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Thong tin vé mon hoc E
e Mot bai kiém tra giita ky
e Mot bai thi cudi ky
o Cau triic dé thi: 9 diém lam bai va 1 diém trinh bay
e Dudc sit dung tai lieu 1a 1 to gidy A4
o Cong diém qua trinh (diém qua trinh t6i da: 10 diém)
o Giai bai tap tren 16p, thao luan trén 16p: cong tit 0 dén 2 diém
(lam bai sai, phat biéu sai khong bi trit diém)
e Noi quy 16p hoc
o Khong diém danh, khong tinh diém chuyén can
o Ra vAo tuy ¥, yén lang (khong xin phép)
o Khong lam dn, khong gay mat tap trung
o MBoi lan nhic trat tu: trir ca 16p 0.25 diém vao diém qua trinh
e Khi cé yéu cau tir gidang vién hoac nhém chuyén mén,
sinh vién cé nghia vu lam ré lai cac ndi dung da thuc hién
va giai trinh cac van dé trong bai thi
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Dé hoc t6t mon Truong dien ti E‘

1. Lam bai tap

2. Lam bai tap

3. Néu chua lam bai tap xem lai hai diéu trén
e Ngudn bai tap

Céc vi du trén 16p

Cac bai tap vé nha

Cac dé thi cii

Céc tai lieu tham khao
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Dien — Tap I - Co sé Ly thuyét Truong dién ti, NXB Dai hoc va
Trung hoc chuyén nghiép, 1970.

2. Feynman, Leighton, Sands, The Feynman Lectures on Physics —
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3. N. N. Rao, Basic Electromagnetics with Applications, Prentice-Hall, 1972.

4. W. H. Hayt and J. A. Buck, Engineering Electromagnetics, 9th ed.,
McGraw-Hill, 2018.

5. E. M. Purcell and D. J. Morin, Electricity and Magnetism, McGraw-Hill,
2013.

Nhiéu no6i dung, hinh vé, v cach dién dat trong bai gidng nay dugc lay tir cac
tai lieu tham khao néu trén. Dé thuan tién trong trinh bay, trong bai giang sé
khong c6 cac trich dan cu thé.
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Ly thuyét Truong dién ti E‘

@ Ms dau

@ Giai tich vector
© Dien truong tinh
@ Dien truong dimg
@ Tu truong tinh

© Truong dién tit bién thien
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No6i dung moén hoc E‘

@ Ms dau
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Noi dung chuong E‘
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Hién tugng dién tiur va khai niém truong E

@ Qua thic nghiém, ta biét trong tu nhién c6 cac dién tich*

@ Cac dién tich, khi ding yén hoic chuyén dong, tdic dung luc lén nhau
khong qua tiép xic truc tiép — tuong tac luc qua trudng

e Trudng la mot dai lugng vat Iy ma méi diém trong khong gian vi thoi
gian cé mot gid tri xdac dinh
o Néu gia tri d6 1a dai luong vo huéng, ta cé trudng vé hudng
o Néu gia tri d6 la dai lugng vector, ta c6 trudng vector

@ Trong mon hoc nay, ta xét trudng dién tir cé dién theo Iy thuyét clia
Maxwell véi cac kich thuée va khéi lugng 16n hon pham vi clia cd hoc
lugng t1 va nhé hon pham vi clia thuyét tuong déi.

o Truong dién tit tac dung luc lén dién tich — la trudng vector

= (Cong cu toan hoc: giai tich vector

*Phan M& dau chi trinh bay khai quat mot s6 khai niem dé sinh vién budc dau
c6 hinh dung vé mén hoc. Nhitng chuong sau sé trinh bay cac ndi dung mot cach cu
thé va chinh xéc.
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Biéu dién truong vector E

@ Moi diém ctlia truong vector ¢6 mot gia tri vector

@ Do trudng dién tit ton tai § moi diém trong khong gian, ta c6 thé nédi cac
diém theo huéng tiép tuyén véi cac vector dé biéu dién thanh cac dudng
stc cla truong

e Cuong do clia truong c6 thé duge biéu dién bang s6 luong duong sitc qua
mot don vi dién tich (mat do dudng sic day hay thua)

@ Vi mdi diém chi c6 mot vector nén cac duong sitc khong giao nhau
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Cac dac tinh cua truong vector: Thong lugng

@ Ta c6 thé nhin truong vector nhu “dong chay” ctia cac dudng stc

Em.\

@ V&i mot mit bat ky, ta mudn biét trudng vector “chdy qua” mat dé nhu

thé nao — khai niem thong lugng (flux)

~ __( Thanh phan . ( Dién tich
Thong lugng = < vuong géc ) (cﬁa mét)

\

Vector

Thanh phén vuéng
gbc voi mat

/
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Céc dic tinh clia truong vector: Luu s6 E‘

@ Ta c6 thé nhin trudng vector nhu “dong chéy” ciia cac dudng stic

@ V6i mot duong khép kin bat ky, ta muén biét trusng vector “chiy
quanh” dudng dé nhu thé nao — khai niem luu s6 (circulation)

L £ — Thanh phan . Do dai
S0 tiép tuyén ctia duong

. Thanh phan
Chiéu duong . /tiép tuyén
T

quy udc /'

Puong cong
kin bt ky v el
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Cac quy luat cua truong dién tu E‘

@ Trudng dién tit c6 2 mit: dién truong E va tu truong B

@ He 4 phuong trinh Maxwell-Heaviside mo ta day du cac quy luat cia
truong dién tit bién thién (trong chan khong)

(Téng dién tich>
Thong lugng cia EY __ trong mat kin
qua mot mat kin S )

Hing s6 ¢
= Dién tich sinh ra dién truong

theo mot duong - qua méit S

< Luu sb6 cia E ) 4 (Thong lugng clia B
khép kin C dt

¢6 duong bién C

= T trudng bién thién sinh ra dién trudng xoay

1 Bao Huy (HUST) Ly thuyét Trusng dien tit | EE2031 Ha Noi, 2026 12/195



Cac quy luat cua truong dién tu E‘

Thong lugng cia B\ __ 0
qua mot mat kin S )

= Khong ton tai don cuc tit (“4tt tich”) trong tu nhién

Luu s6 cia B d Thong lugng cia E Thong lugng ciia
theo duong | = 60',U0a qua mat S + Mo | mat do dong dién
khép kin C c¢6 duong bién C qua mat S

= Dién trudng bién thién (dong dién dich) va dong dién dan sinh ra ti
trudng xoay
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Cac quy luat cua truong dién tu

@ Néu trudng khong bién thién theo thoi gian % (-) =0
— truong tinh

@ Dién trudng tinh va tu truong tinh doc 1ap v6i nhau

(Téng dién tich)
Thong lugng ctia EY) __ \ trong mat kin
qua mot mit kin S

€0

Luu s6 cia E
theo mot duong | =0
khép kin C

= Dién truong tinh do dién tich ding yén sinh ra

3

= Dién truong tinh chi “tdn” chit khong “xody”
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Cac quy luat cua truong dién tu

e Néu trudng khong bién thién theo thoi gian % (-) =0
— truong tinh

@ Dién truong tinh va tit truong tinh doc 1ap véi nhau

Thong lugng cia B} __ 0
qua mot mat kin S

theo duong mat do dong dién

Luu s6 ciia B Thong lugng cua
= Ho
khép kin C qua mat S

= Tir truong tinh do dong dién khong ddi (dong mot chiéu) sinh ra
(Nam cham c6 céc dong dién phan t tao thanh “ludéng cuc ti”)
= Tu truong tinh chi “xody” chi khong “tan”

@ Trong vat dan c6 dong dien mot chiéu: Dién trusng ding
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Giai tich vector

No6i dung moén hoc E‘

@ Giai tich vector

én Bao Huy (HUST) Ly thuyét Trusng dién tit | EE2031 Ha Noi, 2026 16 /195



Noi dung chuong

@ Giai tich vector
e Mot s6 khai niém co ban
o Céac phép tinh vi phan
e Cac phép tinh tich phan
@ Nhitng dinh ly quan hé gitta cac phép tinh

guyén Bao Huy (HUST) Ly thuyét Trusng dién tit | EE2031

Ha Noi, 2026

17 /195



i tich vector Mot s6 khai niem co ban

Noi dung chuong

@ Giai tich vector
e Mot s6 khai niém co ban

n Bdo Huy (HUST) Ly thuyét Trusng dién tit | EE2031

Ha Noi, 2026
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Mot s6 khai niem co ban

Khai niém vector, phép toan cong va trit vector E‘

e Dai lugng vo hudng la dai lugng chi ¢ do Idn. Vi du: nhiét do.

e Dai lugng vector la dai lugng c6 hudng va d6 16n. Vi du: vector
van toc ¢6 hudng clia chuyén dong va do 16n ciia van toc (toc do).

e Ky hiéu dai lugng vo huéng: a (in nghiéng)

e Ky hieu dai lugng vector: a (in dam). Viét tay: @

e Do 16n (modulus) ctia vector A ky hiéu 1a |A| c6 gia tri la A

e Cong: C = A + B (hinh binh hanh; hogc dich gbc B dén dau A)

e TritC=A-B=A+(-B)=-B+ A

C=A+B

C=A-B
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Mot s6 khai niem co ban

Phép toan nhan vector ”

.......

e Nhan vector véi s6 vo huéng: mA. Do 16n |mA| = mA
e Vector don vi: lay vector A chia cho do 16n |A| ta dugc vector
c6 do 16n bang 1 (don vi) va ciing huéng véi A:

aA:Z

Vector don vi rat quan trong trong Ly thuyét Truong dien ti
e Nhan vo hudng hai vector (tich vo hudng hodc tich “cham”):

A -B =|A||B|cosa = ABcosa = BAcosa =B - A

v6i o la goc gitta A va B. Tich vo huéng la dai lugng vo hudng.

B cos «
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Mot s6 khai niem co ban

Phép toan nhéan vector r

e Nhan c6 hudng hai vector (tich c¢é hudng hodc tich “chéo”):
A x B = |A||B|sinaay = ABsinaay = -B x A
véi a la goc gitta A va B; an 1a vector don vi véi A, B, va ay

theo thit ty tao thanh tam dién thudn (quy tic ban tay phai).
Tich c6 huéng 1a mot vector.

C=AxB
B
ay (6]
B an
o Al
A C=Bx A
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Mot s6 khai niem co ban

Ba hé toa do co ban E‘

e Dé mo td nguyen Iy, ta chi can cac ky hieu vector A, B, v.v.
e Dé tinh todn, ta can tog do cta ching — hé toa do
e Khong gian 3 chiéu ctia vat Iy c¢6 dién — 3 toa do cho méi vector
= Mot he toa do gom 3 mat truc giao doi mot (ting cap) véi nhau
Ba hé toa do co ban
o Hé toa do Decartes (Cartesian): 3 mit phing
e Heé toa do tru: 1 mat tru, 1 mat phéng, vi 1 nita mit phing

o Heé toa do cau: 1 mit cau, 1 mat nén, va 1 mit phing

V6i mbi hé toa do can nam dugce cach xac dinh:

e 3 thanh phan toa do e Vector dudng nguyén to
e 3 vector don vi tng v6i e Vector mit nguyeén t0
3 thanh phan toa do o Thé tich khéi nguyén t6 (vo hudng)

v
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He

Mot s6 khai niem co ban
toa do Decartes

C6 3 mat truc giao doi mot 1a 3 mit phing
Cac truc giao nhau tai gdc toa do
Xét diém A bat ky.
Céac mat qua A cdt cac truc tai 3 toa do Ay, Ay, A,
Cac vector don vi vuong goc véi cac mat tryc giao: a,, a,, a,
Mién xéc dinh ctia cdc thanh phan toa do:
o z € (—00,00) =
o Yy € (—00,00)
o z € (—00,00) A1 a

T
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Mot s6 khai niem co ban

Hé toa do Decartes: vector duong nguyén to E‘

e Tai A, xét céc dich chuyén vo ciing nhé dz, dy, dz theo céc truc
= Dugc diém B la mot dich chuyén vo ciing nhé so véi diém A

= Vector dudng nguyén tb

dl=dra, +dya, +dza, =dl; a; +dlya, +di; a,

Az _ ‘v _dzaz
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Mot s6 khai niem co ban

Hé toa do Decartes: vector mit nguyén to E‘

e Xét cac dich chuyén vo ciing nhé dz, dy, dz theo cac truc
= Dugc cac dién tich vo cuing nhé dzdy, dydz, dzdx

= Cac vector mit nguyén té trén cidc mit tuong tng

ds; = +dydza,;; dsy = +dzdra,; ds, = £drdya,

z z z
Mait
ds fis z = const
dz & . a,
a. Az qy a /dx a,
: : ’ dy ds
0 a, o a, 0 ay
Mat
T Mat z = const T y = const

/én Bao Huy (HUST)
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Mot s6 khai niem co ban

Hé toa do Decartes: thé tich khoi nguyéen t6

e Xét cac dich chuyén vo ciing nhé dz, dy, dz theo cac truc
= Dudgc thé tich khéi vo ciing nhé dv = dedydz
e Thé tich khéi nguyén to 1a mot sé vo hudéng
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Mot s6 khai niem co ban

¢ toa do tru

C6 3 mit truc giao doi mot 1a 1 mit try vA 2 mit phing
Xét diéem A bat ky. Dich cac mit truc giao téi A
Cac mat qua A cat cac truc tai 3 toa do Ay, Ay, A

Cac vector don vi vuong goc véi cac mat tryc giao: a,, ag, a.

Mién xéc dinh ctia cdc thanh phan toa do:
o p€ (0,00) z
o ¢ € (0,27)

o z € (—00,00)
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Mot s6 khai niem co ban
Hé toa do tru: vector duong nguyén to
o Tai A, xét cac dich chuyén vo ciing nhé dp, d¢, dz theo céc truc
= Dugc diém B la mot dich chuyén vo ciing nhé so véi diém A

= Vector dudng nguyén tb

dl=dpa,+pdoay+dza,

/én Bao Huy (HUST)
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Mot s6 khai niem co ban

Hé toa do tru: vector mit nguyén t6 i

.......

@ Xét cac dich chuyén vo ciing nhé dp, d¢, dz theo céc truc
= Dugc cac dién tich vo cting nhé pd¢ dz, dpdz, pdp de

= Cac vector mit nguyén té trén cic mit tuong ting

ds, = £pdpdza,; dsy = £dpdzay; ds, = pdpdoa,

Mt phang Mt phéng
¢ = const z = const
\\\ dr
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Mot s6 khai niem co ban

Heé toa do tru: thé tich khéi nguyen t6 4

e Xét cac dich chuyén vo ciing nhé dp, d¢, dz theo céc truc
= Dudgc thé tich khéi vo ciing nhé dv = pdp de dz
e Thé tich khéi nguyén to 1a mot sé vo hudéng
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Giai tich vector Mot s6 khai niem co ban

Heé toa do cau

.

=T

e C6 3 mat truc giao doi mot 1a 1 mat try, 1 mat nén, 1 mat phéng

e Xét diém A bat ky. Dich cac mat tryc giao t6i A

e Céc mat qua A cit cac truc tai 3 toa do A,, Ag, Ay

e Cac vector don vi vuong goc véi cac mat tryc giao: a,, ag, ag

e Mién xac dinh cfia cic thanh phan toa do:
o r € (0,00) z
0 0 € (0,71‘)
° pE (0,271')

Mat nén 0 = const

Mzt phing
¢ = const

Mat cau r = const
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tich vector Mot s6 khai niem co ban

Ba hé toa db co ban: bang téng hop 4

Decartes Tru Cau
Cac mat 3 mit phéng 1 mit try, 1 mat try,
truc giao 2 mit phing 1 mat nén,

1 mat phing

He toa do z,Y,2 P9,z r,0,¢

Vector don vi ag,ay,a; ap,a4,a, ar,ag,a4

Mién gidi han —oco <z < o0 0<p< o 0<r<oo
—o0 <y < oo 0<¢p<2m 0<6<nm
—00 < 2z < 00 —o0 < 2z < 00 0<¢p<2m

Vector dudng dzr ap,dy ay,dza. dpapy,pdpag,dza, dray,rdfag,rsinddeay
nguyen )

Vector mat dy dz a, pdepdza, r2sinf d0 d¢ a,

nguyén tb dzdzx ay dpdzagy rsin@ dr d¢ ag
dzrdy a, pdpdo a; rdrdfag

Thé tich khbi dz dy dz pdpdeodz r2sin6 dr df d¢

nguyén tb
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tich vector Mot s6 khai niem co ban

Ba hé toa do co ban: moi quan hé gitta cac toa do E |

Decartes Tru Cau

m?y’z p7¢’z T79’¢
Decartes T = pcoso x = rsinfcos¢
T,Y,2 y = psing y = rsinfsin¢

z=z z =rcosf

Tru p=+/x2+y? p=rsing
T,z ¢ = arctany =9

z=z z z = rcosf
Cau r=/22+y2+ 22 r=+/p?+ 22
797 2 2 = -
0,4 0 — arctan Y2 TY> 0= arctan

# =9

¢ = arctan ¥
T
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i tich vector Cac phép tinh vi phan

Noi dung chuong E‘

@ Giai tich vector

o Céac phép tinh vi phan
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Cac phép tinh vi phan

Dao ham cua ham vd huéng

Dao ham ctia ham mot bién f(x)

@ V6i f(z) 1a ham (vo hudéng) theo bién doc lap =

@ Dao ham clia f(x) theo z 1 gi6i han sy bién thién ctia f(z) theo sy bién

thién vo ciing nhoé (tién dén 0) cta x:

df(@) _ o flatda) = f(a)

dx Az—0 Ax

gm...\

Dao ham riéng ctia ham nhiéu bién f(z,y,2)

@ Sy bién thién ctia f theo méi bién goi 1& dao ham riéng cta f:

8f li f($+A$,y,Z)—f($7y7Z)
1m
Or  Az—0 Az
N 0
@ Vi phéan toan phan cua f la: df = afd + a—fd + a—fd
Nguyén Bao Huy (HUST) Ly thuyét Trudng dien tit | EE2031 Ha Noi, 2026 35 /195




Cac phép tinh vi phan

Dao ham ctia ham vector A(x,y,z) 4

.......

@ Su bién thién clia trudng vector A(z,y,2) theo mdi bién:

0A . Az + Az,y,2) — A(z,y,2)
— = lim
0r  Az—0 Ax

@ Vi phan toan phan ciia A tai diém (x,y,2) la sy bién thién vo cting nhé
clia A tir diém (x,y,2) dén diém lan can (z + dz,y +dy,z + dz)
OA 0A 0A

dA = Zodat 5ody + 5odz

@ Néu biéu dién A theo cac thanh phan toa do
A=Aa, +Aja, + A.a,
thi vi phan toan phan clia A:
dA =dA,a, +dAja, +dA.a,

_ 04, Ay, DA,
oz oy YT T
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Cac phép tinh vi phan

Gradient ctia ham vo huéng V (z,y, 2)

@ Xét vi phan toan phan clia ham V(z,vy,2) trong khong gian
4 ov ov
<8V 8V ov

o w+87 y+aaz> (dxax—&—dyay—l—dzaz)

Ox Oy 0z
=VV.dl

:<aax+ aay—i— 4 )-V-(dxaz—l—dyay—i—dzaz)

vdi dl 1a vector dudng nguyén t6, V (nabla) la vector toan ti:

0 0 0 g o0 0
— 5 Az a_ a_ Az h v - A . 0Aa .
\Y 8a:a + ayaer Gza oac V (8.1:’621 62)

@ Toén tit vector V tac dong len V' 1a gradient ctia ham vo huéng V (x,y, 2)

aadv v =V Vo LV <0V oV av>

oz o i aT;ay + 927 o Ay’ 0z
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Cac phép tinh vi phan

Tinh chat ciia gradient :

o Gradient 14 mot vector MV ¢6 phuong vudng goc véi mat maic (mat
dang cy) ciia truong vo huéng V (z,y, 2) chi chidu tang ctia ham V
— Huéng ciia vector gﬂi‘/ 1 chiéu tang lon nhdt cta V
@ Goi a, la vector phap tuyén véi mat mic ctia V tai diém (x,y,2)
VV =|VV]-a,
@ Xét mot vector dudng nguyén t6 dl chi mot bién thién vo cling nhé tit
diém P(z,y,2) t6i diém Q(x + Ax,y + Ay, z + Az)
— PQ c6 do dai dl va vector dich chuyén don vi a;
— Téng quat: vector dich chuyén a; tao v6i vector phap tuyén a,, mot géc o
— Vi phan ctia V' theo huéng PQ la:
dV=VV.-d1=|VV|-a,-dl-a
— Dao ham (su bién thién) ctia V theo huéng PQ la:
av

o= IVV|-a,- a =|VV]cosa
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Cac phép tinh vi phan

M6 rong khai niém vector toan ti V [

o 0 0

oz’ By’ 9z
—

e Nhan V véi mot ham vo6 huéng V- — VV = grad V'

o Nhan vé6 hudng (tich chAm) V véi mot ham vector A — V- A

o Nhan c6 hudng (tich chéo) V v6i mot ham vector A — V x A

@ Toan tit V = < ) 1& mot vector — ¢6 thé lam cac phép toan:

— Do tan (divergence) clia mot truong vector (div 1a mot ham vo hudng):
0A, 0A, 0A,
ox y 0z

divA =V A=

. 5 . N TN o Ar s
— D06 xoay (rotor/curl) ctia mot trudng vector (rot la mot ham vector)

a, a, a,

A-—vVxA=| 2 O 2
or Oy 0z
A, A, A,

~ 1 LA o < T P PR .
@ Ta sé lam r6 thém § nghia cta div va rot sau khi xét cac khai niém tich
phan duong va tich phan mat
guyén Bao Huy (HUST) Ly thuyét Trudng dién tit | EE2031 Ha Noi, 2026 39 /195




Cac phép tinh vi phan

M rong toan tit V cho cidc dao ham cap 2

Mot sb tinh chat ctia tich cham va tich chéo
@ Tich c¢6 hudng clia hai vector ctiing huéng bing khong
AxA=0
@ Tich v6 huéng clia hai vector vuong géc bang khong
A (AxB)=0
(vi A x B = C vudng goc véi cd A va B)

Mot sé hé qua khi dao ham cap 2 triét tieu

@ Gradient khong xoay
Vx(VV)=(VxV)V =0

@R(ﬁv): 0

e Do xoay 1a mot truong 6ng (khong tan)
V- (VxA)=0

& div (E%A): 0

v
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Cac phép tinh vi phan

M rong toan tit V cho cac dao ham cap 2 4

Tit cac dao ham cap 2 triét tieu
@ Gradient khong xoay
ol (gm V) —0
@ Do xoay 1a mot truong ong (khong tan)
div (rof A ) =0

Rt ra duge 2 dinh 1y

2 N —
1. Néu rot A = 0 thi ton tai mot ham vo huéng f sao cho A = grad f

(Néu truong vector A khong xoay thi A la gradient ctia mot trudng vo
huéng f nao do)

2. Néu divA = 0 thi ton tai mot trudng vector F sao cho A = Ol F
(Néu truong vector A la truong 6ng (khong tan) thi A la do xoay clia
mot trudng vector F nao do)

v

yén Bao Huy (HUST)

Ly thuyét Trusng dien tit | EE2031 Ha Noi, 2026 41 /195



Cac phép tinh vi phan

Mé rong toan tit V cho cac dao ham cap 2 E‘

Dao ham cap 2 khong triet tieu: ham Laplacian
@ Ta biét: tich vo huéng clia 2 vector biing nhau 1a binh phuong do 16n
A-A=|AP?
— Ap dung cho vector toan tit V
V-(VV)=(V-V)V

=V?V

v6i V2 (lapl) 1a toan tit vo huéng Laplacian (c6 thé ky hiéu 1a A nhung

ta khong diing dé tranh nham lan vé6i ky hiéu sy bién thien)

— Laplacian 1 d¢ tan cia gradient ctia truong vé hudng V duge tinh bing
téng dao ham riéng cap 2 ctia V theo cac hudng

o’V 9%V 9*V

0x? + Oy>? + 022

V2V = lapl(V) = div (gr—ewiv) -

v
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Cac phép tinh vi phan

Tong hop cac phép tinh dao ham: gradient

o o_ (90 90 0
Toén t vector: V = (83@’ ay’ 82)

—
Gradient ctia trudng vo huéng V' 1a mot vector: gradV =V V

Heé toa do Decartes:

ov 2% °)%
gr?iv = %az + Fyay + 532

Heé toa do tru:

ov 10V ov
@V:%ap a¢ ¢+7az

Heé toa do cau:
—c>1V ov n 10V n 1 oV
gra =—a,+-——ag+———a
or r 00 rsinf 0¢ ¢
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Cac phép tinh vi phan

Téng hop céc phép tinh dao ham: do tén
o S
@ Toan tu vector: V = (83@’ oy 62)

@ Do tén cua trudng vector A la mot ham vo hudng: divA =V - A

Heé toa do Decartes:

. 04, 04, 04,
divA = or * dy + 0z

e Heé toa do tru:

10(pA,) | 104, 04,

A
aw p Op p o 0z

Heé toa do cau:

.. 1 O(r?4A;) 1 O(sinfAy) 1 04
divA = 2 or + rsinf 00 + rsinf d¢
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Cac phép tinh vi phan

Téng hgp cac phép tinh dao ham: do xoay m.,.‘
0 9 0
@ Toan tit vector: V = (8:1:’ 8y7az>
@ Do xoay cia trudng vector A 14 mdt ham vector: Tot A = V x A
@ Heé toa do Decartes: ® Hg toa do tru:
ap a;
p p
a; a, a, r_o%A _ Q 9 ﬁ
A 9 aﬁ aa Op 0¢ Oz
r Oy 0z
A, A, Al Ay pdo A
e Heé toa do cau:
a, ag %
r2sinf rsinf r
rotA=| 0 9 9
or 00 d¢

A, rdg rsinfAy
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i tich vector Cac phép tinh tich phan

Noi dung chuong E‘

@ Giai tich vector

e Cac phép tinh tich phan
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Cac phép tinh tich phan

Tich phan bt dinh va tich phan xéc dinh 4

Tich phan bat dinh (nguyén ham)
@ Nguyén ham la phép tinh ngudc lai cta dao ham
@ Néu ham s6 F(z) ¢6 dao ham F'(z) = L F(z) = f(z) thi F(z) goi la
nguyén ham cla f(x)

/f(:c)dx = F(x) + C v6i C = const

Tich phan xac dinh

e Ham s6 f(z) xac dinh trén doan [a,b]. Chia tuy ¥ [a,b] thanh céc doan
nhdosdcipa=x9 <1 <...<x; < Tp_1 < T, = b.

@ Moi doan s6 cap [x;_1,;] chon diém &; bat ky. Tich phan zdc dinh:
b n
/ f(z)dz = lim Zf(fi)Ami,l
a

Awi,1 —0 "
n—oo =1

y
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Cac phép tinh tich phan

Mot s6 ki thuat tinh tich phan I

Dinh 1y Newton—Leibniz (dinh 1y co ban ctia giai tich)
e Néu F'(z) = f(z) trén doan [a,b] thi

b

/ f(z)dz = F(z)|" = F(b) - F(a)

Quy tédc ddi bién
@ Trong mot s6 trudsng hop, phép doéi bién (dit an phy) c6 thé lam cho bai
toan tich phan dé tinh hon

@ Diat z = ¢(t) véi anh xa nguge t = ¢~ () xac dinh trén doan [a,b]:

b )
/ f(z)dz = / o) (Bt
a v~ 1(a)

o Vidu: Tinh [ \/(a? — 2?)dz. Dat « = asint = dz = acost dt;
t=arcsinZ = ['\/(a® — 2?)dx = Oﬂ/Qa\/ 1 —sin’t-a-costdt = ’%2
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Cac phép tinh tich phan

Mot s6 ki thuat tinh tich phan

Quy téc tich phan timg phan
@ Trong mot s6 truong hop, ddi ham tinh tich phan sé dé tinh hon
@ Néu ham f(z)dx c6 thé phan tich thanh u(z)dv(z) thi

/abf(a:)dx = /abudv = uv}z - /abvdu

khi d6, c6 thé viec tinh [vdu sé dé hon tinh [udv

e Vidu:
1 1 ) 1
/xezdx:/xdex:xezlo—/ efdr =1
0 0 0

gm...\
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Cac phép tinh tich phan

Tich phan boi !‘

Tich phan hai 16p ctia ham 2 bién u = f(x,y) lay theo mat cong S
@ Chia tuy ¥ mién S thanh n dién tich so cap AS;
@ Trong méi dién tich so cip nay chon tuy ¥y mot diem M, (z;,y;)

[ Haas = jim S Faaan)a

n—)ooz 1

Tich phan ba 16p ctia ham 3 bién u = f(x,y,2) lay theo thé tich V
@ Chia tuy y mién V thanh n thé tich so cap AV,

@ Trong méi thé tich so cip nay chon tuy ¥ mot diém M;(x;,y;,2;)

li
JJ| v zrav - Jm > OZf i)

v
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Cac phép tinh tich phan
Tinh tich phan boi R

@ Viéc tinh tinh phan boi duge quy vé tinh cdc tich phan don:
o Khai trién cac dien tich nguyen t6 dS va thé tich nguyén t6 dV/
theo cac bién ctia hé toa do
o Thit ty tinh tich phan: tit trong ra ngoai
o Xac dinh can lay tich phan: tit ngoai vio trong

e Vidu: Tinh [[g2y*dS véi S 1a mién giéi han béi dudng y = 2z va y = z?
Hai dudng y = 22 va y = 22 giao nhau tai z = 0 v 2 = 2
— Tinh tich phan theo y & trong truéc, theo z 6 ngoai sau véi dS = dzdy;
L&y can tinh theo x tit 0 dén 2, theo y tit 2 dén 2x

21 2 24 2
:x//xyzdS:/ {/ xyzdy}dx/ —xyd| dx
S 0 2 0 3 &
1
:/ —x(82% — 2% dr = 6,4
0 3

@ Bai tap: Tinh tich phan trén 1ay can theo thit tu ngugc lai.
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Cac phép tinh tich phan

Tich phan duong i

o Xét mot trudng vector luc F. Bai toan: tinh cong (ndng lugng) ctia lyc F
doc theo mot dudng cong ndi tir a dén b.

@ Ta biét tinh cong ciia mot lic theo mot doan thing la tich cia hinh
chiéu ctia liyrc 1én phuong chuyén dong véi do dai doan thing dé

— Chia dudng cong ab thanh cac doan vo cuing nhé diy, dls, dis, ...
— Tuong tng véi cac vector dudng nguyeén to dly, dly, dls, ...

@ Truong vector F tai méi doan tuong ting véi vector Fq, Fao, F3, ...
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Cac phép tinh tich phan

Tich phan dudng [
@ Cong sinh ra trén dudng cong ab la tdng cong sinh ra trén mdi doan

W:Fl-d11+F2-d12+F3~d13+...:ZFi-dli

e Gidi han clia téng nay khi do dai mdi doan di; — 0 va s6 doan n — oo 1a
tich phan duong cha ham vector F doc theo duong cong ab

—d%uEOZF -dl; _/ .dl

n—oo =1

@ Néu lay tich phan theo mot dusng khép kin C goi 1a “luu s6” clia F
quanh C

W:§£F-dl
C
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Cac phép tinh tich phan

Tinh tich phan duong 4

shcien]

o Nguyen tic chung: khai trién vector duong nguyén t6 dl theo cac toa do
— tich vo huéng F - dl tré thanh ham vo huéng — dua vé bai toan tinh
tich phan xac dinh

@ Vi du: Tinh céng cia Iyc F = ya, — ra, theo duong khép kin abede fga

y
° W:SﬁF.dl
2, . = SB(yax*Iay) -(dza, +dya,)
J =¢ydx—§$dy
y = 1/x
AV @ Trén doan ab: z € [—1,0];
b -*l f y=1a?— dy =2zdz
0 0
y =2 . = W= [2,2%de — 7 22zda
_ _i”o _1
_; ola ‘]v: x = 31-173
o ...
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Cac phép tinh tich phan

Tich phan mat ”

@ Xét mot truong vector J 1a mat do dong chay ctia mot dai lugng vat 1y
nio dé (vi du dong chiy céc dién tich). Bai toan: tinh tong lugng dong
chay (thong lugng) cta dai lugng vat 1y dé6 qua mot mat S.

@ Chia mat S thanh cac manh dién tich moé ciing nhé dSy, dSs, dSs, ...
— Tuong ting v6i cac vector mit nguyén t6 dS, dSs, dSs, ...

@ Truong vector J tai méi manh tuong ting véi cac vector J1, Jo, J3, ...
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Cac phép tinh tich phan

Tich phan mat x

shcien]

e Téng lugng dong chay (thong lugng) qua mit S 1a tdng thong lugng qua
mdi manh

I=J;-dS;+J5-dS; +J5-dS5 +... = »_J; - dS;
i=1

@ Gidi han cla téng nay khi dién tich mdi manh dS; — 0 va s6 manh
n — oo 1a tich phan mat ciia ham vector J trén mat S

n

I = lim Ji~dSi:/FodS
dsS; —0+% S
n—oo =1

@ Néu lay tich phan theo mot mat kin S

I:ng-dS
s
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Cac phép tinh tich phan

Tinh tich phan mat ”

.......

@ Nguyen tic chung: khai trién vector mit nguyén t6 dS theo cac toa do
— tich vo6 huéng J - dS tré thanh ham vo huéng — dua vé bai toan tinh
tich phan hai 16p xac dinh

@ Vi du: Tinh thong lugng cla trusng J = 3za, + (y — 3)a, + (2 + 2)a, ra
khoi dién tich mot hop kin bao quanh béi 5 mit phang: 2 = 0, y = 0,
y=2,2=0,3x+2=3

o [=¢J-dS=¢(3za, + (y —3)a, + (2+ 2)a,) -
: (£dydza, £ dzdzra, £ dzdya,)
= ¢[£3xdydz £ (y — 3)dzdx + (2 + 2) dzdy]

o Tren mat z =0: x € [0, 1]; y € [0, 2]; dz = 0;
dS = —dzdya, (do a, hudng vao trong mit kin)

T s Lo = f[_,—2daedy = [} [} —2dzdy = —4

@ Trén mit 3x +2=3c6dS =dSa, = g:—jgan

=32+ 12dzdya, véi a, = \/323“2 a, + \/321“2 a,
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Cac phép tinh tich phan

Tich phan khéi §

‘i Knoa |

o Xét mot truong vo hudng p co gia tri xac dinh dng véi mot don vi thé
tich, vi du nhu khéi luong riéng ctia mot vat thé. Bai toan: tinh téng
khéi lugng ciia vat thé c6 thé tich V va khéi lugng rieng p.

@ Ta biét néu khéi luong rieng khong déi thi khéi luong vat thé bing khbi
luong rieng nhan véi thé tich cta vat.

— Chia thé tich V thanh céc khéi thé tich vo cting nhé dVy, dVg, dVs, ...
o Trudng vo huéng p tai mébi khéi ting véi cac gia tri p1, p2, p3, ...

e Khéi lugng ctia vat thé 1a tong khoi lugng clia cac thé tich vo cling nhé

m:pl'dV1+p2'dV2+p3~dV3+...:Zpi%iVi
=1

@ Gidi han clia téng nay khi thé tich mdi khéi dV; — 0 va s6 khdi n — oo
1a tich phan khoi ctia ham vo huéng p trén khoi V

d‘l/lilg().zpi e / p-dv

n—oo =1 v
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Cac phép tinh tich phan

Tinh tich phan khéi x

shcien]

@ Nguyén tic chung: khai trién thé tich khéi nguyen t6 dV theo cac toa do
— dua vé bai toan tinh tich phan ba 16p xac dinh

@ Vi dy: Tinh khéi lugng ciia mot vat thé hinh cau ban kinh a ¢6 khoi
lugng riéng p

p(r,0,¢) = %

trong d6 po 1a hing sb.
o Trong hé toa do cau, ta c6

dV = r?sinfdrdfde

— Khbi lugng clia vat

m = /Vp(rﬁ,q’)) -dV

a T 27 P
:/ / / —0r2$in9drd9d¢
r=0J0=0Jp=0 T

2
= 2mpoa
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i tich vector Nhing dinh 1y quan hé gita cac phép tinh

Noi dung chuong E‘

@ Giai tich vector

@ Nhitng dinh ly quan hé gitta cac phép tinh
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Nhing dinh 1y quan hé gita cac phép tinh

Dinh Iy gradient r

@ Xét duong L bdt ky ndi a v6i b trong mot trudng vo hudng V
—
— Bai toan: tinh tich phan duong clia grad V theo duong L
n
s s
/ gradV -dl = lim " |grad V| Al

I dl;—04

n—oo 1=1

— ) s
trong d6 grad V; 1a hinh chiéu ctia grad V' 1én phuong ctia doan Al;

@ Do gradient chi mtc do bién thién ciia ham s — |graé Vi|Al; 1a sy bién
thién ctia ham s6 tit didm dau dén diém cudi doan Al

— S [grad Vi|AL = V(b) — V(a)

@ Lap luan trén khong phu thudc viéc chon
duong L

grad V

—
grad V;
(thanh phan
tiép tuyén)

— Dinh 1y gradient: v6i duong L bat ky
/gradV Al =V (b) — V(a) “
L
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@ Xét thong lugng ciia trusng vector C qua mit kin bao quanh mot khéi
hop rat nhd. Véi cac kich thuée Az, Ay, Az di nho, théng lugng cia C
qua mdi mat bing thanh phan phap tuyén nhan véi dién tich mat do.

@ Thong lugng chdy ra khoi mat (1) = —C,AyAz
@ Thong lugng chay ra khoi mat (2) = CLAyAz
(x,y + A4y, z) 4

@ Trong d6, C bién thién thanh C’ qua I s
1Ay

doan Az

0C
C,.=C,+ —Ax c
Oz 1 _izlr‘{j 2 /.,,

— Téng thong luong ciia C chiy ra khoi

mat (1) va (2) I o | APy
oC LAz
~ColyAz (Cx + oz Ax) Ayaz (x,y,z+Az) s
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Nhing dinh 1y quan hé gita cac phép tinh

Do tan & thong lugng: Dinh Iy Ostrogradsky — Gauss 4

[aiion |

N

e Téng thong lugng ciia C chay ra khoi mat (1) va (2) 1a

—C,AyAz+ | C, + 9C, Az | AyAz = %AZEA:I/AZ
ox ox

N

@ Hoan toan tuong ty, véi mat (3) va (4) va mit (5) va (6) 1a

ac, _ac,
a—yAacAyAz va ER

AxAyAz

— Téng thong lugng ciia C chiy ra khéi mit kin S gom 6 mat ctia hinh hop:

_(oC, ac,  oC,
?éc'ds_<ax + 5t

) AzxAyAz =divC - AV

e Néu mit kin S bao quanh thé tich V bat ky — tinh tdng thong lugng
qua céc thé tich khéi nguyen t6 — tich phan khéi

%C-dS:/diVCdV
Js v
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Nhing dinh 1y quan hé gita cac phép tinh

Do tan & thong lugng: Dinh 1y Ostrogradsky — Gauss E‘

Y nghia ciia do tan div

e Tit thong lugng ciia ham vector ra khéi mit kin bao quanh mot thé tich
vo cung nhé

yﬁc -dS = 9C, + 9C, + 9C. AzAyAz = divC - AV
S ox Oy 0z

— (€6 thé dan ra cong thiic tinh do tan

— D0 tan clia mot truong vector tai mot diém 1a thong lugng ciia truong
tod ra qua mot mat kin khi mat d6 co vé diém dang xét — c6 thé hidu
do tan 1a “mic do tan ra” clia trudng vector tai mot diém

— Do tan con goi 1& dao ham khéi vo hudng clia trudng vector

v
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....... |

@ Vé ky thuat tinh toan, dinh Iy Ostrogradsky — Gauss cho phép ta chuyén
ddi qua lai gitta tich phan mit va tich phan khéi; trong dé cé thé c6
phép tinh dé hon

@ Vi du: ting dung dinh 1y Ostrogradsky — Gauss giai lai bai toan nay

@ Tinh thong lugng cta trusng J = 3za, + (y — 3)a, + (2 + z)a, ra khoi
dién tich mot hop kin bao quanh béi 5 mit phing: 2 =0, y =0, y = 2,
z2=0,3z+2=3

%J-dSz/dideV
s v

_ /V <a(§f) . a(yay 3) . a(z(;zr z)) w

=5 / dV =5 (thd tich khéi hop) = 15
14
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Nhing dinh 1y quan hé gita cac phép tinh

Do xoay & luu so6: Dinh 1y Stoke ”

[sachnon

@ Xét luu sb clia trudng vector C doc theo duong khép kin hinh vuéng rat
nhé. Khong méat tinh téng quat, coi hinh vudng vé cting nhé nay nim
trén mit phang xy. V6i cac kich thude Az va Ay di nhd, tich phan
dudng ctia C trén mdi canh bang hinh chiéu ctia C nhan do dai canh dé.

Trén canh (1): v
/ C-dl=C,(1)Az -
¢))

Cb--sC
Trén canh (3): o | /

°
/ C-dl=-C,(3)Ax ?
) Tt
. ?X, ) Cx I
@ Trong d6, Cy(1) bién thién thanh \y Ax——r]
Cx(3) qua doan Ay
Cx(3) = Cx(1) + aCzA
z(9) = Ly Ay Y x
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Do xody & luu sb: Dinh 1§ Stoke 4

.......

— Tich phan dudng trén canh (1) va (3)

/ C-dl=C,(1)Ax — (Ox(l) + 0Cs
1),(3)

dy

Ay) Az = 9 AxAy
e Hoan toan tuong ty véi canh (2) va (4)
/ C.dl= %AxAy
(2),(4) Oz
— Luu sb ctia C quanh dudng khép kin L hinh vuong:

¢C~dl: (M—an>AxAy:ﬁc-As
I or dy

e Néu dudng khép kin L bao quanh mot mit S bat ky — tinh téng luu sd
qua cac mit nguyén t&6 — tich phan mat

%C-dlz/ﬂ)CdS
L S
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Giai tich vector Nhing dinh 1y quan hé gita cac phép tinh

Do xody & luu s6: Dinh 1y Stoke

Y nghia ctia do xody
— T luu s6 ciia trudng vector quanh duong khép kin vo cling nhé:

yﬁc.dlz 9Cy 9%\ ApAy — 1ol C - AS
I3 ox oy

— C6 thé dan ra cong thiic tinh do xody

. $c.a
rOtC_Alélgo AS

— Do xody clia truong vector tai mot diém 1a luu sb clia trudng xoay quanh
mot vong kin khi vong dé co vé diém dang xét — c6 thé hidu do xody 1a

“muc do xody” cua truong vector tai mot diém

— Do xody con goi la dao ham khéi vector clia trudng vector

Em.\

v
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Do xody & lwu sb: Dinh 1y Stoke 4

.......

@ Dinh 1y Stoke cho phép chuyén ddi tich phan duong va tich phan mit
@ Vi du: tng dung dinh 1y Stoke giéi lai bai toan

@ Tinh cong cla lyc F = ya, — xza, theo dudng khép kin abcde fga

y
¢F~dl:/RF~dS
4 L S
2 e
| - (G5 )
y=lx s\ Oz dy
dvs

I(—x) (91/)
= [ — — = 1|dS
b _% f /s ( ox y
y = x2 g - 2/;d5

, . = 2(Dién tich mat S) = 4,634
_1 ola 1

@ Bai tap: tinh dién tich mit S

Ly thuyét Trudng dién tit | EE2031
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Dién trudng

No6i dung moén hoc E‘

© Dien truong tinh
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Dién trusng tinh

No6i dung chuong

© Dien truong tinh
@ Dién truong va vector cudng do dién truong
e Mot s6 hé dien tich phan bd “lién tuc”
@ Duodng sic dién truong
e Cam tung dién, dién thong, va dinh luat Gauss
e Nang luong, dién thé, va hiéu dién thé
o Ludng cuc dién
o Dién moi va vat dan
e Dién dung ciia hé vat dan co lap
@ Phuong trinh Poisson — Laplace
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I3l ni(elslatel sl Dicn trudng va vector cudng do dién trudng

Noi dung chuong E‘

© Dien truong tinh
@ Dién truong va vector cudng do dién truong
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I3l ni(elslatel sl Dicn trudng va vector cudng do dién trudng

Dien tich va lye dien I

o Tu nhitng nam 600 TCN, Thales da quan sat thiy lc dién khi co
hé phach vao long thi ¢ thé hit mot sé vat nhe, vi du 1ong chim

Thé ky 18, Franklin xac dinh dugc dién c6 2 loai: duong va am

Nam 1785, Coulomb lam thi nghiém do dugc lyc dién nEaLyJr

Két qua cho cong thiic (c6 dang gidng lyc hap dan ctia Newton) tinh lyc
F giita 2 chat diém c6 dien tich Q; va Q2 cach nhau mot khoang r

F, = leQQ Y

trong d6 k ~ 9.0 - 10° Nm?/C? 1a mot hing s6.

fTinh than khoa hoc thuc ching ctia Galilei: Cai gi do dudc thi do, cai gi khong
do dugce thi lam cho né do dugc
tHing sb nay c6 gia tri rit 16n va do d6 lyc dién 13 mot lyc rit manh. Néu 2
ngudi ding cach nhau 1 si tay, méi ngudi cé sd electron nhiéu hon sé proton khoang
1% thi lyc tac dong gitta 2 ngudi dG dé nang mot vat c6 khéi lugng bing Trai dat.
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I3l ni(elslatel sl Dicn trudng va vector cudng do dién trudng

Dién tich va luc dién K

@ Luc F giita 2 chét diém c6 dién tich Q1 v& Q2 cich nhau mot khoang r

Q102

r2

Fi2 =k a2
@ Sau nay, Iy thuyét truong dien tit phat trién théng nhat 2 mit dien va
tit, he s6 k dugc trién khai theo mot hiing s6 khéc:

1 Qe
Fio = -
12 47T€() 7'2

ajg

V6i €9 = 8,854 - 10712 C2N~tm~2 1 hdng so dien moi (trong chan khong)

-
~

B4

//’/Qz

A -

F21 a
12
@1
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I3l ni(elslatel sl Dicn trudng va vector cudng do dién trudng

Dién truong va vector cuong do dién truong E E‘

@ Q1 va (Qy tac dung lyc 1én nhau khong qua tiép mic truc tiép
— C6 mot mai trudng truyén lyc — dién trudng
— Néu “bd” Qo di thi tai diém d6 van c6 mot dién trudng do Q sinh ra
— Dién trudng nay c6 cudng do do bang lyc dién sinh ra trén mot don vi
dién tich
_ Fopo 1

== = — ajl2
Q2  Ameg 1?

E;

@ Cuong do dién trudng ty 1é vé6i luc dién — 1& mot dai lugng vector

ey

- 12
7@

-
-
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I3l ni(elslatel sl Dicn trudng va vector cudng do dién trudng

Dién truong va vector cuong do dién truong E ”

=T

@ Luc c6 tinh xép chong — cudng do dién trudng cé tinh xép chong

@ Xét hé c6 dién tich Q; tai diém A va dien tich Qs tai diém B; néu tai
diém C c6 mot “dién tich thi” ¢ thi luc dien tac dung lén né 1a

Fg=Fi+Fy
— Cudng do dién trudng tai C' khong phu thudce vao ¢

E(C)=E; + E;
L Q. 1

= a [
Areg dac? ¢ dAmeg dp? €
qu T
B! 9 — F
QZ -7 q F2q
A~
//.
%
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Dién trudng tinh Mot s6 hé dién tich phan bd “lien tuc”

Noi dung chuong E‘

© Dien truong tinh

e Mot s6 hé dien tich phan bd “lién tuc”
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Dién trudng tinh Mot s6 hé dién tich phan bd “lien tuc”

Mot s6 hée dien tich phan bo “lien tuc” (

@ Trong ty nhién, dién tich dugc phan bd r6i rac. Cac hat dién tich co ban
¢6 dien tich nguyen t6 la e = 1,6 - 10~ C*

@ Trong thuc tién k¥ thuat, & pham vi vat 1y ¢6 dién, ta thuong xét nhing
hé gom rat nhiéu hat dién tich co ban phan bé trong khong gian

— Coi & cac he dién tich phan bé “lien tuc”

Cac dang dién tich phan b6 lién tuc trong khong gian

@ Theo chiéu dai: khi hé c6 kich thuéc theo chiéu dai 16n hon rat nhiéu so
véi cac chidu con lai (VD: day, thanh, v.v.)

@ Theo dién tich: khi hé c6 kich thuéc theo dién tich mat 16n hon rat nhiéu
so vdi céc chiéu con lai (VD: dia, tam, v.v.)

@ Theo thé tich: khi hé c6 kich thudc theo moi chiéu déu dang ké

50 cap do vi md, ngudi ta quan sat dude cic dién tich khong nguyén nhu %e
nhung ta khong xét ciac hé nay.
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Dién trudng tinh Mot s6 hé dién tich phan bd “lien tuc”

Mot s6 he dien tich phan b “lien tuc” ;

@ Xét mat do dién tich p 1a dién tich trén moét don vi kich thuée
@ V6i he phan b6 theo chiéu dai: mat do dien dai p; (C/m)

@ V6i he phan bd theo dién tich: mat do dién mat p, (C/m?)

@ Vi hé phan bd theo thé tich: mat do dien khéi p, (C/m?)

— Tinh dién tich ctia hé t mat do dién tich:

QLZ/Pldl

L

QS:/Pst
S

QV:/pvdU
%4
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[l mantcerlnvs Vsl MGt s6 he dien tich phan bd “lien tuc”

Dién truong quanh mot day dan thang tich dién déu E‘

e Day dan théng do dai L c6 dien tich phan bd déu X
v6i mat do dién dai p;. Tinh cudng do dién trucng 3
tai diém A ndm trén mat déi xing cia day. )

@ Chia doan day L thanh cac doan vo cung nhé dl |
— dién tich ctia cac doan dl coi la cac dién tich \d! Y
diém dg — dién truong E tai diém A 1 xép )
chong clia cac dién truong dE do céac dién tich
diém dgq sinh ra

@ Do A nim trén mat déi xing clia doan day tich
dien déu — dién truong cta 2 nita L/2 d6i xing
nhau — vector cudng do dién truong tong E nim ,
trén mat déi xing va ciing nim trén mit phing ,
tao béi doan day va diém A /

— G#n doan day L vao truc z ddi xing qua O — Ll
vector cudng do dién trusng E nam trén truc 9
(Gén doan day L vao truc y c¢6 duge khong?)
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Dién trusng tinh

Mot s6 hé dién tich phan bé “lién tuc”

Dién truong quanh mot day dan thang tich dién déu ‘

@ Dién tich ctia doan day c6 do dai di 1a dg = p;di
— Cuong do dién truong do dq sinh ra c6 do l6n:

1 Pl dl
4mey d?

dE =

véi d 13 khodng cach tit A dén dl (do dai AB)
— Cuong do dién trudng chiéu lén truc x:

1 pdi

dE, = —_
4meq d?

oS

@ Khoang cach d ciing phu thuéc o — quy vé bién

a v6i d = a/cosa v6i a 1a khoang cach tit diem A L |

dén doan day L (toa do clia A trén truc x)

n Bao Huy (HUST)
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Dién trudng tinh Mot s6 hé dién tich phan bd “lien tuc”

Dién truong quanh mot day dan thang tich dién déu ‘

z
@ Tinh di ti toa do [ ctia diém B trén truc z Lt
a 2|

l:atanaédlzigda \

cos« \

2
=dF, = — L8 5~ COSQ =
47eg ( a )

Ccos &

Gmax 1 prcosa
m / dmeg a

Omax

— Trong hé toa do tru ,

_ P

= SIN Omaxp /
2meqp ol

2

e Trudng hop day thing dai vo han: amax — 90°
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[l mantcerlnvs Vsl MGt s6 he dien tich phan bd “lien tuc”

Dién truong trén truc mot dia tron tich dién déu E

‘i Knoa |

@ Dia tron phéng ban kinh R c6 dién tich
phan bd déu véi mat do dien mit p,.
Tinh cudng do dién trudng tai diém A dE .
nam trén truc déi xiing cta dia. \

A

@ Chia dia tron thanh cac dién tich vo cuing
nhd ds — dien tich diém dg — dien
truong dE — xép chong thanh E

@ Do A nim trén truc déi xing — dién dp
trudng & cac phia déu nhau — vector E
nam trén truc déi xing T pde

— St dung hé toa do tru

@ Dién tich ctia dién tich vo ciing nhé ds la dg = psds = pspdpdd
— Cuong do dién trudng do dg sinh ra (véi d 13 khodng céch tit A dén ds):
1 pspdpd dpd
papp¢:>dEZ: ps pdpde
dmeg  d? Ameg  d?
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Dién trudng tinh Mot s6 hé dién tich phan bd “lien tuc”

Dién truong trén truc mot dia tron tich dién déu
z . i z
@ Ta c6 cosa = = véi z 1a toa do ctia A
By |
zps pdpdg \a :
=dE, =
dmeg  d3 Al

@ d khong phu thudc ¢, chi phu thudce p
d= /22 + p2

d
— Hai bién ¢ v p doc lap véi nhau r pdo

zps  pdpde 2ps /27r /R 2, 2\-3/2
E = = d d
= /5471'60 (21 2P g )y ¢ ; p(22 + p%) P

zp Ry zp 1 R
_ 2Ps L2 oyv-3/2q0,2 4 2y = “%Ps
260/0 2(2 ) S 2¢0 /22 + p?lo

_Ps (o 5t rone v han: _ Ps
= %, (1 m).Ma‘c rong vo han: R - oco = FE = 2
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[l mantcerlnvs Vsl MGt s6 he dien tich phan bd “lien tuc”

Dién truong quanh mot khoi cau tich dien deu E
@ Khéi cau ban kinh R c6 dién tich phan A z
b6 ddu v6i mat do dien khéi p,. Tinh dE \ IE
cudng do dién truong tai diém A ndm z

ngoai khéi cau. Al

@ Chia khéi cau thanh céc thé tich vo cling
nhé dv — dién tich diém dg — dien
truong dE — xép chong thanh E

@ Do khéi cau tich dién déu — & ngoai khoi
cau dién trudng & cac phia déu nhau —
vector E c6 huéng qua tam khéi cau

N X
— St dung hé toa do cau

@ Dién tich ctia thé tich vo ciing nhé dv 1a dg = p, dv = p,r?sinfdrdfde
— Cuong do dién truong do dg sinh ra (véi d 1a khodng cach tit A dén dv):
1 pyr?sinfdrddde py T2sinfdrdfde o

47eg d? dmeq d?
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Dién trudng tinh Mot s6 hé dién tich phan bd “lien tuc”

Dién truong quanh mot khoi cau tich dien deu
P A7
. z —rcos !

@ Ta c6 cosa = —a dE \ dE.

o Vi = 12— (rcost)? + (= — reost)? Al

— d? =72+ 22 — 2rzcosf

2. .
= dE, = pv 7%(2 —rcosf)sinfdrdfde
dmeg  (r? + 22 — 2rzcosf)3/? O

i
o Nhan thiy: ¢6 thé tinh tich phan theo ¢ L

doc lap véi phan con lai -

NN /Qﬂd¢/R /” r?(z — rcos)sinfdrdd
dmeg Jo r=0Jo=o (12 + 22 — 2rzcosf)3/2
d
o Diit 72 + 22 — 2rzcos0 = a? — 2ada = 2rzsinfdd — rsinfdd =~
z
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Dién trudng tinh Mot s6 hé dién tich phan bd “lien tuc

Dién truong quanh mot khoi cau tich dien deu z

a2 — r2 4 22

2

@ Va z —rcosf = A 2
2z dE
— Xét can cua a theo 0 \ dE,
Al
efl=mr—a=z+r )
ef0=0—>a=z—r1
B Bordr / —r? —|—z at—r 4
260 r= 0 22 a=z—r O :
_ P Bor2dr  p,R® §7TR3pU B
20 J,_g 222 3egz?  4dmepz? Y
_ ‘/;éupv — Qcéu Qcéu a €T
Amegz?  4megz? Amegz? ~

e Nhan xét: dien truong tai mot diém nim ngoai khdi cau tuong duong véi

dien truong ctia mot dien tich diém Q = Q

cay dat tai tam qua cau

@ Bai tap: tinh trudng hgp diém A nim trong khéi cau (z < R)
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i3l ni(ejs:lntel @l D udng stc dién trudng

Noi dung chuong

© Dien truong tinh

@ Duodng sic dién truong
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i3l ni(ejs:lntel @l D udng stc dién trudng

.

Duong stic dién truong

=T

o Dien trudng la trudng vector nén cé thé ding cac dudng sic dé biéu dién
@ Chiéu ctia dudng stic 1a chidu clia vector cudng do dién trudng E

— Dudng stc dién trudng di ra khoi dién tich duong va di vao dién tich am
o Mat do dudng stic thé hien do 16n ciia cudng do dien trudong

@ Cac duong sitc khong giao nhau. Truong déu: cac dudng siic song song

; ASANANNNNNNANNNNNNANANNN

i

; AANANANANNNANNNNNANNNN
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Dudng sittc dién trusng

Duong stic dién truong E‘
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

Noi dung chuong E‘

© Dien truong tinh

e Cam tung dién, dién thong, va dinh luat Gauss
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

Cam ting dien & dién thong 4

Thi nghiém ctia Faraday vé “dich chuyén” (cdm tng) dien

Faraday lam thi nghiem véi 2 qua cau kim loai déng tam, trong d6 qué cau
ngoai gom 2 vé ban cau ghép lai, gitta 2 qua cau c6 mot 16p chat cach dien.

@ Tich dién duong @ cho qui cau trong

o Ghép 2 nita qua cau ngoai bao quanh qua cau trong; giita 2 qua cau la
mot 16p cach dién

N&i dat tiic thoi qua cau ngoai dé xa nhanh dién tich & mit ngoai
@ Gd 2 ban cau ra dem do thay ching c6 dién tich am —Q véi do 16n bing
dién tich qua cau trong
— €6 sy “dich chuyén” (cAm ting) dién tit qua cau trong ra qua cau ngoai
goi 1a “djch chuyén dién” hodc “dién thong” (thong lugng cAm ting dién)

v
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

Cam tng dién & dién thong

Dién thong va vector dich chuyén dién (mat do dién thong)

@ Dien thong (tdng thong lugng cam tng dién) c6 gia tri bing dien tich
qua cau trong (cAm dng ra qua cau ngoai)

1;[} = Qtrong

e Luong hoé su dich chuyén béng vector dich chuyén dien D tuong ting véi
mat do cta dién thong trén mot don vi dién tich

— D c¢6 phuong trung véi E va ¢6 do 16n la mat do cta dién thong

— Dién thong qua mot mat kin S bat ky

¢:£D®

— Néu trong mit kin S ¢6 dién tich Qtrong th v6i moi dang clia mat S va
v6i moi dang phan b6 clia Qtrong (khong can phai 1a cac qui/mat cau)

% Dds = Qtrong
S

gm...\

o
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

Dinh luat Gauss dang tich phan

.

=T

@ Xét thong lugng clia dién trudng E do dién tich diém @ sinh ra qua mot

mat cau S ban kinh r véi Q ndm & tam mat cau do

%Eds = 55 Lzards
S S 47T60’l"

@ Vector mit nguyén t6 (trén mit cau ban kinh r) ds = r?sinfdfdea,

= %Eds = 55 #TQSinedewé
S S

T 27
_ ¢ sinfdé / do
0 0

4dmeg

Q

€0
@ Két qua nay khong phu thudc vao ban kinh
mat cau — dung véi kich thuée tuy v

e Heé dien tich phan bd bat ky 1a xép chdong clia
céc dien tich diém — ding v6i moi hé dien tich
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

.

Dinh luat Gauss dang tich phan m.,.‘

@ MG rong két qua cho mit kin S bat ki bao quanh hé dién tich Q bat ky

— Dinh luat Gauss dang tich phén11

%Eds: 9
s €0

@ Mit khac, ta c6 dién thong clia @ qua mat kin S

Dds=Q
s

=D =¢E

° Ung dung dinh luat Gauss trong tinh toan: Do dinh luat ding véi hé Q
bat k¥ va mat S bat ky, ta chon cadc mat S (goi 1a mit Gauss) sao cho
o D@ tinh téng dien tich @ trong mat S
o Dang ciia mét S dé tinh cac tich phan mit
ITa dang xét céc dai lugng trong chan khong véi hiing s6 dien moi €. Céc chét

dién moi khac c6 he s6 dieén moi € # €. Néu 1a dién mai phi tuyén thi e # const.
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i3l manitels il Cam ng dién, dién thong, va dinh luat Gauss

Ung dung dinh luat Gauss trong tinh toan (1) 4

.......

e Day thing dai vo han tich dien déu mat do pi- Tinh E quanh day.

@ Phan tich: day dai vo han — moi mat phing vuong géc véi day déu la
mat déi xting — vector E tai moi diém déu vuong géc véi day va di qua
day — E = E(p) chi phu thuoc p trong hé toa do tru

— Chon mat Gauss S la mét tru ban kinh p, E
chiéu cao h, c6 truc déi xiing trung véi day

— Tbéng dién tich ndm trong mit S 1a dién tich

doan day c6 chibn dai I = h — Q = pih ﬂ

® Dinh luat Gauss ¢4 E - ds = Q/eg Vit Gates - (\
. Day dai vo l}an
@ O2mit day ELds — E-ds =0 — chi can tich dién deu

tinh cho mit bén p = const — F(p) = const
= ¢E-ds = E(p) sds = E(p) - (Dién tich mat bén) = E(p) - 2w Rh
Pl Pl
= E=
2meqp 2mepp
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

Ung dung dinh luat Gauss trong tinh toan (2) m.,.‘
@ Miit phing rong vo han tich dien déu mat do ps- Tinh E quanh mat.
@ Phan tich: mit rong vo han — moi diém déu nim trén truc déi xing ctia
mit — vector E tai moi diém déu vuong goc véi mit — E = E(z) chi
phu thudc z (néu c6) trong hé toa do Descartes

— Chon mat Gauss S 1a hinh hop canh a
Mat rong v6 han
tich dién déu

— Téng dién tich nam trong mit S 1a dién tich
mit c6 dien tich s = a2 = Q = p,a®

@ Dinh luat Gauss $E - ds = Q/ep
@ Chi can tinh cho cic miit song song véi miit
tich dién z = const — E(z) = const
= ¢4 E-ds = E(z) - (Dién tich 2 mit)
=FE(2)-2-a?

= E-2a?=p.a®/eg = E="a,
260
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

Ung dung dinh luat Gauss trong tinh toan (3) E‘

@ Bai tap: Tinh dién trudng ctia mot s6 hé phan bé déu khéc

+ _
+ _
Khoi cau tich E=of| t E “|E=0
A A
dién déu + _
i _
+ _
| |7
" _
+ -
+ _
+ |+E2 -
" _
-
n _

| |
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Dién trudng tinh Cam tng dién, dién thong, va dinh luat Gauss

Dinh luat Gauss dang vi phan E‘

Dinh luat Gauss dang vi phan — Phuong trinh Maxwell-Heaviside thtt nhat

o Ung dung dinh ly Ostrogradsky-Gauss trong giai tich da bién

Q:%Dds:/diVDdV
S \%4

v6i S 1a mit bao quanh thé tich V
@ V6i mot he dién tich @ phan bd bat ki trong khong gian

Qz/pvdV:divD:pl,
v

— Phuong trinh Maxwell-Heaviside thit nhat (trong chan khong)

~ divE =2
€0

v
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Noi dung chuong

© Dien truong tinh

e Nang luong, dién thé, va hiéu dién thé
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Khé nang sinh cong (nang lugng) cia dién trudng
e Dien trusng E tac dung lic F lén dién tich ¢ tai diém A v6i F = ¢E

@ Tam bé qua cac lic khac (néu c¢6), F lam dién tich ¢ chuyén dong
— dién truong E sinh cong (nang lugng)

e Ning luong do E sinh ra dé dich chuyén ¢ mot doan vo ciing nhé dl 1a
dW =F - -dl=¢E-dl

e Xét ring d xa vo cling khong c6 dien trusng E(co) = 0 (C/m?)
— khong ¢6 nang lugng W(co) =0 (J)
— Nang lugng do E sinh ra dé dich chuyén ¢ tit diém A ra xa vo ciing la
toan bo nang luong ma E c6 thé truyén cho ¢ tai diém A

W=q¢[ E-d
A
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Dién thé va hicu dien thé 4

@ Néu khong c6 dien tich ¢ thi tai diém A, dién trudng E vAn c¢6 kha ning
sinh ra nang lugng — goi 1 dién thé

W o0
VAz—z/ E-dl
q A

(Cong sinh ra dé dich chuyén mot don vi dién tich ra xa vo ciing)
e Tai mot diém B trong dien trudong ciing cé dién thé
oo
Vg = / E-dl
B
— Hieu dién thé gitta 2 diém A va B
B

UAB:VA*VB:/ E-dl
JA

(Cong sinh ra dé dich chuyén mot don vi dién tich tit A dén B)

@ Trong nhiéu trudng hop ta thudng quan tam dén hiéu dién thé gitta cic
didm — c6 thé chon mot diém tham chiéu c6 dien thé quy ude 1o 0 V
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Dien thé trong dién trusng cta dién tich diém E‘

@ Xét diém A céach dien tich diém Q mot khoédng R
@ Ding hé toa do cau véi tam gin véi dien tich diém

— Dién truong huéng tam — dl = dra,

éVA:/ E~d1:/ Q2dr
A r 4megr

-Q |* Q

- dmeor | - dmegR

@ Tich phan trén khong pﬂ}l thuoc vao duong di tit A dén oo
(Bai tap: Chting minh rot E = 0)
@ Dién trudng tinh ctia hé dien tich @ bat ky 14 xép chdng dién trudng cia
cac dién tich diém
— Dién truong tinh 1a mot truong thé

— Truong dién thé V (vo huéng) 1a thé vi clia truong vector E
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Pién thé clia mot sb he dien tich phan b lien tuc |

Dien thé ctia diém trén truc déi xting ctia vong day tron tich dien déu
e Tinh dién thé tai diém A ndm trén truc déi xting clia mot vong day tron
ban kinh R tich dién déu véi mat do dien dai p;
@ Dung hé toa do tru véi tam O trung véi tdm dudng tron, truc Oz la truc

d6i xting clia vong day — z 1a toa do ciia A trén truc Oz

@ Xét mot doan dl vo ciing nhé trén day — coi la dién tich diém dg = p;dl
c6 dien thé dV, tai diém A cach dl mot khoang d = V22 + R? 1a

AV, = dg  _ prdl
dreod  Amegy/ 2?2 + R2
B pRd¢
" dmegV/22 + R2
V= /27T pRdo _ mR
0o 4dmegVz2Z+ R?2 2¢9vV2% + R?

v
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Pién thé clia mot sb he dien tich phan b lien tuc |

Hieu dien thé gitta 2 diém trong dién trudng ciia day dai vo han tich dien déu

@ Tinh hiéu dién thé gitta 2 diém A va B cach mot day dai vo han tich
dien déu v6i mat do dien dai p; khoang cach tuong tng pa va pp

@ Diing hé toa do tru véi truc z gin véi day
— Vector dudng nguyeén t6 dl = dpa, + pdoas + dza,

— Hiéu dién thé gita A va B la

B
UAB=/ E-dl
A
B o
= a, - (dpa, + pdopay +dza,
/A 2eop " (dpa, +p ¢ )
B B
:/ P dp = i Inp| = Pl PE
A 2Tegp 2meg A 2meq  pa

v
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Mat dang thé E

@ Trudng dién thé 14 mot trudng vo huéng — cé thé bidu dién do hoa bing
cac mat dang tri (mat mitc) goi la mat déng thé

@ Vi dy: mit déng thé ciia dien tich diém la cdc dudng tron dong tam

Duong suc dién truong

\
|
T

/ _—
Mat dang the
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Mat dang thé E

/ “" \ \
{/ (/f’umll '\\H\}\] \}
\ /W\ L
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Cuong do dien truong & gradient ctia truong dién thé E‘

e Hieu dien thé giita 2 diém A va B trong dién truong tinh khong phu
thudc duong di tit A dén B

B
VAB:/ E-d=V,—-Vp
A

o Xét truong dién thé V la trudng vo huéng — theo dinh 1y gradient

B
/ gragV-dleB—VA

A
—
= E = —gradV

— Vector cuong do dien truong chi chiéu gidm 16n nhat ciia dien thé
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[ JANtc -t Wl Nang luong, dién thé, va hieu dién thé

Ning lugng ctia mot he dien tich i

o Gia st khong xét dén cac luc khac nhu lye hip dan
@ Ban dau trong khong gian khong c6 dien trudng — dé dich chuyén dien
tich diém @Q; vé vi trf ctia n6 (goi la diém 1) khong tieu tén nang lugng
Wy = 0(J)
@ Trong khong gian c6 dién truong ciia dien tich diém @, — dé dich

chuyén mot dién tich diém Qs (tit xa vo ciing) vé vi tri clia né trong dién
trudng can mot nang lugng:

@

Wy =Q2Var1 = Q24
TEQT 12
trong d6 V. 1 la dién thé tai diém 2 do dién tich @Q; (tai diém 1) tao ra

@ Trong dién trudng ctia Q; va Q2, dich chuyén dién tich diém Qs vé vi tri
ctia n6 tai diém 3 can mot ning lugng

W3Q3V3<—12Q3( @ + Q2 )

47‘(’607‘13 47‘(’60’/"23
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Ning lugng ciia mot he dien tich i

— Téng nang lugng clia hé 3 dién tich diém

W= Wi+ Wy + Wy = 04 Qo2 4 Qy (21— 2
4’/T607"12 47T€07"13 47T€07"23

@ Biéu dién lai dusi dang ddi xing (gap doi cac phan tit 16i chia 2)

1 Q2 Qs @1 Qs
W=z
2 |:Q1 (47T€07’21 + 471'607’31) + Q2 (47T€0T12 + 47T€0T32

471'607“13 471'607“23

1
—(Q1Vieas + Q2Var 13 + Q3Vs12)
2

— Téng quat hoa cho hé n dien tich diém

1 n
W = i;Qi,Vi,
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Nang luong cia mot hé dién tich

e Heé n dién tich didm
1 n
W= Zl QiVi
— Téng quat hoé cho hé dien tich phan bo “lién tuc” trong khong gian

1 1
W:f/ Vdg=- Vp,dv
2 khong gian 2 k/g

@ Tacé p, =divD =V -D — can tinh Vp, = V(V - D)
@ Nh6 lai: do tan div 13 “vi phan khéi” — ding dao ham ham hgp

— V- (VD)=V(V-D)+D-(VV) = Vp,=V- (VD) =D (VV)

1
:>W:2/k/g[v-(VD)—D-(VV)}dv
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Dién trudng tinh Niang lugng, dién thé, va hiéu dién thé

Ning luong ctia mot he dien tich i

.......

@ Nang lugng ctia hé dién tich

1
W:2/k/g[V-(VD)—D~(VV)]dv

@ Theo dinh 1y Ostrogradsky—Gauss, v6i mat kin S bao quanh vung khong
gian dang xét, thanh phan thit nhét:

V- (VD)dv = % VDds

k/g S

@ Vimng khong gian ¢6 thé xét t6i vo cing, ma V(o) =0 — ¢, VDds =0
1 1 1 )

=W=_ -D-(VV)dv = D -Edv=_ coE*dv

2 Ji/g 2 Ji/g 2 Ji/g

1
— Dinh nghia ham mat do nang lugng p, = §eoE2 (J/m3)
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Dién trudng tinh Ludng cuc dién

Noi dung chuong

© Dien truong tinh

o Ludng cuc dién
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Dién trudng tinh Ludng cuc dién

Mo hinh luéng cuc dién [

e Ludng cuc dién la mot mo hinh t6t diing dé xap xi nhiéu he dien tich
trong tu nhién, ching han mo6 hinh nguyen ti va phan tit

@ Vi du phan tit nuéc HyO c6 téng dién tich am bing tong dien tich duong
(can bing dién tich), nhung syt phan bé cac dién tich khong déu (do kich
thude dam may electron khac nhau) — mot phia c¢6 nhiéu dien tich
duong, mot phia c6 nhiéu dién tich am

— Xung quanh cac hé dién tich can bang phan b6 gan nhau khong déu nay

c6 dién trusng va dién thé

— Mo hinh ludng cyc dién

+ +
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Dién trudng tinh Ludng cuc dién

Mo hinh luéng cuc dién

@ Ludng cuc dién 14 mo hinh gom 2 dién tich bang nhau trai dau cach
nhau mot khoang d rat nho (so véi kich thude xung quanh)

Az
@ Goi RT va R~ 1a khoang cach tir

diém P t6i +Q va —Q

o Dién thé tai P p
1 1 0
V= @ (L _ 1
4meg \RT R~
~ Q R-—R"  Q dcost r
" dmep R-Rt T 4mey 12
— Cuong do dién truong tai P 1 9
(hée toa do cau) d -
E= —grag \%4 / —q
__9 (2cosfa, + sinfay) x
4meqrs
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Dién trudng tinh Ludng cuc dién

Mo hinh luéng cuc dién r

@ Mo6-men ludéng cuc
p=Qd

@ Dod-a, =dcosf

d-a, P-a,
v Q ar _ a
4meq 12 4meqr?

@ Duong stc dién trudng cia
ludng cyc dién
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Dién trudng tinh Dién moi va vat dan

Noi dung chuong

© Dien truong tinh

o Dién moi va vat dan
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Dién trudng tinh Dién moi va vat dan

Chat din dien, chét cach dien, va chat ban dan 4

=T

@ Vat lidu dién dugc ciu tao tit cic nguyén tit gom hat nhan va dién ti
(electron) c6 lien két véi nhau

e Néu lien két nay yéu — nhiéu dién ti ¢6 thé di chuyén tu do trong vat
litu — tao thanh céc ion ty do (ion am la cac dién tit, ion duong la céc
nguyén ti thiéu céc dien tit do ching di chuyén ty do) — néu dit trong
dién truong cac ion c¢6 thé dich chuyén — c6 thé din dien — vat dan

@ Néu lien két nay manh — cac dién ti bi gdn chiit v6i hat nhan — c6 rat
it ion tu do — khong dan dién — dién moi (chat cach dien)

@ Néu tuy diéu kien ma lién két nay lic manh lic yéu — lic dan dién lic
cach dien — chat ban dan. Ta tam thoi khong xét chat ban din trong
mon hoc nay.
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Dién trudng tinh Dién moi va vat dan

Mo hinh luéng cuc cua dién moi trong dién truong E‘

@ Néu khéng cé dién trudng ngoai, cic nguyen tit trong dién moi trung hoa
vé dien

@ Khi c6 dién truong ngoai, hat nhan mang dién duong va dién t mang
dién am bi “kéo” vé 2 huéng nguge nhau — mo hinh ludng ciie dien

A

Phan bé dién tit trong nguyén tit bi phan cyc do dién trudng ngoai
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Dién trudng tinh Dién moi va vat dan

M6 hinh ludng cuc ctia dién moi trong dién truong E‘

— Mot khdi dien méi trong dién trudng ngoai duge xét nhu mot tap hop
cac ludng cyce dién

z

@ Beén trong khoi dien moi, cac ludng cyc dien ¢6 cyc (—) va cuce (+) xép
lien tiép dan xen — trung hoa vé dien

@ Trén bé mat khoi dien moi 1 cdc 16p dién tich (=) va (+) phan b6 & 2

phia theo chiéu tac dong clia dién trudng ngoai

@ Ta sé& xét cac dien tich trén bé mit
khéi dien mai Q)
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Dién trudng tinh Dién moi va vat dan

Mo hinh luéng cuc cua dién moi trong dién truong E‘

@ MGoi ludng cuyc dién cé vector mo-men ludng cuic
p=Qd

@ Trong thé tich Av c¢6 n ludng cuc — ¢6 moé-men ludng cyc tong
n
pténg = Zpi
i1
— Dinh nghia vector mat do ludng cuc

pP— —
A})IBOAUZPZ
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Dién trudng tinh Dién moi va vat dan

Mo hinh ludng cic ctia dién moi trong dién truong

@ Xét mot mit AS rat nhd bén trong dién moi. Vector mat do ludng cuc P
tao v6i phap tuyén AS mot goc 6

— Néu c6 n luéng cuc c6 dieén tich Q tao thanh 2 16p dién tich & 2 phia clia
mit AS téng dién tich bé mit cia mit AS 1a

AQy = nQd - AS

@ Do mat A S rat nhd nén lugng ludng cyc c6 trong mit A S chinh 14 mat
do luong cuc P = nQd; do do

AQ, =P - AS

@ Xét mit kin S — tong dien tich
bé mit c6 trong mat S 1a

Qb:*¢P'dS
JS

(Dau trit do ds hudng ra ngoai)
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Dién trudng tinh Dién moi va vat dan

Dién truong trong dién moi E‘

@ Tdéng dién tich bé mit c¢6 trong mit kin S 1a

Qb:—ng-ds

@ Trong mat kin S bat k¥ c6 dién tich bé mit @, do phan cyc va dién tich
ti do Q — dién tich téng

Qi = Qv +Q
= Q=0Qi—Q

@ Theo dinh luat Gauss véi tong dien tich trong mat kin S

Qt:¢€0E'dS
S

éQ:fé(foE—i—P)-ds
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Dién trudng tinh Dién moi va vat dan

Dién truong trong dién moi E‘

@ Tt quan hé

Q:‘é’(éoE‘FP)dS

— Vector dich chuyén dién (mat do dieén thong) véi dien moi

DZE()E+P

e Néu vat licu 1a ddang hudng (P || E) v6i P = x.eoE
=D = ¢ (]. + XG)E =¢o6,.E = cE

e Trong dé
o Xe la hang so phan cyc dién clia vat lieu (cang 16n cang dé phan
cuc)
o €. > 11a hang s6 dien moi tuong doi ciia vat lieu (v6i chan khong)
o € la hing so dién moi tuyét doi clia vat lisu

o Cac cong thiic tinh F, E, v& V chi can thay ¢y = € = e,
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Dién trudng tinh Dién moi va vat dan

Dicu kién bién gitta hai 16p dién moi [
@ Xét 2 16p dien moi (dang huéng) c6 hing sd €; va ey tiép gidp nhau tai

mot bé mit. Xac dinh quan heé gita E; véi Eg vi Dy véi Ds.

— Vector Eq vA Ey (cling nhu Dy vh Dy) véi hudng bat ki déu co céc
thanh phan tiép tuyén va vudng gbc v6i bé mit tiép giap.

— “Tht thuat™ chi xét thanh phan E; tiép tuyén va thanh phan D,, vudng
goc dya trén 2 quan hé co ban (ding v6i moi moi truong):

%Eodl:Ovayngs:Q
L S

DNl

\ Dy,

Region 1
€

Egn 1

Region 2
&
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[} ANt )t avelolll Dicn moi va vat dan

Diéu kien bien gitta hai 16p dien moi I

.......

@ “Thii thuat” chi xét thanh phan E;; va Es tiép tuyén v6i bé mit. Do E
la truong thé ¢, E - dl = 0 — xét mot dudng L khép kin.

e Dé tien lay tich phan duong, xét L 1a mot hinh chit nhat nhé di qua bé
mat tiép giap v6i canh Ah vo ciing nhé (— coi nhut &~ 0) va canh Aw di
nhé dé coi doan tiép gidp trong L la doan thang (song song véi Aw).

%Ez%Et+En=/ Etl-dl—i—/ Etg-dl-i-/ Enl-dl+/ E,;-dl
L L Aw Aw Ah Ah

DNI

@ Do Ah =0
= JapEn-dl+ [\, Ena-dl=0
— ¢, E=EnAw— EpAw=0
— By = Ep

. &_%_}Dtliﬁ

Region 1
£

I

\DNZ

Elan 1
Region 2

=
/Elan 2 &

€1 €2 Dy e
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[} ANt )t avelolll Dicn moi va vat dan

Diéu kien bien gitta hai 16p dien moi I

shcien]

@ “Thii thuat” chi xét thanh phan D, va D,» vudng géc vdi bé mit. Do
$sD - ds = Q — xét mot mat S khép kin.

e Dé tien lay tich phan miit, xét S 13 mot mat try kin nhé di qua bé mat
tiép giap vdi chidu cao Ah vo cling nhé (— coi nhu ~ 0) va dién tich AS
dt nhé dé coi mat tiép giap trong S 1a phing (vuong goc v6i AS).

%D: Dy -ds + Dtg-ds—i—/ D, -ds+ D,>-ds

S Ah-C Ah-C AS AS

@ Do Ah =0 \
Region 1

— fAh-CDtl .ds+fAh~CDt2.dSzO é

— ﬁSD = DnlAS — DngAS = psAS

Ean 1
Region 2

/
/Elan 2 &

@ Khong xét dién tich tu do trong
dién moi — p, = 0 (C/m?)

— Dp1 = D2 — 1By = 62050
n Bao Huy (HUST) Ly thuyét Trudng dien tit | EE2031 Ha Noi, 2026 127 /195




Dién trudng tinh Dién moi va vat dan

Diéu kien bien gifta hai 16p dien moi: khiic xa 4

@ Nhan xét: dién truong E; va Es c6

o Thanh phan tiép tuyén bang nhau E;; = Es
o Thanh phan phap tuyén khac nhau E,; # E.2

— E; va Eo khong cuing phuong

— D7 va D5 khong cting phuong

— Khi di qua mit tiép giap giita hai 16p dien moi, E va D ddi huéng

— Chinh 1a hién tugng khic za anh sing (do anh sang ciing la séng dién tu)
D,

DNl

D,

‘tan 1

@ Bai tap: Tinh gbc khic xa va goc
t6i 91 va 92

D,

tan 2
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Dién trudng tinh Dién moi va vat dan

Vat déﬂ (

@ Vat dan c6 lién két dien t — hat nhan tuong déi yéu — céc dién tit ¢
thé dé dang di chuyén trong vat dan

— Néu vat dan dugce tich dien (am hoific duong) — cac dién tich sé dich
chuyén ra bé mat — khong c6 dién tich bén trong vat dan

— Néu vat dan dugc dat trong mot dién trudng ngoai E — cac dién tich am
va duong sé dich chuyén vé hai phfa theo phuong ciia dién truong E cho
dén khi can bang — khong c6 dién tich bén trong vat dan

— V6i moi mat kin S bén trong vat dan (nho tuy ¥ tai cac vi tri tuy y)

%E-dszo
S

— Beén trong vat din luén trung hoa vé dién
—
Etrong =0 — gradV = 0 — V = const

— Vat dan la vat dang thé (luu y V = const # 0 V)
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Dién trudng tinh Dién moi va vat dan

Vat din 4

@ Néu tinh diéu kién bién gitta dién moi va vat dan
— Khong c¢6 dién trudng trong vat dan
— O 16p dien moi khong c6 thanh phan tiép tuyén E; = 0 (va do d6 Dy = 0)
=D=D, =psn

SE=E,="n
€

— Ngay phia ngoai vat dan, vector cuong do dien trudng (va dich chuyén
dién / mat do dién thong) vudng goéc véi bé mit vat dan

Ey

I E

o
I
K
n — 'E,
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Dién trudng tinh Dién dung ctia hé vat dan co lap

Noi dung chuong

© Dien truong tinh

e Dién dung ciia hé vat dan co lap
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Dién trudng tinh Dién dung ctia hé vat dan co lap

Hé vat dan ¢o lap: Tu dién ;

o Xét mot he gdom 2 vat dan, mot vat tich dien —@Q, vat kia tich dien +Q
dat trong mot dien moi e. He khong ¢6 dien tich nao khac (> Q =0 (C))

e Do vat dan la vat déng thé, mdi vat c6 mot dien thé V; va Vs tuong ting
— ¢6 hiéu dién thé U gitta hai vat dan

++
— D& thay, néu dién tich @ ting lén L g N
thi U cling tdng lén tuong tng i M,
— Ty l¢ gitta dien tich va hieu dien T, ++
thé goi la dien dung ctia he . . +
Q T Ty ++ 7

“=u -

@ Ty dién tuyén tinh: C' = const

@ Ty dién phi tuyén: C = C(U) = ==
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Dién trudng tinh Dién dung ctia hé vat dan co lap

Dién dung ciia mot hé tu phang E‘
@ Xét hé gdm 2 mat phing rong “vo han” tich dien déu p, trai dau
— Cudng do dién trudng do 1 mat sinh ra: F = gs
€
— Cudng do dién trudng gitta 2 mit: F = Ps
€

@ Néu 2 mat c6 dién tich S tich dien +Q vd —Q cach nhau mot khoang d
dit nhoé dé coi 1a mat rong vo han: E = %

€S

— Hiéu dién thé gitta 2 ban tu:

/0 —dl = +Ps ,/ 9
+

— Dién dung ctia hé tu phing: A 7 > > > 1
—Ps
o_ Q €S
U d
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Dién trudng tinh Dién dung ctia hé vat dan co lap

Dién dung ciia mot hé tu phang E‘
. S
— Dién dung ciia hé tu phang: C = g = ed

. 1
@ Nhic lai: ham mat do nang lugng p,, = §6E2 (J/m3)

W:1/€E2d’u
2Jy

@ Nhic lai: dién truong clia mat phing rong vo han E = const

— Nang lugng chita trong tu

1 1
= W = —eE?*V = —¢F?Sd

1 2 102%d “— 5 ¥ ¥ ¥ -
= Z¢ Q Sd = ,Qi A y Y EY Y y Id
2 \eS 2 €S i e - > ~ —
—ps
ol 1 s 1Q7
= QU =300 =55
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace

Noi dung chuong E‘

© Dien truong tinh

@ Phuong trinh Poisson — Laplace
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace

Phuong trinh Poisson — Laplace

Céac quan hé co ban trong dién truong tinh

divD = p,
—

E = —gradV
D= EoE

o Day déu la nhitng quan hé giita cac dai lugng vector
— Nhiéu khi khong dé tinh toan

— St dung dao ham cap 2 @ Phuong trinh Poisson
— Ham Laplacian V2V =lapl(V) = _Po
€0
—) )
div <grad (V)) = R R
€0 @ Phuong trinh Laplace (cho ving khong

gian khong cé dién tich tu do)

2 Pu

& VV =lapl(V) = ——
pI(V) =~ V2V =lapl(V) =0
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace
Phuong trinh Poisson — Laplace
Dinh Iy ton tai nghiém duy nhat

@ Néu ton tai 2 ham v6 huéng V; va V; sao cho
lapl (V1) = lapl (142)

Vi(bien) = V5 (bién)

— thi V; = V4 — phuong trinh Poisson — Laplace c¢6 nghiém duy nhat

Mot s6 phuong phap gidi phuong trinh Poisson — Laplace

o Giai tryc tiép

Phuong phap phan ly bién s6

Phuong phap soi guong
@ Phuong phap sai phan hitu han
@ Phuong phap phan ti hitu han

v
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace

Phuong phap soi guong E‘

Bai toan va y tuéng ctia phuong phap

@ Mot bai toan pho bién: tinh toan dien trudng (dién thé) ciia mot he dien
tich & gan vat dan

o Van dé: do hién tuong dién hudng, phan b dién tich trén bé mit vat dan
trd nén phic tap — kho tinh toan

o Y tudng: vat din 1a vat ddng thé — bé mat vat dan® coi la ding thé

— (6 thé thay thé he dien tich — vat dan bang mot he dién tich tuong
duong dé tinh toan hon

e He dién tich tuong duong gom:

o Heé dien tich “thuc” ban dau ciia bai toan
o He dien tich “40” thay thé cho vat dan (phuong phap “soi guong”)

@ “Tuwong duong”: phuong trinh Poisson — Laplace ¢6 nghiém duy nhat

“Mot cach chit ché phai néi 14 bé mit ngay dudi 16p dién tich

v
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Phuong trinh Poisson — Laplace

Phuong phap soi guong E‘

@ Bing hé dién tich tuong duong
@ Thay thé he dién tich — vat dan

CONDUCTOR
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace

Phuong phéap soi guong E‘

Dién truong ctia hé dien tich diém +@Q dat gan mot mit dén rong vo han

\ \ y
- o 2 e \ \ /
o G&n mat phang Ozxy véi . vl
- S .o , « 2 N\ \
mét dan; dién tich diem N Vo leonouchine
+Q@Q & phia z > 0 SN T

o LAiy dién thé mit dan lam
moc (coi nhu ndi dat)
— V,(0) =0 (V)

— Hé dién tich tuwong duong
gdom dién tich gbc +Q va
dién tich &nh —Q déi
xing v6i +Q qua Oxy
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Phuong phap soi guong

Dien truong ctia hé dien tich diém +@Q dat gan mot mit dan rong vo han

Chitng minh tuong duong: N

6] phia z > 0 chi ¢6 +Q AN
— mat do dién tich khong A
déi — P1 = P2 o~
— lapl(V1) = lapl(V2)

e Diéu kién bién: tren Ozy -
dien thé =0 (V)

= Vi2(0) = V2.(0) = 0 (V)

— Hai hé tuong duong /

— Tai mot diém P (¢ phia z > 0)

V(P)= —

IMAGE CHARGE=

4deg

Phuong trinh Poisson — Laplace

/
\ [CONDUCTING
\ | PLATE

\\\\\\\r/////

gm...\

//’///“\\\\\\\\\

v, FIAY S
A B BN

[

s
s

I
I
/ [ \
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|

(&9
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace

Phuong phéap sai phan hitu han E‘

@ Phuong trinh Laplace 14 phuong trinh dao ham riéng cap hai (tam xét
trong hé toa do Decartes cho mot mat phéng):

v BV
ox? = oy

@ Xéap xi phuong trinh vi phan thanh phuong trinh sai phan:
_di@) St ) - @)
T 6—0 1)
o V6i 6 = h di nhé — xap xi sai phan:
flx+h)— f(z
oy L0 E W= 1)
o Sai phan cAp 2 (sai phan tién va sai phan trung gian):
f@thth)=f(z+h) f(w+h}3<f(r)

o Tu dinh nghia dao ham: f'(z)

f// ~ h
h
 flat2h) —2f(@+h)+ f@)  fl@+h)—2f(2)+ fl—h)
- h2 - h2
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace

Phuong phéap sai phan hitu han E‘
@ Phuong trinh sai phan Laplace cho tiing nit — 1
Vi4+Vs—=2Vy Vo4 Vy—2V
1+ 32 0, 2+ 42 0 _p § V. (
Ax Ay =
( b 2
/ d
@ Néu tam xét cac ludi vuong \ Vs . V‘l Vi
¢ a
Vi+Vo+V3+V, h b
Az = Ay = Vy = 1+ 21‘ 3+ Vi (\ d é
‘/
Jod [*] |
\ M\//\mj

(Dién thé tai mot diém bang trung binh dien
thé 4 diém lan can)
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I3l aui(elst- el @l Phuong trinh Poisson — Laplace

Phuong phéap sai phan hitu han

@ Mot hé c6 n nit — hé phuong trinh n an

Khe hé V=100 Khe hé
N Y
Vo = 0,25(100 + V4, + Vg +0)
Vi = 0,25(V,, + 100 + V. + V,) P R
Ve = 0,25(V, 4+ 100 4 0 + V)
Vd:025(O+V+V+V) v, v v,
V:O - V=0
—025(Vd+%+Vf+Vh)
9—025(0—|—Vd+Vh—|—0)
Vi =025V, + V. +V;+0)
Vi =0,25(Vi + V; +0+0)

V=0

— (6 thé giai bing phuong phap lap véi dang = = f(7)
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Dién trusng tinh

Phuong trinh Poisson — Laplace

Phuong phéap sai phan hitu han

e Lap bang lip. Dién thé § budc dau tien c6 thé “doan”

@ Lap dén khi sai s6 16n nhat nhé hon mot gia tri quy dinh (vi du 2%)

Dien thé (V) Buéec1l Budc2 Budc 3
v, 70 56,25 52,5
Vs 75 73,75 65,625
V. 70 5625 52,5
v, 50 36,25 31,25
V. 55 50 12,5
v 50 36,25 31,25
Vy 20 18,75 15
Vi 25 2375 21,875
Vi 20 18,75 15
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Dién truong ding

No6i dung moén hoc E‘

@ Dien truong dimg

Ly thuyét Trusng dien tit | EE2031 Ha Noi, 2026 146 / 195



Dién truong ding

Noi dung chuong E‘

@ Dien truong dimg
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Dién truong ding

Cuong do dong dién va vector mat do dong dién E‘

@ Dién trudng tinh: dién truong cia céac dién tich ding yén
e Dien truong dimg: dién trudng ciia cac dién tich chuyén dong trong vat
dan
— Dong dién 14 dong dich chuyén c6 huéng clia cac dien tich. Chiéu clia
dong dién 1a chiéu dich chuyén cta cac dién tich duong.
o Ta mudbn xét mitc do bién thién ciia dieén tich — cudng do dong dién
_dg

I=
dt

(A)
@ Cuong do dong dién la dai lugng vo hudng

o Dé xét hudng va mat do dién tich dich chuyén trong khong gian can cé
dai lugng vector — Vector mat do dong dién J
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Dién truong ding

Cuong do dong dién va vector mat do dong dién E‘

@ Vector mat do dong dieén 1a mat do dien tich dich chuyén trong khong
gian — 13 mat do dien khdi p, nhan véi van toc v:

J=p,-Vv

o Xét mot tiét dien S ctia vat dan: cudng do dong dién 1a thong lugng cla
vector mat do dong dién qua mat S:

I:/J-ds
s

@ Néu mat do 1a hing sd va c6 huéng vudng goéc véi mit S:

I=J-8
#J:éa
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Dién truong ding

Cuong do dong dién va vector mat do dong dién E‘

@ Dinh luat bao toan dién tich: téng lugng dién tich dich chuyén ra khoi
mit kin S bang lugng dién tich bién déi trong khéi V bao béi mit S

d
ny-ds:—ﬁ
g ar

véi g = [}, pv - dv

d 0
:>£J~d5——dt/vpv~dv—/v(—8tpy> -dv

(Dinh 1y Leibniz)

o Ung dung dinh ly Ostrogradsky — Gauss:

¢J~ds:/div.]-dv
S %

Opu

=div] = —
1v ot
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Dién truong ding

Dién truong ding [

e Dien tich dich chuyén — c6 lyc dién tac dong — c6 dién truong
@ Néu I = const — dién trudng ditng trong vat dan
@ Quan he gitta dién trudng dimg Egimg va mat do dong dien J
o D@ thay quan h¢ dong bién Eyy, T — F1T— v — J1
o Néu vat lieu Ia tuyén tinh:

J =0 Ejy, hoiic Egyo =p-J

Trong do
o (S/m): dién dan suét
p (Q-m): dien tré suét
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Dién truong ding

Hieu dien thé trong dién truong ding i

‘i Knoa |

@ Hieu dien thé giita 2 diém A va B trong dién truong dimg:
B
Uap = / Edfmg -dl
A

e Luu y: trong dién truong dimg, vat din khong phai vat ding thé
(khac véi dién trudng tinh)

@ Vi du: tinh hiéu dién thé gitta 2 diém doc theo day dan tiét dien S c6
dong dién 1

I 1
ngaéEdﬁ.ng:;J:%a

B
= UAB = / Edfjng -dl
A

/B I I-lap
= dZ:
4 08 c-8 z
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Dién truong ding

Hiéu dién the trong dién trudng diung E

@ Vidu: cap dong truc gdm 2 day dan hinh tru dong truc, gitta 2 day dan
14 16p céch dien. Tuy nhieén, c¢6 thé c6 dong dien “rd” chay qua 16p céch
dien. Tinh hiéu dién thé gitta 2 miit clia 16p cach dién gay ra dong ro.

@ Coi day dan c6 chiéu dai L réat 16n so v6i cac ban kinh dé tam bé qua cac
hiéu tng & dau day

— Coi dong dién J chi chdy qua 16p dién moi theo phuong vudng géc véi

mat bén ciia try dong truc; v6i mdi mat S ban kinh p, J(p) = const
(dong dién ro toa déu cac huéng doc theo chieu dai L)

I
I=/SJ'dS:/SJ(P)'ds:J(ﬂ)-SzJ(P)‘%pL:”('O) = 2rpL "

It
1
E= g
O’27TpLap ) +*>
21 I Ry 1
= Uypp = dp = In —
AB /Rl o2mwpL P~ oorL an L
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No6i dung moén hoc E‘

@ Tu truong tinh
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T trudng tinh

No6i dung chuong [

@ Tit truong tinh
o Luyc tu, tir trudng, va dinh luat Bio — Savart
@ Dinh luat Ampere, do tan va do xoay cia B
e Cudng do tir truong va tit thé vector
e Vat liu tit va he s6 tir cAm
o Twu thong, dién cdm, cam tng tit
e Mach tu
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Tu trudng tinh Luyec tir, t truong, va dinh luat Bio — Savart

Noi dung chuong E‘

@ Tit truong tinh
o Luyc tu, tir trudng, va dinh luat Bio — Savart
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Tu trudng tinh Luyec tir, t truong, va dinh luat Bio — Savart

Luyc tur va tu truong

@ Thi nghiem (ctia Ampere) cho thay cac day dan mang dong dién tac
dung lyc len nhau — Céc dién tich chuyén dong téc dung luc lén nhau

@ Luc nay c6 phuong vuong goéc véi mot miat phing chita vector van toc v

— (C6 mot truong do dién tich chuyén dong
(dong dién) sinh ra tac dung lyc lén dién tich
chuyén dong (dong dien) khac; — tir trudng

@ Dai lugng vector dic trung cho tit truong
nim trong mat phing chita vector v vuong
gbe vai luc tu F

@ Tuwong ty nhu dién trudng, tir trudng co
vector cudng do tu truong H va vector cam
ung ti (mét do tu thong) B

F=¢q(vxB)
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URVEANicelTat VoMl L uc tir, tir trudong, va dinh luat Bio — Savart

Luc Lorentz va dinh luat Bio — Savart

o Khi xét ca dién trudng E, lyc F tac dung lén
dien tich chuyén dong, goi 1a luc Lorentz,
gom lyc dien F, va luc tu Fp,

F=F.+F,=qE+vxB)

e Dién tich chuyén dong tao thanh dong dien
— ¢6 thé xét quan heé giita F,,,, B, va dong
dién. Dat vector dong dien I =1 - a.

@ Mait khéc, xét doan day dan vo ctiing nhé di
c6 dién tich v6i mat do dién dai p; chuyén
dong véi toc do v

= %:pé—(:l:pl-védqv:pl'vdl:dl

— Luec tit tac dung 1én doan day dl la

dF,=d¢g-vxB=dIxB=7-dlxB
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URVEANicelTat VoMl L uc tir, tir trudong, va dinh luat Bio — Savart

Luc Lorentz va dinh luat Bio — Savart ”

.......

@ Luec tiu tac dung lén doan day dl la dF,, =dIx B =7-dlx B
@ Mat khac, thi nghiém ctia Ampere cho thay lyc tir gitta 2 dong dién c6
dang gidng lyc tinh dien Coulomb: ty 1& thuan véi dong dién va ty le
nghich vé6i binh phuong khoang cach qua mot hing s6.
— Luec tur gitta 2 doan day vo cung nhé dly va dly ¢6 I va I chay qua:
o d11 X dIQ X a1

dFq, = —
27 g 72

V6i po = 4 - 1077 (N/A?) 1a do tit tham clia chan khong
— Tu truong do mot doan day dl ¢6 dong dién I chay qua:
pwoI-dl xa
dB="———
dr 12

— Vector cam tng tit cia mot day dan L (Dinh luat Bio — Savart)

,uOI/dlxa (T)
L

B = —
(r) 4 r2
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URVEANicelTat VoMl L uc tir, tir trudong, va dinh luat Bio — Savart

Tu truong cia mot doan day dan thang

@ Xét tir trudng cia doan day din chiéu dai L c6 dong
dien mot chiéu I tao ra tai diém P cach day mot
khodng p c6 vi tri tao v6i dau day cac goc 6, va Oy

e Co =dl-sina=dl-cosf

@ Khoang cach tit doan dl dén diém P la: r =

cosf

@ Mot doan chiéu dai trén day

l=p-tanf — dl = ’; 9
cos2 0

L p_ ,uOI/ p— d9 cosf 1ol
1

A p2 = m (Sin92 - Sinal)

cos2 0

ol
— Trong hé toa do tru B = 4 (sinfy — sinfy)a,
™™
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URVEANicelTat VoMl L uc tir, tir trudong, va dinh luat Bio — Savart

T truong cua mot vong day E

o Xét tir truong clia vong day ban kinh p mang dong dién mot chiéu I gay
ra tai mot diém P nim trén truc déi xting cach vong day mot khoang z

0 Co|dlxal=p-do-sinn/2=p-d¢

I -d
@ T truong do doan dl sinh ra: dB = Ho® 0 ¢
dr 22+ p?

@ Do déi xtng, tit trudng tong 13 xép chong
hinh chiéu ctia dB trén truc doi xting

dB, = dB -sina =dB - — "
22+ p?
pol P o
B = Mot d
- Ar (22 + p?)3/2 /0 ¢
_ ol P

9 (22 + p2)3/2
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Tu trudng tinh Dinh luat Ampere, do tan va do xoay cua B

Noi dung chuong

@ Tu truong tinh

@ Dinh luat Ampere, do tan va do xoay cia B
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Tu trudng tinh Dinh luat Ampere, do tan va do xoay cua B

Dinh luat Ampere ”

[aiion |

@ Xét duong khép kin P 1a mot dudng tron ban kinh p bao quanh mét day
dan thing dai vo han c6 dong dien I chay qua

. 1
o Tu truong quanh day dan: B = HoZ o

27p

@ Xét luu s6 ctia B theo dudng khép kin P: \%
I ™ ol

515 B-dl= “La¢-d1:/ ILRED
P p2mp 0o 2mp

;»yﬁB-dl:uof
P

e Két qua nay c6 thé téng quat hoa cho dudong khép kin P bat ki va phan
bd dong dién bat ky — Dinh luat Ampere (tvong tv dinh ludt Gauss)

% B-dl= N()Z—[trong
JP
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Tu trudng tinh Dinh luat Ampere, do tan va do xoay cua B

Dinh luat Ampere

U’ng dung dinh luat Ampere tinh mat do tir thong ctia
@ Day dan thing dai vo han (tinh lai)
e Cuon day quan n vong quanh 6ng day thing

@ Cuon day quan n vong quanh vong xuyén

gm...\
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URVEduiceliTmatlill Dinh luat Ampere, do tan va do xoay cua B

uuuuu

Do tan ctia cam dng tu

@ Do tan clia B quanh day din thing dai vo han

_ pol

=5 pa¢:>d1vB—O

— (€6 thé téng quat hoa cho moi hé: divB = 0

— Tt truong khong tdn — khong c6 nguodn tit tich diém

Do xoay cuia cam tung tu
o Tu dinh luat Ampere gSPB ~dl = oY Livong V01 Y Iirong = fSJ -ds

v6i mat S c¢6 bién 1a duong khép kin P; a4p dung dinh 1y Stoke:

&éB-dI:/SrR(B)ds:M?t(B):MOJ

v
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URVEGRICHRGT M Cucng do tit trudng va tit thé vector

Noi dung chuong E‘

@ Tu truong tinh

e Cudng do tir truong va tit thé vector
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URVEGRICHRGT M Cucng do tit trudng va tit thé vector

Vector cuong do tu truong H E‘

e Tuong tu dién truong, ta c6 thé dinh nghia vector cudng do tit trudng
trong moi quan hé véi vector cAm tng tir:

1
H=_-B (A/m)

— Su tuong ty gita dién va tu:

D=¢E < B:/J,()H

— Sy tuong tu vé ngudn gbc va tinh chét clia cic trudng tinh/ding

éD -ds = ZQtrong A ﬁH ~dl= throng

%E-dlz() “ %B-ds:()
P S
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URVEGRICHRGT M Cucng do tit trudng va tit thé vector

Vector tit thé A -

@ Tu tinh chat tit truong khong tan: divB =0
@ Nhic lai dinh 1y vé do xody clia mot truong ong (khong tan):

div (r_ot> A) =0 — Néu divB = 0 thi ton tai mot trudng vector A sao
cho B = 1ot A
— (€6 thé dinh nghia vector tit thé A:

B=r1olA

divA =0

o Xét do xody ctia B (theo ky hiéu V cho tién)
B=VXxA->VxB=Vx(VxA)=V-(V-A)—(V-V)-A

= 1ot B = gra?i(divA) —laplA = lapl A = —poJ
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UL ERtc st Ml Vat licu tir va hé sb tir cam

Noi dung chuong E‘

@ Tu truong tinh

@ Vat lidu tit va hé sb tit cAm
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UL ERatc s Ml VAt licu tir va hé sb tir cam

Vat lieu tit va hé s6 tit cam I

o Cac vat lisu dudc cau tao tir cac nguyén tit. Cac dién tich trong nguyén
tit chuyén dong tao thanh cac dong dién nguyen tit c6 thé don gidn hoa
thanh dong chay trong vong kin.

— C6 tut truong cia dong dién chay trong mot vong kin — Ludng cuc ti

o Trong mot sd vat lieu, cac ludng cuc tit c6 moment khé 16n va dé& duge
sap xép lai khi dit trong mot tir trudng ngodi — bi tit hoa

- B
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UL ERtc st Ml Vat licu tir va hé sb tir cam

Vat licu tit va hé s6 tit cam |

ki Ko

@ Sy tuong dong gifta ludng cyc tit va ludng cyc dién
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URVEGSICHTGelll  Vat licu tit va hé s6 tit cAm

Vat lieu tit va hé s tit caAm

e Xét vat lieu tit khi bi tir hoa c6 moment ludng cuc tit tdng m.

@ Moment ludng cuc trén mot don vi thé tich c6 thé dac trung cho kha

nang bi tir hoa ctia vat lieu

— Vector tit hoa (mat do ludng cyc tit) M = — (A/m)

<|B

¢6 cung thit nguyén véi vector cudng do tu truong H
— Mat do tit thong trong vat lieu: B = po(H 4+ M)
e Xét vat lieu ddng huéng B = po(H + x,nH) = prpoH = pH
trong do6

o /i, 1& he s6 tit tham tuwong doi
o 4 12 hé sb tit tham tuyet dbi
o YXm 12 he sb tit cAm

cua vat lieu

@ Trong vat lieu tit thuc té, cac hé s6 nay cé tinh phi tuyén cao

n Bao Huy (HUST) Ly thuyét Trudng dién tit | EE2031 Ha Noi, 2026
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UL ERatc s Ml VAt licu tir va hé sb tir cam

Vat liéu tit va hé s6 tir cdm

@ Duong dic tinh tit tré B — H clia vat lieu

B

Ly thuyét Trudng dién tit | EE2031
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ERVEauiceliTmat Vsl T thong, dién caAm, cAm tng tit

Noi dung chuong E‘

@ Tu truong tinh

o Twu thong, dién cdm, cam tng tit
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ERVEauiceliTmat Vsl T thong, dién caAm, cAm tng tit
Tt thong va dién cam z
@ Thong lugng clia cdm tng tit B qua mot mat S bt ki goi 1a tir thong

z/;:/SB'ds (Wh)

o Tinh tit thong chuyén qua:

o Khung day dit canh day dan dai vo han mang dong dién I

o Cudn day dai vo han mang dong dién I quin quanh tru ban kinh R
(tur thong trén mot don vi chiéu dai)

o Cuon day mang dong dién I quan N vong theo vong xuyén ban
kinh p véi éng day ban kinh a

o Ty l¢ gitta dong dién trong cudon day va tit thong sinh ra goi 1a dién cam

. . ., 1/)
° Dlén cam ty cam: L = tu cam (H)

cudon do
o Dien cadm hd cam: M — ——hocim (H)
cuon khéac
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ERVEauiceliTmat Vsl T thong, dién caAm, cAm tng tit

Tt thong va dién cam E “““““ |

o Ty l¢ gitta dong dién trong cuon day va tit thong sinh ra goi 1a dién cam

wtu’ cadm
U cd H
T (1)

cudén do

o Dién cdm hd cdm: M = M (H)
cudn khac

e Dién cdm ty cdm: L =
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ERVEauiceliTmat Vsl T thong, dién caAm, cAm tng tit

Dinh luat cam tng dién tu E‘

@ Tit trudng bién thién sinh ra sic dien dong cam ting

_dy
dt

e =

én Bao Huy (HUST) Ly thuyét Trudng dién tit | EE2031 Ha Noi, 2026 177 /195



ERVEauiceliTmat Vsl T thong, dién caAm, cAm tng tit

Luc tu tac dung 1én dong dién E‘

o Luyc Lorentz (dién va tit): F = ¢(E+ v x B)

— Xét liye tit nguyén t6 tac dong lén dong dién nguyén t6 dI 1 dong dién
tich nguyén t6 dg chuyén dong

dF =dg-vxB
o Mat khac dg = p, - dv
=dF=p,-dv- vxB=p,-v-dvxB
e Map, - v=Jvad-dv=J-sdi=1-dl
=F=7-dIxB=-7-Bxdl

— Luc tut tac dung lén doan day dan AB

‘B
F:—I/ B xdl
A
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T trudng tinh [EEYEYGNEAV

Noi dung chuong

@ Tit truong tinh

e Mach tu
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T trudng tinh [EEYEYGNEAV

Mach tu E‘

o Trong ky thuat, ta thuong gap bai toan tinh B va H trong vat liéu tu do
cuon day mang dong dién sinh ra — sé thuan tién khi dung khai niém
“mach tu”

@ C6 thé ap dung cac kj thuat gidi mach dien dé gidi mach tit — xay dung
cac khai niém ctia mach tir tuong duong mach dién

@ Ta c6 mdi quan hé dién thé va cudng do dién truong: E = f@)ﬂ/
—» €6 thé dinh nghia tit thé vo hdng: H = —grad Vi,

o Dicn ap giita 2 diém A va Bla Vyp = [y E - dl
— “Tit ap” trong mach tit: V,,ap = fAB H.dl

@ Quan heé gitta mat do dong dién va cuong do dién trucng: J =0 - E
— Tuong ty v6i mat do tu thong va cuong do tu truosng: B = - H

@ Dong dién la thong lugng ctia J qua mat S: I = fSJ -ds
— Tuong ty tir thong la thong lugng clia B qua mit S: ¢ = [(B-ds
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T trudng tinh [EEYEYGNEAV

Mach tu r

U
@ Khai niém dién tré trong mach dién: R = T
L e s 299 N va
— Khai niém “tir trd” trong mach tu: R, = 7
b

. 2 o N = P . Y <. N d

@ Dién trd ctia doan day dan tiét dién S chieu dai d la: R = -5

o

. P . d
— Tuong tu tir tré cua doan vat liéu tu tiet dién S chieu dai d 1a: R, = e
1
@ Do bao toan dién tich, ta c¢6 dinh luat Kirchhoff 1 cho dong dién:
Znﬁt I=0
— Tuong tu véi mach ti: ) . =0
@ Theo dinh luat Ampere: $H-dl=>"T

— Trong mach tit véi cuon day N vong: H-dl=N -1
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T trudng tinh Mach tur

Mach tu ”

.......

@ Xét mach tit gom mot nam cham dién c6 dong dién mot chiéu I chay
qua N vong day cudn quanh gong tit c6 khe hé khong khi

e Gong tit lam bing vat lieu tit c¢6 do tit tham p = pu,.10. Khe hé khong khi
coi 1a chan khong c¢6 do tit tham . Gong tit c6 tiét dien déu A va chiéu
dai tac dung I. Khe hd khong khi c¢6 chiéu dai g

@ Xét vat lieu tit 6 u, rat 16n — coi nhu khong cé tit thong tan — tir
thong 1 chi chay trong mach tu

(U

o Tiét dien A déu — B = i const

@ Trong gong tu: B = puH;
Trong khe hé khong khi: B = pgH,

Trong mach tit H chay doc theo chiéu dai

:>§I§H~d1:Hf-l+Ha-g:N~I
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T trudng tinh [EEYEYGNEAV

Mach tu E‘

Mach tit ¢6 nhiéu nhanh
e Tir thong trong mdi nhanh chua biét — 1a an can tim
@ Tai moéi nat: ) 9 =0

H; ;=Y Ny-1Ij

Theo mdi vong: »

vong

trong d6 vong c6 i nhanh va k cuon day (chd ¥ chiéu cuén day)

Quy tic xac dinh s6 phuong trinh:

e Bao nhiéu an can bay nhiéu phuong trinh
— tong s6 phuong trinh = s6 nhanh

o C6 n nut lap dude n — 1 phuong trinh doc 1ap tuyén tinh theo nit
— S6 phuong trinh theo vong = (s6 nhanh) — (s6 nit) + 1
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Trudng dién ti bién thién

No6i dung moén hoc E‘

© Truong dién tit bién thien
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Trudng dién ti bién thién

Noi dung chuong E‘

@ Truong dién tir bién thien
e Dinh luat Faraday
e Dong dién dich
e Hé phuong trinh Maxwell — Heaviside va séng phang
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ARSI HS M A S ANl Dinh luat Faraday

Noi dung chuong

@ Truong dién tir bién thien
e Dinh luat Faraday
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USRI IERG IR A SRSl Dinh luat Faraday

Dinh luat Faraday E‘

@ Ta da xét dién trudng va tu trudng mot cach doc lap

— Xét quan hé dién va tir trong trudng dién tir 1A mot thé thong nhat

Dinh luat Faraday: T truong bién thién sinh ra dién truong xody

. d
@ Tu thong bién thién sinh ra stc dién dong cam tUng: e = —d—lf

@ Xét duong khép kin P la dudng bao ctia mat S:
e=¢,E-dlvat= [(B-ds
o Theo dinh Iy Stokes: ¢, E-dl = [,1otE - ds

= —8</B-ds):/r.o?:E~ds

B
:>E>%E:—8—
ot
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Trudng dién ti bién thién Dong dién dich

Noi dung chuong

@ Truong dién tir bién thien

e Dong dién dich
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Trudng dién ti bién thién Dong dién dich

Dong dién dich E‘

“Con thiéu cai gi d6”

0py
ot

N < N N - —
@ Va do xody cua cuong do ti truong tinh: rotH = J

@ Ta c6 do tan ctia mat do dong dién: divd = —

@ Ma do tan clia do xoay luon bang khong: div (H H) =0

.. Opy
—» Mat do dien tich luon khong déi: apt =0

— Chi dung trong dién trudng tinh va SAI khi dién tich chuyén dong

— Trong trudng dién tit bién thién, ngoai dong dién chay trong vat dan
(dong dién dan), con c6 “céai gi d6” sinh ra tit trudng xody

— Goi la “dong dién dich” (vi phéi ¢6 cing thtt nguyén véi dong dién)
%
rotH = Jdﬁn + Jdich

v
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Trudng dién ti bién thién Dong dién dich

Dong dién dich E‘

“Con thiéu cai gi d6”: Goc nhin khac

@ Xét mot tu dién dang x4 dong dién qua dién tré. Dusng khép kin C' bao
quanh m#t S cit qua day dan. Theo dinh luat Ampere va dinh 1y Stokes:
H~dl:I:/J~ds
c s

@ Nhung néu xét mit S’ ciing cing
trén duong khép kin C' khong cit

qua day din ma cit qua phan
khong gian gitta 2 ban tu dién thi

51§H~d1:/ J.ds=0
c s

vi khong c¢6 dong dién dan trong
dién moi di qua mit S’ .

— Phai ¢6 dong dién dich trong dién
moi / chan khong

.
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Trudng dién ti bién thién Dong dién dich

Dong dién dich E‘

rotH = J 4o + Jaien = div (r'o% H) = div(J g5, + Jaien) =0

= div(Jga,) = —div (Jaien) = div (Jaien) = aa’;”
e Ma p, =divD
i 9 . _ (0D
= div(Jgjcn) = a(leD) = div <8t>

oD — oD
:>Jdi0h7§:>IOtHiJ+E

— Dong dien dich 1a dién truong bién thién trong dién moi / chan khong
— MG rong dinh ludt Ampere v6i duong L 1a bién clia mit S:
oD

%H-dl:]dén—i—ldichzl—&- 72 ds
L - Sat
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IRIGHTNGI RV AN RIS e phuong trinh Maxwell — Heaviside va séng phing

Noi dung chuong E‘

@ Truong dién tir bién thien

e Hé phuong trinh Maxwell — Heaviside va séng phang
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Trudng dién ti bién thién

Vat Iy ¢d dién
Hé phuong trinh Maxwell — Heaviside

Dang vi phan

0B
IolE = — 2
o ot

oD
tH J+ —
TO + ot
divD = p,
divB =0

Hé phuong trinh Maxwell — Heaviside va séng phing

Dang tich phan
8B
55 -dl = -ds

%Hdl I—l—/(9 -d

§£D ds-/pv dv
§1§B ds =10

S

gm...\

v

. ) o . N . _ d(m ) V)
@ Béo toan dién tich: divJ = ——aptv ® Dinh luat 2 Newton: F = At
B _ mym
@ Luyc Lorentz: F = ¢(E + v x B) @ Lyc hap dan: F = -G ;2 2fs112
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Hé phuong trinh Maxwell — Heaviside va séng phing

gm...\

Trudng dién ti bién thién

Séng phang

Hé phuong trinh Maxwell — Heaviside trong chan khong
@ Trong chan khong va khong cé dién tich ty do

OH
tE = —
o Fo o
OE
tH =
Iro €0—~ ot
divE =0
divH =0

@ Néu dién truong dao dong diéu hoa (gin E vdi phuong truc 2)
E=Fcos(wt—Fk-y)-a,

— Tt truong ciing dao dong diéu hoa vuong goc vé6i dien truong (truc )

H:,/E—OECOS(wt—k-y)-az
Ho

— Tao thanh séng dién tir lan truyén theo phuong y
Ha Noi, 2026 194 /195
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Trudng dién ti bién thién

Séng phang

@ Téc do lan truyén séng: v =

AL

’%"%
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e

Hé phuong trinh Maxwell — Heaviside va séng phing

gm...\

= ¢ (tbéc do 4nh séng)

Theo lich sit phat trién ly thuyét trudng dien
tit, cac hing s6 €9 va pg cé trudc

Maxwell giai hé phuong trinh truong dién tu
trong chan khong ra dugc két qué séng dien
1

tit lan truyén véi téc do v =
€0HO0

“Tinh cd” gia tri nay ding bing téc do anh
sang (dudc do mot cach doc lap)
Pua ra nhan dinh anh sang la séng dién tir
Cach tiép can khéac: Dién trusng tinh hanh xi
véi hing s6 €g. Dién tich chuyén dong sinh ra
t truong.
Mat khac, theo thuyét tuong déi hep cia
Einstein, phuong trinh chuyén dong ctia vat
c6 chita tham s6 téc d6 anh sang c

1

Tw d6 tinh ra pg = ——
epc?

(Tham khao sach [Purcell 2013])
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