Find the general solution of the dilferential equation.

ﬁ=x

fr
CS
Il

J.:. dx

||.1 x.Z
2 S =5 +6

Find the general solution of the differential equation.

ﬁ = (L05r
iy

I f%= Iﬂ-.ﬂﬁd\'

2. In|r| = 0.05s5 + C,
1 = L0

} - CE_,I 10155

Find the general solution of the differential equation.

(2+zxh'= 3y

dv 3
J._'I' _J.Z +xdx

im2+x|+InC

InjC(2 + x)|
4 y=Ckx+2p

B

Il

In|y|

"
Il

]
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Find the general solution of the differential equation.

J‘ sim x elx

yy' = sinx

[ jlﬁ' ely

1'2
2] . a—
J 7 = —cosx + C,
3. vi=—2cosr+C

Find the general solution of the differential equation.
1 —4xiy"'=x

X

e s
T = AP

r-J

: jd_‘r = J-ﬁfh
—éJ-H — 4x?) V3~ 8y dy)

L
Il

|
4, y=—2(1—4I2 +C
3 4f 2} C

Find the general solution of the differential equation.

yinx — xp’

J‘ J‘Inxa{x

Hl

2, (u = Inx. dy = I:'h')
X

3 In|y| = ;I[lnx}: +

§. v o= lmnteg

. = (elln i
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Find the particular solution that satisfies the initial
condition.

Differential Equation Tnivial Condition
w =er=10 yiD) =4

E J‘;;'r,{'r = J‘t’”r..’.'l;

g 32 on o=

2 g +

% ¥y =2"4C

4. Imitial condition: j.-l[ﬂ} =4, 16=2+C, C=14

5. Particular solution: v2 = 2e* + |4

Find the particular solution that satisfies the initial
condition.

Differenticld Equetion Initic! Condition
vx+ 1)+ ¥ =0 y—2) =1

L. $= —J‘{.r-i- 1) el

2. Tnfy] = —{”T”z £

% y = Ce~xt Li*/2

4, Initial condition: y(—2) =1, 1 = Ce /2, C = £
5. Particular solution: y = gl tr+ 1F]/2

& = g W 202
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Find the particular solution that satisfies the initial
condition.

Differential Equeation Initial Condition

Wl+2p —xl +3) =0 Wo) = 3

v ¥

I + " dv clx

YR
2 i]nI{] + v = i]nf] + %)+ C
25 3 2 g I

i o m(l+y)=ml +x)H+InC

4, = In[C(1 + x%)]
g, 1 + »*= (1 + 52)

6. 0)=J/H1+3=C

T. == =4
14 =41 + )

B pr=3 4 dy?

Find the particular solution that satisfies the initial
condition,

Differential Equation Initiad Condivion
el o .
o = uvsing wl0) = 1
k J-E = jr gin v dv

i
. I \
=+ ]n|n| = —Ecm WG
3. u=C_Ce fcos v3)/2

i A |
4, Initial condition: w(0} =1, C = =Y
3. = gliz

¥, s [ 5 et
6. Patticular solution: n = el —eosvii2
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Find the particular solution that satisfies the initial
condilion.

Differential Equeation Tnitial Conedition
dP — kPdr =0 PO} =P,

I f dFF =k J. dr

2 In|P| = ki + C,

3, P = et

4. Initial condition: P(0) = P, P, = Ce"
5 =

6. Particolar solution: P = Pe"

Find an equation of the graph that passes through the

point and has the given slope,

S
L)y = ——
(1, 1), 3 Loy
L jlﬁ_r dy = —fﬁ.t dx
—0
2. Byvi=—x'4+C
2
A - 9 .
1. Initial condition: y(1) =1, § = =g+ C, C=
: ; g el 25
4. Particular solution: By = 5 4 +
B 16y? 4 9x% = 25

(e i
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Find all functions f having the indicated property,

The tangent to the graph of f at the point (v, y)
intersects the v-axis at {x + 2, 0)

dv
dx

00—y
x+21—x

m:

" —

; =<

2
:f_'l-' 1
j}' j_idx
1

5. Injy| = -5x+ €

fr y = Ce ™2

Determine whether the function is homogeneous, and if
it is, determine its degree.

Fle, ) = 23 = duy? + 9
L. flrx, ty) = 133 = drxpZy? + 53
3 = P = day? + )

1. Homogeneous of degree 3

Determine whether the function is homogeneous, and if
it is, determine its degree.

x5
flxy) = —
\-".I.j + }.2
!4_1-:’1.2
l. f{!’L !'_'I.‘} T T

‘_.. rlll-z + 'r2-1||1

xiy?

2. -
JE2+

4. Homogeneous of degree 3
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Determine whether the function is homogeneous, and if
it is, determine its degree.

flx,y) =21nxy

I flex, ty) = 2 In[exey]

2 = 2 In[r3xy]

3 =2ln¢* + Inxy)

4. Mot homogeneous

Determine whether the function is homogeneous, and if

it is. determine its degree.

flev) =2 ln'—z

I. flex, ty) = 21n L
ry

2 =2
v

i

Homogeneous degree O



Solve the homogeneous differential equation.

lll,__l.'-l:' ¥
= 2.!.
¥ = VX
v x+ vx
2 tx— =
L t:ir 2x
i | + v
L3 X—= —
dx 2
I =
» T2

T
k=
-II
—
= | B

6. =In{ll = v)*=In|x| + nC

= In|Cx|
T ol
gt —'{'I:rr’x}']'i gl

11, || = Clx — P



Solve the homogeneous differential equation.

e X =y
iy
| V= vx
dv  x — xv
2 ¥R =
dx x4+ xv
1l —w
L3 vdry + xdv =
1 + v
l1—v
4, xdv = ( — 1*) dx
1+ v
’ 1 — Jp—at
5 =—
1+ v

s BT
vt e — 1 X

7 %Inh'2 Fdp—=1|

—In|z| + In C,

8. =
X
e
0 |1'2+21'—l|=F
o8 8
. PH+2i- [‘ ==
P, B X x




Solve the homogeneous differential equation.

41

xy
a2
Vo= px
ey ]
Vt+ix—=—7—
dr  xF — %t
1.'
vile + xdv = =l
-2
¥
xdv = = — v de
1l —w

1 =
T Injv| = In|x| + InC,
= In|C x|
|
e In|C xv|
il ]
2},2 = ]nlcl.'"l

V= C‘P, 1-'_-"2.-.--'
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Find the particular solution that satisfies the initial
condition,

Differential Equation Initial Condition

xdv = (2xe ¥ 4 y)dx =0 Wl =0

I Y = VX

-

Loxiver +xdv) = (e Y+ uxlde =0

fru- i

4 e =1InC,x?

L

L}

e’ =In, + Inx?
6. e =+ Ina?

7. Initial condition: v(1) =0,1 =C

2.

. Particular solution: &= = 1 + In 52
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Sketch a few solutions of the differential equation
on the slope feld and then find the general solution
analytically.

ey
=y
ilx
Y
.
s
) e
B L . -
\ :
w =2
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Sketch a few solutions of the differential equation
on the slope feld and then find the general solution
analytically.

ey
=y
ilx
Y
.
s
) e
B L . -
\ :
w =2
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Sketch a few solutions of the ditferential equation
on the slope field and then find the general solution
analytically.

'y 4
S At — 5
ey
.II.
1
(I B 1
1 ! _'|_ %
N § LY
W W g Y
P I B - -
/ R
I. T T ! -I II T T T i
-3-2-1 1 2.3 4

b nd—yl=—x+C
4. 4= y= g ot
= y=4+ Ce™
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Sketch a few solutions of the differential equation
on the slope feld and then find the general solution
analytically.

ey
=y
ilx
Y
.
s
) e
B L . -
\ :
w =2




(a) Use Euler's Method with a step size of i = 0.1 1o
approximate the particular solution of the initial value
problem at the given x-value, {b) find the exact solution
of the differential equation analytically, and (¢) compare
the solutions at the given x-value.

Differential Equation  Initial Condirion x-value

dy _ 2+ 12

= 1,2) x=2
dy 3 —4 (1.2 '

I. (a) Euler's Method gives v(2) = 3.0318.

2 (b) f{h? — ) dy = J{2x+ 12) dx
3. Vi—dy =2+ 12x+ C
4, M) =22 =-42)=1+12+C
5. = C=-13
f. =gy =t 4+ 120 — 13
7. (c) Forx = 2,
¥ —dy =224 12(2) — 13
8. = 15
, V4= 15=0

10, v =3+ 3w +5 =0
1. = y=3

IZ. Error; 30318 — 3 = 0.03135



The rate of decomposition of radioactive radiom is
proportional to the amount present at any tme. The
half-life of radicactive radium is 1599 years. What
percent of a present amount will remain after 25 yvears?

d _

= kv
eff ¥

2, y=_Ce"

o0 =,

4 = initial amount
s Ao Eso

< 2 Nl J.:Jf

1 |
i) —
- k=5l (2)

T Ce,[llllil_."}],."lﬁljl-]]r

—d

B, When r = 25, v = 0.989C or 98.9%.



field for the differential equation. [ The slope fields are labeled

(a), (b), (¢), and (d).]

(a) Write a differential equation for the staternent, (b) match
verify your result by using a graphing utility 1o zraph a slope

the differential equation with a possible slope field. and (c)

(b}

P

R o o s e

[ R s b I

¥

e

—.-l.ulu -

(d}

(c)

The rate of change of v with respect to x is proportional to the

difference between v and 4.

: but

=4

= (0 along ¥

/)

. The direction field satisfies (dy

2

=0

not along y

3. Matches (a).

57



field for the differential equation. [ The slope fields are labeled

(a), (b), (¢), and (d).]

(a) Write a differential equation for the staternent, (b) match
verify your result by using a graphing utility 1o zraph a slope

the differential equation with a possible slope field. and (c)

R o o s e

[ R s b I

(b}

f L
-

—.-l.ulu -

(d}

(c)

The rate of change of y with respect to x is proportional o the

product of v and the difference between v and 4.

=kyy = 4)

dx

0 along v = 0 and

fdy) =

The direction field satisfies (dy

2

Matches (c).

¥
k)

59



A calf that weighs 60 pounds at birth gains weight at
the rate

dw

0 = k{1200 — w)

where w is weight in pounds and 1 is time in years.
Solve the differential equation.

{a) Use a computer algebra system to solve the differ-
ential equation for & = 0.5, 0.9, and 1. Graph the
three solutions.

(by If the animal is seld when its weight reaches 800
pounds, find the time of sale for each of the models
in part (a),

(c) What is the maximum weight of the animal for
each of the models?

dw
P Jm—f‘“"

2 1[1200 — w| = —kf + C,
h 1200 — w = ¢ 455
4 = (gt
5 wo= 1200 = Ce ¥
f w0} = a0
T = 1200 — C
8. = £ = 1200 — 60
9, = 1140
10, wo= 1200 — 1140e
I1. (@) 1400
ok 1
2 1400
ok 1
i3 1400
o 1w

o
14, (b) & = 0.8: 1 = 1.31 years
I5; k=09 r= 116 years
16, k= 10: r = 105 years
[T ey Maximum weight: 1200 pounds
18, rI_i.rlj': w = 1200
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Find the orthogonal trajectories of the family. Use a
eraphing wtility 1o graph several members of cach
family,

X

;)

}

14_.1_-2-:('

Given family (circlesy 2+ y2=C

2+ 2nv" =10

. Orthogonal trajectory (lines):

.1. i

dy _

In|v|
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Find the orthogonal trajectories of the family. Use
graphing wtility to graph several members of each
family.

=y

| Given family (parabolas): +* = Cy

2. v =y’
fa g
3 JF
¥ C
o
4 ==
x4y
= 2
| - —
X
&, Orthogonal trajectory (ellipses): y'=
T ZJ-}' dy =
8 yi=
9 1+ 2y =
1, L]
-6 g

a



Find the orthogonal trajectories of the family. Use a
zraphing utility to graph several members of each
family.

¥l = Cx

|. Given family: y* = (&'

2. 2yy’ = 30K
. 30
3. y' =
- 2y
3’ 1.'3)
4. = -
2y Lt
- v
5. ==
2x
. . 2y
6. Orthogonal irajectory (ellipses): y'= 3y
3y
7 3J-_'r dy = —2Jinix
. 3yt W
8. SRR
9 W+ 2= K
1. 4
L] &

67



Match the logistic equation with its graph. [The graphs

are labeled (a), (b). (c). and (d).]

(al ¥ (b)
i

4+

13 <4

10—

: -

46 8 10

|
=4
I
=
|
3
ra -

12
Il +&

I. Since W{0) = 6. it matches (¢) or (d).

than (c)

i, it matches (d).

69

10-

1. Since (d) approaches its horizontal asymptote slower
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Match the logistic equation with its graph. [The graphs

are labeled (a), (b). (c). and (d).]

(a) ¥
i

4+

13 <4

10—

(b) ’

: -

46 8 10

|
“6-4-2 | 2

12
) e
l + 3¢

I Since v{0) = ]3

()

7.4 =8

4. it matches (b).

10-
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The logistic equation models the growth of a popula-
tion. Use the equation to (a) find the value of &, (h) find
the carrying capacity, () find the initial population, (d)
determine when the population will reach 50% of is
carrying capacity, and (e} write a logistic differential
equation that has the solution Pir).

I 500

A0 = T 24007

[, (a) & =073

2. (b) L= 1500

1500

L] =

3. 4e) MO =170

4, = 60

_ 1500

5. (d) 750 = 1+ 240 0

& | 4+ 20750 = 3

|

: LTS o

: ¢ 24

g —0.75¢ = In( : )
o i 24
: ] = —In24
10 .
o 0.75
1. ~ 42374

AP : P

3 S — o b e
12:(6) 5 D.'.-‘::P(l 150{:)

13. Pi0) = a0



The logistic differential equation models the growth
rate of a population. Use the equation to (a) find the
value of &, (b) find the carrying capacity. (c) use a
computer algebra system to graph a slope field, and
(d) determine the value of P at which the population
erowth rate is the greatest

e

dt 100
[, (a) k=23

2o (by L= 100
3. () P

2 —_
4. (d) F;;f = 31’(1 - ]‘g‘j) + a.ﬂ( 1:’:{;)
B o Py 3P P
_3[3'&(' mﬂ)](' IIII) ma[”(' ma)]
R | MR P
‘JP(l ]DG)(I 100 H}‘J)

=or{1 - 551 - i)

o

Fe
B, S5 =0forP =50
ot
Q. and by the first Derivative Test, this is a maximuim,
. - _ L 100
14, (Nme. P=350= S )



Find the logistic equation that satisfies the initial
condition.

Logistic Differential Equation Initicl Condition
% N _1.'(] - ﬁ) (0. 8)
. k=1
2. L=40
3 i E
= 1 + be ¥
4 = 40

1 + e
=yl =R = Iiuh
& = bh=4

4

7. Solution; vy =——
: 1 + 4
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Find the logistic equation that satisfies the initial
condition,

Logistic Differential Equation Initial Condition

oAy

et e {0, 8)
i ﬂ_ J'? =£_i,|{]—L)
S5 150§ 120
g i ¥
2 k= 5
. =08
4. L=120
5 i :;
: | + he @
= 120

) e e 120
f. r'l{_ﬂ}_s- E_ I + B
u = h=14

g 120
}. Solution; v = | + 14 080



A conservation organization releases 25 Florda
panthers into a game preserve. After 2 years, there
are 39 panthers in the preserve. The Florida preserve
has a carrying capacity of 200 panthers.

(a) Write a logistic equation that models the population
of the panther population of the preserve.

(hy Find the population of the herd after 5 years,

{c) When will the herd’s population reach 1007

(d)y Write a logistic differential equation that models
the growth rate of the panther population. Then
repeat part (b} using Euler's Method with a step
size of h = 1. Compare the approximation with the
exact answers.

(e) At what time 1s the panther population growing
most rapidly?

L
I (a) y= ———
(a) 3 |+ be ®
1 L=200
3 ¥(0) = 25
200
| 25 =
1+ b
5 == h=7
200
" ¥
200
= ) e
14 Te 0
23
o — =
. “ 39
1 (23
] = —— -
: k=3 '"(39)
1 {30
v B '“[23)
11 = ().2640
| 200
12, ¥

S P

13, ib)y Forr = 5, v = 70 panthers.

200
14, ich 100 = T+ 7o 0zodn
15, | 4+ Fe 0268 = 2
16. —0.264: = In(_jr)

T. t = 7.37 years



I8, (d) f:,: = k;-(l - L)

19, = 1}.254_1-(1 - 2[30) o) = 25
2 Using Euler's Method, with i = |, you obtain

65.6 panthers,

e _

21, (ep v is increasing most rapidly whete v = 5 = 100,
corresponding to £ = 7.37 years,

81

In your own words, describe how to recognize and
solve differential equations that can be solved by
separation of variables.

I. A differential equation can be solved by separation
of variables if it can be writien in the form

ey
X ,.|_ af —/— = i
Mix) + Ny} i 0

2. To solve a separable equation, rewrite as
Mix)dv = — Ny} dy and integrate both sides,

83

In your own words, describe the relationship between
two families of curves that are mutually orthogonal,

I Two families of curves are mutually orthogonal if
each curve in the first family intersects each curve
in the second family at right angles.

85
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Determine whether the statement is true or false.
If it is talse, explain why or give an example that shows
it is false.

The function v = 0 1% always a solution of a differential
equation that can be solved by separation of variables.

|. Fulse

ﬂ =& 15 separable
dr ¥ .

b

3. but y = {0 is not a solution,

Determine whether the statement is true or false.
If it is false, explain why or give an example that shows
it is false.

The function flx. v} = x* + xv + 2 is homogeneous.

|. False

2 flex eyl =132 4 1y + 2

3 # Pl v
eI L dy: _ zig
Show that if v = T+ be & then T kvl = ).
b e T L
; (1 + he )2

T k o
- {1+ ke ¥ (14 he ™)
& k A bt =1
T T 1+ be*) {1+ be )

= k ] TS [
" = (1+ bhe *1) (1 1 + he '“)

5. =kyll = y)



