
 :                       motion of projectile: 

                                              = 𝟎, 𝒗𝒙 = 𝒗 ,   𝒗𝒚 = 𝟎 

                                      𝒗𝒙                                           𝒗       𝒗𝒚                       

                        𝒗𝒙                                     𝒚𝒎𝒂𝒙                    𝒗𝐨       

             𝒗𝒙                  𝒗𝒚                                                          𝜽𝒐 

                 𝑣        𝑣𝑦                                                    

 

𝒗𝒙 
𝒗𝒚 

𝒗𝐨𝒙 = 𝒗𝐨 𝐜𝐨𝐬 𝜽𝒐 

𝒗
𝐨
𝐲

=
𝒗

𝐨
𝐬
𝐢𝐧

𝜽
𝒐
 



:                    

              -Time of Flight (T):                                      

                                                                 

(                         2     )𝑦 = 0:           

𝑦 = 0 = 𝑣𝑜 sin 𝜃𝑂𝑇 −
1

2
𝑔𝑇2   ⟹  𝑣𝑜 sin 𝜃𝑂𝑇 =

1

2
𝑔𝑇2   

⟹  𝑇 =
2𝑣𝑜 sin 𝜃𝑜

𝑔
   



              -Range(R):                                               

  :                               

𝑣𝑜𝑥 = 𝑣𝑥 =
𝑆

𝑡
=

𝑅

𝑇
   ⟹  𝑅 = 𝑣𝑜𝑥  𝑇             

𝑅 = 𝑣𝑜 cos 𝜃𝑜  .
2𝑣𝑜 sin 𝜃𝑜

𝑔
= 

𝑣𝑜
22 sin 𝜃𝑜 cos 𝜃𝑜

𝑔
 

∴ 𝑅 =
𝑣𝑜

2 sin 2𝜃𝑜

𝑔
   

 𝑖𝑓  𝜃0 = 45𝑜     ⟹ 𝑅𝑚𝑎𝑥 =
𝑣𝑜

2

𝑔
            

 (            - 𝐦𝐚𝐱𝐢𝐦𝐮𝐦 𝐡𝐞𝐢𝐠𝐡𝐭 (𝐲𝐦𝐚𝐱 :                    
                                          .                          

       (3): 
𝑣𝑦

2 = 0 = 𝑣𝑜𝑦
2 − 2𝑔𝑦  ⇒   𝑣𝑜𝑦

2 = 2𝑔yma x  

𝑣𝑜
2𝑠𝑖𝑛2𝜃𝑜 = 2𝑔yma x   ⇒   yma x =

𝑣𝑜
2𝑠𝑖𝑛2𝜃𝑜

2g
    



                        : 

:                                

               m                                                             

:                                       

𝐹 = 𝑚𝑎 = 𝑚
𝑑𝑣

𝑑𝑡
 

                         𝐹                (𝑊 = 𝑚𝑔) :                        

 

−𝑚𝑔 = 𝑚
𝑑𝑣

𝑑𝑡
  ⟹     −𝑔 =

𝑑𝑣

𝑑𝑡
  .  .  .  .∗ 

⟹  𝑑𝑣 = −𝑔 𝑑𝑡  ⟹ 𝑣 = −𝑔𝑡 + 𝑐   

 



 

𝑎𝑡   𝑡 = 0    , 𝑣 = 𝑣𝑜  ⟹     𝑐 = 𝑣𝑜     ⟹  𝒗 = 𝒗𝒐 − 𝒈𝒕 − −(1)    

⟹ 𝑣 =
𝑑𝑦

𝑑𝑡
 = 𝑣𝑜 − 𝑔𝑡   ⟹  𝑑𝑦   = 𝑣𝑜  𝑑𝑡 − 𝑔 𝑡𝑑𝑡 

⟹  𝑦 = 𝑣𝑜𝑡 −  
1

2
𝑔𝑡2 + 𝑐   

𝑎𝑡   𝑡 = 0    , 𝑦 = 0 ⟹  𝑐 = 0  ⟹  𝒚  = 𝒗𝒐𝒕 −  
𝟏

𝟐
𝒈𝒕𝟐 − −(2)  

 



 

𝑓𝑟𝑜𝑚 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 ∗  ⟹ −𝑔 =
𝑑𝑣

𝑑𝑡
⟹ −𝑔 =

𝑑𝑣

𝑑𝑡

𝑑𝑦

𝑑𝑦
 

⟹ −𝑔 =
𝑑𝑣

𝑑𝑦

𝑑𝑦

𝑑𝑡
=

𝑑𝑣

𝑑𝑦
 𝑣 ⟹ 𝑣𝑑𝑣 = −𝑔𝑑𝑦 

⟹  𝑣𝑑𝑣 = −𝑔 𝑑𝑦  ⟹  
1

2
𝑣2 = −𝑔𝑦 + 𝑐 ⟹  𝑣2 = −2𝑔𝑦 + 𝑐 

𝑎𝑡   𝑦 = 0    , 𝑣 = 𝑣𝑜  ⟹     𝑐 = 𝑣o
2     ⟹ 

 ⟹ 𝒗𝟐 = 𝒗𝐨
𝟐 − 𝟐𝒈𝒚 − −(𝟑)    

 



:                            

                       

𝐹 = 𝑚𝑎 = 𝑚 
𝑑𝑣

𝑑𝑡
⟹  𝐹 𝑑𝑠 = 𝑚

𝑑𝑠

𝑑𝑡
 𝑑𝑣 ⟹  𝐹 𝑑𝑠 = 𝑚 𝑣𝑑𝑣 

⟹  𝐹 𝑑𝑠
 

 

= 𝑚 𝑣 𝑑𝑣
𝑣2

𝑣1

=
1

2
𝑚𝑣2

2 −
1

2
𝑚𝑣1

2  ⟹   𝑊 =
1

2
𝑚𝑣2

2 −
1

2
𝑚𝑣1

2  

                                                                                            

:                          

𝐹 = 𝑚𝑎 = 𝑚 
𝑑𝑣

𝑑𝑡
                        

 𝐹 𝑑𝑡
𝑡2

𝑡1

= 𝑚 𝑑𝑣 = 𝑚 𝑣2 − 𝑣1 = 𝑚𝑣2 − 𝑚𝑣1

𝑣2

𝑣1

= 𝑝2 − 𝑝1  (                      ) 

    𝐹 𝑑𝑡
𝑡2

𝑡1

= 𝐼              

𝐼 = 𝑝2 − 𝑝1                                      



:       𝝉  Torque 

                                                                     

                                                                  

.                 )        ( 

b                                 :  τ = 𝐹 𝑏  (𝑁 𝑚) 

𝜏 = 𝐹 𝑏 = 𝐹 𝑟𝑠𝑖𝑛𝜃 = 𝑟 𝐹𝑠𝑖𝑛𝜃                   
  

𝜏 = 𝑟 × 𝐹                  





                 :               𝜏 = 𝐹𝑟𝑠𝑖𝑛𝜃 

    θ                                               : θ = 50 − 30 = 20o  

𝜏 = 𝐹𝑟𝑠𝑖𝑛𝜃 = 0.6 × 0.45 × 𝑠𝑖𝑛20 = 0.0924 𝑁. 𝑚 

                                                               

𝜏 = −0.0924 𝑁. 𝑚 

:                 

                                          (𝑥 𝑦)                          

𝜏 = 𝑥 𝐹𝑦 − 𝑦 𝐹𝑥  

τ =  0.45 × cos50 × 0.6 × sin30 

−  0.45 × sin50 × 0.6 × cos30 = −0.0924 N. m 



:     :                 

     𝐹   = −𝑖 + 5𝑗 − 4𝑘  

                           ( 2 , -1 , 5 ) m:                        

.                             

 

  𝜏 = 𝑟 × 𝐹   ,   𝑟 = 2𝑖 − 𝑗 + 4𝑘  
 

𝜏3 = 𝑟 × 𝐹 3 =  
𝑖 𝑗  𝑘 

2 −1 5
−1 5 −4

 = −21𝑖 + 3𝑗 + 9𝑘  


