Math 33B: Differential Equations

Midterm 1

Wednesday, Oct. 29, 2014  9:00 - 9:50 AM

Instructor: aliki

Name:

PLEASE PRINT

UID:

Section:

Discussion sections:

o Tuesday with: X. Luo - 1A | B. West - 1C

e Thursday with: X. Luo - 1B | B. West - 1D

Read the following information before starting the exam:

e Show all your work, clearly and in order;

e This test has 5 questions and is worth a total of 50 points;

e No books, notes, electronic devices (inc. calculators) are allowed;

e Good luck!! ®

| QUESTION # | SCORE | MAX. POINTS |

1 10
2 10
3 10
4 10
) 10
TOTAL 50
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Question 1 (10 points)

Solve the initial value problem:

d
% =y +2ze®, y(0)=3.
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Question 2 (10 points)
Solve the following ODE for an equation of the form f(z,y) = c:

dy _ (2zcosy+ 3z%y)

dr  (y+a?siny —x3)

Apply the initial condition y(0) = 2 to find a particular solution in implicit form.
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Question 3 (10 points)

Consider the following ODE,
2wy@ =1y — 22
dx

By making an appropriate change of variables, transform the ODE into a separable
one. Hence, find an implicit solution for y(x).
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Question 4 (10 points)

Consider the following ODE:
dy 2
o =Y (1)

(a) Draw a direction field for the ODE given by Eq. ().
(b) Solve the ODE to find a general solution for y(¢) (in explicit form).

(c) Find a particular solution for the initial condition y(0) = 1. What is the interval
of existence?

(d) Find a particular solution y(t), for the initial condition y(0) = yo (where yq is a
constant). There exists a finite time 7" such that

th_}n% y(t) = 0.

What is this time 77
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Question 5 (10 points)

A simple model for the spread of an infection in a population is given by:

dH

— = —kIH 2
= , 2)
dl
— = kIH
dt '

where H(t) represents the amount of healthy people, I(t) represents the amount of
infected people and k is the rate of infection. Since,

S H+n=0, 3)

it follows that the size of the population, H + I is equal to a constant value, say N:

H+1=N. (4)

dH
(a) Using the substitution I = N — H, obtain a single equation for =

(b) Find the critical points of the ODE you obtained in (a). Determine their stability
(i.e. stable, unstable or semi-stable).

(c¢) Sketch the equilibrium and some non-equilibrium solutions in the H — ¢ plane.
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