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Quiz – 1   SOLUTION 

 
 
Problem: During a portion of a vertical loop, an airplane flies in an arc 
of radius         with a constant speed           . When the 
airplane is at A, the angle made by    with the horizontal is      , 
and radar tracking gives         and      .  
 

(a) Calculate   ,   ,   , and    for this instant. 
 
Ans.            ,             

                      ,                   
 

(b) Find the position vector of the airplane at point A in the   -
frame.  

(c) Calculate the magnitudes of velocity and acceleration vectors 
at the point A. 
 
If possible,  
 

(d) find   ,   ,   , and   ; 

(e) find the components of the velocity and acceleration vectors in spherical coordinates; (  and 
  are given in the figure,    ) 

(f) find the tangential and normal components of the resultant acting on the airplane at the point 
A, if the mass of the airplane is            ; 

(g) find the rate of work done by the resultant at the point A; 
(h) find the rate of work done by weight of the airplane at the point A. 

 
If you think it is not possible to find exact values of the quantities given above then explain why. 

 
Solution: 
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Acceleration of airplane:  
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(b)                                               

 
(c)                                                      

(d)    
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(e)         (angle measured from z-axis),         (angle of projection of R on Oxy plane with 

the x-axis; here, R lies in the Oxy plane) 
 

             
              
      

 
                            

                       
 

    

      

 
 
 
 
 
 

(f)                                                                        
 

(g)                                
 

(h)                                                     
                                         

 
Negative work is done by gravity at point A. In (g) it was found that the rate of work done by resultant is 
zero. This means that forces acting on the airplane other than gravity do work at a rate of +5.45 MW, 
which makes the sum zero. These forces are the aerodynamic forces L and D (lift and drag) and T (thrust 
force produced by the engines of the aircraft. Lift force as part of the total aerodynamic force can be 
calculated from the normal component of the equation of motion. Also the sum of thrust and drag 
forces can be found from the tangential component of equation of motion, but not separately. For this, 
aerodynamic specifications of the aircraft need to be known.  
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