Name______________________								MATH 213  Test 1
                                                                                                                                            February 23, 2009

Write your answers on a separate sheet of paper (except # 2).  Label each answer.  Show your work: correct conclusions without sufficient work will not receive credit.  Calculators are permitted. 

1. Consider the differential equation  y” -  4y = 0.  Find all constants r such that  y = erx  is a solution. 

y’ = r erx
y” = r2 erx
y” -  4y = 0 becomes  r2 erx  -  4erx  = 0
(r2 -  4)erx  = 0
r = +/- 2

2. For the following direction field, 

a. Identify (draw on graph) any equilibrium solutions and classify them as stable or unstable.   (in blue, dashed)
b. Explain how you know.  The top one is unstable because the slopes point away from it, meaning no solution near it will converge to it as x →∞. The bottom one is stable because the slopes point towards from it, meaning  any solution near it will converge to it as x →∞.
c. Draw the solution through  x(0) = 1 on the graph. It will look like the normal curve with peak at (0,1) and  asymptotically approaching the lower equilibrium solution as x → +/-∞.
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3. Solve the following DEs
a. (y2 + 1)dx = yx dy

              dy = 

            ln(y2 + 1)/2 = ln(x) + c

            ln(y2 + 1)/2 = ln(x) + c
            
 
             = cx 
               y2 + 1     = cx2
             y =    or    y = -   

Harder, but works: substitute y = ux

      	

b. xy’ =   6x   -  3yx
            y’ + 3y = 6
Integrating factor  e3x
(y e3x)’ = 6e3x
y e3x   =  2e3x + c
y =  2 + c e-3x
y(0) = 5  gives
5 = 2 + c e0
1 = 2 + c
y =  2 + 3 e-3x

c. (3x2y2 + cos x)dx + 2x3y dy = 0
M(x,y) = 3x2y2 + cos x
N(x,y) = 2x3y 
My = 6 x2y = Nx     so this is exact
∫M dx = ∫3x2y2 + cos x dx = x3y2 + sinx
∫N dy = ∫2x3y dy = x3y2
The equation becomes  (x3y2 + sinx)’ = 0
x3y2 + sinx= c
y =        
 
d. (xy + y2)dx – x2 dy = 0
Homogeneous of degree 2.
Substitute y = ux, dy = u dx + x du
(x2u + x2u2)dx -  x2 (u dx + x du) = 0
(x2u + x2u2-  x2 u)dx + x3 du = 0
x2u2dx + x3 du = 0
x2u2dx + x3 du = 0
             -  = 0

            ln(x) +  = c

            ln(x) +  = c
            yln(x) + x = cy
            y = x/(ln(x) + c)
	
	This is also Bernouli of degree 2 
	y’ + (1/x)y = y2/x2
            and can be done with a substitution y = u1-2 = u -1
 
4. Let x(t)  be the population of foxes at time t and y(t) the population of rabbits. They are modelled by the following system where a, b, c, d are positive constants.

x’ = -ax + bxy
y’ =  dy  - cxy 

      Explain/interpret the components
a. –ax:  foxes die at a rate proportional to the number of foxes
b.   bxy: fox population increases at a rate proportional to the number of fox/rabbit encounters.
c.   dy: rabbits reproduce at a rate proportional to the number of rabbits
d. -cxy : rabbit population decreases at a rate proportional to the number of fox/rabbit encounters

5. In the theory of learning, the rate at which a subject is memorized is proportional to the amount that is left to be memorized. Let M be the amount of material and A(t) the amount memorized at time t.
a. Determine a differential equation for the amount A(t)
              A’ = k(M-A)

b. Modify your equation to include forgetting, assuming that the rate at which material is forgotten is proportional to A(t)
A’ = k1(M-A) – k2A = - (k1 +k2 )A + k1M

c. *Is there a value towards which all solutions of your equation in b tend? If so, what?
Yes, solve - (k1 +k2)A + k1M = 0   (where A’ = 0)
A = k1M/(k1 +k2)

6. The tradeoffs Dr. Kadera discussed in her morning talk were (select two):
a. Investment in the economy
b. Improving education level
c. Improving healthcare services
d. More attention to diplomacy
e. Spending on the military

7. Dr. Kadera’s Science Colloquium talk was about (select all that apply)
a. Mediation in international conflicts
      b. Bias among mediators


Points per question

	1
	2
	3
	4
	5
	6
	7
	Sum

	8
	10
	60
	8
	8
	4
	2
	100
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