MA 345-12 Differential Equations
Text : “Fundamentals of Differential Equations”
by Nagle, Saff and Snider

Instructor : Dr. E. Jacobs

Office : COAS 301-36

Office Hours:
Mon, Wed, Fri.: 2:00 - 2:30 and 4:15 - 4:45 PM
and Tues: 2:00 - 3:00 PM

e-mail: jacobsb0@Qxecu.net



MA 345 Class meeting times

MWF 5:00 - 5:50 in COAS 305
Tues 5:15 - 6:30 in COAS 402



Grading System
Exam Average 85%
Homework Average 15%

There will be four exams, all equally weighted.
Exam 4 will be the final exam.

Overall Average Grade in Course
90 - 100 A
80 - 89 B
70-79 C
60 - 69 D
0-59 F



Some important dates:
Exam 1 Tuesday, January 28
Assignment 1 Monday, January 13



Rules for Exams

1. You may not have formulas or notes with you on
exams.

2. Put away cell phones and smart watches during
exams.

3. Make-up exams will only be given for in very
special circumstances. Arrangements for a make-up
exam must be made within 24 hours of the original
exam.



Homework
1. Homework must be neat. Show work.
2. Upload to Canvas in .pdf format
3. Each assignment should be submitted as ONE file
4. Homework must be handed in on time.



MA 345 Diff Equations & Matrix Method

» Course Syllabus 4,

« Welcome to Differential Equations

= Complete list of Homework Assignments
« How to upload your homework 4,

« Office Hours This Week

Click here to go to Module 1 page

Modules:

« Module 1 - First Order Equations
+ Module 2 - Matrix Methods and Homogeneous Linear Differential Equations

= Module 3 - Nonhomogeneous Linear Differential Eguations and Laplace Transforms




Module 1 - First Order Equations

In this module, you will learn methods to solve equations of the form:
d;
= = flz, )

Here are the assignments for this module:

Assignment 1.
Assignment 2

Assignment 3



Assignment 1. [Iniroduction to Differentinl Equations. Separafion of Variables

Read 1.1, 1.2, 2.1 and 2.2

You should be able to do the following problems:

Exercise 1.2 Problems 1 - 15, Exercise 2.2 Problems 7 - 26
Hand in the following problems:

Solve the following differential equations for problems 1 - 3.

dy y

L. i L =1
et

5 dy _y(y+1)

’ dr T

3. %+Iy:$ y{ﬂ]:z

4. Scientists at the University of Nebraska Medical Center performed an experiment to determine
the rate at which pancreatic cancer cells grow. Approximately 500,000 pancreatic cancer cells were
injected into the pancreas of each laboratory rat and the number of cells was observed growing
over a three week period. If y(t) represents the population of cancer cells in a particular rat after
¢ hours, then y(t) solves the following differential equation:

% = ky {where k is a positive constant)

a. Solve this differential equation and obtain a formula for y(t).

b. The scientists determined experimentally that k= 0.051n 2. Caleulate how long it takes for the
population of cancer cells to double.

5. Let Af(t) denote the mass of a radicactive object after t years. The fact that the rate at
which the mass 15 decreasing is proportional to the mass itself leads to the differential equation:

ﬂ = —AM where A is a constant

a. Solve this differential equation and obtain a formula for M (t).

b. Suppose for a particular radioactive substance we begin with 4 grams. If the mass is down to 1
gram after 1 year, calculate the constant A



Attendance

Attendance is not counted in your grade in the course
except for borderline cases.



Differential Equation

A differential equation is an equation that involves
the derivative of an unknown function.

dy _

2y =
dx J



A differential equation could involve higher order
derivatives

d?y  _dy
S48 Lk =0
moam O TRy



A differential equation could involve partial deriva-
tives

9, O?
a—r(; — o’ —6’:;; where u = u(x,t)
ov h? 020
ih—=———+VV where U = U(x,t)

Ot 2m Ox?



Let P = P(t) be the population at time t.

January 13, 2006

Approaching a Milestone

The Census Bureau estimates that the population of the United States will reach 300 million this fall. Here is a look

at how the country's population has changed over the years.

The Population
Is Growing ...
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...And the Mix Is Changing
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lﬂ.?% '4\.? ’2.0
RACE/ETHNICITY*
Black—, rAsian Hispanic 4.5 Hispanic 144
9.0% L4 02% Asian Asian
| |— ‘ & 4.1
‘Whita 0 i
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*Data cn Hispanics not available for 1920. Totals do not add to 100 because of ounding.

Sources: Census Sursw: Willam H, Frey; University o iHichigan

By The Hewr Yook Times



Malthusian Model of Growth

Population grows at a rate proportional to the size
of the population at any point in time.



Malthusian Model of Growth

Population grows at a rate proportional to the size
of the population at any point in time.

4P i proportional to P at any t

dt



Malthusian Model of Growth

Population grows at a rate proportional to the size
of the population at any point in time.

4P i proportional to P at any t

dt

dP
— = kP
dt



Let A = A(t) be the amount of money in a bank
account after ¢t years. The bank pays 1 percent in-
terest. Find a formula for A(?).



Let A = A(t) be the amount of money in a bank
account after ¢t years. The bank pays 1 percent in-
terest. Find a formula for A(?).

Interest = (Principal)(rate)(time)



Let A = A(t) be the amount of money in a bank
account after ¢t years. The bank pays 1 percent in-
terest. Find a formula for A(?).

Interest = (Principal)(rate)(time)

dA = A-0.01-dt



Let A = A(t) be the amount of money in a bank
account after ¢t years. The bank pays 1 percent in-
terest. Find a formula for A(?).

Interest = (Principal)(rate)(time)
dA = A-(0.01) - dt

dA
— =0.014
7 0.0



Population problem:

iP

— = kP
dt
Bank account problem:
A
A 0014

dt



The mass of a radioactive object decreases with time:

M = M)




If we double the mass, we double the rate at which
the mass decreases.




If we triple the mass, we triple the rate at which the
mass decreases.




The rate at which the mass decreases is proportional
to the mass at any given time.




The rate at which the mass decreases is proportional
to the mass at any given time.

dM
—= M
dt




The rate at which the mass decreases is proportional
to the mass at any given time.

dM
— = AM (A is a negative number)



Let M = M (t) be the mass of a radioactive object

dM
— = —-\M
dt




Population Growth

Bank Account Problem

Radioactive Mass

dP

Ry &
dt
dA
— =0.014
dt

M
M



dP dA dM
— kP —=00lA — =-)\M
i " i~ 0 dt A

d
Find a formula for y = y(x) d_y = ky
T



Spring Problem:

d*y  dy
Y 8Y k=0
meam O TRy

Electrical Circuit Problem:

d? d 1
A

dt2 a o0



How do we solve a differential equation?









Separation of Variables






(Where C = CQ — Cl)









d
d—i = —2x  where y(0) =4
y=—x°+C

Ifz=0then4=-0°+C=C
y = —x° +4 (Particular Solution)

0,4







dy _
dr

The curve passes through (0, 1).

—2y where y(0) =1

¢ (0. 1)




dy
de
The slopeis —2 at =10

\\(O, 1)

—2y where y(0) =1




dy d?y dy
— = -2 — = -2 =4y >0
dzx Y dx? dx Y

The curve is concave up at x = 0

e




dy

=
As we move to the right, y is getting close to 0 so
the slope is getting closer to 0.

0, 1)




dy _
dr

The shape of the curve is becoming more evident.

—2y where y(0) =1




dy
de
Integrate both sides.

Yy = /—de:c

—2y where y(0) =1



dy
de
Integrate both sides.

—2y where y(0) =1

Yy = /—dex: 77

[ —2sinxdr =2cosz + C
[ —2e*dx = —2e* + C
f—2:c3d:c:—%:v4—|—(]



— = -2y where y(0) =1

dx
dy = —2ydx
1
—dy = —2dx
Y

Separation of variables






In|y| = -2x+4+C

ly| = e72HC

y = + —2x+C
e = (:I:ec) e %% = ge "



Yy = ae 27

0:

Since y(0) =1, we get 1 = ae’ = a

y = le **




Find the general solution



dy

= 2zy — 2zy* = 2zy(1 —
o = 2wy — 2zy” = 2ay(1 —y)

1
y(1—y)

/y<11—-y)dy::/%[;daj

dy = 2x dx




dy

= 2zy — 2zy* = 2zy(1 —
o = 2wy — 2zy” = 2ay(1 —y)

1
y(1—y)

/y<11—-y)dy::/%[;daj
[t o

Inly| —In|l —y|=2*+C

dy = 2x dx







2
y =ae” (1—y)

CU2 2

y = ae® —ae’ y

332 582
Y+ ae” y = ae

2

(1 + aefcg) y = ae”

2
ae”

B 1 + ae*?

Y



Solve.



dy
7 — 9
dx o J

Solve. Try separation of variables.
dy = (x — 2y)dx

dy —xdr = —2ydx

dy + 2y dxr = xdx
1
T — 2y

Now what?

dy = dx



