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d .
[14] 1. Solve the differential equation Y- y — 2*, and sketch the family of solutions. -
x

Your sketch should include any/exceptional solutions and a representative se-
lection of the others (if you have a constant C in your solution, then you should
probably show what the curves look like for C > 0 and for C < 0). It should
also show where any critical points occur.
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AMath 250

2. Solve the initial value problem:

d
La—% +(z+ Dy=¢e"", y(1) = 0.
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3. In class you were introduced to the Malthusian model of population growth
(the exponential growth model), and also to the logistic model (which incor-
porates the idea of a maximum sustainable population). In the 19th century
an English actuary suggested an alternative to the logistic model, now known

as the Gompertz equation:
d K
Y ryln{ — .
dt Y

The constant r is a growth constant (as used in the Mathusian and logistic
models), and the constant K is the carrying capacity (as in the logistic model).

[7] a) Rewrite the equation in terms of dimensionless variables.
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Bl | b) Show that any curve crossing the line y = — will have an inflection point
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m ¢) Assuming that y(0) = Py, find y(t). You may assume that Py < K, and
that y(¢) remains < K for all time.
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[@1 d) Sketch a typical solution with Py, << K. What should a solution with
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4. On your third assignment you showed that the time roquired for a cylinder full
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of water to drain is tye =

if the cylinder stands upright, while it is
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thoriz = Y oL if 1t lies on its side.

2] a) What are the dimensions of k? (Show how you can determine this from
one of the results above.)
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b) Now consider a container in the form of an inverted pyramid. Suppose we
fill this with water and drill a similar hole in the bottom vertex. What
does Buckingham’s Pi Theorem allow you to say about the drainage time
T in each of the following cases? Explain your logic.

Hint: 7" should depend only upon k and the relevant length parameter(s).

5] i) Pyramid as illustrated, with only one length parameter, a.

Part (i)
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i1) Pyramid | as illustrated, with two length parameters, a and b.

Wece Yheee ace Y qm’éﬁ-?vs} andk sl
cm\j O dimensions. Thmg’& Yere mushk be

x ¢ - harwind —-— a
& Ramd dmensionless quanthy: T = v
ondagiont W= T(T) ) 1e. KT (& %
ot T 0, e 15, 7 By
a ke
[2] iii) Pyramid as illustrated, with three length parameters, a, b, and c.
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