Exam #1 APPM 2360 Fall 2007

ON THE FRONT OF YOUR BLUEBOOK write: (1) your name, (2) your student ID number, (3) lecture
section (4) your instructor’s name, and (5) a grading table. You must work all of the problems on the exam.
Show ALL of your work in your bluebook and box in your final answer. A correct answer with no relevant
work may receive no credit, while an incorrect answer accompanied by some correct work may receive
partial credit. Text books, class notes, and calculators are NOT permitted. A one-page crib sheet is allowed.

1. (a) (15 points) Find the general solution and any singular solutions of the differential equation

dy
a2V

Are the singular solutions included in the general solution? Explain.

(b) (5 points) Determine the values of y, for which the initial value problem

dy
E_Z\/_l (0)—y0

has (i) no real solutions and (ii) a unique real solution.
2. (a) (5 points) Find the constants A and B such that
Yyp = Asint+Bcost

is a particular solution of the differential equation

d
4y =2sint
(b) (15 points) Find the general solution of the equation.
3. (21 points, 7 each) Consider the operator L defined as L[y] = % +y2.

(a) Formally prove that L is not a linear operator.

(b) Make the substitution y = 1/t + 1/u in the equation L[y] = 0 and show that u(t) satisfies
an equation of the form M[u] = f(t). Define the operator M and the function f(t).

(c) Formally prove that M is a linear operator.
4. (21 points, 7 each) A falling hailstone with density 6 = 1 starts from rest with negligible radius

T = 0. Thereafter its radius is v = kt (k is constant) as it grows by accretion during its fall. The
initial value problem (IVP) describing the velocity v = v(t) of the hailstone is

d
dt

(a) Assuming the hailstone has the shape of a sphere, show that its mass at any given time t

mt) vt =m(t)g, v(0)=0

4
ism(t) = ?T[k3t3 . (Hint: mass = density x volume)

(b) Substitute for the mass in the equation and solve the IVP for v(t).

(c) Show that the hailstone falls as though it were under one—fourth the influence of gravity,

d
i.e. find the time derivative of v(t) to be d—: = %

More on the back; turn over the page.



5. (18 points, 6 each) Consider the following direction fields that correspond to three different first
order ordinary differential equations:
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? ? AR
TRERTERRRRRERERENEY FEER IR R R RE RN
AR R R R R R R R R R R R R R R RN
RN AR R R R R R RN BR R R RN s
TR R R AR R R R RN AR 1%\\\\\\\\\\\\&:;_,,///_
AR N7
NNy WS
|7 AT AT AT 77 \::::,;/// JALELELLLT
T B
SHI,
-1 0 % 2 3 -1 0 % 2 3
Direction field (C)
ANT LRI
R

RN

I e e e e S e e e

l—= = = ¥ > > > > > > > > > > > > > > 4
\ T T T LT T T T T T T T T T T A
AT T T T T T T T T T T T T A

\V—= = > = = = = > T 3

R N S S S S O O OISV
N N N S S SO NAOSOSOSOONONNNN

AR R R AR R RN RN
SOOI N NN NN

-1 0 1 2 3
t

(a) Classify the equations corresponding to fields (A) and (B) according to homogeneous or
inhomogeneous.

(b) Classify the equation corresponding to field (C) according to linear or nonlinear.
(c) Match the following solutions to the direction fields:
et ot t 1

(ii) yp = ce™ (iii) y3 = ce ' + 5~

Goool Luck!!!



