
               © 2026 AI First Engineering · AI-Augmented Engineering Dynamics · Formula Summary-Chapters 1-3 

AI-AUGMENTED ENGINEERING DYNAMICS: A CONVERSATIONAL APPROACH 

Formula Summary for CHAPTERS 1–3 
Rectilinear Motion → Curvilinear Motion → Relative Motion → Projectile Motion  
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Average Velocity and Speed 

(𝑣𝑠𝑝)𝑎𝑣𝑔
=

𝛥𝑠

𝛥𝑡
,       𝒗⃗⃗ 𝑎𝑣𝑔 =

𝛥𝒓⃗ 

𝛥𝑡
, (𝑣𝑠𝑝)𝑎𝑣𝑔

=
𝑠𝑇

𝛥𝑡
 

 

Particle Rectilinear Motion 
   Variable acceleration 

𝑎 =
𝑑𝑣𝑠𝑝

𝑑𝑡
,  𝑣𝑠𝑝 =

𝑑𝑠

𝑑𝑡
,  𝑎 𝑑𝑠 = 𝑣𝑠𝑝  𝑑𝑣𝑠𝑝 

    

Constant acceleration:    𝑎 =  𝑎𝑐 

𝑣𝑠𝑝 = 𝑣𝑠𝑝,0 + 𝑎𝑐𝑡 

𝑠 = 𝑠0 + 𝑣𝑠𝑝,0𝑡 +
1

2
𝑎𝑐𝑡

2 

𝑣𝑠𝑝
2 = 𝑣𝑠𝑝,0

2 + 2𝑎𝑐(𝑠 − 𝑠0) 

 

Particle Curvilinear Motion: 

Cartesian x, y 
𝒓⃗ = 𝑥𝐢̂ + 𝑦𝐣̂ 

𝒗⃗⃗ =
d𝒓⃗ 

dt
= 𝑣𝑥 𝐢̂ + 𝑣𝑦 𝐣̂ 𝑣𝑥 = 𝑥̇, 𝑣𝑦 = 𝑦̇ 

𝒂⃗⃗ =
d𝒗⃗⃗ 

dt
= 𝑎𝑥 𝐢̂ + 𝑎𝑦 𝐣̂    𝑎𝑥 = 𝑥̈, 𝑎𝑦 = 𝑦̈ 

𝑣𝑠𝑝 = |𝒗⃗⃗ | = √𝑣𝑥
2 + 𝑣𝑦

2,     |𝒂⃗⃗ | = √𝑎𝑥
2 + 𝑎𝑦

2 

 
Normal-Tangential   𝒏, 𝒕  

𝒗⃗⃗ = 𝑣𝑠𝑝𝐮̂𝑡 = 𝑠̇𝐮̂𝑡 

𝒂⃗⃗ = 𝑎𝑛𝐮̂𝑛 + 𝑎𝑡𝐮̂𝑡 

𝑎𝑡 = 𝑣̇𝑠𝑝 = 𝑣𝑠𝑝

𝑑𝑣𝑠𝑝

𝑑𝑠
,  𝑎𝑛 =

𝑣𝑠𝑝
2

𝜌
 

𝜌 =
[1 + (𝑑𝑦/𝑑𝑥)2]3/2

|𝑑2𝑦/𝑑𝑥2|
 

𝑷𝒐𝒍𝒂𝒓 𝒓, 𝜽       

𝒓⃗ = 𝑟𝐮̂𝑟 + 𝑧𝐤̂  

𝒗⃗⃗ = 𝑣𝑟𝐮̂𝑟 + 𝑣𝜃𝐮̂𝜃         𝑣𝑟 = 𝑟̇,        𝑣𝜃 = 𝑟𝜃̇ 

𝒂⃗⃗ = 𝑎𝑟𝐮̂𝑟 + 𝑎𝜃𝐮̂𝜃       𝑎𝑟 = 𝑟̈ − 𝑟𝜃̇2,       𝑎𝜃 = 𝑟𝜃̈ + 2𝑟̇𝜃̇ 

𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦    𝜔 = 𝜃̇  (𝑟𝑎𝑑/𝑠),      
𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛  𝛼 = 𝜃 ̈  (𝑟𝑎𝑑/𝑠2)  
𝑁 − 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒 (𝑟𝑝𝑚)  , 
𝑓 − 𝑐𝑦𝑐𝑙𝑒𝑠 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑 (𝐻𝑒𝑟𝑡𝑧 − 𝐻𝑧),   𝑓 = 𝑁/3600  
𝜔 = 𝑁 ⋅ (2𝜋)/3600  (𝑟𝑎𝑑/𝑠),    𝜔 = 2𝜋 ⋅ 𝑓 

 

 

 

Projectile Motion 
For +y upward and constant vertical acceleration 𝑎𝑦  =  𝑎𝑐: 

𝑣𝑦 = 𝑣𝑦0 + 𝑎𝑐𝑡 

𝑦 = 𝑦0 + 𝑣𝑦0𝑡 + (1/2)𝑎𝑐𝑡
2 

𝑣𝑦
2 = 𝑣𝑦0

2 + 2𝑎𝑐(𝑦 − 𝑦0) 
For horizontal motion with 𝑎𝑥  =  0: 

𝑥 = 𝑥0 + 𝑣𝑥0𝑡 
For ideal projectile motion near Earth's surface: 

𝑎𝑥 = 0,  𝑎𝑦 = −𝑔 
For a horizontal launch from height h: 

𝑡𝑓 = √2ℎ/𝑔,  𝑅 = 𝑣𝑥0
⋅ 𝑡𝑓 ,  𝑣𝑦 = −𝑔 ⋅ 𝑡𝑓 

𝑣𝑠𝑝 = √𝑣𝑥
2 + 𝑣𝑦

2,  𝜃 = tan−1 (
|𝑣𝑦|

𝑣𝑥
) 

Relative Motion:         𝒓⃗ 𝐵 = 𝒓⃗ 𝐴 + 𝒓⃗ 𝐵/𝐴 

𝒗⃗⃗ 𝐵 = 𝒗⃗⃗ 𝐴 + 𝒗⃗⃗ 𝐵/𝐴 

𝒂⃗⃗ 𝐵 = 𝒂⃗⃗ 𝐴 + 𝒂⃗⃗ 𝐵/𝐴 

Particle Kinetics                                         

                     ∑𝑭⃗⃗ = 𝑚 𝒂⃗⃗      Cartesian:   ∑𝐹𝑥 = 𝑚𝑎𝑥,   ∑𝐹𝑦 = 𝑚𝑎𝑦      
                                                 n-t:    ∑𝐹𝑛 = 𝑚𝑎𝑛 ,   ∑𝐹𝑡 = 𝑚𝑎𝑡 

           Weight:  W = mg                r-𝜃:    ∑𝐹𝑟 = 𝑚𝑎𝑟,   ∑𝐹𝜃 = 𝑚𝑎𝜃 

Common Force Models 
Static friction (no slip):  |𝑓𝑠|  ≤  𝜇𝑠𝑁,    Kinetic friction (sliding):  𝑓𝑘  =  𝜇𝑘𝑁   

Quadratic drag MODEL:  FD = ½ ρairCDAvsp
2,  opposing 𝒗⃗⃗  

ρair = air (fluid) density,  CD = drag coefficient,  A = frontal area. An 

approximate model, not an exact law. 

Differentiation:    𝑓𝑜𝑟 𝑎𝑛𝑦 𝑡𝑤𝑜 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠  𝑢(𝑡) 𝑎𝑛𝑑 𝑣(𝑡) 
Product rule:   

𝑑

𝑑𝑡
(𝑢𝑣) = 𝑢

𝑑𝑣

𝑑𝑡
+ 𝑣

𝑑𝑢

𝑑𝑡
 

Chain rule 
𝑑𝑦

𝑑𝑡
=

𝑑𝑦

𝑑𝑥

𝑑𝑥

𝑑𝑡
 

Useful dynamics form: 
𝑑𝑣𝑠𝑝

𝑑𝑡
=

𝑑𝑣𝑠𝑝

𝑑𝑠

𝑑𝑠

𝑑𝑡
= 𝑣𝑠𝑝

𝑑𝑣𝑠𝑝

𝑑𝑠
 

Notation Used on This Sheet 

𝒓⃗  position vector 

𝒗⃗⃗  velocity vector 

𝑣𝑠𝑝 speed, scalar magnitude of the velocity vector 

𝒂⃗⃗  acceleration vector 

𝐢̂, 𝐣̂, 𝐤̂ Cartesian unit vectors 

𝐮̂𝑡 , 𝐮̂𝑛 tangential and normal unit vectors 
 

𝐮̂𝑟, 𝐮̂𝜃 polar unit vectors 

𝜌 radius of curvature 
 

 



     (   v  s p )  a v g =   𝛥 s  𝛥 t ,                   𝒗 →  a v g =   𝛥   𝒓 →  𝛥 t ,        (   v  s p )  a v g =     s  T  𝛥 t


  a =   d   v  s p  d t ,       v  s p =   d s  d t ,     a   d s =   v  s p   d   v  s p


  a   =     a  c


    v  s p =   v  s p , 0 +   a  c t


  s =   s 0 +   v  s p , 0 t +  1 2   a  c   t 2


  s =   s 0 +   v  s p , 0 t +  1 2   a  c   t 2


    v  s p 2 =   v  s p , 0 2 + 2   a  c  ( s −   s 0 )


    v  s p 2 =   v  s p , 0 2 + 2   a  c  ( s −   s 0 )


    𝒓 → = x   𝐢 ^ + y   𝐣 ^


    𝒗 → =   d   𝒓 → dt =   v  x   𝐢 ^ +   v  y   𝐣 ^     v  x =   x . ,     v  y =   y .


    𝒗 → =   d   𝒓 → dt =   v  x   𝐢 ^ +   v  y   𝐣 ^     v  x =   x . ,     v  y =   y .


    𝒂 → =   d   𝒗 → dt =   a  x   𝐢 ^ +   a  y   𝐣 ^           a  x =   x ¨ ,     a  y =   y ¨


    𝒂 → =   d   𝒗 → dt =   a  x   𝐢 ^ +   a  y   𝐣 ^           a  x =   x ¨ ,     a  y =   y ¨


    v  s p =  |   𝒗 → | =    v  x 2 +   v  y 2


   |   𝒂 → | =    a  x 2 +   a  y 2


  𝒏 ,   𝒕


    𝒗 → =   v  s p     𝐮 ^  t =   s .     𝐮 ^  t


    𝒂 → =   a  n     𝐮 ^  n +   a  t     𝐮 ^  t


    𝒂 → =   a  n     𝐮 ^  n +   a  t     𝐮 ^  t


    a  t =     v .  s p =   v  s p   d   v  s p  d s ,       a  n =     v  s p 2  𝜌


    a  t =     v .  s p =   v  s p   d   v  s p  d s ,       a  n =     v  s p 2  𝜌


  𝜌 =      [ 1 +    ( d y / d x ) 2 ]  3 / 2   |   d 2 y / d   x 2 |


  𝜌 =      [ 1 +    ( d y / d x ) 2 ]  3 / 2   |   d 2 y / d   x 2 |


  𝑷 𝒐 𝒍 𝒂 𝒓   𝒓 , 𝜽  


    𝒓 → = r     𝐮 ^  r + z   𝐤 ^


    𝒗 → =   v  r     𝐮 ^  r +   v  𝜃     𝐮 ^  𝜃


    v  r =   r . ,                   v  𝜃 = r   𝜃 .


    𝒂 → =   a  r     𝐮 ^  r +   a  𝜃     𝐮 ^  𝜃


      a  r =   r ¨ − r     𝜃 . 2 ,        


      a  𝜃 = r   𝜃 ¨ + 2   r .   𝜃 .


  a n g u l a r   v e l o c i t y         𝜔 =   𝜃 .      ( r a d / s ) ,        


 


  N − r e v o l u t i o n   p e r   m i n u t e    ( r p m )  


  f − c y c l e s   p e r   s e c o n d    ( H e r t z − H z ) ,       f = N / 3600


  𝜔 = N ⋅ ( 2 𝜋 ) / 3600


  ( r a d / s )


  𝜔 = 2 𝜋 ⋅ f


    a  y   =     a  c


    v  y =   v  y 0 +   a  c t


  y =   y 0 +   v  y 0 t + ( 1 / 2 )   a  c   t 2


  y =   y 0 +   v  y 0 t + ( 1 / 2 )   a  c   t 2


    v  y 2 =   v  y 0 2 + 2   a  c  ( y −   y 0 )


    v  y 2 =   v  y 0 2 + 2   a  c  ( y −   y 0 )


    a  x   =   0


  x =   x 0 +   v  x 0 t


    a  x = 0 ,       a  y = − g


    t  f =  2 h / g ,     R =   v    x 0 ⋅   t  f ,       v  y = − g   ⋅ t  f


    v  s p =    v  x 2 +   v  y 2 ,     𝜃 =  tan  − 1  (    |   v  y |    v  x )


    v  s p =    v  x 2 +   v  y 2 ,     𝜃 =  tan  − 1  (    |   v  y |    v  x )


      𝒓 →  B =     𝒓 →  A +     𝒓 →  B / A


      𝒗 →  B =     𝒗 →  A +     𝒗 →  B / A


      𝒂 →  B =     𝒂 →  A +     𝒂 →  B / A


      𝒂 →  B =     𝒂 →  A +     𝒂 →  B / A


  ∑   𝑭 → = m     𝒂 →


  ∑   F  x = m   a  x ,       ∑   F  y = m   a  y


  ∑   F  n = m   a  n ,       ∑   F  t = m   a  t


  𝜃 :


  ∑   F  r = m   a  r ,       ∑   F  𝜃 = m   a  𝜃


  |   f  s |   ≤     𝜇  s N


    f  k   =     𝜇  k N


    𝒗 →


  f o r   a n y   t w o   f u n c t i o n s     u  ( t )   a n d   v ( t )


    d  d t  ( u v ) = u   d v  d t + v   d u  d t


    d y  d t =   d y  d x   d x  d t


    d   v  s p  d t =   d   v  s p  d s   d s  d t =   v  s p   d   v  s p  d s


    𝒓 →


    𝒗 →


    v  s p


    𝒂 →


    𝐢 ^ ,   𝐣 ^ ,   𝐤 ^


      𝐮 ^  t ,     𝐮 ^  n


      𝐮 ^  r ,     𝐮 ^  𝜃


  𝜌

