Section 7.1 Exercises

In Exercises 1-10, find the general solution to the exact differential 14. % ol i — & e =

equation.
. el R,
1.;:5x4_sec2x 15-d—i=—;—;+12andy=3whenx=1
dy o 3
Z.E:secxtanx—ex 16-d—i=SSeczx—E\/;andy=7whenx=0
L - d 1
3 —sinx— % +8x° 5 o dosy e Wl oo =
T 17.dt T n2andy = 3whent =0
@ L B a1 1
4‘E=;_;(X>O) 18-E=;—72+6andx=0whent=1
dy 1 d
5'5 el +x2 s 19.;‘; =4secttant + e¢' + 6tand v = 5Swhent =0
dy 1 1 o
i D i 20. =3~ 2)ands = Owhenr = |
7 d_y = 312 cos(#3) In Exercises 21-24, solve the initial value problem using the Funda-
dt mental Theorem. (Your answer will contain a definite integral.)
d :
5 d_)t/ = (cost) e 21.,% = sin (x?) and y = 5 when x = 1
du di
- o (sec?x%)(5x%) ZZEM = V2 + cosxandu = —3 when x = 0

d b 1 = pLosXx -
10. ﬁ = 4 (sin u)3(cos u) 23.F'(x) = ¢**and F(2) = 9

24.G'(s) = Vians and G(0) = 4

dy In Exercises 25-28, match the differential equation with the graph of
11. o= 3sinxand y = 2 when x = 0 a family of functions (a)—(d) at the top of the next page that solve it.
Use slope analysis, not your graphing calculator.

In Exercises 11-20, solve the initial value problem explicitly.

dy .
ot = = d o 4
12. = 2¢* — cosxandy = 3 whenx = 0 25 2 (cinx)? 26. ) (sinx)?
dx dx
du

3. — = 7x6 — 3x2 = = d d
13'dx Tx% = 3x*> + Sandw =1 whenx = 1 27.d_i= leosn ) Zs-d—i= (O



=y—x

38—
priate slope field. Then use the slope field to sketch the graph of the
particular solution through the highlighted point (0, 2). (All slope

In Exercises 41-46, match the differential equation with the appro-
fields are shown in the window [—6, 6] by [—4, 4].)

correct answer to part (a)?

(®)

(@)

Chapter 7 Differential Equations and Mathematical Modeling

336

®

(e)

Q
=
~SIIITT = < 3
SR |8 T SR mma e 5 S
[Sisresalaenicssng BeEThaa e R NENENENENENE M o) =
[EEESS SR SR R SNt S| BRI v 2 2 g
SRR N SENCRRERRE ERC R RN O e (2500 o
N Ry NENCRENENENEE NN NN S + a = =
e~~~ REEE N BN NEERENNEENE ERC R - & =
SN Y R AT NN = m =) <
NNNNNNENNNNNNY NANANNNN pS <+ = < W..o =
NNNNNNNTANNNNNY NNA NSNS ————| < ’ —~ 1)
INNNN NN N BNNNNNNN m ISSNAN NSRS ————| :\ol/ _ N .w. ~H /n.d\ m& m
A R R N NNANNN RS —————] | < o o =)
NN SN NN NN Gy Bl Il B
NN ERENENENENEN N = a, o >~
R NNANN NP ———— ] W/ m = = —_ =
BT ey O o o) < =
[ENssaea S s S NN NN St 1 Il 1l Q 15) o S el
NN s STl = ..W ) Jﬂ =
oraew| OO SR > i) b —_— O
RN |8 RIS 28 g 2= = 3
INNNANNN S~~~ 5 n . — 55 2z B
SRS o M © m __ 2 O = ;-“.u
< <t 2 L = E &
= X ° D i a
< = 2, ! O =
< ~—~~v| SIEEEE = ™ 2 & &
~ |~ ~—=~~N\ N S — & g Q O
~ |~ /...II//NN# ﬁﬂ///llllllllll ® 3 i< ) h =
[ e a e R PR DO i — =
EEEEsE s ameas | [ESSRSS SIS SN NN e £ & |E g
~\ | ~—. ~~FSNNN |\ INA I ANS S —————] o Q - m =
ESTRRRN e Ea o=~ AN RN RS S SE 5 o o= =9
=~ | /s fmm—m—~~RN AN RSN TSRS~ ————| © QO — e
N e DU RSN RO N SN = I o =) 15
NSSNSN | 7777 a RN 1 NN 5 =SSN NS SS——~] 5 m.. B .nlntw =
3555721 RS S - SRR NN (- SRR TN W els & S o
free et /| ANSS=~ SN LA RS SS———— P~~~ A NSNS o0
s S NS Se s [ NENENEN T N S R N W NN < o) & -
e [ N NN A NSNS~ | e SO W NN = € .5 =]
—7 [ N~ N\ LA NSNS~~~ e RSN o 3} =g 2
B N e N RN e emmm— <SS ol = = e
~ |~ IaNSS~——f————— ] RN = R = s 3
Z|2 N e [ = 5 z
~ NS ———— e e e SN - o —~
= |3 & = =
~
<
Wi
- - O o s s e s B T
S B e &
+ &5 o ol D ol Y
4 2 ® 5 | S o= i LI S b I e
) & = o S= e e e SN
I I = N Vs Ao S AN
= Wo( SN A e e Lo A =N NN
2 2] & = == — (el 7a NN NN
- = —~ SIS e
A o~ Sl Faa s 7 SRRy
// 5 ! o o o5 SRl NS N
| = ™ W S ST —~~~~N\\ o NSl
< 4 o | ———=~~N\\ s NENNES = |z 7
| e ° ® S5 % .2
| Fogs e ) s LA
O S B ———— e~ NN\ NNS~———
e w o L S S B N
N =S = | (| ~———~ N s
f=i =i ~\=]
2 g Te 2 g8
{ =
w..lﬂ. eh ¥ = >~ a3 QO &=
= B o 2 & S oo
Z =] a2 9 Il Il =7 Ol
< 6 085 5 e o} % = 2 e [ e e ) [T R TN R e
\ s o = 28 |8 o 8 2 E e R SRR R LL oSN e
95 o B 2 ” w 5 S RGO AR RN s
m mh m g & m % & & ..ma.m TN S~~~ ——— | S ~~a\\|{/ /-~
A=A o g =2l e /NSNS =——— S R SN
J 8= 882 5 m 529 o R L e COeq A
\ S nge&a ) o 25 NN S == NN ININNONINON | S Nz —
| R e i SHSEE S i = - ©
0B g e ~ Yo 82 —— e AN G T S L
9ﬁ Pzl pp.m. | Sd.ﬂ = ——— s /NN it Al st ~SNNN s
(S =) ADULYCME 4 o a3 3 Ll L Sl SN e
g 2o g8 7 S = & 2 o 2.4 S L oL L ANl s
// v = & 2en I I 2 w. 5 o e e D Lee s illonra L N
Don a2 S o) A=) i . L= = = M Ll S BN S e S
m 4= 9 o W o = 1@_:% 7@_.% m ® B e S e S R
HE¥S5g5d & & : . M EES
g.2 & € 2 & & (2] N s 2 I 9
— s 0 @ S 6 sn N [} — A A



48. (a) Sketch a graph of the solution to the initial value problem
dy
o

(b) Writing to Learn A student solved part (a) and used a
graphing calculator to produce the following graph:

L
i

[-4.7,4.7] by [-3.1, 3.1]

—x2andy = 1 whenx = 1.

How would you explain to this student why this graph is not the
correct answer to part (a)?

d
49. Left Field Line A single line from the slope field for d% =2y +x

is shown in the second quadrant of one of the following three
graphs. Choose the only possible graph and draw a line for the
same slope field through the reflected point in the first quadrant.
All graphs are shown in the window [—4.7, 4.7] by [—3.1, 3.1].

(a) (b) ©

50. Right Field Line A single line from the slope field for
d
d—y = y? — x is shown in the first quadrant of one of the follow-
29
ing three graphs. Choose the only possible graph and draw a line
for the same slope field through the reflected point in the second
quadrant. All graphs are shown in the window [—4.7, 4.7] by

[F31.53 1]

(a) (b) (©)

In Exercises 51-54, use Euler’s Method with increments of Ax = 0.1
to approximate the value of y when x = 1.3.
dy

51. —=x—landy = 2 when x
T dy

52dy 1 and y = 3 wh
.—=y—landy = 3 whe
y nd y n x

1

I

539— dy = 2 wh =1
-y =y " xandy =2 whenx =

i
54.d—i:2x—yandy=0whenx=l
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In Exercises 55-58, use Euler’s Method with increments of
Ax = —0.1 to approximate the value of y when x = 1.7.
dy

55.522—xandy= 1 when x = 2

e
56.£: 1 +yand y— 0 whenx =2

dy
57. —=x—yandy = 2 whenx = 2
dx

dy
58.d—x:x—2yandy= 1 whenx = 2

In Exercises 59 and 60, (a) determine which graph shows the solu-
tion of the initial value problem without actually solving the problem.

(b) Writing to Learn Explain how you eliminated two of the pos-
sibilities.

dy 1 T
9, = = , y0)=2
= et (U o
Y Y.
(@) 5 ® .
= 5
| 1 L |
i [ v =00 [l %
(© v
T
| 2 I -
=R
60. —=-—x, y(-1)=1
y y ¥

Ty . ELD
oNe Y X 0

(a) (b) (©)

61. Writing to Learn Explain why y = x2 could not be a solution
to the differential equation with slope field shown below.
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62.

63.

64.

65.

66.

67.

Writing to Learn Explain why y = sin x could not be a
solution to the differential equation with slope field shown
below.
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[-4.7,4.7] by [-3.1, 3.1]

Percentage Error Let y = f(x) be the solution to the initial
value problem dy/dx = 2x + 1 such that f(1) = 3. Find the
percentage error if Euler’s Method with Ax = 0.1 is used to
approximate f(1.4).

Percentage Error Let y = f(x) be the solution to the initial
value problem dy/dx = 2x — 1 such that f(2) = 3. Find the
percentage error if Euler’s Method with Ax = —0.1 is used to
approximate f(1.6).

Perpendicular Slope Fields The figure below shows the
slope fields for the differential equations dy/dx = ¢)/2 and
dy/dx = —e0)/2 superimposed on the same grid. It appears
that the slope lines are perpendicular wherever they intersect.
Prove algebraically that this must be so.

Frt++++++++rErrrxexxxxrry
Fr+++++++++F XXX xxxx xt*rd
FH++rrrrd rr XXX xXx sttty
Fr+++ T+ rFXx XXX RR% 2+ FT
Pttt rrrXXxxxxtttrttd
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e B A F—fe et ———>
Frrd XXX XXXXFRFAFFFF++4++4
FraeXxXxXXxXxxXXxFr+rr+t+t++++4
Y+ XX X XXX XXAFF*++F+F+++++4
FAEX XXX XARRAEKAF+F+F+++++4
FEXrxx X XXX F+F++++++++4
FYrx X xxxxx*rtt++++t+4++++4d
FXXXXXRRXAREF++++++++++4

Perpendicular Slope Fields If the slope fields for the dif-
ferential equations dy/dx = sec x and dy/dx = g(x) are perpen-
dicular (as in Exercise 65), find g(x).

Plowing Through a Slope Field The slope field for the
differential equation dy/dx = csc x is shown below. Find a
function that will be perpendicular to every line it crosses in the
slope field. [Hint: First find a differential equation that will pro-
duce a perpendicular slope field.]
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Plowing Through a Slope Field The slope field for the dif-
ferential equation dy/dx = 1/x is shown below. Find a function
that will be perpendicular to every line it crosses in the slope
field. [Hint: First find a differential equation that will produce a
perpendicular slope field.]
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[-4.7,4.7] by [-3.1, 3.1]

Standardized Test Questions

69.

70.

TAE

72.

73

74.

True or False Any two solutions to the differential equation
dy/dx = 5 are parallel lines. Justify your answer.

True or False If f(x) is a solution to dy/dx = 2x, then f!(x)
is a solution to dy/dx = 2y. Justify your answer.

Multiple Choice A slope field for the differential equation
dy/dx = 42 — y will show

(A) a line with slope —1 and y-intercept 42.

(B) a vertical asymptote at x = 42.

(C) a horizontal asymptote at y = 42.

(D) a family of parabolas opening downward.

(E) a family of parabolas opening to the left.

Multiple Choice For which of the following differential equa-
tions will a slope field show nothing but negative slopes in the
fourth quadrant?

dy 5 dy dy
A—=-= ®B—=wm+5 = =x2-2
()dx 7 ()dx Xy (C)dx Xy
dysie dy y
(D)dx_xz (E)d 5t 5 3

Multiple Choice If dy/dx = 2xyand y = 1 when x = 0,
then y =

x2y2

Ay* ®e ©Oxy MrHy+1 ® 2y el

Multiple Choice Which of the following differential equa-
tions would produce the slope field shown below?
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Explorations

75

76.

dy 1
Solving Differential Equations Let d~ ==
[x x4
(a) Find a solution to the differential equation in the interval
(0, c0) that satisfies y(1) = 2.
(b) Find a solution to the differential equation in the interval
(=00, 0) that satisfies y(—1) = 1.
(c) Show that the following piecewise function is a solution to
the differential equation for any values of C; and C,.

B e
= ek (@ )
x 2

%= )
| DO -
R e N O e ()
X 2

(d) Choose values for C; and C, so that the solution in part (c)
agrees with the solutions in parts (a) and (b).

(e) Choose values for C; and C, so that the solution in part (c)
satisfies y(2) = —1 and y(—2) = 2.

d 1
Solving Differential Equations Let d—y =-.
X X

(a) Show that y = Inx + C is a solution to the differential equa-
tion in the interval (0, 00).

(b) Show that y = In (—x) + C is a solution to the differential
equation in the interval (—oo, 0).

(c) Writing to Learn Explain why y = In |x| + Cis
a solution to the differential equation in the domain
(=00, 0) U (0, 00).

(d) Show that the function

i {m (—x) + Cy,

T lnk e,

2 <10
x>0

is a solution to the differential equation for any values of C,
and C,.
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Extending the Ideas

77.

78.

79.

80.

Second-Order Differential Equations Find the general
solution to each of the following second-order differential equa-
tions by first finding dy/dx and then finding y. The general solu-
tion will have two unknown constants.

()dzyfu +4 (b)dzyf ol

a dxz_ X dxz_e Sin x
d’y "

(c)dx2=,\'3+x3

Second-Order Differential Equations Find the specific
solution to each of the following second-order initial value prob-
lems by first finding dy/dx and then finding y.
@22 —opa SRR D
a) 5= -Whenx =1,- =3andy = 5.

d*y , dy
(b) — = cosx — sinx. Whenx = 0,— =2andy = 0

dx* dx

d2J~ \A ) d)
——> =€ —x.Whenx=0,—=0andy= 1.
dx

c

© dx?
Differential Equation Potpourri For each of the following
differential equations, find at least one particular solution. You
will need to call on past experience with functions you have dif-
ferentiated. For a greater challenge, find the general solution.

@y =x MYyt =-x  (Qy =y

@ ya=svi . (e)y! = xy

Second-Order Potpourri For each of the following second-
order differential equations, find at least one particular solution.
You will need to call on past experience with functions you have
differentiated. For a significantly greater challenge, find the gen-
eral solution (which will involve two unknown constants).

)y = —x
©y" =y

@)y’ =x (¢) y" = —sinx

@ye="y



