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CHUONG 8: TRUONG TINH PIEN

|. Cac khéi niém mé dau
1.1 Pién tich nguyén 6

Moi vat déu duoc ciu tao tir nguyén &, dén luot nguyén & dugc ciu tao
tr ba hat co ban:

a/ Ht electron ( e):
- CO6 khbi luong: m = 9,1.10* kg
- Cobdiéntich:e= -1,6 .18 C
b/ Ht proton (p ):
- CO khbi lugng: m, = 1,67.1G" kg
- Codiéntich: Q = 1,6 .10°C
c/ Htneutron (n):
- C6 khbi lugng: m, = 1,68.1G kg
- Cbdgiéntich: Q =0
Binh throng trong nét nguyén i &5 hat electron (N) va $ hat proton () bing
nhau.
Trén ndt vat néu N, > N,: vat mangdién tich am ( -)
Trén ndt vat néu N, < N,: vat mangdi¢n tich drong ( +)
Gi4 ti dién tich @ia mpt vat mangdién duoc xacdinh bing:
Q=ne (8-1)
Trongébn=1,2,3,4 ..... D o& 1,6 10°C ladién tich nguyén&.
Cau hei:
Trong ndt bai &p nguoi ta chodién tichdiém q = 3.10° C. Sinh vién hay
phéan tich trongu nhién co én tai dién tich co gia trnay khéng? Gii thich.
1.2. Pién tich diém

~ Néu kich thréc cia vat mangdién nhy khongdang Ik, so \6i khoang céch i
no den dieém khao sat hay sodi kich thedc coa vat mangdién khac, thi gt mangdién
do duoc bicu dién bing khai mém dién tichdiem.

T thyc nghigm cho thy: hai dién tich cung du day nhau, haidién tich
trai dau hat nhau.

Sr nhém dién va trong tac Inh dién duoc tng ding dé tao ra: may Photocopy, may
in LASER...

Tham khao (doc thém)
1/ May in LASER



Bé phin rdt quan tpng aia may in LASER la b hinh tw bing kim lai nhe, bén
ngoai o pkt mot I6p wat lieu dac biet goi la quang dn. Hinh te: naydiroc i don gian la
céi trong. Twng quay chung quanhuir theo chéu kimdong b va duoc dat vao wi toi,
tirc bén trong ¥ kin aia may in.

Céc hroc hait dong aia may in LASER nhsau:

1.

Day dién thé cao (¥ thuit Corona) lam cho it trong ¢ dudi day tichdién
duwong.

Khi mt trong tichdién deong quaydén chj c6 tia sang LASER chi vao, nix
may tinhdieu khign tia LASER &viet, vé tung hang lén it trong, &o danh an
mangdién tich am.

Mt trong quayden chy c6 ru-16 mang cacdt muc dién tich drong. Vianhan
mangdi¢n tich amnén ¢ hut cac lat myc mangdi¢n tich dwong, anh an trén
trong tro thanhanh c6 cac ht muc dién tich dewong.

Gifi'y o khay sau khi ticldien am cly qua ap vao it trong. Cac lat muc ¢
trong b hat |én ghy.

Gidy duoc dira qua ¢l s5i ndng, ép cacdt muc nong chiy, dinh clit vao giy.
Saudb giay duoc dua ra ngoai.

Mt tréng diroC duwa dén chb @én chéu sang, xda ét dién tich trén nit trong.
Mat trong chuin by dé chuy qua daydi¢én the cao, tichdién drong cho nat
trong, tiep tc qua trinh.

2/ May photocopy

Bé phin rat quan tong aia may photocopy 1a éhhinh te bing kim lai nhe, bén
ngoai co pi mot Iop \at lieu dac biet goi la quang d@n. Hinh te naydiroc i don gian la

Céi trong.

Trong quay chung quanhu theo chiu kimdong b vaduoc dat vao wi tai, tirc
bén trong ¥ kin aia may photocopy.

Cac hréc qua trinh photocopy éhtrang gizy nhe sau:

1.
2.

Daydién thé cao (i thuit Corona) lam cho it tréng tichdién diong.

Mgt d&n chéu anh sangién to giagy cé cl, hinh @n sao chp. Ta @i to gidy
nay la bin goc. Anh sang chiu vao kin goc phin xz vadi qua thiu kinh to ra
trén mit tréng anh rd nét da chi va hinh éa hin gic.Trén mit tréng ¢k co
chir va hinh la ch khéng cé anh sangij, ché khong cé ciz va hinh 1a ch co
anh sang (sang).

Trén nat trong chb c6 anh sangéstré nén trung hoa (khdng maatgn), chj co
chiz va hinh () mangdién tich dwong. Trén mat trong coanh an dién dwong
cva hin goc.

Cho mrc in 44 tichdién am lan qua tong. Do trong tac thhdién anh an trén
trong da tro thanhanh thec cia myec in tichdién am.

To giay trang dungZé sao chyp duoc dwa qua daydién thé cao, lam chod gidy
nhiemdién dwong.



6. To gidy duopc day &p st vao it trong. Do b gidy tichdién drong hit céc it
muc tichdién am mnh hy:n anh an tichdién deong trén tong hut lat myc.
Trén gizy c6 cac hinh ahbang cac lat myc.

7. Gidy duoc dira qua clé ssi néng, lam cho cacdh myc néng chy, dinh ctit vao
giay. Sawi6 giay duoc dua ra ngoai.

. Pinh luat Coulomb V@& twong tac finh dién
[I.1. Pinh luat Coulomb trong chan khéng

Hai dién tich diém codién tich q va g cach nhau @t khaing r trong chan
khéng.Dién tich g tac dng léndién tich @ mot luc tinh dién F, ngroc lai q, ciing
tac dung lén q mit lyc tinh dién F'. Hai ke F va = cung plrong ngroc chiéu va
cungdo lon:

F=F = k|q||q)|

2 (8-2)
Véik 1a hing § duoc xacdinh bing thrc nghém:
k = 921RM?/C? (8-2a)
r
9 e —% % H.8.1
F
C6 thé vidt: F=k2%, (8-3)

r

Véi F 1a lyc inhdién cia q tac dng 1én g var 1a véct cd dc tai g va ngn ti g
[1.2. Pinh luat Coulomb trong mai trwong
Thuc nghém cho thy lyc trong tac Inh dién giira haidién tichdiém g va g
dat trong mai trrong nkd hon trong chan khéng lan.
Vay ta codinh luit Coulomb trong méi trong:
F=Kd%;
Er

L - 9.10° NMAIC?

Dé hop li hoa ngoi ta dat: k = .

Suy rag, = 8,86 .10 C¥/N.m? dugc goi 1a hing & dién.
Vay ta c6 béu thirc dinh luat Coulomb trong méi trong:
F=_ % 8-4
4ree, 1’ ( )

Trongdo ¢ 1a hing $ dién mdi, dic treng cho tinh cht dién caa mai trong,
khéngdon vi.

Trong chan khéng: = 1

Trong khéng khie = 1,0006



Trong nréc: ¢ = 81
Tuong tac inh dién tuan theainh luit Newton thir ba.

~Tuong tac inhdién la mbt trong Hn trong tac © ban trong tr nhién. N6 40 ra
lién két trong nguyénit va phantk.

Phan tich:

O trén ta din dat dién tichdiém g tac dng I&ndién tichdiém g, mot luc F va

nguoc lai g, tac ding 1én g ndt luc F'. Cach dén dat nhu vay 1a noidon gian theo
thoi quen va khénging Wi ban chit vat ly caa sr twong tac inh dién giira haidién
tichdiém q va @. Ban chit vat ly cua sr tuong tac inh dién giira haidién tichdiém q
va @, nhr sau:

« Dién tichdiém g gay ra chung quanh nédndién treong, chinhdién trudng
cia g méi tac ding 1én g mot luc inhdién F

« Pién tich diém g, gay ra chung quanh nédmndién treong, chinhdién
treong aia ¢, moi tac ding 1€n gmét luc inh dién F

» CA&cdién tich trong tac Wi nhau thdng qudién treong aia no

Bai tap 8.1 Nguyén tr Hydro (H)duoc ciu tao bsi hai hat: hat nhan 1a ht proton (p)
c6 khbi lugng: m, = 1,672.1G" kg vadién tich: q = 1,6 .1¢° C, hat electron c6 kbi
lwong: m. = 9,1.10° kg va dién tich: e = -1,6 .18° C. Hai hat proton va electron
cach nhau 6t khoang r = 0,53.10"° m.

a) Hay tinh lrc trong tac Ap din giita hai hat proton va ht electron
b) Hay tinh lrc trong tac inh dién gitra hai fat proton va electron
Phwong phép gii:
a/ Tinhtc trong tac Bp din giira hai hat proton va ht electron

m 27 1
pznl = 6.67.10" 1,672.10 .9,%0.1@
r (0,53f .10

b/ Tinh krc trong tac tnh dién gitra hai hat proton va electron

1,6.10%°.1,6.10°
(0,53f.10%

F =G = 3,6.10*'N

Fe:szal(f =8,2.10°°N

r

Vay luc twong tac inh dién gitra hai ht p va étrong nguyénit H I6n hon luc
twrong tac lp din gitta chang: 2,3 .18 14n
[ll. Tr wong tinh dién
[11.1. Khai ni ém trwong tinh dién

Céc \it thé c6 dién tich déu gay ra trong khong gian chung quanh nét m
truong fnh dién. Truong inh dién la nbt dang vat chat lan truyen trong khong gian
bang van tc cia anh sang. dong tac inh dién gira cacdién tich duoc thuc hien
théng qua trong finh dién caa chudng. Tinh dit co ban aia tneong finh dién la tac
dung Ién dién tichdat trong trong not luc Gnhdién.



[11.2. Vécto cwong do dién trwong.
[11.2.1. Pinh nghia:
Vécio cuong do dién tméngé , dugc dinh ngha:

E (8-5)

£ |n

Néu = 1CthiE = F

Vay véct cuong do dién truong E chinh ling kec tinh dién F cia diéen truong
tac dung I€n ndt don Vi dién tich drong.

Néu biét véc cuong do dién truong E, ta hoan toan xadinh duoc luc
tinh dién F:

F=qE 69

[1.2.2. Vécto arong do dién truong E ciia dién trwong do mbt dién tich diém q gay ra.

Theo (8-4) va ( 8-6) ta cé:

— qq — —
F=———r = gE
aree, 1’ b
Suyqra véat cuong do dién tru’érnglé tai mot diém trongdién truong aia not
dién tichdiém q:
- q -
E=—F"—r -7
Aree, r® (8

Néu g > 0 :E huéng ra xadién tich: g—
Néuq < 0:E huéng vaodién tich: g«

Do l6n caa véct cuong do dién tmbngé duoc goi la crong do dién traong E.
Ta c6 mongdo dién treong & mot diém trongdién treong aia mot dién tichdiém q:

q
477£|£| r? (8-8)

Trong k¢ don vi Quic t (S.1) don vi caa arong do dién truong E 1a V/im.

E=

Cau hei:
Cuong do dién treong E ti mot diém trongdién treong aia mot dién tichdiém

q phu thuc vao cac §u tb nao?

[11.2.3. Vécto cwong d¢ dién trwong E cia hé dién tich diém



Dé dang cling minhduoc véct cuong do dién traong E tai mot diém trong
dién treong aia ot hé dién tichdiém, dugc xacdinh:

E=)E (89

Trongdd E la véct cuongdé dien truong gay ra bi dien tichdiém thr i (g;)
Bai tAp 8.2 bién tichdiém o = 10™° C dt tai vi tri A vadién tichdiém ¢ = = 107 °
C dat tai vi tri B, voi AB = L =2 m, trong chan khéng.

1) Tinh arong do dign trwong E ti diém M nim trénduong trung tec cia AB va
cach trungtiem O aia AB mjt doan h =1 m.

2) Tinh arong do dién treong E bi diém M nim trénduong trung tic cia AB va
cach trungtiem O aia AB nit doan h >> L

3) Tim gi& ti caa h ti vi tri ceong do dién treong E arc dai.
Phwong phép gii:

1/ Tinh arong d6 dign truong E ti diém M ndm trénduong trung tirc cia AB va
cach trungtiém O dia AB not doan h =1 m.

E
A
4 \
4 \

, h
o} 0" ® e (b
© B
€ m e >
A L

Pién tichdiém ¢, gay ra i diém M véct cuong do dién truong E,
Pién tichdiém o, gay ra i diém M véct cuong do dién treong E,

pién tichdiém o, va ¢ gay ra 4i diém M véct cuong do dién truong E

E=E+E (1)
Vigi==q=10°C vas=r=r néntaco:
E=E=kbt=k2s=ka 2

P S



Vi E; = E, nén véat cuong do dién traong E c6 phrong rim trénduong trung
truc AB.

Chiéu biéu thic (1) 1en plrong chiéu aia véct crongdd dién truong E . Taduoc:

E = Ecost + E, cosy = 2E, cos (3)
Tu hinh \& ta c6:
cosg = (4)

r
Thé (2) va (4) vao (3), tduoc:

E=k%h 5)

Tu hinh \& ta co:
1
r =vh?+d? = (h*+ d?)? (6)

Thé (6) vao (5) tatwoc arong do dién truong E do haifién tichdiem o, va ¢
gay ra &i diem M.

E= ki§ h @)
(h* +d*)?
Véi: d=S=2z1m
2
9
E=k—29 _h=010-210_ 1= 636V im
(h2+d2)5 (12+12)§

2/ Tinh arong do dién treong E do g va ¢ gay ra i diém M nam trénduong
trung trc caa AB va cach trungiém O aia AB nit doan h >> L

Theo béu thic (7) ta cé aong dd dién trudng ti diém M:
E=k—23 _n €)
(h? +d?)?
Néuh>>LthiR+d =~ K
Vay néu h >> L arong do dién treong E i diém M:
E=k—29 _h=k 2 p k%’
(h? +d?)? (h)?

2
E= kh—‘j' (b)

Phan tich: Khi h >> L ¢6 nghia kich throc L cia hg dién tich diem o va o rat nho
so wi khoang cach h. Khidd k¢ haidién tichdiem ¢, va @ la mot dién tichdiém co
dién tich king 29. Ap ding cong tlic (8-8) ta éing din radugc bieu thac (b).

3/ Tim gié tri cia h tai vi tri cwong do dién trwong E arc dai.

10



Theo béu thic (7) ta cé aongdd dién trudng ti diém M:
E= kis h
(h* +d?)?
Ta thiy E la ham @a h. Khi h = 0 thi E = 0. Khi k> o thi E—~ 0. Nhr vay
khi h bien thién & 0dén oo thi arongdoé dién truong E c6 nét gia ti cuc dai Enay
3
Tadat: u = 2kh va v=(h?+ d?)?

Vay: g=Y
v
bao ham E theo h:
dE _ uv— uv
dh V

i o du _ . . _3 = 1
Véi: u —%—qu va v —E.Zh(hz+d 2 =3h(H+ )2
Suy ra:

dE _ uv-uv_2kq A+ d)2-2 ki it TP

dh (F+ )

Tai vi tri hy, ceong do dién treong arc dai Epay thi:

dE _ uv-uv_ 2kq(kH + dz)g—2k01h1-3bn(*ﬁn+ d)%
dh -V (F+ df)°

=0

Suyra: (h+ dz)g =3 (K, + dz)%

: —i:_l_
Hay: hm_\/i 2\/_2
d __ L _ 2 _
"R T e

Bai tap 8.3
bién tichdiém ¢, = g, = 10 C dit tai vi tri A vadién tichdiém g =-q=-10"°C
dat tai vi tri B, Wi AB = L =2 m, trong chan khéng .
Tinh arong do dién truong E do q va @ gay ra 4i diém M nim trénduong trung
troec caa AB va cach trundgiém O dia AB nmot doan h = 2 m.

Lds: 1,6 V/Im

(h* +d?)?

Pap 6: E=k

I11.2.4. Vécto cwdng dj dién trudng E tai mot diém trong dién trwong cia mét
dién tich bat ki

11



, bé xacdinh véct cudng do dién troong E cia dién truong do ndt dién tiqh
bat ki Q gay radi mot diem M. Ngudi ta chiadién tich Q théﬁnh nimg dién tich At
nho dg, sao chaioi véi diem M dq dugc xem ladién tich diém. Theo (8-7) véot
cudng do dién treong dE do dq gay raai diém M.

dé:&gr
4rEe, v

Theo (8-9) véet cuong do dién treong E dodién tich it ki Q gay radi diém
M dugc xacdinh boi:
N dq

E= 5
) ATEE o1

Phéan tich: Ta c6 ndt dién tich Q

(8-10

1/ Néu tinh véotr crong do dién treong E tai diém M & rit xa Q, khid6 kich throc qia
dién tich Q &t nho so Wi khoang cachi M dén Q,dién tich Qduoc goi la dién tichdiem.
Vécto cuong do dién treong ki M duoc tinh tr cbng thirc (8-7)

2/ Néu tinh véat cuong do dien truong E tai diém M & gan Q, khidd kich throc cia
di¢n tich Q khdng qua whso Wi khoang cach® M deén Q, dién tich Qduoc goi 1a dién
tich kat ki. Véct cueongdd dién treong tai M dugc tinh tr cong thirc ( 8-10)
Bai tap 8.4 Mot thanh ting minh AB = L = 1 m, mangién tich Q = 10 ° C phan
bo deu, trong chan khéng.
1) Tinh arongd dién treong &i diém M nam theo plrong aia thanh va cactiau
thanh gn nhat mot doan d = 1 m.
2) Tinh arongdo dién trrong ti diem M nam theo plrong aia thanh va caciiau
thanh @gn nhat mot doan d >>L.
Phwong phép gii:

1/ Hay tinh @rong do dign truong i diém M ndm theo plrong aia thanh va cactiau
thanh @gn nhat mot doand =1 m.

L
B dg A d M dE
Q | || fo e o »
B >
dr r

Péi vai diém M dién tich Q khong pdi la dién tichdiém.

q Pé tinh véa ceong do dién truong E dodién tich Q phan btrén thanh L gay rait
diém M, ta chia thanh L thanh &aihg doan rat ngan dr,dién tich trén dr & dgifoi véi diem M

dq ladien tichdiém, dq gay raai didm M mot véct crong dé dién treong dE cd arong do
dE:
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dE = k% (1)

r2

Vi dq:% dr 2)
Thé (2) vao (1) tatuoc:
Qdr
dE= k== 3
L r? 3)

Vécto cuong do dién truong E dodién tich Q gay raat diém M duoc tinh i:
()

E=[dE (4)
(A)

Vi moi dién tichdiém dq trén thanh Idéu gay ra 4i diém M véct cudong do
dién  teong dE cung plrong, clng cliu. Nén erong do dién treong E dodién tich Q
gay ra @i M duoc tinh nhr sau:

E= (T) dE (5)

(A)

Thé (3) vao (5) tatuoc:

(L+d)
E:kg J. d_Zr: k—Q

L Jr d(L+d)
_ Q
E_kd(L+d) ©)

Vay cuong do dién treong E dodién tich Q gay raai M

—9
E=k Q =9.10 10 = 4,5 VIm
d(L+d) 1(1+1)

2/ Tinh @ong do dién treong ti diém M ném theo plrong aia thanh va cackiau
thanh gn nhat mot doan d >>L.

Theo (6) ta cé:

E=k—2

d(L+d)
Néud >> L thi L + d~ d. Khidé arongdo E tai diém M:
E:k% )

Phan tich: Neu d >> L thidién tich Q to thanhdién tichdiém. Ap ding cong ttc
(8-8) ta @ing co béu thac (7)

Bai tap 8.5 Mot vong tron ban kinh R = 1 m, madign tich Q = 10 °C phan b
deu, trong chan khong.
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1) Tinh arong do dién treong E do vong tron gay raitdiém M nam trén toc cia
vong tron va cach tam Gia vong tron it doan h =1 m

2) Cuongdd dién treong E do vong tron gay raitdiém M nim trén toc caa vong
tron va cach tam Oua vong tron rat doan h >> R

3) Tim gia ti hy, tai vi tri ceongdo dién traong arc dai Enay
Pap 9:
VE=k—2 _h=32Vim
(h* + R?)2

2 E=k2 Vim
h

[11.2.5. Vécto cam wng dién.

Trong mdi teongddng chit vading hréng véct cam ingdién D dugc dinh nghia;

- -

D=¢, E (8-11)

Tu (8-7) va (8-11) ta suy ra véctam (rng dién D cia mot dién tichdiém q:

D= 473r3F 8-12)

D6 16n cia véct cam tngdién D goi la cim tngdién D.
Camtng dién D aia mot dién tichdiém q:

D= % (8'13 )

Trong ke don vi Qudc t (S.1) don vi cia cim engdién la C/ nd.
Tur ( 8-9) va (8-11) ta suy ra véctam ung dién cia k¢ dién tichdiém:

D=0, (8-14)

Nhan xét:

Khac Wi cuong do dién trwong E @am ung dién D khéng ph thuoc vao mébi
truong.

IV. Pinh li Ostrogradsky — Gauss (O — G)&a dién trwong
IV.1. Pwong src dién trwong

Pé dic trung dién traong mbt cach hintanh. Ngroi ta dung khai im duong
sic dién truong, dugc dinh ngha nhr sau:
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Puong src dién truong laduong cong ¢ cldu trongdién treong. Sao cho ép

tuyén tai mdi didm aia duong Src triing \6i véclo cuong do dién truong E tai diém
do.

—

/&E\A

S——

R

| | >
/\l’/\ H.8.2

Puong sic dién treong ¢ cac tinh disau:

)

(

» DPuong srcdién trrong thh laduong cong b.
« Phét xdt tir dién tich drong va Kt thiico dién tich am hay vé cuing.
«  Cécduong src dién tnrong khong ét nhau.

*  Ngudi ta quiuoc & s duong sic dién trong qua Mt don Vi dién tich vubng goc
véi duong sic, king arong do dién truong ti d6. CO nglta arong do dién truong E
bang nit do duong sic n.

* Duong srcdién tnrong ki giandoan khidi qua nat phan cach ga cac moi irong.
~ Duong @imungdién D c6 tinh chit twong t nhe duong sic dién truong E, nhmg co
diem khac la khongilgiandoan khidi qua nait phan cach gia cac moi tong.
Déi véi dién tnrong déu duong sic 1a nlimg dudng thing song song.
Bai tip 8.6
Hay & duong src dién treong aia ke dién tichdiém sau
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q=+3C p=-2C

gz = +1C

IV.2. bién thong
IV.2.1. Pinh nghia

H.8.3

Pién théng®, ciia dién truong dduD di qua mit phing Sduoc dinh ngha:

®. = D.S (8-15)
®, = D. S .cos -18)
Hay: ®. = D. S (8-17)
Vi
e S, = Scosu
e a=(D,S)

e S=Srlavéct vudng goc ¥i mat S va cadé 16n bing gia ti cia mit
S
e nlavéct phap tugn don vi cia mit phing S.
Nhan xét:
- Pién théngd, di qua miit S ladai lwongdai 0.
- Giatri cua dién thong®, di qua mit S hing $ dwong src cim iing dién
Xuyén qua it S
bién théng caion vi la C.
IV.2. Trwong hep téng quéat
Dé xacdinh dién thongd. cua dién treong

bt ki D di qua mit S Kt ki. Ta chia nit S
thanh nlkng mat vi phan dSduoc xem nhr

phing. Trén dS ta tht 1ap véct dS=dS i

vudng goc wi dS, wi n la véctr don vi
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vuodng goc wi mat dS. Trén dSdién tru*c‘yngﬁ
duoc xem nhr déu.

bién thdng qua it dS:
do, = D.dS
Suy ra quatién théng @, di qua nit Sdugc tinh theo ku thrc sau:

®, = [D.dS (8-18)
(s)
Déi véi mat kin S ngrai ta quiudc véct phap tugn don vi n huéng ra ngoai.
Nén:
bién théngdi vao mat S co gia tram (-).
bién thdngdi ra khoi mat S co gia trduong (+).

H.8.5

IV.3. Phéat biéu dinh Ii O-G cia dién truwong
IV.3.1 Dang tich phan

Pién théngdi qua nvt mat kin (S) Bt ki hung ¥ng dai s6 cacdién tich chra
trong it kin (S)do.

®, = [D.dS = zn:qi (8-19)
€ i
IV.3.2. Dang vi phan
Theo toan gjitich véct, ta co:

[D.ds =[divDav (1)
(S) v)

Néu dién tich phan b lién wc. Ta co:

Yq o (j)p dv (2)

Thé (1) va (2) vao (8-19), ta suy ra:

dv = p e8)

Poc thém: Cho véot: A=A i +A j+Ak thi:
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diva= A OA L 0A (8-21)
oXx 0y 0z

Tham khao (doc thém)
Chirng minh dinh li O-G aia dién truong
1/ Trwong hep mét dién tich diém q nim trong mpt mét (S) kin kit ki

(S) -

XL

N/

A

v

Gia s dién tich g > 0, iy g 1am tam & mgt mat cau S c6 ban kinh r vadm
trong mit (S).
Ta tinhdién thong qua @it S :

®, = [D.dS = [ Dds
) )

Do tinh clit doi xitng nén ém ing dién tai moi diém trén nat cau S giong
nhau, theo (8-13), ta co:

p=9_
47ty

A _ - g 2 _
Vay: ® =D ds = A =
ay . (S{) e q

Vi mit §nam trong ndt (S) nén & duong sic cimiing di¢n D xuyén qua it
(S) king ® duong sic xuyén quaSNeEn:

@, = [|D.dS=[jDds=q  @cm)
(&) (9
Déi véi dién tich q < 0 @ng trong tr
2/Trwong hep hé dién tich diém nam trong mit kin (S)
Ta tinhdién théng qua it (S):
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3/ Trwong hep hé dién tich diém nam ngoai mit kin

(S) S
)

Ta c6 I dién tichdiém mam trong nat kin (S) nkr hinh &
Mdt (S) @m c6 hai pin (S) =S+ S,.
Hé dién tichdiém ram trong ndt S, va nim ngoai nit S,.
bién thong qua it (S):
Ds= D1+ D5
\6i Bs= 0s,= Yg
Suyra: Ds= 0
IV.3.3. Ung dung dinh Ii O-G
1/Pién trwong gay ra byi mat phang mangdién déu réng vo han

H86 D A - A

(S) k—/ ........................ s,

Dé dang cltng minhdugc dién treong gay ra bi mat phing ©ng vo hin la
dién truong déu. beé )gécdinh di¢n traong ki diem M, tr M ta V& mot mat try co dén
tichday S . Mat tru cat mat phang mangdién nhr hinh \&.

Ta c6 din tich @a mit try: S = 23 + §, Vol Sy la dién tich miit bén dia mat
tru, &4p dingdinh li O-Gdoi véi mat tru:
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[ D.dS
)

0

®, =[D.ds=2 [Dds +
3 ()

Trongdo: [ D.dS = 0 ViDOdS=dSt
S

S 5
o
Vay:. D=—
ay >
o
Suy ra: E = (8-22)
2¢e¢,
Véi: a:% la mit d6 dién mit, S dén tich ¢ia mit phing, Q ladién tich @a it
phing.
Cau hor:

Hay chirng minh dién treong gay ra bi mit phang ©ng vo han ladién treong déu.
Phan tich:

Gia gr ta c6 ndt dia tron ban kinh R, mang gindién tich Q. Hay kho sét
cuong do dién truong E dodia tron gay raai mot diem M nam trén tuc caadia. Gi h
la khaing cachi M déen tdm O dadia.

a/ Néu h >> R thidién tich Q ladién tichdiém. Ap ding céng tlic (8-8) ta tinhiuoc
cuong do dién E trong tai M:
Q
E=——— a
ArEE, @
b/ Néu h << R thidia tron 1a nit phaing ©ng vo han. Ap ding céng tic (8-22) ta tinh
duoc arong do dién treong tai M:

-7 . Q __Q
= 2¢e, S2ee, 2TRéc, (b)

o

¢/ Treong hop h Hit ki, 4p ding céng tikc (8-10) ta tinkiugc arong do dién trrong E i
M:

Q L (c)

E= 1-
2nR’ee, ( R? )
+
h2

Biéu thirc (a) va (b) 1a hai trong hyp riéng @a biéu thic (c)
Cau héi : Hay trinh bay cachad tr (c)ra (a)va(b)

2/ Pién trwong gay ra bdi hai mit phang song song dng vé han mang dién déu
tréai d au

20



+o -0

M,
A
A 4
v

H.8.7

Cuongdd dién treong tai diém M giira hai ln

—

E, = E, + E. = 2E, =2E

we= < (8-23)
EE

(o]

Cuongdd dién treong tai diém N ngoai hai bn:

-

E, =E +E =0

3/ Pién trwong gay ra byi mot mit cau mangdién phan bb déu

A

Mot mat cau mangdién tich Q phan & déu, c6 tam O. Do tinh dh déi xtng

véch cam engdién D ciia mit ciu mangdién tich Q la niting dudng thing co phrong
Xuyén tam O.

Dé xacdinh dién treong ki mot diém N ram bat ki bén trong it ciu mang
dién. Tir diem N ta & mot mat cau (Sy) c6 tam O. Ap dng dinh li O-Gdoi vaoi mat
cau (Sy):

-

®, = jb.s =0
(5)

Suyra; D=0
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Vi diém N ladiém bat ki nam trong nat ciu mangdién tich Q, nén suy rdién
truong bén trong @t cau namgdién tich Q fang O.

li O-G ddi véi mat cau (Su):

Dé xacdinh dién truong i mot diem M nam ngoai nat cau mangdién tich Q
va cach tam O it doan r. Tir diem M ta \& mot mat cau (Sy) c6 tam O. Ap dngdinh

D, [Dds =Q
(Sw)

O, = des =Q
(S)

Do tinh clt d6i xang nén &m tng dién D tai moi diém trén mit Sy gidong
nhau.
O, = Djds =D41* = Q
)
Vay cam tng dién tai diém M:
p=_2
4rrr?

Q
E= 8-24
ATEET? ( )
Nhan xét:

Suy ra @ong do dién treong E i diém M nim ngoai nit ciu mangdién tich Q:

cua mbt dién tichdiém q:

Cong thirc tinh arong do dién trwong E bi diém M nim ngoai njt ciu mang
dién tich Q (8-24) co ghg toan loc giong cong tikc (8-8) tinh aong do dién truong

V. Pién thé

V.1. Chitng minh trwong tinh dién |1a trwong luc thé

H.8.9

_______________________ \(2)
q -e

Mot dign tichdiém g, chuyen dong tir vi tri (1) dén vj tri (2) theo mt duong
cong ( C) At ki trong trong fnhdién aiadién tichdiém g. Ta c6 congi@ luc finh
dién F tac ding 1én @ trong dch chugn trén.
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@. .
1)

A = )‘ Fds
1)
- _ Qg -
Vi F=——— 2
o 4rEe, 1® ' )
Thé (2) vao (1) tong tr nhu truong hp din, ta tinhduoc:
p= %% qd,

arEe, 1, B arEe, 1,
Vi duong cong ( C) &t ki, nén cdng A chi phu thusc vao g var, .
Vay truong nhdién 1a trong e thé .

Bai tap 8.7

Hay tinh tich phan] E.ds=...7
©

V.2 Thé ning cia dién tich diém trong dién trwong
V.2.1. Thé niang cia dién tich diém g, trong dién trwong bat ki
Néu lay goc thé naing & v cung (o ), theo ( 3-9 ) ta c6:

W = Aloo=ji:ds

\6i: F = d E 14 lyc inhdién caa dién treong tac ang léndién tichdiém q
Vay ta c6 béu thic thé ning aiadién tichdiém g, trongdién traong:
Ed: (8-25)

H.8.10

Mot dién tichdiém q, dat tai vi tri (1) trongdién treong aiadién tichdiém q, g

cach g nit khaang r.
Ta c6 it naing aiadién tichdiém g, trongdién treong aiadién tichdiém q:

W= qEds (1)

@
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Ta ¢ véat cudng do dién traong tai mot diém trongdién trudng aiadién tich
diém q:

. q -
E= 2
Aree, r® (2)
Theo (1- 9) trong ith chuyn vi phén:ds =dr (3)
Theo toan bc: rdr = rdr (4)

Thé (2), (3)va(4)vao (1) targc:

(=)
Vt\/ = - q% d(lj
dree, + \r

L4y tich phan tatugc:

W= 3% 806 )

ArEE I

Néu haidién tich cing du thé ning drong.

Néu haidién tich trai du thé naing am.
Bai tap 8.8

Theo miu nguy@ni Bohr nguyénit Hydro gom cé ht proton mangtién tich q
= e =1,6.10" C va ht electron mangién tich e = - g= - 1,6.10"° C. Hat electron

chuyén dong chung quanhah proton trén g dao tron ban kinh r = 0,53.78 m. Hay
tinh @ nang W aia hat electron.

Pap $H: W = -21,735.10° J = - 13, 585 eV
leV =1,6.10"J
V.2.3. Thé niang cia dién tich diém g, trong dién trwong cia hé dién tich diém

00

Taco: W = q,ﬂzofs
@

w= Ykt (8-27)
Biéu thrc (8-27) la cdng tirc thé nang aia mpt dién tichdiem g, trong dién
treong aia mdt hé dién tichdiem
Bai tap 8.9
Dién tichdiém o = q, dit tai vi tri A vadién tichdiém o = - g, dit tai vi tri B.
Tinh tit ndng aia Mot dién tichdiém g dat tai diém M ném trénduong trung tec
cua AB va cach trundgiem O aia AB mojt doan h.
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V.3.Pién thé
V.3.1.Pinh nghia
Khai niém dién thé V tai mot diém trongdién treong duoc dinh ngha:
VALl (8-28)
q,
Pon Vi dién thé 1a Volt (V).
Néu biét dién thé V hoan toan co thtinh tié naing W, caa mbt dién tichdiém q
trongdién truong.
W qV (8-29)
V.3.2.Pién thé tai mét diém trong dién trwong bat ki
Tir (8-25) va ( 8-28 ) ta suy thén thé tai vi tri (1) trongdién truong:
V= [ Eds 68")
o
Phan tich:
Trong \at ly hoc dé do ar twong tac ngoi ta dung hai khai gim:

- Luc F dai lugng véct
- Thé ning W dai lvong vo hréng.
Cécdién tich trong tac Wi nhau théng qudién treong aia chung.
- Dé dic trung dién truong & pheong dién luc, ngroi ta ding khai @im

vécio cuong do dién treong E, Ia hrc cia dién treong tac dng I1én nt
don vi dién tich drong (g = +1 C)dat trong dién treong. Luc cia dién
truong tac aing Iendién tichdiém qdat trongdién truong 1a; F =g E
- D& dic trung dién truong v phuong dién ning leong, ngroi ta dung khai
niémdién the Vv, la thé’ nang aia mot don vi dién t[ch drong (g = +1 C)iat
trong dién treong. TR nang aia mot dién tichdiém g ti mot diém trong
dién treong la: W =qV
Quan & giita véct cuong do dién truong E vadién thé V dugc thiét lap boi
cong thirc (8-30)
V.3.3.Pién thé tai mot diém trong dién trwong ciaa mdt dién tich diém q
Tir (8-26 ) va ( 8-28) ta suy kién thé V tai mot diem trongdién truong aia
mot dién tichdiém q:

v =4 (8-31)
47EE ¥

Nhan xét:
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Tai moi diém trén ndt cau ban kinh r, c6 tam ién tichdiém q, codién thé vV
bang nhaugduoc goi la mat dang the. Buong src dién treong vudng goc & mat dang

thé.Véct cudongdo dién treong E 6 chiu huéng theo chiu giam ciadién thé.

V.3.4.Pién thé tai mgt diém trong dién trwong cia hé dién tich diém
Tir (8-27 ) va ( 8-28 ) ta suy kién thé V tai mot diem trongdién treong aia
mot hé dién tichdiem:

n q
vV = — 8-32
Z‘ A71EE, 1, ( )

Bai tap 8.10
bién tichdiém q, = ¢, dat tai vi tri A vadién tichdiém o = - ¢, dit tai vi tri B.

Tinhdién thé V tai diém M nam trénduong trung trec cia AB va céach trungiém
O aia AB not doan h.

V.3.5. Hiéu dién thé
Theo (8-30) ta c6 Bu dién thé giita haidiém (1) va (2) trongfién truong:
U=V-V, = [Eds- [Eds= |Eds + [Eds = [Eds
@ (2 @ () @
@ .
\dy: U=V-V,= [Eds (8-33)
o)
Pon vj hiéu dién thé 1a (V).
V.3.6. CONng @a luc tinh dién
Mot dién tichdiém q chuygn dong trongdién truong, € bi dién tredong tac ding
mot luc tinh dién: F= q E

Ta c6 cong a luc inh dién F tac ding léndién tich q trong &th chuygn tir vi
tri (1) den vi tri (2) trongdién traeong.
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@_ . @ . _ @ .
A = J'F s:quds=qr Eds @Q,* Y
(2) @ @
Ah=q(V- V) (8-34)
Ap = q(M—-V2)=qVl-qv2=W - Wy
A = Wy - W (8-35)

Biéu thic (8-35) chinh latinh Ii thé nang
VI. Ning lweng dién cia hé dién tich diém

A r B 00
01 02

Ta c6 haidién tichdiém o, va @ o rat xa nhau va khéngrong tac nhaubién
tich q o diém A, dién tich g ¢ vi tri vb cung ¢).

Ta c6 cong wa luc tinh dién do q tac ding I1én g khi dua dién tich g tur vo
cuing ¢0) dén vi tri B cach A nét doan r.

As = (Ve -Vs)
Véi: V., = 0 1adién thé tai o trongdién truong aia g

Va Vg= — b |adién thé tai vi tr B trongdién treong @ia g
ArEET

Ay _ q
Vay: A = - 4711 icr
0

Goi F la lyc ta tac dng 1én g dé dua o v& vi tri B va F, 1a Iyc tinhdién ma g

tac ding Ién @. Ta cO:F =- IEe

Vay cong A @a luc F tao nén 1§ dien tichdiém:

- _ AB o q1q2
ArEET

~ Theodinh luit bao toan rng rgng cong ma ta tiéh dé tao nén B dién tich
diém bang ning rgng dién cia ke dién tichdiem.

W i A o q1q2
ArE £

Ta co tié viét:
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1 1
=V, +=oV
W 2Q1 1 2Q2 2

Trongdo:

= ladién thé tai vi tri dat g, trongdién trudng aia o

-V, = % ladién thé tai vi tri dit o trongdién treong cla g
ArEEY

Suy 6ng ra ring krong dién aia k& ndién tichdiém.
0.1
W = Zaqi Vi (8-36)
i=1
Trongdo V; ladién thé tai vi tri dat dién tich g trongdién treong aia cacdién
tich con i, dugc xacdinh theo ( 8-32).
VII. V 4t din
VII.1. Piéu kién can bang tinh dién cia vat din
Vit dan la vat & bén trong no6 c6 caahdién tr do, Vi di kim loai.

Mot vat din mang mt dién tich Q khig trang thai can fng nh dién thidién
truong trong vt din bing khoéng vaduong sic dién treong ¢ 1an dn vat din vuéng
goc Wi mit ngoai \it dan.

Nguroi ta izng dung tinh clat nay dé ché tgo man clin tinh dién. Mgt vit dan
bang kim lai dat trong dién trwong ngoai,dién treong ngodi khéng vaduroc trong
phan réng, vi trong phn réngdién trong hing khéng.

VI1.2. Céac tinh chét cia vat din mangdién é trang thai can bing tinh dién
VI1.2.1. Vat din |a vat dang thé

“Léy haidiém bat ki (1) va (2)o trong hay trén at dan. Ta tinh hju dién thé gita
haidiem (1) va (2):

@ .
M-V, = j Eds = 0
&l
« (Vi E =0)
e Suyra | =V,
e Vay moi diém trén \it din codién thé bang nhau.
VI1.2.2. Pién tich chi phan b ¢ mit ngoai vat dan
Tuong trong mht mat (S) rim ¢ trong va séat fit ngoai it dan. Ap ding dinh Ii
O- Gdbi véi mit (S).

®, = [DdS =Yg =0
(s)
(ViD =0)
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Vay dién tich chi phan 1b ¢ mat ngoai \at dan va p trung bn nkat ¢ mai nhon.
Nguoi ta ing dung tinh clat naydé che tao oot thu 16i (clong sét)

VII.3. Ning hrgng dién cia vat dan

Dé tinh ring rong dién aia mot vat din  mang mt dién tich Q, ta chia at dan
thanh nitng dién tichdiém g (Q = " q; ), moi dién tichdiém g codién thé gidng nhau (
Vi = V)

Theo (8-36 ) ta coamg lrgng dién caa vat dan mangdién tich Q va cdtién thé
V:

1 1 1 1
W. = —q V. = —qV ==V . ==0QV
A iqu =25V =S Zq 5Q

1

W o Qv (8-37)
VIl.4. T u dién phang
+Q -Q
V1 - o é ) . 2
S H.8.10

d

Tu dién phing ¢m hai mit phang bing kim laai cé cing dén tich S,dat d6i
dién song song nhau, cach nha@tmoan d. Khi x dién tichdién, gia ti dién tich trén
hai bin bing Q va trai du. bién thé trén kin dueong la 4, dién thé trén Bin am 1a \.
Dién treong gira hai kin ladién truong déu:

)

g
&€,

0

E=

Dé dit trung cho Kkl ning tichdién cia t dién. Nauoi ta dung khai réim dién
dung Cduoc dinh ngha:

_ Q _
C v (3-B8

~ Néw:Vi—V, =1V,suyra: C= Q.4aydién dung C aa s dién co gia tf
bang dién tich tich chou dién, dé hiéu dién the gitra hai lan tu dién bang 1V, hay ing
én 1V.

bon vi cuadién dung la Fara ( F)
uE = 10°F
1 pF 10%F
Theo ( 8-33) ta co Bl dién thé gitra hai fn:
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U=Y-V,= jEds = jEds = ETds: Ed
0

U=Ed (8-39)
Taco: Q =c S, mit khac theo (1)o =¢£.E
Suyra: Q =¢,SE (2)
Thé (2) va (8-39) vao (8-38), throc:

C 55(;5 (8-40)

Vay dién dung C da tu dién chi phu thusc vao hinh dng, kich tixéc va moi
truong gira hai hin.
VIII. N ang lwgng dién trwong
VIII.1. N ang lwgng cia tu dién:
Hai ban cia ty dién Ia hai it din c6 cung gia trdién tich Q, nlang trai diu.
Theo (8-37 ) ta cdéamg rong aia tu dién.

We = We(@) +We(Q) =2 QVi— QVa=2 Q(Vi=V2) =2 QU
W= QU (8-41)

VIII.2. N ing lwong cia dién trwong déu
Vé6i U = Edva Q =&, SE thé vao (8-41), tatugc:

1 1 1
W, = 5 Qv:E g€o E2Sd =3 & E%v
_1 2
=5 g, E°V (8-42)

Hay: W= = EDv (8-43)

N~

Trongdo:

v = Sd |a th tich chradién treong déu giira hai ln tu

D =¢g, E la éaming dién

Nang krong @ia t dién chia trongdién truong déu giira hai hin. Suy ong ra
cac béu thac (8-42 ) va (8-43 jiugc dungde tinh ring lugng aia dién truong déu
chira trong tké tich v naado.

Ta c6 nat @6 niang lrong aiadién trudng déu:

W, 1
= 2 =Zg¢eFE?
e v 2°
_ 1 2
We = EgogE (8-44)
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VI11.3. N ing lwong cia dién trwong bat ki
~ Dé tinh ning lrong aia Mt dién trrong bit ki E chira trong tié tich v, ta chia
thé tich v 'ghanh niing the tich dv at nho, sao cho trong pim vi dv dién treong duoc
xem nhr déu Ta c6 ing rong dién truong trong plam vi dv:
dW =w. dv = %gogEzdv
Suy ra #ing lrong aiadién tredng bit ki E trong th tich v.

W, = jlgogEzdv: jl DEdv (8-45)
w2 2

IX. Hi én twong dién hwéng

H.8.11

A

(BC)

IX.1. Hién tweng dién hwéng

Hieén twong dién hueong la hén twong, khi tadiat mot vat dan (BC) vao trong
mot dién tredng ngoaik, thi trén cac rit déi dién (B) va (C) @a it din (BC) cb xdt
hién cacdién tich am ang q. tréi diu.
IX.2.Giai thich hién twong dién hwéng

Khi ta dat vat dan (BC), vi di kim loai, vao trongdién truong ngoai cé véot
cuong do dién traeong Ifo tao ra ki dién tich Q. bién trwong ngoai tac gng lén hat
electron & do aia kim laai mét luc tinh dién F= eEﬂ0 . Dudi tac duing aia luc tinh dién
F hat electron dch chugn vé dau (B), 1am chodau (B) tichdién am (-) vadau (C)
tich dién duong (+). bién tich tréndau (B) vadau (C) duoc goi la dién tich éam ung
-
IX.3. Hién twong dién hwéng mt phan va toan phan

~ Trong hén twgng dién heong mbt phan chi c6 nbt phan duong sic tir dién tich
Qo két thac trén vt dan (BC).

Trong hén trong dién heong mot phan: Q) > g,

, Trong hén teong dién heong toan phn toan 16 duong sic tir dién tich Q déu
ké'g thuc trén vt dan (BC), gira hai lan cia tu dién xay ra hién twong dién hueong toan
phan.

Trong hén trongdién heong toan phn: Q = o
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X. Hién twgng phan arc dién moi
X.1. Hién twgng phan arc dién moi
bién mbi la mdi trong cachdién, trongdién méi khdng co cédién tich tr do.
Hién trong phan gc dién mai 1a hén twong khi tadat mot khdi dién méi (BC)
vao trong nit dién treong ngoai co véotcuong do dién treong |§0 thi trén cac riit di
dién (B) va (C) éa khoi dien mdi (BC) c6 xat hién cacdién tich 1&n Kt g, trai diu.

Eo
+Q — -Q
—5
> - . +>
> - EZ0 +|»
o +Ls H.8.12

X.2. Giai thich hién twong phan arc di¢n maoi

Doi voi chat dign moi duoc ciu tao tir nhitng phan t tw phan ec, Vi dy nhr (
H,0), noi phan r la not luong arc dién. Khi chea dat trongdién treong ngoai cé véot

cudng do dién treong Eo do chugn dong nhét cac phanit sip xép mot cach 1Bn loan.

Khi dat trongdién treong ngoaidién treong ngodi tacahg I€n rdng arc dién
phan &, lam cho cacuong arc dién phan i quaydinh hrong theodién traong ngoai

Eo.  Kétqualam cho cac @t gisi han (B) va (C) @a khi dien moi mang cadién
tich lién ket trai dau.

L X = = #] [©
Em H.8.13

(B) (©)

Déi véi chat dién moidugc ciu tao tir nhixng phan t khong & phan ec (vi dy
H, moi phan i khéng pldi Ia mét luong arc dién)

Khi dat trongdién treong ngoai cé véot cuong do dién treong Eo, dién truong
ngoai tac dng lIén phanit, lam bén dang phan & va bén phan & thanh nét ludng
cuc dién, dinh hréng theodién trrong ngoai. Kt qua lam cho cac it gisi han (B) va
(C) aua khbi dien méi mang cadién tich kién Kt trai diu.
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W £ e e )] e
\_\i + - +)— ib H.8.14

Hién trong phan gc dién moi 1a © v i thuyét dé giai thich @i sao véat

cuong do dién treong E trong méi tedng nhd hon trong chan khong lan.
XI. Hi én twgng apdién

Hién tugng apdién do hai Nha & ly nguoi Phap Pierre Curie va Jacques Curie
phat hgn nam 1880.
XI.1. Hién twong apdién thuan

Hién tuong apdién thuan 1a hén tugng, khi ta nén hay dér] |én hainddi dié’n
cua khoi dién mdi, vi di thach anh, thi trén hai #hdoi dién cia l,<h3i dién moi co xiat
hién cacdién tich trai du. Trong h@n tuong apdién thuan ¢ ben daodong o thanh
daodongdién, duroc ung dung dé cheé tao dau nhin siéu am...

[ s l

Nén Déan
XI.2.Hién twgng apdién nghich
Hién trong apdién ngtich & hén trong khi tadit mot khéi dién madi vao trong
mot dién truong ngodiEo bién thién xoay chéiu theo tidi gian thi kidi dién mai co
dan theo phiong aia dién tredng NgodiEe va co &n $ co dén Bng tn $ caa dién

treong ngoai Eo bién thién xoay chiu. Trong hén trong apdién ngtich da bién dao
dongdién thanh da@ong @, diroc irng dung dé cheé tao dau phat siéu am...
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_______________________

XIl. Ch 4t ban dan
XI11.1.Ch 4t ban dan

Trong clit ban dn cac hat electron € ) c6 lién Kt yéu véi nguyén & caa chHit
ban din.Vi dy: Trong chit ban dn Silic (Si)dé hat € thoat ra kbi nguyén & Si cin
mot ning wong E, = 1,1 eV, i leV = 1,9.10° J. ( Cho bit ning lrgng aia hat
photon @a anh sango A = 0,7um bing E = 2,84.10°J )

O nhiét do thap chit ban dn la chit cachdién. O nhiét do binh throng ning
luong chugn dong nhet cua hat € du d€ birc hat € thoat ra kibi nguyén & chat ban
dan tro thanh lat € ty do. Vay o nhiét d6 binh throng chit ban din 1a chit dan dién

XI1.2.Ch 4t ban din tinh khi ét

H.8.17

O nhigt do phong fat € ¢6 riing krong nhét du dé thoat ra khi nguyén & cua chit
ban dn de tré thanh fat € tw do. Va 4o raé nguyénir chat ban dn not 16 trong p .

Nhu vy trong cfat ban dn tinh khit s hat € ty do () va $ 15 trong po
mang tinh ti¢ chat ban dn (n, ) bing nhau: = n,

Khi dat chit ban din trongdién traong E. Dién truong E tac ding 1én ht € tu
do 1am chiing chdn dong c6 lwéng ( ngroc chiu E ) tao nén donggién Ie.

Mat khacdién treong E ciing tac dng 1én ht € con lién Kt voi nguyén t, 1am no
thodt ra kidi lién ket voi nguyén i toi “chiem” mét 16 trong p va 4o ra ndt 16 trong p ndi.
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Céac b trong p chu;%n dong ngroc chiu véi chiéu chuyén dong aia hat €. Sr
chuyén dong aia hat € lién két cing to nén dongfi¢n 1.

Ngudi ta dén dat mot cach khac dondién |, naydugc tao ra hbi su chuyén
dong aia I tréng p.
~ Nhu vay dongdién trong clt ban dn tinh khet duoc tao ra ki cac hit € ty do vad
trongp: 1=L+1,.

X11.3. Ch 4t ban din loai n
Néu pha vao cit ban dn Silic (hoa ti 4) mot tap chit Photpho ( hoa t15).

~ Nguyén i tap chit P c6 dr mot hat € hoa ti khong tham gia vao liérékvoi mang
chat ban dn’Si. Hit € du nay lién Kt rat yeu Wi nguyén tr tap chat P. Ch can nkan mot
nang lrong ft nhd AE = 0,045 eV, ndé&dang thoat ra ki nguyén ¢ P t& thanh lat € tu
do.

Nhu vay cir pha vao chit ban dn Silic mjt nguyén i tap chit P, $ tao ra not
hat € tu do din dién.

Trong clit ban dn Silic pha P&hat € tw do () lén hon $ 16 trdng p (1R ): ne>
np .

Céc ht € ty doduoc goi la cachat tdi dién da .

Céc b trong pduoc goi 1a cachat tdi dién thiéu 5.

Trong chit ban dn ma: R > n, dugc goi 1 chat ban din logi n.




X11.4. Ch 4t ban dén loai p

H.8.20

Néu pha vao ciit ban dn Silic (hoa tr 4) mot tap chit Nhém ( Al ¢6 hoa ir3)

Nguyén tr tap chit Al con thiéu mot hat € hod ti tham gia vao lién & voi
mang chit ban dn Si .Pé lap vao c thiéu nay, nguyéentt tap chit Al “muon” mot
hat € hoa ti cua nguyénit Silic va o ra nét 15 tréng p.

Nang lrong ma hat € lién ket’ cua nguyén ¢t Si nhin vao dé thoat ra kb
nguyén & Si va cho nguyénittap chit Al “muon” dé tao lién ket voi mang chat ban
dan Sila 4t nho AE = 0,0057 eV.

~ Nhu vay cr pha vao cht ban dn Silic mt nguyén i tap chit Al s& tao ra nt 15
trong

Trong clat ban dn Silic pha Al § hat € ty do () nhd hon 16 trong p (R ): 1, > e
Céc ht € ty dodugc goi la cachat tdi dién thidu 5.
Céc b tréng p duoc goi la cachat tdi dién da .
Trong chit ban dn ma: n > n, dugc goi 1 chat ban din logi p.
XI1.5. L ép chuyén tiép p-n

p n p n

+ 4+ +

Po—7—>

«——eo6€ H.8.22

m:

“Khi cho hai clat ban dn loai p va n tép xtc nhau. Do&I6 trong & bén p én
hon £ 16 trong & bén n. Nén cowskhuech tan é trong tr bén p sang bén n.

Do $ hat € dan ¢ bén n én hon & hat € din & bén p. Nén couskhuéch tan
hat € dan tr bén n sang bén p.

Dan dén két qua tai vang tiép giap p-n: bén n mantjén tich drong (+) va bén
p mangdién tich am (-).
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Tai noi tiép xuic p-n xdt hién mot dién treong tép xuc cé véet cudng do dién
truong E huéng tir n sang pbién trrong tiép xuc E c6 tac dng chong ki dong cac ht

tai dién da $ di qua bp chuyn tiép p-n, nleng ki co tac ding kéo cac #t tai dién thiéu
sd qua bp chuyn tiép p-n.

Tir 16p chuyn tiép p-n ng@eoi ta cré tgo ra cac linh kén dién t#:

Diod ban dn, Tranzito ban dn, vi much (IC), pin nat troi, diod phat quang quang
(LED), LASER bandnh...

Tham khao (doc thém)
Lo vi séng

Lo vi séng la thit bj tzo radién trirong E xoay chéu cao tin c6 tin % khaing
2.500 MHz. Tlic an nau trong |0 vi song pii c6 tham neoc (H,0)

Phan t nuéc 1a mst lwong arc dién. Gr hai hay ba phanit nuéc lién ket véi

nhau thanh nhém. &g keong chuyn déng nhist cia trng phan & chuyn thanh tig
nang trong tac @a nhom.

Khi rnuoc duoc dat trongdién truong E xoay chéu cao tin. Pién trirong E tac
dung 18n nking phan & nudc 1am né quay xoay chi, dong ning ting din dén nhigt

dé ting, nhom ba phanitruréc khi quay xoay chu bi phan ra, tid ning bén thanh
nhiét nang aing lam nhét do tang.

CONG THUC VAT LY CH UONG 8
1/ Pinh luat Coulomb

F= 477(‘::’(5(310r3’F (8-1)
- 2
k = = 9.10 Nm?/C?
471

Hing $ dién: &, = 8,86 .10 C¥/N.m?

2/ Veto cwdng do dién trwong E

F=qE 883)
3/ Vécl cudng dd dién trwong aia mét dién tich diém g
q —
=9 8-4
ATEE, I° (8-4)

m:
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al

E= —— 8-5
ATEE, I'? (
4/ Vécto caong dd dién trwong cia hé dién tich diém
E=)E 8-¢)
i=1
5/ Véclr crdng dd dién trwong aia mét dién tich bat ki
O (8-7)
() ATEE o
6/ Vécio cam wng dién
D= &€, E (8-8)
7/Dién thdng
®, = [D.ds (8-9)
()
8/ Phét biéu dinh Ii O-G ciaa dién trwong
Dang tich phan
®, = [Dds = }q (8-10)
() i
Dang vi phan
divD = p (8-11)

9/ Pién trwong gay ra byi mit phang mangdién déu réng vo han
o

E = 8-12
2¢e¢, ( )

10/ Pién trwdong giira hai mit phang song song éng vé han mang dién déu trai
diu

ag

E‘l = ( 8-13 )
€€,
11/ Cwong dd dién trwong E tai diém M nam ngoai mit ciu mangdién tich Q
=2 (8-14)
4rE,E1

12/ Thé ning aia dién tich diém g, trong dién trwang bat ki

Wi = @ Eds (8-15)

13/Thé ning aia dién tich diém g, trong dién trwong cia dién tich diém g
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W= % (8-16)
4rEE ¥

14/ Thé ning cia dién tich diém q, trong dién trwong caa hé dién tich diém

W= y-%d (817)

— 4TEE I,
15/Pién thé vV
W= qVv (8-18)
16/ Pién thé tai mét diém trong dién trwong bt ki
V = [Eds (8-19)
@

17/Pién thé tai mat diém trong dién trwong cia mot dién tich diém q

v =—4 (8-20)
47EE ¥

18/Pién thé tai mat diém trong dién trwong cia hé dién tich diém
n q
V = —— 8-21
Z‘ ATEE, T, ( )

19/ Hiéu dién thé

U=V-V, = [Eds (8-22)

20/ Cong aia lyc tinh dién

A> = q(M - V2) (8-23)
Az = Wy - We (8-24)
21/ Ning lhrgng dién caa hé dién tich diém
0.1
W = qu Vi (8-25)
i=1

22/ Ning lwong dién ciia vat dan

W= % QV (8-26)
23/ Tu dién phang
C= vl?v2 28 (3-27)
® —g‘i;S (8-28)

24/ Nang lwgng aia tu dién
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:% QU (8-29)
25/ Ning hrong aia dién trwong déu
- % g6q E2V (8-30)
W, = % ED v (8-31)
26/ Ning lwong cia dién trwong bét ki

W, = jlgerzdw ji DEdv (8-32)
w2 2

CAU HOI TRAC NGHIEM CHUONG 8

Cau 1: Lyc twong tac inhdién gitra haidién tichdiém o, = o = g, > O dat tai Ava B
la f. Neu dat thém vao trungliém cia AB mot dién tich g = qo. Khido luc tac ding

léndién tich g hay g 1a F Bing :
a) F=2f
b) F = 3f
c) F=4f
d) F=5f

Cau 2: Hai dién tichdiém o, = qova @ = - @, dit tai hai diém A va B . \Ay vécb

cudng do dién treong E cia ke tai nhitng diém rim trénduong trung tec cia AB hop

véi duong trung teec mot goca ?
a)a=0
b) a <172 khira xa &
Cc) a=T172
d) o <172 khi lai gan hé

Cau 3: Taivi tri 1 cachdién tichdiém g not khoang r, = 1m c6 aong do dién trwong &
=10 V/m . \ay tai vi tri 2 cach g it khaang L, = 2m c6 aongdo dién treong B bang:

a) E,=2,5V/m
b) E; =3 V/m
c) E;=5V/m
d E,=7,5V/m

Cau 4: Chon phat béu sai \é tinh cHit caa duong src dién treong E:

a) khong @t nhau
b) dira tir dién tich drong
c) hudng vaodién tich am

40



d) lién tuc khidi qua miit ngan cach gira hai mdi teong

Cau 5: Nudc c6 hing 9 dign moie = 81. Trén 1rhcia mit nuéc c6 162duong sic
dién truong E di tor chan khéng vaoudc .Vay sau khi qua @t nudéc con hi may
duong:

a) 2

b) 27
c) 81
d) 162

Cau 6: Nudc c6 ting $ dién moie = 81. Trén Lrhicua mit nuéc ¢6 162duong cim
ungdién D di tir chan khéng vaoudc. Vay sau khi qua it nudc con hi may duong:

a) 2

b) 27

c) 81

d) 162
Cau 7:bién thongdi qua ndt mat kin S nlan gia ti:

a) ludn hing khéng

b) duong

c) am

d) c6 thé am, drong hay ing khéng ty theo méi teong trong nat kin .
Cau 8:bién théngdi vao mot mat kin S nlan gié ti :

a) ludn hing khong

b) duong

c) am

d) co thé am, drong hay Bing khdng ty theo madi teong trong nat kin .
Cau 9: bién théngdi ra mot mat kin S nlan gia ti:

a) ludn hing khéng

b) duong

C) am

d) c6 thé am, drong hay Bing khéng ty theo méi teong trong nat kin .

Cau 10: Hai mat ciu dong tam, nit ciu mot c6 ban kinhyrva din tich §, mat ciu
hai c6 ban kinhor= 2 p va dén tich S. Tai tdm aia hai ndt cau c6 ndt dién tichdiem
g.Goi @, va@, ladién thdng qua Sva S . Vay:

a) =@

b) &=2¢
C) =4¢
d) @=2¢
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Cau 11 Luu  cia véct cudng do dién treong nh E doc theo nat duong cong kin
(C) cé giartr:

a) ludn luén king khéng

b) pha thuoc vao kich tieéc duong cong kin

¢) phu thwe vaodién truong E
d) phu thuoc vao hinh dng duong cong kin .

Cau 12 Cong @a lyc tinhdién F doc theo ngt duong cong kin (C) co giaitr
a) ludn luén king khéng
b) pha thudc vao kich tieéc duong cong kin

c) phu thudc vaodién treong F
d) phy thupc vao hinh dngdudng cong kin .

Cau 13: Bi¢n tichdiém g, =-10"*C chugn dong chung quanti¢n tichdiém q = 10 “C
trén qg dao tron ban kinh r = 1m trong chan khongyVhe ning W cuadi¢n tich g trong
dién treong aiadién tich g fang :

a) W,=-45]
b) W,=-90J
c) W, = 45
d) W, = 90J

Cau 14: Mot di¢n tichdiém g, = 107 °C chuyn dong trongdién trrong aia mot dién
tichdiém g = 107 3C tix vi tri 1 cach g it doan r, = Imdeén vi tri 2 cach g rét doan r,
= 2m trong chan khéng .8y cong @ia luc inhdién tac ding I1é€n @:

a) A=451
b) A=-45J
c) A=9J

d A=-9J

Cau 15: Haidiéntichq=q va g = - g, dat tai hai diém AvaB trong chan khong ay
cong A dia luc inh dién tdc ding 1é€n dién tichdiem q khi dch chuyn theoduong trung
truc aila AB ?

a) A=0
b) A tiang khi ki gan hg
c) A giam khi ra xa &
d) A cuc dai tai O trungdiém caa AB
Cau 16:Puong sic dién treong hop voi mat dang thé mot goc :
a) a=0
b) o =12
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c) a>rv2
d) o <2
Cau 17: Mot qua cau kim loai mangdién. Phéat biu nao sautiing .
a) dién tredng giam tir miat ciu vao tdm
b) dién thé giam tir mit ciu vao tam
c) dién thé tai tm qui cau bang khéng
d) dién thé tai moi diém trong qu ciu bing nhau

Cau 18 :Khi dién tich Q @a 1 dién thayddi thi dai lvong nao saui@ t dién khdng
thaydoi:

a) dién dung

b) dién truong
c) hiéu dién thé
d) nang hrong

43



CHUONG 9: TU TRUONG

[. DOng dién

~Nam 1800 Nha §t Iy ngudi Y 1a Volta d& phat minh ra ndin dign mot chicu
dau tién. Chéc pin Voltadau tiéndugc ché tao gom mot ban Kém va nét ban Bong
nhang trong dungidh acid sunfuric.

[.1. Dong dién
Dongdién 1a dong chugn dong cé hrong aia cécdién tich . Chéu dongdién
duoc quiudc la chéu chuyn dong aia at mangdién tich drong hay ngoc chiu

chuyén dong hat mangdién tich am hay cuing chi véi vécto cuong d6 dién truong E
tao ra dongdién.

Phan Tich:

i Binh thxc‘mg trong not day dn, vi dx d@yDéng, cac ht electron tr do trong
day din chuyén dong nhét hon loan, trong day dn khdong cé dongién.

Néu trong day @n c6 bn tai mot dién trrong vi mo, khéc i dién trrong trong
nguyén & cau tao day dn ladién traong vi mo,dién truong tac ang I1én ht electron

mot luc inh dién F =e E. Dudi tac ding dia luc tinhdién F cac ht electron chu§n
dong co lréng , ngrgc chiéu Véi véctr cudng do dién truong E, tao nén dongtién.

Dién truong lan trugn theo day ah rit nhanh Bng van tbc anh sang. Khi lan
truyén theo day aéh dién truong tac dng Ién cac #t electron it luc tinh dién

F =eE 1am cho cac 4t electron & do i d6 chuyén dong c6 hréng va ho dongdién
tai do.
[.2. Cwong do dongdién
_ Cuwong do dongdién | c6 gid ti biang dién hrong dch chugn qua tét dién day
dan trong ndt giay .
1= 9

Trong & don vi Qudc ¥ (S.1)don vi cua arong do dongdién 1a Ampere (A).
Déi vai dongdién khongdoi:
q =1t (9-2)

v

vy

o H.9.1

v
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~ Theo (9-1) @ongdo dongdién | cé gia ti bang dién lweng dich chugn qua
tict dien S, cia day dn trong ndt giay.

Theo hinh ¥ v la doan duong hat dién g dch chugn trong nét gidy. Vay sb
hat dién g dch chuygn qua tét dién S, trong mot gidy bing $ hat dién chra trong th
tich dV = v.S. Goi n, la mat d6 hat dién trong day an (sH hat dién trén ndt don vi thé
tich), $ hat dién chra trong th tich dV lan=gv.

Vay dign lwgng dich chugn qua tét dién S, cua day dn trong nét gidy hay
cuong dé dongdién | chay qua tét dién S..

I=n |q|v.S (9-3)
[.3.Vécto mat dg dongdién :

Véct mat do dbﬁngdién Jla dai lwong dit trung cho plrong chéu vads lon
cua dongdién tai mot diem, duoc dinh ngha :

J=nqv (9-4)
Vi :
* N, la mat do hat dién.
e (ladiéntich aia hat dién.
v van tbc c6 heéng aia hat dién .
Ta c6do l1on caa J:
I |v (9-5)

H.9.2 | o ——»

Gia sir c6 dongtién khéngddi | chuyén dong trong nét day din hinh to tiét dién S..
Nhan hai ¢ biéu thic ( 9-5) \6i S,.. Taduoc:

S =nlglv.s
Theo (9-3) ta co:
SI=nlq|v.s =1
Vay: I=J.§ (9-6)

Nhu vay véct mat do dongdign J cuing chéu véi dongdién, c6do l6n bing
cuong do dongdién qua ndt don vi tiét dien day dn.

Tir hinh \& va béu thirc (9-6) ta co:
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| =J.S=J.S.cas = J.S (9-7)
Véi:
S la mit bat ki
« S=S rlavéct vudng goc ¥i mat S, codo I6n king gia ti cia mit S.
« n lavéct phap tugn don vi caa mit phing S.
Trong tirong hop tong quéat, ta cé:

I §J.ds (9-8)
3

4. Phan tir dongdién: .
l.d/
| dv H.9.3

Trén dongdién | tao mdt doan rat ngin d¢  dwoc xem nhr thang . Trénd¢
thiét 1ap véct d¢ theo chéu dongdien. PHin tir dongdién 14 not dai luong véct
duoc dinh ngha: 1d¢

Theo (9-6) ta co:

1d¢ =J.5.d¢ (1)
Vi J va d¢ cung chiu nén ta vt lai (1)

1d¢ =J.5.d¢ =S.de.J (2
Thé (9-4) vao (2) tatuoc:

ld¢ =S, d. noqQ:an
Hay: Id¢ =n qx? (9-9)

Véin=n,S, d¢ 1a $ hat dién q chira trong day &h tng Wi phan tir dongdién 1 d
[I. Pinh luat Biot — Savart — Laplace

Nam 1820 Nha &t ly nguoi BDan Mach Oersteddd kham pha ra dondjén tao
ra chung quanh no ghtur truong. T d6 da khai sinh ra @t linh wrc nghién @u vat
ly méi la dién tir hoc.
I.1. T trwong

Dongdién hay ht dién chuyén dong to ra trong khong gian chung quanh no
mot tir truong. T truong la mdt dang Vat chat lan truyen trong khéng gianamg vin
téc aia
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anh sang. ¥ong tac t gitta cac dongiién dugc thec hien thong quatt truong aia
chang . Tinh cfit co ban acia tir treong 1a tac dng 18n donglién hay ht dién chuyén
dong ndt luc tu.

Dé dic trung tr truong v phuong dién luc. Nouoi ta dung khai dim véct
cam (g trB.

b6 lon cia véct cam ang tir B duoc goi la cam ing tr B.

Trong k¢ don vi Quic t (S.I)don vi cia cim tr B 1a Tesla ( T).

Nam 1826 Nha §t ly nguoi Phap Ampereid dua ra cach gi thich tr truong
do cac nam chamrtnhién to ra la do caadongdi¢n phan t tao ra va éng chinh
Ampere la ngoi tao ra nam chandién dau tién.

[I.2 . Pinh luat Biot — Savart — Laplace (1820)

Vécr cam ang tr dB cia tr truong do pln tr dongdién 1dv gay raduoc
xacdinh theadinh luat Biot — Savart — Laplace

qg= Mt 1dlx T ( 9-10)
4T’
. dB codd lon: d5=%'df§'”9 (9-11)
T

Véir 0= (1d7,r)
- dB c6 phrong vudng goc & 1d7 var
- dB c¢6 chéu dugc xacdinh theo qui ic ban tay phi: dit ban tay
phii theo chéu dongdién , sao cho long ban tay nhid diém xac
dinh tr truong, chéu ngon céi dang ra 1a éhi cia dB .
V6
* Wo=4m10 "H/m lating $ tir

e u lado tr thAm ti di caa méi trdng, diac treng cho tinh cht tir
cia moi trong, trong chan khéng = 1

H.9.4
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[1.3. Vécto cwong dd tir trwong

Trong méi tedng ddng cHit vading hréng véct cuong do tir truongH duoc
dinh ngha:

(9-12)
Do I6n caa véct cuong do tir tru:érngﬁ duoc goi la crong do tir truong H.

Trong ¢ don vi Qudc t (S.I)don vi caa ardong do tir treong H 1a A/m .
I.4. T trwdng cia mot hat dién g chuyén dong

H.9.5

Goi n 14 $ hat dién chra trong day &h ang Wi phan tr dongdién | d¢ va dB
la véct cam ung tr do ptin tir dongdién | de gay ra. Ta suy ra vactcam ang ftir
B, cua tir truong do hat dién g chugn dong gay ra:

—

> d
B, = Y (1)

Thé (9-10) vao (1) tauoc:

1 uu ldexr

Bl AL 2
n 4m r® @)
Thé (9-9) vao (2) tatuoc:

B, =

o1 g, nquxr
Bq=—. —
n 4 r

Vay vécb cam ung tr éq cua tr truong do hat dién g chugn dong wi vécio

van tdc v gay ra i diém M cach q it doan r dugc xacdinh theo bdu thic sau:
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g = M QUXT

LRV S (©-13)
- .v.sin@
* B, €040 lon: B, :Z—’L;;W% (9-14)

V6i 0= (v,r)
* B, c0 phrong vudng géc&i v var

e Chiéu cia I§q duoc xacdinh theo quiic ban tay phi: Néu g > Odit

ban tay phi theo chéu v, nRéu q < 0 dat ban tay phi ngugc chidu v,
sao cho long ban tay nhig diem xacdinh ftr truong, chéu ngon cai

dang ra 1a cltu cia B, .
Phéan tich:
Mot hat dién g > O chugn dong Wi van tdc v trén q§ dao tron ban kinh r. Hay xac
dinh véct cam tng tir |§q cua tr truong do hat dién g gay radi tam aia O @a quy dao.

Vie=(v,r)= ’—ZTnénsinezl
Vécto cam wng tir éq c6 phrong naim theo truc

. quy dao tron, cé chiu xacdinh theo quy tic ban
tay phai.

I ) Theo (9-14) céd§ lén: Bf%m (9-14a)
7T

r.2
[1.4. T trwong cia dongdién
Dé xacdinh véct cam tng tr B cia tir truong gay ra bi dongdién | bit ki, ta
chia dongdién I thanh ntu phin tir dongdieni d¢. Khi d6 véct cam tng tr B cua
tu truong do dongdién | gay raduoc tinh theo:

B=[dB (9-15)
(1

Trongdo dB Ia véct cam ang tr gay ra i phn tr dongdién 1d¢ .

Véclo camung tr B cia tr trudng gay ra bi nhiéu dongdién, dugc xacdinh theo
B=) B {8)
Trongdd I§, la véctr cam rng aia tir truong gay ra bi dongdién thiri (1) .
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[1.4.1. T trwong gay ra byi dong dién tron

- A

dB

R H.9.6

Dé xacdinh véctr cam tng B cia tr treong do dongtién tron gay radi tam O, ta
chia dongdién tron thanh niing pHin tir dongdién | d/. Khi d6 vécty cam ung B tal tm
O duoc tinh theo:

B=[dB (1)
(1)

Vi véc cam (g tir dB cia npi phin tir dongdién | d¢ ddu rém trén toc cia
dongdién tron va cung cku. Nén (1)duoc viet lai:
B=[dB
(1
Theo (9-11) ta codB = Hid, 1dI , vising =1
41 R

2

. _ ) T
Suyra: B = o 2 l di
Ly tich phan taluoc:

M,
B=—"Y2 947
R 17)
Pé do tir truong gay ra bi mot dongdién tron, naroi ta dua ra khai rém véct
mémen & p,. dugc dinh nghia nhr sau:

—

p.=1S (9-18)

V6i:  S=Sn, S =mR?Iadin tich gbi han bdi dongdién tron, n 1a véct
don Vi cung plrong Wi truc dongdién tron, cé chiu xacdinh theo quic ban tay
phai:

dit ban tay phi theo chéu dong dién, 16ng ban tay ivng vao tam, cliu ngon
cai dang ra |a chi caa n.

Biéu thirc (9-17)duoc viét lai nhu sau:
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B = ‘;07‘1’ F';m (9-19)

Tu (9-12) va (9-17) ta suy raréng do tur truong H aia dongdién tron ai tam O:

H=— 9-20
R ( )

Phén tich:
Mot hat dién ¢ chugn dong V6i van toc v trén q§ dao tron ban kinh R. Hay ap

dung coOng tikc (9-17) xaadinh véct cam ung tr B do hat dién q gay radi tam aia
O aia quy dao.

Hat dién g chugn dong wi van téc v trén qg dao tron ban kinh R, ab ra trén
quy dao tron donglién I. Theodinh nghia ardng do dongdién | bang dién lugng dch
chuyén qua tét dién day din trong nét giay.

Tacol=nq:
« nla$lan hat dién qdi qua hi mot diém trén q§ dao trong ndt giay.
. nz%, Vi v 1a thc do cua hat dién g @oan duong hat dién qdi duoc

trong ndt giay) va Z R la chu vi q§ dao tron tron.
A, 1 _ QV
o Vay |l =—— 1
yl=——o (1)

Thé (1) vao (9-17) tatuoc:

M, _ Qv
= H - PV 9-17a
2R 4R ( )

Nhan xét: Ta thly (9-17a) gbng (9-14a)
11.4.2. T trwdng gay ra bdi dong dién thang.

H.9.7

Pé xacdinh véct cam ing B cia fr truong do dongién thing AB gay ra di
diém M, ta chia dongiién AB thanh niing ptin tir dongdién 1d¢. Khi do véct

cam ung B cia tir truong tai M duoc tinh theo:
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B= [ dB 1)

Véi dB 1a véct cam ting aia tir truong do pln tr dongdién |1 d7 gay ra i diém M.

Vi vécio cam ung tir dB cia moi phan tir dongdién 1d¢ déu cung plrong
chidu . Nén (1)iuoc Vit lai-

B= [dB (2)
(nB)
Theo (9-11) ta c6: dp = Ao 14£:5IN6
ivrg r
Vay :
I d/sing
B = HU, J' . (3)
r

471(

AB)
Xét tam giac vubng HOM:
e batOH=/7,0M=d

e r=d/si 4)

e ¢ =d. cot@ .Suyrad =-ddsind , vi d¢ 1ado dai co gia tr
duong,

« Nén d¢ = d. d /sirfe (5)

Thé (4) va ( 5) vao (3), tduoc:
6,
B = £~ [sing.do
4rrd 3

L4y tich phan, tauoc :

|
B= %(cos@l - cod,) (9-21)
| .
Hay: B= %(cos&1 + 00592) (9-22)

Suy ra aong do t truong:

I .
H = m(cos&’1 + co§2) (9-23)

Vi :q:(AqB, A]\/lj va 6, =(A*B, Bql\/lj
Ghicht: 6,+6,=m= cosf,=- cod,

1.4.2. T trwdng gay ra byi dong dién thang dai vo han
Truong hyp dongdién thang dai vo lan: 6, ~ 0 vag, ~ 0. Tir (9-22) ta suy ra:
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g= A (9-24)

2md
I
Hay : H=—— 9-25
y = ( )
Bai 9.1 Hai dongdién thing |, = I, = 1 = 2 A song songung chiéu dai vé hn, cach

nhau ngt doan L = 4 m trong chan khong. Hay tinanc tng tir B tai diém M trong
mat phing vuong goc & hai dongdién va rim trénduong trung toc cia L, cach
trungdiem O dia L motdoan h=1m

Phwong phép gii:
Hai dong dién I, va b vudng goc ¥i mat phing hinh & va hréng ra.
Dongdién |, gay ra 4i diém M tir truong él c6 phrong vudng goc &i d, co
chiéu nhr hinh \&.

Dongdién 1, gay ra i diém M tir truong |§2 c6 phrong vudng goc &i d,, co
chiéu nhr hinh \&.

Vili=lh=lvad=d=d nén:BlzBZ:% L)

Vi B, = B, nén hinh binh hanhad boi él va |§2 la hinh thoi.
Theo hinh ¥ hai géc(B,, B,) va (d, d») bing nhau.
Tu truong B do hai dongtién I, va b, gay ra i diém M.

B=B8+8 (2

Chiéu biéu thic (2) 18n plrong chiu cia B, taduoc:
B=B,cosr +B,cosx = 2B cosa (3)
Theo hinh ¥ ta c6:
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h
cosq =— 4
S @

q Thé (1) va (4) vao (3) , tdwoc caim tng tr B do hai dongfién |, va |, gay ra i
diem M.
M Ih
B=2—"— (5
2md’® ®)
Trhinhtacé: d=&+H (6)
Thé (6) vao (5) tatuoc:

M 1h M 1h
Sy L 7
2@ +h*) @ +h?) 0
Vi a===2=2
2

Vay tur truong i M:
,
_ MHlh _4mi0 '2'1:1,6.107T
m@+h)  m(22+1)

B=1,6.10"T
Bai 9.2 Hai dongdién thing I, = I, = 1 = 2 A song song cling i dai vo han, cach
nhau ngt doan L =5 cm trong chan khong. Hay tinintng tir B tai diém M trong
mat phang vudng goc &i hai dongdién, cach { mot doan d, = 3 cm va cach,Imét
doan

d, =4 cm.
Pap &:
B=1,67.10° T

Bai 9.3 Hai dongdién thang |, = I, = | = 2 A song song ngyc chiéu dai vé han, cach
nhau ndt doan L = 4 m, trong chan khéng . Hay tindmtaeng tr B tai diém M trong
mit phing vudng goc & hai dongdién va rim trénduodng trung trc caa L, cach
trungdiém O aia L mpt doan h =1 m

Pap &:
=l _35107 T -wia=L2
Bai 9.4 Mot dongdién vudng enh a = 8cm, edng dd dongdién | = 4 A, trong chan
khong. Tim ém tng tr B tai tAmdoi xirng aia hinh vuéng.
Pap &:
B=56.10 T
[ll. Pinh Ii Ostrogradsky — Gauss ( O — G )wa tir trwong
1.1. Pwong arc tir
Dé dién t tir truong mdt cach hinhinh. Ngroi ta ding khai iim duong src tir
truong, duoc dinh nghia nhr sau:
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Puong src tir truong laduong cong c6 cldu trong tr truong. Sao cho &p
tuyén tai moi diém aia duong sic triing \6i véclo cam tng tr B tai diém d6 .

-

B
/—0\ H.9.8

Puong sic tir truong c6 cac tinh ¢ sau :
- Dbuong src tr truong laduong cong kin
- Céacduong sic tir truong khoéng ét nhau

- Nguoi ta quiudc ve 50 duong grc tir trrong qua nMit don vi dién tich vuéng
goc Wi duong src, king gia ti cim ung tr B tai d6. CO ngfa gia ti cam
ung tr B bang mit d6 duong src tir ny, .

Poi vai tir truong déu duong sre 1a nhrng duong thing song song.

Puong sic tir cia dongdién thing & nkiing duong tron cé tand trén dongtién.

H.9.9 ‘. B

[ll. 2. T & thGng
[11.2.1. Pinh nghia
S, S
B
H.9.10 /o -
S=Sr

\ 4

Tur thong®,, cia tir trudong déu co vécy cam Gng tr B di qua mit phing S
duoc dinh ngha:

(9-26)
(9-27)

w P w
0n 0 »
o
(@]
&

D,
Hay: O, =
o, =

Hay:
* V6iS,= Scos
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e a=(B,9
« S=S rlavéct vudng goc ¥i mit S, codo 16n king gia ti cha mit S

e Véctr n lavéct phap tugn don vi cia mit phing S

* Nhan xét: &r thong®,, di qua it S ladai lvong dai S0 . Gia ti cua fir
thongd,, di qua nat S king $ duong src tir Xuyén qua rit S.

e Tu thGng cadon vi la Wébe (Wb ) .
111.2.2. Tr wong hep tong quét

H.9.11

, Dé xacdinh tir théng®d,, cua tir truong kit ki c6 véot cam ang fir B di qua it
S kut ki. Ta chia mt S thanh nting mit vi phan dS dugc xem nlx phing. Trén dStut
truong dugc xem nhr déu. Khi do tr thong @, di qua miit S dugc tinh theo ku thic
sau:

®, = [B.dS (9-p8
9

Péi vai mat kin S ngroi ta quiude véct phap tugn don vi n huéng ra ngoai .
Nén:
e Tu thGngdi vao mat S co gia tram (-)
e Tu thGngdi ra khoi mat S co gia trduong (+)
111.3.3. Phét biéu dinh Ii O-G caa tir trwong
[11.3.3.1 Dang tich phan
Ter thongdi qua not mat kin bit ki (S ) lang khong.
®, = [ B.dS=0 (9-29)
)
[11.3.3.2. Dang vi phan
Theo toan bc:
®,=[B.dS= [ divBdv=0
(S) V)

-

Suyra: dB= 0 (9-30)
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V. Pinh li Ampere
IV.1. Phét biéu dinh li Ampere
IV.1.1. Dang tich phan
~ Luu  vécb cuong do tir truong H doc theo not duong cong kin ( C ) 4t ki
bang tng dai s6 cac arong do dongdién xuyén qua @n tich givi han bsi duwong cong

(C).

j H.d¢= (3-)
« Trongdd ; >0 : réu chiu lAy tich phan cling chil véi H cia dongtién | .
« Trongdd l; <0 :réu chiu ly tich phan ngoc chiu vsi H cia dongtién |; .
IV.1.2 Dang vi phan
Trong méi taong din dién lién wc:

Z|:>des (1)

(S)

Theo gii tich véct: j otH.dS (2)

U)'—u

Vai: S la dén tich goi han boi du(‘mg cong (C).
TB (1) va (2) vao (9-31). Tawoc:

jrotljl.dﬁS: jids
(S) (S)

Suyra: rotH = J (9-32)
Véi: J=n, qv la véct mat do dongdién

Poc thém:
Cho véat : A:A\AF+AYE+AZI2

rotA:(aﬁ-ﬂjn(%_%ﬁ{"i_%j@
dy 0z 0z  0X ox oy

IV.2 Ung dung dinh li Ampere
IV.2.1. Tir trwdng trong 6ng day tron
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H.9.12

Mot dng daydién tron c6 n vong vauwng do dongdién | chay trongéng day.bé
xacdinh arong do tir treong H wi diém M trong 16ngbng day va céach tardng day
mot doan R . Tr M ta V& mot vong tron ( C ) ban kinh R cuing tarsibng day. Ap
dungdinh Ii Ampereddi véi vong tron ( C ):

J'I:LJE:J'H.dé: ni
(c) (c)

Do tinh cht d6i xang ti moi diém trén vong tron wong do tir truong H gidng
nhau.

Vay: H j d¢=H.27R= nl
(c)
Hay: H=" =ni
' 27R
H =, (9-33)
Suy ra: B Fip,nol (9-34)

Vi ng = % la mat d6 vong day.

IV.2.2. Tir trwdong trong 6ng day thang dai vé han

’ Mot ong day tling c6 chiu dai ¢ rat Ion so \6i duong kinh @a éng, duoc xem la
ong day tiang dai vo n. Tir truong trongong day tling dai vo ban la tr truong deu. Co
thé xemong day tling la ndt pman aiaong day tron. Dai6 ta co ir truong trongong day
thang.

H = gl (9-35)
B Fuponol (9-36)
Véin, = % la mit d6 vong day
V. Pinh luat Ampere vé twong tac tir
V.1.Pinh luat Ampere (1826)
Mot phén tir dongdién 1d¢ dit trong fr truong co véak cam Gng tr dB. T

truong € tac ding 1&n pln tir dongdién 1d/ mét tr luc dF, duoc xacdinh theodinh
luat Ampere:
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dF =1d/xdB (9-B7
« dF c6do lén: dF = Idr. dB. sind (9-38)
Véi: 0= (1d, dB)
« dF c6 phrong vudng goc §i 1 d/ va dB
. dQF‘ c6 chéu duoc xacdinh theo quidc ban tay traidit ban tay tréi theo
chicu dongdién, sao chott truong xuyén vao long ban tay, €nicia ngon
cdéi dang ra la chu caia tr luc.

Néu tir truong dB dugc tao ra kbi phin tir dongdién 1,d 4o theo (9-10) ta co:

4B = s Iodéosx r
a4 r

Suy ra t luc dFdo pHin tr dongdién 1,d% tac ding 1én pln tr dong
dienide:

dﬂF:ﬂﬂO 1d/ ><(Iocwoxr) (9_39)
arr r3

Tu treong tac ding lén dongdién mot tir luc Amperedugc ting cing trong K/
thuat dé che tao dong a dién.

Chua y: Tuong tactr gita hai pln tr dongdién khong tuan thedinh luit Newton thir ba.
Cau hei:
1) Hai dongdién thing song song cuing éhi hat nhau hayiay nhau? Gii thich
2) Hai dongdién thing song song ngyc chiéu hat nhau hayiay nhau? Gii thich
V.2.Luc Lorentz

T (9-37 ) & dang suy ra, khidt dién g chugn dong Wi véc van toc v

trong tr truong c6 véak cam ang tr B, € bi tir truong tac dng mot luc Lorentz (i
luc ):

F.=qvxB (9-40)
« F cogiati R =qvBsin (9-41)
\bi: 0 = (v,B)

* F_c0 phrong vudng goc &i v va B
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« Chitu cia F, duoc xacdinh theo quidc ban tay trai nin tx luc Ampere.
Néu g > 0 dat ban tay trai theo chii van téc v. Néu g < 0 dat ban tay trai
nguoc chidu van tdcv

Hat dién chuyn déng trong tr truong by tir trwong tac ding mdt luc Lorentz
dwroC 1ing tkng: tzo thdu kinh tr trong kinh hén vi dién tir, tao may gia éc Cyclotron
trong viéc nghién ¢u hat nhan va cac &t co ban, o may kidi phé ké 1a mgt trong
nhizng thiét bi phan tich cht hoa tvc hién dai khdng thé thiéu dwroc trong cac phong
thi nghem hoda fac, sinh lac, moi teeong...

Cau hei:
1) Hay trinh bay cachi tir cong thrc (9-37): F, =1d¢x B ra cong tlc (9-
40): Fl =qvx B

2) Mot hat dién q chugn dong Wi véck van tic v trong tr truong déu co
véch cm tng tr B, < bi tir truong déu tac aing ndt luc Lorentz. Nu
phuong aia véct van toc v song song & phrong aia duong sic tir thi oc
do v va gy dao aia hat dién g the nao?

3) Mot hat dién q chugn dong Wi véc van tic v trong tr truong déu co
véch cimung tr B, S bi tr truong déu tac ding mot luc Lorentz. Nu
phuong aia véct van tic v vudng goc vi phuong aia duong sic tir thi ¢
do v va gy dao aia hat dién g the nao?

4) Mot hat dién g chugn dong Wi véclo van tdc v trong tr truong co véat

cam ung tr é, £ bi tr truong tac dang nmot luc Lorentz. \Ay luc Lorentz
co tac ding lam thaydoi:

a) Técdd v cia hat dién q
b) Phrong chiu cia véct van tbc v cia hat dién q

c) Vécto van tbc v cia hat dién g
Hay clon phrong an naaiiing va gai thich
Bai 9.5
Mot thanh kim lai dai L = 2 m chugn dong tinh tién trong fr truong déu
cocimung tr B =0,5T, i toc do v =3 m/s, plrong aza thanh L vudng goc
V6i duong g tir va cit duong sre tr . Hay tinh erong d6 dién truong E trong
thanh va hju dién thé U gitta haidau thanh.

Pap 9:
E=15V/m va U=3V
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Tham khao (doc thém)
1/ Khéi phé ké

Cac nguyénut, phan t- khac nhau thi c6 Idh lwong nguyénit, phan t: khac
nhau. Dra vaodo, khvi pho ke s¢ xacdinh dirgc nguyénit, phan t nao c6 trong rau
chat. Vi d, mwi NaCl hap thu nang keong tach ra thanh cac @im tr tich dién, gi
la ion. Cac ion N&, CI' c6 khwi luong nguyénit khac bét va mangdién deong hay
am.

Céc iondwoc dwa vao béng gia bc vad qua nvt khe. Sau?é di qua nvt tir
truong c6 véet cam ing tr B. Tur truong € tac dong lén nai ion mpt luc Lorentz
lam léch hréng chuyn dong aia chidng ¥ phiadau do. lon c6 kidi luong ntv hon &
bi [énh nhieu hon ion c6 kiai lwrong !én hon. Pau do € xacdinh xem ionv,bl_éch bao
nhiéu, va & gia tri do nay, t lé khoi Iu:ar]g tréndién tich gia ipn co tl@ duwoc tinh
toan. Tr do, co tke xacdinh duoc thanh plkn hdéa ke aia nau goc.

2/ Higu srng Hall

Hién trong xuit hién mpt hiéu dién thé & hai mit bén @ia vdt dan dat trong tr
truong B khi c6 dongfién khéngdsi chay qua @i la hiéu itng Hall.

Hiéu ing Hallfiwac phét hén vao mm 1879 i Edwin H. Hall ( ngeoi My) ,
lGc d6 Hall nvi 24 twi dang la sinh vién Caodt.

+o+ o+ - -
A i 3 | - z
, r F J 1
; L - : Rl s
d: : = [
! o] vV | LYo
- - - g + + o+
A% B

Khi dat vdt dan c6 ndt dg dongdién JVao trong mt tir trurong cO véer ciming
tir B vubng goc & dongdién. Tur truong € tac ding I€n fat dién g aia dongdién mit
luc Lorentz|5L :qu B. Nén lat dién g c6 thém chuéyp déng phe theo plrong aia luc

Lorentz. Chiu chuyn dgng ph: thusc vao diu aia hat mangdi¢n q. Ket qui hai mit bén
(A) va (B) @a wit dan mangdién tich trai diu va bén trong dt dan xuit hién ndt dién

truong E. Dién trrong nay tac dng Ién lat dien g mit lyc tihh dién Ife: q E cung
phrong va ngroc chidu Wi luc Lorentz |5L . Khi lyc thhdién va ke Lorentz can éing, ta
co:

s F=F_ (1)

e Voi: F=qE (2)

e VaaF.=qvB (3)
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e Thé (2) va (3) vao (1) tawoc: E = vB
- Higu dién thé Hall giira hai mit (A) va (B) : Uy = E.d = v.B.d (4)
Wi d 1a khaing cach giia hai mit (A) va (B).

e Theo (9-5) nit do dongdién J=nQgv suy rav= n‘] (5)
0
. Thé (5) vo (4) taduoc: U, = Jq 'id (6)
0
e Trongdd rny 1a mat dg hat dién, R= qi\ la hang & Hall
0

Hiéu i#ng Hall dioc 1#ng ding dé ché tao maydo tr truong i la Tesla K.
Ngoai ra conduoc iing dung dé xacdinh hat mangdién chuy trong it dan 1a hat dién
am hay drong - Chinh Hall 14 ngoi ddu tién xacdinh hat dién chay trong cac kim
logi ta0 nén dongdién la hat mangdién tich amBbén nim 1897 J.J Thomsondintim
ra dwroc hat electron , xaelinh mit dg hat dién ny, do win toc hat dién q trong vit dan,
do mit dé dongdién khéng t#p xuc...

VI. Vat liéu tir

Mot khdi chét (tap hop nhu nguy@ni hay phanit) tao ra nmt tir truong ¢ véa
cam ang tr B , ta @i khdi chét d6 bi tir hoa. Mpi khdi chét khi duoc dit trong tr truong
ngoai cé véat cim ing tir Bo déu hi tir hoa.
VI.1. Chat nghich tir

CHit nghich tr 1a nHrng chit, khi dit trong tr trudng ngoai cé véet cam ung
tir Bo, chdng 40 ra ndt tr traong co6 véak cam ang tir Bn ngeoc chiéu Vi vécto
cam tng tr Bo cia tr trudng ngodi ( B << By ): Nudc, thiy tinh....

Tinh clat nghich tir dugc giai thich nhr sau:

Khi chua dat trong tr truong ngoai c6 véot cam ang tr Bo. Nguyén & hay
phan tr cua cHit nghich tr c6 vécb mdmen ir bm =0. Khi dat vao trong i truong

ngoai co véet cam ing ftr Bo, tir truong ngoai tac ang Ién cac it electron da
nguyén & hay phantt mot luc Lorentz, lam cho cacahelectron éa cac nguyénut
hay phani c6 thém chu§n dong phu chung quanhut truong ngoai. & chuyén dong

phu nay dia cac lat electron 4o ra r truong cO véatr camung tr Br nguoc chiu Voi
véch camang tr Bo cia tnrdng ngoai, cht nghich tir bi tir hoa.

. . . o> > o>

b b b o> > 0> H.9.13

o> > o>

Bo =0 Bo #0
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VI.2.Chat thuén tir

CHit thuan tir 1a nhirng cHit, khi dat trong tr trudng ngoai cé véet cam tng tr
Bo, chling 40 ra ndt tir trudong c6 véak cam ang tr B: cling chéu Véi véclr cam
ng tr Bo cia tnrong ngoai ( B<< By ): Al, Na....

Tinh clat thuan tir duoc giai thich nhr sau:

Khi chuadat trong fr truong ngoai co véeotcam urng tir Bo. Nguyénir hay phant
cia chit thuan tir d& c6 véet mémeni p_ # 0 va chiing chidn dong nhit mot cach Bn
loan, nén khoéngidtr hoa.

Khi dat vao trong & truong ngoai co veet cam tng tr Bo, CAC nguyénit hay
phan & cia chit thuan tr bi tir truong ngoai tac gng, lam cho cac véetmoémen i
bm cia nguyéntt hay phant dinh hxéng theo i truong ngoai.

Su dinh hréng nay @a cac véet mémen ir fom cua nguyéntt hay phanit tao

ra tr trudng co véak cam tng tir B cung chéu véi vécto cam tng tr Bo cia fr
treong ngoai, cht thuan tir bi tir hoa.

\b.\:}./' ;::: H.9.14
PRGN . or o
Bo =0 Bo # 0

V1.3 Chit st tir

CHit sit tir 1a nHing chit, khi dat trong tr truong ngoai cé véet cam tng tr
Bo, chung 40 ra ndt tir truong co véar cam ang tir Bs cung chéu véi vécio cam trng
tir Bo cua fir truong ngoai ( B>> By ): Fe, Ni, Co....

Tinh cht sit tir duoc giai thich nhr sau:

Khi chra dat trong tr truong ngoai c6 véotcam ang tr Bo nguyén it hay phan
tir ciia cHit sit tir 44 c6 véar momen i p, #0. Do c6 & twong tac traoddi cua cac
vécb mémen ir bm cia cac nguyéniat hay phanit dinh hréng song song nhaad
thanhmién tir héa t nhién co kich thréc khaing 1pum. CAc mén tir hoa tr nhién nay
siap xép mot cach ton loan, sao choakhoi chat (vi m6) khéng btir hoa.

Khi dat vao trong i truong ngoai c6 véeotcam ung tir Bo, tir trudng ngoai tac
dung I&n cac ndin tir hoa tr nhién, mén tir hoa tr nhién nao cung céi Véi tir trudng
ngodi § md rong thé tich , con mén tr héa tr nhién ndo ngoc chiéu véi tir truong
ngodi $§ co hep thé tich, Bi mat han. Sr mo rong hay co bp thé tich mén tir hoa tr
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nhién phi thubc vao arong d6 caa tr trudng ngoai. § dinh hréng aia cac mén tir

hoa tr nhién theott trudng ngodi 4o ra tr truong c6 véak cam ¢ng tir Bs, chét sit tir
bi tr hda.

(A) (B) (C) (D)
SN\
VAR
| -
B =0 — — —_—
° = Bozo 915 g g Bo %0

«  Truong hup (B), réu bd tir trudng NgodiBo, S troy vé truong hop (A) chét sit
tr khéng b tr hda.
« Truong hop (C ) va (D), Au bo tir trudng NgodiBe, < khong to vé truong hop

(A) chét sit tir con b tir héa. Hen trong khi b tir treong ngoaiBo ma clit sit tir
con h tir hdaduoc goi la hién tweng tir dir . Moi chat sit tir déu co hén trgng tir
dhur.

Moi chat sit tir khi bi nung néng, do chigy dong nhigt hon loan mién tir héa
tu nhiénré bi pha o, chat sat tr tro thanh clat thuan tr. Nhiét do dé chat sat tur tro
thanh clat thuan tir, goi la nhiét @6 Curie (T ), nhiét do Curie aa:

Fe (T.=770°C), Ni ( Tc = 360°C ), Co ( & = 1150°C).

Khi nhiét @5 hg xung desi nhiét @g Curie thi chit sit tir trg veé tinh sit tir. Tinh
chat nay aia chat sat tir duoc irng dung dé lam role nhigt.

Vdt liéu tr c6 nhéu ing ding trong i thudt dién b lam céc plan tr logic va
b nho trong may tinh,:ku triz théng tin...

VI.4. Hién twgng tir giao
Hién twrong tr giao do Nha 1t ly nguoi Anh Joule phat Bh mam 1842.

Hién trong tir giao la hién twong kich throc chit sit tir thaydoi khi bj tir héa. Nu ta
dat mot thanh &t tir vao trong njt tir truong bien thién xoay cléu theo thi gian. Do
bi tir hoa chéu dai dia thanh &t tir 5 co d&n clngan $ Véi tir trudng NGoai.

Nguwoi ta #ng ckng hién teong tr gido dé tqo ra: dau phat siéu am,ale, bg
rung.

CONG THUC VAT LY CH UONG 9
1/ Cwong d§ dong dién
dq
=4 9
o )
2/P6i véi dong dién khong doi
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q-=1It
I=n|q|v.s
3/Vécio mat d¢ dongdién

4/ Phan tir dongdién

ld¢ =nqv
5/Pinh luat Biot — Savart — Laplace
dHB:% I dzsx r
ar r

Hy, 1d2.sing
A r?

Ho = 4110 " H/m la hing & tir
6/ Vécto cwong dg tir trwong

dB=

B
Hi,
7/ Tir trwong gay ra byi hat dién g chuyén dong

i =

M, qVXT
B,=——>—%—
4T r

iy |q|.v.sin@

B =
 4m r?
6/ Tir trwong gay ra by dong dién tron tai tam

B — /’IILIOI
2R

H=1
2R
7/ Tir trwong gay ra byi dong dién thing

B= %(cos@+ 0059'2)

65

(9-2)
(9-3)

(9-4)
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(9-11)

12)

(9-13)

(9-14)
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(9-16)
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H= ﬁ(cos@ﬁ co§'2)

8/ Tir trwong gay ra boi dong dién thang dai vo han

A
2mmd

9/ Tir thGng
®, = [ B.dS
(s)
10/Pinh li O-G cia tir trwong

®, = [ B.dS=0
(S)
divB = 0
11/Pinh |li Ampere
[H.dr=Y0,
(© i
roH = J
12/ Tir trwong trong 6ng day tron
H = gl
B =tponl
13/ Tir trwdng trong ng day thing dai vo han
H = pl
B =tponl

14/Pinh luat Ampere V@ twong tac tir
dF = Id/x dB
dF =1d¢. dB. sin

(9-18)

(9-19)

(9-p0

9-01)

(9-22)

(9-23)

904 )

(9-25)

(9-26)
(9-27)

(9-28)
(9-29)

(9-B
(9-31)

15/ Tir luc do phin tir dongdién 1,d? tac dung Ién phan tir dongdién 1 d?:

dF _ H i ld/ X(I%dﬁox r)
4T r

16/ Luc Lorentz
F =quxB
F=qvBsing
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CAU HOI TRAC NGHIEM CHUONG 9

Cau 1. Cuong do tur truong H tai tdm aia dongdién tron ban kinh R= 1muéng d6
dongdién I= 2A , nHin gia ti nao sau ?

a) H=1A/m
b) H=2A/m
c) H=3A/m
d H=4A/m

Cau 2: Cam ung tir B do dongdién thing dai vd lan | = 5 A trong chan khéng gay ra
tai diém cach dongtién mot doan d = 1m , nin gié ti nao sau ?

a) B=10T
b) B=10°T
c) B=10T
d) B=10°T

Cau 3: Hai dongdién thing song song dai véah cuing chdu, c6 cung eong do dong
dien | = 2 A ,dat trong chan khong cach nhau 4cniy\eam ung tr B tai diem M la
trungdiém aia hai dongtién nhin gié ti nao sau ?

a) B=0

b) B=210°T
c) B=410°T
d B=410'T

Cau 4: Hai dongdién thing song song dai voah ngroc chidu , cé ciing eong do
dongdién | = 2 A dat trong chan khdng cach nhau 4cnay\éam ung tir B tai diém M
la trungdiém cia hai dongtién nhan gié ti nao sau ?

a) B=0

b) B=210°T
c) B=410°T
d B=410'T

Cau 5: Mot dongdién vudng anh a = 8cm, eong do dongdién | = 4 A dat trong
chan khéng. Yy cam tng tr B tai tamdoi xang aia hinh vudng ndn gia ti nao sau ?

a) B=5,6.1°T
b) B=5,6.1CT
c) B=5,6.10'T
d) B=56.10T

Cau 6 Mot ong day thing c6 nit do vong ny = 100, cé aong do dongdién | = 2A.
Vay cuong do tur treong H trongong day nhn gia ti nao ?

a) H=200A/m
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b) H =400 A/m

c) H=500A/m

d) H =600 A/m
Cau 7: Puong sic tir cia dongdién thang dai vo lan laduong :

a) duong tron

b) duwong thing

c) duong hyperbol

d) duong congir dongdién ra vo cung
Cau 8 Vécty cam tng tir B ciia dongdien tron &i nhitng diém nim trén tuc A caa
dongdién tron , co plrong hop vai truc A mot goca ?

a)a=0

b) a giam khi ra xa dongtién

c) a ting khi ki gan dongdién

d) a =172 tai tdm dongdién
Cau 9: Tur théngdi qua ndt mat kin S nlan gia ti :

a) luén king khéng

b) duong

c) am

d) c6 thé am, drong, bing khdng tly theo méiwdng trong nat kin
Cau 10: Tu théngdi ra tir mot mat kin S nlan gia ti:

a) lubn king khéng

b) duong

c) am

d) co thé am, drong, bing khéng tly theo méiwong trong nat kin
Cau 11: Tu thdngdi vao npt mat kin S nfan gia ti:

a) luén king khéng

b) duong

C) am

d) c6 thé am, drong, bing khdng tly theo méiwdng trong nat kin

a) c6 thé am, drong, bing khéng tuy theoiwtri mat S trong t truong
Cau 12 Luu & cia véct cudng do tur truong H theo ndt duong cong kin ( ¢ ) bao
guanh hai dongién ngroc chieu nhau, c6 cunguongddo | =2 A ?

a) bing khéng

b) phu thuoc vao hinh dng diaduong cong (¢ )
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c) phu thuoc vao kich tiréc aiaduong cong (¢ )

d) c6 thé am hay dung tly theo cliiu liy tich phan trédwong cong ( ¢)
Cau 13 Cong d¢a tir lyc tac ding 18n mchdién bing khéng khi:

a) Tu thdong qua rchdién tang

b) Tu thong qua rachdién giam

c) Tu thdng qua rach dién arc dai

d) Tu thdng qua rchdién khéngdoi

Cau 14: Lyc Lorentz F, tac ding Ién ht dién q va vin tc v cua hat dién q hyp voi
nhau ndt goca ?

a)a=0
b) a =12
C) =Tt
d) o : batki
Cau 15:Cong A @a luc Lorentz ?
a) A=0

b) A phu thuoc vao lrc Lorentz

c) A phu thuoc vao fr truong B

d) A phu thudc vao qaidao hat dién g
Cau 16: Vi tac ding aia luc Lorentzdong ning W, caa hat dién q ?

a) Wy khéngdoi

b) W4 tang

c) Wygiam

d) Wy c6 th tang hay gim ty theo hinh ghg aia quy dao
Céau 17: Luc Lorentz co tacghg ?

a) lam hat dién g chugn dong theo plkrong aia hrc

b) lam thaydoi phuong chugn dong aia hat dién q

c) lam tingdo 16n van téc cia hat dién

d) 1am gim do 16n van toc cia hat dién

Cau 18 Mat hat dién q chugn dong vudng goc & duong src cia tr truong déu
B.Vay hat dién q:

a) Chuyén dong nhanh én
b) Chuyén dong cim din
c) Chuyén dong thingdéu
d) Chuyén dong trondéu
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CHUONG 10: TRUONG PIEN TU

[. Hién twong cam wng dién tir
[.1. Hién twgng cim wng dién tr

- - -

B B B

A A A

»

I H.10.1 l H.10.2

Tir thong khongioi Tir thoéng &ing Tir théng gam

Hién trong cam ung dién tir dugc Faraday phat &ém vao ram 1831 & thi nghém.
Tu thi nghém Faraday rat ra cagkluan sau:

« Khi tir théng®,,, qua ndt vong day én kin thay doi theo thoi gian s tao ra
trong vong day Bt dongdién cam ing |,

« Cuodngdo dongdién caimtng |, ti 18 vai toc do bién thién @a tr thdng.
« Chiéu dongdién cam ung |, phu thudc vao tr théng qua vong daying hay
giam .
Nguoi ta tng ding hén teong cim ¢ng dién tir dé ché tao: May phatdién, tir
thdng I€ de do tir truong...
Phan tich:

Nim 1800 Nha §t Iy nguoi Y la Volta d& phat minh ra che pin Volta to ra
dongdién |

Nam 1820 Nha §t ly nguoi BPan Mach Oerstedda kham pha ra dondjén | tao
ra chung quanh nééhtu truong B: | — B.

Nam 1820 Nha §t Iy ngudi Anh |a Faraday 6t duoc théng tin dongtién | tao
ra tr truong B. Faradaydad dua ra ndt y twong nghién ¢u: Néu dongdién | tao ra tr

truong B(1 — B), thi ngroc lai tr mot tr trudng B ¢6 thé tao ra dongdién | (B —
) hay khong ?

Faradaydd nghién ¢u y trong nay trong vong 10am, dén ngay 29 thang 8
nam 1831 Faradaga tim ra hén tugng cam ungdién tir: B — |
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Cau hei 10.1:

Trén hai hinh H.10.1 va H.10d2 c6 arong do dongdién cam tng |, 16n phai
dich chugn thanh nam chamémao?
Céau héi 10.2:

Nha may tiy dién, nha may nRt dién, nha maydién nguyént, nha maydién
dia nhit, dién gio, dién thay tridu, pin mit troi... Trong nhing ngu‘)n dién trén, ngan
dién nao hat dong dra vao hén trong cim ung dién tr va ngwn dién nao hat dong
khong dra vao hén tugng cam teng dién tir ?

[.2. Pinh luat Lenx (1834)

Dong dign cam #ng cé chéu sao cho & trwong do né sinh ra co tac mhg
chaong lgi nguyén nhanda sinh ra no .

Do tac aing aia dinh luat Lenx nén mén tao gr bién thién @a tr théng qua
vong day ta pfi ton mot cong. Thealinh luat bao toan Ang krgng cdngdd bang ning
luong aia dongdién cam tng |, duoc tao ra.

Dinh Iuat Lenx cho ta quyit xacdinh chéu cia dongdién cam ang .
Cau hei 10.3:

~ Hay gii thich ti sao trén hinh&H.10.1 dongiién cim tng | c6 chéu cting
chiéu kim dong ho.

Cau héi 10.4:

_ Hay gi thich ti sao trén hinh&H.10.2 dongtién cim ing I. ¢6 chéu ngroc
chiéu kim dong ho.

Céu héi 10.5:

------------=-----

1

1

|

1
A 4

Truong hpp 1: Thh mot nam chamai thang dang trong tong trrong tr d6 cao
h vadi xuyén qua rét vong day én kin. Thi gian ni do duoc 1a t

Truong hop 2: Thh mot nam chamai thiang ding trong tong trrong cungdo
cao h, neng khéng cé vong dayad kin. Thyi gian i do dugc 1a t. Két qua t; 16n
hon t, hay gai thich ti sao?
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Tham Khao (doc thém)
Dongdién Foucault:

Khi dat mét vdt ddn dac trong ndt tir trieong bien thién thi trong gt ddn xuit
hign dongdién khép kin gi la dongdién xoay hay dong Foucault. Dowign Foucault
duwoc Nha vit ly ngroi Phap Foucault phéat ién vao ram 1855.

Dongdién Foucault gay Hiu izng nhit Joule-Lenz lam néngivdan. Ngeoi ta
#ng dung tinh clat nay dé ché tao: bép dién tir, 10 dién cim iing dé nau chay kim lazi
va sin xuit hop kim trong chan khéng tranfiroc sr 6xy hoa trong khéng khi.

Néu ta dch chugn mgt thanh kim lai trong tr triongBthi theo hén trong
cam ing dién wr trong thanh kim lgi xuat hiégn dongdién cam ung Ic. Khi @6 tr

truong B 2 tAc ding 18n dongiién cam g e Mt tir luc lE ngeoC chieu wi chiéu
dich chuy¢n aia thanh kim lai. Nguoi ta izng dung tinh clat nay dé che tao bg ham
bang tr.

1.3. Ngudn dién
1.3.1. Ngudn dién

bién truong finh E khong c6 kh nang lam dch chuygn hat dién di theo not
mach kin. Dodd @ lam dch chuygn hat dién di theo ndt mach kin ngoaiwc tinh

dienF, cAn thém nking luc khac khdng phi luc tinh dién duoc goi 14 lyc la F .
Nguon dién 1& ngwn tao ra krc la.

Tham khao (doc thém)

Ta c6 hai qd cau kim lazi A va B, vi @ bang Pong, qui cau A mangzién tich
dwong (+), qui cau B mangdién tich am (). Hai g cau A va B &o ra chung quanh

N6 mvt dién trrong E . Duong sic dién truong E ¢6 chéu huong tr A sang B.
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Ta rji A va B king mot spi day kim lai, vi d bing Dong, dién truong E tac
dung I&n cac ht electron (& cia dayPsong mot inhdién F, =eE. Vidién tich e ¢a
hat electron am (e < 0 ) nénet tinh dién |5e ngeoC chiéu 6i dién truong E, tic
huwong tr B sang A. di tac dung aia lyc tinh dién lfe, cac hut € chuyn dong c6
hwéng tr B sang Ado thanh dongiién | trong day dn.

Vi hai qui cau kim lazi A va Bduoc i véi nhau hing day dn kim lazi, nén
chung tor thanhmgt vt dan, s chuyn dong co hrdng aia hat € trén it dan la sr
phan b lqi dién tich trén vit dan dé tao nén & can ling thhdién trén \4t dan.

Khi vdt dan dat t6i trang thai can bng thh dién thidién trirong trong Vit dan
bing khéng € = 0), luc tinhdién F, tac ding 1én cac ht € bang khéng €, = 0),
cac hut € khéng con chudn dong cé heéng va dongdién | = 0.

Pé duy tri dongdién | chuy trén day dn, khi cac bt € chuyn déng tr B theo
day din @én A, khigén A cac lt € phii dwoc dua tré lai B, Vi lec tinh dién F, ¢
chiéu huréng tr B dén A nén khong cé taa:dg dua cac fut € tir A tré vé B. Nhing lyc
tac ckng 1&n cac ht € dé dua nd tr A Vé B gi 1a lyc la F, ( khdng phi luc tinhdién).

Phin ia luc la F duwa cac hut € tir A Ve B opi 1 nguon dién.

Qui ciu A @i la cuc dvong (+) cia ngwn dién.

Qui cau B i la cuc m (-) @a ngwn dién.

Day din gi 1a mgch ngoai @a ngwn dién.

Nher vdy trong nachdién cac lut € chuyen déng lién kic theo gt vong kép kin.

_ Tircuc @m (-) cac bt € chuyn dgng theo mch ngoaidén arc deong (+) cia
ngwn dién. Con theo quirdc o mach ngoai chiu dongdién | di tir cuc deong (+)
den cuc (-) aia ngwn dién.

Trong ngwn dién cac lut € chuyn déng tr crec (+) sang @c (-)
Sauday chuing tafira ra mpt thi dy theec t va pho bién vé nguwn dién.

B[ - - - — <«eo— ¢ -B
A A
_ A
- C F
FL FL : o
é - ) €e ) . 0 B
e ———» [] B = - E * ——»

(¢
a1

73



Trén hinh ¥ tir trwong déu B vudng géc & mdt phing hinh ¥ va heéng ra.

Thanh kim lai AB chuyn déng tnh tién wi véct vdn tic v trong tr truong
déu B va nim trén ngt phing hinh ¥. Cac hit € t do trong thanh kim ld AB aing
chuyén déng i véc van téc v trong tr truong déu B. Tir truong B tac ding 1én
hat € trong thanh AB 1@t luc Lorentz :|5L =evx B. Ap ding qui tic ban tay trai, ta
xacdinh duwoc chicu aia luc Lorentz tac dng |én lut € huwdng ¥ ddau B aia thanh kim
logi. Duéi tac dung aia lhec Lorentz cac it € dich chuyn v dau B. Ket qui dau B
thira hat € nén manggién tich am (-), co@au A thieu hgt € nén mangiién tich drong

(+).

Dién tich trén haiddu thanh to ra trong thanh mit dién truong E, c6 chéu
huong tr A sang B. Khi#o ngoai k¢ Lorentz tac d@ng lén tut € con co thénmudc tinh
dién |5e =eE cia dién truong E tac ding I€n lat €. Vidién tich aia hat electron am
(e <0) néndc tinh di¢n |5e ngroc chiéu véi dién truong E, tic heong tr B sang A.
Khi can king thi F, =—F_ va hut € khong con chun déng co hréng \é ddu B.

Néu ta mi dau A va B éa thanh lang mjt spi day din thi deéi tac dung aia
luc tinhdién F, =eE thi cAc lat € 6 chuyn dgng theo day én tr ddu B dén dau A.
Khi d@én dau A cac lat € s& dwoc tr truong B tac ding not lyc LorentzF, dua lén
dau B.

Khi ta rsi hai ddu thanh lang i day din thi trong thanh AB dit s can king
gizra hai kyc LorentzlfL va lyc tinh dién Ife, khido F_ > Fe..

Nhar vy mgt thanh kim logi chuyén dgng trong tr trwong 1a mgt nguon dién
va luc lg tao nén ngwn dién la luc Lorentz.

Théng tlvong ngwn dién dwoc ché tgo bang céach cho cén day din quay
trong tr truong B va kec lg tz0 nén ngdn dién chinh la dc Lorentz.

Khi vong day quay trongrttrizong B thi tr théng®,, qua vong day thagsi. Theo

hi¢n trong aim ung dién tr trong vong day cd at dongdién cam ing |.. Cach dén
nhe trén la moé & theo hén twong. Con kan chat vat ly cia hign twrong nay chinh lawc

Lorentz @a tir truong B tac ding l1én cac ht € cia vong daydo nén dongiién cam
ung k.
1.3.2. Suat dién dong aia nguon dién

Dbé do do manh yéu caa ngwn dién, ngroi ta ding khai rm stht dién dong €,
duoc dinh ngha king cdng 6a luc la |5I lam dich chugn mjt don Vi dién tich drong
di theo ndt mach Kin:
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= A (10)
Ao
V6i : A =[F.ds
(c)

Tadat: F =q,F 2)

Vi é, la hrc la tac ding I€n ndt don vi dién tich drong (¢, = 1 C ),dugc goi
la vécty ceong do luc la.
Thé (2) vao (1), tatuoc:

A = g E.ds 3)
(©)

Thé (3) vao (10-1), tdwoc stit dién dong aia ngwn dién:

€ = [E.ds (10- 2)
©
Néu lyc la chi ton tai tréndoan (1) — (2) ta co:

(2)

€ = [E.ds (4D)

Im.

(
Pon vi cia suit dién dong 1a Volt (V).

=

Déi vai dongdien khdngddi | ta co:

q=1It 1)
Tir (1) va (10-1) ta suy ra cOnga ngwn dién:
A=€.lt (10-4)

Céng A @a ngwn dién 1a mdt lugng ning krong dién ma ngdn dién cung ép
cho machdién trong ndt khoang thoi gian t.

[.4. Cong aia tir lwc

e _— . F ng H103

Ta c6 ndt mach dién kin | nhr hinh \&, mat phing mach dién vudng goc i

duong src aia tir truong déuB. Tir trudongB huéng ra nit gidy. Thanhy co thé truot
trén hai thanh song song.
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Tur truong B tac ding Ién thanky mét tir lvc Ampere.

F=1/xB
Hay: F=4.B.sid
Véi: 6=(,B)=Z

2
Vay: F=1/.B

Dudi thc ding aia tir luc F trong khang thoi gian dt thanhe dich chugn mot

doan ds. Ta co conga tr lyc trong dch chuyn:

dAE.ds = F.ds
ZIlds.B=1.dS.B
=
dA = dg (10 -5)
Vi
« dS =v.ds la dén tich ma thanh quétduoc trong dch chugn.

* dbp =dS.B = @y -Pmy) lado bién thién wa tr thdngdi qua mich
dién khi thanh/ dich chugn tr (1) dén (2).

o Véi @y la tir théng qua rch dién khi thanhs & vi tri (1) va®,, la tir
thdng qua rach dién khi thanh? & vi tri (2).

Vdy cdng @a tr lwc bing arong dé dongdién | trong nuch nhan i dg bién thién
cua tr thongdi qua dién tich goi han bgi machdién.

Bai 10.1 Mot vong day dn hinh vudng anh a = 2 cm trén c6 dontién 1 = 2 A,
duoc dit sao cho rit phaing aia vong day vuong goadvduong src cia not tir treong
déu B = 2 T. Hay tinh cong &é quay vong day&vi tri song song & dudng src ti.

Pap 9H: A=16.10"J
[.5. Phwong trinh co ban caa hién twong cim wng dién tir

Khi ta dch chuygn yc‘mg day trongtt truong B trong khang thoi gian dt. Tr
thdng qua vong day thaisi mét luong db,,. Theo hén twgng cim tng dién tir trong

vong day xdt hi¢n dongdién cim ng I.. Nhu vy trong vong day c6 i hign mot
suat dién dong aam ang €...

Khi dongdién cam tng |, xuat hién, tr treong B lai tac ding lén | Mot tir huc IEA.
Theodinh Iuit Lenx ir luc ndy c6 tacehg én lai s dich chugn vong day. Ddo dé dich
chuyén vong day ta phi tac ding Ién vong day 6t lyc F, véi F=- F,. Vay cong dA
cia lyc F bing va tréi du wi cdng @a tir lyc F,

dA - | db,, (1)
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Theodinh Iuit béo toan @ng lrong cong dA ma ta tiéwm dé dich chuygn
vong day, 4o ra s bien thién @a tr théng db,, , tao ra dongdién cam tng . , bien
thanh ring lurong aia dongdién cam ung |, trong vong day:

dA €, |, dt (2)

Tr(l)va(2)tasuyra:
do
dt

Vay suht dién dong aam tng king thr (-) dao ham tr théng theo thi gian.

m (10-6)

C

Biéu thic (10-6) la plrong trinh @ ban caa hién twong cim tng dién tir .

Khi vong day chu§n dong trong tr truong ddu Bthi luc la tao nén sét dien
dong amtng €. la luc Lorentz.

Bai tap 10.2

Mot day din hinh clf U dat trén mit phing vuéng goc & mat tir truong déu
B = 10 T. Mot thanh day &h c6 chéu dai ¢ = 0,3 m , chu§n dong trrot trén hai nhanh
cia chir U véi van tdc v = 4 m/s, i thoi diém t = 0 thanh? & vi tri A |, tai thoi diém t
thanh/ & vi tri B voi AB = L, chit U va thanh/ tao thanh nit mach dién kin hinh ck
nhat.

1/ Dung béu thac €, = - d‘;m tinh siét dién dong aia mach dién.

N

@ ,
2/ Dung béu thic €, = [ E.ds tinh sit dién dong aia mach dién
©

3/ Dongdién caim tng I trong mach dién c6 chéu thé nao? Gii thich
PapH: €.,=-/vB=-12V

(=

[.6. Hién twgng tw cam
[.6.1. Hién twong tw cam

Hién trong tr cam la hén trong cim tng dién tr do chinh dongtién trong
mach thaydoi theo thyi gian to ra.

1.6.2. Suat dién dong tw cam:
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Tur thongd,,, qua mach i 1€ vai tr treong B, tr trueong B hi ti [€ vai cuong d6
dongdién | trong nach. Vay tr thong @, qua mach ti 1€ véi cuong d6 dongdién |
trong mach .

@y = LI (10 } 7

Trongdo L 1a ke b ty cam oia mach dién phy thuse vao hinh dng, kich thrge
va moi trong chra mach dién, codon vi la Henry (H).

Tir (10-6) va (10-7) suy ra §udién dong tr cam:
€. =-L & (10 — 8)

1.6.3. Hé sb tw cam ciia 6ng day thing

Ta c6 tr thdng®d,, quadng day tling, cé n vong, cé chii dai ¢, c6 tét dien S,
c6 dongdién | chay qua.

®, =nSB =p SB
Theo (9-36) : B Fpongl, Voing = g la mit d6 vong day.

Vay : O = g (SH (1)

Tir (10-7) va (1) ta suy raéhs ty cam ciadng day thng.
L zu,n? (S (10-9)

Ban chit vat ly caa hién trong r cam khong phi do lyc Lorentz. Ldn diém
thir nhat cia Maxwell € lam sangd dieu nay.

Il. Lu 4n diém th& nhat caa Maxwell
I1.1. Phat biéu:

Bdt ki tir trwong B nao thaydéi theo thyi gian cing sinh ra nyt dign trueng
xoay EX . bién trwong xoay EX cbddwong sic la dwong cong kin

Puong gic aia dién truong xody E, ném trong nat phing vudng goc & duong
sic tr B. Chiu aladuong src dien trong xody E, cling chéu v6i dongdién cim tng |,
duoc tao ra trong vong day bao quadinyng src tir B.

YB(Y)

A
é’ H.10.4
¢ X
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Trong hén trong ém ung dién tir, néu tir thdng @, qua vong day thagdi
theo thi gian 1a do i trudng B thayddi theo thyi gian gay ra, thidn chit vat Iy cia
lyc la tao st dién dong am ung €, 1a hrc caadién treong xoéyéx .

[I.2. Phwong trinh Maxwell — Faraday

~ Phrong trinh Maxwell — Faraday la &i thic toan lc dién ta luan diém tha
nhat caia Maxwell.

[1.2.1. Dang tich phan
Theo (10-3) ta co:

€ = [E.ds 1)

= - _ :—E B d! = - de<
€ = - @, dt(S)B. S ({)( So)- S (2)
Tu (1) va (2) suy ra:
jE ds _j (——) ds (10 — 10)

(©
Véi S la dén tich gii han boi duong cong (C)
[1.2.2. Dang vi phan
Theo gii tich véct ta co:
J'E ds = IrotE ds  (3)
(©
Theo (10-10) va (3) ta co:

9B, -
({)E Jds = jrotE ds _(j (-50)dS

Suy ra:
ot £, =28 (104)
ot
lI. Lu 4n diém the hai cia Maxwell
l1l.1. Phat bi éu:

BAt ki dién truong D nao thayddi theo thyi gian ding sinh ra nt tur truong H .
[11.2. Dong dién dich
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Ta biét dongdién din J=n, g v sinh tr truong H . Mat khacdién treong D
thay déi theo thyi gian ding sinh ra & trudsng H. Do d6 vé& phuong dén sinh ra i
truongH , dién treong D thay déi theo thyi gian trong duong wi mot dongdién,
dugc goi 12 dongdién dich J, .

Véct mat do dongdién dich J, duoc dinh ngha:

—

oD

J, == 10— 12
=5 ( )

« Néu D tang J, cting chéu v&i D

« Néu D giam J, ngroc chiu véi D

« Phrong aia tir truong H vudng goc i D

« Chiéu oia tr truong H do dongdién dich Jﬂd sinh ra,dugc xacdinh trong

tw nhe dongdién dinJ .

¥ H.10.5

111.3. DONg dién toan phén
Dongdién toan phn J, duoc dinh nghia king tng dongdién din J=n, q v va
dongdién dich J, :

3 :j_'_aD

P ot
[11.4. Phwong trinh Maxwell — Ampere

Phrong trinh Maxwell — Ampere 1a &i thrc toan loc dién ta luan diém thr hai @ia
Maxwell.

[11.4.1. Dang tich phan
Tu dang tich phanweadinh li Ampere ta suyra:

(10 — 13)

[H.ds= [ J,.ds (10 - 14)
© (s)
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[11.4.2. Dang vi phéan
Tur dang vi phan éadinh li Ampere ta suy ra

: 10(- 15)

V. Tr wong dién tiwr
IV.1. Khdi niém trwong dién tur
Tur hai ltan diém mot va hai @ga Maxwell cho thy dién treong E va tr trudng
H bién thién theo thi gian va chiing chin hoa in nhau. Dad6é Maxwell cho ing
trong tr nhién co6 &n tai Mot truong Moi goi 1a trwong dién tir madién truong hay tr
treong da biet chi la hai ndit biéu hién cu thé caa trong dién tir .

IV.2. Ning lwong ciia 6ng day dién thang
n

SEE SRR i— 4 H.106

A

A

A

Mot 6ng daydién c6 n vong, c6 chu dai ¢, coduong kinh d, c6 eong do
dongdién |, tir truong trongdng day la i truong déu B
Khi dong khoa Kdién truong E lan truyén trong day @n. N6 tac dng Ién cac

hat electron & do aia day dn mot luc finh dienF = eE, tao nén donglién i trong

mach quaong day &ng tr 0dén I. Theo quiréc chiéu dongdién cing chiu Voi E va

nguoc chiu chuyén déng cé hréng aia cac ht electron .
Dongdién i ting din dén tir truong B do no 2o ra trongdng day @ng &ng . Tur

truong B tang sinh ra it dién traong xoéyéx , cOduong src bao quankduong src tir B

pién truong x0dyE, c6 chiu ngroc véi chidu dongdién i chay trongdng day
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bién trauong xoéyéx tac ding 1én cac #it electron trong dayah mot luc:

F, = eE,. Luc F, ngugc chiu V6i F = eE nén co tacehg ckéng ki sy ting dong
dieni. Luc F, la luc la tao nén sét dién dong tr cam €, trongdng day. Céng dAia
luc la F, 14 cOng én lai sy ting dongdién i. Cong @a luc la F, = e E, trai diu véi
cong @a lyc inhdién F = eE .

Theo (10-4) va (10-8) ta c6 cong dAachuc la:

dA Eidt = - Lidi

Pé tang dongdién i trongéng day ngan dién cia mach phii ton modt nang

lwong dW, dé thing céng én dA aia luc la F,. Theodinh It bao toan @ng hrong

nang krong nguwn dién tiéu tn dé taing dongdién trongong day tr 0 den | bién thanh
nang hrong aiaong day.

Ta co: dw =-dA = Lidi
L4y tich phan tatuoc:

|
. 1
= |Lidi = =LI?
V= .C[ idi >
1 .
W= U (10-16)

Ning leong trongdng daydién thing chra trong tr truong déu B cia dng day.
Bai 10.3 :Cho n®t machdién nhx hinh \&:

U Cho:U=120V
L=6H
LR “ R = 2000
A \/\/\/\/ B R; = 1000Q2
R1

] Tai thoi diém t = 0 naroi ta ngit khoa K.
Hay tinh héu dién thé U, gitra haidau
dién tro Ry tai thoi diém t = 0,001s.
Pap H: U; =490 V

IV.2. Ning lwong cia tir trwong déu
Theo ( 10-16) va (10 - 9) ta co:

2 2
\M = £L|2:%y1u0n§|2€82%w gS:l B V

2 M, 2 pu,
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2 1,

Vv (10-17)

Trongdo V = ¢S Ia tté tich chira tir truong ddu B .
Vi B =pp,H nén:

W= % BHYV 1018 )

Mat do ning hrong tix trudng dduB

. % B H (10-19)

IV.3. Ning lwong cia tir trwong bt ki

Dé xacdinh ring hrong aia mjt tir truong bit ki B trong ndt thé tich. Ta chia t
tich V thanh niing tre tich dV &t nho sao cho trong dMVittruong dugc xem nlr deu.
Nang lrong tr truong trong tk tich dV.
2
dW= omdV = = 2 dv = 1BH dv
2,

Nang lrong dién treong trong tié tich V.
1B®

we [22 av=[ZBHav (10-20)
()2 Hido ()2

N

IV.4.. Nang lwong trweong dién tir
Ning lrong trrongdién tr bang Hng ning lrong aiadién treong va fr truong.

mem:%DE +%BH (10-21)

W = 1 j (asoE2 + uu H? )dv (10-22)
2w

IV.5. Céac phwong trinh Maxwell
Truong dién tir duoc dién ta bang bbn phrong trinh @ ban sau :
¢ Phurong trinh Maxwell ngt:
28
ot
Phrong trinh nay 1a pliong trinh Maxwell — Faraday & t tir truong bén thién
theo thi gian sinh raiién treong xoay.

rotE = — (10-23)

* Phrong trinh Maxwell hai:

(10-24)
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Phrong trinh nay |1a plong trinh Maxwell — Ampere @i t dién treong bién
thién theo thi gian sinh i truong .

* Phrong trinh Maxwell ba:
divD=p (18-p

Phrong trinh nay latinh Ii O- G @adién treong dén t tinh chit thé caa dién treong
tinh .

« Phrong trinh Maxwell bn:

divB=0 (10-26 )
Phrong trinh nay latinh Ii O- G @a tir trudng dién ta tinh chit xody d@a tr truong
V. Songdién tir
V.1.Sr hinh thanh séngdién tir

E,
E,
H.10.8 -
/ 5

2 4

J

H}

Gia sir tai diém (1) codién treong tr do E, giam , theo lén diém tht hai aa
Maxwell él sinh ra chung quanh nai {2) mdt tir treong I—L , dén luot tir trudng I-L
giam theo ldn didm thr nhit cia Maxwell H, sinh ra 4i (3) dién truongE, . Cir thé
E, bién thién sinh raH, réi H, sinh raE, va E, lai sinh raH,

Khi |§3 sinh lam trét tiéu I§1 va |§5 sinh ra lam tét tiéués. Tuong tr I—L sinh
ra lam trét tiéu H, va H, sinh ra lam tét tieuH, ..

Nhu vay mot truong dién tir bién thién theo thi gian o ra songdién tir lan
truyén trong khéng giandi van tic v .

Ta thiy hai véct cuong do dién trudong E va véct cuong do tur truong H
vudng géc nhau va vudng gésiwéct van tdc song v.

Vay séngdién tir la sbng ngang.

V.2. Phwong trinh vi ph&n songdién tir
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v

H.10.9

Thiét 1ap he toa 46 Descartes OXYZ sao cho sédign tir truyén theo tnc OX
, Véctr cuong do dién traeong E song song & truc OY, véct cuong do tur truong H
song song & truc OZ . Nhr vay:

e E= Ey , EX = Ez =0.

« H=H,, H=Hy=0.

Songdién tir khao sat la song gimg. Nhr vay E va H ch phu thude vao ta do
X va thoi gian t .

Tir phrong trinh Maxwell- Faraday (4m diém thir nhit caa Maxwell ):

—

otE=-98
ot

Theo toan bc va B =pup,H tasuyra: g_E == ﬂﬂo%—T ()
X
Tu pheong trinh Maxwell- Ampere (lin diém thd hai aia Maxwell)
trong chan khoéng:

-

rotH = 22
ot
Theo toan bc va D =gg.E ta suy ra:%—: = - &€, %—Itz (2)
bao ham (1) theo x , tduroc :
0°E __ 9°H (3)

PV /J/Jom
DPao ham (2) theo tdi nhan hai ¢ chopy,, taduoc :
2 2
R (4)
Tu (3) va (4) ta suy ra:
OE _ 4y OE
ox? o at?

Lam trong tr d6i véi cudng do tir truong H, taduoc:

i,

=0 (10— 27)
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’H 0°H
- &€ — =0 10 —p8
PV oMo ( )%
Cac béu thic (10-27) va (10-28) la plong trinh vi phan sondién-t, suy ra
van toc séngdién tur:

v=_1t - ¢ (10-29)
M€, N
e C= 1 - 3.10 m/s l1a vn tbc séngdién tir trong chan khéng .
Hq&s

e n = \Jue lachét suit cia méi trong .
Ter If thuyét séngdién tr Maxwell@d ching minh séng anh sang l1a sédign tr.
Ghi cha:
1/ Bién déi toan hec:

Cho veéct : A:A\AF+AYE+AZI2

R oA ) - NG R
rot A= %_i i +(6A_aijj + i_ai k
dy 0z 0z 0x ox oy
2/ Phwong trinh vi phan song:
o'W _10°W _
x> v? ot?
Véi v 1a van tbc séng
V.3. Thang songdién tir

10 10 10 10® 10° 100 108 1 10

K e S e K S K e ke
| b

... 0099999/ xxxxxxxxxxx//tttt/kk//hnhhhhhhinA/vvvvvvvvvvvvwy.. m

Soéngdién tir duoc phan ving theousc séng ing din nhr sau :
* (Qgg:tiagamma.

e XXX :tia X (tia Rn ghen)

o tttt: tia tr ngaai .

e kkk : &nh sang nhindly = 0,4— 0,76um .

 hhh : tia Bng ngai .

« VWV :song vo tugn dién .

Ranh gbi gitra cac vung khéng phanébrd rang .
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CONG THUC VAT LY CH UONG 10
1/ Suét dién dong aia nguon dién

c=A (10)-
d,
€ :jli.c]s (10- 2)

€ = [E.ds (10 -3)
©

2/ Cong dia ngudn dién

A =C.It (10-4)
3/ Cong aia tir luc
dA = Id, (10 - 5)
4/ Phwong trinh co ban caa hién twong cam wng dién tu
do
= - m 10-6
c " (10-6)
5/ St dién déng tw cam
di
etC:.La (20-7)
6/ Hé sb tw cam cia 6ng day thang
L = gunZ/S (10-8)

7/ Phwong trinh Maxwell — Faraday

—

rotE, = _9B Z®)
ot
8/ Dongdién dich
- _aD
Jy=— 10-10
= (10 - 10)
9/ Dongdién toan phin
- - 9D
Jtp =J +E (1(11‘)
10/ Phrong trinh Maxwell — Ampere
rotlj|:3+aa—? #az2)

11/ Nang lwong ocia 6ng day dién thang
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1.2
= =u
W 2

12/ Nang lwong cia tir trwong déu
1 B?

W = =
2

Véi: V= ¢S 1Atk tich chia tir truongdéu B

=1BHv
2

13/ Ning lwong cia tir trwong bt ki

e jl B” dV:j%BHdV
)

(v)2 HU, v
14/ Nang lwong trwong dién tir

W, = 1 j (££0E2 +/,1/,10H2)dv
2 )

15/ Cac phrong trinh Maxwell
¢ Phrong trinh Maxwell ngt:

—

0B

rotE = -

* Phuong trinh Maxwell hai:

rotH =3 +92
ot

Phrong trinh Maxwell ba:
dwbzp
« Phrong trinh Maxwell bn:
divB=0
16/ Phrong trinh vi ph&n songdién tir

0°E R 9°E o
x> T at?
0°H - EE U, 62_H =0
ox* T ot?
17/ Van téc séngdién tir
_ 1 _C
V = = JE—
HEe, N
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1
ﬂogo

e Cc= = 3.16 m/s 14 vn tdc séngdién tir trong chan khong .

e n = Jue lacheét suit caa moi trong .

CAU HOI TRAC NGHIEM CHUONG 10

Cau 1: Trong hén twrong am (ng dién tir, crong do cia dongdién cam ung |, phu thuoc
Vao:

a) Tu thGng qua vong daying
b) Tu thdng qua vong day gn
c) Toc do bién thién @a tr théng qua vong day
d) Tu théng qua vong day thalpi theo thyi gian
Cau 2 Hién twong tr cam la hén twrong cam ung dién tir do :
a) Vong daydat dang yén trongtt truong thaydoi theo thi gian
b) Vong day chugn dong trong & treong déu
c) Dongdién qua vong day B thién theo thi gian
d) Vong day chugn dong trong t truong thaydéi theo thyi gian

Cau 3: Tir thdng qua it vong day bin thién theo qui lat ¢, = 7.10" 2 cos100t
(Wb). Vay stft dién dong aim ang €. trong vong day ndn biéu thrc nao sau ?

a) €.= 0,007 cos100t (V)
b) &.=- 0,07 cos100t (V)
C) €= 7sin100t (V)
d) e.=-7sin100t (V)

Cau 4: Mot éng daydién thing c6 chéu dai | = 1m, #t dién S = 10crfy s5 vong day
n = 1000, aong d6 dongdién | = 200 cos100t (A), dat trong chan khong. &% gia
tri cuc dai cua st dién dong tr cam g, trongdng day nhin gia ti nao ?

a) &, =4 (V)

b) &, =6 (V)
C) &0 =8 (V)
d) & =9t (V)

Cau 5: Mot vong day én kin, khéng n dang, quay trongit truong déu.
Ménh dé 1 (MD1): Ban chit vat ly dé tao nén dongtién cam tng |, 1a ec Lorentz
cua tr truong B tac ding Ién hat € tu do aia vong day.
Ménh dé 2 (MD2): Ban chit vat Iy dé tao nén dongtién cam tng I 1a e caa
dién truong xoay EX tac ding Ién hat € ty do aia vong day.

Hay chon phrong andung:
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a) Mb 1ddng, Mb 2 sai b) B 1 sai, M® 2 dang
c ) Mb 1dung, Mb 2dung d) W 1 sai, MD 2 sai

Cau 6: Mot vong day én kin, khéng kin dang, quay trongit truong bién thién theo
thoi gian.

Ménhdé 1 (MD1): Ban chit vat ly dé tao nén donglién cam ung |, 1a lyc Lorentz
cua tr truong B tac ding Ién hat € ty do aia vong day.

Ménh dé 2 (MDP2): Ban chit vat ly dé tao nén dongtién cam tng | 1a hrc caa
dién treong xoayE, tac ding 1én ht € tu do aia vong day.

Hay chon phrong andung

a) Mb 1dung, Mb 2 sai b)® 1sai, M2 dang

c) Mb 1dung, Mb 2 dung d) M 1 sai, MD 2 sai

Cau 7: Mat vong day dn kindtng yén trongit truong bén thién theo thi gian.

Ménh dé 1 (MP1): Ban chit vat ly dé tao nén dongtién cam &ng | 1a luc Lorentz
cua tir truong B tac ding 1&n hat € tu do dia vong day.

Ménh dé 2 (MD2): Ban chit vat ly dé tao nén dongiién cam ung | la lyc cia
dién treong xoéyéx tac ding Ién hat € tuy do aia vong day.

Hay chon phrong andung

a) Mb 1ddng, Mb 2 sai

b) Mb 1 sai, Md 2 dung

c) Mb 1ddng, Mb 2 dung

d) Mb 1 sai, Mb 2 sai

Cau 8: Mot vong day dn kin, khong kin dang, quay trongit truong B bién thién
theo thi gian. Lirc nao ladrc can lai chuyén dong quay:

a) Luc Lorentz @a tr truong B tac ding Ién hat € ty do dia vong day.
b) Luc aiadién trerong xoay EX tac ding Ién hat € ty do aia vong day.
c) Luc aiadién truong xoéyéx tac ding Ién dongtién cam tng .

d) Tu luc aia tr truong B tac ding |én dongtién cam tng |,

Cau 9: Trong dongdién toan pn J, =1J +66—? mat do dongdién dich va nat do

dongdién din cung chiu khi:

a) dién truong ing
b) dién truong gam
c) dién truong arc dai
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d) dién trudng arc tiéu

Cau 10: Mot dongdién | = 4 A chay qua ndt ng day thing duoc xem dai vo hn .
Tir thong quadng day@, = 2.10°Wb . VAy niang lrong tr trudng W, trong éng day
nhian gia ti nao sau ?

a) Wy, =2.10"J
b) W, = 4.107]
c) Wy =6.10"J
d) Chradu s liéu dé tinh
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CHUONG 11: QUANG HQC SONG

|. Ban chat songdién tir cia anh sang

Ban chit séngdién tir cia anh sanguoc xac hp nhy sy so sanh céc tinh éh
gidng nhau gia anh sang va somign tir theo thugt Maxwell. CAc tinh cht d6 la :

1) Séng &nh sang va sédign tir déu 1a song ngang téydoi.

2) Séng anh sang va sodgn tir déu truyen trong chan khongai van
tbc ¢ = 3.16 m/s

3) Khong c6 ranh @i gira séng quangde va séng vo tujn trong mén hong
ngaai ciing nhr gitra sdGng quangde va tia X trong nén tir ngaai.

4) Viéc dong nhit séng quangde wi séngdién tir lam cho wvéc gii thich cac Hin
tugng quang bc mot cachdon gian, rd rang. Ciing han g thich cac kin trong
phan xa, khuc » anh sang, Bn trong tan &c, phan gc anh sang ...

NGi tém ki, cAc séng quangol gom cac &nh sang 4} dugc, hong ngai va tir
ngaai la mot dai séng trong thang sordién tir thong niit.

1. Nguén két hop
[I.1. Daodéng sang

Ly thuyét va thrc nghm ching © chi c6 véct cuong do dién trudong E cia séng
dién tr méi gay nén ém giac sang. ¥y daodong sang la dadong aia vécty cuong
d6 dién treong E ciia songien tir;

E=4Fos (t+a) (11-1)

Ta bét anh sang do cac nguyé@ndia ngwn sang phat ra. Nguyéfr phat ra anh

sang khong liénuc ma giandoan. Gr sau nét khaang thyi gian t[110°s nguyén

phat ra mt doan séng. Vi phat sang la rigi nhién nén pha batau o cia mdi doan
séng nlan cac gia tirbat ky va ludn luén thayoi.

Cau héi: Trong béu thic (11-1)dai luong nao lién quaxién arong do sang | (ang
luong sang)Pai luong nao lién quadéen budc song A cia anh sang ( maus anh
sang)? Gii thich.

1.2. Hai s6ng &nh sang & hep

Hai s6ng anh sangtkhop la hai séng anh sang dagng cting pirong, cing in
va cO héu pha khéng thagoi theo thyi gian.

11.3. Céch tao ra hai séng anh sang & hep

Nguyén dc dé tao ra hai séng anh sangthop la ir mot séng tach ra lam habir
cho gip nhau. Vidugc tach ra mgt songnén pha badau cia chung thayioi dong
bo. Nén héu pha @a chiung khéng thagoi theo thi gian.

[I.4. Ham song anh sang
Gia sr tai O daodong sang co ahg:
E = E coswt
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S6ng anh sang trag dén M, twong tr nhe séng ©, daodong sangdi M c6 dang:
Eu = E, cos (a) t —%] (11-2)
Biéu thirc (11-2)duoc goi 1a ham séng anh sang.
Vi L=n.d (11-3)
« Llaquangé gitadiém O va M
 dlakhdng cach gia haidiém O va M
 nlachét stit méi trong gira haidiém O va M.
e A la brdc song da anh sang.

Phan tich: Néu biét daodong sangdi mot diém thi ir ham séng (11-2) ta cédtsuy
ra daodong sangdi mot diem khac.

l1l. Giao thoa anh sang gay i hai nguén két hep

Hién trong giao thoa anh sang l&hitwong tai vung khéng gian & nhau @a hai
chum anh sang co6 fthg vung c6 aongdo sang ac dai va arc tieu xen K nhau.

Hién twong giao thao anh sangialy © anh sang cédm chit séng.
Hién tuong giao thoa anh sangioky radbi vai hai séng anh sandgkhop.
Gia sir ¢ hai ngén sang kt hop S, va S. Daodong sangdi S; va S c6 ding:
E = E,coswt
E, = E coswt

L M
Sie - .

Lo H.11.1
S

Theo (11-2) hai ngin S, va S 5 gay ra 4i M daodong sang c6 ghg:

2L,
Evi = Eocos(a)t— 3 j

21T LZJ

B = Eocos(a)t—

Ta béu dién daodong sang F; bing véct Ew: va daadong sang ki, bing véct Ew: .
Daodong sangdng hyp tai M 1a:

Ev =Emi1+Ewm2

93



Vi hai daodong sang dadong cting pirong, cting 4n 5. Nén ta c6 biério dao
dong sangang hop tai M.

= 2E? (1+cosAg) (1)
Trongdo A¢ la hiéu pha @a hai daatong sangdi M.
AY = 2/1—” AL (11-4)

Vi AL = (L, — Ly) 1a hiéu quang d cia hai daatong sangtt S, va S dén M.
Ta bét cuong do sang ¥ 1& véi binh phrong biéndd sang:

= kE 2)
Tu (1) va (2) suy ra wng doé sang i M:

| = 21(1 + coshAd) (11-5)

Ta thiy cuong do sang 4i mot diém trong trdng giao thoa pinthuoc vao héu pha
A¢ hay heéu quangd AL.

Néu: AL = KA (11-6a)
Voi: k = 0,x1,£2, £3 ... goi la bac giao thoa.
Suy ra: AP = 2kt (cung pha) (11-6b)

Ta c6 aong do sang 4i M cuc dai: Imax=4 o

Nhu vay nhitng diém ma héu quang ¢ tir ¢6 d&én hai ngén I1a ndt sd nguyén én
budc sdng co eong d6 sang ac dai.

Néu: AL = (2k + 1)% (11-7a)
Suy ra: AP = (2k+ )t (ngroc pha) (11-7b)

Ta c6 @ong dd sang 4i M cuc tiéu: | min= 0

Nhu vay nhing diém ma héu quang ¢ tr no dén hai ngwn 1a mot s 1é 1an nra
budc s6ng thi song d6 sang ac tiéu.

‘Trong thrc t khi bd tri cac thi nglim quan sat éh trong giao thoa ta dlguan sat
thdy mot ving ét hep trong trong giao thoa. Nén trongth # ta € quan sat thy
hinh ding cac van giao thoa la cac van sangdvadng song xen&nhau

Hién tugng giao thoa ang sardyoc irng ding: o budc séng anh sang, khphan
Xa CAc nit kinh, kiém tra cac nit kinh phing hay bi, ché tao giao thoa & Rayleighdé
do chiét suit chit long va cht khi, giao thoa & Michelsondé do chiéu day @a cac
ban mong, phrong phép toan ky atp anh roi...

Tham khao (doc thém)

Ky thudt chup toandnh haydnh toan kyla pheong phap va k thuit chup lai
va tai deng hinhdnh ba chéu aia vit thé. Ky thugt nay khéng én st dung thiu kinh
quang lec nhim p trung hinhanh 1én m ghi hinh hac thiét bi ky thugt so, thay
vao do s dyng mt ngwn sang Kt hop nhe laser chéu @én vit va cho giao thoadi
mgt chum laser tham chil tzi cugn phim ghi hinh. Plong phap chp giao thoa nay
cho phépitu lgi nhiéu thdng tin lan hinhdnh 2 chéu, cho phép negpi quan sat thy
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hinhanh 3 chéu aia vat thé khi nhin dréi nhitng géc khac nhau ma khongsnkinh
ho tro nao khac. Mt dac diém khac so & anh thong tlrong @6 |a reu xéanh toan ky
thi hinhanh aia vit thé van dwoc kio toan trong #ng hbic anh toan ky nh.

Ky thugt nay do Dennis Gabor phat & vao thip nién 1940, ning phii doi
choden khi laser radoi thi y wong aia 6ng nai thuc hién duwoc. Nho cdng trinh nay
ma Oongduoc trao gii Nobel \4t ly nam 1971.

Anh toan ky c6 nlaiizng dung trong y fac, khoa lac, I thugt, kien trdc va ban
lé hang héa. M6 hinh & tric hing toananh cho phép cac én trdc sr mo hinh hdéa
cong trinh trén khdng gian ba @i triege khi trien khai xay dng

Sinh vién c6 thdoc thém trén ming vao GoogleAnh toan ky va n thuc do. Roi
lich vao:4nh toan ky va l#n thuc ao — PC World VN.

Cau heéi:
1) Theo hinh € H.11.1 hai daaéng séngEM1 Va Ew> tai M O cung plrong
khéng? Nu co gii thich ki sao. Nu khéng gai thich i sao.
2) Theo hinh ¥ H.11.dé hai daodong séngém V& Eu: cung phrong tai M
phai thoa mandiéu kién gi?
IV. Kh 40 sat hén twgng giao thoa gay i khe Young

£
/o
A

H.11.2

Hién twong giao thoa gayd khe youngduoc b tri nhr sau: Chéu mot chum
anh sangton sic c6 hrdc A song song qua dh khe fep S. Sau St hai khe kp S, va
S, song song & S. Khaing cach gia hai khe $va S la ¢rat bé. Sau hai khéit mot
man quan sat E cach hai khétrkhoang D>> /.

Trén man ta quan sa#thhé thdng van la cac van santj ken k& nhau song songiv
nhau va song songvhai khe. i O 14 van sang @a ta thét 1ap mot truc taa to OX. Toan
bo hé théng khao séat hén tirong giao thoauoc dat trong khdng khi cé céii stit n 01.

Xét ot diém M nam bat ky trén man E c6 todo x. Ta c6 hdu quang é cia
hai tia ti M:

AL = -1 = SH =/sina
Vi goca nho nén:

AL = /sina = ftga = E%
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£.X
AL = —=— 11-8
D ( )

Néu tai M & van sang, ta co: AL = %X =kA

kAD

Suy ra: X = — (11-9)
' e ‘. _ X A

Néu tai M 1a van bi ta c6: AL = B:(2k+1)E

Suy ra: X= (2k+1)/]2'—5 (11-10)

Goi i la khaang céch gia hai van sang liénép hay hai vandi lién tiép, ta co:

) AD kAD AD
|:X<+1_Xk:(k+1) - =

14 / /
i 4D (11-11)
/
Tir biéu thirc (11-8) ta suy ra:
AL 14 X
—_— = — X = —
A A.D [
Hay: m = % :% (11-12)
|

Trongdd m i la $ van.

Ta thiy khi higu quang ¢ AL bién thién nét luong bing hrdc séngA thi trén 1§
thong van dch chuyn di mét khaang van.

Bai 11.1 Trong hén trong giao thoa gaydb khe Young cho D = 1m, | = 1Imm. Ghivao
khe S anh sangatig A = 0,4 — 0,7%: m. Tai diém A cach van sang trung tam, x 1mm co6
budc séngh nao cho van sang.

Pap 6: A =0,5um

V. Hién twgng giao thoa gay b1 gwong Lloyd.

Hién twong giao thoa gayd guong Lloyd dugc bd tri nhr trén : Co njt guong
phing G va ndt ngwn sangdieém don sic Sdugc dat sao cho tiadi den grong va
phan xa c6 goc &i 16n gan bing 90.

E

S . M H.11.3

I
Y

G
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Tai diém M hat ky trén man E gp nhau 6a hai tia SM va SIM. Vi cting it phat
tir nguon diém nén 1a hai tia & hop, trén man E tagsquan sat thy hién twong giao
thoa.

Thuc ngh&m cho thy tai noi ly thuyét tiéndodan la van sangilco van éi va ngroc lai.

Nhu vay h¢ thong vanda dch chugn di mot nira khaing van.biéu nay cting
hiéu quang ¢ trong trong hyp nayda thaydoi mot luong bing mjt nira hede song.
bé giai thichdieu nay béc ngroi ta phai cong ntan tia SIM khi ptan xa trén grong G
quang & caa nd thaydoi mét lwong king A /2.

L = (SIM) +A /2

Ly thuyét va thrc nghém cho thy khi phan xa trén méi teong chét quang lon thi
quang § cia &nh sang thagoi mot lugng bing A /2. Con khi phn xa trén mai trong
kém chét quang lon thi quangd cia anh sang khong thawi.

VI. Giao thoa gay byi ban méng c6 & day thay déi - Ném khéng khi
R

d H.11.4

Ném khoéng khi la @t [6p khéng khi cé ehg hinh ném.

Puoc giéi han boi hai ban thuy tinh dat nghiéng nhau Bt géca rit nho, goi S; va
S, la hai nit cia ném, CCla anh aia ném. CHiu mot tia sangdon sic SM vudng
g6c Wi mat S,. Tir hinh \& ta thy hai tia MR va M H Mdéu phat xit tir tia SM nén
la hai tia Kt hop va $ cho hén twong giao thoadi M.

Ta c6 héu quang$ caa hai tia i M

AL = 2d +A /2
Véi d 1a chBu day @a ném i M.
Néu: AL = 2d+A /2 = K
Thi tai M sé cho van sang.
Suyra:  d = (2k-1) % (11-13)
Vi k=123,...
Néu: AL = 2d +A /2 = (2k+1) %
Thi tai M s& cho van éi.
Suy ra: d = k% (11-14)

97



Véi k=0123,..

Vi quy tich nhirng diém cung B8 day laduong thing song songdi canh ném. Nén
trén niit S, ta quan sat ety hinh ding van giao thoa la cac van saogxen k€ nhau va
song song & canh ném.Tai canh ném la vandi.

Hién trong nhitu mau trén man bong béng xa phong hay céac vinlaldo s giao
thoa trén kain nung gay ra.

Bai tap 11.2

Chiéu mot chum énh sangimg (4 = 0,4 — 0,7 m) song song vudng gogivném
khodng khi. Hay xadinh &i vi tri ném c6 B day d = 0,4u m c6 hréc séngh nao cho van
sang.
Pap H: A = 0,53um
VII. Nguyén ly Huyhgen — Fresnel
VI1.1.Phét biéu nguyén ly Huyghen — Fresnel

Co s dé giai thich hién twong nhéu xa &nh sang la nguyén ly Huyghen — Fresnel
duoc phéat béu nhr sau:

Bdt ky mt diém ndo ma anh sang trély dén déu tré thanh ngen sang au thi cip
phat anh sangé&/phia turéc n6. Biénds va pha @a ngwn thi cap 1a biéndg va pha
cua ngwn thyc gay ra ti diem do.

VI1.2.Sw truy én sang theo nguyén ly Huyghen — Fresnel
G

l/ M

H.11.5

“Theo nguyén ly Huyghen — Fresnel tAmd aia ngwn sangdicm O gay radi
diem M cé tke dugc thay ting tac @ing aia cac ngn sang au thir cap phatdi tr cac
phan tr dS @ia mit kin S bao quanh O.

CAc song th cip trén nit S 1a cac songék hop. Khidén M chang & giao thoa nhau.

Gia sr daodong sangdi O la:
E = Ecoswt (11-15)

Theo nguyén ly Huyghen — Fresnel didmg sang ta ngwn thir cip tai dS 1a:
dE= E.kl.ds co{a) t- w;j

r

Trongdo k; phu thuc vao god,
Daodong sangdi M do dS gay ra&la
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+
dEM = .E.dSCO wt—Mj
r,r, 4

Trong d6 k phi thuoc vao goc; va e, va € 16n nhit khi ca 8, va 8, déu bing
khong.

Daodong sangdng hyp tai M sg 1a:

g, = [ X5 co{m—w] ds  (11-16)
o Mo

Tinh tich phan trong bii thirc (11-16) la kha pirc tap. D¢ don gian hon Fresnetia
xay drng phrong phéapdasi cau Fresnel.

VI1.3. Phwong phap déi ciu Fresnel
VII.3.1.Déi chu Fresnel

(S)

Gia sir c6 nbt ngudn sangltiém O va ndt diém duoc chiéu sang M.

Xét mt mit cau ban kinh R OM ¢6 tam OBt MB = b. Liy M lam tam éin luot
VE CAC MitcAu S, S, S, S, ... €6 ban kinhdn luot : b, b +A/2, b + 2\/2, b + 3A/2

Trongdo A la bhudc sdng éa anh sang.

Cacmitciu S, S, S, S, ... chia it ciu S thanh céadéi goi la d6i cau Fresnel.
VII.3.2. Ban kinh cia déi ciu

Goi I, = KH 1a ban kinh ¢adéi cau thi n.

bat HB = h,. Theo hinh & ta c6:
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(S)

r2= R*-(R-h,)

r’= 2Rh, —-h?
Xét treong hop hy<< R. Ta cé:r’ = 2Rh, (a)
- z B z . 2 _ A 2 2
Mt khac tadi co: = |bnT ) - (b+h,)
Xét traong hop b>>h vai <<b. Taco :
r? = nbi-2bh, (b)
So sanh (a) va (b). Tdaroc:
A b
= ©
2(R+b)
Véin=1,2,3, ...
R RbA
Tu (a) va (c) ta suy ra: = : 11-17
t@va@asuyra r,= e (11-17)

VI1.3.3.Dién tich cia déi cau
Gi AS la dén tich @ia ctbm ciu chira ndéi cau.
Taco: AS =AS, +AS, + ... +AS,

Hay: AS = 3RR= 212 4n
v - AR Ryp)
Vay dién tich caaiéi cau bing nhau va ing :
71 RbM
AS, = (11-18)
(R+b)

VI1.3.4. Bién @6 daoddng sang bng hep do cacdéi cau gay ra tai M

~ Theo nguyén Iy Huyghen- Fresnel afi cau dugc xem nhr 1a c&c ngon thi
cap va daaiong sang do cadsi cau gay ra di M tuong duong wi daodong sang do
nguwn O gay radi M.

Goi E, |a biéndd daodong sang ddéi cau thi n gay ra tai M.

Vi dién tich cacddi cau bing nhau. Nén biédé daodong sang do cadoi cau
gay ra &i M chi phy thupc vao kh@ang cacht d6i cau ¢én M va goc nghién§.
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Ta thiy khi n cangng thi khang cach & déi cau dén M cang &n va goco cang
I&6n. Vay khi n tang thi E giam. Ta co:

E> E2>E3>E4...
Vi bién thién khéng cach va g8 giira haidsi cau lién tép ntv. Nén cé th xem:
E - En—l + En+l
" 2

Ldc n kha én thi E, 00

Vi hiéu quangé cia hai séng anh sang phafiktir haidéi cau lién tiép gay radi M la:
AL =X /2. Nén htu pha @a hai song 1&¢ =1t Vay hai song do haidi cau lién tép gay
ra i M nguoc pha nhau. Dd6 biéndé daodong sangdng hop do caalsi cau gay ra
tai M la:

E=FB+E-E+E-..

= cBunk
2
E, (E E E E |
E =2+ 2-E, +2 |+| =2-E, +—2> |+ . -
2 (2 2 2} (2 ‘ 2} E;-l—En=—%:réunc“n
\

Vi phin trong ngéc bing khéng nén:

+:nfunk
E, — 1 néu n chin

E
E:_1 _n 11-19
g (@119
Tacd @ongdo sang di M:
2
| :(Eiij (11-20)
2 2
Néu giira O va M khdng céat can thi n bn. Nén E 0O. Khi do:
B
| = =1, 11-21
; (11-21)

VIII. Nhi &u xa qua mét 1§ tron gay béi nguén diém ¢ gan
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Gia sr ta 6 nét ngwdpn diém O vadiém dugc chéu sang MPit gitta O va M not
man cd khoét it |6 tron. Sao cho tic caa o tron trung Wi phuong OM. Lay O lam  tam
ta V& mot mit cau (S) tra 1én b tron. Lay M lam tam ta & cacddi cau Fresnel trén i

(S).

Néu 16 tron chra i déi cau va $ déi cau lé. Ta co:

E:5+E
2 2
Cuongdo sang 4i M
2
| = 5+5 > |0
2 2

Piém M sang bn lic khéng cé man.
Néu 16 tron ch chiradoi cau thir nhat:
E :5+5 =K
2 2
| =E? =4I,
Piém M sang §p 4 kn khi khéng c6 man.
Néu 16 tron chra 5 chan déi cau. Ta co:
_E_E

2 2

2
E, E
| = =L -1 < |

DPiém M sang $u hon khi khéng c6 man
Néu 16 tron chira 2d6i cau dau tién.

E:E—E
2 2
Vi E; OE, nén ECJO. Vay | OO

Tai diém M t6i.

Tom hi cuong do §éng 41 M phu thuoc vap kich ’th('rc oia 16 tron, ding nhr
khoang cachw O dén Io tron va khang cachi 16 tronden M.
Bai tap 11.3

Mot ngwn séngdiém O phat ra &nh sangréc séngA = 0,51m vadiem dugc
chicu sang M cach nhau 4m. g ta dat chinh gira OM bt man clin sang trén cé
khoét ndt 16 tron, sao chopc I6‘tr0n trung wi OM. Xacdinh ban kinh &a lo trondeé
cuong doé sang ai diem M gap 4 kan khi chra c6 man.

Pap o: r=0,7 mm
Bai tap 11.4
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Mot ngwn sangdiem O vadiém dugc chéu sang M cach nhau 4m. g ta dit
chinh gita OM mt man clan sang trén c6 khoétgnlo tron, sao chotic 1o tron tring i
OM. Xacdinh ban kinh#a 6 trondé tai diém M toi.

Pap $:r=1 mm
IX. Nhiéu xa qua mét dia tron

Dit giira ngn sangdiém O vadiém M mot dia tron clin sang. Gi s dia che nit
déi cau thi i. Ta co biénio daodong sangdi M:

E:iii
2 2
Vinlén nén E OO. Vay
E=Ei+l
2

Ta c6 aong do sang & M

(%)

Néu dia che iid6i ciu co the xem ., OF;
Suy ra: 101, Vay tai M s€ sang binh thiong nhr khdng cédia tron.
Néu dia I6n che nhéu d6i cau thi B, 0O
Suy ra 100. Vay tai M s téi.
X. Nhiéu xa qua mdt khe hep gay bdi chim tia don sic song song
X.1.M0 ta thi nghiém
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H.11.10

S S S

Mot khe kep c6 & rong AB = b. Chéu dén khe kp mot chum tia séangton sic
song song cowrc sOngA va vudng goc & mat phing khe. Sau kheep céc tia sang
nhiéu xa theo nhéu phrong khac nhaubé quan sat in trong nhéu xa ta ding mt
thau kinh i tu L. CAc chum tia nBi xa s hoi tu trén man Ddit tai mat phang tiéu
dién aia thiu kinh L. NRing chum tia niiu xa c6 goca khac nhau&hdi tu tai nhirng
diém khac nhau. Ty theo gid ttia géca madiém M co tré sang haydi.

X.2.Sr phan bé cwong dd sang trén man D.

Dé xacdinh arong d6 sang 4i mot diém M trén man E. Tadcac nit phing S, S, S
...vudng gadc i cac tia nhdu xa va cach nhau i khaaing DC =A/2. H¢ cac nit phing
S, Si S ...chia niit phing khe c6 Brong AB = b thanh na. Mai dai c6 bé rong AD =
d:

_DC _ A
sing 2sina
Suy ra § dai:
= E _ 2bsina
d A

Nhirng cii sang nay la nimg ngwn sang tkr cip daodong cuing pha va phat ra cac
song anh sangek hop truyen i dao thoa @i nhau trén man D.

Do hiéu quang é cia hai séng phét rarthai ci lién tiép bing AL = A/2, nén hiu pha
cua changdi diém M trén man D &nguoc pha Ad = (2k + 1)t) va khr 13n nhau.
X.2.1. Cuc dai nhiéu xa trung tam ( giira)

Ddi véi cac tia nhdu xa cd goc nhu xa a = 0 ( truyn thang ) cac tia co ki
quang b AL = 0, nén cung pha¢ = 0. Dodé giao thoad F cho van sang| goi la
van sang trung tam hay van sanjagi
X.2.2. Guc tiéu nhiéu xa:

Néu khe kep b chra mjt sb chén cac di sang, ngia la n = 2k (k la & nguyén
duong), do tng cip dii sang K tiep gay radi diem M khe lan nhau, nénat diem M
S8 t6i ( cuc tieu nhigu xa). Suy radiéu kién oxc tieu nhéu xa:

2bsina
n=
A

=2k
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Hay: sina = k% (11-22)

Voi: k=+x1,+2,+3....
X.2.3. Guc dai nhiéu xa bat k:

Néu khe kep b chra mt 5 I¢ cac di sang, ngta la n = (2k + 1), thi daddng sang
cua tirng cp ke tiep nhau 8 khe nhau, chcon ki daodong sang ga mjt dai sang &
du ra khong b khe. Do d6 diém M la van sangklnhung c¢6 erong d6 sang nb hon
nhiéu véi van sang trung tam |

Suy radiéu kién cac ac dai nhidu xa bac k:

_ 2bsina

= (2k +1)

Hay : sina:(k+%j% Wik= +1,42,+3 ..., (11-23)

H.11.11

O

3Ab -2/ -Ab Mo 2\b  3\/b

X.2.4.Hinh dang van nhiéu xa
'Néu ngwn sang la ngn diém thianh nhBu xa ciia khe lep < 1& mot daydiem
sang 8i xen k& nhau va am trén ndt duong thaing cé plrong vudng goc &i khe kep.

Néu ngubn sang la riit khe sang &p song songdi khe nhéu xa thi anh nhéu
Xa gom nhing van sangdi song song xen&nhau va song songkhe nhéu xa. Van
sang gira sang nft va ©ng gip ddi cac van sang hai bén.

Vi vi tri cia cac ac dai va arc tiéu caa cac van nBu xa chi phu thudc vao goc
nhiéu xa o ma khong ph thusc vao \i tri caa khe nhiu xa trén mit phing chra khe.
Cho nén Au ta dch chugn khe nhéu xa song song & chinh n6 trong it phang
chira khe thi vtri cia hinh dng van nhdu xa trén man D khéng thadbi.

XI. Nhiéu xa qua cach ir

XI.1. Cach tir
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_ Céch tr 1a mot hé nhidu khe fep cling I8 rong b song song nhau, cadtu nhau va
nam trén cung rdt mat phang. Khaing cach d dgita hai khe lién @p goi la chu k§ caa
cach tr, thuong thi d>> b.

XI.2. Cuc dai chinh nhiéu xa qua cach ir

Nhiéu xa qua nt cach & gay i chum tia
don sac song songimg trong tir nhue nhieu xa
o qua ndt khe kep.

. I ‘ Vi vi tri cia van nhdu xa qua not khe rep

6 trén man D khéng phthusc vao v tri cia
B khe trén mt phaing chra khe. Nén céac van
! nhiéu xa cia cac khe @a cach s chong khit
H.11.12 lén nhau trén man D. D < c6 sr giao thoa
gitta cac khe §i nhau va s phan b cuong do
sang trén maréghaydoi.

Trugc hét ta xét & giao thoa bi hai khe lién tp. Pay chinh la s giao thoa gay
boi hai khe Young. Ta cé &il quangd caa hai tia phat st tr hai khe lién &p.

AL = I1C =d sina
Ta c6 erongdo sang ac dai khi:
AL =d sina = kA

Suyra: Sing =% (11-24)

Véi: k=0, 1, £2, £3 ...

Cuc dai nay duoc goi 1a cuc dai chinh cia nhBu xa qua céchit. Vé thuc chit né
chinh la van sang giao thoaachai khe lién @p.

Ta thiy vi tri cia arc dai chinh trén man dhphu thusc vao goéc nidiu xa o ma
khéng phi thusc vao v tri caa hai khe trén it phing cach &. Do d6 cac @c dai
chinh do s giao thoa @a trng cip khe lién tp cia cach & s chong khit Ién nhau
trén man D.

Do d>> b, nén trén én cua arc daj nhiéu xa gitra aia mdt khe ta £ c6 nheu
CucC dai chinh. A

®
Fig
v
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Sr phan b cuong d6 sangduoc trinh bay trén hinh&trén la ch ding cho
treong hop chi co sr giao thoa gia hai khe lién @p.

‘Nhung trén thrc & con co g giao thoa dia cac khe cach nhau. Cho nén trén
thuc té gitta hai erc dai chinh con c6 ning arc dai phu

Nguoi ta chrng minhdugc ring réu goi N 12 5 khe trén cachitthi $ cuc dai
phu gitta hai erc dai chinh la (N-2). Tuy nhién caarc dai phu it dugc quan tam vi
cuong do sang éa no 1a it nho so Wi cuc dai chinh. Trong tirc # khi quan sat in
tuong nhBu xa qua ndt cach & thi trén man D ta quan satiyhcac wach sang song
song nhau va cach nhau tréatmén ti. Cac \ach sangié chinh 1a cacwc dai chinh

X1.3. Quang phé cach fir

Ta biét cuc dai chinh nhéu xa cia cachi duoc xacdinh i sing = kA/d. Do
d6 réu ta chéu dén cach & mot chim anh sanging thitng Wi nhiing bréc song
khac nhau &cho \ tri cia arc dai chinh khac nhau trén man D. XWkay cach & da
phan tach chum anh sangng thanh cacach don sic khac nhawuoc goi 1a quang
pho céch tr.

Ung Wi céc gia ti khac nhauia k = 0, 1, +2, +3 ... ta cO cac4r quang
phd khac nhaullng W6i bac quang ph k = 0 thi mi budc séngdéu cé arc dai chinh
trung nhaudi F. Nén &i F & vach sang ting. Hai bén wch sang ting 1a quang ph
cua kic cao lon.

Céch tr dugc ding trong may phan tich quangpft tAch chum tia pc tap
thanh cac chum tidon sac

XIl. Anh séang tw nhién va anh sang phanec
XIl.1. Anh sang tw nhién

Ta biét daodong sang la dadong aia véct cuong do dién truong E va véct
cuong do dién treong E vudng goc Gi phuong truyén sang.

Anh sang i nhién la anh sang ma c6 veéairong do dién truong E daodong
deu dan theo noi phuong rim trong nat phang vudng goc & phuong truyén sang.

H.11.14

Ngudn phét ra &nh sang hhién |a it troi, dén ...
X11.2. Anh sang phan arc toan phan

Anh sang phanuz toan phn 1a 4nh sang ma véctuong do dién truong E
cia no cli daodong theo nt phaong.
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E ' .
\'
' —  H.11.15

Anh sang phanu toan phn

X11.3.Anh sang phan arc mét phan

H.11.16

Anh sang phanuz mot phan

Anh sang phanue mot phan & &nh sang ma véctuong do dién truong E dao
dong khéngdeu theo moi phuong, co plvong dacdong arc dai va cé plrong dacdong arc
tiéu.

Phan tich:

Hai chum sang c6 cungréng do sang I, c6 cungudc songh (cung mau), nimg
tinh phan gc aia ching c6 thkhac nhau. CAu mjt chim sangdi vudng goc i bé mat
cua mt ban phan gc va quay bn phan gc chung quanh chum séang, sao chonbt ban
phan oc ludn ludn vuéng gocdr chum sangdi.

« Néu arong d6 sang saudm phan gc khdngddi thi chum sangdi [a anh sangut
nhién

»  Néu arongd sang saudm phan gc Idc séng, IGadt thi chim sangsi 1a &nh séng
phan ac toan phn

« Néu arong do sang saudm phan gc lic sang, lac » thi chum sangst [a anh
sang phanuc mt phan

XIII. S w phan arc do rdng chiét

Khi chiéu mot chim anh sangrtnhiéndi qua mdt méi treong kit dang hréng
thi tinh clit phan ac cia anh sangxtnhién b thayddi. Méi truong kit dang hréng la
moi treong ma cd mt sd tinh cHit vat ly theo cac ptong khac nhau 1a khac nhau.
Chang han nhr : tinh thé thach anh, tinh th bang lan, tinh t Tuamalin.

Khi chiéu mot chim anh sang vaodnmai treong kit dang hréng thi € c6 hai
tia khuc ». Mot tia tuan thedinh [uat khac »:

Sini/ Sinr = g =const
DPuoc goi la tia throng ky héu bing O. Wi ng 1a chiét suit déi vai tia thuong.
Con tia condi khéng tuan thedinh luat khac »

Sini/Sinr =n, #const
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Pugc gpi 1 tia bit thuong ky hu bing chit e. Wi ne 1a chét st caa tia kit thuong.

RG rang ¥in toc cua tia throng trong tinh th khong thaydoi theo myi phuong.

Con wvan toc aia tia kit thuong thi thaydoi theo phrong truyen.

Trong tinh ti¢ c6 nbt pheong ma anh sang trég theo plrong dé khéng xy ra
hién twong lrdng chét duoc goi 1a quang tnc A caa tinh thé. Tinh thé nayduoc goi la
tinh thé don truc.

Mit khac trong thién nhiérém c6 nliing tinh tté ludng tnc nhr mica. ..
Déi vai nhitng tinh thé c6 n, < ny duoc goi la tinh the am, vi di nhe Bang lan.
Con nhing tinh tté c6 n, > ny duoc goi 1a tinh thé dwong. Thi di: Thach anh.

Thuc nghém cho tht véct cuong do dién truong E cia tia throng 0 ch dao
dong theo plrong vuéng goc & mat phing chira tia throng va quang trc A. Con tia
bt thuong e thi véet dién truong E caa no ch daodong theo plrong nim ngang
trong mit phing chra tia kit thuong e va quangidc A.

_Vay anh sanga tia theong 0 va tia Bt thuong e 1a &nh sang phamatoan
phan.

Khi ta chiéu mot chum én,h sangrtnhiéndi qua ndt ban Tuamalin cé fb
day lbn hon d >1 mm thi n6&hap thu hoan toan tia tlnong O va cl con tia lat
thuong e ra kibi ban.

@ H.11.18 I

A

A 4

«——>
M «——

Vay ban Tuamalin chcho nhirng daodong séngE song song & quang toc A

di qua va lp thy hoan toan ning daodong Séngé c6 phrong vubng goc & quang
truc.

Ban Tuamalin c6 bé day Ién hon d >1 mm & mbt ban phan arc
XIV. Sw phan arc anh sang do phn xa va khuc xa

Chiéu mdt chim anh sangrtnhién Sl & mat phan cach @a hai mai twong .
Ta co tia khuc x IK va tia phin xa IR. Thec nghgEm cho thay hai tia pfan xa va khic
xa deu la anh sang phamrc mot phan.
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H.11.19

Déi véi tia phin xa vécb dién traong E daodong arc dai theo phrong vudng

géc wi mat phang i. Conddi vai tia khic x véct E daodong arc dai theo phrong rim
trong néit phang oi.

Khi goc i i thoa mandiéu kién:
tg iB = 'y (11'25)

Géc i dugc goi la géc Brewster. Khié anh sang tia gin xa la anh sang phan
cuc toan phn. Con anh sang tia khuda xan 14 &nh sang phanrc mot phan.

Cau hoi:

Hay ching minh trong tén twong phan gc anh sang do gh xa va khic %, khi tia
phan xa la anh sang phamrc toan phn, thi hai tia pln xa va khac % vudng géc nhau.

Baitap 11.5
Chiéu mpt tia &nh sang Sbt mét ban thay tinh dit trong khéng khi. Khi goc

khic »a r = 30 thi tia phin xa 1a &nh sang phanrc toan phn. Hay xaatinh chit suit
n aia thay tinh.

Pap H: n=1,73
XV. Sy quay mit phang phan arc
M3t phing phan gc 1a mit phing chra tia sang va vudng godiwéch cudng
d6 dién truong E.
XV.1.Trwong hep céac tinh thé don truc
Thuc nghgém cho thy khi roi &nh sang phanye toan phn theo quang tc aia

mét tinh thé nhu thach anh ... thi véet cuong do ddién truong E ciia nd quaydi mot
goca.

=[a] p.d (11-26)

Trongdo d 1a [ day da tinh tié, o 1a khbi luong riéng tinh th, [a] 1a hé b ty
l& phu thudc vao clit tinh thé, nhiét ¢ va hréc séngh. Ching han thach anhag 20°C

A (Km) [a] d6 cn®/ mm. gam

110



0,434 41,92

0,4861 32,76
0,5893 21,72
0,6563 17,32

Khi nhiét 6 tang thi [a] tang
XV.2.Trwong hop chit vd dinh hinh

Khi ta chéu mot chom anh sang phame toan phn di qua ndt dung dch
duong hay trou ... dugc i la chat quang hat thi thec nghém cho thy véco cuong

d6 dién trwong E ciia n6 quaydi mot goca.
a =[a].d.C (11-27)

Trongdé d chéu day bp dung dch, C rong do cua cHit quang hat, [a] 1a hé
sé;)oph; thupc vao clit quang hat bugc songh va nhit ¢6. Ching han @i véi duong o
20°C.

A (B b] do cn?/ gam.dm
0,4861 100,3
0,5351 81,8
0,5893 66,5

Khi nhiét d6 tang thi [o] tang.

Tham khao (doc thém): Tinh chit phan crc 4nh sang é@a tinh thé léng
1/ C4u trac aia tinh thé léng:

Vao nim 1888 nha thc vit hoc Reinitze trong khi xadinh diém néng chy va
dé tinh khit ciia myt chdt este cholextérafd leu v nbt hién trong dac biét: cac tinh
thé benzoat choletéro néng@hd nhiét dg 145,5°C tré thanh clit léng duc réi no tré
nén trong sdt ¢ 178,5C va licd6 no 1a nt chat long dang heéng binh tlvong.

Tir nam 1889 Nha dt ly ngroi Dirc Otto Lehman@a nghién éu cac glzﬁ't long
duc doi véi mot so chat long hiu o va dngdat cho ching cai tén lénh thé léng vi
ching c6 tinkchdy cia chat long nheng dong thoi ¢o tinh clat lwéng chiet cia tinh
thé.

Tuy théic vao @u trac bén trong ngpi ta chia céac tinh th léng thanh ba lei:
nématic, smectic va cholextéric.

Logi don gian nhit 1a nématicduroc ciu tgo bsi cac phan# c6 ding i dai. O
trgng thai tinh ti# long cac “phan # spi” song song vi nhau.

2/ Nhing tinh chit quang aia tinh thé léng.

S dinh heéng aia cac phanait nématic khong langng cho toan b thé tich
cua tinh the ma chi ¢ trong nhing mién khéng én. O moi mién khac nhau 8 dinh
huong cac phand khac nhau. ¢ mat phan cach gia cac men xay ra sr phan xa va
khuc x anh sang cho nén ghnématic khéng trong stimaduc nhr sira.
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’ Co6 nhiu céchllam c’ho;sd‘_z‘n,h heong aia cac phénﬁ; ne@matic trong toan
khoi long tre thanh tlong nhat, va chit Iéng tro thanh trong sat, chang hen nhe dung
dién treong, tr trieong, dung ap sit...Phin sauday gii thieu phrong phap dun@‘len
truong thong qua @t izng ding aia tinh the long trong véc hlen thi s6 va chir ¢ dong
ho dién tir, ¢ may tinh B ti, hays mt 6 dung a: do hién ..

3/ Sr hién thi chi# va & bang tinh thé léng.
Bé phdn hién thi duoc ciu tzo nhe hinh v H.1

bién arc trong sét ghép i 7 thanh Dlen arc trong st

| A |
[ «—> . +»Kinh phan gc A
Tam thay tinh A ;
* »Tinh thé long
Tam thiy tinh B
A
H.1 | 0 —»Kinh phan ¢c B
Guong
6
5 1
7
H.2 < >
2
4

1) Kinh phan ec A cd plrong quang tic A song songdi mat kinh va @m trong
mat phang hinh .

2) Tam thiy tinh A day 0,5 mm

3) Mdt dudi tam thiy tinh A co pli I6p dién arc trong sut ghép i 7 thanh.
Hinh H.2

4) Lép tinh tHé long c6 k& day 0,01 — 0,1 mm. Céc phém dai aia tinh thé long
dinh heong song songdr mat tam thiy tinh.
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5) Tdm thiy tinh B day 0,5 mm
6) Mdt trén aia tam thiy tinh B c6 pli I6p dién cuc trong st

7) Kinh phan ec B c6 plrong quang tic A song songdi mat kinh va vudng goc
voi mat phang hinh .

8) Nhu vay phrong quang tuc A cua hai kinh phéanec A va B vubng goc nhau.
9) Guong phin xg anh sang
» Céc phan# spi dai cia tinh thé long dinh hréng song songdd be mit cia
hai tzm kinh A va B.
« Phan tr ¢ sat Wi bé mat tam kinh Adinh hréng song songdi quang tuc A
cua kinh phangc A
o Cac phani l6p dwdi quay chung quanh plang thing dirng. Sao cho phan
tir o sat mit tam kinh B cé plaong vuéng goécdi cac phan # ¢ sat mit tam
kinh A, t-c cO plrong song songdi quang tuc A cua kinh phan gc B

Khi chiéu vao kinh phanug A chim anh sang nhién, sau kinh phansc A la
anh sang phanye toan plin co6 véar dién triwong E song vi quang tuc A cua kinh
phan ac A.

Anh sang phanuc toan plan E di qua tim thiy tinh A 8i 16p tinh thé Iong. Khidi
qua bp tinh thé léng véct cuong dé dién truong E aqia anh sang phanuc toan plan
quay.

Khi @én bé mat cua tim thiy tinh B véat cuong dg dién truong E cia anh
sang phan gc toan plan co phrong vuéng goécai mat phang hinh ¥, tizc song song
voi quang tic A cua kinh phan gc B.

Anh sanh phanu toan plan di qua im thiy tinh B vadén kinh phan ec B, vi
cO véct cuong do dién truong E song songo’m quang tuc A nén anh sang phamc

toan phin di qua kinh phanec B vadeén grong. Anh sang phanyc toan plzin phan
Xa nguoc lgi, di kinh phan gc B, di qua tim thiy tinh B,di qua lbp tinh tré long,

VEct curong do dién trirong E quay,di qua @m thiy tinh A va qua kinh phancc A.
Trén man hin thi sangdeu.

Bay g néu ta mun hién thi con @ 3 thi tadat mgt hiéu dién thé vao cac thanh
dién cuc 1, 2, 3, 6 va T mit dwdi tdm thiy tinh A vadién cuc ¢ mat trén tim thiy
tinh B. Gira cacdién asc cé ndt dién truong co plvong .thing ding. bién truong nay
dinh heéng cac phanit cia tinh thé long theo plong thing dirng.

Khi chiéu vao kinh phanuc A chim anh sang mnhién, sau kinh phansc A la
anh sang phanye toan plin co6 véar dién triong E song vi quang tuc A cua kinh
phan ac A.

Anh sang phanue toan plin E di qua m thiy tinh A i I6p tinh thé léng.

Khi di qua Ibp tinh thé long véct cuwong do dien truong E cia anh sang phanuc
toan phin khéng quayiic cd phvong khdngdoi. Anh sangii qua tam thiy tinh B i
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kinh phan gc B. Vi anh sang phansc toan plain cé plrong aia véct dién truong

E vudng goc & quang tuc A cua kinh phan gc B nén anh sang khong qdaoc
kinh phan gc B, khéng di duwoc grong dé phin xa nguoc lgi, tia sang b tat. Trén
man hién thi cac thanh 1, 2, 3, 6 va Bit hién thi s 3 i

CONG THUC VAT LY CHUONG 11
1/ Daodéng sang
E=FECoS (t+a) (11-1)
2/Ham song anh sang
2L

E, = E,cos (a) t _TJ (11-2)

3/ Giao thoa anh sang gay & hai nguon két hop
a/biéu kién van sang giao thoa

AL = KA (11-3)

Ad = 2kt (cung pha) (11-4)
b/Diéu kién van bi giao thoa

AL = (2K + 1)% (11-5)

AP = (2k+ 1)t (11-6)

4/ Giao thoa gay i khe Young
a/ Vi tri van sang

x=¥AD (11-7)
l
b/ Vi tri van bi
AD
=(2k+1)— 11-8
= (2 2f )
¢/ Khaang van
i = 4D (11-9)
/
5/ Giao thoa gay l#i ném khong khi
abiéu kién van sang.
d = (2k-1) % (11-10)

b/Diéu kign van bi
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A

d = k= (11-11)
2
6/ Ban kinh cia déi cau Fresnel
RbA
rr= .[/——= - +n 11¢12
" Rep) " 12)
7/ Cwong dd sang do caaléi cau gay ra tai M.
2
| = [Eiij (11-13)
2 2

8/ Nhiéu xa qua mjt khe hep gay bsi chum tia don sic song song
a/ Grc tiéu nhiéu xa:

sina = k% (11-14)
b/ Grc dai nhiéu xa
sing = [k " 1) A (11-15)
2)b

9/ Nhiéu xa qua céach ir - Cuc dai chinh
Sing =% (11-15

10/ Ph&n arc &nh sang do pkn xa va khdc xa
Diéu kién gbc 6i i dé tia phan xa la &nh sang phanrc toan phn
t9d = My (11-17)

CAU HOI TRAC NGHIEM CHUONG 11
Cau 1: biéu kién vé hiéu phaAe va hiéu quangd AL dé giao thao cho van sang.
MD 1: Ag=(2k+1)m, v6ik = 0,£1,+2+ 3..
MD 2: AL=kA ,voi k= 0,£1+2+ 3..
Hay chon phrong andung
a) Mb 1dung, Mb 2ddang
b) Mb 1dung, Mb 2 sai
c) Mb 1 sai, Md 2dung
d) Mb 1 sai, Mb 2 sai
Cau 2: biéu kién vé hiéu phaAe va héu quangd AL dé giao thao cho varbit
MD 1: A¢g =2km, v6i k= 0,£1,£2+ 3.
MDb 2: AL=kA ,voik=0,+1+2+3..
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Hay clpn phrong andung
a) Mb 1dung, Mb 2ddng
b) Mb 1dung, Mb 2 sai
c) Mb 1 sai, Md 2dung
d) Mb 1 sai, Mb 2 sai

Cau 3: bat gitta mdt ngudn sangliém va ot diém M trén man chéiu mot dia tron
chan sang cd@uong kinh at nho. Khi do tai M:

a) Tbi hoan toan

b) Ladiém ti, xung quang sang

c) Ladiém sang, xung quanhit

d) Sang gn nhr khi chra dit dia tron

Cau 4: Chiéu mot tia sangt nhién Sl & mit phan cach gia hai méi teong (1) va
(2). Ta c0 tia pin xa IR va tia khac % IK. Néu gbc 6i i thda man: tang i =5. Voi
Ny, chiét suit cua méi trong (2)ddi véi méi truong (1). Gi o = (IR,IK) 1a goc top
boi ta phin xa va khic x. Chon phat béu dang:

a)o = 30°
b)o = 45°
c) o= 60°
d)o = 90°

Cau 5: Chiéu mot tia sangt nhién Sl & mit phan cach dgia hai méi teong (1) va
(2). Ta c0 tia phn xa IR va tia khac % IK. Néu gbc 6i i thda man: tang i =5. Voi
N,y chiét suit cua méi trdng (2)ddi véi méi truong (1). Gi a = (IR,IK) la goc hp
boi ta phin xa va khic x. Chon phat béu dang:

a) tia khic x IK [a &nh sang phanrc toan phn
b) tia khuac x IK 1a &nh sangut nhién

c) tia khic x IK la &nh sang phanrc mot phin
d) o= 45°
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CHUONG 12: Li THUY ET LUQNG TU - CO HQOC LUQNG TU

[. Bwrc xa nhiét
I.1. Birc Xa nhiét

Buc xa nhiét 1a bic xa dién tir dugc kich thich do #ng krong chugn dong
nhiét cha nguyénit va phani.

Phan tich:

~ Moi vat déu cau tao tir nguyén i hay phanit. Nguyén & hay phanit ludn luon
chuyén dong nhiét hon loan khéng ngng.

Cho nén mi vat & moi nhiét @6 luén ludén phat radc xa nhiét.
.2. Nhitng dic diém ciia birc xa nhiét

a) Buc xa nhiét phy thuoe vao nhét do va bin chit caa \At.

b) B¢ xa nhiét 1a bic xa can Bing.
Phan tich:

a) Mot thanh St (Fe)d nhiét o binh theong (t = 27°C) phét ra fic xa nhiét &
ving ng ngai (mét khong nhin thy), & nhiét ¢6 t = 500C phét ra anh
sangdo sam, ¢ nhigt do t = 800°§: phat ra anh sang mau vangit ¢ nhiét
d6 t = 1500°C phéat ra &nh sangitg.

b) O moi nhiét do trén \at luon luéndong thyi xay ra hai qua trinh phat rairb
xa nhiét va hap thu birc xa nhiét.
« Néu ning lrong brc xa nhiét ma vt hip thu vao bn hon ning rong
birc xa nhiét vat phat ra thi nigit d6 caa vat tang.
« Néu ning lrong birc xa nhiét ma \at hap thu vao nté hon ning hrong
birc xa nhiét vat phat ra thi nigt d6 caa vat giam.
» Néu ning lrgng hrc xa nhiét ma \at hap thy vao bing ning hrong
birc xa nhiét vat phat ra thi nigit d6 caa vat khéngdoi.
. 3. Niing suat phat xa toan phan
Ning suit phat x toan plin R 1a ring krong hic xa nhiét do \at phét ra trén it
don vi dién tich mait ngoai theo i phuong, trong ndt don vi thoi gian, tng Wi moi
budc séng.
Phén tich:
Ning suit phat » toan pAn R aia mbt vat phu thudc vao kin chit caa vat
va nhiét do T.
l.4. Nang suét phat xa don sic
Ning suit phat % don sic r(A,T) 14 ring lwong bic xa nhiét do \at phat ra theo
moi phuong, trong ndt don vi thoi gian, trén nit don vi dién tich, ang wi mot
khoang don vi budc séng.
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‘A, ):g—s (12-1)

Suy ra:
R={r(4,T)dA (12-2)
0

Phan tich:

Ning suit phat » don sic r(A\,T) caa mdt vat phy thupc vao kan chit cua \at,
budc songh va nhét do T.
I.5. Hé sb hip thu don sic
Hé s hap thu don sic a@\, T) duoc dinh ngha :
dE
AT)=— 12-3
a(h.7)=E (12-3)

Trong d6: dE 1a ring krong birc xa nhigt tng Wi khoang hiréc séng (A, 4 +dA)
chiéu |én dén tich dS aa \at trong ndt don vi th&ri gian va dEIa ning luong hic xa nhiét
ing Wi khoang hrac séng(A,A +dA) ma\at hp thy trén dén tich dS trong @t don vi
thoi gian.

VidE < dE nén &,T)< 1

Trong thrc t: a\,T) < 1

Néu a\,T) = 1 thi \it dugc goi 14 Vit den tuyt doi.

Vdy Vit den tuyt doi 1a vdt hap thy todn B nang keong hic x@ nhiét chidu i
vat.

Phan tich:

Hé sb hap thy don sic a@\,T) cia mbt vat phu thudc vao n chit caa \Aat, budc
songi va nhét d@o T.

Cau hoi 12.1:

1) Hé sb hap thu don sic a@, T) cia Vat den tuyét d6i c6 phu thuc vao Bin chit
cua vat, budc songh va nhét @6 T khdng? Gdi thich i sao?

2) Vat den tuyét d6i cé phat ra Bic xa nhiét khdong?

3) Vat den tuyét di 1a vat phai c6 mauden,ding hay sai? Gi thich i sao?
[.6. Pinh luat Kirchhoff.

Ty SO gitra ring st birc xa don sic r(A,T) va k¢ sd hdp thy don sic aQ\,T) cia

vat khéng ph thuoc vao kn chit caa vat. N6 cH phu thusc vao nhét @6 T va hroc
sONgA.

nAT) _nWT)_
] S = £(A,T)
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r(A,T)

Hay : (/1 T)

=f(A,T) (1234

Ham f(A,T) dwoc goi la ham pld bién.
Déi vai vat den tuygt d6i: a(A,T) = 1.
Ta co:
r(A,7)=1(A,T) (25)
Cau héi 12.2:

1) Nang stt phat x don sic r(\,T) cua Vit den tuyt doi cé phs thudc vao kin
chat caa vat khéng? Gii thich &i sao?

2) Mot vat & nhiét do T, hap thy ning krong hic xa nhiét bude sénghy. Vay & nhict
do T, vat co phat ra #ing krong hrc xa nhiét budc sdngh, khdng? Gii thich i
sao?

3) Mot vat ¢ nhié; do T, phat ra aing krgng hirc xa nhiét budc séngh,. Vay & nhiét
do T, vat c6 hp thy nang lwong hrc xa nhiét budec séngh, khéng? Gii thich ti
sao?

[.7. Pwong cong thec nghiém caa ham fQA,T)

Lam thi nghém trén cac mé hinhua VAt den tuyét déi nguoi ta xacdinh duong
cong thrc nghém aia ham fA, T) nhx sau:

0 T) 4

T,=1700 K

T2 =1600K

H.12.1

)\ml ;\.mz

Ly thuyét cia vat Iy co dién chi giai thich dugc duong cong thrc nghém ¢
vung hréc soéng dai. Khi tin vé vung hréc séng ngn (tir ngaai) li thuyet vat ly
cd dién khdng phu bip véi két qua thuc nghim.Theo |i thugt vat ly cé dién khix
— 0 thi ham f&,T) — . Con thrc nghém khi A — 0 thi ham f§,T) — 0.Piéu
nay trong ¥t Iy goi 1a sy khing haing & mién tir ngaai.

Phan tich:

1) Ta thiy khix — 0 val — oo thi ning lrong hic xa nhiét tién toi khong. Nhr
vy birc xa nhiét khéng phét ra viing hréc séng ét ngin (tia X, tia gamma)
va vung lrgc song dai (séng vo té). Birc xa nhiét chi phat ra & vang: tir
ngoai, kha kién va héng ngaai.

119



2) Ning lrong hic xa nhiét khdng phan & déu theo lxdc s6ng.Ung VGi mdi
nhiét d6 T nhat dinh ring hrong hrc xa nhiét caa vat phan 16 16n nhit ¢ bude
s6ngim. Khi nhiét do T ting thik, dich chugn vé viing hréc séng ngn (tia
to ngaai).

3) O nhiét @6 thdp ning lrong hic xa nhiét phan b ¢ ving ng ngai (budc
song bn hon anh sangio). Khi nhiét @6 ting ning lrgng hrc xa nhiét dich
chuyén phan b vé mién kha kién (anh sangitds dén tim). Khi nhét do tang
khoang tr 2000C tré 1én ring krong birc xa nhiét dich chugn phan b vé
mién tr ngaai (buéc séng nb hon anh sang tim)

4) Vi nhiét d6 & bé mat Mat troi T = 6000K nén trongdc xa nhiét caa Mt troi
c6 nhBu tia tr ngai. Tia tir ngaai 6 tac ding hiy té bao $ng. Tia & ngai
cua Mat troi khi dén trai dat s5 dugc ting Ozone ( @) cia Traidat hip thy.
Néu ting Ozone b“thung” tia tir ngaai chiéu xudng mit dat N6 < tac ding
hiy sinh \at sdng trén nat dat.

1.8. Thuyét lweng tir ning lweng va cdng thirc Planck (1900)

bé giai thich king Ii thuyét duong cong tirc nghtm cua ham f4,T). Nam 1900
Planckda dua ra gi thuyet nang lugng dién tir ma nguyéntt hay phantt phét x hay
hap thu khéng lién tc ma giandoan. Luong ning lrong giandoan nhd nhat duoc Qoi
la lwgng tir nang hrong va co gia i

E=hy= % (12-6)

Trongdo: y 1a tin s cua hirc xa, A buéc song éa hirc xa, ¢ = 3.16m/s 1a \in toc
anh sang trong chan khong, h = 6,6251Gs 1a ling  Planck.

Trén @ sd cia gia thuyét luong tr ning lhrong Planckda tim raduoc dang
cua ham fp,T):

27hc? 1
f(1,T)= ye = (12-7)
kT4 _q
Hay :
2rhy® 1
tyT)="0 (12-8)
¢ e

Trongdé: T 1a nhit d6 tuyét di, k = 1,38.10°%) 14 hing $ Boltzmann.

Céc béu thrc (12-7) va (12-8jtugc goi 1a cdng thirc Planck.

Planck (Nha §t ly nguoi Bac) nhan giai Nobel VAt ly nam 1918.

Cong thrc Planck hoan toan phuop wi duwong cong tlre nghém aia hic xa
nhiét
1.9. Cacdinh luat caa vat den tuyét ddi
1.9.1Pinh luat Stefan-Boltzmann (1884)

Ta c6 ring suit phat x toan pln cia vat den tuyét dbi:
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R:Ir(y,T).dy:Z(;—Tj hly/s dy
0 OekT -1
R=0T* (12-9)
Véi 0=5,67.10 W/m?K* dugc goi 1a hing $ Stefan-Boltzmann.
Biéu thic ( 12-9 ) Iadinh luat Stefan-Boltzmann.
Nhan xét:
Ta thiy nang lrong hic xa nhiét R ting At manh theo nhit 4o T.
1.9.2Pinh luat dich chuyén Wien (1893)
Ham f(A,T) dat gia ti cuc dai tai gia ti A_.

df (4,T) _ 0
aA
Suy ra: A T=Db (12-10)

Véi: b = 2,898.18¢ m.K duoc goi la hing $ Wien.

Biéu thirc ( 12 -10) latinh luat dich chugn Wien.

Wien ( Nha 4t ly nguoi Bac) nhan giai Nobel vat Iy nam 1911.

Phan tich:

Bicu thirc (12-10)duoc (ng ding dé do nhigt do T ciia mt vat (duoc xem la vt
den tuyt doi) thdng quado buéc sdngin, cua hic xa do \at phat ra. Ngoi ta ttng
dung phrong phap nayé do nhit do caa cac vt ¢ xa: Mat troi, cac ngdi sao ...

Bai tap 12.1

T may phan tich quang pmauoi ta xacdinh dugc trong quang phmit troi anh
sang c6 béc songhy, = 0,5pum mang #ng hrong Ion nHit. Cho bét ban kinh nat troi
R =7.10 m va khang cachi mét troi dén traidat d = 1,5.16" m. Xem ngt troi la vat
den tuyét doi

1. Tinh nhgt 6 & bé mat caa it troi

2. Tinh toan B nang rong hrc xa nhiét ma it troi phat ra trong it giay.

3. Tinh ring lrong hrc xa nhiét ma nit troi chiéu 1én 1nf trén nit dat trong 1s

vao gira tnra
Pap 9:
1/ T=5800K

2/ E=3,9.18 Jis

3/ W = 1400W/nv
Il. Thuy ét lwgng tir &nh sang @a Einstein
11.1. Thuy ét lwong tir &nh sang @a Einstein

Trén o s cua thuyét luong tr nang lrong aia Planck. Nm 1905 Einsteirdua ra
thuyet lugng tir anh sang:
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1) Anh séngduqc tao thanh & nhitng hat goi la photon. Mi photon @a anh
sangdon sic mang nit nang hrong xacdinh.

hc

E =hy:7 (12-11)
: C
oIy = —
ol. ¥ J
2) Trong mpi méi truong hat photon ludn ludn trudn di véi ciing \an téc
c = 3.16mrs.

3) Cuongdo sang |i1é thuan voi sd hat photon.
4) Khéi luong aia hat photon:
Theo ly thugt twong dbi cua Einstein ta co:

E=mé (1)
Tu (1) va (12-11) ta suy ra khlwong aia hat photon:
h
= 12-12
e ( )

Vi hat photon khongdn tai ¢ trang thaiding yén, nén kbi luong nghi cia hat
photon tang khéng: g = 0.

5) bong lrgng aia photon:

p=mc (2)
TH (12-12) vao (2) tduoc :
h
=— 12 -1
P=- ( 3)

Einstein (Nha §t ly nguoi Duc gdc Do Théi) nn giai Nobel vat ly nim 1921
Bai tap 12.2

Tim $ hat photon phét ra trong &h giay aia bongdén cdng sit 33W, phat ra anh
sangA = 0,6um. Cho h = 6,6.18%J.s.

Pap $H: n=16%hat/ s
Bai tap 12.3
Hai hat electron ( &) va positron ( &) codién tich trai du va co cung ki

lwong nghi me = 9,1.10* kg. Lucdau hai hat coi nhr deng yén va va cim nhau. Sau
va clam hai hut bién thanh hai it photony; vay, theo plrong trinh sau:

et - yity

Hay chrng minh hréc sdng)\ cua hai hat photon ing nhau va tinh wbsc
songA dé.

Pap $H: A =0,24.10" m
[1.2. Hi én twgng quangdién
[1.2.1. Hién twong :
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Hi§n trong quangdién 1a hén twong cac lat electron Irc ra khoi bé mit kim loai
khi chieu vao ndt chum anh sang carbhc song thich op. Cac lat electrondé dugc
goi la cac quang electron.

Hién trong quangtién duoc Hertz kham phéh dau tién rim 1887.
[1.2.2.Thi nghiém quangdién
Ta c6 & d6 nghién ¢u hién trong quangiién nhr hinh \&:

oy B,

R H.12.2

Mot té bao quangiién & trang thai chan khong cao co apiskhaing 10° Torr.
Trong € bao quangiién c6 hai gc bang kim laai: cuc A la Anode, ac K la Cathode
lam king kim laai can nghién @u hién trong quangtién.

Khi dich chugn con clay C trén bén trs R thi hgu dién thé gitta haidién arc thaydoi
duoc do bang Von k€ V. Dong quangtién chay trong mach dugc do kaing Ampe k A.
Thuc nghém cho thy dong quangtién phi thudc vao héu dién thé U nhr hinh
VE :

loh
/ H.12.3

Un O Uy U

» Phin U > 0ung Wi té bao quangtien pnan gc thuan, arc A ndi véi cuc (+)
cua ngwn dién.. Hinh H.12.2. Khi Udng thi | &ing va ldo hoa (khéngioi).

» Phan U < 0iing Wi té bao quangiién phan ac nghich, arc A ndi véi cuc ( -)
cua ngwn dién. Khi U ting theo chiu am thi | gim dén 0.

Khi U > U, dong quangiién | dat gia ti bado hoay.

Tach: phl= N.e (12 -14)
Vi n 1a $ electron ke ra khi cyc K trong ndt giay.

Khi U = U, < 0 dong quangdién | = 0.
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Dé dang clrng minhduoc :
leU,| :%mev,f1 (18)
Trong do: v, 1a van tbc bandau auc dai cua quang electron, JJa higu dign thé
ham, e ladi¢n tich @ia electron,m, la khoi lvgng aia electron.
Cau hei 12.3:

1) Trong thi nghdm quangdién ngroi ta hat Kt chit khi ra kidi té bao quangtién
nham muc dich gi?

2) Trong hén trong quangdién cac quang electron thoat raskbé mat kim loai la
electron ¢ do trong kim lai hay electron lién & véi mang tinh & kim loai? Giai
thich.

3) Két qua thi nghém nao cho thy cac quang electron thoat rabkbe mt kim loai c6
van toc dau khac nhau.

4) Khi U = U, dong quangdién | dat gia ti b&o hoag, (khéngddi). Giai thich i sao.
5) Hay chrng minh cong thc (12-15).
[1.2.3. Cacdinh luat quang dién
Tur thuc nghBm ngroi ta thiét 1ap dugc badinh luat quangdién sau:
a. binh luat giéi han quangdién:

Péi véi mdi kim loai nhat dinh hién trong quangtién chi xay ra khi hrgc songh
ciia hrc xa chiéu vao kim lai thoa man A < A,

Trongdo A, la gidi han quangdién ang wi kim loai d6. Cac kim lai khac nhau
c6 givi han quangdién khac nhau.

b. Pinh luat dong quangdién béo hoa:

Cuong d6 dong quangdién bao hoa g, ti 1¢ thuan voi cuong d6 sang |
chiéu vao kim lai.

c. Pinh luat vé déng ning arc dai

bong ning arc dai cia quang electron khong phhuoc vao arong do sang | ma
chi phy thugc vao &n s y caa hic xa.

Phan tich:
1) Giéi han quangdién cia mbt s kim loai
Kim loai Pdng (Cu) | Nhém (Al) | St (Fe) Natri (Na)
o (M) 0,30 0,36 0,28 0,50

2) Nhu vay dé c6 hin trong quangdién xay ra anh sang céil vao Na phi co
buéc songh thoa mani < 0,5um.

3) Ddi véi cac kim laii Dong, Nhom, $t hién twong quangdlen khong xy ra
trong ving anh sang ktkién (tr ¢ dén tim), ch xay raddi véi tia tr ngaai.

[1.2.4. Giai thich cacdinh luat quang dién
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Ly thuyét song anh sang khongagithich dugc cacdinh luat quangdién. Cac
dinh luat quangdién duoc giai thich theo thugt photon anh sang ofsau :

a. DPinh luat gi¢i han quangdién:

Pé electron thoat ra ki bé mat kim loai. Ning hrong né p thy tir mot photon
phai thoa man:

hy > A
Véi A la cong thoat ga kim laai.
Suy ra:

LA

A
Hay:

a<he A,

A

b. Pinh luat dong quangdién bao hoa:

Cuong d6 dong quangfién bao hoa |, ti 1€ v6i n quang electron te ra khi cuc K,
den luot n lai ti 1€ véi ng hat photon dap vao @rc K, dén luot ng lai ti 1¢ voi cuongdd sang |.

\vay @ ln OnOng O
c. DPinh luat dong nang arc dai:

~ Nang lrong electron Bp thy tir mot photonduoc chia lam hai pin: mt phan dé
thang cong thoat A iec ra ngoai, comal bien thanhdong ning bandau :

hy:A+%mev§ (12 -16)

Biéu thic (12-16) Ia plrong trinh Einstein.
Cau hoi:
1) Hay gii thich &i sao Ii thugt séng &nh sang khéngagthich dugc dinh luat
gioi han quangdién vadinh luit dong ning arc dai cua cac quang electron.

2) Trong heén twong quangdién cac quang electron thoat ra @éng ning arc
dai la electrons bé mat kim loai hay & sau trong kim l@i? Giai thich.

[ll. L wéng tinh song hat cia anh sang
l1I.1. Tinh ch 4t song dia anh sang

_ Tu hién trgng giao thoa dmg © anh sang codn chit s6ng. Qua trinh soéndyroc
dieén ta bang ham song. Ta c6 ham song lan &rutheo tnc OX.

W =4, 008 @1 -2%) (1)

H.12.4

1
VXR:
o-----0
<
X
v

Ce
>
x
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Ddi véi song plang, mit song la rat phing, mit séng vudng gocdi truc OX. Tir
hinh \& H.12.4, ta co:

X=Tr.N=rcosy (2)
Véi: r la véct vi tri xacdinh diém M trén niit séng van 1a vécty don vi trén
phuong truyen song.
Thé (2) vao (1), tatuoc:

27mn -

t//:wocos@t—T r)

Hay: Y =y, cos @t —Kk 1 ) 3)
Vi K :27” N lavéct séng 4)
27T
k=— 5
y (5)

Theo toan bc ham séng (3) co éhtuoc biéu dién dudi dang ham plic nhr sau:
W=y gl kD (-12)

Toén hoc:

Ta c6 $ phic X:

X=a+ib

Véi a la phin thuc cia $ phirc X, ib 14 phin a0 aia $ phic X, i¢ = -1.

Ta c6 cOng thc:

X =a "’ =aco® +ia sinp
[11.2 Tinh ch 4t hat cia &nh sang

Tur hién trong quangtién chig © anh sang céam chit hat.

Hat photon co:

 nang lrong :E = hy (6)
* dong luong :p =; (7)
Tu (7) tasuy rap= 1.2_;1 =nk
2 A
Véis n= (8)
2T

Vi p vak cuing plrong chiu nén:

p=rhK (9)
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Mit khac: o = 277 :2—:.h y (10)

Thé (8) va (6) vao (10), tduoc:
w=E 1j1
h
[11.3. L wong tinh song hat cia anh sang
Thé (9) va (11) vao (12 -17) throc:

—%(Et—;).;)

W=y, (12-18)

Biéu thirc (12 -18) 1a ham séngia hat photon, din t ludng tinh séng 4t caa anh sang
IV. Lwong tinh sOng fat caa vi hat
IV.1. Gia thuyét De Broglie (1924)

Dya trén [i thugt ludng tinh song 4t cia &nh sangam 1924 De Broglietd dua
ra li thuyét luong tinh séng &t caa vi hat nhr sau:

Mot vi hat ty do ¢ rang qung E @ong ning E = W, =Y m\?) xacdinh vadong
lugng p = mv xaadinh. Tinh clat séng @a vi hat dugc dien t bang nmjt ham song
phang don sac.

Tan $H y cua séng aa vi hat dugc xacdinh theo #ing lrong E dia vi hat:

y=E (12-19)
h
Budc sOngA cia séng aa vi hat dugc xacdinh theodong lrong p dia vi hat:
A =% (12-20)

Tinh chit s6ng @éa hat electrondd dugc kiém ching king thrc nghgém boi
Davisson (ngoi M$) nam 1927 va bi Thomson (ngoi Anh) cing vao am 1927.

Davisson va Thomson filn giai Nobel vat Iy nam 1937
De Broglie (Nha &t ly nguoi Phap) nlan giai Nobel vat ly nam 1929
IV.2. Ham song De Broglie

_ Theo gi thuyét cia De Broglie tang thai chugn dong aia vi hat duoc dién ta
bang ham séng @img:
w=yp g " (12-21)
Trongdo:
* E la ming lrong (@ong ning)

. B la dong lrong aia vi hat.

e r vécb toa do xacdinh Vi tri knio sat
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° h:l
2T

IV.3. Ynghia thong ké aia ham song
No6i dung \at ly séng @a vi hat khong phii 1a qua trinh lan trudn daodong nhr
séng © dién.
Nam 1926 Max Bornid dua ra cach gi thich y nghia Vat ly caa ham séng vi dt:
Binh phrong m@iun ham sondw|’ bang mit dé xac sut tim thiy hat.
dw 2
p= e = |LIJ| (12-22)
Vi dW 1a x&c sét tim thiy hat trong tfe tich dV.
Vay x&c sit tim thdy hat trong tfe tich dV la:
dW = p dV = |¥|*dV = w.wdv (12-23)
Véi W 1A lién hép phrc caaw . Bé tim hanm” ta cH can d6i dau trugc chir i
ciaa ham song.
S6ng da vi hat duoc goi la séng xac sit
Max Born ( Nha gt ly nguoi Anh) nhan giai Nobel \at ly nam 1954.
V. Nguyén li bit dinh Heisenberg
Tinh cHit s6ng @a vi hat duoc thé hién bai nguyén ly ft dinh :
V; tri vadong leong aia vi hat khéng tié xacdinh chinh xaefong thoi.
AxAp, Oh (12-24)
Trongdo6 Ax la do bat dinh vé vi tri, Ap la do bat dinh vé dong lrong va h
la hing $ Planck.
Hé thirc bt dinh gira ning lwong va thi gian:
AEAt OIh (12-25)
Trongdd At 1a khaing thyi gian hat ¢ trang thai cédé bat dinh ning leong AE.
Heisenberg (Nhaat ly nguoi Buc) nhan giai Nobel vat ly nam 1932
Phan tich:
Mot vi hat tuan theo nguyén Iydbdinh Heisenberg thhién tinh clit séng.

Mot vi hat khdng tuan theo nguyén Iytadinh Heisenberg khongathién tinh clat
song.

Cau hei:
~ Hay néu mt vi dy vé sr chuyén dong aia hat electron khong thhién tinh chit
soéng.
VI. Phwong trinh Schrodinger
VI.1. Phwong trinh Schrodinger (1926)
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Mot vi hat chuyén dong trong trrong thé U(F), ham séngw(Fj cia vi hat 1a

nghiém aia phrong trinh Schrodinger:
AW(F)+2—T{E—U(FHW(FJ =0 (12-26)
h

e E laming lrong aia vi hat (co nang)

Trongdo:

e mla khi lvong aia vi hat

° h:l
21T

9> 0%  0°
e A= + +
(dx2 ay’ azzj
Phrong trinh Schrodinger (12-26) laypdng trinh © ban cia o hoc lugng tr.
Schrodinger (Nhaat ly nguoi Ao) nhan giai Nobel vat Iy nam 1933
VI.2. Chuan hoa ham soéng.

Giai phuong trinh Schrodinger tdroc ham song¥ cua vi hat. N6 dugc xacdinh
sai khac i mot hang $ C.bé tim hang $ C ta dungdicu kién chuin hoa.

Ta cO xAc sit tim thiy hat ¢ toan 1§ khéng gian (V) :
W= [[Wdv=1 (12-27)
v)

Biéu thirc (12-27) Iadiéu kién chuin hoa ham séng.
VI.3. Piéu kién caa ham séng
Ham soéng @a vi hat phai thoa man cadiéu kién sau:
a) Ham song phi gisi ndi, vi Xac st gisi noi
b) Ham song phi don tri, vi Xac s@t don tri
c) Ham séng phi lién tuc, vi xac st lién c

d) Pao ham Kc nhit caa ham soéng pii lién tuc, vi ham séng 1a ngé
cia phrong trinh vi phan fc hai.

VII. H at trong giéng thé
Ta xét hat chuyén dong trong géng thé mot chiéu U (X) :

0:&x<a
U=
ow:x<0vax=a
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H.12.5

® —»
(@) a X
Ta c6 plrong trinh Schrodingeri@ hat trong géng thé :
rw+ 2By =g
h

Vi hat chuyén dong mot chiéu theo plrong x nén ta co :

2
dw  amey, g
dx /)
d?y
Hay: +k*$ =0
y dx?
Véi: K= 222E

Phrong trinh (1) c6 nglém:
W (x) = Asinkx+ Bcosk

Theodiéu kién lién uic caa ham song ta co:

w(0)=w(a)=0
Tu (3) va (4) ta suy ra:

Y(0)=B=0

Y (a) = Asinka=0

sinka=0

Suyra: k= ng

Véi: n=1,2,3 ...
Vay ham séngwa vi hat:

W(x)= Asin%T X

Pé tim hing $ A ta chuin hda ham séng:

:[‘LP(X)‘Z dx=1

_fAzsinZM xdx=1
! a
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Timduoc: A= \/2
a

Nhu vay ham sénga vi hat cé ding:

W, (x)= \/gsinn—n X (12-28)

a  a

Ta thhy ham song@a vi hat phy thuoc vao ta do x va $ luong trn =1, 2, 3...
Ta c6 nit @6 x&c sit tim thay hat:

20 (x) =‘L|J(X)‘2 ~24ip M7, (12-29)

a a

Tu (2) va (5) suy radng lwong aia hat:

Th?
= n 12-30
2me? ( )

E

n

Ta thHy ning hrong aia vi hat trong géng thé nhan céc gia trgiandoan.
Cong thikc toan:

b
jsin2 kxdx=E x——l sin 2kx
) 27 &

Bai tap 12.4
Mot vi hat trong géng tHé rong a = 4.10 m. Xacdinh Vi tri xac sét cuc dai khi
n=1van=2.

Pap 9:
- n=1:x=210m
- n=2: %=10°mvax=3.10°m
Bai tap 12.5
Xac dinh hréc songl ciia hat € trong géng thé rong a = 4.10m . Khi ¢ trang
théi ring lurong axrc tiéu.

Pap $H: A =2.10°m
VIII. Nguyén t & Hydro
VIII.1.Th € ning aia hat electron trong nguyén i Hydro

Trong nguyéntt Hydro & I6p vo dién tir chi c6 mbt electron. Nix vay hat electron
trong nguyénit Hydro chuygn dong trong taedng Coulomb @a hat nhan co th nang:

2
U= —kTe (12-31)
‘. 1
Trongdo: k=
4re

VIII.2. Phwong trinh Schrodinger aia hat electron trong nguyén ir Hydro
Ta co plrong trinh Schrodingeria hat electron trong nguyéri tHydro:
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2
Aw+2h_”2‘e(|zn+k7ejw=o (12-32)

Néu sr dung taa do cau thi [a ham éar,0 vad: Y(r, 6, §).

Giai phuong trinh Schrodinger ta tidugc ham séng¥ va ring rong E, caa hat
electron trong nguyérirt
VII1.3.N iing lweng cia electron trong nguyén & Hydro —Quang pho Hydro
VIII.3.1. Niang lwgng aia electron trong nguyén & Hydro

Giai phuong trinh (12-32) ta timiwgc nang lugng hat electron trong
nguyén tr Hydro.

Rhc
E,=- . 4-33)

Vi
« R=1,0967710m™" 14 hing $ Rydberg
« ¢ =3.10m/s la vin tc caa &nh sang trong chan khong.
« h=6,625.1*J.s la ing $ Planck
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V6i: 1evV=1,618J

Nhi vdy nang heong aia hat electron trong nguyénwtHydro nhin gia tr
am va giandogn.

e V6in=1 :E=-13,6¢eV

Véin=2 :B=-3,4eV

Véin=3 :B=-15eV

Voin=4 :E=-0,85¢eV

Voin=5 :E=-0,54eV

Ta c6 & ¢6 mirc ning hrong aia hat electron trong nguyéritHydro nhr sau:

En
I .

eV (12-34)

Suy ra: E, =

0
ll Day
A 4
E
Day Brackett >
YVYyY
Day Paschen E4
YVY E
Day Balmer 3
YVY E2
Day Lyman

-13,6eV |vvy E,

132



Binh throng hat € trong nguyénit Hydro & mac ning krong ntd nhit E; = - 13,6
eV. Mic ning rong E; dugc goi la mic ao ban.

Khi nguyén t tuong tac Wi bén ngoai ht € nhin ning lwong nhiy Ién cac nc
nang hrong cao bn: E ,E;, E,.... duoc goi la cac mirc kich thich. Tang thai hat €
& cac nirc kich thich khéngén.

Bai tap 12.6

Trong nguyéntt Hydro hat € & mirc ning luong @ ban E; = -13,6 eV va cim va
hap thu toan I nang lwong aia njt hat photon &i. Hat electron thoat ra ki nguyén
tor c6 van toc dau By = 2,4 eV.

Hay tinh lxéc séngh cia hat photon &i, véi 1eV=1,6.10°J
Pap $H: A =0,077m
VI11.3.2 Quang phé Hydro
Binh throng € & micc mang hrong @ ban E; (n = 1).
Khi bi kich thich enhay 1én mic ning luong cao lon E_ (n > 1). Electron cho

trang thai kich thich st khoang thyi gian @ 10°%s, saud6 € trg vé trang thaitng Vi
muc ning lrong E, thip hon va phét ra @t photon mang ang lrong hy.

Ta co: hyzm::En,-Eanh iz_iz
4 (YA

Hay: 1o 12 —iz (12-35)
A L) on

« Khin =1.Tacé:

1 1 1
—=R5-—= 18-
/1 (12 n2j ( B

Win=2,3,4.©.

Cac wach quang‘p& tuan theo cong tlt (12-36) lyp thanh ndt day @i la day
Lyman. Day Lyman &m trong vungd ngaai.

e« Khin =2. Tacé:

Lgi-d) (123

2?2 n?
Win=3,4,5..0©

Ca&c ach quang ‘p& tuan theo cong fre (12-37) lop thanh not day @i la day
Balmer. Day Balmeram trong vung kA kiéen.

« Khin =3. Taco:

1 1 1
X R(? _Fj (12-38)

Win=4,56.x.
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Cac wch quang ph tuan theo cong tre (8-38) hop thanh nit day gi la day
Paschen. Day Pascheirmtrong viing Bng ngai.

e Khin =4. Ta co:

1 1 1
X R(? _ Fj (12-39)

WWin=5,6,7 .

Cac ach quang ph tuan theo cong tre (12-39) lop thanh not day @i la day
Brackett. Day Brackettam trong ving Bng ngai.

« Khin =5. Ta co:

1 1 1
= R(s_z _?j (12-40)

\Win=6,7,8.x

Cac ach quang ph tuan theo cong trt (12-40) kyp thanh not day @i 1a day
Pfund. Day Pfun #m trong viing Ang ngai.

Bai tap 12.7
X&c dinh hréc séng dai nét caa day quang ghBalmer.
Cho hing $ Rydberg R = 10’ m'*
Pap 6: A =0,72um
VIIl.4. Ham song caa hat electron trong nguyén ir Hydro
VII.4.1.Ham séng W, (r,6,9)

Giai phuong trinh (8-32) ta timdugc ham séng wa hat electron trong
nguyén & Hydro.
Yo n(r6.0)=R,,(r)Y"(6.9) (12-41)
Ham songW¥,. (r.6,¢) xac dinh tang thai ¢a hat electron trong nguyénit
Hydro .
VII.4.2. CAc sb lwong tir n, 7, m

Ta thiy trang thai @a hat electron trong nguyérirtHydro khéng nitng phu thugc
vao: r,0, d ma con ph thuoc vao ba & luong tr : n, ¢, m.

 nduoc goi la & luong tr chinh: n=1,2,3 ..»

¢ dugc goi la & lugng tr quy dao: 1=0,1,2,3...n-1

mduoc goi la b luong tirtr: m= 0+ 1+ 2+ 3 ...+ /
« Ung Wi mot giati ¢ ta co (2 + 1) gia ti cia m.
« Ung wi mét gia ti cia n ta c6 htrang thai hay ham song’,. (r.6,4) khac
nhau .
Nguoi ta throng ki heu cac gia trcaa $ luong tir ¢ bang cAc cit cai sau :
(1=0,1,2,3,4,5,6 ...

134



s,p,d,f,g,hi....
Trang thaitng Wi n = 1 var = 0 dugc viét 1s.
Trang thaitng Wi n = 2 var= 1 duoc viét 2p.
VIII.4.3. Ham song ban kinh R

Ta c6 ham song ban kinh,@® caa hat electron trong nguyérnir tHydro ¢ trang thai
1s.

Véi n=1var=0

Ro(r)= 2(ij2 e (12-42)

Trongi6 a = 0,5310"° m

Ta c6 ham song ban kinh,@®) caa hat electron trong nguyérnirtHydro ¢ trang
thai 2s.

Vi n=2 val=0

3
1(1) r) "
Rolr)=—%=|—| |1- % 12-43
o-Bffert o
Ta c6 ham soéng ban kinty@® cia hat electron trong nguyérnir tHydro ¢ trang thai
2p.

Win=2val=1

3
r

R T R ]
R21(r)—ﬁ(a—oj (a—oje (12-44)

VIII.4.4. Ham séng ciu Y

Ta c6 ham songaa Y™(8,4) cia hat electron trong nguyérirtHydro & trang thai
1s.

Voin=1,1=0vam=0

Y= (12-45)

Ta c6 ham songaa Y"(8,4) cia hat electron trong nguyérirtHydro & trang thai
2p.
Khi¢ =1 thim=0z1. Ta co:

3
vo = |3 cosp 18)4
o212 e (18)
vi= 2 sing.e (12-47)
8r
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Y ? :1/3 sing.e™
8

VIII.5.M 4t @9 xac suit caa electron trong nguyén & Hydro
Ta c6 xAc sit dé tim thdy € trong tté tich dV:
dP ¥ .y dv
Trong ta do ciu:
dV =r?singd 8d¢gdr
Vay:  dP =w.WidV = W WY ?singd.dg.dg.dr

2 2
Hay dP :‘RM r2drly"| do

Véi dQ =sin6.d6.dg

Theodiéu kién chuin héa:

fwwidv =1
v)

Hay: T‘RM 2rzdr.LifT‘Y;“‘de =1
0 0

Suy ra: T‘RM “r2dr =1 (1)
0
A 2

Va: flvm da =1 (2)
0

Tu (1) va (2) ta suy ra:
« MAat d6 xac sit theo ban kinh:

2
P (r)=|R,| 1
« Mat do xac sit theo goc:
p(m (0’¢) = ‘Y(m‘z = Yé’m 'Yé’m[j

« Mat d6 xac sit € trong nguyéntit Hydro:
pn( m(r’9’¢) = pnﬂ(r)plr/n(e’¢)

(1248

(12-49)

(12-50)

(12-51)

VIII.6. Kich th wéc va hinh dcang nguyén ir Hydro ¢ trang thai co ban E; (1s) .

Pé xac dinh kich thréc nguyén & Hydro. Ta tinh mat d6 xac sit theo

ban kinhpy, (r).
Otrangthdi o ban E;n=1val=0
Tu (12-42) va (12-49) suy ra:
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Po(r) = 4(ij rze% (12-52)

RG rango,(r)=0khir=0var- o
Vay khéng tim thy € ¢ trong hat nhan vat xa hat nhan .

A Py (I’ )

v

I'm

D& dang suy ra Bt do xac sit tim thiy € trong nguyénit Hydro dat gia ti cuc
dai tai cac M tri cach lat nhan nét khoang:

[Slex= & = 0,53.13%m. (12-53)
Dé xacdinh hinh dng aia nguyénit ta tinh it do xac stt theo géco™(6,¢) .
O trang thai @ ban E;: tac6/=0 vam=0.
Theo (12-45) va (12-50) ta suy ra:
4171 (125
Vdy x&c sudt tim thiy € theo nai phuong hing nhau @i xitng aiu ).

Theo (12-53) va (12-54) trang thai @ ban E; xac sét tim thiy hat € cuc dai
trong nguyénit Hydro Ia nlieng i tri nim trén nit ciu ban kinhr =@

Nguoi ta dén ta sy ton tai cia hat € trong nguyéndt Hydro king khai ném <
dam may e> .

< d4m may e> la khaing khéng gian xac dutim thiy hat €. Kich thréc va hinh
dang aia nguyénit chinh la kich théc va hinh dng aia <dam may e>.

Theo quandiém oo hoc & dién ( Newton ) trong nguyénrtHydro hat nhan @a
nguyén & tac ding Ién hat € mot luc Coulomb lkréng tam.

ps(6.9)=

Suy ra véet mémendong hrong | cia hat € déi véi hat nhan lao toan.
Suy ra qiidao cia hat € [udn ludn Am trong clng it mat phang.
Nhu vay theo quantiém oo hoc 6 dién nguyén Hydro cé dng phing.

Con theo quadiém oo hoc lwgng tir ( s6ng ) trang thai @ ban nguyéni Hydro
c6 chng Gu.
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Cau hoi:
Hay chrng minh mit d6 xac sit tim thiy € trong nguyé@nit Hydro dat gié ti cuc
dai tai cac M tri cach lat nhan ndt khaang r = g = & = 0,53.10°m.
VIII.7. Kich th wéc va hinh cang nguyén & Hydro ¢ trang thai kich thich (2p)
O trang thai kich thich (2p):n=2,1=1vam=0, +1,

Pé xac dinh kich thréc nguyén & Hydro. Ta tinh mat d6 xac sit theo
ban kinhp,q (r).

Tu (12-44 ) va (12-49) suy ra:
1(1Y () -+
| = 20 a
Ps () 24(aJr (aoj °

p21 (1)

e ® (12-55)

R6& rangp,; () =0khir=0vars o
Vay khéng tim thy € ¢ trong hat nhan vat xa hat nhan.

D& dang suy ra #t do xac st tim thiy € trong nguyéntt Hydro arc dai tai cac
vi tri cach lat nhan nét khoang:

mE=4 g (18-p
Dé xacdinh hinh @ng aia nguyénit ta tinh nit do xac sit theo géco™(6,¢).
Tu (12-46), (12-47), (12-48) va (12-50 ) suy ra:

. Véil=1lvam= 0: pf(@):%cosze (12-57)
e Véil=1lvams=1: p11(9)=§_[sin29 (12-58)
. Véil=lvam=-1: pl‘l(H):gTsinZH (12-59)

Ta thly p"(6,¢) khong phn thusc vao gocd. Vay xac sit theo myi phuong
vudng goc i truc OZ king nhau.

Hinh cang aia <dam may &> ¢ trang thai ( 2p Yuoc dién ta bing hinh & sau:
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b
3
Saf)

Vi mat do xac st pM(8,4) & trang thai ( 2p ) khong phthusc vao goah.
Nén <#am may e> thé hién trong khong giandmg cach quay chung quanbctiOZ.

q Kich thuge va hinh dng aia <dam may e> ¢ trang thai kich thich (2pjuoc
biéu dién bang hinh & sau:

IX. Mémen ddng lweng toan phan
IX.1.MOGmen dong lwgng

Trong @ hoc lrong tir dé xac dinh tang thai @a hat € trong nguyénit. Ngoai
ham séngw,,. (r,6,4) ngudi ta con diing véotmdmendong leong L.

Trong @ hoc lugng tr nguoi ta chrng minhdugc vécty mémendong hrong L
cua electron trong nguyéin té gia ti:

L=.Je(¢+2)n (1260
Vay L nhan cac gia trgiandoan.
Trongdo ¢ 1a $ luong tir quy dao: ¢ =0,1,2,3 ... (n-1).
Hinh chéu cia véct mdmendong leong L 1&n not pheong Z 1a:
L, =m# (12-61)
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Trongdd m1a § luong tr ti: m = 0,+1,+2 ... +7¢

Nhu vay vécb mémendong hrong L khéngdinh hréng kit ky trong khéng gian,
maung Wi mot gia ti cia ¢ vécob mémenL cé (2¢+1) cachdinh hréng nHit dinh
trong khong gian.

IX2.MOmen tir

Ta bét hat dién chuyén dong thi o ra tr truong. Dodé electron chudn dong trong
nguyénir cing to ra fr truong. T truong nayduoc xacdinh théng qua Bt dai lueong Vat

ly goi la mémeni ,JL . Trong © hoc lugng tr ngroi tada chirng minhduoc:

3 o -
SRR 12-62
Moo= m ( )

Hinh chéu cia mdmentt x, 1én phrong Z 1a:

e
Hz =~ 2m, L, (12-63)
Hay: u, =- m2" = —mu (12-64)
LZ Zme B

eh
m

e

\6i: U = = 92710*J/T goi la manhétén Bo

IX.3.Spin caa electron

‘ Nam 1928 king ly thuyét co hoc lwong tir twong doi tinh . Diracda ching ©
rang ngoai chun dong trong khéng gian,ah € con c6 in dong i tai. Bé do van

dong i tai cua hat € nguoi ta dungdai luogng véctr mémen Spiné. Theo ly thuyt
cua Dirac mémen Spilé cua hat € nhan gia ti:
S=,ds+1) 2 (12-65)

\6i: s :% goi 12 5 luong tir spin, @i tat 1a Spin.

Hinh chéu cia véct mémen Spirfs lén phrong Z la:
S, =mg.h (12-66)

\bi i mg == % la & luong tir tir Spin .
Nhu vay véctr momen SpinS c6 hai cachiinh hréng ngroc nhau trong khong
gian.Sr chuyén dong noi tai caa hat € ciing @o ra ndt tir treong. Tir truong do chugn

dong mi tai tao raduoc dic treng king véct mdément Spin ,Z/S:
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U =—28 12-67)
m,
Dirac (Nha & ly nguoi Anh) Ianh gai Nobel vat Iy nam 1933
IX.4. Mémen ddng lwong toan phan
bé do chuyn dong trong khdng gian vaam dong i tai cua hat € trong

nguyén &. Nguoi ta dungdai lvgng véct mémendong lrong toan phn J duoc dinh
ngha:

J=L+S (12-68)
Giati cia J &

1=i(j+DA (692)
Trongdo j 1a $ luong tir mdmen toan pin duoc xacdinh hoi:

j=|esl (12-70)

2
Hinh chéu cia J 1én phrong Z 1a:;
3, =m (12-71)

Vi m; 1a $ lugng tir tir toan pln:
m=j,j-1, ... .
Vay tng Wi mot gia tii j co (2j+1) gia tr caa m).
T truong do chugn dong toan phn cia hat € trong nguyéntit tao raduoc do

bing véct mémen t toan pn u:

NER (12)
IX.5. Trang thai cia electron trong nguyén & - Nguyén ly laai tr & Pauli
a/ Trang thai cia electron trong nguyén tr
Do electron cO Spin nénatrg thai @a electron trong nguyéit tiwgc xacdinh
boi bon  lwong tr (N, I, m va mg): W

nlmmg
Nhu vay (g wi mot gia ti cia $ luong tir n. Ta § c6 2rf ham SONGY .
khac nhau haydng thai khac nhau.
b/ Nguyén ly laai tr &r Pauli

7 O moéi trang théi lrong tir duoc xacdinh koi 4 s lugng tr (n, ¢, m, mg) chi
co the chira ©i da bt electron.

Pauli (Nha 4t Iy nguoi Ao) nhan giai Nobel vat Iy nam 1945
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X. Laser
X.1.Birc xa ngau nhién

E:

Binh throng nguyénit ¢ trang thai c6 ang krong arc tiéu E; ( mac E, ) . Khi twong tac
nguyéni nhin ning krong nhiy Ién tang thai kich thich céamg lrong & (Mic & ).

Trang thai kich thich Ekhong ten, sau khang thyi gian 10° sdén 10° s nguyén
te tw phat tré vé trang thai E mot cachngau nhién va phat ra @t hat photon cé
nang luong :hy =E, - E;

Do hirc xa tu phat ngu nhién nén pha va pbng chu;;én déng aia cac photon (
anh sang ) phat ra la khac nhau. Cac photon plkditdreg ket horp.

Buc xa ngau nhién & o ché phat sang ahyéu cia cac ngéin sang trongut nhién
X.2.Brc xa cam &ng

E>

23

Es

[(hi nguyén & ¢ trang thai kich thich k£ Néu mot hat photgn c6 ang lrong
ddng king hy = E, - E,. Chuyén dong ©i kich thich nguyénit tré vé trang thai g va
phat ra njt photon:hy =E, - E,.

Co ché phat » tréndugc goi la bac xa cam tng, hay Irc xa cudng birc, hay
birc xa cong hrong.

Photon &i gay cim ung va photon bc xa do cim ung la hoan toan gng nhau :
cung pha, cung plong , cungan $ ... Chung la hai photoket hop.

Co ché birc xa cam ¢tng duoc Einsteindua ra im 1917
X.3.M@éi tr wong khuéch dai &nh sang

N2 E2

E:

N1
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Mot khéi chat ¢ trang thai can Bng nhiét , cé nhét do T . Theo Boltzmann:

_&

« S nguyénir co ning hrgng E 1a: N, = Ce

=
« S nguyénir co ring hrong B 1a: N, = Ce ¥
« Trongdé C la ing $ va k = 1,38 .18° J/K |a hing $ Boltzmann

(E-E)
Suy ra: —L=e K
y N,

DoE>E ,nén N>N,

Nhu vay binh throng £ nguyént N, ¢ trang thai cé &ing keong nko ( E; ) 16n
hon $ nguyénir N, ¢ trang thai co ang luong lon ( & ).

Khi chiéu anh sang vao @ moi tredng binh thrdong. Nguyénd ¢ trang thai
nang lwong B s& hap thy photon va nlily Ién mic ning lrong cao bn ( E ). MOi
truong hap thy anh sang

Di nhién trong ttong hop nay cac &t photon &i ciing o6 te gay ra Ifrc xa cam
ung va ho ra cac ht photon ndi.

Nhung do $ nguyén i ( N, ) & mirc ning hrong lon ( E; ) qua nid so i 0
nguyén & ( Ny ) & mic nang luong nho ( E; ). Cho nén & hat photon ndi dugc tao ra
do hrc xa cam itng nhd khongdang  so Wi so6 hat photon fap thy .

qNéu ta cung &p ning lrong cho cac nguyért & mac nang krong E; mot cach lién
tuc . D€ chung nhty I1én mirc ning krgng cao bn . Nguoi ta goi hién trong nay 1a “ lom ”,
cO the bom kang anh sang hajién ... Két qua sao cho N> N;.

Khi ¢6 mot nguyén i o trang thai ring lrong B ty phat té vé trang thai |
phat ra nit photon: hy = E, - E,. Hat photon nay tacuhg kich thich 1&én Bt nguyén
tr khaco trang thai & gay hrc xa cam tng to ra hat photon ndi: hy =E, - E,.

~ Hai photon nayal gay ra lirc Xa cam (rng tao ra hai fat photon néi na ...
Tiep tuc nhr the trong ndt thoi gian ngin $ hat photon Kt hop dugc tao ra i buc
Xa camung tng lén &t nhanh .

M@oi truong cd N > N; duoc goi la:
e MOi truong mit @6 dao 1on.
« M®ai truong khiéch dai &nh sang.
e Mo0i truong hat tinh.

Néu dung hai mic ning lrong E; va B khéng tk¢ tao radugc méi trdng mit
dd dao 16n N, > N;. Vi khi bom c&c nguyénit tr E; Ién B thi ddng thoi ciing c6 quéa
trinh hic xa cam tng dua cac nguyénittry vé E;. Sau ndt thoi gian € xuat hieén ar
can king dong. $ nguyén i dugc bom 18n va 6 nguyén i trod vé do hrc xa cam eng
bang nhau . Kt qua N; = N, .

Dé tao ra méi trrdong it d6 dao 1on N, > N,. Tdi thiéu phai ding ba nic ning
luong: B, BEva k.
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Bom cac nguyénittr trang thai ring luong E kén tang thai rang Iu:ong E . Céac
nguyén & ton ti ¢ trang thai E trong ndt khaing thoi gian At gan tr 10° s dén 10%s
Saud6 cac nguyénitdich chugn tr phét xm)ng trang théi ring lwong B. Cac nguyenut
ton ti & trang thai B mot thoi gian khaing 10° s trong ddi 16n so Wi thoi gian & trang
thai B . Két qua tao dugc ar dao 1on mat do gitra hai nirc ning hrong E, va B: N, > N,

Es N3
A
Buc xa tu phat
E2 N2
Qua trinh lom ) L
Buc xa cam ung
Ex N1

X.4. Cau tao ov ban va nguyén Ii hat déng aia may phat Laser

Laser la cacut géu aia “ Light Amplification by Stimulated Emission of
Radiation” c6 ngta khiech dai anh sang #ing hrc xa cam ung.

CAiu tao oo ban cia mdt may phat Laser nhsau:

(1)

Laser

@)

A
\ 4
A 4

(4)

s
@

(1) 1a mdi teong hait tinh ¢6 tie: khi, lbng , Bn hay ban an.

* (2) ngwn cung ép ning hrgng dé bom cac nguyénit ¢ ning hrong E 1€n &
cO the: anh sang hagién ...

*  (3) guong phin xa.

e (4) guong ban phn xa.

e Hai guong (3) va (4) 4o thanh & cong hxong.

Gia s c6 mbt nguyén t ¢ trang thai B tu phat té vé E; phat ra mt photon cé
phuong song songdi truc ¢ cong hrong ( phrong vudng goéc &i hai grong (3) va
(4) va hréng i guong (3).

Hat photon plin xa lai mdi truong hait tinh (1) gay ra Bc xa cam ung to ra
mot photon ndi. Hai photon kKt hop dén guong (4) va phn xa lai méi truong hat
tinh (1).
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Chang gay radc xa cam tng @o ra hai photon & hop moi. Bén photon Kt
hop dén guong (3) va phn xa lai moi truong hait tinh (1) , i gay ra kirc xa cam ang
tao ra thém Bbn photon Kt hop nira. Tam photon & hop dén grong (4) va phn xa lai
moi tredng hat tinh (1). Tép tuc nhr thé trong ndt thoi gian Kt ngin £ hat photon
két hop chuyn dong dc theo toc caa ke cong hrong ting I&n At nhanh.

Do d6 4nh sang Lasati ra khoi guong ban phn xa (4) ding ting 1én At

nhanh.

X.5. Céc tinh chit caa anh sang Laser
Anh sang Laser c6 c4c tinhitlsau:

Anh sang Laser cdo don sic cao

Anh sang Laser cdo két hop cao

Anh sang Laser co6 tintinh hréng cao

Anh sang Laser c6 cdngiticao

Anh sang Laser c6 &1am hi tu véi do tu cao

X.6. Ung dung cia anh sang Laser

Anh sang Laser cdit nhiéu izng dung:

Trong Y lac &nh sang Laser dung? chia binh hing liéu phap Laser
quangdong fpc , tung ligu phap Laser nlgt , dung lam dao mLaser
trong phiu thuit Tai — Mii — Hong , phiu thuit giac muc trong nhén
khoa ...

Trong cong nglip anh sang Lasefupc dingdé: Khoan , @t , han , toi
bé mat kim lazi , vi khac , vi han ...

Trong quan 8 anh sang Lasediroc dungdé huéng din thd bom chinh
xac , lam v khi Laser ...

Trong thong tin anh sang Laséoc dungdé truyéq thong tin trong cap
quang , du triz thdng tin ling dia quang , 4o anh mi ( holography ) ...
Trong nghién ¢u khoa e 4nh sang Laseduoc dungdé lam knh chit
khi, dieu khién cac plan i#ng hoa lc, vi k¥ thuit Laser dung trong
nghién @u cong ngh sinh hyc ...

That khé K hét nhing iing dung da dang va phong phld@ anh sang Laser
trong noi Iinh wc aia doi song.

CONG THUC VAT LY CH UONG 12
1/. Pinh luat Kirchhoff

r(A,T)

S (AT 12-1
NI R (12-1)
2/ Thuyét lwong tir niang lwong va céng thirc Planck

E=hy= % (12-2)
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3/Pinh luat Stefan-Boltzmann
R=oT"*
\6i: 0=15,67.1C W/m*K*
4/ Pinh luat dich chuyén Wien
A, T=b
\6i: b = 2,898.10 m.K
5/ Nang lwong hat photon

7/ Dong lwgng aia photon
hy _h

c A

8/ Dong quangdién dat gia tri bao hoa k.

vh=n.e

9/Pong nang arc dai caa cac quang electron

leU,| zlmevﬁq
2
10/ Giéi han quangdién
_hc

A =
A

11/ Phrong trinh Einstein
1
hy = A+=my;
y 2 e'm

12/ Tan sb y cia song @a vi

y=E
h

13/ Bwéc sONgA ciia song @a vi hat
h

A=2
p

14/ Ham soéng éa vi hat trong giéng thé

W (x)= \/2 sin? 7 x
a a

15/ Mat d$ xAac stht caa vi hat trong giéng thé

(12-3)

(12-4)

(12-5)

(12-6)

(13-7

(12 -8)

(-2

(4LD)

(12-11)

(12-20)

(12-12)



P (x) = [W(x)? :§ sirt

16/ Nang lwgng cia vi hat trong
222
_ h2 n?
2me

E

n

17/Nang lwong cia electron trong nguyén & Hydro

136
n2
Voi:  1ev=1616"J
18/ Quang pté H - Day Lyman

1 1 1
_:R_—_
A (12 nzj

Voin=2,3,4..©.

E,=- eV

R =1,0967710 m’ I hing $ Rydberg

19/ Quang ptb H - D&y Balmer

1 R(i_i)
A 2> n?
Win=3,4,5..0
20/ Quang phé H - Day Paschen

1_ i_ij
A ¥ n?

Win=4,56 .
21/Quang pho H -Day Brackett:

1. R(i_i)
A 4> n?
6in=5,6,7 .
22/ Quang phd H - Day Pfun

1_41_1
p) 52 n?

\Win=6,7,8.»

23/ Ham song ban kinhR  (r) ¢ trang thai co ban:n=1val=0

Rm(r):z&f o™

Trongdd a = 0,5310"° m

nr
—X

(12-13)

(12-14)

(12-15)

12-16)

(12-17)

(12-18)

(12-19)

(12-20)

(-22)

24/ Ham song ban kinhR, (r) é trang thai kich thich:n=2val=0



3
1(1) F) "
Rolr)=—7=|—| |[1-— % 12-22
al) ﬁ(aoJ ( 2aoje ( :
25/ Ham song ban kinhR, (r) ¢ trang théi kich thich:n=2val=1

§ r
1 (2% r | 5%
R == — % 12-23
0= la) (o) (1229)
26/ Ham song au Y,"(6,¢) & trang thai cobann=1,1=0, m=0

Y0 = (12-24)

5~
S

27/Ham séng déu Y,"(8,4) & trang thai kich thichn=2,1=1, m = 0¢1

3
Y, =.|-—cosd 23
£ =50 (28)

vi= 2 sing.e (12-26)
8rr

Y = 1/i sing.e™ (12-27)
8mr

28/ Mat @9 xac stht caa electron trong nguyén & Hydro
« Mat do xac sit theo ban kinh r

2
pn((r):‘an I’2 (28')
« Mat d6 xac sit theo goc :
2
or(6.8) =" =Yy (12-29)
« Mat do xa&c sit € trong nguyéntt Hydro :
Pui nlr.6.8)= p,,(r)0"(6.9) (12-30)
« Mat d6 xac sit theo ban kinh & trang thai @ bann =1,1=0
1Y) ,-Z
,olo(r):4(—j re ® (12-31)
a,
« Mat do xac sit theo goay trang thdi @ bann=1,1=0,m =0
1
0 0' - 12'32
p:(0.9)= (12-32)

29/ Gia tri cua dwoc vécob mdomendong lwong L cia electron trong nguyén &
L=t +1)n (12-33)
Véi: ¢=0,123... (n-1).
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30/ Hinh chéu ciia vécr mémenddng lweng L 1&én mét phuwong Z

L, =mn
Voi: m=0,£1,%2 ... £/
31/ Mbmen ftr quy dao
— e —

,UL:_H

32/ Hinh chiéu ciia mémen tr , 1&n phuong Z

i = e
Lz Zme z
_ en _
Hz =~ mﬁ = Mg

Vi g1y = Ze:l] = 927107 3/T

e

33/ Gia tri cia mémen SpinsS
S=,49s+1) &

34/ Hinh chiéu cia vécor mémen Spiné lén phwong Z :

S, =mg.h

Voi: mg==% E
2

35/ Vécy mdmen fir Spin u

—

Mg =——S

£
m,

36/ Hinh chiéu cia vécir mémen tr Spin ,Z/S |én phwong Z

HUsz = g

37/ Gia trj cia dwec vécy mémen dong lwgng toan phin J =L+ S cia electron

trong nguyén tr
J=jlj+Yn

r+t
2

Voi: j=
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(12-35)

(38-

(12-37

(18-B

(12-39)

(-4Q)

(12-41)

)

(1242

)



38/ Hinh chiéu cisa J 1&n phwong Z:
J, =mh (12-43)
Vi m=j -1, ... .

CAU HOI TRAC NGHIEM CHUONG 12
Cau 1: Vat den tuydt déi la vat:
a) chi cé duy niat mot mauden
b) hap thu toan 1§ nang hrong hic xa nhiét chiéu toi vat
c) hap thu mot phan ning hrgng birc xa nhiét chiéu toi vat
d) khéng Hip thu ning krong birc xa nhiét chiéu toi vat
Cau 2: Cho hai iénh & (MP)
Mb 1: Hién trong giao thoa anh sangiety © anh sang carbng tinh séngdt.
MbD 2: Hién twong quangtién ching © anh sang carbng tinh song 4t
Hay clpn phrong andung
a) Mb 1ddng, Mb 2 dung
b) MD 1dung, MP 2 sai
c) Mb 1 sai, Mb 2 dung
d) Mb 1 sai, Md 2 sai

Cau 3: Mot hat electron chugn dong tr do. Neu vén toc v aaa hat tang 1én haidn thi
budc songh tuonging aia hat?

a) A ting lén 24n
b) A ting lén 4 n
c) A giam xudng 2 &n
d) A giam xuéng 4 &n

Céu 4: Mot hat electron chu§n dong tr do. Neu van t6c v cia hat ting [&én haidn thi
tan $ songy tuongtng aia hat?

a) yting én 24n

b) v ting lén 4 én

c) vy giam xuéng 2 &n

d) vy giam xuéng 4 &n
Cau 5: Mét hat electron chugn dong tr do. Néu van toc v aia hat ting [&n haidn thi
mat d6 xac st [W|° tim thiy hat?

a) |¥* khongddi
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b) |¥° tang 1&n 2n
c) ¥ ting 1én 4 in
d) |w|* giam xubng 2 &n
Cau 6: Anh sang Laser c6 tinh #hnao sautay:
a) c6do don sic cao
b) c6do két hop cao
c) co tinhdinh hréng cao
d) Tat ca tinh cHit tréndéu dang
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PAP AN CAU HOI TRAC NGHIEM

Pap an cau i tr ac nghiém Chwong 8

1-d | 2-c 3-a 4-d 5-a 6-d 7-d 8-c 9-b
10-a-| 11-a 12-a 13-b 14-a 15-a 16-b 17-d 18-a
P&p an cau i tr ic nghiém Chwong 9
l-a | 2-b 3-a 4-b 5-d 6-a 7-a 8-a 9-a
10-b | 11-c 12-a 13-d 14-b 15-a 16-a 17-b 18-¢
Pap an cau i tr ic nghiém Chwong 10
1-c 2-C 3-d 4-c 5-a
6-C 7-b 8-d 9-a 10-b
Pap an cau i tr ac nghiém Chwong 11
1-c 2-d 3-d 4-d 5-a
Pap an cau i tr ic nghiém Chwong 12
1-b 2-d 3-c 4-a 5-a 6-d
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