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Solutions to the differential equation ﬂ = ny also satisfy ﬁ = I
dx dxz =)y (

articul i i i i
particular solution to the differential equation % = .xy’ with £(1) = 2.

/</€

l+3x2y2). Let y = f(x) bea

(a) Write an equation for the line tangent to the graph of y = f(x) at x=1

(b) Use the tangent line equation from part
the approximation for f{(l. 1) greater th

(a) to approximate f (1.1). Given that £ (x)>0for1<x<1.1,is
an or less than /(1. 1) ? Explain your reasoning, ,

(c) Find the particular solution ¥ = f(x) with initial condition f()=2

(a)

(b)

s . Y -

f(l) - dx (1.2) 8

An equation of the tangent line is y = 2 + 8(x - 1).
N=gFvw-5+2
V= ¥y — G

£Q.1) ~ 2.8

Since y = f(x) > 0 ontheinterval 1 < x < 1.1,

%222 = y3 (1 + 3x2y2) > 0 on this interval.

Therefore on the interval 1 < x < 1.1, the line tangent to the
graph of y = f(x) at x =1 lies below the curve and the

approximation 2.8 is less than f(1.1).
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I : answer

‘2 1 :appmxima’tion
1 : conclusion with explanation

: separation of variables
: antiderivatives

: constant of integration
: uses initial condition

: solves for y
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Note: max 2/5 [1-1-0-0-0] if no
constant of integration
Note: 0/5 if no separation of variables



L.

The number of bacteria in a culture is increasing according to the law of exponential growth. After 5 hours
there are 170 bacteria in the culture and atter 10 hours there are 370 bucteria i in the culture. Answer the
following questions, rounding numerical answers to four decimal places.

(1) Find the initial population.

jex Lo 1€ | o} der C \WL
(i) Write an exponential growth model for the bacteria population. Let ¢ represent time in hours.

\ ok Mode \

(iii) Use the model to determine the number of bacteria after 20 hours,
: £
| o} Sor omswrer | pd Yor 24"

(iv) Atter how many hours will the bacteria count be 25,0007 ‘ L UOHV(

[70)
[Worll | ongurr
W) TN TRI08E () v = 78108160 2 (i) 1,752.0990 : (iv) 37.0869 hr (/() 570

by (i) BO.2581 (i) »=80.2581"" ; (iii) 4,440.1503 ; (iv) 41.6494 hr
¢) (D) 838881 (i) 1 =83.8881" W 2 (i) 71916037 ; (iv) 43.7606 he
d) (1) 854481 (i) v =85.4481" s (1) 9,844.0672 ; (iv) 45.5400 hr

) () TRI08T (i) v= 781081 L (i) 3.065.4331 Jiv) 394214 hr

Ans: a Difficulny: Medium Exercise Group: 64 Learning Objective: Create and solve
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FREE-RESPONSE QUESTION

A calculator may not be used on this question.

3_ A differentiable function f(x) is detined such that, for all values of x
in its domain, f(x)=3 + I: f(\'/—t—) ct.
a. What is the domain of flx)?
b. For what value(s) of x is Hx) = 3?
c. Show that f'(x)=3x*f(x).

d. Solve the differential equation in (c) to find f{x) in terms of x
only.

FREE RESPONSE

Solution Possible points

a. Yt is defined for all real numbers, so x* can be | 1: answer
any real number; therefore x can be any real
number.

b. | flx}) = 3 when x* = 8; therefore x = 2 because the | 1: answer
integral from 8 to 8 = 0.

2. {1 :_argument of f(x)

C. | £ (x)= f(%(T)-?,xz, 50 £'(x) = 3x%f(x).
1: Chain Rule

d. | Rewrite £'(x) = 3x%F(x) as dy = 3x%y. 1: separation of variables
' . dx 2: correct antiderivatives
Separating variables, 1: includes constant of
dy » 3 -
J.T = f3x dx integration
1: solves correctly f
ln|y| = skg constan(t) R

y = ex'1+C — CeXJ i
Using f(2) = 3 (from answer b), we get
3=Ce* =>C=3e®

Therefore y = 3e®e*', hence f(x) = 3e* .
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Use integration to find o general s i R [ [ T er L | WG TUF T
egration to find a general solution of the dilterential equation. uw = X J

¢ S
5 Ju = @@X
A § ‘!j =[x dr

gk

dx
: - L )(5’ xe £
NN et s e
O /L
b) p =6 K C t‘S Z an(/(
Lt - %< . )
¢ y=—c F
. _ |
5 4= 5 et tC
d) =3¢t HC
e
¢ ty==e
6
lny: ¢ Difficulty: VMedium Lvercise Group: 41-32 Learning Objective: Identifi the general
solution of «a differential cquation Section: 6.1 [vpe: Skill » ‘

a) ly = e y = 33(26%1‘ )(z &w
b)  y=5¢"' —6sin2x

¢) y=4de7"

d) y=Inx

¢) oy =3dx'e’
Ans: a  Difficulty: Medium  Exercise Group: 21-28 Learning Objective: Identify the solution of
a differential equation  Section: 6.1 Tvpe: Skill

3 . Which of the following is a solution of the differential equation ' b _256y=0?

,# 1) y=x(4+e")
b) y=3Inx

3

¢y ly=e i
d) y = —dxcosx

¢) vy=2e* +uxsiny

lns: ¢ Difficulty: Eusy  Exercise Group: [13-20  Learning Objective: ldentify the solution of a
differentiul equation  Section: 6.1 Tvpe: Skill

er’ ZS
i . i - . dr I . .
/‘/ Fimd the particular solution ol the differential equation = v that satistics lIu;’ln1l|uLcm1di§l|un H -0
. — oy - P - T
e e dnzs Qe "= e sy
) =l ke F - _ - =
oo Ls ~ex pnlze) = In(e2.2C, )
T S 1T [ I Y YR d\f'" ~ As ¢ fone;'r = ﬂYICCF *262_{ )

T er e Ind-r = ﬂmCG"ZS'—ZCz—/) -
Lo Qe e= A2 e s -r=-bn2+ln(e-2-26.,) \ ¢

g = LS r=In2-~In(e®™-24-) \//’
1 s L '—'C +C" = c +Caz ( - - P
) ce= Ly 228 ¢ C: o= 2nz—fn(e% C ) P
g e ) o - /He T +Cz _lazz = An(1-C) )
Ins b Dyifficnine Modm fovercise Group: 13-24 Loarning Ohjective: Culculate the

Carncidar solution of the wiven ditferential cqation with the wiven mitial solution Section: 03 I = C

Sones Inplicatton 'Q = LVIC""C/) ]
; Iy ! CY‘Z e r_}_%lﬂ\%@*‘,

2 = [ +C
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5 Find an cquation of the graph that passes through the point (7,9) and has the slope y X 0{_)(.“ q ¥

| : ,ﬂ,ﬂ_:ﬂ

o -5 By I Y
b »=9(7) | gl %: 5}{_ X

LI ~ Lgmx #C
o (5] éﬂﬂj*;“éﬂ%x
o yew Liny 30'7“@'1)6% Cz-

9
¢) y=—-I(7x)+9

hRq .
dns: a Difficulty: Medium — Exercise Group: 25-28  Leurning Objective: Calculate the equation

of a graph with a given slope and passing through the given point  Section: 6.3 Type: Application

(‘ Write and solve the differential equation that models the following verbal statement. Evaluate the solution
*atthe specitied value of the independent variable, rounding your answer to four decimal places:

The rate of change of y is proportional to y. When x =0, v = 56 and when v = 2. v &= 72. What is the value of

vy whenx=10? z2, /15057)(' 7‘% |
a‘_{cﬁ:kﬁ f’_”l: K"l"' Ma A256STv+ La

ayu o p(10)=196.7480 B

b)  ¥(10)=200.4980 9 J-Cc 1=/196.74;
O io=m2ssio 52 e ke x 1150) :

d) r(10) =192.9980 C .._-_In (5(0)
¢ ¥(10)=187.8280 InI2 = Kz)+ Ln 56)
Ans: u Difficultv: Medium Exercise Group: 21-24 Learning Objective: Create and solve a

differential equation model — Section: 6.2 Type: Application M ( 72) _ % ( SQ_) = /C = 4 / 256/)—

Find the exponential function v=Ce" that passes through the two given points. Round your values of ¢

and & to four decimal places. K ¥

C ’ L

pt e -

/5(’,"5 7°-¢C
- Qn(&l): 5k

A1) v o= de LNOnT ¢

l)) , 1,0 363 _O.L/gq(/ y
y =3e ) 6

C) R PR \/ ) e

) b= 3 0T

e}; 4 1 V=3¢ U4l

lns: e Difficultv: Eayy Exercise Group: 25-28 Learning Objective: ldentify an exponential
cquation given its graph Section: 6.2 Tvpe: Skill
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[dentify the slope ticid ot the differential equation Ty =e""
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Ans: a  Difficulty: Medium  Exercise Group: 57-60  Learning Objective: Identify the slope field
for a differential equation  Section: 6./ Type.: Skill



Cf Sketch the slope field for the ditterential cquation y' = y —4e and use the slope tield to sketch the solution

that passes through the point (1,3) .
a) d)

50 50—

50
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s a  Difficulty: Fasy Exercise Group: 61-64 Learning Ohjoctive: lebentify the stope field for
dditterential cquation wid sketeh L particidar solution Sectinn: 6 | Tvpe: Skl

/0 The rate of change of V is proportional to V. When 1 =0, N = |80 and when 1 =1, ¥V = 480 . What is the

value of' Vwhen ¢ = 2% Round your answer to three decimal places.

4 1.230.000
ABY 280000
Q39012

) £.310.000

¢) 3.R40.000

Iy h Difticutrv: NMedium
dtferential equation model Section: 6.2 lipe: Skilt

ixercise Group: 21-24 Learning Objective: Create and solve a



H. e haltlire ot the carbon isotope C- 14 is approximately 5715 years. £ the initial quantity of the isatope is
40 ¢, what is the amount left atter 5000 years? Round your answer to two decimal places.
ay 2231y
hy 17.00y
€)Y 2181g
d) 2954 ¢
) 1091 g
Ans: ¢ Difficulty: Easy Exercise Group: 33-40
Learning Objective: Solve exponential growthedecay problems — Section: 6.2 Npe: Application

IZ. The isotope *"'Pu has a hatf-life of 24,100 years. After 2,000 years, a sample of the isotope is reduced to
.1 grams. What was the initial size of the sample (in grams)? How much will remain after 20,000 years
(i.e., alter another 18,000 years)? Round your answers to four decimal placcs.

a) 08156, 0.4588

b)  1.5147,0.8521

¢) 18642, 1.0488

dy ! 11651, 0.6555

¢) 1.6312,09177

Ans: o Difficultv: Medium — Exercise Group: 33-41)

Learning Objective: Solve exponential growth/decay problems — Section: 6.2 Dvpe: Application

l g The initial investment in a savings account in which interest is compounded continuously is $973. If the

.3 . ,
time required to double the amount is 7; years, what is the amount after 14 years? Round your answer to

the nearest cent,
a)y b $3403.37
b) $3892.00
<) $10,879.00
d) $3515.35

¢)  $3003.37
Ans: a Difficulty: Easy Exercise Group: 43-48 Learning Objective: Solve continuous

compound interest problems — Section: 6.2 Type: Application

/‘/. A container of hot liquid is placed in a freezer that is keptat a constant temperature of 20° F. The initial
- temperature ot the liquid is 180 ° F. Alter 5 minutes, the liquid’s temperature is 68 F. How much longer
will it take for its temperature to decrease to 34 ° F? Round your answer to two decimal places.
) Y O7 minutes
b) 312 minutes

v) el mmutes
) S 63 minutes
<) 205 minutes

fuv: h Dithiculn Medin Lxcrcive Gromup: 74

fearmng Ohjoctive: Sohve exponential growth/, lecav problems Section: 62 Fopes Application (qu"}"l‘]ll
dT, ,([7—,/’)_0) (5"(;8) Zrz (5‘/—20)’é T
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. . . . h e
}5 A calf that weighs 60 pounds at birth gains weight at the rate ‘——/— = k(1200 =w), where w is weight in
. ot

pounds and ¢ is time in years. If the animal is sold when its weight reaches 700 pounds, find the time of sale
using the model w=1200-1140¢ '* . Round your answer to two decimal places.
a):" 0.69 year ' _).2&
b)  5.03 years 700 = 1200~ {0 e
<) 2.05 years
g -—
d) 049 year t =. 6805 =. &7}/5&%

e) L.47 years
Ans:oa Difficulty: Medium Exercise Group: 63 Learning Objective: Solve an exponential

equation in upplications  Section: 6.3 Type: Application

/ . e
¢/w = k(1100 —w), where w is weight in

dt

/a.A calf that weighs 55 pounds at birth gains weight at the rate

pounds and ¢ is time in years. What is the maximum weight of the animal if one uses the model
w=1100-1045¢""

a) 1045 ib
b) 6551b

ey 1100 Ib
d) 1700 Ib
¢) [1551b

Ans: ¢ Difficudty: Mediinn Exercise Group: 63 Learning Objective: Calculate the relative
extrema of a function in applications Section: 6.3 Type: Application

/7. Solve the homogeneous difterential equation p' = dr+ily ) ﬁ_ qy +// ci}o 3 - \/ 1’4 J/
X = ____S- L
k a) ‘=lr+(',\-’ A){ = '3 AJ: V.‘l xp(v)’
! ' v XAV = T (v,
b) ] =—l‘;1r—x'73+C * ﬁ e | 10(' |
( 4 =z §
9 V*V%—; = Z+1v Ax %//0(/1‘4/ In
"."c{)' V:-mr+cltll Io
v . P
: Y fovs4) = XL
B vesilic Ky AUl
N DU/ _ dy /0/\{)19‘1} = -+
¢ vEIn@e i)+ ¢ —— T
v +9 R4 ) Y @/ -
s Ditficulry: Medium Exercise Group: 39-44 ; o 02 pq = i
omogeneous difforential equation .S‘ecliu;:(é.,i?' Tipe: .-1’!:‘;;;":-::;:,“3/?/“”ve. Caleulate the Biden b
0A = Ot —4
/ =
L 2
,ﬂ-— = ‘“//_f:_f - ’Z()
' 5
g
Y = X@F’/M —
Y= Xy =

Vo
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Graphing Laleolator Is WMot Alasecl!

Vi

Solve the difterential equation ' =
d =

=~

FC

1) _V=J;lfh!

by 2yt =44
) 6y =2x"'+C
d) * 6y =4k
¢ dyt=6x"rC
dAns:d o Difficulty: Medium — Exercise Group: 1-10

solution of a differential equation  Section: 6.2

Solve the differéntial cquation.

Vi=x(-5+y)

a) ln|—5 +)" =¥ +C

by  In|-5kyl=x+C

¢)  3n|-S+y=¢+C

d) 4Inl—5+- V'= o +C

¢) .?m]5+w—r+c

Ans: Difficulty: Medium  Exercise Group:

.m/um)n of u differential equation  Section: 6.2

Solve the ditterential equation.

r v
s B
3] Jiny= ¢ RO
h) Ve e
) e =+ C
dy BT =t R
¢) e
Ty o Dufficuliv: Medium Fxercive Group:

volutton of a ditterential eqiation Nection 6.2

1-10

Learning Objective:
Dype: Skill

Identify the general

dy XAY
543
0/»1[ 5+3|—,X— +C,
0’2@/1[«5«‘3‘: x>+ C

Learning Objective: Identify the general
Type: Skill

W\
@}

26

1-10) ldentife the general

Ivpe

Learning Ohjective:
Skill

Use integration to tind a general solution of the ditterential equation.

1
v

- = ¢ -9y

e
a) 2t 9
) 9+(C

e Lo 2 e
b_) — —1 Y - 3 v+
Jy W9

LY .

) = =< Ry R(
ns: o /)i/f/vu/N‘ Viedium Exercise Group:

solution of a differential cqnation Sectton: 6]

41-352 ledennipy the veneral

Npe.

Learning Objective:
Skill



Use mtegration to find a general solution of the differential cquation,

1/ S’ -7y
dx
a) v 8w ST RC
b) v= 8¢ 7¢O
¢) v=--lox -7 FC

8 7 .
A v= Sy oLy
Jd) \ 3\ 2\ F

¢)  y=-8 -TvrC
Ansed o Difficultv: Medium
solution of a differential equation

Use integration to find a general solution of the differential equation.

ﬂ =ty-x+5

Exercise Group: 41-52
Tvpe: Skill

Section: 6.1

e
« 2 5/.
a)- 'y=§(—x+5 (—r+5) +C
b) y:%(—xﬁ-S)“——( )SIZ
c) y=§—(—x+5)z—g—o(—x+5)+C

d)  y=(-x+5
(—x +-5)"'

Ans: a Difficulty: Medium
solution of a differential equation

1
e) v= 0

)J/l_(_x+5)5/2+c
3( r+5) +C

Exercise Group: 4]-52
Type: Skill

Section: 6.1

A Yy 2
Sl‘h\u} Zj]’ 2 2
{ T ; 3 A

7w 0¥

-7% 4 C
Z

Learning Objective: ldentify the general

.

)C “X+6 0(>‘

6*3
5 < (w) Ehu

ﬂ =
K= 9 (-MF)CUI 2

o= e

- 5/1:__ 5“1/1/(4
5..

1= 5

Learning Objective: [dentify the general

. , - ) . . ) . ly
Use integration to find a general solution of the ditferential equutlon L—~ = Sxcos(15x%),

sin(30x*
a) ———-———\m{ 1)‘( )+C

sin(15¢*)
sin(5x )-PL'

f
0 cos(15x%) e
6v
4 2usin(30x? )
3x
. veos(15.x°) L C
6
tns: b Difficultv: Medium

solution of a differential equation

Exercise Group: 41-52
Section: 6.1

A\j 55{66(1{K )A)d
(ﬁ L 0(;?)(05(15‘%)J‘V
"o

. .;’_(g\aﬁC%)’/L"‘

4= L sia(a) #C
I

Learnineg Objective: Ientify the general

Tvpe: Skifl

Uw= - 4S8

qu = — M

_SJLM{:‘ }‘-f/y-‘ .

‘Y" ’.-‘}{' - A =)

uf =4 .‘Jﬂ

Y
2.(-x45) “%._ &_pyﬂj L+ C

U= /LSA)CZ

A =30 2

= ’/@ ("/I(/{XZ)‘f'C—



Write and solve the ditterential equation that models the tollowing verbal statement:

g e rate of change of Q) with respect to v is proportional to 40— x|

i) ‘—//Q:/((M)—.\') ' . Q:—kln(JO— v)+C
X
b) ‘/_sz('-l()-—\‘) , Qz—ﬁ(-l()— \'): +C
) o 2

¢) -’;_(-)=k(4()_'x)" . (_):—/3((40—.\')‘ +C
(A

d) ﬁg:k(ur-q‘,g=—f@m-rY+c
dx 4

/ 2
¢) #:k(-—l()—x)l cO==kIn(40-x) +C

(1A
Ans: b Difficulty: Medium . Evercise Group: [1-14  Learning Objective: Create and solve a
differential equation model — Section: 6.2 lvpe: Application

] . - . . e Oy
q Find the general solution of the ditferential cquation ‘Z_ = ml =
i Uiy e
9
a) p=—v' O
10
n,
b) \"‘-‘\/--\“ FC
i o
¢ v=yox FloC
Py 9 o FC
sty = )
Vio

©)ov= \f]}l-"i C

Ins- o Ihffientre: Nedinm Exercise Group: 1-14 Learning Objective: Cualculate the general
solution of the given differential equation Section: 6.3 Type: Application

/0' Find the particular solution of the differential equation 19x+4yy’ =0 that satisfies the initial condition y=

8 when . = 3, where 19¢* +4y* = C is the general solution. yA r
A' wlhen x whnere X y 1S general solution /7(3) +({ (8‘) - C

a)y  19x° +4y? =252
2 BYT 1% w4yt =927 C - C/Z 7
¢)  19x +4y* =235
) 19x Hdy? =203
¢)  19x* + 4y’ =265

Ans: h Ditficulty: Easy  Exercise Group: 35-40 Learning Objective: Lilentify the particular
solution of a differential equation  Section: 6.1 Tvpe: Skill

e ~ . . . )
fl' Find the function Y= f{1) passing through the point ((),IX) with the first derivative ﬂ =2y,
ot 3

a) 1'(/):[8{": Z 6(’6'
99 . Z
i =et 418 . fj 5
I —

¢) \(l):;t'rlx /X"CBC/ .@ﬂ:j - ,,Z:’#"F’C,
i =18e =1 VA
<) v = Iy j fé Z, '(‘
tns: o Difficultv: Medium Exercise Group: 17-20 Learning Objective: Identifv a funcrion 3 = / XC {g

SIven its derivative and a point that it passes through — Section: 6.2 Tvpe: Skill



,2 Use the ditterential equation & z ot and its slope ficld to find the slope at the point ( 5.5).
d [XAS %

7&( lIJ'_-

I LA LL00 L

10 5 ! 5 10
X '5":-
a) -75
b) -25 .
¢) 15
dy ~-I5
e) 3

ns: e Difficulty: Eusy  Exercise Group: 53-56 Learning Objective: Evaluate u differential
equation to /ihd lhe's/()pe of lines tangent to the solution of the differentiul equation  Section: 6.1
Npe: Skill

| 3 Sketch a few solutions of the differential equation on the slope ficld and then find the general solution
“eanalytically,

- b). Ny =4+Ce
¢) v=4-2Ce*
d) y=ClIn(y-4)
<) r=dx+Ce "

Ins: b Iifficulre: Medium Exercise Group: 49-52 Learning Objective: Solve u differential
Cquation using yeparation of variables Seetion: 6.3 Tipe: Skill

Z’ Determine wheleedhe function o) =« rdedy? 2700 s homogeneous and determine it degree if it
L]

is.
a) homogeneous, the degree s
b)  homogeneous, the degree is 5
<) homogeneous. the degree is 2
d)  homogeneous, the degree i3

€)'”, not homogeneous
Ins: e Ditficutry:

usy Fxercise Group: 31-38 Learning OBfestive: Determine if the given
nction is

neons and find its degree  Section: 6.3 Tvpe: Applicari






