Prysics Il TeEsT Notes

Useful Data
Symbol Description Number
Me Mass of the earth 98 x 10”*kg
Re Radius of the earth B7x10°m
g Free-fall acceleration on earth .80y
G Gravitational constant 67x 101N m?/kg?
Patm Standard atmosphere 1@DO Pa
To Absolute zero =273 C
Na Avogadro’s number 02 x 107 particlegmol
R Gas constant .81Jmol K
Vsound  Speed of sound in air at 20 343m's
ks Boltzmann’s constant .381x 1008 J/K 8.617x 105eV/K
o Stefan-Boltzmann constant 6 x 108 W/m2K*4
u Unified mass of the proton and the neutron.67x 1027 kg 931494 MeV/c?
My Mass of the proton B7x10%" kg 9382722 MeV)/c?
m,  Mass of the neutron 87x102"kg 9395653 MeV/c?
me Mass of the electron .91 x 1073%kg 5109989 keV/c?
m, Mass of thex particle 664 x 102" kg 372738 MeV/c?
K Coulomb’s law constantfare,) 8.99x 10° N m?/C?
€ Permittivity constant B5x 1012C2/N m?
o Permeability constant gx 107’ T m/A)  1.26x 10T m/A
e Fundamental unit of charge .BDx 1071°C
c Speed of light in vacuum .B0x 10°m/s 300x 10" nm/s
h Planck’s constant 63x103%4].s 4136x 10%eV-s
h Planck’s constant M5x10734].s 6582x 1016eV-s
ar  Bohr radiug(#?/(mke?)) 5.29x 1011 m 0.0529 nm
me Bohr magnetorgefi/ (2me) 9.27x 1074 J/T 5.788x 107°eV/T
Ac Compton wavelengtth/(mec)) 243x10%m
@ Fine structure constake?/ (fic)) 0.0072974= 1/137
Mo Classical Electron RadiL(SvZaR) 2.82x10°5m
hc 1.9864x 1025J-m 12398eV- nm
he 3.1615x 10%%eV - nm 19733eV-nm
ke 1.440eV- nm
Standard Temperature °qg
Standard Pressure latm

Unit Prefixes

Prefix ~ Symbol Factor Prefix ~ Symbol Factor Prefix ~ Symbol Factor
atto- a 1018 micro- u 1076 mega- M 106
femto- f 10715 milli- m 10°3 giga- G 10
pico- p 1012 centi- c 1072 tera- T 10'2
nano- n 10°° kilo- k 10° peta- P 10
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Conversion Factors

Length Volume Velocity Rotation
lin=254cm 1000L=1m? 1 mph=0.447nys lrad= 180 /n = 57.3°
1m=3937in 1L=0.2642G 1mis= 224 mph= 3.28ft/s 1rev= 360 = 2rrad

1mi=1.609km lrev/s=60rpm
1km=0.621 mi
1A=1x10"m
Mass and Energy Time Pressure Force
1u=1661x10%"kg  lday=86,400s 1atm= 1013 kPa= 760 mm of Hg 1lb= 445N
lcal=4.19J lyear= 3.16x 10’s 1 atm= 14.7 Ibs/in?
leV=160x101°J
lhp=7457W
1kW-h=3.6MJ

Greek Letters

Alpha Aa Eta Hn Nu N v Tau Tt
Beta Bg Theta 00 Xi = Upsilon Y v
Gamma Ty lota I Omicron Oo Phi D9
Delta A6 Kappa Kk Pi M Chi Xy
Epsilon Ee Lambda A2 Rho Ppo Psi Yy
Zeta Z/! Mu M u Sigma o Omega Quw

Astronomical Data

Object Mean distance from sun Period Mass Mean radius Rwmid&eriod®
(m) (years) (kg) (m) (days)
Sun — — 199x 10°°  6.96x 10° 25.38
Moon 384x 108 P 27.3days B6x 102 1.74x 1P 27.3
Mercury 579x 10'° 0241  318x102® 243x10° 58.65
Venus 108x 1011 0.615 488x 107 6.06x 10° -24302
Earth 150 % 104 1.00 598x 10%* 6.37x10° 1.00
Mars 228 x 10 1.88 642x 102 337x 1P 1.03
Jupiter 778 x 101 119 190x 1077  6.99x 10’ 0.41
Saturn 143 x 102 295 568x 10%® 5.85x 10’ 0.44
Uranus 287 x 1012 84.0 868x 107 2.33x 10’ -0.72
Neptune &H0x 1012 165 103x 10?6 2.21x 10 0.67
& Sidereal

b Distance from earth

Codficients of Friction

Material Static Kinetic Rolling Material Static  Kinetic
HMs Hk HMr HMs Hk
Rubber on concrete 1.00 080 002 Wood on wood 0.50 020
Steel on steel (dry) 0.80 060 0002 Wood on snow 0.12 Q06
Steel on steel (lubricated) 0.10 Q05 Ice onice 0.10 003
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Properties of Materials

Material® P c Tm L Ty L, Resistivity’
(kgm®) (JkgK) (°C) (Jkg) 9] (Jkg) (©Qm)
N,¢ 1.2 1039 -210 026x10° -196 199x 10° 2x 10
Water 1000 4190 0 B3x10° 100 226x10° 0.182
Ice 920 2090 — — — — —
Seawater 1030 3850 — — — — @5
Ethyl alcohol 790 2400 -114 109x10° 78 879x10° —
Gasoline 680 2220 — — — — 18
Glycerin 1260 2430 18 DOx 1P 290 23x 10° 2x 107
Oil (typical) 900 2130  — _ — — —
Carbon 2250 691 3727 94x10F 4830 296x10° 35x10°
Silicon 2330 703 1412 3®3x10°f 2680 137x10° 4.00x10°
Aluminum 2700 900 660 DB6x10° 2450 105x 10" 28x10°8
Copper 8920 385 1083 B4x10° 2595 507x10° 17x10°8
Gold 19300 129 1064 @5x10° 2970 158x10° 24x10°¢%
Iron 7870 449 1537 ®0x10° 3000 637x10°F 97x10°8
Lead 11300 128 328 @5x10° 1750 858x10° 1.08x 1077
Mercury 13600 140 -39 011x10° 357 296x10° 943x10”
Silver 10490 234 961 11x10° 2210 232x10° 16x10°¢®
Tungsten 19600 134 3380 93x10° 5930 448x10® 5.6x10°8
Nichrome 8400 450 1400 3®8x 10° — — 15x10°

a Some of the provided data points

are summarized and avefagedarious sources.

b Resistivity is the reciprocal of conductivity,= <.
¢ Standard temperature°(C) and pressure (1 atm).

Properties of Gases

Gas G Cv Cp Cp Gas G Cv Cp Cp
Exact (JmolK) Exact (JmolK) Exact (JmolK) Exact (JmolK)

Monatomic  3/2R 12.5 5/2R 20.8 Diatomic  5/2R 20.8 7/2R 29.5
Elastic Properties

Material Young's Modulus  Bulk Modulus Material Young's Midgs  Bulk Modulus

(N/m?) (N/m?) (N/m?) (N/m?)

Aluminum 7 x 10 7 x 10 Plastic (polystyrene) 0.3x 100 —

Concrete 3x10° — Steel 20x 10 16x 10'°

Copper 11x 101 14 x 1010 Water — 0.2 x 10t°

Mercury — 3x 10 Wood (Douglas fir) 1x 10% —
Optics

Material Index of Refraction Material Index of Refraction abdrial Index of Refraction

Vacuum 1.0000 Water 133 Diamond 242

Air 1.0003 Glass 1.50 Cubic Zirconia 2.16
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Particle Properties

Particle Symbol Masgkg) Mass(MeV/c?) Mass(u) Spin(k) Lifetime(s)
Electron 91094x 1031 0.51100 54858x 1074 ") Stable
Proton 16726x 1027 93827 100728 12 Stable
Neutron 16749x 1027 93957 100866 12 930 (free)
Muon 1.8835x 1028 10566 011343 2 22x10°
Deuteron 3.3436x 102" 187561 201355 0,1 Stable
« particle 6.6447x 10727 372738 400151 0 Stable
Weak Boson ¥3x102° 80x10° 859 1 3x10°%°
Z Boson 163x102% 912x10° 97.9 1 3x 10°%
Photoelectric Work Functions
Element ¢ (eV) Element ¢ (eV) Element ¢ (eV)
Aluminum 428 Gold 5.10 Platinum 6.35
Cadmium 4.07 Iron 4.7 Potassium 228
Calcium 29 Lead 4.14 Selenium 511
Carbon 4.81 Magnesium  3.68 Sodium 2.75
Copper 4.65 Nickel 5.01 Tungsten 455
Unit Summary
Concept Unit Sub-units Concept Unit Sub-units
Time second S Young’s Modulus — /2
Distance meter m Bulk Modulus — /Nh?
Velocity — nys Specific Heat — J(kg - K)
(Solid/Liquid)
Acceleration — 1ys? Heat of Transformation — /dg
Mass kilogram kg Specific Heat for Gas — /(rdol - K)
Temperature Kelvin K Linear Density — ko
Force Newton (N) kg m/s® Intensity — wWm?
Momentum — kg m/s Electric Charge Couloumbs C
Angular Momentum — kg m?/s Electric Field — NC = V/m
Energy Joule (J) Nm Linear Charge Density — Jia1]
Power Watt (W) Ji3 Surface Charge Density — /&P
Angle — rad Volume Charge Density — /@e
Angular Velocity — rags Electric Flux — N- m?/C
Angular Acceleration — roe? Electric Potential Volt (V) Ji&
Moment of Inertia — kg m? Capacitance Farad (F) /€
Torque — Nx m Energy Density — /in®
Frequency Hertz (Hz) cyclgs Current Amps (A) (03
Angular Frequency Hertz (Hz) red Current Density — An?
Phase — rad Resistance Ohry ( V/A
Mass Density — kgm?® Resistivity — Q-m
Number Density — moleculgs® Conductivity — Q- m)
Pressure Pascal (Pa) i Magnetic Field Tesla (T) NA - m)
Volume Flow Rate — s Magnetic Flux Weber (Wb) Tt
Time Constant S Inductance Henry (H) -™?/A
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Math Review

Unit Conversion

Use dimensional analysis to convert units. Be careful abonverting area and volume.
To convert 60 crito cubic meters:

GOCn?x( 1ne

1000000 ¢y

3
m ) = 60 cyn3><(

100 o ) = 0.00006 ni

Angular Concepts

Angle is measured in radians, and for motion with an arc whadwis isr:

0 (radians)= FS 27 rad = 36C°

The Dot Product
For two vectorsA andB, and the angle betweekandB defined by, the dot produc& - Bis:
A.B= AB, +AB, = |Al|B|cos(a)

This can be interpreted as the length of the projectioﬁ ofi to B multiplied by the magnitude dB, or how much of
Alis in B multiplied byiB|. The dot product is required in work calculations becausentbrk cares about the amount
force that causes movement in a particular direction.

Cross Product

The cross product of two vectosandB can be illustrated by the geometric argument thatB is the magnitude of
B times the amount of that isnot in the same direction &. The cross products results in a vector with the direction
given by the right-hand rule.

ik
Ax B=ABsing  (direction given by the right hand rule) AxB=| A A A
Bx By B

Important Integrals

dx dx +X xdx -1
—:In(x+ X + a2 = = =
Vi@ + a2 @xa?)’? a2V +al exa?)’?  \hezal

Mathematical Approximations

Description Approximation

Binomial Approximation(x <« 1) A+X" = 1+nx
Small-Angle Approximationfd < 1) radian sird ~ tand ~ 6 and co® ~ 1
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Chapter 20: Traveling Waves

Sinusoidal Waves

D(r,t) = A(P) sin(kP— wt + ¢o) (Wave in Three Dimensions)
Amplitude Phase

D(x,t) = Asin(kx— wt + ¢o) (Wave in One Dimension)

Space Domain BRIDGE Time Domain
A Wavelength (m) T Period (s)

f = 1 Frequency (Hz)

k = Z Wave Number (Angular) w = Z = 2rf Angular Frequency
v=af=¢
A¢ = KAX = 278
Snapshot Fixed Time History —Fixed Place
D(x, tg) = Asin(kx— wtg + ¢o) D(xo,t) = Asin(kxy — wt + ¢g)

A Amplitude (m)
Max Displacement

¢o Phase Constant (rad)
Initial Conditions

Note thatkx — wt is a wave moving right£x) andkx+ wt is a wave moving left-{x).

Phase Difference
The phase dierence between two points on a waxe, is:
AX
Ap=¢o—¢1 = (kX2—a)t+¢o)—(kX1—a)t+¢o) = k(Xz—Xl) = kAX=27T7

Waves on a String (Transver se Waves)

u= ? kg/m (Linear Density) v= , IE m/s (Wavespeed)
M

Sound Waves [Longitudinal Waves)

Doppler Shift — Transmitting frequendy. Note that the top sign is for approaching, the bottom sigoriseceding.
vis the speed of sound in air.

1 V, V£V
fo={——f fi:(li—o)fo f, = (YY),
1Fvg/v \Y VF Vs
Moving Source ats Moving Observer at, and Stationary Source Moving Observer at, and Moving Source als

Vsound= 343 s dry air, sea level, 2C (Wavespeed)

Notes based on: Page 7 of 22 J. Barness August 2011
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Electromagnetic Waves Transverse Waves)
Viight = € = 3.00% 10 m/s vacuum  (Wavespeed)

Index of refractiom: . )
speed of lightinavacuum ¢ Ayac

= i L
speed of light in the material Vmar  Amat vac = mat

Doppler — Red shift is for a receding source and Blue shifbisan approaching source, emitted wavelength
emitted frequencyy.
1+vg/C /1¢vs/c
/lre = A fre = f
bhe 1¥vg/C 0 bhe 1+vg/C 0
Power, Intensity, and Decibels

Power (W) Psource ( I ) 12 2
= — | i = =10dBlo — lp=1.0x 10 W/m
Area (n’?) spherical source= 47TI’2 ﬂ 9[0 |0 0 /

Chapter 21: Superposition
Superposition

Drei(%,t) = D1(% 1) + Da(x ) + -+ = " Di(x 1)

Standing Waves

Superposition of waves such that they appear to be fixed repldlodes, spacetf/2 apart, are points that do not
move. Antinodes oscillate back and forth and vary By Bor a space of length,

Half Wavelengths Nodes AntinodesA

2L
m m+1 m n
2L \% \
P fo= — —m— m=1,223,4,...
m m m Am 2L

The Fundamental Frequency fi, is the frequency whemn = 1. All other frequencies are multiples of the funda-
mental frequencyf, = mf.

Standing Waves on a String

£ v 1 T
T T2t Vi
Standing Sound Waves
For a pipe of lengthl_:
2L v .
Am = o fmn= mz =mhf m=12234,... (open-open or closed-closed pipe)
/l—4L f—mv—mf m=1,35,7 (open-closed pipe)
m — m m — 4L - 1 T eIy Iy My e p p p
Notes based on: Page 8 of 22 J. Barness August 2011
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Interference
AX
A¢ = 27'[7 + A¢o

ThePath-length Differenceis the diference between the distance of a point to the wave soukges,x, — x;. The
Inherent Phase Diference A¢y, is the actual phasef@iérence of the sources themselves.

AX . .
Ap = 27r7 + A¢g = 2mr rad m=12234,... (Maximum Constructive Interference)

AX 1 .
Ap = 27r7 + Adg = Z(m + E)n rad m=0,1,23,... (Perfect Destructive Interference)

If there is no inherent phaseftirence, or in other wordagg = 0:

AX=ml m=0,1,23,... (Constructive Interference, Strong Reflection)

1 . .
AX = (m + E) A m=0,123,... (Destructive Interference, Weak Reflection)

Optical Coatings
With no inherent phase filerence in the process, starting with light with wavelengtim vacuum:

2d 2nd
Ap =21 = 2720
a/n A
Note that a reflection from a surface with increasmigtroduces ar rad phase shift in the returning wave (the peak
just before the boundary will become a trough on reflectigh)eflection from a surface with decreasinghas no
phase shift at all.

Nsurface™> MNfilm Nsurface < Nfilm
2nd 2nd .
Ac = — Ac = T m=12234... (Constructive Interference)
m m-— 5
2nd 2nd )
Ap = T Ap = =y m=1273,4,... (Destructive Interference)
m —_ =
2

Notice that the conditions for constructive and destraciiterference are reversed when the film index of refraction
Naim , IS greater than the surface index of refractingsace These are because a light wave that reflects from a boundary
at which the index of refraction increases has a phase ghifrad. This assumes that initial light is hitting the film
from air (n,ir ~ 1).

Beat Frequency

For two frequencies close together, the frequency of thdtieg wah-wah fyeatis:

fbeat= |fl - f2|

Notes based on: Page 9 of 22 J. Barness August 2011
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Chapter 22: Wave Optics
Double-Slit Interference

For a double-slit spaced apart HyL meters from a screen, the anghg, of the bright fringes andy, of the dark
fringes, and the positioryy, of the bright fringes andy;, of thedark fringes are:

Om = mg Ym = m/alL =0l m=0,1,23,... (Bright Fringes)
e;n:(m+%)/al y;n:(m+%)/alL:0;nL m=0,123,... (Dark Fringes)

The allowed numbers fanarem = 0,1,2,3,..., m = 0 is thecentral maximum. These apply for small angleg;,
only. Note that the m of the Dark Fringe is labeled so that it matches thamn of the bright fringe nearesty = 0.
There are two positions forg. The intensity)qounie Of the double-slit interference pattern as a function cfigian, y,
is:

nd
|l double = 411 COS (IY)

These formula stem from the fact that, for constructiverfetence, the path lengthfterence between a point on the

screen and each slit must satigfy = dsind, = mi form =0, 1,2, 3,.... The destructive interference arises from a
half-wavelength fiset ofAr = dsinf, = (m+ %)/l form=0,1,23,.... The small angle approximation simplifies

the formulas because for small angle,&in 6.

Diffraction Grating
For a difraction with line-spacing ofl, L meters from a screen, the anglg, of thebright fringes and;, of thedark
fringes, and the positionyy, of thebright fringes andy, of thedark fringes are:

sinfy, = m% Ym = Ltangn, m=0,123,... (Bright Fringes)

. 1\ a .
sindr, = (m+ 5) g Y = Ltanfn m=0,1,23,... (Dark Fringes)

The allowed numbers fanarem=0,1,2,3,.... These apply for all angles;,. The maximum intensitynax Of the
diffraction grating withN slits is:
Imax = I\|2|1

Single-Slit Diffraction
For a single-slit of widtta, L > a meters from a screen, the anglg, of thedark fringes, and the positioty,, of the

dark fringes:

Op = pg Yp = DgL =6pL p=123,... (Dark Fringes)

The allowed numbers fop arep = 1,2,3,.... These apply for small angleg, only. The width,w, of the central

maximum is:
2L
W= —

a

Notes based on: Page 10 of 23 J. Barness August 2011
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Circular-Aperature Di ffraction

For a circular-aperature of diamet@r L meters from a screen, the widtl, of the central maximum is:

244\L

w = 2L tanf; ~ 5

Chapter 23: Ray Optics
The Law of Reflection

TheAngle of Incidence 6;, is equal to théAngle of Reflection 6;. For a flat mirror, the object distancg,is equal to
the image distances,

6 = 6, (6is always measured from normal) s = —s (flat mirror)

The Law of Refraction (Snell's Law)
Refraction occurs when light enters a medium in which iteindf refractionn, changes.

. . Nsmall — Npig  bend towards normal c A
Ny Sinfy = Ny Sind, { sma big n= _ Avacuum

= = fvacuum: fmedium
Nbig — Nsmall bend away from normal Vmedium  Amedium

Total Internal Reflection

TheCritical Angle, 6., is the angle at which light can no longer be transmitteduglhothe boundary:

4 (n
0 = sint (—2)
Ny

Images from Refraction

The image distance when refraction occurs between the laoyiod two flat surfaced media is:

n . .
g =__25 for a flat surface, the object is immersechin

Ny
Magnification
h s . _ . . .
M = TS (+ is an upright images is an inverted image)
Thin Lens/Mirror Equation
1 1 1 1 1 1 R
-+ — = — (thinlengmirror —=n-|(=-= lens maker’s equation) f = = (mirror
stg-1 Ghinkensmimon  {-m-D(7-F) ( quation) f =5 (mirron)
Summary of Signs
Quantity Positiveg+) Negative(-)
Lens RadiusR Convex toward object Concave toward object
Mirror RadiusR Concave toward object Convex toward object
Lens Focal LengtH Converging Lens Diverging Lens
Mirror Focal Lengthf = R2  Concave toward object Convex toward object
Image Distance (lensy Real Image, Opposite side Virtual Image, Same side
Image Distance (mirrory Real Image, Same side Virtual Image, Opposite side
MagnificationM Upright Image Inverted Image
Notes based on: Page 11 of 23 J. Barness August 2011
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Chapter 24: Optical Instruments
Cameras

Theaperture is the dfective diameteD, of a lens. The light intensity is related to thé-number by the following:

2
f-number= i | o D—2 = ;2 Power= P = E
D f2 (f-numbej f

Optical Resolution

Because of diraction of light, the minimum spot size to which light can loedised through a lens of Diametér,
and object distancd,, or the mimimum angular distance two objects can be apart #ach other and the images of
the objects be successfully resolved is (Rayleigh’s Goitgr

1.22f2 o611

A
Omin ~ 1‘225 Ormin separation™ T Ormin microscope™~ W

Chapter 25: Modern Optics and Matter Waves
Colors and Light Wavelengths

Color Approximate Wavelength| Color Approximate Wavelength
Radio meters Visible: Red 650 nm
Microwave  millimeters and centimeters Visible: Orange 590 nm

Infrared micrometers Visible: Yellow 570 nm

Visible

Ultraviolet nanometers Visible: Green 510 nm

X-ray fraction of a nanometer | Visible: Blue 475 nm

Gamma ray picometer Visible: Violet 400 nm

Hydrogen Spectrum
~ 9118 nm

" (3-3)

X-Ray Diffraction (Bragg Diffraction)

m=2123,...,n=m+1m+2m+3...)

The atom spacing in crystaline structures is like a transioisgrating for x-rays. The conditions for constructive
interference between layers requires that angle of incielefy,, and therefore the path-length through the layers
(space distance apart) be:

Ar = 2d costy, = mi m=1273,...

Note that in this circumstance the sample is literally redatvithin the beam of x-rays and tldg of constructive
interference are noted on the detector allowing for theutation ofd.

Photons

The energy of one photoiEynotonis quantized and iEpnoton= h f whereh = 6.63 x 10734 Js.

Particle Wavelength

. . . h h
The wavelength of one particle with momentum, called the aegBe wavelengthpis A = 5 =
Notes based on: Page 12 of 23 J. Barness August 2011
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Quantized Momentum and Quantized Energy

Since matter has wave properties, and when confined in a blexagthL, it cannot share space with the ends of the
box (i.e. the ends of the box are the nodes of the particlaisditg waves). The possible wavelengths, momentum,
and energy are limited to (note that O is not allowed):

= — = _— _— = — = 2 =
An = ph=n oL 8mL2n n“E; n=123,...

2L h h o _1(hny_ @ o
n_ pn 2L "7 2m

The minimum possible energy allowed by the particle is abvgseater than zero indicating that a confined particle
cannot be at resk,, represents a possibdmergy leve| andn is considered guantum number.

Chapter 26: Electric Charges and Forces
Electric Charge and Coulomb’s Law

Particles with opposite charges attract each other anitigsrtvith the same charge repel each other. For two pasticle
seperated by distancewith chargesy; andqy, the force between them is:

1 quop ;

=73 1o =899x1PN-m*/C* & =885x10"*C/N-m’
0 0

The unit vector is one unit outward from a source charge. Electrons are times@f negative charge and protons are
the source of positive charge. The electron and proton ekaage equal in magnitude and is calledfiredamental
unit of charge.

le=16x10"°C

The Coulomb (C) is a unit of electrical charge. Common illasbns of charging objects are:
Glass rod rubbed with silk: The glass rod loses electrons and as a result is positivalget.

Plastic rod rubbed with fur: The plastic rod gains electrons and as a result is negativelsged.

Electric Dipole

When two equal, yet opposite charges are located a dist@8nfrem each other, the situation is called Blectric
Dipole. Thedipole momentis important in the study of electricity and magnetism ansl the value:

p=9gsS (from the negative to the positive charge)

Chapter 27: The Electric Field

Comparison of Gravity and Electricity

Gravity Electricity
mnb . 1 o
Force F =T o= %
r2 drey 12
. F m F 1
Field g=- -G%p E-_ - = %
n r2 Q2 4ne r?
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Charge Distribution

For an object of evenly distributed char@g,and with dimensions of either lengthareaA or volumeV, the following
distribution relationships hold.

Distribution Symbol Relationship Berential Units Integral

Linear Charge Distribution A 1=Q/L dQ=adL C/m Q= [dg= [adl
Surface Charge Distribution 7 n=Q/A dQ=ndA C/m* Q= [dq= [ndA
Volume Charge Distribution  p p=Q/N  dQ=pdv Cm® Q= [dg= [pdV

Electric Field Due to Point Charges

1qf E. 1 2p E, -1 p
47T60 r2 dipole on axis=— 4 dipole L axis = 47T60 3

E oint charge=
P g Tep I3

Electric Field Due to a Continuous Distribution of Charge

Etotal=E)1'|'E)2‘|""=Z|§n |§=fid—qf

Aneg 12

Electric Field Perpendicular to a Charged Rod
1 Q
Erod = 4 >
T€0 1 r2 + (L/2)

Electric Field on Rings and Disks

- 1 L
(finite rod) Ejine = —Q (infinite rod)
4reg

Ez-axis of a ch d'__l 0 s of acharged dise o |1~ —eees
Z-axIs Ol a charged ring— 47{60 (22 4 R2)3/2 Z-axlIs Of a charge IS 260 \/m

Electric Field of a Charged Objects
_ 1 Q.
Eplane = T _ constant Eoutside sphere= Qr

= >R
26 g 12 (r=R)

Parallel-Plate Capacitor

A Parallel-Plate Capacitoris two metal plates with equal are@, spaced a distancd, apart from each other. When
the net charge on each surface is equal and opposite, thetettidc field between the platestsiform and has the
value:

Q

Ecapacitor= n_ = (from positive to negative)
€ €A

Constant Acceleration — The BIG-3 — Review

vi =V +aAt (1) St = S + ViAt + %a(At)2 2) V2 = V2 +2aAs  (3)

Charged Particle Motion in an Electric Field
The acceleratiorg., or torquer, of a charged particle of chargeand massn; placed in an electric fiel& is:

_E

= z=pxE pB=03

a
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Chapter 28: Gauss’s Law

Flux and Gauss’s Law
®, = E,A=EAcC0sd = 9§E’~ dA @ = SEE'- A& = Qenc (Gauss’s Law)
€

When the gaussian surface is chosen correctly in situatibiesanthe field exhibits useful symmetry, the closed surface
integral can generally become:

(I)e — EA— Qenc
€
Chapter 29: The Electric Potential
Potential Energy of Charge Configurations
U= 1 n (two point charges) U =-p-E (dipole)
dreg T

Electric Potential

Electric Potential, measured in Volts (V), is a measure efftectric Potential Energy per unit charge at a particular
place. To compare with gravity (remember thdtas earth’s mass on.,sealready in it just likeE hasgcayseinside it):

Concept Gravity Electricity

Force Ee = Mreelg (N) FFE = CreelE (N)

. mfeelg E Qfeel
Field =S N/K E= £ N/C
mfeel Mkeel (N/ka) C1feel Gteel ( )
Potential Energy Ug = Meeeigy (J) = km )
chausQfeel
Potential Vo= —& = Mee® _ o kg Ve= DB S kq°""“5e Jc=V)
Mkeel Mkeel Qfeel Ofeel

The definition for Electric Potential is:

V= E (Definition) UE = QreelV dv = ! d_q

— AK = —AU = —gAV (Conservation of Energy)
Gfeel 4rep T

The Electric Potential of a Point Charge and a Uniformly Charged Sphere
For a point charge or a uniformly charged sphere of raRiusth total chargeQ charged to potentialy:

V = Y_ ig (pointcharge) V= v ig = BVo (r > R) (uniformly charged sphere)
q ‘4ne q drer T

The Electric Potential inside a Parallel-Plate Capacitor

V =Es

The Electric Potential of Several Charges

vy 14 V:fdv
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Chapter 30: Potential and Field

Potential and Field

Electric Potential Energy Electric Potential
St St
AU=- [ F.ds AV=- | E.dsg
S S
\%
= —d—Us Ees = _d_sg
> U ouU ~ o oV, oV, 0V
Fs — —‘ —k Es=-VV=—|—T+—j+—k
(a oz ) : (6x|+8yj+6z )

AViogp = 9§ dvV =0 (voltage is conserved)

Constant Potential and Field

AU = —FAs (electric potential energy) AV = —EAs (electric potential)

Capacitance

Remember the Electric Field and Potential inside a capasito

Ae
Ecap = l = & Vcap = Ecapd Q = CAV Cparallel-pla’re capacitor =2
e Aeg d
C is Capacitance (1 farad1 C/V) and completely depends on the geometry of the capacitor.
1 1 1 .
— = —+ —+--- (Series:constanttharge) Cgq=C1+Cy+--- (Parallel: constantvoltage)

The energyWcapand energy densitye stored in a capacitor is:

1 1
Ucap= 5 CAV)? U= > =

Dialectrics

Thedielectric constantis the factor by which the electric field is weakened by a srirs.

E
KEEO C = «Cy

The dielectric strength of a substance is the amount ofrédild a substance can sustain.

Chapter 31: Current and Resistance
Current

Loads that draw on current use energy, but do not use up ¢urEdgectrons travel through a wire 8§ with the net
electron speed in a metal wire much slower than the speediahte energy travels. The electron currérg the
number of electrons per second that pass through a wire aathted to the electron density, which is the number
of available electrons per unit volume. The number of etext/N, to pass by any point in a wire of cross-sectional
areaA during a time intervalAt is:

Ne = iAt i = NeAvy

The cause of electron current in all points of the wire is darimal electric field created by a battery or capacitor. The
nonuniformdistribution of surface charges along a wire creates a retré fieldE insidethe wire that points from the

more positive end of the wire toward the more negative enti@frire. The electron current is directly proportional

s .. NeerA
to the electric field strength, i.e= ——E.
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Conduction

Collisions of electrons in a metal wire are the source ottfan” that heat up a wire. The mean-time between electron
collisions can be estimated and is calted'he drift speed in terms afis vy = EE'

Current Density

The current and the current density(current per square meter) is the amount of charge that flowwsigh a point in
a wire per second.
_dQ_ . I

|= = = —
It ei J A

= N\

Conductivity and Resistivity

The conductivity of a materiadr, and the resistivity (inverse of conductivity), depends only on the material and is:

_ nér
T m

o

Current in a Wire and Ohm’s Law

For a circuit with low resistance and high voltage, the aatrraust be high. For a curcuit with high resistance and
low voltage, the current must be low. The currénin a wire is modeled by Ohm’s Law. The electric field inside a
wire containing resistand® (measured in OhmQ), resistivityp, lengthL, and cross sectional aréaconnected to a
battery with potential dierenceAV is:

AV AV L
|=" (OhmsLaw) Ewe=— R= P-

Chapter 32: Fundamentals of Circuits

Two Rules for Circuits

Z lin = Z lout (Kirchhoft’s Junction Law)  AVjgep = Z (AV); =0 (Kirchhoft’s Loop Law)

Circuit Types

Series: Two elements in series follow each other irParallel: Two elements in parallel are adjacent to

a circuit. In a series circuit, the two elements mustach other in a circuit. In a parallel circuit, the two el-

have thesamecharge or current, but can hagdigferent | ements must have tleamevoltage, but can haweif-

voltage (adding up to the total voltage). ferentcharge or current (adding up to the total charge
or current).

Capacitors and Resistors in a Circuit

Capacitors and resistors in a circuit should be simplifiéd &m equivalent capacitanCgq or resistanc&®.q using the
seriegparallel equations along with the basic equat@s CAV or Ohm’s Lawl = V/r. The capacitor equations were
given in Chapter 30 and the resistor equations follow here.

. 1
Reg=Ri+ Ry +--- (Series:constantcurrent) — =—+ — +--- (Parallel: constantvoltage)
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Power in a Circuit

(AVR)?

Poat = 1& Pr=I1AVg = I’R= =

Interesting Notes about Circuits

Energy: Energy as measured in the electrical industry is givekilowatt hours.

Ammeter: An ammeter is a device that measures the current in a ciffwitvork the voltmeter must placed geries
with the circuit.

Voltmeter: A voltmeter is a device that measures the voltagiedince between two points in a circuit. To work the
voltmeter must be placed parallel with the circuit.

Ground: In electricity, theground can either be an infinite source of negative charge (the graugive up elec-
trons) or an infinite sink of positive charge (the ground wake electrons). A grounded point is forced to a
potential of 0 Volts.

RC Circuits

An RC circuit is a circuit with a resistor and a charged cajpaén it. The loop rule for an RC circuit exposes the
following equations:

Q(t) = Qe /R®  (Discharging)  Q(t) = Qmax(1-€R¢)  (Charging)

Chapter 33: The Magnetic Field
Magnetic Force

Sources of magnetic force are poles where opposite magrmats attract and like magnetic poles repel. A current
carrying wire has magnetic field around it with the directadrthe field lines given by the right-hand rule, i.e. the

thumb pointing in the direction of the current and the fingarding in the direction of the magnetic field. On paper,

a magnetic field pointing into a page is given by the syniaind for a magnetic field pointing out of a page it is

given by the symbos. Permeability is like permittivity for magnetism with themneability constantyg given by

to = 4n x 107" T-m/A = 1.257x 1076 T-ny/A.

Biot-Savart Law

The Biot-Savart Law is the magnetic equivalent of Coulunitdsy. The magnetic field symbol 8. The units for
magnetic field are given itesla(N/A m). Note thatdqVv = dqg—f = % ds = 1ds. Ther vector points from the source
of the magnetic field to the point of observation.

g_@qu? dgzlﬂdq\?xf dB’—/ﬂlngF

— 6T,
-8 — = po = 1.257x 10°° T-nyA

Magnetic Fields for Common Current Distributions

Ho |

B, _ Mol g _ Mo IR? _ Ho NI 8 _
ire = Za loop = ?m coil = E_ curved segment= EEH
Mo28 L o
B)‘dipole = E; =1A
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Ampere’s Law

Ampere’s Law is the equivalent of Gauss’s Law for magnetidthe integral is a conveniently chosen line integral
where contributions to the integral only come as the lineaisitel with the magnetic field.

§ B-ds= Holthrough

Solenoid
A solenoid is a coil of wires with number of turdéand lengthL.. The magnetic field inside a solenoid is given by:

NI N
Ho = ponl n:t

B}solenoid =

Magnetic Force on a Moving Charge and on a Current Carrying Loop

'f‘magzq\7><§ 7_')Ioopzlj><§

Cyclotron Motion
mv qB
rcyc = q_B fcyc = 27T_m
Hall E ffect

For a conductor of thicknessand electron density, the Hall Bfect diferentiates the particle responsible for current
and is represented by a voltagéfdience due to forces on current moving through a conductibreipresence of a
magnetic field. The force on the charge carrier deflects hérdirectionFmagand causes a voltagefitirence between
the sides of the conductor. The Hall Voltage is given by:

1B .
AVH = e AVy = Blv  (motional EMF)

Force on Current Carrying Wires
The force on current carrying wires of lendthn the following situations are:

pol. 11l

R
Fuwire in magnetic field= L(l X g) Fparallel wires = E d

Between parallel wires if the current is in the same direxgtihe wires will attract each other. If the current is in
opposite directions, the wires will repel each other.

Chapter 34: Electromagnetic Induction

Magnetic Flux

O = 95@- dA (Weber[T mz])

Lenz’s Law

The direction of any induced current is such that the indunagdnetic field opposes the change in the flux.
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Faraday’s Law

The induced current in a closed loop withturns is given by the following:

B & B ddn, _ _ dopy, )
linduced = ﬁ & = N‘ dt &= §§ ds= dt (Faraday’s Law)

Transformers

Transformers convert electricty into a magnetic field videsed loop primary coil, then recreate electricity in a sec-
ondary coil with a diferent number of turns. The relationship between the volgagkturns in the transformers is
Vi/N; = V2/N, While the relationship between the voltage and currentertitfinsformers i® = Vi1, = Vsl,. Transform-
ers that increase voltage are calidp-upand transformers that reduce voltage are categ-dowrtransformers.

Inductors

Closed loop coils called solenoids store energy by creatiagnetic fields as the current through them changes. The
inductancd., energyU, , and energy densityg of a circuit with flux®y,, currentl, andN turns is:

(O] 1 1
L= Nl—m (henry (H)[Tm?/A]) UL = é|_|2 Ug = 2—82
MO
The inductance and induced emf in a solenoid Wtturns is:
0] NZA dl
Lsolenoid= Nl_m = ant | Cg)solenoidz _La Dsolenoid= N(I)per coil

LC Circuits

An LC Circuit is a circuit with an inductor and a capacitor.

?Q 1

[1 d . .
e _EQ Q(t) = Qo coswt ©=A\Te I(t) = —d—? = wQp Sinwt = InaxSinwt

LR Circuits

An LR Circuit is a circuit with an inductor and a resistor.

I(t) =lo(1-€7) (Charging  I(t) =loe"/" (Discharging r=

ol

Chapter 35: Electromagnetic Fields and Waves
Relativity and Galilean Field Transformation Equations

The electric fieldE measurement is dependent on the frame it is measured inothemeference frame that is moving,
some of the electric field will be measured as magnetic fielat. the Galilean Field Transformation Equations, the
primed quantities are in a frame moving at sp¥eetlative to the unprimed frame.

E'=E+VxBE B =B--VxE E=E -VxB B=B+iVxE’
C C

Intensity and Radiation Pressure

Light intensity is a function of radiated PowRBrand areaA that the light falls upon. Because light carries momentum,
light falling onto a surface produces radiation pressure.
P 1 E2 _ CEo 2 _ Psource F _ % _ I

| = i Savg = (radially emitted)  prag = A ¢ "¢ (radiation pressure)

20up ° 2 0 © 4nr?
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Maxwell's Equations

Maxwell’s equations condense all of the laws of electrieityd magnetism into four plus one concise equations.

Maxwell’s Equation Description

Gauss’s Law:gg E-dA= QEeOnc Charged particles create an electric field.
Gauss'’s Law for Magnetism) B - dA = 0 There are no magnetic monopoles.

Faraday's Law:56 E.ds= _d%m Changing magnetic fields create an electric field.

Currents and changing electric fields create mag-
netic fields. The second term is defined as the dis-
placement currertiyisp = €0 %pe.

The force a charged particle feels moving in the
presence of fields.

s do
Ampére-Maxwell Law:gg B dS = uolthrough+ eoyod—te

Lorentz Force LawF = q(E + Vx B)

Consequences of Maxwell's Equations

9B, _ 98y (Wave Equation for Light) ¢ =
ox €0H0 ot q g = Vermo

. . E E E
E (x,t) = Egsin(kx— wt) B(x,t) = Bgsin(kx— wt) E? = B”“s =c Erms = 702 Brms =
rms

=3.00x 10° my/s

S|P

Poynting Vector
The poynting vector describes energy flow in light and paimtbe direction the light is traveling.

2
s=texg s-EB_E
Ho Mo  Clo

Polarization

Unpolarized light hitting a polarizing filter allows half ¢lfie light through, i.e.liansmitted = %Io. The transmitted
intensity of polarized light going through a polarizingdiitaligned at an angkis liansmitted= lo cog 6.

Chapter 36: AC Circuits

Alternating Current and Phasors

Alternating Current (AC) is current where the voltage chesthroughout time. Standard AC current operates in the
U.S.A. at 60 Hz (120 V,s) while many other countries use 50 Hz AC current (both 12Q;\dnd 220 V). The
voltage as a function of time for sinusoidal AC is givendy= & coswt. A phasor is a vector that literally rotates
counterclockwise around the origin at frequengcyts length corresponds to the maximum value of the quariitg
instantaneous value is the projection of the phasor ontz-teds.

AC Circuits: The General Idea

To describe AC Circuits, we delineate between instantamgalues lpwer cas¢ and peak valueaupper casg The
analysis seeks to make AC equations look like the standardtieqs of electricity. It is important to note that when
comparing peak values, the times of the peak values mayfiseatit.

AV , |peak Vieak
| =— (Ohm’s Law) P=1AV (Power) lrms = % Vims = f/‘;‘

R
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Resistor Circuits
VR VR coswt VR

= —=——— = |gcoswt Ip= — Ohm's Law
R R R R R ( )

In the case of a Resistor Circuit the max voltage occurs asdinee time as the max current so the voltage and the
current arén phase

VR = irRR = Vg cOoswt iR

Inductor Circuits
. i V| coswt
dip = —dt= ———
L L

In the case of an Inductor Circuit the peak curragisthe peak voltage by/2 or 9C. In these equationX, is called
theinductive reactance

. \Y/ \/ I
dt i = -t fcos»tdtz L Sinwt
L wlL

V
I = X—L X =wl (Ohm’s Law)
L

Capacitor Circuits

o da_
€T dt
In the case of a Capacitor Circuit the peak curteatisthe peak voltage by/2 or 90. In these equationsc is called
thecapactive reactance

d .
Ve = V¢ coswt g = Cvc = CVc coswt ai (CV¢ coswt) = —wCVe sinwt

_ Ve

1
lc = Xc = — hm’s L
c Xc C e (O ms aw)

Series RLC Circuits

The Series RLC Curcuit has a resister, an inductor, and aitapan series. In this circuit there is still anp@and an
X_ defined the same as above.

& X =X 1
lric = 70 Z = R+ (X - Xc)? tang = = R < wo = \/ﬁ (Resonance)

Z is called thampedanceof the circuit ands is thephase angleandwyg is theangular resonance frequencyor any
RLC Circuit, which signifies the frequency allowing the maxm current in the circuit.

Power in an RLC Circuit

The average power in the RLC circuit and resistor with phasggesy andpower factor cos¢ is:

2 éar?ns 2 Vérms
P = |rmSZ COS¢ = 7 COS¢ = Irms(g)rmscosgb = IrmSR = T

RC Filter Circuit

Thecrossover frequencyw, = RC in an RC filter circuit is the angular frequency at which theit is in a resonant

condition, and no filtering is expected. Connecting an adténg current source across the capacitor leads in an
RC Circuit constitutes &ow-Pass Filterallowing transmission of frequencies well below the croser frequency

(w < w¢). Connecting an alternating current source across thstoeseads in an RC Circuit constitute$iggh-Pass
Filter allowing transmission of frequencies well above the crogs-frequencyd > wc).

SoXc . Ve Xc &R ) VR R
Vo= —— galr\ow—passz z R —————— VR= —— galrhigh—pass: g = T
R+ X2 0 JR+XZ R+ X2 0 JR+XZ
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