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Rigid Body Mechanics 

T.Akyürek 

 Study of geometry of motion 

 Used to relate  

– displacement 

– velocity 

– acceleration 

without reference to the     
cause of the motion            
(Force not considered) 

 

 

 

Kinematics 
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Engineering 
Mechanics 

Mechanics 
of rigid 
bodies 

Statics Dynamics 

Kinetics Kinematics 

Mechanics 
of 

deformable 
bodies 

Mechanics 
of fluids 

Rigid Body Mechanics 

T.Akyürek 

 Study of relation between 

– the forces acting on the body 

– the mass of the body 

– the motion of the body 

 Used 

– to predict the motion    
caused by the forces or 

– to determine the forces 
required to produce a motion 

 

Kinetics 
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Kinetics of Particles 

T.Akyürek 

Newton’s Second Law 
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Kinetics of Particles 

T.Akyürek 

Newton’s Second Law 

 𝐹 = 𝑚𝑎  A particle acted upon by unbalanced force 

experience an acceleration a that has the 

same direction as the force and a magnitude 

that is directly proportional to the force.  
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Typical Kinetics Problems 

1. Given  𝐹 , find 𝑎  → Calculate motion (𝑠(𝑡), 
𝑣(𝑡) ) via integrating 𝑎   

2. Given 𝑎 , find  𝐹  

3. Problem 1 in one axis, Problem 2 in another 

axis 

 

 

 

 
T.Akyürek 

Problem Types 
 𝐹 = 𝑚𝑎  
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Solution Methods for Kinetics Problems 

 Newton’s 2nd law ( 𝐹 =𝑚𝑎 )  

 Work, energy methos 

 Impulse, momentum methods 
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Impact 
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Direct Central Impact 




GF


22112211 vmvmvmvm 

Since the contact forces are equal and 
opposite during impact, linear 
momentum is conserved, i.e. remains 
unchanged. 



Impact 
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Coefficient of Restitution 
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Ratio e of the magnitude of restoration 
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deformation impulse. 
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Impact 
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Energy Loss During Impact 
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e=1 elastic impact (no energy loss) 
e=0 inelastic (plastic)  impact 
 (maximum energy loss) 



Impact 
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Oblique Central Impact 

1 

nn

nn

vv

vv
e

)()(

)()(

21

12






Known:        
tntn

vvvvmm 221121 ,,,,, Unknowns (4):        
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Momentum of the system in n-direction is conserved: 

       
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2,3 Momentum for each particle in t-direction is conserved: 

   
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tt
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4 Coefficient of restitution e: 



Problem 3/255 
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The ball is released from position A and drops 0.75 m to the incline. 
If the coefficient of restitution in the impact is e = 0.85, determine 
the slant range R. 



Problem 3/258 
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Kinetic Methods Applied to Relative Motion 
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Translating Axes 

relBAABBA aaarrr
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In general ≠0 
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Kinetic Methods Applied to Relative Motion 



T.Akyürek 16/19 ME 204 Engineering Mechanics: Dynamics – Kinetics of Particles 

Kinetic Methods Applied to Relative Motion 

Translating Frames (constant velocity, no rotation) 

relA
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Newton’ 2nd Law 
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Kinetic Methods Applied to Relative Motion 

Translating Frames (constant velocity, no rotation) 

[W-E] Equation 

relrel rdFdU

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relrel rdam

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[W-E] & [M-W-E] eq’s hold for 
measurements made wrt non-
rotating, constant velocity frames 
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Kinetic Methods Applied to Relative Motion 

Translating Frames (constant velocity, no rotation) 

[LI-LM] Equation 

dtFLI 


dtmarel

relmdv

)( relmvd

)( relGd

relGddtF



relrelrel GGGdtF )()( 12
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[LI-LM] & [AI-AM] eq’s hold for 
measurements made wrt non-
rotating, constant velocity frames 
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English – Turkish Dictionary 
particle Maddesel nokta, 

parçacık 

kinematics Kinematik, 

hareket bilimi 

resultant bileşke 

kinetics Kinetk, hızbilim Angular rate Açısal hız displacement Yer değiştirme 

velocity hız acceleration ivme revolution devir 

translation öteleme rotation dönme rod çubuk 

relative Bağıl, göreceli rectilinear doğrusal curvilinear eğrisel 

position konum displacement Yer değiştirme stationary Sabit, hareketsiz 

plane düzlem trajectory yörünge instantaneous anlık 

embedded gömülü accelarating hızlanan decelarating yavaşlayan 

track takip deflection sapma swinging salınan 

circular dairesel İnitial velocity İlk hız wedged Sıkışmış, 

kamalanmış 

oblique eğik slant eğimli separation ayrılma 

plastik kalıcı approach yaklaşma impact çarpma 

deformation Şekil değiştirme restitution Eski haline 

getirme 

restoration Yeniden kurma 
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