CHUONG 1

PIEN TRUONG TINH
TRONG CHAN KHONG
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1.1. DIEN TICH

A. Khal niem dien tich

> Ba co tir thoi co Hy Lap, khilco xat thuy tinh
voi lua thit thiy tinh hut dwoce cac vat nhe
Khac nen ngwoi ta da nghi rang thay tinh da
nhiém dién hay da mang dién tich.

> Dén nam 1600, William Gibert khdo sat cac
vat the va di den keét luan rang: co hai loai
dien tich mot loai co tinh chat nhw thuy tinh
ool la chat cach dien con loai tha hai' khong co
tinh chat do goi la chat dan dien.
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s Khoang nam 1700, Charles Dufay nhan thay
khi co xat nhiéu vat cach dién véi ni hay lua
thiichting co thé day nhau hozc hit nhau.

s Benjamin Eranklin goi dién tich tren thanh
thiy tinh la diwong va ciia cao su la am.

= Sw nhiém dién ctia mot vat khi co xat vao vat
khac Ia do cac ion hay electron chuyén tir vat
nay sang vat khac.

Cédc dién tich khong tw sinh ra va ciing
khdng tw mat di ma chi chuyén tir viit nay

sang vat khac hodc bén trong vt ma thoi.
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= Neéu xét mot hé gom cac dién tich co lap thi
tong dai so dieén tich trén cac vat trong hé
khong doi (dink ludt bio toan dien tich): Tirong
tw nhién ton tai hai loai dién tich: dién tich am
va dien tich dwong.
g= £Ne, (donvila C trong he Sl)

s Cac dién tich cung dau thi day nhau, trai
dau thi'ht nhau. Twong tac giira CAc dién tich
dirng yen goi la tirong tac tinh dién hay tirong
tac Coulomb.
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B. Phan bo dién tich

Pién tich diém la dién tich tap trung trong
maot vung co kich thwéc nhé so voi khoding
cach tir ving d6 dén diém mudn khio sat tac
dung cua di¢n tru’O’ng Di¢n tich diém la phan
bo dién thh don gian nhat. Ngwoc lai ta co
maot phan bo dién tich.

> Biét dwgc mat do dién tich ciia m§t phan bo
dién tich lién tuc ta co the tinh dwegc toan thé
dién tich Q cua phan bo dé.
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‘ Co 3 loai mat do dien tich ‘

*+ Mat do dién tich dai:

‘ Q:J‘)\.df

l

“* Mat do dién mat:

S

% Mat do dién tich khoi:

_—— Q:jpdv
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1.2. DPINH LUAT COULOMB

Nam 1785, Coulomb da xac dinh luat tirong
tac gitra hai dién tich diem dirng yen.

PHAT BIEU

Phuong: 1a dwong noi hai dién tich.

Chiéu: 1 lwc day néu hai dién tich cung
dau va 1a lre h(t néu hai dién tich trai dau.

Cuwong dé: ti 18 thuin vai tich sé6 do 16m ciia
hai dién tich va ti 1€ nghich véi binh phwong
khoang cach giira hal dién tich.
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—

Hinh 2.1: Luwc twong tac giira hai dién tich diém.
(@9, >0 (b) g0, <0
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= Trong dé: q, va d, la gia tri dai so ciia cac
dién tich twong tac, r vécto la vécto vi tri xac
dinh vi tri ctia dién tich chiu tac dung lwc doi
véi dién tich gay ra lwc tac dung.
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Gia sir ta cO n dién tich diem 0,
0,---0, taC dung dong thoi len dien
tich diem g, thi:
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a
/ dF

U1 - \ g,>0
a -

Hinh 2.2: LLwe do dién Hinh 2.3: Lwrc do phan bo
tich di€ém q, Va g, tac dién tich lien tuc Q tic
dung len'q, dung len q,
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Pé xac dinh lwe do mot phan bo dién tich
lién tuc tac dung [en dién tich diém g, ta co thé
chia n6 thanh cac dién tich diéem dg sao cho co6
thé xem chiing la cac dién tich diém.

> Luc do phan bo dién tich tac dung lén q, la:

Gioi han cua r: twr 107>m dén vai km.
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1.3. Dién trixong

A) Khai niem dien truong

Pé giai thich diéu do nguoi ta
thira nhan ton tai mét moOi
trwong vat chat (trung gian)
lam méi gi6i cho sw lan truyén
twong tac giira cac dién tich.

|:> PIEN TRUONG

Vung khong gian co dién trwong la
vung khong gian bi bieén tinh béi sy hién
dién cuia dién tich.

Do dau cac
dién tich co the
twong tac dwoc
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B. Vécto crong do dien truong
Xét dién trirong gay ra boi dién tich diém Q.

* Luyc tac dung cua dién truwong lén mot dién
tich thir q la:

= Xét ti s0:

Ti s6 nay chi phu thudc Q, r nén cd thé dit
trung cho dién trwong tai diém khao sat, duoc
goi la vécto cwong do dong dién tai diem do.
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E |a trixong xuyen tam va roi Xa dien tich dwong
(hwrong ve dién tich am), la dai lirong vat |y dac trung
cho dién trwong ve phwong dien tac dung lirc.

e

_F
E—_
9,

Ta nhan thay mot dién tich bat ki d:it tai diem co
cirong do dien truwong E sé chiu mot lwc



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Hinh 2.4: Dién truwong gay boi mot
phan bo dién tich
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v/ Pién truwong do mot hé nhiéu dién tich diém
gay ra tai mot diém:

v/ Pé tinh dién trwong gay ra béi mét phan bo
dién tich lién tuc ta co thé chia nhé no ra thanh
nhiéu dién tich nhé dq sao cho c6 thé xem n6 la
cac dién tich diém:
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Vécto cwong do dién trwong gay ra béi ca
phan bo dién tich:

Néu dién tich dwoe phan lién tuc trén mot
chieu dai, mot mat, mot the tich thi:



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

C. Duong sirc dien truong:

La nhlrng duong cong vé trong dién trwong sao cho
tlep tuyen tai moi diém ciia nO trung voi phwong vécto
cuong do dién truong.

Chiéu cia dwong strc 1a chiéu ciia vécto cwong do
dién truong.

S6 dwong sire di qua mét don vi dién tich vudng goc
v6i N6 biang tri so vécto dién trwong E tai do:
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CHU Y:

+ Cac dwong swc dien
trwong khong bao gio cat
nhau Vi tgi moi diém vécto
cuwong do dién truong chi CO
mot gia tri xac dinh.

+ Cac dwong swc dien
trwong xudt phéat tiv cac dién
tich dwong va ket thic &
dien tich am. Do do, chung
la cac dwwong cong hé'.
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(b)

©

Hinh 2.6: Duong surc cua dién truong:
(a) Dién tich diem dwong. (b) Dién tich diem am.
(c) Hai dien tich trai dau. (d) Hai dién tich cung dau
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D. Thong luong dién trirong

> Xét mot mat kin S bat ky trong dién truong,
chia no thanh cac vung dS nhé sao cho co thé
xem doé la tir trwong deéu.

» Thong lwong dién trwong qua dS la:

d® = EdJdS=E.ndS = E.dS.cos

e
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Hinh 2.7: Thong lxong dién trirong qua mat S
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Vay thong lwxong dién trirong qua mat dsS la
mot dai lwong dai so cO gia tri dwong hay am
phu thuoc vao chiéu vécto' n trén dS (hwéng ra
ngoai'la dwrong, Vao trong la am)

Thong lwong dién trirong qua toan thé mat S 1a:
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» Thong lwong qua mat kin S:

o = JEds
S

> Tath?iy: ‘d(b = dN

X
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1.4. DINH LY GAUSS

1.4.1. Phat biéu dinh 1y

Thong lwong dién trirong
gua mot mat Kin bat ky
bang tong dai so cac dién
tich chira trong mat Kin S ZA\
chia cho £0; Carl Fr-iedr-iéh; Gauss

(1777 - 1855)
(Dure)
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1.4.7. Chirng minh dinh 1y

1) Poi voi dién trwong tao boi dién tich diem
g tai O

a) Xet mat kin S bao quanh dién tich g

Ta thay so6 dwong strc XUyén qua mit S bang
s0 dwong sirc XUyén qua mit cau twéng twong Sy,
c6 tam O tai dién tich diém g va cé ban kinh r
bao quanh S. Do d6, thong lwgng dién truong ¢,
Xuyén qua S ciing la thong lwgng dién trwong ¢,
Xuyén qua mit cau S, .
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Do do:
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b) Xet mat kin khong bao quanh dien tich qg:

Gia sir g > 0, vé mat non dinh O tiép xUC voi
m:t kin S. Giao tuyeén gitra mat noOn Va mat
Kin' S tao thanh mot dwxong cong Kin (C) chia
mat S thanh 2 mat S; va S..

Thong lwong dién trixong qua mat Kin S
bang tong thong lirong qua hai mat S; va S,
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Ma so0 dwong sirc xuyén qua S, bang so6 duwong

strc Xuyén qua S,, nén:

|¢e1| Lo |¢e2|

Hinh 2.8b : Pién tich diém
0 ngoai mat kin S
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2) Doi voi dién trwong tao boi mot hé dién
tich diem:

Thong luong dien trueong qua mot mat Kin' S la:

JEds ~d(X E)das -2 dE ds

de as - -
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3) Doi voi dién trirong tao boi mot phan bo
dién tich lién tuc

* Thong luong dién dg Q= Q
truong qua mat kin S la: | £
S 0
Vi Q la tong dai so dién tich chira trong mat
Kin'S.

* Goi p 12 mat do khoi dién tich trén phan bo
dien tich va v la the tich gioi han boi mat kin S,
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la vecto cam urng dién.

—_— —

D.dS ~ <£p.dv

\Y

Pé xac dinh méi lién hé gitra dién truong
va p tai cung mot diem, ta ap dung dinh ly
Ostrogradsky - Gauss:

Je.ds = §V E.av

S \Y;

|:> E. :i<£p.dv
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/i S 1a mit kin nén v ciing 1a mot thé tich
bét ky.

Tw do ta co:

Cac biéu thirc trén la dang vi phan ciia dinh
ly Gauss hay con goi la phwong trinh Poisson.
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10458, I'J'ng dung cua dinh ly Gauss

1) Dien trirong cua mat phang rong vo han
tich dién deu

Goi o la mat do dién tich trén m:t phang va
gia sir o > (.

Twong tirong mat tru S co dwong Sinh vuong
goc v6i mat phang, co hai day AS doi xirng nhau
gua m:t phang. Ap dung dinh Iy Gauss cho mat
KIn S nay, ta co:
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Doc theo mat xung quanh:

Vay: thong lxong cua dién truong qua mat
xung quanh bang 0.

-

|

—_

dS
)

Hinh 2.9: Pién trwong gay ra béi mat
phang rong vo han cO mat dj o.

Caussian

cvlinder
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Vécto di€n treong cO phwong vuong goc voi
mit phiang, cd chiéu hwéng ra xa khéi mit
phing néu ¢ > 0 va chiéu huwéng vao mit
phiing néu o < 0.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

2) Dién trwong tao boi hai mat phang song
song tich dien deu va trai dau

Trong mién giira hai méit phang (hai ban),

cac dién trwong ciia moi miit ¢ clng
phwong, chiéu va d¢ 16n nén dién truwong

tong hop la:
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~ Dién trwong deéu, cO phwong Vuong goc voi Cac
b4n, cO chiéu hwong tir ban dwrong sang ban am va
co do'lon E = c/g, . Cac dwong sirc dien trirong gitra
hai ban song song, cach deu nhau va vuong goc voi
cac ban.

~ O ngoai' theé tich gioi han béi hai ban, cac dién
trirong ciia cac ban co cung phwong, ngwoc chieu va
cung do 16n nén dién trweong tong hop bang 0.

> Doi voi mat phang song song co kich thwde hiru
han, két qua nay chi dong néu khoang cach giira hai
m:it phang rat nho so voi kich thwée thang ciia mat
phiang. Trong trwong hop nay ¢ gan CAC MEP ciua
m:t phang, dién triwong khong deu.
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3) Dién trirong cua qua cau tich dién. deu trén
be mat

Xét qua cau tam O,
pan Kinh' R mang dién
tich g > 0, phan bo déu
voi mat do dién mat o,
ta tinh dien trixong tai
mot diém o ben ngoai
m:t cau cach tam O
mot doan r. Ap dung
dinh lyy Gauss cho mat
kin S 1& m:t cau tam
O, ban kinh r= R:
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4) Pién trirong ciia qua cau tich dién déu trong
the tich

Xét qua cau tam O, ban
Kinh R, mang dién tich g > 0
phan bo déu voi mat do dién
tich kh01 p. Dién tru’O’ng tai
mot dlem & bén ngoai’ qua
cau glong voi dién truong o
ngoali qua cau tich dién deéu
trén beé mat, con dién truong
tai mot diem ben trong thi
khac 0. Dien tich chira trong
mat kin S tam O, ban Kinh r
<R la: p=47rs/3.
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5) Dién trirong ciia mat tru déu

XEt mat tru rat dai, ban kinh R, chiéu cac
H >> R, mang dién tich phan bo déu véi mat
do dién mat ¢ > 0. Ta tinh dién trirong tai mot
diéem o ngoal mat tru cach truc hinh tru mot
khoang r.

Ap dung dinh Iy Gauss doi voi m:it kin S [&
m:t tru dong truc voi m:t tru mang dién tich
tréen, c6 ban kinh rva chiéu cao h.
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r [ d

E c6 gia tri khong doi trén mit xung quanh cia
mit tru S, é hai mit day: E - ds nén théng luwgng
dién truong qua hai mat day bang 0.
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-

E.
E.
D

Hinh 2.13: Dién trwong cua hai mat tru
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1.5. BIEN THE

1) Tinh chat thé cuia trwong tinh dién

/QO
g

R =

€
r

Hinh 2.14: Biéu dién luc F(r) G0 q
tac dung lén q,
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1.5. DIEN THE
1) Tinh chat thé cuia trwong tinh dién

Di¢n tich q, dat trong di¢n truwong do di¢én
tich diém q dung yén gay ra sé chiu tac
dung cua luec:

Trong do la vecto don vi cua vecto vi tri
con la vecto co phwong luon di qua q va q,
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Chirng minh trwong tinh dién 15 truong thé

~ Cong cua luc tinh dién
dé dich chuyen dién tich q, (0,
q > 0) twe vi tri 1 den vi tri 2:

o 0O

1

Theo hinh ta thay rang:

e .d¢ ™ dr Hinh 2.15: Tinh cong
cua lwe dién truong
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Tir (2.40) ta thay rang cong cia lwe tinh
dién khong phu thugc vao dwong di, chi phu
thuoc vi tri dau va vi tri cuoi.

F (r) 12 luc truong the va truong

tinh dién 1a mot truong thé.

Biéu thirc toan hoc mo ta tinh chat thé ciia
troeong tinh dién:
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Ta da biét, cong ciia lwe tinh dién bang
do giam thé nang:



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

So sanh (2.40) va (2.41), ta thu dwoc bieu thire
the nang cua g, trong dién trwong cua dién tich
diem g:

-Néu quy wée thé niang cia d, 6 rat xa g (r=oo)
bang 0, thi'the nang cua dien tich g, la:
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Twong tu, ta co:

. Thé nang cua of trong dieén truong cua he
gom N dién tich diém:

- :khoang cach tir ¢ dén g
> Thé nang ciia g, o vi trii mot trong dién
trirong gay ra boi phan bo dien tich lien tuc:
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Xet dien truong do dien tich g gay ra. Dat g,
trong dién truwong do (g, la dién tich rat nho,
dién trixrong No gay ra khong dang ke)

Ta dinh nghia ti so:

Ia dién thé tai diem khao sat
Don vi: Volt=V.
r : 1a khoang cach tir g dén diém kh:io sat.

Nhu vay, dién thé |4 thé ning tng voi mot
don vi dién tich dwong.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

= Tir bieu thirc dinh nghia dién thé ta suy ra dién the
cua dién tich diem g la:

Néu quy wée V(= ) = 0 thi const = 0.
= Dién theé cia dién tich g tai diem cach no khoang r:

= Dién thé ciia hé gom n dién tich diém gay ra tai
diem cach chung khoang r:
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= Dién_the ciia phan bo dién tich bat ki tao ra dién
trivong [ |a:

Pién thé 14 cong cia lwe tinh dién dé dich
chuyén mét don vi dién tich dwong doc theo dwong
cong bat ki tir diém dé ra xa vo cung dwoec quy wéce
dién thé bang O.

Dién thé tao boi phan bo dién tich la:
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HIEU PIEN THE (HPT)

s HDPT giira hai diém 1 va 2 dwoc ki hiéu:

Hay/:

s HDPT giira hai diem 1 va 2 trong dién truong
duroc tinh:
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¢ > 14 Iwu 6 ciia dién truwong E tir 1 dén 2.

Pién thé V 14 ham v0 huéng theo bién vecto r:
V(r) T V(x.y.z), dic trung cho di¢n trudng

vé phwong dién nang lugng.

Di¢n truong E 1a ham vecto theo bién vecto'r
|§ (r) ~ E(x,y.z), dic trung cho dién truong

vé phwong dién tac dung lwe.

Viéc khao sat dién trwong thong qua dai lwong

vO hwéong thi don gian hon trong tinh toan va

do lxong.
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> Mt dang the |a cac mat mirc cua
trirong \Y/0) hu’O’ng dién thé. Do la tap hop cac
diém 0 cung dién thé.

Phwong trinh ciia mat dang the:

= [irong dlen trlm’ng gay boi dién tich diém g
thitham dién theé

Moi mat cau cO tam la dién tich g déu [a mat
dangthe
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Hinh 2.16: Mt diing thé trong
dién truwong cua dién tich diém q
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s Ciac mit dang thé khong baoigio cat nhau.

s Cong cua lwe tinh dién dich chuyén q, tren
mat dang the bang 0.

s Vecto cuwong do dien trirong vuong goc voi
mat dang the.
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1.6. LIEN HE GIUA DIEN
TRUONG VA DIEN THE
Dién truwong co thé dwoe mo ta qua ca hai dai
lu’()’ngvé A Vi the hai dai lwong nay: cormoi
[ien hé voi nhau bang biéu thire:

E= Vv
Tirong he toa do [Descartes, dlr()’c biéu dién

yhan trén cac truc toa do:

gua cac thanh
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1.7. LUONG CUC DIEN
Dinh nghia:

L& mot hé gom hail dién tich -
bang nhau vé do lon nhung trai /
dau +g va —g, cach nhau mot a0 ﬁ
doan | rat nho so voi khoang cach  Luong cuc dicn
tir lrong cue den diém dang xet.

P:ic trung cho tinh chat ciia lwong cure dién [a
vecto momen luwong cuce dién, Kithicu i}

—

p. = q/

|la vecto: hwong tir -( sang +Q
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1) Dién the va dién truong cua lirong circ

A/
E . o
M

ry I,
6
_q O\ +q

Hinh 2.17: Xac dinh dién thé va
dién trueong cua lwong cuc dién
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Dién the va dien trirong cua lirong cuc

= Dién thé V gay boi lwrong cure tai M:
- a9 . g9g _q( r)
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Dién the va dien trirong cua lirong cuc
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2) Tac dung cua dien truong lén
lxong cuc dién

+( —
S F,
—_— .’. I
/
e IR

— IR

Hinh 2.18: Lwong cwe dién
trong dién truong ngoai
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Tac dung cua dien truong len lxong cuc dien

% Cac dien tich +q va —q sé€ chiu tac dung cua
cac lwe:

F, ~ qE

—

F, - gE

» Hai lire nay tao thanh ngau lie c¢6 canh tay
don Isino NenN cO'mMomen ngau lire:

\7

» IMomen ngau lwe c6 do [on:

L/

M = qE/sin®
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1.8, CAC UNG DUNG TRONG
KY THUAT VA DOI SONG

1) Chuoenag bhao chay

Gom mot Chuf)ng dien Va mot bo phan phat hién khor.

Nguyeén tac ciia bo phan phat hién khoi |2 dwa vao sw
tach dién tich. Bo phan nay chita mot lirong nho chat
phong xa trong mot hinh tru c6 ho: mot dau, phat xa deu
dan hat o.

Khit co Khoi, phan' ti hiru cor_ trong dam Khoi di' vao
trong hinhi tru, phan tir hitu co” dé bi ion hoa va cham vao
hat a, so lwrong 10n tang [én, hinh tru kich thich chuong
dlen

Khuyet diém ctia hé thong: phan tir hitu co’ boc ra tir
khoi dun nau ciing kich thich chudng dién:
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2). Phwong phap Xerography
duting trong may. Photocopy.

May: photocopy. ché tao dwa trén hién twong tinh
dién, thwe hién theo nhiéu bwoc cia phwong phap
Xerography (sw tai tao hinh anh), so: do may photocopy
ve tren hinn. >

Ban goc

Ja Tam kinh

\ /
: }MK{nh co dinh
./ \/ l Thau kinh

il
Nguon dao Trong
sang dong

Hinh 2.19a: So do may photocoppy
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Truéc hét tich dién cho trong.

Hudng anh sang dén twr ban goc

Tich dién cho trong

Pidm bt ddu \\

Khwr dién

Bot muec

Hurdng gidy dén

Tich dién cho gidy

Hinh 2.19b: So @0 1am viéc ciia trong trong may photocopy
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= Anh sang phan chiéu tir cho co chir trén ban goc [én
gwxong Khong gay tac dung len dién tich tren mat
trong. Newoc lai, anh sang phan chieu tir cho Khong.co
chir lam mat trong tro' thanh vat dan, dién tich tai do
bi mat di.

= Trong quay dén hop mure, cac dién tich nay hit cac
hat bui mirc, tao thanh mot van ban tren mat trong.

= Hé thong kéo gidy gom bo phan tich dién cho giay
do. Cac dién tich co tren mat giay hUt cac hat bui muc
tir trong Vao giay. Nho' 1 bong den hong ngoai, cac hat
murc Nay bi nong chay ra thanh chir tren giay.

= M:t trong di qua bo phan giai nhiét dé trung hoa.
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