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Electric Charges and Forces

E= %f point charge
Arey 1

The Electric Field

Enet = z Ei

Electric dipole:
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p= (qs, from negative to positive)
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Field on axis E = :
Are, ¥

Field in bisecting plane E = —

P
drg, r°
Uniform infinite line of charge:
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——, perpendicular to line
Are, I
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Uniform infinite plane of charge:

E =| -, perpendicular to plane]
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Uniformly charged sphere:
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Parallel-plate capacitor:

E= (i, from positive to negative]

Formula Sheet

a=(q/m)E
7= pEsing

Gauss’s Law

®, =E-A=EAcosé constant field
®,= [ E-dA
surface
®,=§E-dA= Q.
€

E at surface of a charged conductor:
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perpendicular to surface

E

surface —

Current and Conductivity

Electron current:
i = rate of electron flow

N, =iAt

i =nAv,
e

Vy ==LE
m

Conventional current:
| = rate of charge flow = ei

Q=1At
Current density:
J=I1/A

J=nev, =cE
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The Electric Potential

U, =U, +0Es (parallel-plate capacitor)

- 44 1 g,
U, =——-2 y,  =>-——23
G+ 47[80 r elect ; 47[50 I
Udipole _p"_’:_pECOSH
UQ+sources =qVv V= _~ g+sources

V =Es (inside a parallel-plate capacitor)
AV

capacitor

=Ed (parallel plates)

V= g point charge
drey ¥
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Potential and Field

AV =V(s,)-V(s) =—j:* E.ds

= the negative of the area under the E, graph
e __dv

ds
AVppp =D (AV). =0

AV,, = Woren _ & (ideal battery)
q
Ewire = AVW"E
L
R :p_L | — AVWire
A R
C= Q
AV,
&A .
C= re (parallel-plate capacitor)

Ce =C, +C, +C; +... (parallel capacitors)
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Ce = (— +—+—+ J (series capacitors)
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Fundamentals of Circuits

_av
R

junction law: Y 1, =1,

loop law : AV,ppo =X (AV), =0
P.=1&

2
P, =1AV, = Wz:w

Ry =R +R, +Ry+... +Ry (series)

1
Req z(i+i+i+,_,+i] (parallel)
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long straight wire 271_ d coil center 2 R

£ =(Al, from south pole to north pole)

B, :ﬂz—f (on axis of dipole)
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=(|Jg|vBsin®, RHR)
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=ILxB =(ILBsin®, RHR)
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wire

= - _H L1,1,
parallel wires 27Z'd

7= jixB=(uBsing, RHR)

Electromagnetic Induction

E=N dq)perturn
dt
& = —@ABNsin ot
v, =y,
Nl

Electromagnetic Fields and Waves
q;g.d/xz&
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$B-dA=0

= . do
<j>E-ds=— m
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(j.)B -ds = ;uOIthrough + &by Te

F—q(E+xB)
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disp — €0 T

Vem =C :1/ gOILlO

c=Af
E=cB
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P =—=— (perfect absorber)
A cC
| =1,cos’ @

I I, (incident light unpolarized)

transmitted E

Physical Constants

K =8.99x10° N-m?/C?
£, =8.85x10"% C*/N-m’
e=1.60x10" C

m, =9.11x107*" kg

m, =1.67x10™" kg

1y, =1.26x10° T-m/A

¢ =3.00x10° m/s

Useful Geometry

Circle
Area = zr?
Circumference = 2xr

Sphere
Surface area = 4rr?
Volume = 4 7r°

Cylinder
Lateral surface
area = 2zrL

Volume = zr?L

PH2100 in Brief

IEnet :Zlfu =ma

I:AonB :_FBonA

Constant Acceleration :
X =X +V,At +1a (At)’
Ve = Vi +V, At +3a, (At)’
Vg, =V, +a, At
vV, =V, +a At
Vi =Vi +2a,(X — X )

Vg =Vy +2a, (Y, — Vi)

Uniform Circular Motion :
2rr 27 rad
a) =

V=

T T
6 =0, +ow At

2

\Y
a =—=aw’r

Energy Conservation

K =imv?
Epecn =K +U
Ki +Uf =K, +U;

P=F.V=Fvcosd





