2. BAI TAP LUYEN TAP TONG HQP
Chuyén dé 2: PIEN TiCH CHUYEN PONG

13. Trong dng phong dién tr ciia may thu vo tuyén truyén hinh,

électron thodt ra tir catot K dugc ting téc va thoat khoi andt A voi ' /
u . A :

nang lugng W =3kel’. Sau d6 €lectron di vao tir truong B cliia mot %) 7 |

cudn day: uB vudng goc véi phuong ban dau coa électron, L% |

B =1,6.10"T va tac dung trong khoang chiéu dai /, =5cm. ' ':' ; E\
1

Sau khi ra khoi tir truong, électron chuyén dong trong 6ng trong ‘ -
khoang [, =30cm rdi dap vao man huynh quang. Tinh do 1éch x
cta électrdn trén man. Biét leV =1,6.10""°J
Bai giai
Chuyén dong cua électron tinh tir sau khi thoat khoi anét duoc chia 1am hai giai doan:
+ Giai doan 1: chuyén dong dudi tac dung cua luc tir trong khoang chiéu dai /.

+ Giai doan 2: chuyén dong thing theo phuong cua vecto van tdc ngay sau khi di hét chiéu dai /,.

O=A |/ [

VY
* Trong giai doan 1:
S T m
v, =v, +at, =0+af, )
va X, =V, ()
1
y, =—at] 4)

2
Thay (3) vao (4), ta duogc:
1 x 1F x F
e A a

=——
2 vy 2m

Véi F =|e|v,B.sin90” =|e|v,B;v, = W (do W Z%mvg)
m



Va x, =/,

1 ldBr 1 |dBE

= (5)
Wi zm\/z—W 2 2mW

m

- Vecto van toc cua €électron tai diém vura ra khoi tir truong hop véi phuong ngang mot goc « véi:

e
. )
tang =2 =% = %o :a_)? :a_lzl )
V.oV, v Ve Vv
* Trong giai doan 2:
Ta co: tana =22 (7)
2
|e‘vOB 1
Tu (6) va (7 b% _abb _ m _‘e|Blllz _ ‘e|Blllz
-lu . — — — — .
(6) va (7) suy ra: J; ) y: - =
m -
m
e|Bl 1
=V :‘ ‘ = (8)
2mW

- Tur (5) va (8), ta ¢6 do 1éch theo phuong ban dau cta electrén khi dén man hinh la:

1 |e|BE?  |e|BiL, _ |e|Bl |1 ]
xX=y+y, =— + = —+1,
22mW  2mW  2mW | 2
-19 -3
x=_ 1610 1,6.107.0,05 [0’05+0,3 ~0,142m =14, 2cm.
\/2,91.10'31.(3.103.1,6.10'19) 2

Vay: D0 1éch cua electron trén man 1a x =14,2cm.
14. Mot électron c6 véan toe v di vao mot tir truong déu, UB hop véi v géc « .
a) Electron chuyén dong theo quy dao thé nao? Tinh cac kich thudc ctia quy dao do.
b) Tinh cong cua lyc tir tac dung 1én électron.
Bai giai
a) Quy dao cua €lectron

- Vi vecto v hop véi ;; mot goc o nén ta phan tich v thanh hai thanh phan:

u u

v, vudng goc véi B.

. u

v, song song véi B.

- Tac dung cua lyc tir 1én €lectron:

Theo v, 1am électron chuyén dong tron v6i ban kinh R.



= 2 2 2 C oA A — , Y
Theo v, 1am €lectrdon chuyén dong thang déu vai van toc v, =v.cosa doc theo phuong cia B.

- Do tham gia dong thoi hai chuyén dong nén électron chuyén dong theo duong xodn ¢ voi:

Ban kinh: R =My _mv.sindg
eB eB

Budce xoan: & =v,t, véi v, =v.cosa;t: bang thoi gian électron chuyén dong duge mot vong tron ban kinh R.

o= 27R _2mxm v.cosa.2am  27amv.cosa
—_ —_ va = = .
v eB eB eB
. N , . cor mv.sin . . 27Tmy.cos
Vay: Quy doa cua electron la dudng xoan 6c¢ vdi ban kinh R :—B’ budc xoan A :—B.
e e

b) Cong cua luc tir tac dung 1én electron
- Theo thanh phan v, lyc tir tic dung 1én électron bang 0 nén cong cua luc tir theo thanh phan nay bang 0.
- Theo thanh phan v, luc tir tac dung 1én électron bang 0, nhung vi electron chuyén dong tron theo thanh phan

nay nén cong cua luc tir tac dung 18n électron trong mot chu ki ciing bang 0.

Vay: Cong lyuc tir tac dung 1én electron bang 0.

15. Mot hat electron (dién tich -e, khdi luong m) dugc ting toc tir trang thai nghi va bay thing tir 4 dén B
trong dién truong déu giira hai mit phang (P,) va (P,) cach

nhau doan d,. Sau d6 electron tiép tuc bay vao ving co tir , _ Vo A

truong Z’ nam giita hai mit phang (P,) va (Ps) (cach nhau : i a1ts ' B :
mot doan d) v6i van tde ban dau co do 1on vy, c6 hudng : } ® :
vudng goc voi vecto cam tng tir va hop voi vecto phap tuyén A ? d : 4 :
cta (P,) goc a (hinh v&). Biét quy dao cua hat nam trong mit & i o AN >l

phang hinh v& va hat ra khoi tir truong tai diém D trén (P;).  ®
a) Xac dinh vecto cuong do dién truong déu j«j
b) Xac dinh hudng bay cua electron khi ra khoi tir truong déu.
Bai giai
a) Xac dinh vecto cuong do dién truong déu j«j
. o T F _ ep N
-Vi E khong doi nén gia toc cua electron: g :; =- - =const.

- Electron chuyén dong thang tir 4 dén B voi v, =0 nén chuyén dong cua electron la nhanh dan déu, véi:

Vi cos
a —————.
2d

[N]N[H]

u A y . 4 Py 7
- Tt do, cac vecto E song song, cung chi€u véi B4 c6 do 16n:



2
g =ma _mv,cosa
e 2ed,

Vay: Vecto cuong d6 dién truong £ ¢ chidu tir B dén 4 va c6 do 16n:

2
g = cosa
2ed,

b) Hudng bay ctia electron khi ra khoi tir truong déu

my,

- Vi v, L B nén electron chuyén dong tir B dén D trén mot cung tron c6 ban kinh: R =

eB

- Tt hinh v€, ta cé:

BD :2Rsin§:+.
cos| —- «a
]
= ZSinﬁcos b a :ﬁ@ sina +sin(f - a):ﬂ.
2 2 R R

2

-sina
0 2

= sin (- a)zi- sina =2
R my,

Vay: Hudng bay cua electron khi ra khoi tir trudng hop voi phap tuyén cia (Ps) goc y=(B- a), véi

. eBd, .
siny = - sina.

my,

16. Trong mién khong gian phiang xOy & phia ¥ >0 co6 mot tir

y4 I

A9 Y -2 . oo 2 X ' B
truong déu B, B c6 phuong z, chiéu hudng ra ngoai mat phang hinh @
v&. Mot hat mang dién tich ¢, khéi lwong m chuyén dong doc theo
truc y v6i van toc ban dau v, di vao mién khong gian d6. Khi chuyén @

. oA

dong trong mién khong gian d6 hat chiu tdc dung cta lyc can ti 1¢ Yo
Vo1 van toc: F, =- av. o P

Luc can ndy co tri s6 16n sao cho hat ludn ludn & trong mién khong gian d6. Sau khi vao mién khong gian do,
hat chuyén dong theo quy dao “xoan 6¢”, di dén diém P. Xac dinh diém P. B6 qua tic dung ciia trong lyc.
(Trich Pé thi Olympic, My - 1997)
Bai giai
- Céc luc tac dung lén hat: lyc Lo-ren-xo j}i va luc can ;*EL Phuong trinh chuyén dong cua hat:

uu uu

U
fi+F, =ma< QIVA B

-av —ma

- Vi hat chi chuyén dong trong mit phang xOy nén van tdc ctia hat khong c6 thanh phan theo truc z. Chiéu

phuong trinh chuyén dong ciia hat 1én hai phuong Ox va Oy, ta dugc:



F, =-av +qBv ;F, =-av, +qBv,
dv, dx dy dv, dy

d.
o m—=-a—+qgB— m—‘I—a—+qB—x

dt dt dt’ dt dt dt
= mAv, =- alx +gBAy;mAv, =- aAy + gBAx, (P(Ax; Ay)).
_ Theo @&, v, (0;v,;0) va v(0;0;0). Do do, ta co:

0 =- aAx +qBAy;- mv, =- aAy + qBAx
_ mgqBy, _ may,
= Ax = Ay =
a2+q232 y aZ +q2B2

mgBv,  mav,
9 9
a2 +qZB2 a2 +q2BZ

Vay: Diém P trong mién khong gian trén co toa d6 P

17. Cac electron sau khi gia toc bai mot dién ap U (khong ddi) co van toc v duge ban vao tir truong déu uB
(tir mot dng phong 7) theo phuong dudng thing a. O mot khoang cach nao d6 dbi véi dng phong ngudi ta dat
mot may thu tai diém M sao cho khoang cach TM =d tao voi duong thing ¢ mot goc «. Tim dd 16n cam
g tir cia tir truong déu dé cac electron di téi may thu trong hai
truong hop sau:

a) Tur truong déu co dudng stc vudng goc v6i midt phang tao baoi

duong thiang a va diém M.

b) TUr trudng déu c6 duong ste song song véi duong thang TM.
Bai giai
a) Truong hop dudng stte vudng goc véi mit phang (a;M):
- Luc Lo-ren-xo dong vai tro 13 luc hudng tim, electron chuyén dong trén quy dao 1a dudng tron, ban kinh

r="
eB

- Pé electron roi vao bd may thu & M thi:

R—TH ™ o v ™
sina  2sina eB 2sina

_TM.eB _ deB
2msina  2msina

=y

- Mt khéc, electron dat van toc v khi no duge tang tbe boi

hiéu dién th¢ U, nén:

—m? =eU= v = 2eU
2 m

deB 2eU 2sina [2mU
= = = B =

2m.sin @ m d e



Vay: Truong hop nay do 1on cam tmg tir 1a B :2521“ [2mU
e

u
b) Truong hgp duong stic song song voi duong thang TM, hay (B ) V) =a
- Phén tich v thanh hai thanh phn vuéng goc nhau:

Théanh phan vudng goc v6i B:v, =vsina
Thanh phéan song song véi B:v, =vcosa
- Quy dao cua hat 1a duong dinh dc, néu nhin theo phuong cia j? thi n6 1a duong tron c¢6 ban kinh r:

my, _mysina

n

= =
a|B q|B

o 2xr _2mm
- Thoi gian quay mét vong: T’ :v— = B

n

- Thanh phan v, lam electron chuyén dong thang déu véi van toc v, =vcosa doc theo phuong ciia uB

Trong thoi gian d6 electron da di dugc mdt doan dai 1a 4

27Tmycosa

(buéc oc): h=v,T =
eB

d . .
Ma: d =Nh= h =N (N 1a s0 budc oc)

_2xNmvcosa
ed

= B

- Mt khac, electron dat van toc v khi né dugc tang tdc béi hiéu dién thé U, nén:

1

2
Emv2 =eU=>v= et

m

27N cosa f2mU
o B =
d e

2
Vay: Trudng hop ndy do 16n cim img o 1a B =22 ;osa mU
e

18. Cho hé truc toa d6 Oxy. Phia trén truc Ox 1a tir truong déu UB c¢6 phuong thing goc véi mat phang Oxy va

hudng vao trong. Phia duéi truc Ox 1a dién trudng déu co cudng do E hudng theo chiéu 4m cua truc Oy. Mot

hat khéi luong m, mang dién tich -g duoc ban 1én tir gdc toa d6 O theo chiéu duong cua truc Oy. Sau khi ban

1én dén khi gdp truc Ox 1an thir 3 thi hat m cach gbc O mot khoang L. Tinh vén tdc v ctia hat lac ban 1én va

tong quing duong hat di duoc tir thoi diém ban dau dén khi gip truc Ox lan thtr #n? (B6 qua anh hudng cia

trong luc).



PODO®

T

Bai giai
- Chuyén dong cua hat gom:
Chuyén dong tron déu trong vung tur truong déu voi van toc v dudi tac dung cua luc Lo-ren-xo voi:

my
* Ban kinh quy dao: R :q_B.

* Quing duodng di gitra hai lan gip truc Ox lién tiép: s, =7R.
(Giira hai lan gip truc Ox lién tiép, hat chi chuyén dong duoc mot nira dudng tron)
Chuyén dong thang bién d6i déu dudi tac dung ciia dién truong phia dudi truc Ox gdm: chuyén dong cham

dan déu di xuong va chuyén dong nhanh dan déu di 1én vai:

o E
* Gia toc: a 4=

m
mv’
* Quang duong di dugc trong dién truong: s, =2y = R
q
. A mv L
- Khi hat gip truc Ox lan thit 3, ta c6: L =4R= R :q—B :Z'

. N BL
- Van toc ban dau cua hat la: v :(il—'
m

- Quang dudng hat di duoc ké tir Iic ban dén luc gip truc Ox lan thir 1 1a:
s, =s, =R =5

4
- Quéang duong hat di dugc ké tir lac ban dén luc gip truc Ox lan thi 3 la:
s, =25, +5,

- Quéang duong hat di dugc ké tir lac ban dén luc gap truc Ox lan thi 5 la:

s =35, +5,



Quing duodng hat di duoc tir luc ban dén luc gip truc Ox 1an tha 2k - Dia:

zL B’
Sy, =ks, +(k-1s, :kT+(k- l)q16mE;k =1,2,3,...
- Tuwong tw, quing dudng hat di duwoc ké tr lic bin dén luc gip truc Ox lan tha 2k la:
272
s,, =k(s, +s,) =k %-Fqlin];E];k =L2,3..

B*I?
32mE’

-bat n =2k- 1 (n1a 6 18) thi: s, :(n+l)%+(n' Dg

. , BL . . s
Vay: Van toc v cua hat ltc ban 1én 1a v :CZ_ va tong quang duong hat di dugc tur thoi diém ban dau dén khi
m

gip truc Ox lan thir n 1a:

L B’I’
s, =(n+1)ﬂ—+(n- g .

8 32mE

5 , W N VU u
o , A oS 2 an A A n \ A ,
19. Mot hat tich dién ¢ >0 chuyén dong vaGi van tdc v, trong dién truong déu ) E
va tir trudng déu B, vé6i v, L B,v, LE va E =v,B (hinh v&). ®
. . B

Bo qua tac dung cua trong truong. DS 16n van tdc v cua hat bang bao nhiéu & v

thoi diém khi vecto van téc v hop véi v, goc 180°.
Bai giai
) U i ] ] (H]H] Uy
- Hat chuyén dong duéi tac dung cta luc dién F =qFE (F T E ) va luc Lo-ren-xo F; (F L L v).
- Theo dinh luat II Niu-ton, ta c6: F' +F, =ma.

- Chiéu phuong trinh vecto trén 1én phuong ngang Ox, ta duoc:

F,cosa _ gvB.cosa _ ¢B

-F, cosa =ma_= a, =- = ;v}_ (v}_ =ycosa)

m m
- dvr :_ﬁd_yz Vr :_iy*_c
dt m dt m

- Luc dau, khi y =0 thi v, =v,, suy ra: C =,

q,f v 0

Do d6: v, =v, -

- Néu chi ¢6 tac dung cua F, thi quy dao cua hat la tron déu. Vi c6 thém tac dung cua luc dién théng dimg
huéng xudng nén quy dao ctia hat 1a duong xoan bc.

- Tai thoi diém 7 khi van td¢ v cua hat tao véi v, mot goc 180° thi v, (1) =-v va tir (1) ta duge:



=0 v =" Gry) @)
m qB

, 1 1 . .
- Ap dung dinh 1i ddng nang, ta dugc: Emv2 - Emv(f =Al + AEEL )

(A7 =0 i ;?L Ly va AL =Fy(t) =qEy (1))

- Két hop véi (2), (3), ta duoc:

1 ., 1 m Em
—mv* - —mv: =gF — (v +v, ) =——(+v,) 4)
2 2 0 q qB 0 B 0

1 1
Véi E =vyB nén (4) tré thanh: Evz - Evj =v, v +v,)
= v’ - 2v,v- 3v; =0= v =3v, (loai nghiém am v =-v,)
Vay: Do 16n van tdc v ctia hat ¢ thoi diém khi vecto vén tdc v hop v6i v, goc 180° 1a v =3v,
20. X¢ét mot dam may electron c6 dang hinh try, ban kinh R, dai vo han. . -

Mat do electron c6 gié tri dong déu ny, dién tich cua electron 1a -e va khoi

luong electron 1a m. Quanh ddm may 1a chan khong. C6 mot tir trudong

uu uy

déu khong ddi doc theo truc cta hinh tru (truc z) sao cho B, =Bk véi

By >0 va k 1a vecto don vi theo phuong z. Pam may electron quay xung
quanh truc z v6i van toc goc @ (hinh v&). Céc van toc khong twong ddi tinh,

mot chat khi gém cac hat tich dién goi la mét "plasma".

a) Tim cuong d dién truong tai diém nam cach truc mot khoang r(r<R)

B

bén trong dam may.
b) Tim hop luc tac dung 1én mét electron nam cach truc mot khoang  bén trong dam may. Bo qua tir trudng
sinh ra boi chuyén dong quay ctia dam may.

¢) Str dung dinh luat II Niu-ton, chi ra réng c6 hai gia tri cia w 1a kha di ddi voi cac electron dé cho hé 13 6n

. Y TS \ N U SIS A T f s AL TS 43 oA ol TARRA eB
dinh. Hiy viét cic gid tri @ ndy theo hai tan so khéc lién quan dén bai toan, d6 1a tan so xiclotron @, =—
m
n,e’
va tan s0 “plasma” w, = , Vo1 &, la hang so dién.
E M
0

R A . . “~ 9 e N \ Hu ~ e
d) Tim mat d¢ electron 16n nhat 7. dé ddm may electron c6 thé bi giam gilr boi tir truong B k. Hay viet

2

biéu thirc ctia Momax) theo mat do ning luong 2—0 va nang lugng nghi mc* cua electron.
U
70



e) Hay tinh tir truong B sinh ra boi chuyén dong quay ciia ddm may tai mot diém nam céach truc mot khoang r
trong ddm may hinh try.

f) Hay xac dinh luc tac dung 1én mot dién tich trong ddm may hinh tru do tir truong B giy ra. Hiy chi ra rang

ti s cua luc nay va luc dién truong bf?mg Z—j, trong d6 v 1a van tdc cta hat tich dién va ¢ 1a tdc d6 anh sang.
(Diéu d6 chimg to rang tac dung cta tir trudng B 1a khong déng ké khi van tdc quay 1a khong twong ddi tinh)
(Trich “Tap chi Luong tw'" - Nga)
Bai giai
a) Cuong do dién truong tai diém nam cach truc mot khoang (r <R) bén trong ddm may
- Do tinh chét d6i xung va vo han cua ddm may hinh tru nén dién trudng tai diém céach truc r co hudéng vudng
gbc véi truc.

- Ap dung dinh i Ot-tré-grét-xki-Gau-xo cho mat tru truc z, ban kinh r, 0 cao /, ta duogc:

2
E(r).2xlr =- mf—lnoe: E@) = "
€0 250
0\ mer . ) ‘
va E(r) = 2e. 2VOi n 14 vecto phap tuyén, huéng ra ngoai.
0

Vay: Cuong do dién truong tai diém ndm cach truc mot khoang r(r<R) bén trong dam may la

0
E(G) = mer
&

b) Hop luc tac dung 1én mot electron nim cach truc mot khoang » bén trong dam may.

2
_ner

- Luc dién trudng hudng ra ngodi va c6 do 16m: F, =€’E | e
0

- Luc Lo-ren-xo hudng vao trong va c6 d6 16n: £, =evB, =ewrB,.

2
nee’r

- Hop luc tac dung 1én electron ¢6 do 16n: £, =|Fd - FL| = - ewrB,

2¢,
(Néu F, > F, thi F,, huéng ra ngoai; néu F, <F,, thi F,, hudng vao trong).
Vay: Hop luc tac dung 1én mot electron nam cach truc mot khoang » bén trong ddm may c6 do 16n

2
nye’r

F, =|F, - F|= - ewrB,

2¢,

¢) Ching minh rang c6 hai gid tri cua w 1a kha di 61 voi cac electron dé hé 6n dinh va viét cac gia tri @ nay

theo hai tan s0 @-va w,



ner 5
—mw’r
2¢,

- Pé hé 6n dinh thi hop luc tac dung 1én electron phai 1a luc hudng tam va F, > F, :ewrB, -

. A, A , n mr X 2.
- Chia hai vé cua hé thirc trén cho By va bién doi ta duoc:

2

ewB, nye
L- 2 =20’ ® 20,0- v, =20’
m  me

2

0

hay: 20” - 20,0+ @, =0: phwong trinh bac hai theo w

2 2 2 2
. , w + o’ - 2w w - | - 2w
-Voi A>0,taco w, =— ¢ Lva g =— ¢ P

2 2

Vay: C6 hai gia tri cia w la kha di doi voi céc electron dé hé on dinh va cac gia tri nay la

2 2 2 2
o, +,\|w. - 2w, - o, - 2w
_ p va wz — )4 .

w, =
2 2

d) Mat do electron 16n nht My dé ddm may electron c6 thé bi giam giit boi tir truong Byk.

2 np2 2.2
e’B; _2nye
= .

m Egm

<\ 2 2
T A=20=> w; ZZwP =

_Be, _B 1 1 B

= nO nO(max) = 2
2m  2u, mc \/goyo 2u,mc

Vay: Mat do electron 16n nhit 7.y dé dam may electron c6 thé bi giam giit boi tir trudng TBHOk la
2
Mo(max) :Bioz
2u,me
e) Tir trudng B sinh ra boi chuyén dong quay ctia dam may
- Céc electron chuyén dong tron tao nén cac dong dién tron. Mot diy vo han cac dong dién tron song song
v6i nhau sé tao ra tir truong B tai mot diém bat ki ¢6 hudng song song vdi truc hinh tru.
- Xét dién tich chin bai hinh chit nhat MNPQ c6 canh MN song song véi truc z cda hinh tru va céch truc z
mot khoang 7 (r <R), canh PQ niam ngoai ¢dam may hinh tru. Goi B, 1a cam tmg tir nam doc theo MN, B, la

cam ung tir nam doc theo PQ. Ta co:

BT =0 < Bl- Bl =u,l.l=4D (1)

Va dI =nyevidr,dl _dq

dt

R R R - 2
=1 :,fd] Z;fnoea)lrdr =n,ewl 3 )



. . neaw(R? - r?)
- Tir (1) v (2): B, =B, +-20 - =B, +B

Uy e (R*- )

2

Vay: Tu truong do ddm may gy rala B =

f) Luc tac dung 1én mot di¢n tich trong ddm may hinh tru do tir truong B gay ra

. . . o ‘uonoeza)zr (R2 - rz)
- Luc tir do tur truong B gay nen: F; :qu = ,q =e,v =wr.
2

2
nyre

- Lyc dién truong: F, =e|E|= e
0

2

v
— 2 2 2 2p2
=UyE\W (R -r )<‘u050a) R =—

2
C

1|

L
-ViVv<<c npén —<<lI.
Fd

Vay: Luc tir tac dung 1én dién tich trong ddm may hinh tru do tir trudng B gay ra 1a khong dang ké.
21. Trong 1ong mot budng hinh xuyén co tir truong véi cam mg tir B 6
d6 16n khong dbi. Tir ngudn diém P phat ra mot chum electron theo phuong
cac dudng cam mg tir, cac electron ndy da duogc ting toc boi hiu dién thé
Us. Goc m& 2%, ctia chum 1a rat nho. P & trén ban kinh R ciia hinh xuyén
(hinh v&). B6 qua tuong tac gitra cac electron trong chum.

a) Dé giit cho chum electron chuyén dong trong hinh xuyén phai c6 mot tir

uu R
truong goi la tir truong “lai” B, . Tinh B, vi mot electron chuyén dong trén

quy dao tron ban kinh R.
. 4
b) Tim gia tri ctia B sao cho chum electron hdi tu tai 4 di€ém cach nhau > nhu trong hinh v&. Khi xét quy dao

cta electron c6 thé bo qua su cong ctia cac dudng cam tng ti.

¢) Khong thé giit cho chum electron chuyén dong trong hinh xuyén néu khong co tir truong “lai” ﬁ . Thé
nhung electron vin c6 mot chuyén dong vudng goc voi mit phang cua hinh xuyén ma ta goi la chuyén dong
“troi”.

- Chirng minh rang d¢ léch ciia ban kinh quy dao cua electron so v6i ban kinh ban dau R 13 hitu han.

- Xac dinh chiéu cua van toc “troi”.

Cho < =1,76.10" (C/ kg);U, =3kV';R =50mm.
m

(Trich Dé thi Olympic Quéc té, Dirc -1987)



Bai giai
uu

a) Tinh do 16n ciia tir trudng “l&i” B,

Goi vy l1a van toc ban dau cua chum electron. B¢ gitt cho chum electron chuyén dong trong vong xuyén thi tir
(NN}

truong “l4i” B, phai vudng goc voi mat phang hinh xuyén va hudng ra phia trude. Luc “lai” ¢ ddy phai la
luc Lo-ren-xo nén:

2
v,

2
my,
f, = 2 < ev,B, ZTO )

2

Mt khéc: mzvo =eU, (2)
12 172
=t 2 L L 5hg| =03700°T
Rl e 5107 71,76.10

Vay: Pé giit cho chum electron chuyén dong trong vong xuyén thi tir truong “lai” B, phai c6 do lon

B, =0,37.10°T.
, T
b) Gia tri cia B sao cho chum electron hoi tu tai 4 diém cach nhau Py

4 N N . N N u ~ 2 ~ N . X
- Hat tich dién c6 van toc ban dau gan song song voi tu truong B s€ chuyén dong theo duong dinh 6¢c quanh
dudng ste tir. Hinh chiéu ctia quy dao xuéng mit phiang vudng goc voi cac duong stc tir 13 dudng tron cb
Ly

ban kinh » phu thudc vao thanh phan v, ciia van toc v, vudng goc vdi dudong suc tur, voi:

2

oz =evB=>r = ()
r eB
vaT =2Jrr =2ﬂm (4)
Y eB

n

2 W - . 1A LA Z: 8 1A 3 .
- Thanh phan v, cua vén toc v, song song vdi cac duong suc tur 1a khong doi va hau nhu bang nhau cho moi

electron, vi oy rat nho nén:

v, =V, cosa =y, (5)

, 2
- Khoang céch gita hai diém hoi tu la: d =vT =v, ——  (6)

eB
S 27R
- Mt khac, theo d& bai: d =% (7)
\ \ 4mv,
- T (6) va (7), ta dugc: B = e
e

2
< , L. my \ 1
- Mat khac, ta c6: 20 =eU,. T do:




1/2

4 =4B, =4.0,37.107 =1,48.10*T

B==
R

2mU,
e

. T
Vay: Voi B =1, 48.10*T thi chum electron hoi tu tai 4 diém cach nhau >

¢) Xac dinh d¢ 1éch cta ban kinh quy dao cuia electron so véi ban kinh ban dau va chiéu cua van tdc “Troi”.
Vi bai toan c6 tinh dbi ximg qua truc z vudng goc véi mit phang hinh xuyén nén trong mit phang nay ta c6
thé dung hé toa do cuc r va ¢ véi cac dai luong nhu v,j‘UL , uB

- Chirng minh rang d¢ 1éch ciia ban kinh quy dao cua electron so v6i ban kinh ban dau R 13 hitu han.

Vi « rat nho nén ta chi can xét mot electron dugce bin vao hinh Xuyén tai diém ban kinh R véi van tdc vy gén

tiép tuyén voi duong tron ban kinh R.
Dong ning el W, =L (62 402 +02) =L v =const
ong nang electron: W, —2m VoV, v —2mv0 =const.

. ~ < R 5 5 ~ — A 2 2 .2
Tai nhiing diém ddo cua quy dao electron (v, =0) nén: v, v, =v,.
Tai diém dio 7 =R, ta c6: v, =vy;v, =0;v, =0.

Pé tim 1éch cuc dai theo ban kinh ta tim mot diém dao khac (r #R). Xét diém ddo r nao do, dbi véi truc z,

momen dong luong cua electron doi voi truc z bao toan nén: mv,r =mv,R= v, =v,—
r

Thanh phan luc Lo-ren-xo theo phuong 7 : F, =- eBv,.

. A oA e e
Gia toc do n6 gy ra: a, =- —Bv, = Ay, =- —BAr
m m

Vi Ar =r- R,Av, =v, nén v. =- —B(r- R).
m

2
+

® B(+-R)

T d6, ta duge: v, =v;

r m r

2[R 5B(r-R)]2@1:[§

my,

e BR 2
bat 4 =—— ta duoc: 1:[5] + A
m vy r

F;QR]Z ®)

(8) 1a phwong trinh d& tim diém déo. Xét vé phai cua (8), coi d6 1a ham sd cua 7, ta co:

R\ - R
y=f(r):—] + 47| L ] ) Y 4
r r
- PRIV | i
Do thi cua (9) c6 dang nhu hinh bén. Trén do thi ta thay ngoai gia tri | il g
(|
7- R con c6 gié tri 7 #R (5 > R) nhung hiru han. Diéu nay chimg 6 ! 1R
K| 4 Vl

do 1éch (#- R) 1a hitu han.



Chi€u cua van toc "troi"

€ 4 . . A A ,
Vi R <r <r, nén v, <0| v, == —B(r- R)|, nghia 1a van téc “trd6i” huéng theo chiéu 4m cua truc z.
m

22. Xiclotron 1a may gia tdc hat tich dién dau tién cua vat li
hat nhan (1931). N6 gom c6 hai hop rdng c6 dang try nira I I
hinh tron goi 1a cac D, dat cach nhau mot khoang rat nho

(khe) trong mot budng da rat hét khong khi (hinh vé). Cac D

\ B

duoc ndi voi hai cuc cua mdt nguodn dién sao cho gitra hai D
c6 mot dién ap U voi gia tri hiéu dung u xac dinh, nhung
dau lai thay doi mdt cach tuan hoan theo thoi gian véi tan so I A f

nao do. Ik || 7%=

Mot nam cham dién manh tao ra mot tir truong déu, co vecto cam tng tir 73 vuong géc voi mat cac D (mat
phing hinh v&). Giita hai thanh khe cua Xiclétron c6 mot ngudn phat ra hat « (khdi luong m.) véi van tbe
ban dau 1a v, =10"(m/s) vuéng goc véi khe, lic Ay ngudi ta diéu chinh dién 4p cua ngudn dién dé cho D
bén phai tich dién 4m, D bén trai tich dién duong. Sau d6 hat « chuyén dong vdi van tdc ting dan cho dén
khi @t 16n thi né dugc 1ai ra ngoai cho dap vao cac bia dé thuc hién cac phan ing hat nhan.

Cho m, =6,64.10""" kg, dién tich nguyén t6 e =1,6.10""C,B =1T,U =2.10°V

1. Chirng minh rang trong 10ng cac D quy dao ciia hat « 1a nira duong tron. Tim méi lién hé ctia ban kinh quy
dao vao khoi luong, van tdc, dién tich cua hat @ va vao cam ung tu B. Véi chiéu di cua hat & nhu trong hinh
v¢ thi uB huéng ra trude hay sau mit phang hinh v&?

2. Néu mdi 1an di qua khe, hat & déu chuyén dong cing chiéu véi dién truong do U sinh ra va nd ciing déu
dugc tang tdc, thi dé co su dong bd nay, f phai thoa man diéu kién gi va ldy gia tri bang bao nhiéu? Tinh van
tdc v, ctia hat e khi di trén nira dudng tron thi n va ban kinh R, cta nira duong tron do.

Néu ban kinh ctia ntra duong tron cudi 1a 0,5m thi hat « da chuyén dong dugc khoang bao nhiéu vong? Tinh
van tdc trude khi di ra ngoai cac D clia nd?

3. Néu tan sé f14y gié tri nhu di tinh ¢ cau 2 va gitr khéng doi, dong thoi tiép tuc cho hat « chuyén dong ting
tbc dén van toc ngudng Vg ~10° (km/ s) thi khéng diéu chinh dong bd dugc nita.

a) Giai thich nguyén nhan.

b) Néu mdi lién hé tée do gbc cua hat ava f.

¢) bé su tang toc clia hat « dong b véi su dao chidu cua dién 4p, thi ban kinh tdi da ctia cac D bang bao
nhiéu?

(Trich Pé thi chon hoc sinh giéi Quoc gia, Nam 2008)



Bai giai
1. Chirng minh quy dao cta hat « trong long cac D la nua duong tron
- Trong long D chi c6 tur truong tac dung luc Lo-renxo 1én hat «:
F =qvBsinf =2evBsinf
- Vi lyc Lo-ren-xo 1a lyc hudng tam nén jB huéng tir phia trude ra phia sau (di vao) mit phang hinh v&, do
do:

2

D —2eyp= R=2<2 (1)
2eB
m,v
Vav: Quy dao cta hat & trong long cac D la nira duong tron ban kinh R = 2 “B
e

2. Van tdc v, cia hat « khi di trén nira duong tron thr 7 va ban kinh R, cua nira dudng tron do
- Hat « di dugc mot vong thi u phai d6i chiéu hai lan, tirc 1a chu ki chuyén dong cta hat @ va chu ki doi chiéu
ctia u phai bang nhau:

-19
T :2f[R _anm, _ 7 :l _ eB _ 1,6.10 .l_77 ~7.67MH:z
% eB I mam, 3,14.6,64.10°

Va @, :Zﬂf :@ (2)

- Ctr mdi lan di qua khe, hat « lai thu thém dugc mot dong nang béng 2eU. Nhu vay, néu hat « qua khe lan

thr n va di trén nira duong tron tht n, dong ning cia hat « ting thém mot lugng 2neU. Vi dong ning ban dau

cua hatla W, 25 m,v; nén dong ning cua hat « khi di trén nira dudng tron th n 1a:

a n

W, =W, +2neU :%mavg +2neU =%m v

- Van tdc cta hat « khi di trén ntra dudng tron thi » 1a:

2 +47’I€U (3)

v, =V,
m

o

Tu (1), ban kinh ctia nira dudng tron thi # la:

, 4neU
m, |v; +
m

R, =<k = “ (4)

2eB 2eB
. o, |[2eBR, z_vz
- Tu (4) suy ra: Aol . o

6,64.10%

~24 luot

"T41.610°2.10° || 6.64.107

[2.1,6.10'19.1.0,5]_ Lo




- Tir (3) suy ra, sau 12 vong van tdc ciia hat o 1a:

424.1.6.10°°2.10°
= (10“) + > ~2.4.10" (m/
' \/( ) 6,64.10 (/)

Vay: Sé vong ma hat « da chuyén dong 1a 12 va sau 12 vong vén tc ctia hat azla v =2,4.10" (m/ s)
3. Khi tiép tuc cho hat @ chuyén dong ting téc dén véan tdc ngudng Vg ~10° (km/ s)

a) Giai thich nguyén nhan
- Khi van toc cua hat tang, do hiéu ung tuong ddi tinh khoi luong cia hat « tdng theo hé thirc Anh-xtanh:

m

a

m =
v

c

! ® neén toc do gdc cua nd theo (2) s€ gidm.

- Vi thé, néu tan s6 fctia U giir khong doi thi hat  dén khe cham hon trude, 18 ra vao luc tang toc thi lai di
ngugc chiéu dién trudong va s& bi him lai.

b) Mbi lién hé tc d6 goc cua hat arva f

. 2eB 2B
Taco: w, = A / — —27zf /1—

2
Vay: Mbi lién hé téc d6 goc ciia hat arva f1a w, =2xf,|1- [K]
c

¢) Ban kinh téi da caa cac D

4.10777.10°
_mv _ m,v _ 6,64.10°".10 ~2.2m.

R
™ T 2eB 2 s )\
Ta co:
ZeBJl-[v] 21,6107 J1- | 0
c 3.10

Vay: Ban kinh t6i da cta cac D 1a R, ~2,2m.

23. Mot electron trong dén hinh cta may thu hinh c6 nang lugng W =12keV’. Ong phéng duoc dit sao cho
electron chuyén dong nim ngang va theo huéng Nam - Bic dia 1y. Cho biét thanh phan thiang dung cia tir
truong Trai Dat c6 cam Gng tir B =5,5.10°T va hudng xubng dudi. Bé qua tac dung cia trong lyc. Cho
e =1,6.10"C;m, =9,1.10"" kg.
a) Dudi tac dung cia tir truong trai dat, electron bi léch vé hudng nao? Tinh gia tdc cla electron dudi tac
dung cua lyc tur.
b) Khi cham vio man hinh electron bi léch di mot khoang bao nhiéu so véi phuong ban dau. Biét rang
khoang céch tir diém phong cia electron dén man hinh 1a / =20cm.

(Trich Pé thi hoc sinh giéi Pék Lak, Nam 2011)

Bai giai



a) Hudng 1éch va gia tc cua electron
- Theo quy tic “Ban tay trai”, electron 1éch vé hudng Pong dia 1y.
- Luc Lo-ren-xo tac dung 1én electron: F =evB.

2 3 -19
Mt khac: W =" o = |2V o (2AZIOLOI0T s 157y /)
2 m 9,1.10

-19 -5
Gia the: a = =B JLOIV 55107 5 5106 =628 104 (m/ )
m m 9,1.10

Vay: Electron s& bi 1éch v& hudng Dong dia 1y véi gia téc @ =6,28.10" (m/s?).
b) o 1éch cua electron so véi phuong ban dau
- Bo qua anh huong cua trong luc, dudi tdic dung cua luc Lo-ren-xo, electron chuyén dong cong voi cac

phuong trinh theo hai phuong nhu sau:

X =vt
_ar _evB
YT Tom
2
- Phuong trinh quy dao cua electron: y _vBlx) _ B x*;x =0.
2m v 2my

- Khi electron cham dén man hinh: x =/ =20cm; thi d6 léch cua electron so v6i phuong ban dau:

14
eB =2 2 6,4.10 5 0,27 =3,04.10"7 m =3mm

y: 3 =
2mv 2v 2(2,05.10%)

Vay: Do 1éch cua electron so v6i phuong ban dau 1a y =3mm.
24. Mot proton di vao mot ving khong gian c6 bé rong d =4.10>m va c6 tir truong déu B, =0,2T . Sau d6
proton di tiép vao vung khéng gian ciing c6 bé rong d, co tir truong B, =2B,. Ban dau, proton c6 van tdc
vudng goc vdi cac vecto cam ung tir va vuong goc voi mat bién cua vung khong gian ¢ tu truong (hinh veE).
Bo qua tac dung cuoa trong lyc. Cho khdi luwong ciia proton
m, =1,67.10"* kg , dién tich ciia proton ¢ =1,6.10""C.

a) Hay xac dinh gi tri ctia hiéu dién thé U, dé tang tc cho proton sao
cho proton di qua duoc ving dau tién.

b) Hiy xac dinh hiéu dién thé U, sao cho proton di qua duoc ving thi
hai.

¢) Hiy xac dinh hiéu dién thé U, sao cho proton sau khi di qua dugc

vung thir hai thi c6 hudng vecto van toc hgp voi hudng cia vecto van

tdc ban ddu mot goc 60°.



Bai giai

a) Xac dinh gid tri cta hiéu dién thé U, dé proton di qua duoc vung dau tién

r my
- Khi v vudng goc voi B trong tir truomg, proton co quy dao 1a dudng tron, ban kinh: & :CI?
1
i . m’ 2mU,
- Theo dinh ludt bao toan nang lugng, ta co: S 4 Uy= R = e
qb,

- Pé proton di qua dugc ving thir nhét (I) thi R, >d.

gBd’  16.107°.0,2°(4.102)
> =

= U
O 2m 2.1,67,10°7

=3065V =3,065kV

Vay: Dé proton di qua duoc ving dau tién thi U, >3,065kV.
b) Xéc dinh gia tri cua hi¢u dién thé U, dé proton di qua dugc vung thir hai

- Sau khi qua ving 7, proton van gitr nguyén gia trji van toc, luc Lo-ren-xo chi lam thay d6i phuong cta hat

mang dién. Luc nay vecto van toc cua hat 1éch di mét goc «, voi: SIma =—.

1
5 2mU, 1
- Theo dé: B, =2B, = R, = / % =—R.
qB; 2

- Dé proton qua duge vung I1, dya vao hinh vé, ta c6: O,H =R, > (R,sina +d).

= R >3d

qu2d2
2m

Va: U, >9 =9.3,065 =27,285kV.

Vay: Dé proton di qua duoc ving thi hai thi U, >27,285kV.
¢) Xéc dinh U, dé proton sau khi di qua dugc ving thtr hai thi c6 hudng vecto véan téc hop v6i hudng cua
vecto van téc ban dau mot gbc 60°

- Goi 0 =a+y la gbc léch toan bo giita huéng cua vecto van toc ban dau va huéng cla vecto van toc cua
I

proton khi qua khdi vung 2. Trén hinh vé, ta co: :

|

JT JT
)

o =a+

b4
—-a-p
5 I

< sin

JT
2B

. T
=cos f} =s1n§

(R,sina+d) _2d

Ma cos B =
R2 RI




qB12d2
m

=>U, =12 =12.3,065 =36,78kV

Vay: Bé proton sau khi di qua duoc ving tha hai thi c6 hudng

vecto van toc hop véi huéng cia vecto van toc ban dau mot goc v 60°
thi U, =36,78kV 7.

25. Mot vat nho tich dién trugt khong ma sat, khong van tdc ban dau

doc theo mot miat phang nghiéng co goc nghiéng o. Vat chuyén dong trong mot tir truong déu hudéng vuodng
gdc voi mat phiang hinh v& va trong trudng trong luc. Sau khi truot duoc mot quing dudng /, nd rdi mit
phang nghiéng va bay theo mot duong phirc tap nhu hinh vé.
a) Hay xac dinh van tdc cta vat lic bat dau roi mat phing nghiéng.
b) Hay xac dinh muc bién thién chiéu cao cta vat so v&i mat
dat trong khi bay.

Bai giai

a) Van toc cua vat lic bat dau roi mat phing nghiéng

Vi lyc Lo-ren-xo khong sinh cong nén van tdc cua vat lic bat
dau roi mit phing nghiéng dugc tinh theo dinh lut bao toan co
nang:

2
Vo

mglsina =

= v, =4/2glsina (D)
Viay: Van tdc cua vat luc bat dau roi mit phang nghiéng 1a
Vv, =/2glsina

b) Mtc bién thién chiu cao cia vat so v6i mit dat trong
khi bay

- Liic vat bat dau roi mat phang nghiéng 1a ltc ma phan lyc cia mit phang nghiéng tac dung 1én vat1a N = 0
va luc Lo-ren-xo la:

qv,B =mgcosa )

- Phén tich: v, =v, +v,, trong d6: Thanh phin v, nim ngang giy ra luc Lo-ren-xo F, cn bang véi trong
Tuec:

mg =qv,B = v, =2E 3)
qB

uu L

Thanh phan v, gay ra luc Lo-ren-xo F, vudng goc véi v, tao chuyén dong tron cho hat trong mat phang

u
vudng goc voi vecto B :



2
BR
qv,B S TN v, =4°% 4)
R m

- Két qua 14 hat tham gia hai chuyén dong gdm: chuyén dong thang déu theo phuong ngang va chuyén dong

tron trong mit phang thang dimg, do d6 do bién thién do cao sau khi rdi mit phing nghiéng la:

Ah =2R = v, _4B.Ah (5)
2m

m Ah
- Pt k == Tir 2). (3). (4) ta duoc: v, =kcosav, =k;v, =521 (6)

qB 2k
- Theo dinh 1i ham s6 cosin trong tam gic: v, =V +v, - 2y, cosa (7)

2
_ Thay (6) vao (7) ta duoc: k2 cos?a +k? - 2k cos? & :[g'—AhJ Nyt £18
2k 2sina

- Thay vao (6) va két hop véi (1), ta duoc: v; =k’ cos’ a.

© 2glsina = cos’ @ = Ah =4ltan’ a

2sina
Vay: Mirc bién thién chiéu cao ciia vat so véi mit dat trong khi bay 13 A =4/ tan® «
26. Mot dong dién co cudng d6 I = 24 chay qua mot day dan bang dong c6 tiét dién 1a mot hinh chir nhat,
chiéu dai 13 @ = 0,55mm, chiéu cao b = 10 mm dit trong tir trudng déu c6 cam Gng tir B = /7. Cam tng tlr ¢6
phuong vudng gbéc voi canh b va chiéu dong dién. Khi d6, gitta mit trén va mit dudi cia ban déng xuét hién
mot hiéu dién thé U = 3,1.10° V. Hay gidi thich sy hinh thanh hiéu di¢n thé trén, xac dinh mat do electron
dan trong dong va vén tdc trung binh ciia chung.

Bai giai

- Dong dién trong cac ban dong 1a dong cac electron dan chuyén dong dinh hudng. Khi ban dong duoc dat
trong tir truong nhu trén hinh v&, cac electron dan chiu tac dung cua luc Lo-ren-xo khién quy dao cua ching
bi 1éch 1én trén. Do d6, mit trén ctia ban dong chira nhiéu electron hon va tich dién 4m, mat dudi tich dién
duong, gitta mat trén va mat dudi xuat hién mot hiéu dién thé. Trong ban dong s& xuét hién dién truong
huong tur duoi 1én.
- Dién truong nay gay ra luc tdc dung lén cac electron va ngugc / '

chiéu voi lyc Lo- ren-xo. Bén mét lic nao do, co6 sy can bang

gitra lyc di¢n truong va luc Lo-ren- xo, khi d6 hi¢u dién thé U \ I

gilta mit trén va mat dudi dat gia tri 6n dinh goi 14 hiéu dién thé —— e
Hall. Hién tuong trén goi 1a hiéu tng Hall. Mbi electron dan chiu ”

tac dung cta luc Lo-ren-xo ¢6 d0 1on: f =evB. || |#



- Khi dat trang thai 6n dinh, electron chiu luc dién truong c6 cung do 16n nhung nguogc chiéu voéi luc Lo-ren-
xo: eE =f =evB= E =vB
- bién trudng nav gy ra boi hai 16p dién tich trai ddu & mat trén va mat dudi cia ban, gidng nhu truong hop

cuia mot tu dién phéng. Hiéu dién thé Hall:

U =Eb=vBb= vb :%

I I
— =— =nev
S ab
I i IB 20.1
= n _——= = =
ev evab eaU 1,6.1077.0,5.10°.3,1.10°°

- Mat d6 dong dién: i =

=8,1.10%m"’

- Van tdc trung binh cua chuyén dong dinh hudng cua electron dan:

i I _U _3110°

y=—=

=== _=31.10%*Gm/s)
ne abne Bb 1.10.107° mes

Vay: Mat do electron din trong déng va van téc trung binh cua chang 1a » =8,1.10%m”> va

v=3,1.10"*(m/s)



