khung day s& thu dugc xung luong 14 bao nhiéu néu dong dién ban dau trong
day la 31, va duong kinh cua day lam khung 1a 2d,.

Giai.

Goi I(t) va i(t) 1a cuong do dong dién trong diy va trong khung & mot thoi diém t
bat ki. Ttr thong qua khung ®(t) ~ I(t)

_1do® voi R 1a dién tré cia khung va R = pi =p a1

Ma i(r) =S = ~—.
=2 & s Par &

Nén i) ~ > L@
dt

g2 10al (@)

= lyc tir tac dung 1én khung: F ~ 1(2).i(¢) ~ ”

Xung luong khung nhan duoc:

_P N 20 N 2&
P= { Fdt~d ! 1@l ~d* —

2 72 124 2
Suy ra £:[2d2 2 ° 6210 =36= P=36P,
PO [OdO ]OdO
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Bai toan 20.

M6t vanh kim loai ban kinh

r, tiét dién ngang S (S <<r’

), khéi lwong riéng 1a d, dién ‘~ Ariuili

tré suat p. Ban diu vanh ' s |21/ s
nim ngang roi vao tur 2 N
truong c6 tinh dbi xang truc ‘~

B nhu hinh vé. (Truc cua

vanh trung v&i truc doi

xtng cla tir trudng). Tai mot thoi diém nao do, van tde ciia vanh 13 v.

a. Hay tim biéu thirc dong dién cam tng trong vanh.

b. Tim biéu thuc gia tdc, van tdc cua vanh. Nhan xét vé
d6 16n van toc? Gia thiét do cao clia mién tir trudng 1a da 16n.
Giai.
a) Goi B 1a do 16n cua cam tUng tur tai diém cach truc dbi Xing cua tur truong mot
khoang r. Tai mdi diém cta vanh kim loai, cam ung tu déu co trj s bﬁng B. Xét
mot phén tir chiéu dai Al cia vanh. Tai thoi diém t ma van tc cta vanh 1a v thi suét
dién dong xuét hién & Al ¢6 d6 16n 12 Ae = BvAL
Nén suat dién dong ctia ca vanh 1a e = Y'Ae = Y BvAl = Bv2nr
Dong dién cam ung trong vanh 1a :

e  2nrBv Z__ 27xr
S S

I =— vOol R =
R P

T d6 tim duoc : I:B—SV (1)
Yo,

b) Do c6 dong dién chay qua, phan tir Al cua vanh chiu tac dung cua luc dién tir AF,

lrc ndy hudng vudng goc véi mit phang ciia vanh va co do 1on AF = BIAL

luc dién tir tong hop F tac dung 1én vanh c6 hudng vudng goc v6i mit phing cia

vanh va c6 do lon:
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SB *v

F=) F=BI) ANl=B2m => F =2nr
Y2

Theo dinh luat Lentz, luc F chéng lai sy roi ciia vanh, nghia 1a F c6 hudng Ién trén

nguoc hudng cua trong lyc P tac dung Ién vanh.

Dinh luat II Newton c6: mg—-F=ma=a=g _E y6im=2muSd

m
2
od
2
Talaicé:a:ﬂ=g—Bv<:> dv2 =dt(2)
dt pd g_Bv
od
Lay tich phan hai vé voi chii y khit=0thiv=0
o B g B’v
t v pd Ty 2
Idt=_[ dv2 @tz_ﬂ; I @z_ﬁ;m_pdz_ﬁ;ln(l_ﬂ)
0 Og_Bv B 5 x B g B pdg
od
- B%t

Tir (2) va (3) ta thiy ring a giam dan va v ting dan. Khi vanh roi xudng va sau mot
thoi gian da 16n ké tir khi bit ddu roi (t — oo ) thi a = 0 va ké tir d6 vanh roi déu véi

g
B2

van toc: v, =

Bai toan 21.

Trén mit ban nam ngang gin mdt khung day dan Hinh6

manh hinh vuéng canh a (H. 6). Trén khung nim
ngang dit mot thanh co khdi luong M sao cho canh

cua thanh song song vo6i canh bén cua khung va cach @B

canh nay mét khoang b = a/4. Khung va thanh duogc

lam tir cuing mot loai day dan c6 dién tré trén mot don

vidaila p. Tai mdt thoi diém nao d6 nguoi ta bat mot
tor truong c6 vecto cam Ung tr vudng goc voi mat
24



phang khung. Hoéi thanh chuyén dong véi van toc
bang bao nhiéu sau thoi gian thiét 1ap tir truong, néu
gia tri cia cam Ung tir sau khi tir truong dd 6n dinh
bang B,? B6 qua su dich chuyén cua thanh sau khi tir

truong da on dinh va ma sat gitra truc va khung.

Giai:

Trong khoang thoi gian thiét 1ap tir trudng, xét mot

thoi diém t nao do, khi cam tng tir bang B(t). Tai thoi Hinh7

diém do, tir thong gtri qua mach kin ACDK (xem H.7) rm N

bang @, = B(H)ab va giri qua mach kin DNOK bang I |5
®, =B(t)a(a-b). Do tr truong bién thién theo thoi a Q

gian, nén cac tr thong trén ciing bién thién, do d6 xuat

hién mot dién trudng xody. Néu tir truong ddi xing
dbi véi truc vudng goc véi mit phang khung va di qua
tam khung, thi cdc dudng strc cua dién truong xoay s€
c6 dang 13 nhimg vong tron dong tAm nam trong mat
phang khung (xem H.7). Cong do dién trudng xody
thie hién lam dich chuyén mét dién tich dwong theo
mot mach kin (nhu mach AVDK, ch?mg han), nhu da
biét, co tri sb ding bang s.d.d. cam GngE,xuit hién
trong mach va theo dinh luat Faraday vé cam ung dién
tlr, ta co thé tinh duoc s.d.d. E_ qua van tdc bién thién
tir thong giri qua mach d6. P6i voi mach ACDK, ta
co:

do, , AB() __a’ dB()

l dt dt 4 dt
Tuong tu, ddi vi mach DNOK:

2
o 0,y dBO) _ 3d7 dBG@)

dt dt 4 dt

Gia str tai thoi diém dang xét cac dong dién di qua cac day dan nhu duoc chi ra trén
hinh 7. ap dung dinh luat Kirchhoff cho mach ACDK, ta duoc:
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a’ dB(t) _

3
1 ]lpa+11.2pb+12pa25pa11+pa12.

Tuong tu ddi vi mach DNOK, ta co:

34’ dB(1)

5
4 di :2p(a—b)13+pal3—pa12zapa@—palz.

Taidiémnat Dtacd: I,+1,=1,.

Giai ba phuong trinh trén, ta tim dugc: 1, = _2a dB@)
3lp dt
Déiu trir & cong thuc trén c6 nghia 1a chung ta da gia thiét khong ding chiéu cia
dong dién qua thanh, dang ra no phai di tir K dén D.
Do c¢6 dong dién di qua, nén thanh DK chiu tadc dung cua lyc Ampe c6 hudng di vao

phia tAm khung va c6 d6 16n bang:

2 2 2
F.(6) = —1,aB(t) = 2a B(1) dB(t) _a dB” (1)
31p dt 3lp dt
Sau thoi gian xdc 1ap tir truong thanh chiu tic dung ciia mot xung luc bang;

a’B;
31p

© By 2
a
F,dt=|—dB*(t) =
! ! 31p

2

SN
Il
S

Xung lyc ndy gay ra mot do bién thién dong luong cua thanh bang:

31p

2 p2
Tu day ta tim dugc van toc cua thanh: v= a B, .
31Mp

Bai 22.

Mot khung day dan hinh vudng chuyén dong doc theo truc x véi van tbe vo di vao
mot ban khong gian v6 han (x>0) trong d6 c6 mdt tir trudng khong déu hudng theo
truc z: B,(x) = By(1 + ox) voi By 1a hing sd duong. Biét rang hai canh ctia khung
song song voi tryc x, con mit phang cia khung ludn vudng goc véi truc z. Hoi
khung da thAm nhép vao khong gian c6 tir trudng mot khoang cach bang bao nhiéu,

néu khoi lugng ctia khung 14 m, chiéu dai canh ctia khung 1a b va bi€t rang vao thoi
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diém khi cac duong stc tir xuyén qua toan bd mit phiang cua khung, trong khung
toa ra luong nhiét dung bang nhiét lrong ma khung toa ra trong chuyén dong tiép
sau d6 cho toi khi dimg han. Tinh dién trd ctia khung. Bo qua hé sd tu cam cua
khung va coi ab<<l.

Giai

Xét thoi diém canh CD c6 toa d6 1a x va khung

V><

dang tham nhap ving tir trudng. Ap dung dinh

oo

luat bao toan ning luong, nhiét lugng toa ra trong A D ®

khung bang d6 bién thién dong ning ctia khung:

dQ = ?vz —%(v+ dv)’ = dQ = —mvdv

(1) 3

Suét dién dong cam ung xuét hién trén canh CD la:

E=B_bv=B,1+ax)bv

B21 272 2 BZI 2 2.2
:>1=%de=]2&”= 5 ( +a)c)bvdtz y (1+ j;x)bvdt

2)
Tu (1) va (2) ta co:
— Rmvdv = B; (1+ 2ax)b™v*dt
= —Rmdv = B; (1+2ax)b*dx 3)
Goi v; 12 van tdc cua khung khi bat dau khung ndm tron trong tir trudng ta co:

2 2 2
mv, my, . my v
-0= trong d6 0=—"L=v, =L
J--0="" trongd6 0 =" =,

NG

Tich phan 2 vé phuong trinh (3) ta c6:

vy b
— [ Rmadv = [ B} (1+20ax)b*dx

Vo 0

& Rm(v, —v,) = B2b*(b+ab) = B:b* (1+ ab) ~ Bb®

L po 2B (2428
my, (2 -1) my,
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Khi khung di vao hén trong tir trudong, cudong do dong dién trong khung 1a:

E,—E, Bwb[l+a(x+b)—(+ax)] B av
R R R

I =

Xét trong khoang thoi gian nhoé dt: dQ = I’ Rdt

2714 22 274 2
<:>dQ:BObj{evdt:Bobjcevdx )

Tich phéan 2 vé phuong trinh (4) va thay R & (*) vao ta duoc: s, = (\/5_221)
a

Khung da vao trong tir truong duge mdt doan la:

V2 +1+a2b? N J2 41
a’h a’h

s=s,+b=

213
V241 VéjR:(\/f+2)Bob

my,

Bai toan 23.

Mot khung day dan hinh vuéng MNPQ c6 khdi lugng m, canh 1a b dit trén
ban nam ngang nhan. Khung chuyén dong doc theo truc Ox véi van toc ¥, di vao
mot nira khong gian v6 han (x> 0)trong dé c6 mot tur trrong luén hudng theo truc
Oz, tir truong chi bién thién theo truc Ox véi quy luat B(x)=B,(1+ax) v&iB,la hﬁng
s6 duong. Biét rang hai canh MN va PQ song song véi truc Ox, con mit phang cta
khung ludn vudng goc voi truc Oz. Biét vao thoi diém toan bo khung cat cac duong
strc tir, trong khung toa ra nhiét lugng dang bang nhiét luong ma khung toa ra trong
chuyén dong tiép theo sau d6 cho dén khi dimg han. Bé qua do tu cam cia khung va
col ab<<l1.

1. Tinh di¢n tr¢ R cua khung.

2. Tinh quang duong ma khung di dugc & trong vung c6 tir trudong.

Giai
Xét tai thoi diém t khung dang tién vao ving co tir trudng va canh NP ¢o toa do x
va van tbc v

Suat dién dong xuat hién trén canh NP 1a:
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e=B,,vb=B,(1+ax)bv
Trong khung c6 dong dién:

e _B(I+ax)bv

= R R M yA N
: , OF:
Nhiét lugng téa ra trong khung tur thoi diém t dén thoi — B
diém t + dt la:
Q P
2 272 2 2 2.2 -
dQ:l,szt:Bo(l+ax)bvdtzBO(l+2ax)bvdt 1) — X

R
Mit khac theo dinh luat bao toan ning luong thi nhiét lugng toa ra ctia khung = bién
thién dong nang cua khung

mv* B m(v+ dv)2

dQ = 5 = dQ =-mvdv (2)
Tu (1) va (2) suy ra:
B} (1+2ax)b’vdt = —Rmdv B} (1+2ax)b’ .dx = —Rmdv 3)

Goi v, 1 van toc cua khung khi n6 bit ¢au nam tron trong ving c6 tir truong. Theo

2 2
dinh luat bao toan nang luong: m;‘) —m%

=0

Ké tur giai doan trén cho dén khi dung lai, theo dinh luat bado toan nang luong:

2
my,

2

~0=0'=0.

. Yo
Suy ra: v, =—~

J2
Tich phan 2 vé cua pt (3):

b v
[ By (1+2ax)b dx =~ Rmdv
0

Yo

273
:>B§b3(1+ab)=Rm(v0—vl)ﬁR:M
my,| 1——

(- 5)

Goi s; 1a quing duong khung di dugc ké tir thoi diém toan bd khung bat dau nim
trong vung co tu truong.
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Khi khung d3 niam tron trong viing c6 tir trudng thi dong dién trong khung 1a:

evr ~Cup _ Byb[l+a(x+b)—(1+ax)] _Bplav
R R R

=

Tuong tu nhu trén:
dQ =i’ Rdt = —mvdv

BZb4 2.2
202 %Y gt =—mvdv = Blb*a’dx = —Rmdv
Lay tich phan 2 vé:

b+s, 0

[ Bib'a’dx =~[ Rmdv
b

gl

Rmy,

2

Blb*a’s, = Rmv, =

:> S = ﬂ
" B2
Thay R & cdu a) vao va bién d6i ta dugc:
. (1+ab)
' oba? (\/5 - 1)

(1+ ab)
baz(ﬁ—l)

Quing dudng can im = p+s, =b+

Bai toan 24.

Mot khung day dan hinh vuéng MNPQ c6 chiéu dai M

moi canh 1a a ; khung day c6 dién tré R, khoi lugng m. Ban —

3 \ A\
dau khung day ¢ vi tri nhu hinh v€, truyén cho khung day Q P ’
mot van tdc ban diu vo theo phuong ngang. Khung day @B

chuyén dong cat cac duong cam (mg tir trong mot tir truong y
c6 cac duong cam tng tir vudng goc véi mat phang khung

day nhu hinh vé. Cam ung tir ctia tur truong phu thudc vao toa dg y theo quy luat
B=B,(1+ky), v6i By , k 1a cac hang s6 duong. B6 qua ma sat va luc can moi

trudng, trong qua trinh chuyén dong khung diy khong thay d6i hinh dang va luén
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chuyén dong trong mit phang thang dimg. Viét phuong trinh biéu dién su phu thudc
ctia thanh phan van téc v, (thanh phan van téc theo truc Oy) ciia khung day theo
thoi gian t, v& do thi biéu dién phuong trinh d6 va néu nhin xét vé qua trinh chuyén
dong cua khung day. Cho gia toc roi ty do 13 g.
Giai

Xét tai thoi diém t bat ki, canh MN & vi tri ¢6 toa d y, thanh phan van téc cua
khung theo truc Oy 1a v,
- Ap dung quy tic ban tay phai ta xac dinh dugc chiéu cua cac suat dién dong cam
g trong mdi canh cia khung day nhu hinh v&.
+ Xét chuyén dong cua khung ddy theo truc Ox (thanh phan vén téc theo truc Ox).

Canh MN, PQ khong tao ra suat dién dong cam ung.

Do tinh dbi xung suit dién dong cdm ung do hai canh MQ va NP tao ra c6

d6 16n bang nhau. ‘&NP‘ = ‘ﬁQN‘

O
” X
+ Xét chuyén dong cua khung day theo truc M —II— i N
\ . yp--
Oy (thanh phan van toc theo truc Oy). i f:MJ = ~%
, 1 (o8B
Canh QM, NP khong tao ra suat dién dong T E TFPQ i
cam Ung. yrar - -Q5 P
i s
Suat dién dong cam Uing do canh MN tao ra
g‘;MN = aVyB o (1+ky) Hinh vé€ lyc tir tac dung 1én cac

canh theo phuong thiang dung
Suét dién dong cam ing do canh PQ tao ra

&po =2V, By [1+k(y+a)]

- Chon chiéu duong trong mach ( trong khung ddy) nhu hinh v&. Goi cuong d6 dong

dién trong khung tai thoi diém xét 13 i.

- Ap dung dinh luat Om cho toan mach, ta dugc:
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&PQ - iQM - E.’MN + ﬁNp =iR
< av By[l+k(y+a)]-av,B(1+ky)=iR
< kBja’v, =iR

kB.a’v

1)
- Ap dung quy tic ban tay tréai ta xac dinh dugc luc tir tic dung 1én canh MN, PQ
cua khung day nhu hinh vé.
E,n =1aB, (1 +ky)
F,, =1aB, [1+k(y+a)]

Luc tir tic dung 1én hai canh MQ va NP cung c6 phuong ndm ngang, cung do 16m,
nguoc chiéu.

Vay theo truc Ox téng hop cac luc tic dung 1én khung day bang khéng, do d6

thanh phan van tdc ctia khung day theo truc Ox ludn khong do6i va bang v,
Xét theo truc Oy, 4p dung dinh luét II Niuton cho khung, ta c6:
Fun +P—Fy =ma =my"
<1aB,(1 +ky)—1aB, [1 +k(y+ a)] +mg =my"
< —-1aBka+mg=my" (2)
Thay (1) vao (2), ta duoc

X kBOazvy
< mg—-kBja T:my

2 4

2
0

< mg - y'=my" (viy =vy)

PitY=y' = Y'=y"

22,4
<:>mg—kB°a Y =mY'
22,4
oy-g-KBd v ()
mR
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K*Bla*
mR

Dat A = =>Y'=g-AY

1) < Y'=g—AY:—A(Y—§j )

bat Z=Y—§:> Z'=Y', ta duoc

o L'=-AZ < d—Z:—AZ < d—Zz—Adt
dt Z
o Z=CroY-S-Ce* o y':§+Ce_At
A A
oy'=v, =L +Ce™
A
( C6 thé dung phuong phap thir nghiém, tir phuong trinh Z'=—AZ ta c6 nghiém

Z=CeM o Y-S-CeM oy =5 cen
A A

oy'=v, :§+Ce‘At )
Tait=0,v,=0,taco

0=E+Ce™ <C="2
A A

o mgR KB’
Vay VY:X(I_G_N): l-e ™

Nhéan xét:

P thi biéu dién phuong trinh c6 dang
mgR

Tt d6 thi, ta thdy sau mot thoi gian k’Bja’

chuyén dong thi van tc vy tdng dan theo

ham s0 mii, nhung sau mdt thoi gian
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mgR
2B§a4

chuyén dong vy s€ tién té1 mot gia tri khong doi bang

Bai toan 25.
Cho mét vong ddy nam ngang ban binh R c¢6 dong dién khong doi &
— e z
I chay qua. Doc theo truc cua vong day c6 mdt vong nhé ban kinh l
r, khoi lugng m, dién tré Ry ¢ tai do cao z. Voi z>> R. . !L‘?
a. Ching minh rang tr trudng gdy ra boi vong day tai vi tri z
. . a . : . RN
dugc xac dinh boi B(z)=—, voi ala hang so tim a ? _:.;
z
T

b. Vong nho dugc tha tir d6 cao z, kha 10n chuyén dong ctia vong nhan 6n dinh
trong thoi gian rat ngan, (Vong nhan chuyén dong déu) bo qua moi sirc can khong
khi. Tinh vén tdc tai d6 cao z.

Giai
a. Pé tinh toan cac moé dun cua vector tir truong trén truc cia
vong ta st dung Biot-Savart-Laplace, theo d6 phan tir nhd

(IA? )k gdy ra yéu td tir trudng trén tuc cua vong day:

Voi r, =vR* +2°
Do tinh chat dbi xtmg chi con thanh phan tir truong theo phuong oz
Ta co

B= ZAB& 225—;%(:05@

r dr

_Hale

os @ Uy [cosp L, IR
Al =——F"27R =——cos@p.
2 ; " 4r r? 2 i

R \ - 2 , A
Thay cosp=— va r =R’ +z* vao bicu thuc trén ta dugc:
r

2 2
- el g L
r 7 (R2+Zz)5 (1)

Véi khoang cach z 16n (z >>R) ta dugc :
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2 2 2
B(z)=”7°"-R—3={z—>w}=”7“[- R3=”7“I-R—3=%
D 2}, z z
2
Do vay hang séalé:a=% (3)

b. Khi tha vong nhan tir thong qua vong nhan sé& bién ddi , xuat hién dong cam
tng, va luc tir chdng lai sy chuyén dong cua né khi lyc tir can bang véi trong luc thi

no sé chuyén dong déu va dat t6i van tdc t6i han
D6 bién thién tur thong khi vong nhan dich mot doan Az 1a: AD =-7r°B(2)Az.

3
Tt (2) taduge : B'(z)= ——?

z
Suat dién dong cam rng xuat hién trén vong nhan 1a :

A®  3zria Az 3mria
é‘{__ et = — 7 —_— = 7y . U(Z) s
At z At z (4)

A L L . g 3nria
Dong dién cam rng xuat hién trong khung la : [, =—-= —v(2) (5)
0 0%

Khi vong day chuyén dong, thanh phan tir trudng thang ding gy ra luc tir lam dan
khung

Tuy nhién thanh phan tir trudng theo phuong phap tuyén B(r) gy ra luc tir can trd
chuyén dong ctia vong nhan. Pé tim thanh phan tir B(r) gin truc oz ta ap dung dinh

luat gauss tir thong qua mot mit kin bang 0:

Chon mat gauss Ia hinh tru c6 chiéu cao Az va ban kinh r i B(2) 7

-

Ll

Do bién thién tir thong qua mat dudi va mat trén 12 :

5 7,
A® = (B(z + Az)- B(z)) = m’B'(z).Az (6) ftﬁ -

o
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Tir théng chuyén qua mit bén:
@, =2m.B(r) (7)
Do lugng tir thong qua mit kin bang 0 nén ta dugc

B,_=—B(ZJ.’*=E-Q—:.
2 2. = (8)

Theo d6, tong cac thanh phan cia luc tir Ampere, 1am chdm chuyén dong ctia vong
nhan, ta co dugc biéu thirc:

2

.
O a

F,=1B,2m ={(5),8)}= v(z).

2R, z° 9)

Ddi v6i qua trinh chuyén dong thoi gian dic trung dé thiét 1ap trang thai can bang
hé (trang thai nghi) la du nho.

Khi trong lyc can béng voi luc tir thi vong nhan dat toi van tdc 6n dinh trong thoi
gian ngan ;

O ria’

e T
0

v(z).

Van toc khi can bang :

8 _
v(z) = 2mgu’2042 _ S;n%Rg : )
Srmra O, 1" R

Bai toan 26.
Mot dong xu bang déng c6 dudng kinh a, bé day / du nho
dé co thé coi 1a ban mong, nhung khong qua mong dé co thé

dit dimg trén canh ctia n6. Biét khdi luong riéng va do dan ; B

dién cua déng lan luot la p va o; bo qua do tu cam cua déng /

XU. Déng xu duogc dat trong mot tir truong déu co6 cam ung

—
@)
N Y

tir B c6 phuong ngang theo huéng truc Oy. Pong xu dugc
treo bang~ mot day xoan nhd c‘o hang‘ sO xoan K (6 xo x0an), . ..
khong dan dién. Khi can bang, dong xu nam trong mat
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phiang Oyz (hinh 1) va n6 c¢6 thé quay quanh truc Oz tring véi ddy treo voi mémen
quan tinh I. Quay dong xu mot goc nho 0, ra khoi vi tri can bang va sau d6 tha ra.

a. Tinh m6 men tir cua ddng xu & thoi diém né 1éch khoi vi tri can bang goc 6?2

b. Lap phuong trinh vi phan va tim phwong trinh chuyén dong ciia dong xu. Nhan
xét voi truong hop o nho.
Giai
a) Goi 0 1 goc gitra mit phang déng xu va cac dudng stc ti.
Xét mot vanh tron ¢ ban kinh 7 va (» + dr) ta co:

2xr

bién tr¢ cua vanh: R =
oh.dr

Tir thong qua vanh: ® = 77”Bsind

Sdd cam tmg xuat hién trong vanh nay c6 d6 16n la:e = _4®_ —7r’BOcosf

dt
Dong dién cam Gng: di = Ri = —Mé
Momen tur cia vanh:
dp = diS =7 di=— 7r’ Bohdr cos 0 0

2
M6 men tur cua dong xu:

B NG 7BohOcosh B 1y Bohf cos 0
D —J.dpm ——.[0 — 5 7 dr =TT s

b) Momen lyuc tur tdc dung 1én vanh:

3p2 2
M. :|dpm><B|=—7W B ahzdrcos 6’9-

Moémen lyc tir tac dung 1én ca dong xu:

2 0 2 472 . 2
M, =[dm :_I“Mrsdrz_m’olg chf cos’ 0
m r 0 2 8

Mbmen cua lyc dan hdi: My = - k6
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4 n2 0 2
Taco: 16=M, +M, = 16+708 0;“9005 0 ko=0

Do 0 << ¢ << 1rad nén ta co: cos’0 ~ 1, phuong trinh trén trd thanh:
71 B’oh nr Boh

8

10+ O+k0=0  hay: I0+A0+kO=0 (*)VGi 4=

Phuong trinh dac trung: IC*+AC+k=0

Nghiém: C,, = :—Z+] YEY:

YRR Y

Khi d6 hai nghiém ctia phuong trinh déac trung la: C,=-p+ jy; C,=-B—jy

A+ A2—41k A k(Ajz

Do d6 nghiém tong quat ciia phwong trinh chuyén dong 1a:
0 =e [ D, cos(yt)+ D, sin(y?)]

Vi diéu kién ban dau, tai t=0thi 6=¢; 6=0 ta co duoc:

D =¢;, D, :ng 25(/)

Phuong trinh dao dong ctia dong xu khi d6 dugc mo ta boi:

0=pe” {cos(yt) +£sin(7t)} (**)
e

Diéu kién dé c6 dao dong & day 1a PTDT phai ¢ nghiém, tic la: k> 1
(HS khéng nhdt thiét phai gigi PTVP, ma chi can néu cong thire nghiém (**))

Trong trudng hop ddng xu c6 d6 dan dién o nho, tic 1 ¢ dién trd 16n thi khi d6 8
<<ythitacod: 0=gpe” cos(yt)

Chuyén dong c6 dang 1a mot dao dong tit dan voi bién do giam theo qui luat ham

~

mu.

Bai toan 24.
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Hai dia tron giéng nhau R; va R,, mdi dia c¢6 ban kinh a, khdi luong m.
Chung c6 thé quay khong ma sat xung quanh truc

di qua tdm va vuong goc mat dia. H¢ duogc dat BO
Ap oo \ Al s s \ A Q R R;

trong mot tur truong déu cd cam ung tir B vudng { 1

gdc v6i miat dia. Nho hé thong tiép diém ma tam

va mép cac dia dugc ndi véi nhau qua mot cudn

day thuan cam L va tu dién C (Hinh 2). B6 qua

dién tré thuan cia mach va ma sat 6 truc. Tai thoi ,m
diém ban dau dia R, quay véi toc do goc wy con Hinh 2

dia R, dmg yén. Xac dinh biéu thirc dong dién qua cudn day va dién ap tu theo thoi
gian.

Giai

Khi R; quay thi trong mach c¢6 dong dién va lam cho dia R, quay va cac dia tr¢
thanh cac ngudn dién. Xét & thoi diém t, suat dién dong cam tng trong mdi dia co
dd 16n co

Bw1 sz

)

M6 men lyc tir tac dung 1én moi dia ¢6 d 16n nhu nhau:

a .2
M,= M,= O Birdr= B’Z“ (3)

0

Phuong trinh dong lyc ddi v6i chuyén dong quay cua mdi dia:

.2 - 2
JM: _ Bia (4) va de2 _ Bia (5)
dt 2 dt 2

Ap dung dinh luat bdo toan nang luong cho h¢ ta ¢o :

Jw, _ Jw’ Jw’ L (6)
2 2 2

Pao ham theo thoi gian va thay (3.4) ta c6 biéu thirc :

Ba’ di q
= +L=+21=9
) (W= wy) g C
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2 2.
hay ta c6 biéu thuec : Ba (dwl - dW2)+ P4 dq
2 dt dt

5 =0
dt~ Cdt

Mait khac i= % nén ta c6 phuong trinh
t

d*i  B’a* 1
—+ +—)i=0(7
dt* (2JL LC) (7)

Phuong trinh ¢6 nghiém i= I, cos(mt+ ¢; ) (8) trong d6 tan sd goc dao dong cua

2 4

Ba, 1 (8), phuong trinh dién tich cta tu
2JL  LC

dong dién w=

t

q= ¢ ids hay q = qo cos(wt+ ¢, )
0

Tu diéu kién ban dau t =0 [

Ta c6 phuong trinh dong dién chay qua cudn day va dién tich cta tu :

Ba’w, . . Ba’
= 22 % Ginwi(9) VA q= ——20(1- coswr).(10)
2Lw
T A - A _ Bazw0
Hi¢u dién thé caatu dién u= °(1- coswr).(11)
2LCw

Bai toan 25.

Mot tam mong, phang, khong nhiém tir (tAm dd) 7a
duoc dat sat trén mat mat nam ngang cua mot
x01éndit thang dimg s6 vong diy trén mot don vi

chiéu dai cua x61éndit 1a n. Trén tam nay, nguoi ta dat

mot vong diy manh, hinh tron, 1am bang chat siéu

dan, c6 khoi lwong m, d6 ty cam L, dién tich S va _ r
dong truc véi x61énoit. O trang thai ban dau, cuong -
A \ A ATA A" \ \ A 9 M \\’——/
dd dong dién trong x6léndit va vong day manh bang — .
w
. \ oA J3 1 A 9 w
0. Khi cho dong dién chay trong cac vong day cua "

x61énodit thi & phia trén gan mit mat xuit hién mot tir Hinh 3

truong khong déu. Cac thanh phan thang dimg va xuyén tdm cua cam tng tir B tai

mot diém gan mat mut duge cho nhu sau: B, =B, (1-o0z), B, = B fr, trong d6 o va B
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1a cac hing sb duong, By 1a cam tng tir bén trong éng dy va dugc xac dinh boi
cuong do dong dién I chay trong x61€ndit, z 1a dd cao tinh tor mat mut, r 1a khoang
cach tir truc x61éndit dén diém xét (hinh 3). Khi ting dan cuong do dong dién chay
trong 6ng ddy, hiy xac dinh:

a) Cuong do dong dién I, trong x61éndit d& vong day bat dau duoc nang 1én khoi
tam d3.

b) Khi I = 2], thi vong day nam can bang & do cao nao? Bé qua moi luc can tim
tan sb dao dong nho theo phwong thang dimg cua vong day khi giit cho I = 2I,,.

¢) Ap dung bang s6 cho cac cau trén véia =36 m'; =18 m';m=0,1 g; L =
1,8.10%H; S=1 cm?; n=10° V(‘)ng.m'l.
Giai
Trong vong day siéu dan, tir thong giri qua vong day siéu dan bao toan. Dong dién
cam mg i trong vong day s& sinh ra tir thong trai du voi tir thong do dong dién
chay qua cudn day x6l€énoit gui qua vong

Ta c6 Li=-B,S (dong dién cam tng nguoc chiéu dong dién I chay trong vong day)

. BS
=i=-
L

Khi vong diy & do cao z va dong dién trong ong day 1a I thi dong dién chay trong
vong day la

. B,S  penl(-o0z)S
L L

Khi d6 lyc tir tac dung 1én vong day (véi R 1a ban kinh vong day)
2nR

F,= [ dF = [ [|Bgdl=[i|2nRB,BR =2i|SB,B

(vong) 0
F hudng 1é€n theo phuong 0z
Thay biéu thirc ctia i vao ta dugc:

2. 2722
F= |1| 2nr.B _ Honl(d-02)8 2mnrp,nlpr = 2un IS (1~ az)B
f L ’ L
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2un’ IS’ (1—az)f
L

Gia st & do cao z vong day can bang = F=

mg (1)

ST \ A 1. AA A A Ay . 2uwn’IS*B
Khi I =1 vong day bat dau dugc nang 1én tai z= 0 nén tir (1) c6 T

=mg(2)

Tu (2) tinh dugc Ij: I, = rr;féL 1 .
Ko

Khi I =21, vong day can bang & d6 cao z, két hop (1) va (2)

:>4(1—0cz)=1:>z=i
4o,

Khi vong day 1éch khoi vi tri can bang theo phuong thang ding mot doan nho

e=Az
Tai z+¢ ta co:

2un’I’S*Bl1- + 2un’I’S*Bl(1- -
_ 2ugn [3£ a(z 8)]_mg= uon B[Ii 0z)— o]

2 PS8 [ — + 2. 27122
_, 2un Bl1-a(z 8)]_mg=2“0n—ISB, l-o i+g —mg=me"
L L 4o

me"=F

(z+¢) - mg

-mg=mg"

Thay I = 2I, va chuy (2)

:>4mg(1—%—oca)—mg:mg" =e"+4gae=0= o =2/gon :fz_\/ga
T

Ap dung bang s6 c6
_mgl 1 _ 559
0 2B p,nS ’
zZ= i =2,08cm
4o
f= V8 =6Hz
T
Bai 26.

Mot hat mang di¢n bay véi van tbc v = 8,0.10° m/s

vudng gbc voi duong gidi han Ox cua hai tur truong
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déu By, B, nhu hinh 2a. Cac cam g tir song song v6i nhau va vudng goc véi van
tdc cua hat. Cho biét van toc trung binh cua hat trong moét thoi gian dai doc theo
truc Ox 13 v, = 2,0.10° m/s. V& quy dao chuyén dong cua hat trong ving khong gian
nay. Tim ti s6 d6 16n clia cac cam Gng tir cta hai tir truong d6?

Giai

. V& quy dao chuyén dong cta hat trong ving khong gian nay. Tim ti sb do 16n cua
céc cdm ng tur cua hai tr truong do.

- Do tac dung cua tur truong, quy dao cua vat 1a cac ntra

dudng tron nhu trén hinh ve:

- Trong tir truong B,, duong kinh quy dao va chu ky

chuyén dong cia vatla:  d, = 2mv, T, = Zmm
qB, qB,
(1)
Trong tir truong B, , duong kinh quy dao va chu ky chuyén dong cua vat la:
2mv 2mm
d,=— T, = (2)
qB, qB,

la:

SLYC B YL (3)

2 q (B, B,
e ey @)
q \B, B,
Sau thoi gian rat dai, c6 thé coi gan ding vat di duoc N rat 16n vong trong hai tir
truong.
v ZNAX=2_V.B2—B1:&_2V+‘EVXz2,3‘ (5)

Bai toan 27.

Trong khudn kho mau nguyén tir c6 dién cta hidro, hdy danh gia dg 16n cam tng tur

tai tim qui dao tron cua electron. Cho biét ban kinh qui dao tron nay (ban kinh
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Bohr) r, =0,53.10""m. Ggi y: cam Ung tir tai tim mot day dan tron c6 dong dién I

N 1 ,
chay qua bang B = %’ trong d6 p, = 4x.107 H.N /m.

Giai: Trong miu nguyén tir cd dién cua hidrd, electron co dién tich (-e) voi
e=16.10"C va khdi lugng m, =9,1.10° k¢ quay xung quanh mot proton theo qui
dao tron c6 ban kinh r, (Ung voi1 trang thai co ban cua electron trong nguyén tir
hidrd). Gia st v 1a van tdc cua electron trén qui dao néi trén, khi d6 phuong trinh
chuyén dong cua electron theo qui dao tron c6 dang:

2 2

m,v e

e

g - dre, 1,
Tt phuong trinh do ta tim dugc van toc cua electron:

v —219.10°m/s.

Thuc ra, dé tra 101 cho cau hoi cia bai toan, khong can phai tinh van tde cua
electron. Nhung gia tri ciia van tbc nay ciing rat dang quan tim trén phuong dién
nhan thtc: van tdc cia electron nhd hon van tdc cua anh sang t61 2 bac. Co hoc
lugng tir cho phép ching minh duoc rang ty sd v/c duoc biéu dién qua nhiing hang
s6 vil try, do do ty sd nay ciing 1a mot hang sd. Ty sd ndy trong vat 1y nguyén tir
duogc goi 1 hang s cau tric té vi. Nguoi ta ky hiéu hang s6 d6 13 « va né ¢ gia tri
bang 1/137.

Chuyén dong cua electron theo qui dao tron, nén chung ta cé thé coi nhu mot dong
dién tron. D& dang thiy rang cudng do cua dong dién nay bang ty sd dién tich cia

ey

27y

electron va chu ky quay chiano: 1=

N

2
. /’7\ 4 9 A /( hd A hY e
Thay biéu thirc cia van toc ¢ trén vao, ta duge: 7= - —
A(zrg )™~ (g,m,)

Dung biéu thirc cam {mg tir & tim ctia dong dién tron cho trong dé bai, ta dugc:
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2
tol Ho€

B= = =12,48(T).
2r, 871 2 (egm, ) 1)

Bai toan 28.
Khi san xudt cac mang polyetilen, mdt tdm mang Hinh1

rong dugc kéo theo cac con ldn vo1 van tdc

v=15m/s (H.1). Trong qua trinh xr ly (do ma sat)

trén bé mat mang xudt hién mét dién tich mat phan
bd déu. Hay xac dinh d6 16n t6i da ctia cam tng tir &
gan bé mit ctia mang véi luu ¥ rang cuong d6 dién
truong danh thung cta 16p mang trong khong khi
bang E, =30kV /cm.

Goi y: cam Gmg tir & gan mot day din c6 dong dién I

14 A 14 :l ] /4 \
chay qua c6 d 16n bang Bsz, trong do r - 1a

wr

khoang cach dén truc day dan.

Giai: D@ dang thay rang gi6i han E,cta cudng d6 dién trudong cho phép co vai trd
quyét dinh gia tr1 cyc dai cia mat do di¢n tich mat o__ trén mang. Dung mbi lién hé
gitra cuong dd dién truong o gﬁn mot tam tich dién déu va mat do dién tich mit cua
tam do, ta co thé viét:

o
max
E, =2m

2¢e,

Tir d6 suy ra mat do dién tich mat t6i da trén mang bang: o =2¢,E,

mi

Vi cac dién tich xuat hién chuyén dong cung véi mang véi van toc v, nén cd thé coi

nhu cé mot dong di€n mat voi mat do:

jmax = vo_max = 2'E"OE'dtv' H‘InhZAx
bé xac dinh cdm ung tor ¢ gan bé mat cua mang, ta dsqp
hay khao sat hinh 2, trong d6 dong bé mat chay theo >\ i
mit phang nim ngang vudng goc voi mit phang hinh b~y 0 v by

v&, con mang (co6 bé rong bang 2b) dit trong mit

phiang x = 0 va chuyén dong theo phuong z véi

45



chiéu di vao trong phia trang gidy. Ta s& tim cam
Gmg tr tai diém cach mang mot khoang bing a
(a<<b). Mudn vdy, ta xét mot phan tor nhd cia
mang, c6 bé rong dy dat d6i ximg. Mi mot dai ¢ bé

rong nhu vay s€ tuong ing véi mot dong dién:

d =j_ . .dv=2¢e,E, vdy.
Cam ung tr dBdo hai dai dbi xtimg nhu vay tao ra hudng theo truc y va c6 do 16n
bang:

woadl — 2ue,avE , dy

dB = =
n(a*+y*)  w(a’ +y’)

bé tim cadm Ung tir tao badi tat ca cac dong bé mdt cua mang, ta can tich phan biéu

thirc trén theo y tir 0 dén b:

b
5 arctg —|,
a

2#080aVEdz j’ dy 2,“050“"Edr Y
L a’+y’ T

Do chung ta chi quan tdm cdm Ung tir & gan bé mat ciia mang, ticc b >>a. Trong

truong hop d6 c6 thé coi b/a = va ta co:
B = u,e,vE, =5.10"°(T).

Bai toan 29.

Mot tu dién phéng duoc tich dién co khoang cach [

gitra hai ban tu 1a d. Trong khoang khong gian giira hai
ban tu co6 tur truong déu véi cam tng tor B. Budng stc tu GB B

song song v&i cac ban tu (Hinh 1). O ban tich dién am

(ban I) co6 cac electron ban ra vdi van toc ban dau khong

dang ké.
Hinh 1

a) Tim hiéu dién thé nho nhét U,y, gitta hai ban tu dé cac

electron béan tir ban I ¢6 thé dén duoc ban 1L

b) Vi hiéu dién thé giira hai ban 13 U, nhu tinh ¢ cau a, hiy tim thoi gian electron
chuyén dong tir ban | dén ban I1. Khi dén ban nay, electron bi 1éch di mot khoang 1a

bao nhiéu theo phuong song song vo1 ban tu.
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Giai
a) Chon hé truc xOy nhu hinh V€. y 4

Dinh luat Il : ma=—eE —ev xB

{max =ev, B il X

ma, =¢eE—ev B V_,
) B
E

L Lo

Pit o=2 thi

m

{v'x =ov, (1)

v'y =-wv, (2)

Vi phén hai vé ctia (2) va két hop véi (1) ta duge: v' +av, =0

Giai phwong trinh vé&i didu kién ban dau: t=0 thi vy=0 va v"V:ﬂ ta co:
: m

eE .
v, =——sin ot
mo

eE
) 2

Tich phan phuong trinh nay ta dugc : y=

(I-cosmt)

Vi Uy, thi Eyyy ma electron dén duge ban 11 ¢o nghia la : y=d va v,=0. Do d¢ :

2¢eE .

sinwt =0,coswt =—-1,y=—""=d
mao
2 p2
Thay o= B taco U =End = ed B
m 2m

b) Thoi gian chuyén dong t 12 nghiém dwong nho nhét cua phuong trinh :

eE . T Tm
v, =—-sinwt=0,t=—=———
mao o eB
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i A . X \ eE . \ AT ETS WP
Tich phan hai v€ phuong trinh v', = wv, =@—siner va chl y t61 cac di€u kién ban
mao

dau ta c6: xz%(lJrsin ot). Thay t véi gia tri nhu trén ta tim duoc do léch :

U,w 7m _ 7mU nd

" 4B eB  edB® 2

min

Bai toan 30.

Mot diot chan khong, trong d6 khoang cach giira andt va catét bang d, & trong mot
tir trudng co cam ung tir bing B va hudng song song véi mit phang cac ban cuc.
Hoi dién ap t6i thiéu gitta hai cuc bang bao nhiéu dé cac electron tir bé mit catdt co
thé dén dugc andt. Coi cic electron & bé mit catdt 13 ding yén va bo qua tac dung
cua trong truong.

Giai: Hinh8

v

Ta s€ khao sat cac dién ap trén diot sao cho cac Ca ] N S .

electron khi ro1 catot s€ quay trd lai ma khong toi ;
dugc andt. Trén hinh 8 biéu dién doan dau ciia quy “ @B

dao v&i1 hudong cua cam ung tor da cho. Gid su £

electron tai mgt di€ém nao do trén quy dao va co 2 - -0 - -
thanh phan van toc v, va v, , con gitra hai ban cuc
cta dio6t c6 mot dién truong déu E. Khi d6 electron
chiu tac dung luc cua ca tir truong lan dién trudng va
ta ¢ phuong trinh chuyén dong cua electron theo

cac phuong x va y nhu sau:

dv \ dv,
m,—~=ev B va m,—
dt ’ dt

=eE—-ev B

. \ A J A TA . 7. ' \ ' e
Hai phuong trinh trén ¢6 thé viét lai dudi dang sau: v, =w,v, va v, =—E-wo,v,
m

e

r 1A A eB S oqa LA A Al 1x LA A ,
trong d6 hé s0 o, =— dugc goi la tan sd cyclotron. Day la tan s6 quay cua
m

electron hay cua bat ky mot hat tich dién nao khac c6 cung dién tich riéng (tirc 1a co

cung ty s6 dién tich va khéi lugng ctia nd) theo mot quy dao tron trong mot tir
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trudong déu co cam ung tir vudng goc voi mit phang quy dao cua hat 6. Vi phan

phuong trinh thtr hai theo thoi gian va tinh dén phuong trinh thir nhat, ta dugc:
v+, =0
Pay 1a phuong trinh mo ta dao dong diéu hoa quen thudc. Nghiém tong quat ciia nd
co dang:
v, (1) =Asinwt+Ccosa,t,
trong d6 A va C la cac héng s6 duoc xac dinh tir diéu kién ban dau. Theo dé bai, tai

t=0, v,(0)=0 va v'y(O):i. T d6 suy ra C=0va A:i. Cudi cung, biéu thire
m m,o,

e

cua v (1)co dang:

el

v, ()= sinw,t.

e c

Bay gio ta c6 thé tim duoc d6 dich chuyén cia electron theo truc y:

¥ =[v,(de = b Ginwdi=—E .

0 0 ""ec e ¢

(1-cosw,t).

Tu phuong trinh cua v (1)ta dé dang tim dugc thoi diém ¢, khi electron & xa catot

nhat: d6 chinh 1a thoi diém v, (1) = 0, hay
wt,=2N+D)r voiN=0, 1, 2,...

(Ban thir giai thich xem tai sao lai khong ldy nghiém o ¢, = 2Nx ). Tai nhimng thoi
2eE 2m,E

2 2
m,m. eB

diém d6 do dich chuyén theo phwong y cua electron bang:  y, =

Khi quy dao cua electron c6 dinh cham vao anét, thi 6 dich chuyén y, clia nd bang

khoang cach d gitra catot va anot va dién ap trén diot s€ bang dién ap cuc ticu

U,.cantim: d= M_U;n
edB
2p2
Tu day ta tim duge: U, = ec; B*
me

Bai toan 31.
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Mot hat mang dién tich duong q, khéi luong m

chuyén dong thang déu véi véan téc v, doc theo truc < v 0 .
, N \ N . L —o > >

x’0x nam ngang trong vung khong gian cd tac dung

cia dién truong déu va tir truong déu. Vecto cudng b

d6 dién truong E cung chiéu voi truc 0z, hudng thang

ding xudng dudi (Hinh v&). Vec to cam tng tir v

B vudng goc voi mit phang hinh v&.

1) Hay xac dinh chiéu va d6 16n cua vecto cam ung tir B (theo q, m, E va gia toc
roi tu do g).

2)Khi hat t6i diém 0, nguoi ta dot ngdt dao chiéu cta cam tmg tr B (lam B doi
huéng nguoc lai, nhung van gitt nguyén do 16n ban dau cua nd). Chon gbe thoi gian
1a lac hat toi 0. Hay thiét 1ap phwong trinh chuyén dong cua hat & thoi diém t va
phac hoa quy dao cta hat. Xem rang thoi gian 1am déo chiéu ctia B 13 nho khong
dang ké.

3) Xac dinh thoi diém gan nhat dé hat t6i truc x’Ox, vi tri ctia hat va xac dinh

vecto van toc cua hat Iuc do.

Giai
1. Vi hat chuyén dong déu nén luc Lorenxo F tac dung 1én hat phai cin bang
v6i hop luc cua luc dién truong (F, =qE ) va trong luc ( P=mg). Nghia 1a E hudng

thang dimg 18n trén va c6 d6 1on: F, = qE+mg = qv,B
=qE+mg; v =qE+mg (1)

0

qv, qB

—> B

Véc to B hudng theo chiéu 4m truc Oy, vao phia trong mit phang hinh vé.

2. Bay gio véc to B hudng theo chiéu duong truc Oy. Ap dung dinh luat II
Niuton:

ma=F +P+F  (2)

chiéu (2) 1én Ox va Oz va cha y dén (1) :
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dv, =@VX +qE+mg =ﬁ(vX +v,)
dt m m

Hay la:

(v, +vy) =24y, 3)
m

V.= tv,) (@)
m

z

Ta tim nghiém cta hé (3) va (4) dudi dang:

v, +v, =Acos(ot+d)
v, = Csin(ot + ¢)

(Hodc
v, +Vv,=Asin(ot+¢)
v, =Ccos(ot+¢)
cling duoc)

Pao ham, thay vao hai vé (3), (4) ta thu duoc hai phuong trinh bac nhat hai an (A va
C) khong c6 vé phai (vé phai bang 0)

wA-24c-0
m
5
Bq (5)
BIA_wC=0

m

DPé A va C khac 0, thi dinh thtrc hé s cac 4n phai béng 0, suy ra (loai nghi¢ém am):

0=24 (6)
m
v, = ACOS(E'[-F(I)j—VO
m

v, :Csin(mtﬂbj
m
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Tim A, C, ¢

Liact=0,taco: v, =v,vav, =0; suyra: A=2v,, $=0. Tim C bang cach thay
A=2v, va (6) vao (5), C=A=2v,

B
v, =2V, c0s Eau -V,
m

(7
v, =2v,sin (Etj
m
Tu (7):
t
x=[vdt= 2mV° (Etj—vot
0 m
i 2m B 2 ®
z:jvdt— VO s( 94 J + Y
7 m gB
Nhu vay hat dao dong diéu hoa theo 2 phuong voi tan sd o= B4 Vira chuyén dong
m

déu theo phuong 0x v&i van toc —v, . D& dang phac hoa quy dao cua hat.
3. Khi hat bat du lai gip truc Ox, thi z=0

— B4 yr hay (=20

m Bq

Khidé x=—v,t=-— 2’;3“”0 ,vatir (7) va (8)
q

tim dugc: v, =+2v,—-v,=v,; v,=0

Van tbc v cua hat hudng theo chiéu duong cua truc Ox va c6 do 16n bﬁng V-
Bai toan 32.

Mot chum ion c¢6 d6 phan ky rat nho di vao ving tir
truong B co dbi ximg truc tai diém A (xem hinh v&),
B=Br+Bz. T truong theo truc z gidm theo khoang

cach r theo quy ludt 1/r". Cac ion chuyén dong trong mat

phang ngang c6 van toc vuong goc véi ban kinh tai di€ém

A sé& chuyén dong theo quy dao tron ban kinh r,. Cho
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rang trong qua trinh chuyén dong nhiéu loan van tc coi nhu khong d6i. Hay chimg
minh
a. Goc gitra ban kinh di qua diém A va ban kinh di qua diém hoi tu D trong mat

phang nim ngang 1a g = "

l-n
b. Néu n=1/2 thi chum hat hoi tu tai D theo ca hai chiéu, chiéu ngang va chiéu
thang dimg.
Giai
a. Xét chuyén dong cua ion trong mit phang nam ngang. Ky hiéu v 1a van téc trong
mit phang ngang cta ion. Vi cac ion ¢6 quy dao khac rat it so voi quy dao tron ban
kinh r, ta c6 gan dung
t<<v , dodd rd=v . (1)
Phuong trinh chuyén dong 1a

2
Vi _Qvg

r m

: 2)

trong d6 ¢>0 1a dién tich cua ion.

Dit r = ro(1+3). Vi r khic r, rat it nén |8 << 1. D4t B (=B, (r()j ~B,(1-n8) V01 By la
T

cadm ing tur tai r = ro. Thay vao (2) ta nhan dugc phuong trinh cho 6

S+wi(1-n)d=0 , (3)
vOl (O :l = @ .
I'O m

Lo gidi cua (3) la

o= Smsin((oot\/l - n) “4)
thoa mén didu kién 8(t=0)=0. Do do, sin(ay/1—n))=0 khi

a= (,l)()t = T . (5)

l1-n
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b. Phuong trinh chuyén dong ctia ion trong mit phang thang dung tai r = r, 1a:

5=—TB (1,2)
m

Ky hiéu z, 1a toa d0 z cta diém A va xét z khac zo rat it. Dat z =z, + 8z, |0z|<< 1.

Taco

5= —ﬂ(Br(ro,zo)+iBr(ro,zo) 5zj 5z = —ﬂﬁBr(rO,zo) 5z . (6)
m 0z m Oz

Mait khac, vi VxB=0 nén a(ff = agrz . Thay vao (5), ta nhan duogc
Z
57—~V Bon s,
m I'O
hay 87+nwjdz=0 . (7)

Loi gidi ctia (6) thoa man diéu kién 8z(t=0) = 01a 5z =5z, sin(wyt~/n)
(8)

Polechdz=0khi a=at= —— . (9)

/o

Phuong trinh (5) va (9) cung théa man khi n =; . Khi d6 chuim ion hoi tu tai D

theo ca phuong ngang 1an phwong thiang ding.

Bai toin 33.
2.1 Khdi pho ké
Khéi phé k& 1a thiét b ding dé do khéi i DNy

luong cta cac ion. N6 hoat dong theo

nguyén ly sau:
I I I R @ 7y
- Cac ion dugc gia toc dén van toc 16n, B g
di vao bd phan loc tbc (ving A,) theo } & ‘
phuong Ox. Vung A; 1a mot truong dién Ay
tur.
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- Sau d6 cac ion chuyén dong sang ving A, chi cé tir trudng.

- Kinh anh dugc dit tai 1an can diém P trén truc Oy va vudng goc voi phuong
Ox.

- Céc ion chuyén dong s& t6i dap vao kinh anh tai P. Céan clr vao khoang cach
OP, ngudi ta suy ra dugc khdi lugng ctia ion (xem hinh v&).

Gia s chum ion gdom cac ion >°Cl va *7Cl, da duoc gia toc c6 van toc 1a
1,92.10* m/s; cam tmg tr & ca 2 ving A, va A, déu 1a B = 0,02 T va c6 hudng
vudng goc vi mat phang Oxy nhu hinh v&. Cho lu = 1,66.10%" kg; mcss = 35u;
mep7 = 37w e =1,6.10" C.

1. Xéc dinh d6 16n va hudng cia dién truong & vung A,?

2. Tinh khoang cach gifta 2 diém ma 2 ion dap vao phim?

3. Néu goc ctia chum ion t6i c¢6 thiang giang +5° (trén mat xOy) thi c6 thé phan
biét dugc vét cta hai loai ion d6 khong?
2.2 Thi nghiém Rowland

Thi nghiém cta Henry A. Rowland nim 1876 huéng dén viéc chirng minh ring
dién tich chuyén dong tao ra tir trudng. Mot dia kim loai c6 ban kinh a va bé day b
<< a dugc tich dién va giit cho chuyén dong quay véi toc d6 goc khong doi 13 o.

i \
Lo £, e -

i ? I
| :

1"5'#

1. Bia quay giita 2 ban vat dan, ban dan trén cach mit trén ctia diah = 0,5 cm va
ban dan dudi cich mit dudi cia dia doan h, nhu hinh v&. Hai ban vt dan cung ndi
v&i1 cuc am cua mot nguén dién dugc duy tri mot hi¢u dién thé v, = 10* (V). Cuc
duong ctia ngudn dién duoc ndi voi dia thong qua mot dau tiép xtc truot. Xac dinh

phan b dién tich trén bé mit dia.
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2. Tinh tir trudng Be gan tim ctia dia va tir trudng thanh phan B, song song va &

gan bé mit cua dia 1a mot ham cta ban kinh r tinh tir truc quay.

3. Thanh phﬁn tu truong B, dugc sinh ra bdi dia 6 r=a cod thé duoc do boi viée
dinh huéng thiét bi sao cho 7 vudng goc véi tir trudng Trai dat Bg co do 16n B =

5.10° T, va do do léch ctia kim nam cham khi dia quay. Tim géc léch ciia kim?
Giai
2.1. (2,5 diém) Khéi phé ké

Hat chuyén dong theo quy dao thing qua ving A, nén lyc dién va lyc tir cAn bang

v&1 nhau
Ap dung cong thirc
et = Bev

Do d6, cuong do cua dién truong la:

V ] V
E—Byr=210"2—.192.10*2 — 384—

m?2 S m
Dién truong 1a déu hudng theo chiéu duong cia truc Ox

Vung A, chi c6 tir truong déu nén

m.t;-?
Bev =
m, v . Mol
ro=——,van =—
Be Be

Khoang céach gitra 2 ion la Ax = 2Ar=2(1;, —1;) = %(m2 —m,)
Tinh toan ra ta c6 Ax = 4cm

Xét mot chum tia bat ki di vao viing A,, Khi vector van tdc vudng goc véi Ox thi

ion dap vao diém P c6 OP = 2r

khi goc ctia v thay dbi thi r cua quy dao khong d6i. Khi goc thay dbi +¢ thi ving va
cham la P,P. Trong do:

OP, = OPcoso
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Tinh toan ta cé:

voi CI35: Py va P c6 toa do la: 0,6945 - 0,6972 (m)

voi CI37: Py va P c6 toa do la: 0,73424 - 0,73704 (m)

Nhu vay 13 van phéan biét duoc vét ciia 2 kim loai d6

2.2. Thi nghiém Rowland

Bo qua hiéu tng bo, dién truong E, & ving giita dia va 2 ban 1a déu, vudng goc véi
bé mat dia va ¢6 dg 1on 1a Vy/h ¢ ca 2 vung.

Mat d6 dién mit & ca mit trén va mat dudi cta dia déu la o béng nhau vé ca dau va
do 16n (dé cho di¢n truong bén trong dia bang khong)

o = Ey/(4nk) = Vy/(4nkh) = 1,77.10” (C/m?)

Xét 1 vanh tron ban kinh r day dr. Dién tich vanh tron la:
dq = odS = 2nordr
tr d6 suy ra dI = odq/(2m)

dB = 2nk,dl/r hay dB, = ;dl suy ra k, = 5—0
r

T

Bc=2 [ 2nk,, ? = 41k, ,woa=1,4.10" (T)

-~ r
' i o SR g S
K.
b il |
'k !
(= . .~ .
______ (e
-H
i B, ]
:'TF‘:
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Str dung dinh luat Ampe :

dakml,. = 9§B‘df =2B,{,

Zﬂ'kmff _ 2-3'71.{(“1

B.(r)=
(r) 7

20wrf = 4nkowr.

Nhan théy B, 16n nhit khi r =a va B.(a) = B¢

Goc 1éch cua kim nam cham dugc tinh theo cong thirc
tan0 = B/Bg

Tinhra:

or £=2,8.10"Srad

E

Bai toan 34.

Vong day dan c6 dién tich S va dién tro toan
phan R duoc treo bang 10 xo xodn c¢6 hing sd k trong
mot tir truong déu B=Be, . Vong ddy nam trong mit
phang yz & vi tri cAn bang va c6 thé quay xung quanh
truc z vé1 moment quan tinh I (hinh v€). Vong day

dugc quay mot goc nhé 0 ra khoi vi tri can bang va

sau do6 tha ra. Gia thi€t 10 xo xoan khong dan dién va bo —_———

qua do tu cam cua vong day.

1. Tim diéu kién dé vong day dao dong va phuong trinh chuyén dong cta vong day
khi do.

2. Xét khi R 16n, v& phac hoa chuyén dong cta vong day.

Giai

Viét phuong trinh chuyén dong ctia vong day

Xét khi goc hop boi mit phang vong day véi tir trudng 13 o, tir thong qua vong day:
® =BSsina
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Suat dién dong cam ung va dong dién cam ung:

do

0
. =———=—-BScosa.a
dt

0
e, 1

i=—<%=——BScosa.«
R R
Moment tir ciia vong day:
——lBS2 cosaoDc
px R *

Moment luc tir tdc dung 1én vong day:

Suy ra:

Phuong trinh moment:

] B2 2 2 0
]a+¥a+k0{=0 (1)

Do a<<@ va 6 rat nho (theo gia thiét) nén cos’a ~1
Phuong trinh (1) trd thanh:

m 2¢2

Lo+ a+ka=0 (2)
Giai phuong trinh (2):
_fa=_Cect
pat @ = e {5: — CzeCt
Tt d6 thu dugc phuong trinh dac trung:
IC? Cy+k=
O+ 0 3)

Vi
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véijlasdao: J*=—1
Khi d6 nghiém phuong trinh (2):
Ci=-B+Jjy
C:=-B-Jjy
Nghiém phuong trinh tong quat: & =€ FHA, cosyt + A, sinyt]

Tai thoi diém ban dau:

Tu dé dao dong cua vong day:
5 B .
at)=GeP"|cosyt + ;sm}ft

XétkhiR 16n: B «¥

a) ~ GeFreosyt — Chuyén dong tat dan.

Phéac hoa chuyén dong ctia vong day:
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Bai toan 35.

Doc theo hai thanh kim loai rat dai dat song
song thang dung, cach nhau mot khoang 7 c6 mot
doan diy MN khéi lugng m co thé truot khong

ma sat trén hai thanh va luon tiép xuc dién véi

hai thanh. Hai dau trén cua hai thanh ndi véi

—_—

B

L. Toan bo hé thong dit trong tir trudng déu c6 cam Ung tir vudng goc voi mit

nhau bang mot cudn cam thuan c6 hé so tu cam

phang chtra hai thanh. Dién tré cia thanh, ctia doan ddy MN, cta diy ndi bang
khong. Thanh MN duoc giir ding yén tai vi tri MgN, va budng nhe & thoi diém t =
0. Hoi:

a) Do doi cuc dai ciia doan MN so véi vi tri ban dau bang bao nhiéu?

b) Dong dién tirc thoi trong mach ¢6 do 16n cuc dai béng bao nhiéu?
Giai

_ AD
R 5—>——=0= ® =const
Ceu= — E At

i. Theo dinh luat Om: e, = iR

Phan tir thong ctia tir trudng ngoai ting Blx bang tir thong do dong cam tmg Li, tirc

la:
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Blx=Li=i ZBTl.x (1)

Céac luc tac dung Ién thanh MN gém trong luc Pva luc tur F

Theo dinh luat 1T Niu ton: P+F= m;(Z) do thanh chuyén dong xubng dudi nén
trong thanh xudt hién suét dién dong v61 N dong vai tro cuc am, M dong vai tro 1a
cuc duong. Hay dong dién trong thanh MN ¢6 hudng tir N dén M. Do d6 luc tir tac

dung 1én thanh hudng I1én.

Chiéu phuong trinh (2) 1én truc Ox ta duoc:

"

a=x
mg-F .
a= VOl B2?
m F =Bil = X
m.L
. Bl . B mgL
=>Xx =g- X =>x =-— xX—
S m.L( 3212)
L
) = X +0’X=0
B’I’
2
w =
m.L
mglL
= X =Acos(wt+¢)=> x = B + Acos(wt + @)
x=0
{ '_ij:nBj‘;gll;(l—cosa)t)
Tait=0tacd: ¥~
2mglL
:,»xmaszsz 3)

i:%(l—cosmt)

b. Pé tim iy Thay (3) vao (2) ta duoc:
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