Electricity & magnetism-1

Electric flux and Gauss Law



. Electric flux dd, = E -dA

Electric flux of E through surface S: Dp = / E-dA
s

Electric flux |

Surface integral over surface S

Integration of integral over all area elements on surface S

Latin: ﬁﬂ.l' ="ta ﬁﬂll!.'” Example:
. Electric flux @5 represents the number of E-field lines § = hemisphere radius R . =
Graphically: ) dmeq 12 2reoR2
crossing a surface, " dA7F
dAr .
® 71 For a hemisphere, dA = dA ¥
A - / -4 .. . s e
by, = 527“01?2r (dAT) GCoF-F=
. B . _ __ 4q
’ ! o QWFoRg ./;dA
L
: > IdA = Surface area of S —y L g
Mathematically: i § T @
E For a closed surface:
. Closed surface S
O, =EA O, =k 4

Reminder: Vector of the area A is perpendicular to the area A.

Recall: Direction of area vector dA

n goes from inside to outside of closed

For non-uniform E-field & surface, direction of the area vector A is not

surface S.
uniform.
PoOE

Eﬂ- 1 ,f
2 —
L= - AA
E dA = Area vector for wee

an“ area element Electric Hux over closed surface S: | &g = 5\6 E-dA
s
Surface S

56 = Surface integral over closed surface 5
5



Gauss law

by = é E.dA= Fi for any closed surface S
s 0

And g is the net electric charge enclosed in closed surface S. As

o Gauss’ Law is valid for all charge distributions and all closed surfaces.

{Gaussian surfaces) _, - & — s — & —
éE-dﬂ=/E-dﬂ+/ E-dA-}—/ E-dA
= 5 53

o Coulomb’s Law can be derived from Gauss' Law.

Sa
# For system with high order of symmetry, E-field can be easily determined if .E._"||.-i£ =0 ELldd
we construct Gaussian surfaces with the same symmetry and applies Gauss’ AL
Law . E [ dd= —
- o €
o fo o . & 0
For infinite line of charge N
Total area of surface 5;
- AL
dd M E(27rL) = —
S, 2nr €q
T r Linear charge density: A
Caiis Cylindrical symmetry. A . .
g Jaussian S el L E = (Compare with Chapter 2 note)
A H : E-field directs radially outward from the IrenT
surface TEQ
L -+ rod.
H Construct a Gaussian surface S in the
H _ - shape of a cylinder, making up of a A\
W a4 k curved surface S), and the top and E = i
—_\Sﬁ:\ *H / bottom circles Sz, Ss. 2megr
s,

Gauss' Law: ff; E-dAi= M = &
s

€ €



e Forinfinite Sheet

Uniform surface charge density:

o
Planar symmetry.

E-field directs perpendicular to
the sheet of charge.

Construct Gaussian surface S in
the shape of a cylinder (pill
box) of cross-sectional area A.

Gauss’ Law: ¢ E-dA= ﬁ
s

€

/ E-dA=0 --E L dA over whole surface S
51

/E-d,h/ E-dA=2EA (E| dAyE | d4,)
Sa2 Sz

Note: For S5, both E and dA4, point up
For 53, hoth E and i!f;; point down

A= o g2 C

= —| (Compare with Chapter 2 note)
=] 26(]

(a) For r > R:

Enclosed
charge is Q

(b) For r < R:

Enclosed
charge is ¢

For uniform charge sphere

Consider a spherical Gaussian surface S of
radius r:

Gaussian
S surface

Gaussian
surtace

s
E%d/\ =
S

E|dA |+

Gauss’ Law: %E cdA ==
s

Q
€0

surface area of S = 4mr?

E:

Q .

T
Amegr?

__ Volume enclosed by S’

q
@Q ~ Total volume of sphere

E
a A/
(o] AS3 RS
Gauss” Law: é E.dAd—=—2
5 €0
3 1
= g = — — -
< R eq <@
surface area of 5% = 4ar?
= 1 o
B = ., ;o
daren el s

forr> R

Consider a spherical Gaussian surface S’ of
radius r < R. then total charge included ¢ is
proportional to the volume included by S’

for «+~ = iR



Gauss law and conductor

5, For iselated conductors, charges are free

5 to move until all charges lie outside the

oLl surface of the conductor. Also. the FE-

5, ' field at the surface of a conductor is per-
pendicular to its surface. (Why?)

Cross-sectional area A

Consider Ganssian surface S of shape of cylinder:

55 F.df—=24
g 1]

BUT f E.dA =0 (-~ FE 1 d.4)
S
E . dA =0 ( .- EF — 0 inside conductaor )
&
f E.d4 = K f oA (- E || oA
= S
Area of S
= oA
. P g
R Gauss” Law — A = -
O
. Pl
- O conductor’s suarface = —
L= 0]

BT, there's mno charge inside conduactors.

- | Imside conductors E =0 | Always?

MNotioce: Surface charge density on a condunctor’s surface is not wedforrm.




I. Chargme spracsecd o a condunctor spluere:

First., we know that chargmes
to the swuwrjfoace of conduactors

Total chargme =

(1) For v = JFA:

Clonsider Coranssian surface So
% E - dA — O { - mo charge inside )
i everywywihere

(11} Foxr = == J&N:
Clonsider Coanssian suurface Sy

P E.oax = 2
S =
For a comnduactaor
] —
s = ——
- e Sprherically ssyrrmrmeetric
= = %2
Asregr=

A

L

IT. omnduactor sphere with hhole imsicde:



Continue...

Consider Gaussian surface Sy:
charge included = 0

. E-field = (0 inside

The E-field is identical to the cas
solid conductor!!

Conducting materials
removed inside

III. A long hollow cylindrical conductor:

Cr 055—5acﬁnn/ Bl

Inside hollow cylinder ( 4+2q )

Inner radius a
Outer radius b

Outside hollow cylinder { —3g )

Inner radinus C
Outer radius d




Electric potential energy

Electric force is a conservative force

2

Pathf_ﬁhfﬂ !_/:
f__.-"'_ﬂ-- - g dl.? —l
T odvs. A\J Work done by the electric force F as

A5 B charge moves an infinitesimal distance d.
\ B o along Path A = dW

fxx/kk\_?: F
1 L]
Note: d5 is in the fangent direction of the curve of Path A.

dW = F . d5

Total work done W by force F in moving the particle from Point 1 to Point :

o

W = f_ F . ds
1

Path A

2
f =  FPath Integral
1

Path A

Integration over Path A from Point 1 to Point 2.



Continue..

Fath A —
.-"__frﬂ_

For conservative forces,

- I z
f F.-ds = f F - ds
1 1

Fath A Fath B

Let’s consider a path starting at point

1 to 2 throngh Fath A and from 2 to 1
through FPath C

= 1
Work done = f F.ds <+ f F.ds
1 =



Continue....

DEFINITION: The work done by a conservative force on a particle when it
moves around a closed path returning to its initial position is zero.

MATHEMATICALLY. Ux F=0 everywhere for conservative force F

Conclusion: Since the work done by a conservative force Fis path-independent,
we can define a guantity, potential energy. that depends only on the
position of the particle.

Convention: We define potential energy [ such that

dlU = =W = — fﬁ' . d5

-. For particle moving from 1 to 2

o 2
/ dU =0, =0, = — f F-ds
1 1

where U/;, s are potential energy at position 1. 2.



Exercise

27-1Ans. & = (1800N/C)(3.2x107%m)? cos(145°) = —=7.8x 10™*N - m?/C.

q _ (1.84 uC)
€0 (8.85x10712C2/N - m?)

27-5 Ans. @5 = =2.08x10°N-m?/C.

27-9 Ans. There is no flux through the side of the cube. The flux of the top of the cube is
(=58 N/C)(100m)? = =5.8x 10°N - m? /C. The flux through the bottom of the cube is

(110N/C)(100m)? = 1.1 x 10°N - m?/C.
The total flux is the sum, so the charge contained in the cube is

g = (885x10712C%/N - m?)(5.2x10°N - m?/C) = 4.60x 1076C.

27-12 Ans. )\ = 27egrE = 27(8.85x 107 2C? /N - m?)(1.96 m)(4.52x 10*N /C) = 4.93 x 107°C /m.

All samples problem of ch#27 and exercise questions 27-19 and 27-21.



