Math 251 - Practice Test 1 Feb 9 2011

Question 1:

(a)[5] Solve the following differential equation and determine the largest interval / on which the solution is
defined: )
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(b)[5] Solve the following differential equation:
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Question 2:
(a)[5] Solve the following differential equation:
d
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(b)[5] Solve the following differential equation:

d_y_x2~y2
dx ~ 2xy
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Question 3:
(a)[5] Solve the following differential equation: .
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(b)[5] Solve the following differential equation:
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Question 4: For this question consider the differential equation

dpP b
’E = aPln <5>
where a and b are positive constants.

(2)[4] Determine the equilibrium solution(s).
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Question 5:

(a)[5] A fish population is decreasing at a rate that is proportional to the square root of its size. Initiaily
there were 90,000 fish, and after six weeks 40,000 remain. Solve the corresponding differential equation
to determine the time at which the population will be reduced to 10,000.
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(b)[5] Consider the autonomous differential equation
dy _yer =9
dx e
(i) Determine the critical points and sketch the one-dimensional phase portrait.
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(ii) Classify each critical point as asymptotically stable, unstable, or semi-stable.
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(ifi) Graph the equilibrium solutions and sketch typical solution curves in the regions between the equilibria.
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Question 6:
(a)[4] For this question use the IVP y' =2y cos(x), y(0)=1.

(i} Use Euler's Method with step size A = 0.1 to approximate y(0.2).
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(“), The actual solution to the VP is y = e?s"*  Use this fact to determine the relative error in your
approximation in part (i).
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(b)[6] Write a differential equation which models each of the following situations, and state a reasonable initial
condition for each. Do not solve the differential equations.

(i) The acceleration of a car is proportional to the difference between 250 km/h and the velocity of the
car.

Av _ ,&(,zya—'U') J (o) =V,
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. (i) The size of an alligator population in a region follows a logistic model. Hunting is then allowed and
alligators are removed from the region at a rate proportional to the existing population size.

A o L P(M-R) - 4P , P=73,
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(iii) In the theory of léarning, the rate at which a subject is learned is assumed to be proportional to the
amount that is left to be learned. Let A(t) represent the amount learned by time t, and M be the
total amount to be learned.
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