
 
 

Chapter 2 
Problem 2-1 
Going Up 

y = 0       ground

+
y

 
 
   
Assuming no air resistance:    
Substituting (2) into (1) and rearranging, 

   with   
Maximum height is when  
From (3) 

   =>>      =>>    
 

We can also obtain an expression for  

 
 

For the maximum height, 
   =>>    

 
Then, at                        

 
Going Down 
 

  
Assuming no air resistance, 
  (5) 2 eq., 2 unk. 

  [y]  
Substituting (5) into (4) and rearranging, 



   =>>     =>>   
Using (7) in (6): 

    =>>      =>>   
For t,  

 
 
Problem 2-2 

  (1) 
1  
Considering air resistance (drag force due to air) 
  (2) 2 eq., 2 
unk.  
Eqs (1) and (2) constitute the model for the velocity. For the position, 
 
  
Units of 1are units of force (N)/unit of velocity square (m/s)2. 
When written as  the sign of the drag force is equal to the sign of 
the velocity.  When written as  the sign of the drag force is always 
positive no matter what is the sign of the velocity.  

 
Problem 2-3 
                                            (1) 
1  
Considering air resistance 

     
 
  
We need one more equation; at this time there is still one degree of freedom. 
We don’t really have any more equations but, there is a specification that 

that we may use.  So:        
   
Substituting (2) into (1): 

 
and using Separation of Variables, 



   =>>    

   =>>    

           (5) 

Substituting (5) into (3):          

   =>>    

 
By trial and error:  
 
Problem 2-4 

 
When both inlet flows are shut-off,  

   =>>      =>>    

 
Drain tank:  

 
 
Problem 2-5 

 
=>>   

 

 

 
and using  , 

 
and with , 

 

 
 



Problem 2-6 

 
  =>>  

   

 

 
    =>>       

 
 

 

     

    =>>     

 

 
 

 

 
Let  with  

   =>>     =>>    

   =>>       

  

 
    

 



     Let  

     Then,                                

   =>>    

 
   =>>    

 

 
   =>>      =>>    

 

 

 
   =>>      =>>   

 

 
   =>>    

 
   =>>      =>>   

 
 

   =>>    

 
   =>>    

 



 

 
Let , then 

 

 

 
and 

 

 

 
 

 
 

Problem 2-7 
a)  

 

 

<<= linear 

   =>>    

 

 



<<= nonlinear 

   =>>    

 

 
 

       <<= nonlinear 

   =>>    

 



 
 
Problem 2-8 

  with  and  
 

 
or 

 
Using Separation of Variables 

    =>>   

 
 

    =>>   
and 

 
 
Problem 2-9 

   with    

   =>>    

   =>>    

 
 
 
 
 
Problem 2-10 
  (1) 
                                             (2) 

From (2):                               

where                          

From Problem 2-5,                      



 
From (1): 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


