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 Analysis of bodies in 

motion 
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 Study of geometry of motion 

 Used to relate  

– displacement 

– velocity 

– acceleration 

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



Kinematics of Particles 
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 Particle 

– A body of negligible 
dimensions 

– Dimensions are irrelavant 
to the motion 

 Primary (Fixed) Inertial 

System 

– A reference frame whose 
axes have no translation 
or rotation  

– Earth fixed system 

Definitions 



Kinematics of Particles 
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 Constrained Motion 

– Particle is confined to 
a defined path 

– e.g. a bead sliding 
along a wire 

 Unconstrained motion 

– No physical guide on 
the motion 

 

Definitions 



Kinematics of Particles 
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 Absolute Motion 

– Motion wrt a fixed 
reference frame 

 Relative Motion 

– Motion wrt a moving 
reference frame 

 

Definitions 



Kinematics of Particles 
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 Rectilinear Motion 

– Motion along a line 

 

 

 

 Curvilinear Motion 

– Motion along a curve 

Definitions 



Coordinate Systems 
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 Cartesian  

– x,y,z 

 

 Cylindrical 

– r, θ, z 

 

 Spherical 

– R, θ, ϕ 

 

 Path Variables 

– t, n 
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Rectilinear Motion 
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Position 𝑠(𝑡) 

Displacement ∆𝑠 𝑡 = 𝑠 𝑡 + ∆𝑡 − 𝑠(𝑡) 

Average velocity 𝑣𝑎𝑣 =
∆𝑠

∆𝑡
 

 Instantaneous velocity 𝑣 = lim
∆𝑡→0

∆𝑠

∆𝑡
=

𝑑𝑠

𝑑𝑡
= 𝑠  (VST) 

Average acceleration  𝑎𝑎𝑣 =
∆𝑣

∆𝑡
 

 Instantaneous accelaration 𝑎 = lim
∆𝑡→0

∆𝑣

∆𝑡
=

𝑑𝑣

𝑑𝑡
= 𝑣  (AVT) 

 (VST) into (AVT) 𝑎 =
𝑑𝑚𝑠

𝑑𝑡𝑚
= 𝑠  (AST) 

 



Rectilinear Motion 
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 (VST)/(AVT) 
𝑣

𝑎
=

𝑑𝑠

𝑑𝑡
𝑑𝑣

𝑑𝑡

=
𝑑𝑠

𝑑𝑣
 

 Inner cross 𝑣 𝑑𝑣 = 𝑎 𝑑𝑠 (AVS) 

 𝑠, ∆𝑠, 𝑣, 𝑎  vector (not scalar) quantities  

 (There should be arrows above them) 

 (VST), (AVT), (AST), (AVS) are differential equations 

– with the given initial conditions 

– integrate them (mostly by seperating variables) to have the 
relations between 𝑠, 𝑣, 𝑎 𝑎𝑛𝑑 𝑡 } 

 Decelerating means 𝑎 𝑎𝑛𝑑 𝑣 are in opposite directions. 

 



Rectilinear Motion 
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 Integrating (AVS)  

 𝑣𝑑𝑣
𝑣𝑚
𝑣𝑙

=  𝑎𝑑𝑠 =
1

2
(𝑣2

2 − 𝑣1
2)

𝑠𝑚
𝑠𝑙

= area 

under 𝑎 − 𝑠 curve (between 𝑠1and 𝑠2) 

 ∆𝐴𝐾𝐿 similar to ∆𝐴𝐵𝐶 
𝐶𝐵

𝑣
=

𝑑𝑣

𝑑𝑠

1
 

𝐶𝐵 = 𝑣
𝑑𝑣

𝑑𝑠
=

𝑎𝑑𝑠

𝑑𝑠
= 𝑎 (scales for 𝑣 and 𝑠 

 must be the same) 

𝑎 − 𝑠 & 𝑣 − 𝑠 Graphs 

AVS 

K 

L 



Rectilinear Motion 

 Given 𝑠(𝑡), find 𝑎(𝑡) Simple (take derivatives) 

 Given 𝑎(𝑡), find 𝑠(𝑡) Complicated (solve diff.eqn.) 

Accelaration: 

1. Constant 

2. 𝑓 𝑡  

3. 𝑓 𝑣  

4. 𝑓 𝑠  

5. 𝑓 𝑣, 𝑠, 𝑡  
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Problem Types 𝑎 = 𝑠  

Initial Conditions: 

At t0=0 

1. 𝑠 = 𝑠0 

2. 𝑣 = 𝑣0 

 

 

 



Problem Types 

 (AVT) 𝑑𝑣 = 𝑎𝑑𝑡 

   𝑑𝑣
𝑣

𝑣𝑘
= 𝑎𝑐  𝑑𝑡

𝑡

0
 

  𝑣 = 𝑣0 + 𝑎𝑐𝑡 

 (VST) 𝑑𝑠 = 𝑣𝑑𝑡 

   𝑑𝑠
𝑠

𝑠𝑘
=  𝑣𝑑𝑡

𝑡

0
=  (𝑣0 + 𝑎𝑐𝑡)𝑑𝑡

𝑡

0
 

  𝑠 = 𝑠0 + 𝑣0𝑡 +
1

2
𝑎𝑐𝑡

2 

If 𝑡0 ≠ 0 replace 𝑡 with (𝑡 − 𝑡0) in red equations. 
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Case 1: 𝑎 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝑎𝑐 



Problem Types 

 (AVT) 𝑣 = 𝑣0 +  𝑓 𝑡 𝑑𝑡
𝑡

0
 

 (VST) 𝑠 = 𝑠0 +  𝑣𝑑𝑡
𝑡

0
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Case 2: 𝑎 = 𝑓(𝑡) 



Problem Types 

 𝑎 = 𝑓(𝑣) 
𝑑𝑣

𝑑𝑡
= 𝑓 𝑣  

   𝑑𝑡 =
𝑑𝑣

𝑓(𝑣)
 

   𝑡 =  
𝑑𝑣

𝑓(𝑣)

𝑣

𝑣𝑘
 

  find  𝑣 = 𝑣(𝑡) 

  𝑑𝑠
𝑠

𝑠𝑘
=  𝑣𝑑𝑡

𝑡

0
 𝑠 = 𝑠(𝑡) 
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Case 3: 𝑎 = 𝑓(𝑣) 

(AVS) 𝑣𝑑𝑣 = 𝑓 𝑣 𝑑𝑠 

   
𝑣𝑑𝑣

𝑓(𝑣)
=  𝑑𝑠

𝑠

𝑠𝑘

𝑣

𝑣𝑘
 

  𝑠 = 𝑠0 +  
𝑣𝑑𝑣

𝑓(𝑣)

𝑣

𝑣𝑘
 

find 𝑠 = 𝑠(𝑣) 

 

 

 

 

or 



Problem Types 
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Case 4: 𝑎 = 𝑓(𝑠) 

(AVS)  𝑣(𝑑𝑣) =  𝑓(𝑠)𝑑𝑠
𝑠

𝑠𝑘

𝑣

𝑣𝑘
 

  𝑣2 = 𝑣0
2 + 2 𝑓(𝑠)𝑑𝑠

𝑠

𝑠𝑘
 

  𝑣 = ± 𝑣0
2 + 2 𝑓(𝑠)𝑑𝑠

𝑠

𝑠𝑘
≡ 𝑔(𝑠) 

(VST)  𝑣 =
𝑑𝑠

𝑑𝑡
= 𝑔(𝑠) 

  𝑡 =  
𝑑𝑠

𝑔(𝑠)

𝑠

𝑠𝑘
 

find  𝑠 = 𝑠(𝑡) 

 

 

 



Problem Types 
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In all the cases; we solve the diff.eqns. 

with the given initial conditions 

Case Differential Equation 

1 𝑠 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

2 𝑠 = 𝑓(𝑡) 

3 𝑠 = 𝑓(𝑠 ) 

4 𝑠 = 𝑓(𝑠) 
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Problem 2/45 



T.Akyürek ME 204 Engineering Mechanics: Dynamics – Kinematics of Particles 20/28 

Problem 2/47 



Plane Curvilinear Motion 
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𝑟  Position vector 

∆𝑟  Displacement vector 

∆𝑠 Distance travelled along the path during ∆𝑡 

Average velocity 𝑣 𝑎𝑣 =
∆𝑟 

∆𝑡
 

Instantaneous velocity 𝑣 = lim
∆𝑡→0

∆𝑟 

∆𝑡
=

𝑑𝑟 

𝑑𝑡
 

𝑣   is always tangent to the path! 

Speed 𝑣 = 𝑣 =
𝑑𝑠

𝑑𝑡
 

(𝑡) 

(𝑡 + ∆𝑡) 
‘ 

𝑟 + ∆𝑟  

𝑟  

∆𝑟  



Plane Curvilinear Motion 
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𝑣  velocity at time 𝑡 

𝑣 ′ velocity at time 𝑡 + ∆𝑡 

Average acceleration  𝑎 𝑎𝑣 =
∆𝑣

∆𝑡
=

𝑣′−𝑣

∆𝑡
 

Instantaneous accelaration 𝑎 = lim
∆𝑡→0

∆𝑣

∆𝑡
=

𝑑𝑣

𝑑𝑡
= 𝑣  =

𝑑𝑚𝑟 

𝑑𝑡𝑚
  

Acceleration component normal to path : directed towards the 

center of curvature of the path. 

 

∆𝑣  

𝑣 ′ 

𝑣  

𝑣  𝑣 ′ 𝑎  



Coordinate Systems 
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 Cartesian (Rectangular)  

– x,y 

 

 Normal and Tangential 

– n, t 

 

 Polar 

– r, ϴ 
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Cartesian (Rectangular) Coordinates 
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𝑟 = 𝑥𝑖 + 𝑦𝑗  

𝑣 =
𝑑𝑟 

𝑑𝑡
= (𝑥 𝑖 + 𝑥

𝑑𝑖 

𝑑𝑡
) + (𝑦 𝑗 + 𝑦

𝑑𝑗 

𝑑𝑡
) = 𝑥 𝑖 + 𝑦 𝑗  

𝑣 = 𝑣 = 𝑣𝑥
2 + 𝑣𝑦

2 

𝑑𝑖 

𝑑𝑡
=

𝑑𝑗 

𝑑𝑡
= 0 (magnitude & direction of 𝑖  and 𝑗  are constant) 

𝑎 =
𝑑𝑣 

𝑑𝑡
= 𝑥 𝑖 + 𝑦 𝑗  

𝑎 = 𝑎 = 𝑎𝑥
2 + 𝑎𝑦

2 

Practical when motions in x & y 

directions are independent 
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Problem 2/89 
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Problem 2/95 



Homework 1 (Chapter 2) 

Problem 2.39 

Problem 2.53 

Problem 2.77 

Problem 2.93 
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Due date: 1st hour of Week 4 

ME 204 Engineering Mechanics: Dynamics – Kinematics of Particles 

Problems for Week 01 

 There will be additional problems for the next 
week(s). 

 Solve each weeks problems in that week, do 
not wait for the last day! 

 Submit the Homework 01 in due time. 
 You will have a quiz in the 1st hour of Week 4. 

A problem will be asked from the Homework 1 
questions. 

 Your homework grade will be assessed only 
from that question of your homework. 



English – Turkish Dictionary 

particle parçacık kinematics Kinematik, 

hareket bilimi 

fluid akışkan 

rigid Şekil değiştirmeyen, 

katı 

Rigid body Katı cisim displacement Yer değiştirme 

velocity hız acceleration ivme inertial eylemsizlik 

trasnlation öteleme rotation dönme constrained kısıtlamlalı 

relative Bağıl, göreceli rectilinear doğrusal curvilinear eğrisel 

position konum displacement Yer değiştirme average ortalama 

velocity hız speed sürat instantaneous anlık 

scalar sayısal accelarating hızlanan decelarating yavaşlayan 

Initial 

conditions 

Başlangıç koşulları constant sabit penetrate delmek 

impact çarpışma İnitial velocity İlk hız eğrilik bileşke 

spot nokta mitt Eldiven (tek 

parmaklı) 

projectile mermi 

horizontal yatay vertical düşey launch fırlatma 

range menzil 
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