PHYS211, Fact Sheet 2

Gravitation

Fg=G m;‘;’z : G =6.67 x 10t m¥/kgs? (or N'm?/kg?); g = 9.81 m/s?
. _ M, _ M _ _(mymp

If the planet does not spin, g = GRZ ;ap = G—(R+h)2 ; U= G—R

Mearth = 5.98 X 1024 kg, Rearth = 6.37 X 106 m, Msun = 1.99 X 1030 kg, dearth-moon = 3.84 X 108 m,
earth-sun = 1.50 x 10t m

Vorbit = /G?M » Vescape = fZGTM , G - gravitational constant, M - mass of the planet, R - distance

from the satellite to the center of the planet. Energy of a satellite: E = —G?—r , K = |E|

Circular and Rotational Motion

w =i—?, O(=AA—C;),<’:1¢:OL'I’,V:0)R; 0= u)t+a7t2,c0=oao+oc't, 0> =wo’+20(0-60)
0 - angle, o - angular velocity (angular frequency), a - angular acceleration, r - radius
f=1T;, ®o=2n/T = 2nf

Centripetal acceleration: a, = % = w?r , tangential acceleration a, = ar,

2

centripetal force: F. = mVT = mw?

r

2
Moment of inertia: I, = Zmiri?; solid sphere about diameter: I, = % , solid cylinder about axis:

MR?2

2
[, , thin rod of length | about a perpendicular line through center: I, = % ; parallel axis
theorem: 1; = Iem + Md?

Torque: t = rF sind (0 - angle between # and F), T = r1 F; “Newton’s 2" law” for rotation: 1. = al,
.. . I,w?

Kinetic energy of rotation: Ko, = % work: W=1-0,power:P=1- o

Angular momentum: L=1I3,L=lo,L=ramP = fam mv= m(rarm)?m; T = AL/ At; conservation of angular

momentum: if text = 0, then L = I = const.

Fluid Statics
Density: p =m/V, pressure: P = F/A, pressure due to the weight of the fluid: P = pgh, total pressure h meters
below the surface: P = pgh + Pam . Archimedes’s Principle: the buoyant force on an object equals the weight of

the fluid displaced: F, = mgyia€ = PuiaVaisp1.g - Bernoulli’s equation: P + pTVz + pgy = const
Temperature, Kinetic Theory, Gas Laws

t°F = (9/5)t°C + 32, t°C = (5/9)(t°F - 32), T =t°C + 273.15; < Kpnolecule >= sz

Ideal gas law: PV = NKT, PV =nRT, n =m/M

N- number of molecules, n - number of moles, m - mass, M - mass of 1 mole

k =1.38x102 J/K, R = 8.31 J/mol-K, Na = 6.02x10%/mol, k = R/ Na

Heat
1 cal=4.186 J, Q =mcAT (C - SpeCIfIC heat), Q = mLmeIting-freezing,Q = mLvaporization-condensation (L - Iatent heat)
First Law of Thermodynamics: Q = AU + W12



Oscillations, Waves, Sound

x = Asin(ot + 0), ® = 2nf=27n/T, £ = 1/T; mass attached to a spring: T = 2k, simple pendulum:
T=2nL/g

y = Asin(ot - kx), A = vT = v/f; intensity: I = P/A = E/AtA (P - power carried through area A, E - energy)

B (dB) = 10 log1o (I/10), lo = 102 Wt/m?

Relativity
1
Y=
1=z
At = At"z =7 Ato; L = L, ’1 —‘C'—z = Lo/ y; K= (VP%c2 + m2c* — mc?) = (y - 1) mc?;

- 2
= > = ymvV ; rest energy: Eo = mc?; total energy: E = e
2

v
1-—— v
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Momentum: P =

=y mc?;

E=K+Eo

giga: 10°, mega: 108, kilo: 10% (1 kg = 1000 g = 10% g, 1 km = 10® m), centi: 10
(1cm =102 m=1/100 m, 1 m = 100 cm), milli: 10 (1 mm = 10°m, 1 m = 1000 mm), micro: 10, nano: 10°
1in.=254cm=0.0254m, 1 ft=0.305m, 1 mi =1609m, 1 gal =3.76 1 =3.7610°m3 1 Ib = 4.45 N



