Physics 101 Formulas

Kinematics
" _ A a _ v
ave — At ave — At

1
v = vy + at x=x0+v0t+§at2

v? = v + 2alx

g = 9.8m/s? = 32.2ft/s? (near Earth’s surface)

Dynamics

JF = ma Weight = mg (near Earth’s surface)
ﬁs,max = ugFy

fie = mFy ac S w®R

R

Universal Gravitation

2
Universal Gravitational Constant G = 6.7 x 10711 N-:(n?

Gmm cmym
F"g — R12 2 Ug - _ ;. 2
Work & Energy

2

Wy = FDcos(6) K =-mv? =2- Wy = 0K = Kp- K, E=K+U
Whe =4E = Ef- E; = (Kf + Uf)_ (K; + Up) Ugrav = mgy
Impulse & Momentum
Impulse: I = Fg,.At = Ap Fopedt = Ap = mvy - my; Fo e = Ap/At
2FoptAt = APorgy = Ptotal,final = Piotatinitial (momentum conserved if XF,y; = 0)

Mixq + My,
Xem =
my +m,

Elastic Collisions: Mass m; moving with v;; Stationary mass M
o = M o= 2T
mf = iy Mf = "mimim

Rotational Kinematics

w = wy + at 0= 6, + wot +;at? w? = w? + 2a40
Axr = RA6O vr = Rw ar = Ra

(rolling without slipping: 4x = RA6 v = Rw a = Ra)

1 revolution = 2mradians

Rotational Statics & Dynamics Moments of Inertia (1)
7= Frsinf I = Xmr? (for a collection of point particles)
21 = 0Oand XF = 0 (static equilibrium) 1 5 o '
51 = la I = EMR (solid disk or cylinder)
W = T9 _ 2 2 .
L=Ilw ZIt,At=AL I —gMR (solid ball)
(angula; mozmen'zlz,lm conserved if AT,y = 0) [ = %MRZ (hollow sphere)
Kot =-lw* =—
ot T2 21 1 1 I = MR? (hoop or hollow cylinder)
Kiotat = Ktrans + Krot = ~mv? 4> lw? 1
2 2 I = T ML? (uniform rod about center)
1
I = 3 ML? (uniform rod about one end)
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Physics 101 Formulas

Fluids
P = % , P(d) = P(0) + pgd change in pressure with depth d
Pwater = 1000 kg/m3

, , , 1m3 = 1000 liters
Buoyant force Fz = pgV,is = weight of displaced fluid latm = 1.01 x 10° Pa

Flowrate Q = v;A; = v, A, continuity equation 1Pa = 1N/m2

(area of circle A=mr?)

p =% (density)

P, +%pv12 + pgy, = P, +%pv§ + pgy, Bernoulli equation

Simple Harmonic Motion

Hooke’s Law: F; = -kx w? =
_1,.2

Uspring = 3 kx Xmax = A VUmax = WA Qgxy = 0?A ©w = 21 f

x(t) = Acos(wt) or x(t) = Asin(wt) ) , g

v(t) =-Awsin(wt) or v(t) = Awcos(wt) For a simple pendulum w =1 T = 2m L/g

a(t) =-Aw?cos(wt) or a(t) =-Aw?sin(wt)

27T m
T—;—Zn\/; f = 1T

3=

Harmonic Waves
2

vo= o= Af v = ¢ = 3 X 108 m/s for electromagnetic waves (light, microwaves, etc.)
v? = mL/L for wave on a string A, = %L (wavelength, of the nt" harmonic)

Sound Waves

Loudness: 8 = 101log10 (i) (in dB), where I, = 10712 W/m? I = 4;2 (sound intensity)

2~ 1 = (10 aB)log ;2
Logarithm Rules
log10 =1
logAB = logA + logB
logg =logA —logB
logAB = BlogA

Doppler Effect

flistner = [M] feource (Doppler Effect)

Vsound tVsource

Numerator: Use
+ if listener moves toward source
— if listener moves away from source.
Denominator: Use
— if source moves toward listener
+ if source moves away from listener.
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Physics 101 Formulas

Temperature and Heat
Temperature: Celsius (T¢) to Fahrenheit (Tr) conversion: T, = (g) (Tg - 32°)
Celsius (T¢) to Kelvin (Ty) conversion: Ty = T, + 273

AL = aloAT AV = BVyAT  thermal expansion

Q = cMAT specific heat capacity

Q = LgM latent heat of fusion (solid to liquid) Q = L,M latent heat of vaporization

Q = kAATt/L conduction

Q = eoT*At radiation (o = 5.67 X 1078]/(s-m?-K*))

Pher = edA(T* - Ty) (surface area of a sphere A = 4mr?)

Ideal Gas & Kinetic Theory

N, = 6.022 x 1023 molecules/mole Mass of carbon — 12 = 12.000 u

PV = nRT = NkgT R = 8.31m kg :Ni;z 1.38 x 10723 /K

KE e =%kBT = %mvrzms U= %NkBT (internal energy of a monatomic ideal gas)
2 3kpT 3RT

= == (M = molar mass = kg/mole)

D,
rms m

Thermodynamics
AU = Q + W (1stLaw)

U= G) nRT (internal energy of a monatomic ideal gas for fixed n)
Cy = (3/2)R = 12.5]/(mol-K) (specific heat at constant volume for a monatomic ideal gas)

Qy + Q¢ + W = 0 (heat engine or refrigerator)

T :
e = — emax = 1-7° (Carnotengine)
H

W = PAV (work done by an expanding gas)
AS = Q/T (entropy)
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