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Ify # 0, then:

In the absence of the predator, the prey grows at a rate propp&ional to the current popu-

lation; thus dx/dt = ax,a > 0,wheny = 0. For0,0) % T = Ve sz = 0

In the absence of the prey, the predator dies out; thus dy/dt = —cy, ¢ > 0,when x = 0. wege 1 %” = 0 wninguesy -2 Step 2: Solve for Critical Points

The number of encounters between predator and prey is proportional to the product of 2 FromiEiation () -0, Sutetitita 2/ ~53 Into Equation ()

their populations. Each such encounter tends to promote the growth of the predator and s I T o(3) +05y=1 — 30405y =1

to inhibit the growth of the prey. Thus the growth rate of the predator is increased by [yR——— Solve for

a term of the form yxy, while the growth rate of the prey is decreased by a term —axy, . 1-30 2
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at i # ry, the general solution is TatoR Thus, the critical points are:
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e 1. (@) = (0,0),
2. (z,9) = (3,0),
3. (z,y) = (3,2(1 — 30)) (exists only whe - 30 > 0ie,0 < 1)
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A function f is called piecewise continuous over the interval / C R if f
is defined over / and continuous at every point of / except for a finite set of
points t,...,ty € I, at which f has finite left and right limits.
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Example

0, ift<0
f(t) = )

1, if t>0.
Function f is discontinuous, and we can prove that there exists no differentiable
function x such that x'(t) = f(t) for all t € R. However, there are situations in
which we may want to interpret and solve such an equation. Ideas?

Definition: Improper integral
Let f be a function defined on an unbounded interval [a,c0). If the integral

f: f(t)dt is defined for all T > a and admits a finite limit as T — oo, then
we say that the improper integral of f over [a, o) is convergent and write:

[m F(t)dt := YIEnw/;T F(t)de.

If the limit is infinite or does not exist, then the improper integral ff" f(t)dt
diverges.
Remark

> We can have a convergent [ f(t)dt while f(t) does not converge to 0.

> If [ f(t)dt converges, then so does the series 3 an, with a, := j,,"” f(t)de.
> The converse is not true: take f(t) = sin(27t).

> If f(t) = O for all t larger than some M, then T > f: f(t)dt is an increasin
function of T, and thus has a limit L € RU {occ} as T — oco. (We still say tha
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Find the Laplace transform of

sin(t)
£(t) t t>0. é{ﬁ[x}:gfruz&m(s),
0, t=0.
N sl
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Theorem: Comparison

Let f, g be piecewise continuous functions defined over [a, c0) satisfying, for
all t large enough, 0 < f(t) < g(t). Then:

/amg(t)dt<oo = /:of(t)dt<oo
/:of(t)dt:oo = /:og(t)dt:oa

Definition: Absolute convergence

If [ |F(t)|dt < oo, then [ f(t)dt is convergent. We say that [ f(t)dt
is absolutely convergent.

Remark
A convergent improper integral is not necessarily absolutely convergent: e.g.,
I ea.
Z jMﬂmI’@‘f ]w]%ml )(a J’K’J"leMbQ/V
—
» Lok e
W | forun £ ;
—_— 3 1~ ®, It e
B T e AU A
TE»MJEL LJ 71 eli-e &
S > = 4oq W1 20
2‘) [ 0
— WS 59, 't se=1
g% ok -
o0 Posz
Q
~
Iim [ 151 T}, P Osﬂ
Toe o g s+
— a it +1>0
T->a
= L it sep
T-> 54

Definition: Laplace Transform

Let f be a function such that the integral below is defined for some s € R.
The Laplace transform of f(t) is function F(s), defined as
glways as st

1)

for all s for which the improper integral converges. We denote: F = L(f).

L(F)(s) = F(s) = fuwe’“f(t)dt j

Note that £(f) only depends on the values of f(t) for t > 0.
Theorem
Let f be a function defined over R such that:
> f is piecewise continuous over every interval [0, T], T >0,

» f is of exponential order: there exist constants K > 0, M > 0 and
a € R such that

vt> M, |f(t) < Ke™.

Then the Laplace transform F := L(f) is defined for all s > a.
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Exercise

Express functon 35 3 linear combination of eaviside functions, and compute its
Laplace transform:
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Definition

Let g and h be piece-wise continuous functions defined for t > 0. We
define their convolution f for t > 0 as

In each of Problems I through 12:
(a) Find the solution of the given initial value problem,
(b) Draw a graph of the solution.
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Ex mple hit-z)= t-z

t t
g*h(t) = / g(T)h(t — 7)dr = / 2(t — 7)dT
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» In all the applications, we assume that the solution y of the studied (S — a)
ODE satisfies the hypotheses that allow us to take its Laplace trans- at (bt) s—a >
form: y is piecewise continuous and of exponential order, and so are D (s - 3)2 + b2’ N a
all of its derivatives involved in the ODE. b
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» When we find y, we need to either check that y solves the ODE... € Sm(bt) (s _ a)2 + b2’ s>a
» ... or check that y satisfies the conditions that justify the use of the et f( t) F(S - a)
Laplace transform.
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The Dirac delta 6, admits a Laplace transform, and for a > 0, we have
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The case a = 0 is more delicate, since the Laplace transform is defined on R,
Example
We have

£(Yaida) (9) = Y aree.
Solve the IVP
Y +3y +2y=06-26, y(0)=1 y'(0)=-1.
Let Y = L(y). Then:

L(y') =sY(s) —y(0) =sY(s) - 1,
L(y") =52Y(s) — sy(0) — y'(0) = Y (s) — s+ L.

We get:
(P+3s+2) Y(s)=e* -2 +5+2,
hence: 22 2
es e 28 s+
Y(s)= 5 s 5 .
s2+3s+2 s2+35+2 s2+3s+2
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Part (a)

Suppose we use f(ct) rather than f(t).
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Make the substitution = = ct. Then dx
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(b) Show that if k i a positive constant, then
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14. Find an expression involving i (1) for a function f that ramps up from ze
value hatt =ty + k

15. Find an expression involving t (1) for a function g that ramps up from ze
value /i at 1 =ty + k and then ramps back down to zero at t =  + 2k.
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. where ¢ is an arbitrary constant
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— )(,,, y For the first term, the Heaviside function H(t —to), defined to be 1 if ¢ > tg and 0 if ¢ < tg, make
.

)(t — to) makes it so that it reaches a

height of h at ¢ = tg + k. The second term, which activates when ¢ = fo + k, cancels the first term
The third term makes f(t) have a value of h from t = to + k and on. f(t) can also be written as

bl Vg Mrobdan

R PYAN
=lr( -
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Recognize that f(t) is a convolution integral of the two functions, ¢ and cos2t. The Laplace
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