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Coldsde
Appendixes
Adjellt Jgiadl ol () goelo

L#ng;h
lin. = 2.54 em {exact)
1m = 39.37in. = 3.28] i

16t =03048m
12in. = } it
3ft = 1yd

Iyd =008144m

1 km = 0.621 mi

I mi = 1.609 km
1mi=5280ft

1pm = 10"%m = 10° nm

1 lightyear = 9.461 X 10 m

A
1 m? = 10f em? = 10.76 fi>
i 62 = 0.0929 m? = 144 in.”
1in? = 6.45¢ cm®

Volume
1m? = 10°cm? = 6102 X 10 in3
1fi = 1728in% = 283 X 102 m?
1L = 1000 cm® = 1.057 6.qt = 0.035 3 ft*
1 ft* = 7.48] gal = 28.32 L = 2.882 % 10~ ¥ m®
igal = 3.7861, = 231 in.?

Mass
1 000 kg = 1 t (metric ton)
1slug = 14.59 kg
lu = 1.66 X 10727 kg = 931.5 MeV/(®

Some Approximations Useful for Estimation Problems
Ime]yd
lkg=~21b
1N=~1b

1
1L g gal

Syl W gl Jour -1

Force
IN=0.22481b
1lh = 4448 N

Velocily

1mi/h = 1.47 ft/s = 0.447 m/s = 1.61 km/h
1m/s = 100 cm/5 = B.281 fi/s
I mi/min = 60 mi/h == 88 ft/s

Acceleration
1m/s? = 3.28 fi/s? = 100 cm/s*
11t/s% = 0.304 8 m/s? = 30,48 cm/s2

Pressure
1 bar = 105 N/m? = 1450 Ib/in?
1 atm = 760 mm Hg = 76.0 cm Hg
Patm = 147 b/in? = 1.013 X 10° N/m?
IPa=1N/mi=145x 107! Ib/in.2
Time
1yr = 365 days = 3.16 X 1075
Tday =24 h = 1.44 X 10% min = 8.64 % 10*s

Energy
1] ="0U738ftib -
1cal = 4.186]

1 Bea = 252 cal = 1.054 X 103]
TeV=16X%X10719]
1 kWh = 3.60 x 109

Power
1hp = 550 fi-1b/s = 0.746 kW
IW=1]J/s= 0.738 fi-lb/s
1 Btu/h = 0.293 W

1 m/s = 2mi/h
lyr = ar X 1075
60 mi/h ~ 100 fi/s

1km =~ 3 mi
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Alpha A a
Beta B i
Gamma r ¥
Delta A 5
Epsilon £ €
Zela VA {
Eta H i
Theta 3] é

fota i ¢

Kappa K I3
Lambda A A
Mu M 7]
Nu N 2
Xi = ¢

Omicron 3 o
P nn -

Rho P p
Sigma % a
Tan T ¥
Upsilon Y v
Phi & 1]
Chi X X
Psi ¥ W
Omepa a @

s

Atomic mass unit

2y sudlt

el jam ot -3

| 166053886107 kg 166X10-7 kg
Auvgadro's nuber Ny | 80221415168 mol-! 6.022X10% mol-!
Belzmann's constant k| 13806505107 Pa-m¥/K 138X 10758 Pa-md/K
Constant in Coulomb's law K| 8987551788 10" N-m?/C? 9.0 10° N-m?/C2
Flementary charge e | 160217653x10-0C 1802X10-1 ¢
Gas constant R | 8314472 Pam¥mol K 831 Pa-mfmol-K
- Gravitatione! constent G| 88752%107" Nomfkg? BA7X 10T NemiPfig?
| Weass of an efectron m, | 9.1093826x10-3 kg 8.HX107% kg
Mass of  proton my | 167262171x1077 kg 167X 107 kg
Mass of a neutron my | 1eM82728%10°7 kg 1671677 i
Planck’s constant h | 66260693%10-% )5 863x10-3 J.5
Speed eflightimavacuum <) ¢ [ 2997924605108 my/s 300x10° m/s

gl Sl atnag Ailyzd ColpaS” eul dody Jou 4

Dimensions and Units of Four Derived Quantities

Quantity Area Volume Speed Acceleration
Dimensions 1.2 E? L/T L/T?
57 units m? m? m/’s m/s?
U.5. customary units fi2 fi? fi/s fi /s

S}
()
o]
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51 Base Unit
Base Quamniity BMame Eymbol
Length Meter m
Mass Kilogram kg
Time Second 5
Electvic current Ampere A
Temperamire Kelvin B
Arnount of substance Mole mol
Luminous intensity Candela od

fetboy) hkmgl) Al ga J1 g Ll Jgder - 6

Hymhol Unit Bymbol Uit

A FNPETS K kelvin

u atomiic mass unic kg kilogram
atm simosphere kmol kilomole
Biuw British thermal unit L liver

C coulomb ib pound
= degree Celsius Yy lghtyear
wal czlarie m meter

d day min minitte
eV ' elecronvolt : mol mole
°F degree Fahrenheit N HEWEOT)
F farad Pa pascal

it foot rad radian

G fanss Tev revolution
g gram 8 second
H hency T tesla

b hour v volt

hp horsepower w watt

Hz hewz. Wb weber
in. inch ¥r year

1 joute & ohm
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Average Earth—Mooen distance 8.84 %X 10°m
Average Earth—5Sun distance 1.496 X 1 m
Average radius of the Earth 6,37 % 10°m
Density of air (20°C and 1 atm) 1.20 kg/m®
Density of water (20°C and 1 atm) 100 X 1% kg/m®
Free-fall acceleraton 9,80 m/s2

Mass of the Earth 5.08 X 10¥ kg
Mass of the Moon 7.36 X 10Z kg
Mass of the Sun 1.99 X 10% kg
Standard atmospheric pressure 1.013 X 10° Pa

:mﬂl dj’-i} Olislias Jod> -8

Power Prefix Abbreviation Power Prefix Abbreviation
107 yocto ¥ 10t deka da
10721 zepto z 102 hecto h
10718 atto a 108 kilo k
10718 femto f 106 mega M
10712 pico P 10 giga G
1079 nano n 1012 tera T
1078 micro i 10" peta P
10-% milli m 1018 exa E
102 centi € 10% zeita Z
107! deci d 10% yotia Y
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"S)'mhols, I):mensmns aud Units of lllysxm] Quammes continueid "

Common Unit jo Terms of

Quantity Symbol Unie* Baae 81 Unite
Capacitance c farad (F) A2t kg
Charge e e coulomb () Asx
Charge demnsity

Line A C/m Ars/m

Surface o C/m® Ara/m?

Volume F. C/m® Arsfmd
Conductivity o 1/0-m A2 g¥ kg - mT
Cuarrent I AMPERE A
Current dendry J A/m? A/m?
Density P kg/m® kg/m®
Dielectric constant, K
Lengih £ L METER m

Position . BRLT . [,

Displacement Ax, Ar

Diatance d, h
Electric dipole moment P C'm A-yem
Electric field b V/m kg-m/A 8
Blcetric flux &p V.m kg m/ A
Electromotive force & vole (V) kg-mi/ A
Energy E UK joule () kg m%/5"
Enropy 8 JVE kg m%/s K
Force B newion (N} kg-m/! 5%
Froguency I herntz (Hr) 51
Heat Q joule (T kgt m/ e
Inductance L henry (H) kg mZ/AT P
Magnetic dipole moment M MNem/T A m? i
Magnetic ficld B testa (T) (= Wh/m?) kp/A-a?
Magnedc flux &y weber (Wh) kg-m?/A-s"
Mars = M EILOGRAM kg
Molar specific heat c J/mol K kg me/ s mol-K
Morment of inertin I kg m? kg m®
Momentum P kg m/a kg m/s
Period N 5 ]
Permcability of free space’ o " TOUTUN/AR (= Hfm) kg m/AR 2 -
Permitlivity of free space & C/N-m? (= F/m) A% n*/kg -m?
Potential v volt (V) (= J/C) kg mI/AH
Power @ watt (W) (= ]/5) kg m%/s
Pressure P pescal (Pa) (= N/m?) kg/m:s?
Fcaintance R obm (£¥) (= V/A) kg m?/AZ-s0
Specific heat ¢ J/eg-K m¥/e K
Speed ] m/s m/s
Termperature T EELVIN )4
Time [ SECOND ]
Toreue T N-m kg+ mi/e?
VYelocity ¥ m/s m/s
Vaolume v m? m®
Wovelengih A m m
‘Work W joule () (=N-m) kg-m!/nz
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Mass (kg}

sl 81 and A8l Cotbtlall, g

- 10

Speed {m/s) Kinetic Fuergy (])

Earth orbiting the Sun 598 X 10%*  2.08 x 10t 2.66 X 1%
Moon orbiting the ¥arth 736 X 107 1.02 X 10° 3.82% 107
- Rocket moving at escape speed? 500 119 % 10t 514 % 10i¢
Automobile at 65 mi/h 2000 ] 8.4 X110P
Running athlete 70 il 3 B0O

Stone dropped from 10 m 1.0 14 98

Galf ball at terminal speed 0.046 44 45

Ruindrop at terminal speed 3.5 X Wt 9.0 l4x 1073
Oygen molecule in air 53X107® b0 6B %107

et degoonddl Cilbare Syt 11

Mean Radins

Distance' ficm

Body Mass (kg} {m) Feriod (5) «the Sun (m)
Mercury 3.18 x 102 243 X 108 T6005: 100 8,79 . '101¢
Venus 1,88 ¥ 102 6,06 X 106 PRG-I 108 x [ou
Earth 5.98 X 10 6.87 X 106 3.156 X 107 L4646 % 10il
Mars 8.42 x 107 3.37 x 108 5.84 x 107 2,28 > 101!
Jupiter 1.90 % 107 699 X 107 3.74 % 108 7.78 % 104
Saturn 6.68 x 102 585 X 107 9.35 % 108 1.4% x ipl?
Uranus B.65 X 107 2.33 % 107 2.64 x 107 287 % 102
Neptune 1.03 x 10 2.21 X 107 5.22 x 19° 4,50 X 12
Fluto me]4 X 102 rs] b X% 1068 7.82 % 109 5,91 x 10i?
Moon 7.36 X 102 174 % 108 e —

Sup 1.991 X 10% 6.06 X 108 e~ e

AL S1aadl ey ST gulor

Substaace pkg/ m?’) Substance plkg/ m%\
Alr 1.29 Ice 0.917 > 10®
Aluminum 270 > 102 Iron F.86 5 1F03
Benzene 878 X 10° Lead 113 X 108
Copper 8.02 % 107 Mercury ‘156 X 108
Ethyl alcchol 0.806 % 107 Crak 0.710 % 1078
Fresh water 1.0¢ > 10° Crxypgen.gas 1.43
Clycerin 1.26 X 10° Pine 0,373 ® 108
Gold 19.3 x 102 Pladgnum 21,4 X rod
Helium gas 179 > 1071 Seawater 1.03 » 103
Hrdrogen gas B.99 ¥ 102 Silver 10.5 X 102
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@2y goehe ( TH) ook

Ragalt Aoy b BN jamg 1 dgdsr -1

x=loga=>a=10"% x=lna= a=¢*

log (ab)=log a+ log b log a — log b=log %’

e—x:.._l'___ a¥ g¥ oy (Xry)

o X

sin26+60329:1 1+tg2(9:—-—12.
cos < &

91112_@_:1“003‘9 Coszi:1+cost9

) 2 2 2 2

sin 26 =2sin # cos @

sin (oo £ f )= sin occos f £ cos «sin B

sin o -+ sin B = 2sin (= ; ZhSe (i‘-c-—;-ﬁ)

cas 28 =2cos 2 & - sin 2'6’""

cos (oc = B )= cos wcos B F sin ocsin g

cos o + cos ff = 2cos (m;ﬂ) cas (f%ﬂé_)
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1 s

-je@xdx:—e

J i
[ sin ax dx =——cos ax
a

dx

}I\!az +x2

a

=ln (x+4fa

g X
= @r¢ Sl =
4]

2

d .
e SiL @ X = @ACOS aX

dx

a.
dx

_[x sin xd x

+x2)
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Pawer series (convergent for range of x shown):

(1+2)'=1+m

+

2! 3t

® ¥ d
ﬂnx—x*§!+si~7i+ (allx)
2o
1-§~!~+41 6’+ (all %)
y Il v
tanx = +3+F+§E+ {Ix < a2)
=it +"3+ Lo (allx)
. 3!
In(1 +x) = x—§-+—3_—-—+- (Ix|<l)

RSO AL gdtang Toeadl iy N Jg0 0t jany 1guer -2

o= w002, (<)

Symbol Meaning

= is equal to

= is defined as

# is not equal to

o is proportional to

~ is on the order of

b= is greater than

< is less than

S (<) is much greater (less) than

A is approximately equal to
Ax the change in x

N .

> the sum of all quantities x;from i = 1l toi= N
=1

|| the magnitude of x (always a nonnegative quantity)
Ax— 0 Ax approaches zero

dx
N the derivative of x with respect to ¢

ax . o ’
W the partial derivative of x with respect to ¢

J

integral
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Ay

Absolute

Absolute Zero
Acceleration
Angular Acceleration
Coriolis Aiceleration —
Constant Acceleration
Centripetal Acceleration
Normal Acceleration
Relative Acceleration
Resultant Acceleration
Tangential Accbleration
Average Acceleration
Action
Contact Action
Air
Air Resistance
Areas Law
Altitude
Amplitude
Angular

341
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Angular Velocity
Atmosphere
Atom

Atwood's machine
Attraction

Analytic

Balance
Bar

Base
Barycenter

Branch

Calculus
Center
. Mass Center
. Gravity Center
. Inertia Center
Center field
Center farce
Centrifugal force
Change of state
Collision

Elastic Collision

342
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Inelastic Coilision
Conservation
- of angular momentum
Conservation of energy
Conservation theorems
Classical
Classical Mechanics
Critical
Coefficient
- Friction Coefficient
-Viscous Coefficient
Conductor
Continuity
Constant
Components
Couple
Cross
Cycle
Coordinates
Cartesian Coordinates

Curve

Density
Depth
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Displacement

Displacement Vector
Dynamic

Dynamic of Particles
Dimension

Direction

Disk

Distribution

Distribution of velocities
Distribution of kinetic energy
Division

IData

Bouble

Diyne

{Jispersion

Differential i ¥
Differential element

Direction cosines

Ecliptic
Effeciive
Hlastic
Ellipse

Energy
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o LA 2 T

~Kinetic Energy 3, il

-Internal Energy i lotl> 1
-Potential Energy LR TIE
-Total Energy 3 Js 55U
-Mechanical Energy 1St wth
-Rotational Energy adlyg0 Bt
Entropy 4g55)
Equation AR
Eq:u'i.librium" | ”~ - ol Syt
Bquilibriufh of badies Pl Y1 )55
Equ:illibrii!l‘rn of :I;zt‘r:ficle P"‘”"’L‘i Sl
Eq;Iilibfium Position D3fsdh puos
-Stability Equilibrium it O}l
Equivalent u?‘i‘
Equinox Stz b
Erg 28,4
-F—
Fluid Ji

Field Jb_

Gravitational Field
aah Jo

Filter -y
Force 8!
-Nonconervative Force dadle b 58
-Moment of Force : 53l o
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-Attraction Force
-Central Force
-Centrifugal Force
-Elastic Force
-Friction Force
-Internal Force
-Binding Force
~Nuclear Force
Frequency
-Angular Frequency
Frame
Frame of reference
Friction
-Kinetic Friction
-Static Friction
-Slinding Friction
Flux
Factor
Formation
Function

Free

-Gas

Gala){y
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Gradient

@.,U

Gradient vector o L Flad
Gravitational J'L;u

-H-
Harmonic u-u"y
Harmonic motion il 2\5}-
Head — on collision L,S"J polas
Heat B
Hook's Law Jsp Ogi
Hydro static Syl Oy
Hypotht%se e
Heavy e
Height 8—5)1
Helical -“‘ ‘55 )
Helical m%)ti@n,yf ':! 3 ds) 357~
Helical orbit é (5! Ky
Helicoidal Rath | I o
Hertz | \ w
Hole A
 Hollow - uy'n
Hyperbola ) CL”
——

Impulse \ k & i
Inelastic \\ O pé




Inertia

Interaction

fons

Isotopes

Index

Isotropic

Incertitude
-Absolute Incertitude
-Relative Incertitude

Intensity

Integral N

Isolated

solated Systern

Incidence

Incocherence

Incommensurable

Independent

Inhomogeneous

Initial

Initial Energy

Initial Speed

Initial Particle

Inner product

Aaaly
Jokes Jolis
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Instability

Sr i

Interface ' o C‘_‘L‘"‘“

Interference Lol

Invariant e Y

Isé.type ghves
J-

Joule Jed
Junction s
K-

Keplers Laws R
Kick )|
Kilo s
-Kilo bar b shS
-Kilo gram oL s
-Kilo meter o ol
-Kilo calorie T (K
Kelvin IS
Kinematics a4 i*l'p
-Kinetic energy 3.5 b
-Kinetic equation . - i8> Wslas
-Kinetic pressure S i
-Kinetic theory 85> iyl
-L-

Laboratory e
Lacuna 3yt
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Launching
Landslide

Latent

- Latent energy

- Latent Heat
Lateral

Lateral collision
Latitude

Law

Law of conservation
Layer
Length
Lens

Level

Light

Light source
Limit
Limited
Linegs®™, N .
Lines of force
Lines of field
Linear

Linear equation
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Linear momentum
Linear correlation
Linear dependence
Line of action
Line of force
Liquid

Local

Location
Logarithmic

Loss

Low

Machine

' Macroscopic

Macroscopy
Magnetic

Main

Main path
Major axis
Major diameter
Mass

Mass center
Mass density

Mass Less
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Mass Velocity
Material
Maximum

Mean

Mean energy
Mean velocity
Mean value
Measure

- Mechanic
Mechanical‘ |
Mechanical force
Mechanical stress
Mega hertz
Meridian

Metal X
Metastable
Metastable equilibrium
Metrie

Metric system
Metrology
Microscope
Microscopic

Milliliter
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Minimum
Minute
Missile
Mixed
Mobile
Mode
Model

Mole
| Molecular
Moment
Moment of force
Moment of Inertia
Moment of momentum
Momentum
Momentum conservation
Momentum vector
Moon
Motion

Mounting

Nanometer
Natural
Natural logarithm

Natural numbers
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Sum

Surface
Surface tension
Symmetry

System

Table

Tangent
Tangential
Technology
Temperature
Tensile

Tensile strength
Tension
Theoretical
Theory

Time

Timer

Torque
Torsion

Track
Trajectory
Transformation

Triangle
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Tube

Ultrasonic
Undetermined

. Uniform

Uniform acceleration
Uniform velocity .
Unit

Universal

Vacancy

Vacuum

Vapor

Variable

Vector

Velocity

Vibration

Viscosity

Viscosity coefficient

Volume
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