Prefixes

z=10"2! a=10"1%, £=1071%, p=10"12 n=10"?, = 1075, m=10"2, c=10"2, k=10, M=10%, G=10%, T=10'2?, P=10'%, E=10'%, Zz=10%!

zepto, atto, femto, pico, nano, micro,

Physical Constants

g = 9.80 m/s? (gravitational acceleration)
Mg = 5.98 x 10?* kg (mass of Earth)

me = 9.11 x 10731 kg (electron mass)

¢ =299 792 458 m/s (speed of light)

u = 1.6605402 x 10727 kg (atomic mass unit)

kp = 1.3806 x 10723 J/K (Boltzmann’s constant)

Units & Conversions
linch =1 in = 2.54 cm
1 mile = 5280 ft =1760 yards
1 m/s = 3.6 km/hour
1 acre = (1 mile)?/640 = 43 560 ft>
11b=4.45N

88 ft/s

1 hectare = (100 m)? = 10* m?
1N=0.2251b

milli, centi, kilo, mega, giga, tera, peta, exa, zeta.

G = 6.67 x 1071 N-m? /kg? (gravitational constant)
Rp = 6380 km (mean radius of Earth)

m, = 1.67 x 10727 kg (proton mass)

o =5.67x 1078 W/m?2-K* (Stefan-Boltzmann constant)
N4 =6.02214 x 1023/m01 (Avogadro’s number)

R =FkpN4 = 8.31446 = 0.082057 Latm (oa5 constant)

Inol K mol-K

1 foot =1ft =12 in = 0.3048 m
1 mile = 1609.344 m = 1.609344 km

1 m? = 1000 L
1cal =4.186 J
1J=1joule=1Nm

= 60 mile/hour

symbol element atomic number mass number
H hydr.ogen 1 1.00794 Mass numbers are atomic masses in units of u =
He helium 2 4.00260 1.6605 x 10~27 kg, or, molar masses for the element
C carbon 6 12.0107 (1 mole = 6.022 x 10%? atoms), measured in grams.
N nitrogen 7 14.0067 (Ng x 1u=1 gram).
(0] oxygen 8 15.9994
Ne neon 10 20.180
Ar argon 18 39.948
Fe iron 26 55.845
Ni nickel 28 58.693
Cu copper 29 63.546
Au gold 79 196.97
U uranium 92 238.03

Algebra, Geometry, Trigonometry

Quadratic equations: ax? 4+ bx +c=0, solved by z = (—b Vb2 — 4ac) /(2a).

Triangles: A = %bh Circles; C = 2nr, A=mr?, arc=s=rf. Spheres: A =4mr?, V= 4?“7"3

sinf = (opp)/(hyp),  cosf = (adj)/(hyp), tan® = (opp)/(adj),  (opp)® + (adj)* = (hyp)®.

sin? @ + cos? 0 = 1, a’® + b —

2abcosy = c?,

sinf8 __

sin~y
c )

sina __

a b

a+ B+~ =180° =7 rad.

Chapter 1 - Units, measurements, errors or uncertainties

Unit conversions:
Percent error:

value = # (old units),

Chapter 2 - Vectors - Magnitude & Direction

2D Vectors: a=agi+ ayj,
Components: a; = acosb,
Addition: 5 + b, head to tail.

Scalar product: -b = abcos ¢,

Cross product: |é' X b| = absin ¢,

Chapter 3 - 1D Kinematics - Straight-line motion

measurement = value £ error,

magnitude = a = /a2 + a2,

ay = asind,

Subtraction: & — b is & + (—b),
a bfamb + ayby + a.b;,
ixj=k, etc.

(old units) x (Lewumis) — (new units).

percent error = (error / value)x100%.

direction — tanf = ay/a,.

0= angle to 4x-axis.
—b is b reversed

>

=1, i J_O etc.
JXJ—ka—O

o) e
o>

Velocity: Vavg = Az /At Az =z — g v(t) = %= slope of x(t)

Acceleration: Qavg = Av/At Av=v—uwg a(t) = %= slope of v(t)

Integrals = areas: x(t) = zo + fo thdt',  v(t) =vo + fo t')dt'.

Constant acceleration: v = vg + at, Vavg = %(vo +v), Az = vanAt.
xzxo—l—vot—l—%atQ, T = 20 + Vavgl, v? = 3 + 2aAz.

Free fall (+y-axis is up): Y = Yo + voyt — 39t%, vy = Voy — gt, v2 = g, — 294y.

Eq.-1



Chapter 4 - 2D and 3D Motion - Vector displacement, velocity, acceleration

Position: F=uzi+yj+zk r=(z,y,2) AT = (Az, Ay, Az)
Velocity: Vavg = AT/ At vV =dr/dt A =7 —T1y
Acceleration: Aavg = AV/AL a=dv/dt AV =V — V
Projectiles: a; =0 Vg = Voz T = Tg + Vot
(4+y-axis is up) ay = —g Uy = Vgy — gt Y = yo + voyt — %th

Relative Motion:
Circular motion:

Boat, Shore, Water.
v=2=2mr/T = wr

BS is “boat relative to shore”, etc.
w = 2w /T, T=period of 1 rev.

VBs = VBw + Vws
2/ )2
ac = v?/r = w?r

Chapter 5 - Newton’s laws and forces

Newton’s 15 Law: a= ‘é—ﬁ = 0 unless ﬁnet #£0, ﬁnet =5 F; = sum of all forces on a mass.
Newton’s 274 Law: ﬁnet = md,

Newton’s 3" Law:
Gravitational force near Earth:

Gravity components on inclines:

Fnet,x = May, Fnet,y = May, Fnet,z = ma.
Forces exist in action-reaction pairs.

Apparent weight is force measured by a scales.
+ for incline at angle 6 to horizontal.

Fap = —Fpa,
Fg = mg, downward.
Fj =mgsin6, F| =mgcos®,

Spring force: Fy = —kz, x is the displacement from equilibrium.
Chapter 6 - Friction, circular motion

Static friction (object is stuck): fs < usN, Can balance other forces in any direction.

Kinetic friction (object sliding): fr = pe NN, Acts against the relative motion of surfaces.

Centripetal acceleration: ac = v?/r, Points towards the center of the circle.

Rates of circular motion: speed v = 277 /T = 27r f frequency f = %, T=period of one revolution.

Chapter 7 - Work and kinetic energy

Work done by a force: dW =F - df = F dr cosf Wap = ff F.dr (along the path A — B)
Examples: W =F - AT (constant F), W, = —2k(z% — 2%) (spring F = —kx).
Work-KE theorem, power: AKE = W, = all works on m. KE = %va, P = %, Pove = %.

Chapter 8 - Potential energy and Conservation of energy

PE for gravity: AU = mgAy, U(y) = mgy+ constant, +(near Earth’ surface).
PE for springs: AU = k(2% — 2%), U(z) = 1ka? + constant.
Any arbitrary system: Alymec = Wne Eiot = Enec + Ethermal + Eothem Alytot = 0.

Chapter 9 - Linear momentum and collisions

—

Linear Momentum: P = mv, Impulse Theorem: Ap=1J= JF(t)dt = Foave At
Instantaneous forge: F = ‘2—1;, Average force: Fave = %

Conservation (@ Fyer = 0): APiotal = 0, P1i + P2i = Pir + Por, i=initial, f=final.

Center of mass: Foom = 7’”;‘;11:’;2?4‘, Veom = 7%”1"112;12‘*

V1t = 2Vcom — Vi
Piotal = MVeom = const.

1D elastic collisions: Vot = 2Vcom — V2i, Equal masses swap velocities.

Other collisions: Piotal = m1V1 + maVy = const.

Chapters 10 - Rotational motion

Coordinates: 1 rev = 27 rad 1 rev = 360°, w=2rf, f= %
Averages: Wave = %, A = waveAt, Oave = %, Aw = ayeAt.
Radius factors: [ =0r, v = wr, Qtan = QT ae = Wrr.
Const. acceleration: w = wp + at, 0 = 0g + wot + %atQ, Wave = %(wo + w), w? = wg + 2aA0.
Torque: F:rxf‘, T =rFsin#, T=r, F=rF, Ixj:f{, etc.
Dynamics, inertia: I=Ymnr? I=[dm r2, Thnet = L, Kiot = % w2
Rotational inertias: Iy = MR?, Iy = S MR?, Ip = 2MR?, Io=4ML?, I =1Iy+md?.
(about centers) thin hoop, solid cylinder, solid sphere, thin rod, 1 about parallel axis.
Work, power: dW = 1d#, W= [7d6, W = Tave AD, P=1w

Chapter 11 - Angular momentum
Angular momentum: T:FXf)', [ =rpsind, l=rip=rpL, L= [T x vdm, L=1Iw.
Dynamics: %I_; = Thet, AL = Tave AL, conservation— Liotal =const. —(@ Thet = 0).
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Chapter 12 - Static equilibrium

Statics requirements:
Stress & strain:
Shear forces:

Bulk modulus B:
Units:

stress = F| /A,
stress = I /A,
b-stress = Ap,

Chapter 13 - Gravitation

F = Gmima/r?,
U=-Gmima/r,
F = mv?/r,

Gravitational force:
Gravitational PE:

Orbits:
Chapter 14 - Fluids

ZF :ZF :EFZZQ

stress in Pa=N/m?

> 7 =0,

strain = AL/ Ly,
strain = Ax/ Ly,
b-strain = AV/Vj,
strain = % or no units,

7 =rFsinf.

stress = Y x strain.
stress = S'x strain.
b-stress = BXx b-strain.

Y, S, B in Pa=N/m?.

]

F =myg, g= GM/T27 Vescape =
AU + AK =0, AK = —AU, AK = im (va—v)
v=2mr/T, Vorb = VGM/r, Kepler: T2 = é” 73,

1 atmosphere = 1 atm = 101.3 kPa = 1.013 bar = 760 torr = 760 mm Hg = 14.7 1b/in?.

Units: 1 Pa=1N/m? 1 bar = 10° Pa, 1 mm Hg = 133.3 Pa.
Density: p=m/V, p,0 = 10 kg/m? (4°C), 103 kg/m3 = 1 g/cm3.
Pressure: b= F/A7 p2 =p1+ Pgd; Pabs = Patm + Pgauge-
Archimedes: Fs = pAviagVs, Bernoulli energy conserv.— p+ pgy + % pv? = const.
Flow rates: Q = Av, Qm = pAv, Q = (p2 — p1)mr/(8nL).
Viscosity: F =nA/L, Ng =2pur/n, Ng < 2000 laminar, Ng > 3000 turbulent.

V2 - Chapter 1 - Temperature & Heat transfer
Moles: n=N/Na, n=M/Mjy, Na = 6.022 x 1023 /mol, 1u xNy =1 gram.
Temperatures: Tc = g(TF —32), T = %TC + 32, Tk = Tc + 273.15, T = psp Trp.
Expansion: AL = al AT, AA = 20A0AT, AV = BVH AT, B = 3a (solids).
Heat transfers: Q = mcAT, Q=mLp, Q =mLy, 1 cal = 4.186 J.
Heat flow rates: P.ona = KAAT/d, Prag = 0eA(T3 — T}, Piolar =~ (1 %2)&4 cos 6.

V2 - Chapter 2 - Kinetic theory & Ideal gases
Ideal gases: pV =nRT, pV = NkgT, R =28.314 ﬁ, B = R/Na.
Kinetic theory: KEtrans = Q’furms = 3I<;BT Urms = 1/% = ,/?}\%T, m=Mus/Nuy, m =molecule.
Internal energy: Eiyny = nCyT, FEin = ngRT, Ein = N%kBT, d=3,5,6
Molecules: monatomic, d = 3, diatomic, d = 5, polyatomic, d = 6, < room temp.
Specific heats: Q =nCAT, Cy = gR, Cp=Cy +R, v=Cp/Cy.

V2 - Chapters 3,4 - 1°* and 2"¢ Laws of Thermodynamics

Process (constant): isobaric (p)

15¢ Law: AFEpn =Q - W,
2 Taw: ASiotal > 0,
Heat engines: W=Qu—-Qr,
AC, heat pumps: Kac=QrL/W,

isothermal (7T') isochoric (V)

adiabatic (pV7 with @ = 0)

W = ff p dv Wisobaric = p AV; Wisothermal = n.RT ln(Vf/V;)
AS = ff dQ/T,  AS =meln(T;/T;), AS=mL/T.
e=W/Qu, Carnot: g—f{ = %, Prech = W/t.

cool QL/t KHP = QH/W; Pheat = QH/t-

Eq.-3



