
            
 
 
                                                             
                 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
     
                     



 
                                                                   
                                                                                                                                                                                                                                                  
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
              
 
              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                 
 



              
 
 
 
 
 
  
                 
      
   
                                                                   

                                                       

        
 
           Absolute unit --- [i] joule    ii] erg  
                                                    
    [i] Joule [ in S.I] ---- from = F S Cos θ  
                                                                                                J = N – m 
               “Work is said to be 1 joule, when a force of 1 N moves a body actually through a distance of one meter in the  
                  direction of applied force”.  
 
               [ii] erg [ in cgs] ------ from, W = F S Cos θ  
                                                             erg = 1 dyne .1cm 
               “Work is said to be 1 erg when a force of 1 dyne moves a body actually through a distance of 1 cm in the 
    direction of applied force”. 
   

              Relation between joule and erg: ----------- 
                                                                                       As, W =   F × S  
                                                                                            Joule =   1 N × 1 m   = 105 dyne × 100c m = 107 dyne cm 
             i.e.,                                                                        1 Joule = 107 erg. 
 
              Gravitational unit -------- [i] Kilogram – meter [ kg – m]    [II] gram – centimetre [ g – cm]       
                          
              [i] Kilogram – meter [ S.I] ------ from, W = F S Cos θ      1 kg – m = 1 kgf . m        1 kg m = 9.8 N. m  
             “Work is said to be 1 kg m when a force of 1 kgf moves a body through a distance of 1 m in the direction of  
 the applied force”. 
 
              [ii] gram centimetre [ in cgs] ---------- from, W = F S Cos θ     1 gcm = 1 gf × 1 cm   = 980 dyne cm    
                    ∴                               1 gcm = 980 cm.  
               “Workdone is said to be 1 g – cm when a force of 1 gf moves a body through a distance of 1 cm in the direction applied force”. 

             
              Relation between kg – m and g – cm:   1 kg = m = 103   g × 102 cm, 1 kg m = 105 g cm  
 
             ◙ Work done in terms of rectangular component   
                 In term of rectangular components, F and S may be written as –  
                                   F = Fxî + FyĴ + Fzk   
                 and, S = Sxî + SyĴ + Szk 
                 W = F   .  S     
                   = [ Fxî + FyĴ + Fzk]. [ Sxî + SyĴ + Szk]  
                   = [FxSx] (î . î) + [ Fx Sy] (î . Ĵ) + [ Fx Sz] (î. k) + [Fy Sx] (Ĵ. î) + [Fy Sy] (Ĵ.Ĵ) + [Fy Sz] (Ĵ.k) + [Fz Sx] (k.î) + [Fz Sy] (k.Ĵ) 
                                                                                                                                                          +  [Fz Sz] (k.k) 
                   = [Fx Sx] (1) + [Fx Sy] (0) + [Fx Sz] (0) + [Fy Sx] (0) + [Fy Sy] (0) + [Fy Sz] (0) + [Fz Sx] (0) + [Fz Sy] (0) + [Fz Sz] (1) 
                      .’.    W= F.S = [Fx Sx] + [ Fx Sy] + [Fz Sz]    
 
             ◙   Workdone by a variable force -- It is not possible that applied force is constant in magnitude as well as  
                                                                                              direction and, therefore we can calculate work done by a variable force. 
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                                              Distance ---------                                                                                Distance             
                        
           First of all, divide total displacement from X1 to X2 (i.e., from A to B) into a no. of infinitesimals displacement (dx). 
                                           ⸫      PQ = dx   
                        The interval dx is so small that Fx is consider over that interval. 
                        Therefore, small amount of work done in moving the body from P to Q is  
                                                                                     dW = F × dx = PS × PQ 
                                                                                                           = Area of the strip PQ RS 
                        ⸫ total work done in moving the body from A to B  
                                                                                     W = Σ dW  
                                                                                     W = Σ [ F × dx] 
                          In calculus, W =          x2

 ∫ F dx =   x2 ∫ Area of the strip PQRS = Area of ABCDA 
                                                    x1                         x1 
                         Work done by variable force in numerically equal to the area under the force curve and the displacement axis. 
 
                  
 
                
 
 
 

                Calculation of amount of work done against gravity -------- Consider a body (of mass ‘m’) is displace (or lift)  
                                                                   through      a  height AB = h over different paths from A to B  B                              
     
               Case I ---- The body being raised vertically upwards  

                                  Force applied = Weight of the body  
                                  i.e.                 F = mg  
                                .’. Work done , W1 = F.S =  F S Cos θ    =  FS Cos 00  =  mg h (1) h 
                                                          W1 =  mgh …………………….(i)   

 
 
 
 A B 
              Case II----Body being taken along smooth inclined plane (BC)  

                                Force applied = mg Sin θ  
                                                     F = mg Sin θ  
                                .’.    workdone = FS Cos θ h 
                                                   W2 = F CB Cos 00 mg Sin θ                   θ     mg Cos θ 
                                                   W2 = mg Sin θ [CB Cos 00] 
                                                         = mg AB/BC CB (1) θ mg  
                                                         = mg AB       [ Sin θ = AB/BC]       C                                                                  A 
           
 
 
 
                                          



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 


