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SECTION 6.3

Separation of Vanables and the Logistic

Exercises for Section 6.3

The symbol Hﬂ‘ indicates an exercise in which you are instrucied 10 use graphing iechnofogy of 2 symbolic compuner algehra sysiem

Chek o [g__] 1o view the complens solution of the exercise,

Click oo i print an enbarged copy of the graph.

In Exercises 1-12, find the general solution of the differential
equation,

dy:-.x dy x2+2
8375 2=
(5] a. % = (05 4, :':—: = (115
IEI 5 24y =3y b oy =y
[:Ej T vy = sinx B v’ = 6oos{mxl
(8 o JT=ddy = 10, V% — 9y’ = 5x
B yinx—n'=0 12, 45y’ — 3e* = 0

In Exercises 13-22, find the particuliar solution that satisfies the
initial condition,

Differeniial Equuiion Triiviaal Conedition

B 13 yy = e = 0 W) = 4
14, .3+ Syt =il yl) =4
Blis. vix + D+ ' =0 W-2) =1
16, 2ry" — lnx’ =0 Wiy =2
@ 17, #{1 + 2% — {1l + 43 =0 ¥l = 73
18, y T =2y —ayT =32 =10 o) = 1
E| 14, . iy sin v iy = 1
dv
20. j: gr = Pl = 0
(Bla1. ap — kP dr =0 PiO) = P,
22, dT + k(T — T0h dt = 0 T10) = 140

In Exercises 23 and 24, find an eqguation of the graph that passes
through the point and has the given slope.

B2 (1), y= -2

M. (8,2 ¥v=

In Exercises 25 and 26, find all functions fhaving the indicated
property.

(8125, The tangent 1o the graph of ot the point {x, ¥) intersects the
reavis at (v =+ 2, 0).

26, All tangents (o the graph of [/ pass through the orgin

In Exervises 27-34, determine whether the function is homaose-
nenus, and if it is, determine its degree,

[El 27, fix vl = —d? + v B iyl =0+ 3y — !

(B 33 fx ) = 21n -

(8] 35 y =%

@ N firnyl=2Inxy

X

3L v

M, flx v

In Exercises 35 40, solve the homogeneous di
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40, y' ===

In Exercises 41-44, find the particular soluti

imitial condition.

@43. (.'rs:.:ci—_l.}dx—xd}'=u ¥
I

4, (27 + e 4+ evdy =100 i1}

Differeniial Eguation Inirial
B i1 xdy - Qe+ de=0 w1
42, =y ey 4+ xlx 4+ gy =0 yil)

Sfope Fields  In Exercises 45—4%, sketch a [
differential equation on the slope feld and th
solutivn analytically, To print an enbarged o
select the MathGraph button.
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430 CHA

FTER & [ fferental Bguanons

Eulers Method In Exercises 49-52, (a) use Euler’s Method
with a step siee of & =01 to approximate the parcticular
solution of the initial value problem at the given c-valoe, (b} find
the exact solution of the differential equation analytically, and
() compare the solutions at the given x-value,

hall-life of 1

e Slope Fields
with a possihle
equation. [ The

Fvunt oo,

i

{a) ¥ i
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Differential Eguation Imivial Condition A-virlee
d’ 5
(5] 49. = —6y (0, 51 =1
i, i_d: + gyt =) i, %) x=1
g iy 2 e+ 12 _
DS]. dx 3P —4 (L2} x=2
dy 7
52 i 2ol + ¥7) [ x=15

EE] 53, Radivaetive Deeay  The rate of decomposition of radicactive

radium is proportional o the amount present at any Gme. The

adivecnve radinm is 1599 vears, What percent of a
present amount will reman afier 25 years?

54, Chemical Reaction
pound changes into another compound af a rate proportionad (o
the unchaneed amount. If initially there are 200 grams of the
original compound. and there is 16 grams after | hour. when
will T5 percent of the compoumnd be changed?

In & chemical reaction, @ certain com-

In Exercises 55-5%, (a) wrile a dilTerential

eqquation for the staterment, (b) match the differential equation

slope field, and (ch verify your result by using a

graphing utility to graph a slope field for the differential

slope fields are labeled (a), (b), (c) and (d)]

To print an enlarged copy of the graph, select the MathGraph

1

v
15
5

iEl @ S5 The rane of changé of v with respect 105 15 proportional 1o the
difference between v and 4.

M 56, The rate of change of v with respect 10 x is proportional 10 the
difference between x and 4.

]EI @ 57. The rate of change of v wilh respect o x is

product of v and the difference between v

’E] 58, The rane of change of v with respect 0 x is

(5] 59. Weight Gain A calf that weighs 60 po
weight at the rale
aw

- (12000 ]
el \ E

where w is weight in pounds and ¢ is time

ditferential eguation.

(2} Use & computer alpebea system to 5
equatica for & = 0.8, (L9, and 1. Graph

(b I the il is sold when s weiehi ¢
find the tme of sale for each of the me

(b What is the maximum weight of (he an
models?

. Weight Gain A call that weighs w, po
weight at the rate

aw

— = [} —w

et

where w s weight in pownds and ¢ is lime
differential equation,

In Exercises 61-66, find the orthogonal |
family. Use a graphing ufility to graph severs

family.
Blé. 2 +y2=¢c 62 2 -2y
B 63 x2 =y 64, 37 = A
@ 65, v = ! fh. v = e

In Exercises 67-70, match the logistic eguat
[The graphs are labeled (a), (h), (ch, and (d).

(a) :‘ ih
144 14
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In Exercises 71 and 72, the logistic equation models the growth
of a population. Use the equation to (a) find the value of &,
(b} find the carrying capacity, (¢} find the initial population,
{d} determine when the population will reach 50% of its
carrying capacity, and (e) write a logistic differential equation
that has the solution ™).

(8171, pin =

1500 5000
TR /Al Bt ¥ A e S
1+ 24 07F T2 B = 13 g,

In Exercises 73 and 74, the logistic differential cquation models
the growth rate of a population, Use the equation to
{a) find the value of k, (h) find the carrving capacity, (c) use
a computer algebra system to graph a slope field, and
{d} determine the value of P at which the population growth
rate is the greatest.

o A dp
@?3. 7 -H(] ITH]) 74. T L = QUOnaf

In Exervises 75-78, find the logistic equation that saiisfies the
initial condition,

Logastic Differential Egualion Triiticl Corndition

HES £=_{| —l'] (0, 8

di 10

7. % =121 - %) (0, 5)
@?7.%=%—T’% (0, &)
78. fT: = ,_E;;—] - I;ﬂ (t1, 15)

(51 79, Endangered Species A conservation organizanon releases 25
Florida panthers into o game preserve. Afier 2 years, there are
3% panthers in the preserve. The Florida preserve has o camying
capacity of 200 panthers.
fa) Write a logistic equation that models the population of
the panther population of the preserve.
{hy Fiod the popalation of the herd after 5 years.
e} When will the herd's population reach 10007
() Write o logistic differential equation that masdels the
growih rate of the panther population, Then repeut part (b
using Buler's Method with a step size of o = 1, Compare
the approximation with the exact answers.
) At what time is the panther popalation growing most rapidly?
Exprlain,
Bl Bacteria Growiht Al time ¢ = (), a bacterial culiure weighs
1 gram. Two howrs later, the cullore weighs 2 grams, The
maximum weight of the cultune is 10 grams,

SECTION 6.3

Separation of Vanables and the Logistic

{a} Write a logistic equation that models
hacterial culiure,

(b Find the culture's weight after 5 hours,

ich When will the culiure's weight reach 8

Gl Write g logestic differential eguatio
erowth rate of the colture’s weizhi, '
using BEuler's Method with a siep size
ihe approximation with the exaci answ

(2F At what time is the culture’s weig
rapidly? Explain,

Writing About Concepts

[E KL In your own words, describe how o re
differential cguations that can be solved
variables,

K2, State the test for determining if a differ
homogeneouws. Give an example.

Es:] B3 In your own words, describe the relation

famalies of curves that are muotoaally oy

B4 Sailing  lgnoring resistance, o sailboat
accelerstes {dv/dil at & rate proportions
berween the velocities of the wind and the
(ad The wind is blowing at 20 knods, and afi
15 mowing al 5 knots. Wrate the veloci
time &

by Use the result of part (a) wowrite the
the: boat as o fanction of fime.

True or False? In Exervises 83-88, deter
statement is true or false, If it is false, expl;
example that shows it is false.

Ej 85, The function v = (1 is always a soluto
equation that can be solved by separation ¢
86, The differential cquation v = xy — 2v £+
i separated varables form,
(5] 87. The function fArvh= x4+ xv + 2ishon
88, The families x2 + v¥ = 20 amnd 37 + 2
orthoegonal.

. 1 iy
(5] 89, Show that if v = v lhﬂ:n% = fvl

1 + ke

Putnam Exam Challe

0. A pot uncommon caleules mastake 15 o bel
rale for derivatives says that (fel' =
determing, with proof, whether there exis
(o, B and @ nonzero Tunction g delined on
wromg peodoct rule is troe For oo G, b,
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