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The carrying capacity K = 20, 000, and the initial
[/ condition Py = 1000, and it is given that P(10) =
2000. Using equation (1.13), one obtains

_ (20000)(1000)
e 1000 + (19000)e—10r

Solving gives r = —(In(9/19))/10 = 0.0747. After
25 hours, the population is

(20000)(1000)
1000 -+ (19000)ezstm7mr ~ 3084 -

Now, find 1 so that P(r) = K/2 = 10000. This
gives

P(25) =

i, 2000 = 1000
19000

Thatis, r = 10(— In(19))/(In(9/19)) = 39,4055,

The =
1(0) = 0, has solution I = 10(e="130 — g11\9), ’I‘I:B
solution is maximized at r = 201In2 & 13.86 with
maximum valee J(20In2) = 2.5

O
Let y = &M in 6y" + 5y’-—ﬁy=0loobuirl\\
617%™ 4 Shet —6eM =0,
eM(6)% + 50 —6) =0,
Because ¢ # 0, we arrive at the logistic equation
63+ 50 —6=0
(BA-2)(2A+3) =0,

and roots A = 2/3 and A = —3/2. Because the
roots are distinet, the solutions v, (1) = " and
y2(1) = ¢~ form a fundamental set of solutions
and the general solution is

(1) = Cle"l‘.!n]! + C}!“ﬂk.

@_ =) s ) B
model equation, 1 4 1/10 = (1/2)e™"? with

p320
os4 2 ,&y

o i Do e
JF " 42" 42y = 0, then the characieristic eguation
is

4N 42=0.
The roots of the characteristic equation are —1 1,
leading to the complex solutions

) =¢ =14in and  Z(r) = e(—l—-i]f_

However, by Euler's identity,
2(1) = e'e" = & "(cost +ising),
and the real and imaginary parts of z lead to a fun-

damental set of real solutions, yy(1) = ¢~ cos r and
(1) = e sinr. Hence, the general solution is

y(1) = Cie " cost -+ Cze ' sing.

_,._—-—"_'_P-__. .
( ;yn_.h,n-;-IBy‘?g-ommmz=g;t31.m

tionis A2 — 4+
complex solution _
aley =2 = ¥ (cos 3t + isin3)

provides tions, )1 (1) =
i ndanﬂﬂlﬂlw:lfrcalmlu

& msatanf:dy;(l) _ ¢ sin3t, and the general 50°
Jution ‘
e"(C‘wsaH-CgmB:).

)y =

The initial condition y(0)
4=0C)-
Differentiating the general solution:
y'(r) = M(C] cos M+ Cy5m an
¥ (=3C sin 3t F 3¢, c0831),

s the nitial condition ¥ (0) = 0 provides

0=2C +3C.

Thus, Ci = 4and C = -S!l.givingthbsoludon

8
_ 8 nw).
y(r) =€* (4cosdr = =0 )



By Hooke's Law, : —
k= E = —,EE
Y
4 - ©05ke)(9.8 mis?)
02m)
k = 2.45N/m.

Hence, my" -+ py’ +ky = 0becomes 0.05y" - juy’' -+
245y =0,0r

Y4 20py + 49y = 0.

This system has characteristic equation A%+ 20pA +
49 = 0, with zeros given by

N —20p <k /4002 — 196
- 5 )

The system is critically damped if it has one single,
repeated root. The happens only if

4000 — 196 =0

2 196

W= 20

_ 14

H= ﬁ

Thus, g = 7/10, and our equation becomes
v+ 14y 449y =0,

whose characteristic equation A% + 144 + 41:1:
(A + 7)® = 0 has a repeated root A = —7,
the general solution is

y(1) = (Cy + Can)e™.

If we assume that the mass is displaced in a down-
ward direction, y(0) = —0.15m and C; = —0.15,
Differentiate.

Y() = Ce™ —UC) + Cat)e™
lflbemmsisre}eawdﬁummst,thcnfﬂ)) = 0and
0=C~7C,.
Thus, €3 = —1.05 and the solution is
y(t) = —(0.15 4 1.050)e ",

02

— e

myﬂ+4y’+47 :Oim
cquation 32 -+ 41 +4 = (+ +2)
O 2. Thus the homogencous

— (G + G
=at -l- b has derivatives

mhsmuledm
" = g and p—h

,5+4y'+4y=4"-
Aa +Mat +b) =
far + (a-+40) = 1 +4

C Iwm‘nsmeﬂkﬁm
da =-]

4’“"‘% 540
mchhasmiutmna = —1/4and b = 5/4. Thus,

!malmluhmu

o
— e -Gty

3
The initial condition y(0) = —1 provides
=1= G+
Differentiate.

y = Cre? —27 M@+ CN

The initial condition ¥/(0) = 0 provides
]
0=0 20— 4

¢y =—9/4md C2 = ~17/4 and

9 l_'{t) =l
JF"("I_ 4

Thus,

5
—-'zf""‘-



