
Example Problems Math 256 Midterm #1 
Closed	  Book	  Section	  

________________________________________________________________________	  
Sample problems from 2011 Midterm 

 
Note: In some of the problems,   ‘ = d/dt 
Prob. 1.  (3 pts.)  Here is a second order differential equation: 
  t2 d2y/dt2  + t dy/dt  -  4 y  = 0 
Does y = t2 solve this differential equation?  Show all your work. 
 
Prob. 2  (3 pts.)  Here are three nonlinear differential equations. Circle all the terms that 
make them nonlinear. 

(i) y2 y’’  + t y’  - 4 y  =  t4 
 

(ii) y’  + sin(y)  = 5 ty 
 

(iii) y’  + sin(t)  = 5t + 5y (1 + y) 
 
Prob. 3.  (3 pts.) Here are 3 ODEs.  Classify each one as to whether they are 
linear/nonlinear, homogeneous/non-homogeneous, variable/constant coefficient 
equations. 
       Classification    
  
(i) t2 y’’  + t y’  -  4 y  = 0  
 
(ii) y2 y’’  + y’  -  4 y  +  t3 = 0  
 
(iii) y’  + y (2+ sin(t)) - 5 t = 0 
 
Prob. 4 (2 pts.)  Here is a linear ODE.  Write out the associated linear operator, L. 
 
 d2y/dt2  + t dy/dt  - 4 y  -  t + t4   =  0 
 
Prob. 5 (2 pts.)  For the linear ODE above, how many linearly independent fundamental 
solutions are there?  How many particular solutions are there?  Do not try to find any of 
them.  
 
Prob. 6 (4 pts.)  In modeling the population of bunnies (without any wolves around), an 
ecologist finds it necessary to account for the seasonal variation of food supply and the 
mating season.  This results in the following ODE for the bunny population, x(t): 
 

dx/dt  = (2 + cos(t)) x2,     x(0) = 1. 
 

Here the cosine term is supposed to model the above time variation. 
Solve this ODE subject to the initial condition to find x(t).  Does the population oscillate 
in time (as expected)?  Answer this question qualitatively.  You do not need to graph the 
solution in order to answer it.  
 
Prob. 7 (3 pts.)  The functions {1,t} are both solutions of the (very simple) ODE 
   d2y/dt2 = 0. 
Show that these functions are linearly independent.  Show all your work. 
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Problems from 2012 Midterm 

Prob. 1.  (3 pts.)  Here is a second order differential equation: 
  d2y/dt2  - 2 t dy/dt  = et. 
Does y = exp(t2) solve the homogeneous equation?  Show all your work. 
 
Prob. 2.  (3 pts.)  Here are three nonlinear differential equations. Circle all the terms that 
make them nonlinear. 
 

(i) y y’’  + t yy’  - 4 y  =  t4 
 

(ii) y’  + t exp(y)  = 5 ty 
 

(iii) y’  + y2 exp(t)  = 5t  
 
Prob. 3.  (3 pts.) Here are 3 ODEs.  Classify each one as to whether they are 
linear/nonlinear, homogeneous/non-homogeneous, variable/constant coefficient 
equations.      Classification   
 (i)  y’’  + t y’  -  4 y  = 5t  

 
(ii)  y’’  + y’  -  4 y  +  t3 = 0  
 
(iii) y’  + y (2+ sin(t)) - 5 t = 0 

 
Prob. 4. (2 pts.)  Here is a linear ODE.  Write out the associated linear operator, L. 

d2y/dt2  + t 2 dy/dt  - 4 sin(t) y  -  t5  =  0 
 
Prob. 5 .  (2 pts.)  Here is a linear, constant coefficient, homogeneous ODE.   
 
 d2y/dt2  + 2 dy/dt  + 4  y   =  0 
Do the solutions oscillate in time or not?  Do the solutions grow or decay at long times?  
Explain your answer and show all your work. 
 
Prob. 6. (4 pts.)  In modeling chemical reactions, the rate of reaction is a strong 
exponential function of the temperature, T.  Consider the case of a second order chemical 
reaction where a reactant of concentration c0 is placed in a beaker and then the 
temperature is raised linearly in time.   Under suitable assumptions, this results in the 
following ODE for the concentration c(t): 

dc/dt  =  - exp(at) c2,     c(0) = c0 = 1. 
Here the exponential term describes the temperature increase, assumed to be proportional 
to at, where a is a constant.  Solve this ODE subject to the initial condition to find c(t). 
 
Prob. 7. (3 pts.)  The problem of free fall of an object is governed by the following ODE 
for the displacement, x(t): 
 d2x/dt2 = g,    where g is the acceleration of gravity.  
Integrate this equation twice to find the general solution.  Clearly identify the particular 
solution and the two fundamental solutions.  Show that the fundamental solutions are 
linearly independent.  


