Physics 2426 - Formula List

= Coulomb's Law

F=k, % (magnitude of the force)
r

= 7 7 7

Fy1 = ke Q1 0y % where 1—22 = 1—3
12 12 12

and where 7, is the vector from Q; to Q,.

Charge quantization: Q = ne, nis an integer.

m Electric Field E= F/qq or E = Lim F /qq
q0—0

F = (0] E (force on charge Q)
0

Point Charge: E=k, Q5= k0L, E=k 'S
I T I

. ol ;.. ?.
Discrete: E =k >,; O; r_lz =ke2i Qi r_IS

i i
Continuous: E = k, f% dg =k, f% dg
r r

E= ke O 3 Z (z from center of uniform ring)

__z
(R? +z2)3/
m ElectricFlux ¢ = [E.dA
For uniform field and flat surface: ® = E-A
Dot Product: A-B= ABcosf= AyBy +Ay By +A; B;
» Gauss'sLaw §E.d4 = Lo,

€0

Spherical Symmetry:

$E-dA = Lo, =E4rr=Lo, = E= keQ_izn?'
€0 €0 r
Cylindrical Symmetry:
E-da =1 _ | =_ 1 O/,
§E-ai - Loy —E2nri- Lo, — B L %ully.
0 20 2mey 1

= Potential and Potential Energy V = U/qo , AU =QAV
D 0;0;

For a charge distribution: U =k,
i<j Tij

Conservation of Energy: K; +U; = K¢+ Uy, where K = % mv?

Q

= Potential due to Charges Point Charge: V= k, =
;
Discrete: V = k, >; Q—i, Continuous: V =k, dq
ri r
= Potential and Electric Field
AV=-[E-d#, AV =-E-A? (uniformE)

ov

E, = ~ar and for y and z. also E, = v
X

or

= Conductors in Electrostatics

Inside: E = 0 , voltage is const., no excess charge.
At surface: E + surface and E= o / £

m Capacitance Q = CV, C isthe capacitance.

C =« Cy, where Cj = empty cap. and dielectric const. = k> 1

1 2megt
T (cyl)
ke (5=3)

€= o

g A
Co = OT(II platey, Cp= (sph.),

= Energy U = Lev2= Q—2 =1 QV (energy in a cap.)
2 2C 2
u= £ E%= Energy (energy density in a field)

2 Volume
= Electric Dipoles Dipole Moment: p = Qﬁ, d from -Qto Q
Torque: 7 = pxE, T = pEsinf, Pot.Energy: U =—-p-E

= Current and Current Density 7 = % is the current through surface.

7 is the current density. I = L J-dA, I=JA (for awire)

urface

m Drift Velocity 7= nlqlv A, J= ngv,

n= # of charge carriers
== 7

1 q = charge of charge carriers, v; = drift velocity
vol.

m Ohm'sLaw V=IR, R= p,TL’ J=0FE

o = conductivity, p = 1_ resistivity
(o

= Temperature Dependence AT = T -T

AR =a Ry AT, R=Ry(1+aAT), Ap =apyAT, p = po(l +aAT)
. ) V2

m Power #= VI, Foraresistor: P= VI= [“R= "

= Combinations of Resistors

-1
Series: Req = Ry + Ry + ..., Parallel: Req = (1% + L4 )
1 2

o RiR; o, )
Node Reduction: R;. = —=, where R, =| — + — + —
v R, R Ry R
= Combinations of Capacitors

-1
Series: Ceq = (— + =+ ) , Parallel: Ceq=C1+Cy + ...

m Kirchhoff's Rules Junctions: }I;, = Yo, Loops: 0= YAV
» Cross or Vector Product AxB = i ABsin#@, right hand rule = @

Xy z
N Ay, A Ay A Ay A
AxB:AxAyAZ=xyZ_yxzi‘xy
B, B,| V|B, B.|"°|B, B,

By B, B,

= Magnetic Force on Particle = QvxB

¥ + touniform B = circle with r = Y

10| B
= Magnetic Force on Wire F =1 fd?x?
F =17xB (straight segment, uniform field)
VHall = v¢ BL (Hall Voltage)

= Magnetic Dipoles Dipole Moment: i=NIA (N is# of turns)
Torque: 7T = fixB, T = puBsin@, Pot. Energy: U = ~7-B

- I
= Biot-SavartLaw B = "0 [g3x L
4r r2

=
~

0
R
O[

B

Z 6 (at center of arc in xy-plane)

N R2 .
7 — ————== (z from center of circle)
2 (R242)"

= &

B

1 X X
Ho 2 - L (segment)

dma
x% +a? x% +a?
Ho !

B = —— (distance r from long wire)
2nr

B=10" - =
(SlIl ¢2 Nl ¢1)




= Ampere's Law §B-di= yql;

inside
# of turns

B= nl, n=
Ho length

(inside long solenoid)

» Magnetic Flux @, = [B-dA

For uniform field and flat surface: ® = B-A

s Faraday'sLaw &= -N92 g-_n22
dt At

AC Generator: ® = BAcoswt = E()=NBAwsinwt
= Motional EMF

moving rod: &= B{lv (§ LV rod)

rotating rod: & = % B¢?w (B n axis + rod)

= Lenz's Law

Diredtion of ® is dir. of field through loop.

‘2—? is same as (opposite to) dir. of ® when increasing (decreasing).

D, duced dir. is opposite to dir. of %
Get direction of & or I by Right Hand Rule.
= Maxwell's Equations

— — 1 — —
$E-dA= %Qm, $B-dA= 0
o do, = dd
§B-dr: ‘uolm-i-/.to!:,‘o d;, §E‘d = d—’tm
dly dI
= Inductance Mutual: &) = -M = Self: E=-L o

L & LeunAre NV

ong Solenoid: L = ugn“Af= pg v A

Energy in Inductor: U = %LI2

= Energy Density u = ZL B2 (in magnetic field)
Ho

&
U= Up+ Uy = ?0 E?+ ﬁ B2 (in electromagnetic field)

m RC Circuits 7 = RC = time const.,, &=EMF
Discharging: Q ()= Q et Charging: Q(1)= C& (l - e_t/T)

= RL Circuits 7= % = time const.

Current Growth: I(r) = % (1 - e_’/"'), Current Decay: I(t) = I et

= LC Circuits wg = ﬁ, Q)= Omax cos(wy 1 +¢)

= LCR Circuits Q (= Qpe ' cos(wt+¢), y = 2RL
= General AC Circuits w =27 f, Vips = —— L

I(t) = Ijax coswt, V() = Vipax cos(w t +¢)

—,w= a%—y

2

V > Irms = I
‘/7 max rms \/? max

7 = Ymax _ Vims (Impedance), P = Vims Irms cos ¢ (Average Power)
Im'dx rms
Z ¢
JustR R 0
JustC | Xe = - | —90°=-Z
wC 2
JustL | Xy =wL 90°:§
i [R2 2 XL-Xc Z_np
m Series RCL Z =+ R“ + (X, -X()”, tan¢g = —= P = I

Resonance: Z=Z7_,, =R & X; = X¢c &= w=

vLC

R

Ny _ h

1%
= Transformer -2= -2
Vi N L

= Electromagnetic Radiation in Vacuum

E =9 Emax costkx—w1), B=2%Bnaxcoskx—-wr)

En:
w:27rf:2—7r,k:2—ﬂ, fA= W_ .= 1 L c= max _ E
T A k \,#080 Bmax B
p Power U E%lax T < 1 2.5
Intensity =/ = —— = —, [= 2% —¢cy=§, S=—FExB
Area A At 2upc Ho

= Radiation Pressure and Momentum

Momentum carried by radiation: p = g, Pressure = LOr€
Cc rea
Momentum Pressure
to Surface on Surface
Perfect Absorber p= v p=1
c c
_ U _ 1
Perfect Reflector p= 2= pP=2-
c c
— : _ u _ 1
k = fractionrefl. | p= (1+«x) = |P= (1+k) =
c c
= Ina Medium fA= v=c/n
Atinterface: ny Ay =ny A,
Snell's Law: n| sinfj = n, sin 6,
Total Internal Refl.: 6 > 6; where sin 6. = 2
n
’ /
= Geometric Optics L=1+1 —,= L _-_<
f s s h s

Sph. Mirrors: f = g, R > 0 (concave), R <0 (convex), R - oo (flat)

Thin Lenses: f > 0 (converging), f < 0 (diverging)

. n n nH —n ’ n ’
Spherical Interface: —L + 2= 2L = Wo__Ms
N s R h ny s
’ n ’
Flat Interface: & = "2, m=" _1
K n h

Lensmaker Formula: L_ n-1) (1_ - 1_)
f Rl R,

= Interference and Diffraction

tanf = %, Small 6 or y<<L = sinf = %
Double Slit: Intensity: /= Ipax cosz(@)

Const. Int.: dsin@= mA, Dest.Int.: dsinf= (m+%))l

Diffraction Grating: Const. Int: dsinf= mA, Dest. Int. elsewhere

Single Slit: Destr. Int.: asinf= mA, m %0

Thin
Films

Destructive
Interference

Constructive
Interference

n<n' 2t= m& 2t= (m+l)&
n 2/ n

n>n|2t= (m+l)& 2t= mA
2/ n n

Phase Shift on Reflection: n < n’= 180 ° shift, n > n’ = no shift

= Polarization 7= %[0 , 1= 1 cos? 0, tanfp = i) (Pol. &)
n



