
MM2DYN Dynamics: FORMULA SHEET 

The symbols have the meanings defined during the course of the module 

 

Velocity and Acceleration Relations on a Rigid Body in Planar Motion  
    

𝒗B = 𝒗A + 𝒗BA  with 𝑣BA = 𝜔.𝐴𝐵 

 
𝒂B = 𝒂A + 𝒂BA

n + 𝒂BA
t  with 𝑎BA

n = 𝜔2. 𝐴𝐵   and 𝑎BA
t = 𝛼. 𝐴𝐵 

 

Moment of Inertia (all the following moments of inertia for an axis through the centre 
of mass) 

 

Point mass at distance a from axis      𝑚𝑎2 
 

Thin ring, about axis in plane of ring      
𝑚𝑟2

2
 

Thin ring, about axis perpendicular to plane of ring    𝑚𝑟2 
 

Thin disc, about axis in plane of disc      
𝑚𝑟2

4
 

Thin disc, about axis perpendicular to plane of disc    
𝑚𝑟2

2
 

 

Solid cylinder, about axis of revolution      
𝑚𝑟2

2
 

Solid cylinder, about axis perpendicular to axis of revolution  
𝑚

12
(3𝑟2 + ℎ2) 

 

Hollow cylinder, about axis of revolution     
𝑚

2
(𝑟𝑖

2 + 𝑟𝑜
2) 

Hollow cylinder, about axis perpendicular to axis of revolution  
𝑚

12
[3(𝑟𝑖

2 + 𝑟𝑜
2) + ℎ2] 

 

Rod (bar), about axis perpendicular to the rod    
𝑚𝑙2

12
 

Rod (bar), with axis perpendicular through the end    
𝑚𝑙2

3
 

 

Rectangular lamina, about axis parallel to side of length 𝑙𝑥   
𝑚𝑙𝑦

2

12
 

Rectangular lamina, about axis parallel to side of length 𝑙𝑦   
𝑚𝑙𝑥

2

12
 

Rectangular lamina, about axis perpendicular to plane of lamina  
𝑚

12
(𝑙𝑥
2 + 𝑙𝑦

2) 

 

Solid cuboid, about axis parallel to side of length 𝑙𝑥      
𝑚

12
(𝑙𝑦
2 + 𝑙𝑧

2) 

Solid cuboid, about axis parallel to side of length 𝑙𝑦      
𝑚

12
(𝑙𝑥
2 + 𝑙𝑧

2) 

Solid cuboid, about axis parallel to side of length 𝑙𝑧      
𝑚

12
(𝑙𝑥
2 + 𝑙𝑦

2) 

 

Solid sphere, about any axis through centre     
2𝑚𝑟2

5
 

 
Perpendicular Axes Rule:        𝐽𝑧 = 𝐽𝑥 + 𝐽𝑦 

Parallel Axes Rule:         𝐽𝐴 = 𝐽𝐺 +𝑚𝑑2 
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Free vibration of single degree of freedom systems 

KM

C

2
  

For zero damping, C=0 or 0  
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For high damping, MKC 2 or 1  
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For critical damping, MKCC 2crit    or 1  
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For light damping, MKC 2  or 1  
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or you can use 
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where the damped natural frequency is 
2γ1ω  ndn 

 
 

Forced vibration due to harmonic excitation 

   αωcos*   t  Z    tz
SS

  

Frequency Response Function =  H(ω) = Response per unit applied force 

 
For a simple Single-Degree-of-Freedom mass-spring-damper system with input force 

of amplitude (F) and frequency (ω) 
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For a simple Single-Degree-of-Freedom system with input displacement of 
amplitude(R) and frequency (ω) through a spring (Kr) and damper (Cr) 
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Flexural vibration of beams/shafts 

 

           cosh sinh   cos   sin 4321 x  C  xC  xC  x  C    x Y 
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Natural frequencies of a simply-supported beam,  
Aρ
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Sign conventions 
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Maximum kinetic and strain energies for a beam/shaft 
 

 
 

 
 
 

 
 

Vibration isolation 

Transmissibility for a Single-Degree-of-Freedom mass-spring-damper system with 
input force or a Single-Degree-of-Freedom mass-spring-damper system with input 

displacement through the spring and damper. 
 
 

 
 

 
 
 

 
 

For a simple mass-spring model, e.g. no damping, ω > ωn, T=Tmax and ω = ωMIN. 
 

𝑘𝑚𝑎𝑥 = 𝑚𝜔𝑛
2 = 𝑚(

𝑇𝑚𝑎𝑥𝜔𝑚𝑖𝑛
2

1 + 𝑇𝑚𝑎𝑥
) 

 

Second moments of area 

Rectangular cross-section about neutral axis  
12

3
db

 

Circular cross-section about a diameter   
64

 4
D

 

Polar second moment for circular cross-section  
32

 4
D

 

 
Stiffnesses 

Torsional stiffness of uniform circular shaft  
L

DG

32

 4
 

Lateral stiffness of a simply-supported beam at a point distance of x from one end 
 

 

 
 

Lateral stiffness at the free end of a uniform cantilever beam 
L

IE 
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Fourier series 
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Quadratic Equation 

 For 𝐴𝑥2 + 𝐵𝑥 + 𝐶 = 0    𝑥 =
−𝐵±√𝐵2−4𝐴𝐶

2𝐴
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TABLE OF LAPLACE TRANSFORM PAIRS 
 

Entry Time domain f(t) Laplace domain F(s) 

1 
 

dt

df(t)
 

 
f(0)-sF(s)  

2 
 

td

f(t)d
n

n

 

 

(0)f-.....-f(0)s-F(s)s
1-n1-nn  

3 
 

dt f(t)   

 

F(s)
s

1
 

4 
 

(t)  impulseUnit   

 
1  

5 1  stepUnit  
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1
 

6   trampUnit  
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where  cos
 
and 𝛾 < 1 

 


