
       Roots of quadratic equations: 
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tanθ = sinθ / cosθ  sin2θ + cos2θ =1   
 
A•

B = A|| to B B  or A B|| to A  or A B cosθ  or AxBx + AyBy + AzBz  
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B = A⊥ to B B  or A B⊥ to A  or A B sinθ, with direction via right-hand rule  
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R
−r̂( ) , where −r̂  points toward the center of a circular trajectory 

s =θR , vtan =ωRê , atan =αRê ,  where ê  is tangent to a circular trajectory 
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Fnet =

dp
dt

; if m = constant: 

Fnet  =  ma      
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Fnet dt  ti
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Fnet,avgΔt = Δ
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W =mg  fs ≤ µsN  fk = µkN     )( xkFspring
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fdrag = bv at low speed;   fdrag = 1
2 ρAΓv

2  at high speed  
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τ net =  I α , where 
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r ×

F  and     2  rmI

i
ii∑=  (Table of I for specific shapes below) 

slender rod (length L) through center  2
12
1 MLI =    slender rod (length L) through end   2

3
1MLI =  

rectangular plate (a by b), through center  )( 22
12
1 baMI +=   rectangular plate (a by b), along edge b 2

3
1MaI =  

solid cylinder/disk, (radius R)  2
2
1 MRI =   thin-walled hollow cylinder, (radius R) 2MRI =  

solid sphere (radius R)   2
5
2MRI =   thin-walled hollow sphere (radius R) 2

3
2MRI =    

hollow cylinder (inner radius R1, outer R2) ( )222
12

1 RRMI +=  any, around a parallel axis           I|| axis = ICM +mr
2  
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   Ugrav =mgh ,    )(   2
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    0int =Δ+Δ+Δ UUK  or    ffNCii UKWUK +=++  
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F • v        Fx (x) = −∂U
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    with similar equations for Fy and Fz. 

Similar equations apply for translational motion along y and z. 

If ax is constant: 
x = x0 + vx0Δt + 1

2 ax (Δt)
2

vx = vx0 + axΔt

Similar equations apply for rotational motion with substitutions: x→θ , v→ω , and a→α . 
 

cosa+ cosb = 2cos 1
2 (a+ b)( )cos 1

2 (a− b)( )
sina+ sinb = 2sin 1

2 (a+ b)( )cos 1
2 (a− b)( )



Simple harmonic oscillator: x(t) = Acos ωt +φ( )  where Tf /22 ππω ==  

     mk /=ω  (spring-mass), Lg /=ω  (simple pendulum), ω = mgh / I  (physical pendulum) 

Slightly damped oscillator: x(t) = A0e
−t/τ cos ω1t +φ( )   where τ = 2m

b
 and ω1 = k

m −
b2

4m2
  

Driven, damped oscillator: A ω( ) = F0 / m (ω 2 −ω0
2 )2 + b2ω 2 /m2( )  

tensile/compression: F
A
=Y ΔL
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TNknRTpV B==  Ktrans = 1
2mv

2 = 1
2mvrms

2 = 3
2 kBT    uint (per d.o.f. per atom or molecule) = 1

2 kBT  

λ =V 4π 2( )r2N   K trans,total = 3
2 NkBT = 3

2 nRT       TLL Δ=Δ 0α  and TVV Δ=Δ 0β   (for solids:   β = 3α )  

TmcQ Δ=   or  Q = ±mLF or V  or QV  or P = nCV  or PΔT  where CV = (# d.o.f.)R / 2  and for an ideal gas RCC Vp +=  

conduction: H = dQ
dt = kA TH −TC( ) / L     radiation: H = dQ

dt =σεAT
4  and HNET =σεA T 4 −Ts

4( )   

WQU −=Δ , TnCU VΔ=Δ ,  W = PdV
V1

V2∫  so, Wisothermal = nRT ln Vf /Vi( ) , Wisobaric = P0 Vf −Vi( ) , Wisochoric = 0  

adiabatic process Q = 0;   PV γ = constant ,  where Vp CC /=γ , so  Wadiabatic = PiVi
γ Vf
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ΔS =Q /T  S = kB lnΩ , so ΔS = kB ln Ω f /Ωi
#$ %&  free energies: A =U −TS ,  G =U +PV −TS  

Jx = −D
dn
dx

 x − x0( )2 = Δxrms
2 = 2Dt  or r − r0( )2 = Δrrms

2 = 2dDt  where d = # dimensions  

Similar equations apply along y and z. D = kT / b  and b = 6πηr  for spheres at low Reynolds number 

ρ =m /V  

F = P


A  P = P0 + ρgd     gVgmF dispflfldispflB ,, ρ==     

Φ = dV
dt = Av = constant    P + ρgy+ 1

2 ρv
2 = constant     Fviscous =ηvA / L  Φlaminar =

πr4ΔP
8ηL

 

D(x, t) = Acos 2π x  vt
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 and v = λ
T
= λ f  

transverse, string/spring: µ/Tv =   longitudinal, fluid or bulk solid: ρ/Bv =    

D(x, t) = 2Asin kx( )sin ωt( )  (standing wave)        D(x, t) = 2Asin kx −ωt( )cos Δk
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(  (beats) fbeat = f1 − f2  

  12 nfnf L
v

n ==     nLn /2=λ   where n = 1,2,3,… (nodes or anti-nodes on both ends)  
  14 nfnf L

v
n ==     nLn /4=λ   where n = 1,3,5,… (one node and one anti-node on ends) 

I = 2π 2ρvp f
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  g = 9.81 m/s2    kB = 1.38 × 10-23  J / K  T (K) = T (°C) + 273.15 K 
  1 kg weighs 2.205 lbs  NA = 6.02 × 1023  mol-1 1 L = 10-3 m3   and  1 mL = 1 cm3 
  σ = 5.67 × 10-8  W / m2⋅K4  R = 8.31  J / mol⋅K  1 Calorie = 1 kcal = 4186 J = 4186 N m 
  1 W = 1 J/s    vs in air (@ 25 °C) = 344 m/s vs in water (@ 25 °C) = 1484 m/s  
   patm = 1 atm = 1.013 × 105 Pa = 1.013 × 105 N/m2 = 1.013 bar = 760 mmHg = 14.70 lb/in2 


