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Kinematics of Particles 

T.Akyürek 2/26 ME 204 Engineering Mechanics: Dynamics – Kinematics of Particles 

 Rectilinear Motion 

– Motion along a line 

 

 

 

 Curvilinear Motion 

– Motion along a curve 

Definitions 



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
=

𝑑2𝑟 

𝑑𝑡2
  

Acceleration component normal to path : directed towards the 

center of curvature of the path. 

 

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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Normal and Tangential Coordinates (n-t) 
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Normal and Tangential Coordinates (n-t) 
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𝐴 Position at time 𝑡 

𝐴′ Position at time 𝑡 + ∆𝑡 

𝐶 Center of curvature at 𝐴 

𝜌 Radius of curvature at 𝐴 

𝑒 𝑛 Unit vector in normal direction (+: towards C) 

𝑒 𝑛 Unit vector tangent to path (+: motion direction) 

𝑣 =
𝑑𝑠

𝑑𝑡
=
𝜌𝑑𝛽

𝑑𝑡
= 𝜌𝛽  

 

 

𝑣 = 𝜌𝛽 𝑒 𝑡 

𝑑𝑠 = 𝜌𝑑𝛽 



Normal and Tangential Coordinates (n-t) 
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𝑣 = 𝜌𝛽 𝑒 𝑡 

𝑎 =
𝑑𝑣 

𝑑𝑡
=

𝑑

𝑑𝑡
𝑣𝑒 𝑡 = 𝑣 𝑒 𝑡 + 𝑣𝑒  𝑡 = 

𝑑𝑒 𝑡 = 𝑒 𝑡 𝑑𝛽 = 1𝑑𝛽 = 𝑑𝛽 

As 𝑑𝑡 → 0 direction of 𝑑𝑒 𝑡 → 𝑒 𝑛 

𝑑𝑒 𝑡 = 𝑑𝛽𝑒 𝑛 

𝑒  𝑡 = 𝛽 𝑒 𝑛 

𝑎 = 𝑣 𝑒 𝑡 + 𝑣𝑒  𝑡 = 𝑣 𝑒 𝑡 + 𝑣𝛽 𝑒 𝑛 
𝑎 = 𝑎𝑛𝑒 𝑛 + 𝑎𝑡𝑒 𝑡 

𝑎𝑛 =
𝑣2

𝜌
= 𝜌𝛽 2 = 𝑣𝛽  

𝑎𝑡 = 𝑣 = 𝑠  

𝑎 = 𝑎𝑛
2 + 𝑎𝑡

2 

 

 



Normal and Tangential Coordinates (n-t) 
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𝑎 = 𝑎𝑛𝑒 𝑛 + 𝑎𝑡𝑒 𝑡 

𝑎𝑛 =
𝑣2

𝜌
= 𝜌𝛽 2 = 𝑣𝛽  

𝑎𝑡 = 𝑣 = 𝑠  

𝑎 = 𝑎𝑛
2 + 𝑎𝑡

2 

 

𝜌 =

1 +
𝑑𝑦
𝑑𝑥

2
3
2

𝑑2𝑦
𝑑𝑥2

 

 

For a line or inflection point 𝜌 → ∞ ↔ 𝑎𝑛 = 0 



Normal and Tangential Coordinates (n-t) 
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    Special case with 𝜌=constant=r 

 

 

𝑣 = 𝑟𝜃  

𝑎𝑛 =
𝑣2

𝑟
= 𝑟𝜃 2 = 𝑣𝜃  

𝑎𝑡 = 𝑣 = 𝑟𝜃  

Circular Motion 
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Problem 2/119 
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Problem 2/124 



Coordinate Systems 
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 Cartesian (Rectangular)  

– x,y 

 

 Normal and Tangential  

– n, t 

 

 Polar 

– r, ϴ 
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Polar Coordinates (r, 𝜃) 
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𝑟, 𝜃 →Polar coordinates of particle 
𝑒 𝑟, 𝑒 𝜃 →Unit vectors in 𝑟, 𝜃 directions 
𝑟 = 𝑟𝑒 𝑟 

r
r e

d

ed
e

d

ed







rr
r ee

dt

d

dt

ed
ee

dt

d

dt

ed 

 



 





Polar Coordinates (r, 𝜃) 
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Velocity 

rerr 
dt

rd
v  



 ererv r

 ererv r





Acceleration 

 errerra
dt

vd
a r 


























2
2



   rrarrar 2
2



  rvrvr



Polar Coordinates (r, 𝜃) 
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Circular Motion 

rerr 
dt

rd
v  



 ererv r

 ererv r





 errerra
dt

vd
a r 


























2
2



   rarar

2



  rvvr 0

Special case with 𝑟=constant 

n-t 

r, 𝜃 
𝑡 → 𝜃 

𝑎𝑟 → −𝑎𝑛 



Problem 2.157 
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Problem 2.162 
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Space Curvilinear Motion 
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 Cartesian (Rectangular)  

– x,y,z 

 

 Cylindrical 

– r, ϴ, z 

 Spherical 

– r, ϴ, ∅ 
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Coordinate Systems 



Space Curvilinear Motion 
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Cartesian Coordinates 

kzjyixR y 
x

z

y

o
ix

jy



 zvyvxvkzjyix
dt

Rd
v zyx



 zayaxakzjyix
dt

vd
a zyx

kzi

j

k

R

xV
zV

yV v
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P
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Space Curvilinear Motion 
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Cylindrical Coordinates 

kzerR r 

kzerer
dt

Rd
v r



 

kzerrerra
dt

vd
a r

























  2

2

x

y

z

P

z

r


R


O



x

y

z

P

kz

rer

R

O



k

e

re

kze
dt

rd

r
erra r



















 




)(1 22



Space Curvilinear Motion 
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Spherical Coordinates ReRR 

  eReReR
dt

Rd
v R



 cos

 eaeaeaa
dt

vd
a RR 

 


eRR
dt

d

R
a 












sin2)(
cos 2

RR eRRRa 
















 2

22

cos

  eRR
dt

d

R
a 












cossin)(
1 22

 evevev
dt

Rd
v RR 



Problem 2.169 
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Problem 2.172 
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Homework 1 (Chapter 2) 

Problem 2.121 

Problem 2.128 

Problem 2.151 

Problem 2.164 

Problem 2.174 

Problem 2.177 
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Due date: 1st hour of Week 4 

ME 204 Engineering Mechanics: Dynamics – Kinematics of Particles 

Problems for Week 02 

 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 Maddesel nokta, 

parçacık 

kinematics Kinematik, 

hareket bilimi 

rim kenar 

rigid Şekil değiştirmeyen, 

katı 

Rigid body Katı cisim displacement Yer değiştirme 

velocity hız acceleration ivme inertial eylemsizlik 

translation öteleme rotation dönme cam Kam, eksantrik 

relative Bağıl, göreceli rectilinear doğrusal curvilinear eğrisel 

position konum displacement Yer değiştirme average ortalama 

elevate yükselme extend uzama instantaneous anlık 

Rev up Devirini yükseltmek accelarating hızlanan decelarating yavaşlayan 

track takip fireworks Havai fişek penetrate delmek 

circular dairesel İnitial velocity İlk hız inflection dönüm 

drag sürüklenme polar kutupsal chamber Oda(cık) 

horizontal yatay vertical düşey launch fırlatma 

normal dik tangential teğetsel 
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