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Simple harmonic oscillator: ( )0cos)( φω += tAtx  

Tf /22 ππω ==   where   mk /=ω   (spring-mass)      OR  I/κω =       (torsion spring)  
 OR   Lg /=ω   (simple pendulum)   OR  Imgd /=ω    (physical pendulum) 

Slightly damped oscillator: ( )0
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transverse, string/spring:  µ/Tv =    TAPavg µω 22
2
1=    

longitudinal, fluid or bulk solid: ρ/Bv =     ( )vpBAI ρρω 2/2
max

22
2
1 ==     where   λπ /2max BAp =  
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2
221 // rrII =  ( )0/log)dB 10( II=β       

( ) ( )tkxAtxy SW ωφ sinsin),( 0+=   where AASW 2=    (standing wave) 
 12 nfnf L

v
n ==    nLn /2=λ   where n = 1,2,3,… (string or open pipe)  

 14 nfnf L
v

n ==     nLn /4=λ  where n = 1,3,5,… (stopped pipe) 

Similar equations apply for 
motion along y and z. 

Ιω applies only for a rigid body 
around an axis of symmetry



 
Useful Constants 
g = 9.8 m/s2 
G = 6.673 × 10-11  N m2 / kg2 
I0 = 1.0 × 10-12  W / m2 
patm = 1.013 × 105 Pa = 1 atm 

Algebra and trigonometry 

a
acbbxcbxax 2
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        0 −±−=⇒=++  

Moments of Inertia 
slender rod (length L), through center    2

12
1 MLI =  

slender rod (length L), through end  2
3
1 MLI =  

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

rectangular plate (a by b), along edge b 2
3
1 MaI =  

hollow cylinder (inner radius R1, outer R2) ( )2
2

2
12

1 RRMI +=  
solid cylinder, (radius R)   2

2
1 MRI =  

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

5
2 MRI =  

thin-walled hollow sphere (radius R)  2
3
2 MRI =  

 
 
 

 
Astronomical Data 
    Mass (kg)   Radius (m)  Orbit radius (m) Orbit period  
Sun   1.99 × 1030  6.96 × 108              ------        ----- 
Moon   7.35 × 1022  1.74 × 106  3.84 × 108  27.3 days 

Mercury  3.30 × 1023  2.44 × 106  5.79 × 1010  88.0 days   
Venus   4.87 × 1024  6.05 × 106  1.08 × 1011  224.7 days 
Earth   5.97 × 1024  6.38 × 106  1.50 × 1011  365.3 days 

Mars   6.42 × 1023  3.40 × 106  2.28 × 1011  687.0 days 

Jupiter   1.90 × 1027  6.91 × 107  7.78 × 1011  11.86 yrs 

Saturn   5.68 × 1026  6.03 × 107  1.43 × 1012  29.45 yrs  
Uranus   8.68 × 1025  2.56 × 107  2.87 × 1012  84.02 yrs 

Neptune  1.02 × 1026  2.48 × 107  4.50 × 1012  164.8 yrs 

Pluto   1.31 × 1022  1.15 × 106  5.91 × 1012  247.9 yrs 
*** For each body, “radius” is its radius at the equator and “orbit radius” is its average distance from the sun (for the planets) or 

from the earth (for the moon).  

 


