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1. Bién tich
a. Tinh chat
b. Pinh luat Coulomb
2. Dbién truvong
a. Cwong do dién trwong
b. Dién trwéng cia mot dién tich diém
c. Nguyén ly chong chat dién truwong
d. Dwong suc dién trwong
3. Dién tich va dién treong quanh ta
4. Bal tap ap dung



c KHQ
\‘\o 4&0
A4 (o}
Q 4 E
[¢] c
=
: W
= =
« m
kg =
TP. HO CHI MINH

* Pién tich cua hé kin dwoc bao toan.

 Pién tich bi lwvong t hoa,
e=1,60x10-1° C la dién tich co so.

» Vat dworc tich dién thong qua:

— co xat v&ol mot vat khac,
— tiép xuc voi mot vat tich dién,
— hién twong cam wrng dién.

Mt dat tich dién
thong qua cam img.
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~ o« A e A ’ o N F
o Luc tinh dién do dién tich diém
g, tdc dong lén dién tich diém r 9>
g, (dat trong chan khong): y
= . q4q, @
F=Fk ‘ql qu‘ F=k 3 r Hai dién tich cung
p r déiu
k =1/4me, =8,99x10° N.m*/C*
F -
g, =8,85x10™"" C*/N.m’
r &

e £, dugc go1 la hang s dién

e r 13 vecto ndi tir g, dén g, e |
Hai dién tich tran dau



% Cuong do dién truong

« Mbi hé dién tich déu tao ra quanh minh mot dién trwdong

» Tai mOi diém trong d6 cd mdt vecto cworng dé dién trwdng
E xac dinh.

P& xac dinh dién trwdng E & mét vi tri, nguwdi ta dat
tai d6 mot dién tich thwr q, , va do lwc tinh dién F Ién q,

* Dién trwong E sé /a: |
E=F/g, (N/C hay V/m)
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4 Nguyén ly chong chat dién
- tredng

» Dién trwdng do hé dién tich diém tao ra bang tong céac
vecto dién tridng cua tat ca cac dién tich.
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» La nhirng dwdrng nhan E lam tiép tuyén tai moi diém.

» CO chiéu la chiéu cua vecto dién trwdng.

» Mat d6 dwdng strc qua mot mat phang nhd vudng goc
voi dién trwedng thi ty 1€ véi d6 I&n dién tredng di qua mat
do.

» Hai dwdrng stre khéng bao gior cat nhau
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g>0

q<0
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bién truomg
gitra may va
mit dat lam téc
nguol phu nir
ndy dung ngugce
lén.
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Mot thanh thﬁng AB c6 chiéu dai a duoc tich dién
déu véi mat do 4 > 0. Tim do 16n dién truong tai
mot diém M nam trén duong noi dai cua thanh,
cich dau B mot doan b.
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« Chia thanh lam nhiéu doan vi phin, moi doan cé
chiéu dai dx. dién tich dg = Adx, co vi tri x.

« Coi dg 1a mét dién tich diém. n6 tao ra & M mot
dién truong c6 do 1om bang:

dq| Adx

—=k
r*  (a+b-x)

dE =k

dF

X a+h-x

* Dién truong toan phin taiM:  E :J. dE
* Dién truong do moi dién tich dg tao ra déu cung
phuong (truc x), do dé E cung c6 phuong trén truc
X vi co do lon:
dx
(@+b-x)

E:jdE:Mi’

0

SRR,
a+b—-x]|, b a+b
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Mot thanh thﬁng AB c¢6 chiéu dai L dwoc tich dién
déu vai mat dé 4 > 0. Tim do 16n dién truong tai
mot diém M nam trén dudng trung truc cua thanh,
cach thanh mot khoang R.

A

=
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 Chia thanh lam nhiéu doan vi phin, moi doan c6
chiéu dai dx, dién tich dg = Adx, co vi tri x .
* dgtao ra 0 M mét dién truone cé do 16n bang:

dE = k94 _

r R +x°

« Dién truong toan phan tai M: :J’ dE
+ Do doi xtig, E ¢6 phuong trén truc y.
* Dodo: E :j dE, :J- dEcosa

r dE’
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Adx R ‘C da
E, = _[k - —=kAR — » Tim dién truong tai M khi thanh AB dai v6 han
reer L2 {R + X )Jr( vé ca hai phia.
* Tra loi:
| I iL A
2 1¥2 pifp2 22 E = - L
(R*+ )" R(R*+x°) o RARTT \/ —
2re,RL (I] +1
E, = L A
TR R £ e
2kAL AL

E

" RVR*+41° 27 RVAR + I
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Mot vanh tron ban kinh R duogc tich dién déu vf:ri
mét do dién tich dai 1a 2 > 0. Vanh tron nay nim
trong mat phing xy. Tim dién truong tai mot diém
M nim trén truc z, cach mit phiang xy mot khoang
bing a.

o =
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e Chia vanh tron lam nhiéu phan nho vi phan, méi
phin c6 chiéu dai 1a ds, dién tich dg = Ads.

« Dién truong do dg tao ra & M ¢6 do lon:

Ads

2

dE = k%

r r

X 4 h.[___,__--"". "
' -

ds" r

+ Dién truong toan phan tai M:  E = j-.:fE"
» Do doi xtmg, E ¢6 phuong trén truc z.
* Dodé:  E =[dE. =[dEcosa

r dE’

b
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E =kjcigﬂ_|.ds=k/1ci5ﬂzﬂ:ﬁ'

r re
cosa=ajr r’'=R+a’
E. =2aRki—"
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Mot dia tron ban kinh R dugc tich dién déu véi
mat do dién tich 1a o > 0. Dia tron nay nim trong
mat phing xy. Tim dién truong tai mot diém M
nam trén truc z, cach mit phing xy mot khoang
bing a.
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 Chia dia tron thanh nhiéu vanh, mdi vanh c6 ban
kinh la r va bé day la dr.

e Moi vanh ¢6 dién tich 1a 27rdr, do d6 c6 dién tich
la 62 7rdr va mat do dién tich dai 1a 4 = a2mrdr /
27r = adr.

ey mat do dién
diii =adr

» Theo BT 3. mdi vinh tao ra tai M mét dién trudmng
nim trén truc o

dE. = 2mrkd—12

=2rkaa rr
'lr_r"+a:}y" {r1+a:}‘y§

* Dién trirdmg todn phin 1 tdng cia cic dién trurdmg
do cic vianh nhr trén tao ra:

E__=Ef;k¢mi : rﬂ'rq}y
alr”+a’ )’

E. =—1wkaa[ﬁ]: =1¢kﬂ(l—ﬂlﬁ}
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. T‘lrmdié.ntmﬂmg l:_iiMIu:hi:IIﬂtnEI:n-:ﬁ-h:inkJ'Ilh
tién ton vo cung (tré thanh ban phing vo han tich
dién déu).

* Tra lon:

- a

— _ el - .
E:—E;:h:r[l MJ Eﬂ'kﬂ'[l W

|
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Hai dién tich diém ¢ va 2¢ dit cach nhau 10 cm.
M la mot diém nam trén duong ndi dai hai dién
tich va cach ¢ mét doan r. Tim r dé dién truong
tong hop tai M triét tiéu.
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* Goi d 1a khodng céich gitra hai dién tich, d¢ lén

dién truomg do chiing tao ra & M lin luot la: « Bt E=01taco:
E.=k'rg:l E:=k(d2_lq’1,): 27 —(d-rF =(r-2+r—dWr2-=r+d)=0
* D lén cua dién trudng toan phin tai M la: « Do &
£~ ~El=Hol 7~ gy r=d/(1++2)=4.lcm
g E E 4
o

O - -
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* Goi d 1a khodng céich gitra hai dién tich, d¢ lén

dién truomg do chiing tao ra & M lin luot la: « Bt E=01taco:
E.=k'rg:l E:=k(d2_lq’1,): 27 —(d-rF =(r-2+r—dWr2-=r+d)=0
* D lén cua dién trudng toan phin tai M la: « Do &
£~ ~El=Hol 7~ gy r=d/(1++2)=4.lcm
g E E 4
o

O - -
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VI DU VE THONG LUONG DONG NUQOC

e Xét mot dong nudc chay thang déu vdi van téc v, va mot mat
phang (S), dat vudng goc vdi dong chay.

e Thong Iugng @ clia nudc qua (S) (thé tich nudc qua (S) trong
mot dan vi thdi gian):

e =118 Thé tich nude
. v . trong hinh tru
e : \ ................. > nﬁy se i qua
J," / (S) trong mot
""""""""" l S [T gify.
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VI DU VE THONG LUONG DONG NUGC
e NEu (S) tao mot goc vai dong nudc thang déu,

e thong luong cua nudc qua (S) la:

D =vScosax=v-nHs

» Dau cua ® phu thuoc vao goc a.

Thé tich nudc
' v [ trong hinh try
i e nghiéng nay
| o sé di qua (S)
., trong mot
giay.
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VI DU VE THONG LUONG DONG NUQOC

e Dong nudGc bat ky, mat cong (S) bat ky.
e Chia (S) lam nhiéu phan nho dién tich ds.

N

/% - Dong nudc

A > " Mait cong (S)
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VI DU VE THONG LUONG DONG NUQOC

e CO thé coi moi phan dS /3 phdng, va dong chdy qua dé la thing
déu. Do do,
e thong lugng qua ds /a:
d® =vdScosa =V -idS

e v, n la vecto van toc va phap vecto trén ds.
e Théng IuUgng qua ca mat cong (S) sé la tdng thdng lugng qua tat ca
cac phan ds:

O = [dd = [v-iidS

(5)
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VI DU VE THONG LUONG DONG NUOC
e Néu mat (S) la mot mat kin thi ta quy udc
chon 7 hudng ra ngoai mat (S).
e Do d6 thong lugng nuGc qua mot mat kin = luu lugng nudc dira ¢
mot bén tru di luu lugng nudc di vao ¢ phia bén kia.
Thoéng

@ " n lugng ra
v\’_’v 4' la duong

2 S '

Thong
luong /' 0

vao la am
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Thong lwong dién triwo’ng — Dinh nghia

e Tuong tu, chung ta cung dinh nghia thong luong
dién trudng qua mot mat (S) bat ky la:

m:fdm: E-iidS

e VOi E, n la vecto dién truong va phap vecto trén ds.

e Dién thong cling la sb dai so.
e DOi v3i mat (S) kin, phap vecto ciing dugc chon hudng ra

ngoai.



% Dinh luat Gauss

Thong lwvong dién truong — Y nghia

e Dién thong qua mat dS vuong goc voi dién truong la do = EdS,
e d® = sO duong suc di gua ds.

e Do dé dién thdng @ qua (S) bang tdng s6 dudng suc qua (S).

e & > 0 khi cac ducng suc di theo chiéu cua phap vecto,

e @ < 0 khi chung theo chiéu ngugc lai.

e @ qua mot mat kin = s0 dudng suc di ra tru’ s6 duong
suc di vao.



% Dinh luat Gauss

Dinh luat Gauss

e Dién thong qua mdt mat kin (S) bang tong
cac dién tich bén trong (S) chia cho ¢,

@, = E-nds =%

bién trudng do tat ca cac dién tich cé mat tao ra,
e o™ nhung chi cac dién tich bén trong (S) mai dong
" / : gop vao dién thong qua (S). Tai sao?
qgs |

Q. =4q,+4;—q,
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Dinh luat Gauss

Dinh luat Gauss

D=0




% Dinh luat Gauss

Dinh luat Gauss — dong nuwdrc:

Mait kin
(S)
p— S
Nudc vao ——  Nudc ra

Nudce viao = Nudc ra  Luu lugng qua (S)=0



% Dinh luat Gauss

Dinh luat Gauss — dong nuwdrc:

Nudc vao < Nuécra Luu lugng qua (S) >0
Ca phun nudc ~ dién tich duong



% Dinh luat Gauss

Dinh luat Gauss — dong nuwdrc:

Mat kin

| s
Nudc vio___ .' == Nudc ra

——

——

Nudce vao > Nudc ra  Luu lugng qua (S) <0
Ca uéng nuée ~ dién tich dm



% Dinh luat Gauss

Dinh luat Gauss — dong nuwdrc:

Nudc vio = Nudcra Luulugng qua (S) =0
Ca & ngoai khong thé thay d6i luu luong.



% Dinh luat Gauss

Dinh luat Gauss — dong nuwdrc:

Nudc vio = Nudcra Luulugng qua (S) =0
Ca & ngoai khong thé thay d6i luu luong.



% Dinh luat Gauss

Divergence (div) — dinh nghia

e Xét moét mat kin nho (AS) bao quanh mdt diém M(x,y,z).

e Thé tich giGi han bgi mat kin nay 1a AV va dién thdng qua (AS) /3 AD

1

> e
4
| y
5 4
N y



% Pinh luat Gauss

Divergence (div) — dinh nghia

e Gidi han cua A®/AV khi (AS) tién rat gan toi M dugc goi la
divergence cua dién truong tai M:

e
AV D AV
e Nhu vay divergence la thong Iugng tinh trén mot don vi thé

tich trong (AS).



% Dinh luat Gauss

Divergence trong toa d6 Descartes

e Trong toa dd Descartes divE tai M(x,y,z) cd biéu thirc:

O EE JE.
i
e TR

e trong do cac dao ham riéng dwoc thuc hién o vij tri M(x,y,z).



% Dinh luat Gauss

Dang vi phan cua dinh luat Gauss

e Ap dung dinh luat Gauss cho (AS), trong dé cé chira dién tich AQ:

_Ag
'Eﬂ'

A

e Chia hai vé& cho thé tich AV trong mdt kin réi Gy gidi han khi AV tién t&i khéng:

Ab A P T R
lim —= lim _IE Ij"'{iu dd dign tich
AV—D AV AV 0 AV o M

divE=£




Ung dung dinh 1i O — G:

*B1: Chon mat kin (S) — goi la mat Gauss, sao
cho viéc tinh tich phan dwo'c don gian nhat.

*B2: Tinh thong lwong dién triedng goi qua (S).
*B3: Tinh tong dién tich chira trong (S).

*B4: Thay vao biéu thirc ctia dinh li O — G, suy
ra dai lwo'ng can tim.

08/09/2017 12:52 CH 45
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Ung dung dinh li Gauss

*B1. Chon mat kin (S) — goi la mat Gauss, sao
cho viéc tinh tich phan dwoc don gian nhat.

*B2: Tinh thong lwong dién trieo'ng g&i qua (S).
B3: Tinh tong dién tich chira trong (S).

*B4: Thay vao biéu thirc ctia dinh i O — G, suy
ra dai liroeng can tim.



% Dinh luat Gauss

Bai tdp 1 — ddi xirng tru

Cho mot day khdng dan dién, dai vo han, tich dién déu véi mat ddé A > 0.
Tim dién trirong o khoang cach r tinh tir truc cua day.

HUGNG DAN

e D3y cd tinh doi xirng tru, tirc la doi xirng doéi véi truc cda nod.

e Do dé dién tred'ng do day tao ra cung cé tinh doi xirng tru.
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( Dinh luat Gauss

¥

Bai tdp 1 — ddi xirng tru

Do tinh doi xirng tru, dién truong cé tinh chat nhu sau:

o DwOng strc dién trudng 1a nhitng dwdng thang xuyén tdm trong cac mat
phang cat truc doi xirng.

e Xét mOt mat tru déng truc v&i day;

e Dién trrong vuong goc voi mat tru nay va cé do

I&n khéng d6i trén do.
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Bai tdp 1 — doi xrng tru

Mt try
dbng tryc
1o \
hﬁ‘tn_____—F”FI 'E; — —* !E e

.
‘ Nhin tir trén

T Nhin ngang rHeng



% Dinh luat Gauss

Bai tdp 1 — ddi xirng tru

e Xét mat kin (S) gém mat tru dong truc voi day, c6
ban kinh r va chiéu cao / va hai day cua né.

* Di¢n thong qua (S) bﬁng dién thong qua mat bén

hinh tru:

B ® = [ EdS = E-2ml

« Mit khéc, theo dinh luat Gauss thi:

cI):Qm:ﬂ-I
E{l gﬂ
e Do do:
i A




% Dinh luat Gauss

Bai tap 2 — d6i xirng phang

Cho mdt ban phang vo han, khong dan dién, tich dién déu véi mat d6 o> 0. Xdc
dinh dién trrong & khoang cach r tinh tir ban phang.

HUGNG DAN

e Hé ¢ tinh dGi xirng doi vGi mat phang di qua ban tich dién,
e Do dé dién truGng do ban tao ra cling doi x(rng doi vai ban phang.



% Dinh luat Gauss

Bai tap 2 — d6i xirng phang

Pién trudng nay cé dac diém:

e DuOng suc la nhitng dudng thang song song vudng goc vai ban phang
tich dién, co chiéu doi xirng qua ban.

e Trén mOt mat phang song song vaGi ban thi dién trudng cd do I6n khong
doi.
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Bai tap 2 — d6i xirng phang

Mat tru kin
vudng goc
vai ban
< | » £
- > i (ff;;z...‘i.H‘ “: - i’
E I
bay (A)

Nhin ngang



% Dinh luat Gauss

Bai tap 2 — d6i xirng phang

o Xét mat kin (S) la mgt mat tru vudng goc vai ban,
nhan ban lam mat phang doi xing.

« Dién thong qua (S) bang hai lan dién théng qua

mat day (A):
= Mat tru kin
D, =2j‘( E-fidS=2E( dS=2EA cuba 865
A4) (4) véi ban
* Mat khac, theo dinh luat Gauss thi: |
Bl i .
D, = Q,_0A -0 W ‘ —
% = = ) "l
[’}\‘ B I ' >

biy (A)

Nhin ngang



% Pinh luat Gauss

Bai tdp 3 — dbi x*ng cau
M6t vo cdu mong ban kinh R ¢d dién tich g > 0 phan bo déu trén bé mat. Tim
dién truong do vo cau tao ra & bén trong va bén ngoai no.

Nhan xét:
e Hé co tinh doi x&rng cau doi vai tdm cula vo cau,
e dién trrdng do hé tao ra cung cd tinh déi xirng cau doi vai tdm vo cau.
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Pinh luat Gauss

gm

Bai tdp 3 — ddi xirng cau
M6t vo cdu mong ban kinh R ¢d dién tich g > 0 phan bo déu trén bé mat. Tim
dién truong do vo cau tao ra & bén trong va bén ngoai no.

. Puéng sirc 1a nhimg
duong xuyén tim.
Trén mot miét cilu tim

, O, dién truong c6 do
1ém khéng déi.
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Pinh luat Gauss

Bai tap 3 — doi x&rng cau

* Xét mit kin (S) 12 mot mit cau ban kinh r dong
tim véi vo cau. Dién truong trén (S) khong doi
nén dién thong qua no la:

* Mit khéc theo dinh luat Gauss thi:

(bs G 5
q,s =Qin
€,

* Do do:

E-iidS = Els’ds = E4m’

« Pé tim Q,, ching ta phan biét hai truéng hop, khi
r<Rvarz=R:

Q, =

’

r<R
r2R

* Do d6 dién trudmg la:

0
q

e,

r<R

rzR

Dién truomg bén
trong mét vo ciu tich
dién déu luén luén
bang khong.

DPién truomg bén
ngodi mot vo ciu tich
dién déu, dién tich g
= di¢n truong cua
mét dién tich diém g
dat tai tam.
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Cong cua lwc tinh dién

Xét dién tich thr g, chuyén ddng trong dién trudng tao bdi g, to M
dén N, theo dudng cong (C).

n ? ~ HEA 2 E :‘
Cong cua lyc tinh dien la: <F=CIOE
___ﬂo
WHN =4, J.E'dF |\7| dr \\\(C)
(CIM =N ’
N
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Cong cua luwc tinh dién

e Phan tich vecto dich chuyén

dr thanh hai thanh phan vudng
gdc va song song voi dién trwong
(phuong ban kinh r).

e Chi c6 thanh phan song

song c6 dong gop vao cong:

oW =g, E-dr = q,Edr

oW = '?Ek%dr = k‘?ﬂ‘?%

dn

dr

E}rllE

dri
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Cong cua luwc tinh dién

e Ta c6 thé viét lai biéu thirc trén nhu sau:
51&!:—&(;(@)

s

e Suy ra: WMH=IW=—ﬁ[kM]=kM_kM

r Y Fy

e CONg cua luc tinh dién khong phu thuoc duong di, chi phu thudc vi
tri dau va cuoi.
e Két qua trén cling dung véi mot dién trudng bat ky.
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Thé nang tinh dién

» Cho dién tich thr gy chuyén ddng trong mot dién trwong tir M dén N,
theo dwong cong (C).
« COng cua lyc tinh dién la:

Win =4 IE'dF

(C)M =N
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Thé nang tinh dién

e COng cua lyc tinh dién khong phu thuéc dwong di, chi phu thudc vao vi tri
dau va vi tri cudi.

e Do d6 ngw®i ta cd thé dinh nghia thé nang tinh dién U cda hé (dién tich
thu + dién trirong):

N
Uy—Uy=4,|E-dF
M

e U la mét ham cua vi tri: tich phdn dworc thuc hién theo mot dwdng cong
bat ky ndi M va N.

e Uy, — Uy =-AU la dé giam thé ndng tinh dién gitta M va N. Thé nang bién
doi thanh cong.



c KHQ
\‘\o 46’0

3 4 k T A

¢ : pien the
=z

[=] \' T ]

= ey

« n

A TP.HO CHI MINH a

Thé nang tinh dién

e Néu chon thé nang tai mot diém P nao doé bang khdng (chon P lam gbc thé
nang) thi thé nang tinh dién tai diém M la:

P
Uu=qﬂjﬁ—di-’
M

e Tich phan dwoc thuc hién theo mét dwdng cong bat ky néi M va P.
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Thé& nang cua hai dién tich diém:

e Xét hai dién tich diém g, va g, cach nhau mét khoang r.
e Theo cdng thirc trén thé nang tinh dién cua hé la:
Goc thé ning & oo, tich phan

U= q;_.jEl -dF thire hién trén dudong qua hai
. dién tich, tir r tdi oo.

e E, la dién trwdng tao boi g,
dr

4,
q,
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Thé& nang cua hai dién tich diém:

e Suy ra: e d
-
U= k‘?ﬁi"zj. 3 = k‘-?l‘?: 5

F

i k@lqz

e Pé tao nén Mot hé hai dién tich diém, nang lwong can cung cap it nhat
phai bang thé nang tinh dién cda hé.
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Thé nang tinh dién cta mot hé dién tich diém

e Xét mot hé dién tich diém bat ky.

e ndng lrong tinh dién cda hé bang tong nang lvong tinh dién cla tat ca cac
cap dién tich thudc hé.

U=quﬁj

G Ty

* (i, j) chi cdp dién tich q, g; cach nhau mét khoang r;;
e U ld ndng Itrong téi thiéu cén cung cép dé tao nén hé.
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e Pién thé tai M dwoc dinh nghia la:

TEa

JH
4o

Pon vi dién thé 1a J/C

o hay Volt (V)

e

e Pién thé chi phu thudc vao dién trwdng chit khong phu thudc vao dién tich
thir.
e PJ gidm dién thé gitra hai vi tri M va N trong dién trud'ng la:

N
V, —V, =—AV = jE-dr»
M
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v

ién thé tao béi mot dién tich diém

|

ién truong do dién tich diém q fqo ra:

v,

E=kL

y

* Néu goc thé ning P & vo cung va duong lay tich phan 1a duong thang thi:

P o 0
F-dr dr
Vi = ‘{-‘?i 3 ‘E-*?:[F_:
V, =k el
r| qf
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Pién thé tao bdi hé dién tich diém

e Dién thé tao b&i mdt hé dién tich diém bang téng dién thé cla tat ca cac
dién tich diém thudc hé.

e Néu hé la mdt phan bod dién tich lién tuc, ta chia hé lam nhiéu phan nho vi
phan, sao cho moi phan dwoc coi nhu mot dién tich diém.

e TOng s& dwoc thay thé bang tich phan.
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Tim dién trwong twr dién thé

e PO gidm dién thé gira hai diém rat gdn nhau:
—~dV =E-dF =E dx+E dy+E. dz

e Mat khac ta co:

v, W o

dV +—dy+—dz = gradV -dr
ox dy ™ S
e Suy ra: i
‘ E =—gradV \
PV LW

S A TR



% M3t dang thé

Mat dang thé

» Mit dang thé 1a tap hop céc diém co cung mot dién thé trong dién truong.
Vix,v,z)=const
* Vi dy, mit dang thé trong dién truong do mot dién tich diém q tao ra la cdc

mat cdu co tam dat ta1 q:

V' =k 9_ CONst < r=const
¥



% M3t dang thé

Tinh chét

» Pién truong vudng goc voi mat dang thé,
» va hudng theo chiéu giam cua dién thé.
« Khi mot dién tich diém dich chuyén trén mot mit

dang thé thi cong cua luc tinh dién bang khong.



ccccc

» Cho moi duong cong (C) trong khong gian c¢é dién truong, luu so cia dién

truong trén (C) duoc dinh nghia la:

(c)

I.=|E-dr




% Lwu sO cua trwwong tinh dién

Vel Wa\

» COng inuc hién khi dién tich dich chuyén trén mot duong
kin (C) thi bang khong. i}
g, $ E-dF =0
(€)

* Vay luu so dién truong theo mot duong kin luon ludn b'fmg khong:

¢ E-dF =0
(C€)

e Truong tinh dién 1a mot trieong khong co xoay: dwwong
stcc khong khep kin.
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Dinh nghia

e Xét mot duong cong kin (C) nhé bao quanh mét diém M(X, v, 2).

» Goi dién tich gidi han trong (C) 1a AS, phdp vecto ctiia mit phang trong (C)
[a n, va luu s6 cia dién truong trén (C) 1a AG.

 Rotation cua dién trudéng ¢ M, ky hiéu la rotE, dugc dinh nghia nhu sau:

F
Al —
rotE - ii = lim —
AS—0 AN M \

LS /“'
(C) — — dr
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Tinh chat
» Hinh chiéu ctia rotE #én mét phuwong n la:

« Mat d6 luu so trén mot duong khép kin nhé vuong goc véi phuong do.
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Tinh chat

« Di véi truong tinh dién thi heu s6 trén mot
duong kin ludn ludn bang khong, nén:

rotE =0

* Nguol ta ching t6 duoc la rotE co dang:

i — 7| OF. OE, N (EIE EIE)
dy 0z dz  ox

(BET oE.
v =2 - L
dx dy
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ai tap vé ludng cuc dién
Ludng cuc dién la mot hé gom
hai dién tich diém +q va —q. dat
cach nhau mot khoang d.

Chon truc z la truc di qua hai
dién tich diém va dat goc toa do
O ¢ diém gitra cua chiing.

Dinh nghia vecto momen ludng
cuc digén: p= qr:}'

Vecto d huong tir —g dén +q.

Hay tim:

(a) Pién thé do lwdng cuc dién tao ra ¢ khoang
ciach r 16n hon nhiéu so vai d. Viét két qua thu
duge qua momen luong cuc dign.

(b) Bién truong tir biéu thite cua dién thé.



ccccc

] Bai tap vé lwong cuc dién o Dign thé & diém M(6):
{2
A rr
" e Khir >> d ta cé gin diing:
g - r—r, =dcosé 0 e o
n, I * Suy ra:
/
d : V=kqdco,se=kpc2s6
o/ - -
3 v =kd v =4
~q P - =T
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 Tro lai toa do Descartes:

rr=x"+z’ cosf=z/r o Suy ra d(‘:) lon cua dlén U'U(‘mg:
* Suy ra:
e KD >
V= _i';;o .15;0 +E}% E=\/E;+E;=—€‘\[r-+3z~
* Vay )
aV Xz
E =——=3kp—
T kp\/1+3cos ‘6
£ __ov_, 3z2-r x #
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bat mot ludong cue dién ¢O0 momen ludng cuc p
trong mot dién truong déu E. Hay tim:

(a) Thé nang tinh dién cua hrong cuc dien.

(b) Momen luc tinh dién tic dong lén ludng cuc
dien.
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« Thé ning tinh dién:
U=qV, —qV, =q(V, -V )--qu dr

U=—qEJ'dr—-qE .d

U=-p-E

« Thé ning nay cuc tiéu
khi momen ludng cuc
dién song song cung
chiéu véi dién truong
ngoai.
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* Cac phan tir nuéc trong thic
an la nhirng ludng cuc dién.

* Trong mot dién truong xoay
chiéu (tan sé radio). cic phéan
tir nudc dao dong dé ludn ludn
dinh huéng momen ludng cuc
cua chung theo dién truong.

* Su ma sat gitra chung véo1 moi

truong chung quanh tao nén
nhiét lam chin thirc an.

E.
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« Mot diay khoéng din dién, chiéu dai L dugc tich
dién déu véi mat do 4 > 0. Tim dién thé do thanh
tao ra & diém M cich diy mot khoang d, nim trén
duong di qua mot dau diy va vudng goc voi diy.

Maea

M
k3
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+ Dién thé do mdt doan vi phin dx & toa do x tao ra

o M:
dq Adx = D-A thit “ h}. - M'
dv =% _ ién thé toan phan o M:
r Nxt+d? L
M V=1dV =kA
j !x/f-ﬁ-dz
d ' ——=\1L
e V= k/l[ln(x+\/x‘ +d- )]O

V=an(L+\/2'+d-J
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Derivatives and Integrals

d
—SINX = COsSX

dx

d
—COSX = —SInXx
dx

R
dx

dx
——— =In(x + Vx' +a
J S In(x + + a’)

x dx B 1
(x* + a*)?? (x* + a*)'?

X

J dx
(2 +a)? P+ a)”

fsin,tdx = —COS X

fcusxix = s5In x

fﬂ‘ix=r3‘



Hai qua cau kim loai ban kinha=5cmva b =2 cm
duwoc dat cach xa nhau mot khoang Idn hon nhiéu
so V@i a, chung duoc ndi véi nhau bang mot day
dan nhé. Luc dau hai qua cau khong tich dién va
cOng tac trén day ndi dwoc md. Sau dd nguoi ta
chuyén mét dién tich Q = 70 x 10° C |én mdt
trong hai qua cau roi déng cong tac lai. Sau khi hai
qua cau dat can bang tinh dién, tinh dién tich Q,
va Q, cua chung.



Mot dién tich Q = 3 C dwoc dat & tdm cua hai vo cau
dan dién dong tdm. Vo cau bén ngoai cé ban kinh b =3
m dwoc ndi dat. Vo cau bén trong cé ban kinha=1m
va dién tich toan phan Q, = -1 C. Xét diém P & cach tam
mot khoang 2 m.

(a) Tim dién tich @ mat ngoai cla vo cau A.

(b) Tim dién tich toan phan trén vo cau B.
(c) Tim hiéu dién thé AV = V, — V; gilta hai vo cau.



CAU 4
In fig. 22-54, a nonconducting rod of length L = 8.15 cm has a charge - g = - 4.23 fC uniformly
distributed along its length. (a) What is the linear charge density of the rod? What are the (b)
magnitude and (c) direction (relative to the positive direction of the x axis) of the electric field
produced at point P, at distance a = 12.0 cm from the rod? What is the electric field magnitude
produced at distance a = 50 m by (d) the rod and (e) a particle of charge - g = - 4.23 fC that we

use to replace the rod? (At that distance, the rod “looks” like a particle.)

Figure 22-54 Problem 31.
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THINK Our system is a non-conducting rod - — — X
with uniform charge density. Since the rod is B I |
an extended object and not a point charge,

the calculation of electric field requires an Figure 22-54 Problem 31.
Integration.

EXPRESS The linear charge density A is the
charge per unit length of rod. Since the total
charge is uniformly distributed on the rod of
length L, we have A = g/L. To calculate the
electric at the point P shown in the figure, we
position the x-axis along the rod with the
origin at the left end of the rod, as shown iIn
the diagram below.

dx P

0 X L L+a



CAU 4
Let dx be an infinitesimal length of rod at x. The charge in this segment 1sdg = A dx. The

charge dg may be considered to be a point charge. The electric field it produces at point P
has only an x component and this component is given by

dE. = I Adx .
4EEDDL+H—Iq

. {L+a—_'=:}: _411:5'] L+a-x

The total electric field produced at P by the whole rod is the integral
E =
4ng,

)
o 4meg\a L+a
A L 1 q

:41'{.*-:E, E{L+ﬂ]=_4m£'n ::I{L-‘I'-ﬂ}* I a I P

A J-L dx A 1

bstituting —g = AL .
upon substituting —g 0 I I I+g



ANALYZE (a) With g = 4.23 x 107" €, L = 0.0815 m., and @ = 0.120 m. the linear
charge density of the rod is

—-g —4.23x107° C
L 00815m

A= ==5.19x107" C/m.

(b) Similarly, we obtain

| 8.00x10° N-m™/C* ) 4.23=x107" C
g _ B m’/C*)(4.23x ) —_1.57x10° N/C.

E =-
* dns, a(L+a) (0.120 m)(0.0815 m+0.120 m)

or |E_|=1.57=x10" N/C.

(c) The negative sign in E_indicates that the field points in the —x direction, or =180°
counterclockwise from the +x axis.

(d) If @ 1s much larger than L, the quantity L + a in the denominator can be approximated
by a, and the expression for the electric field becomes



CAU 4

q
dnga®

E ==

Since a=50m = L=0.0815m, the above approximation applies and we have
E =-1.52x10" N/C, or |E_|=1.52x10" N/C.

(e) For a particle of charge —g=—4.23x10"" C, the electric field at a distance a = 50 m
away has a magnitude | E, |=1.52x107° N/C.

LEARN At a distance much greater than the length of the rod (a3 L), the rod can be
effectively regarded as a point charge —¢g, and the electric field can be approximated as




CAU 4

In Fig. 22-55, positive charge g = 7.81 pC is spread uniformly
along a thin nonconducting rod of length L = 14.5 cm. What
are the (a) magnitude and (b) direction (relative to the
positive direction of the x axis) of the electric field produced
at point P, at distance R = 6.00 cm from the rod along its
perpendicular bisector?

R

F =+ F +

+ + + +—x

I |

Figure 22-55 Problem 32.



CAU 5
We assume g > 0. Using the notation A= g/L we note that the
(infinitesimal) charge on an element dx of the rod contains

charge dg = Adx. By symmetry, we conclude that all
horizontal field components (due to the dg’'s) cancel and we t
need only “sum”(integrate) the vertical components.

Symmetry also allows us to integrate these contributions
over only half the rod (0 < x < L/2) and then simply double the R

result. In that regard we note that sin 6= R/r where

T:\/x2_|_R2 i++++;+.|..|_+||__1.

(a) Using Eq. 22-3 (with the 2 and sin0 factors just
discussed) the magnitude is

| (4 dyg a2 e[ Adx ¥
‘E‘ - Ej“ [4:&-:&1': ]sm 0= 4rE, '[“ [.1': + R’ ][m]

Hgure 22-55 Problem 32.
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2  dg a2 g hdx ¥
‘E‘ - E'L [mrsﬂrz ]Emﬂ_ dre, L [:::3 + R’ ][q,,"f + R ]

.-r
_ :'..R j.LJI'I ﬂ'_x- :{qIL]RI X LIz TLF
27g, 70 {_T1+RE]3"I: 2re,  RAfx® + R .
R
__ g Lj2 ____gq .
2re, LR .J{LIIIFE]3+R: g, R JL1+4R3 ———
- I_ 5—|

where the integral may be evaluated by elementary means or looked up in Appendix E
(item #19 in the list of integrals). With g=7.81x107" C, L=0.145 m, and R = 0.0600 m,

we have | E|=12.4 N/C.

Figure 22-55 Problem 32.

(b) As noted above, the electric field E points in the +y direction, or
+90° counterclockwise from the +x axis.



CAU 5
In Fig. 22-56, a “semi-infinite” nonconducting rod (that is, infinite in one
direction only) has uniform linear charge density A. Show that the
electric field E, at point P makes an angle of 45° with the rod and that

this result is independent of the distance R. (Hint: Separately find the
component of parallel to the rod and the component perpendicular to

the rod.)

+ L + +

I_.-!J

Fig. 22-56



CAU 5
Consider an infinitesimal section of the rod of length dx, a "
distance x from the left end, as shown in the following [

Rt

diagram. It contains charge dg =Adx and is a distance r from P.

The magnitude of the field it produces at P 1s given by

1 Adx R

dE = -
dms, r
ar
..".IIII
The x and the y components are /
dE
1 Adx .
dE_ == —sin{
dme, r
and
1 Ad
-E-fE — ' COS5 E’l .
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respectively. We use & as the vanable of integration and substitute r = R/cos
x=Rtanfand dx = (R/cos” &) d&. The limits of integration are 0 and /2 rad. Thus,

: =2
E =-—A 1ﬂsin|'Ev'I:11’|'Ei|'= A cos | == A
dmg, R0 dre, R 0 dre, R
and
i =2 .-'J.- . x/l2 |
E =- costdd = - sinf)| =-—2—
' 4me R 70 dme, R 0 drs, R

We notice that £, = E, no matter what the value of R. Thus, E makes an angle of 45°

with the rod for all values of R.



CAU 5
21.99. Two 1.20-in noncon-
ducting wires meet at a right E 1.20 m >
angle. One segment carmes GFFIFFFFF B
+2.50 uC of charge distrib- "
uted uniformly along its length,
and the other carries —2.50 pC
distributed unifnrmly ﬂ!ﬂl!lg il’., L20m ap
as shown in Fig. 21.50. (g) Find |
the magniide and direction of |
the clectric ficld these wires
produce at point P, which is -
60.0 cm from each wire. (b) If
an electron is released at P, what are the magnitude and direction of
the net force that these wires exert on 1t?

|
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ZL105. Three charges are placed Figure 21.52 Challenge
as shownin Fig. 21.52. The mag- Problem 21.105.

nitude of g, is 2.00 wC, but its

sign and the value of the charge F %

g, are not known. Charge g, is

+4.00 uC, and the net force ¥ = 00 3.00 cm
0L g, 15 entirely in the negative x-

direction. (&) Considering the & =0 con a5

different possible signs of g, and
there are four possible force diagrams representing the forces F ; and
Fg that g; and g, exert on g,. Sketch these four possible force ﬂmlﬁg—
urations. (b) Using the sketches from part (21) and the direction of F,
deduce the signs of the charges g, and g,. (c) Calculate the magni-
de of g,. (d) Determine F, the magnitude of the net force on g,.



