‘the derivative. Explain
graph of the function.

verbally explain how to

s using calculus
(using the words:
, integral, solve, etc...)
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The temperature of water in a tub at time ¢ is modeled by a strictly increasing, twice-differentiable funcfion . ( 6@

where W(t ) is measured in degrees Fahrenheit and ¢ is measured in minutes. At time_( = 0, the temperature of
the water is 55°F. The water is heated for 30 minutes, beginning at time ¢ = 0. Values of I¥(¢) at selected
times ¢ for the first 20 minutes are given in the table above. “\\h \
(a) Use the data in the table to estimate W'(12). Show the computations that lead to your answer. Using correct
units, interpret the meaning of your answer in the context of this problem,

(b) Use the data in the table to evaluate jﬂ W'(z) dr. Using correct units, |nlcrpret the meaning ufj W) di

in the context of this problem. Sb w C_k}d_{_' wct) [§ w (2® _V\)(OS

(¢) For 0 <r <20, the average temperature of the water in the wb is —J W(r)di. Usea left Riemann sum

with the four subintervals indicated by the data in the table to approximate —— 20 W () dt. Does this
bt o 2 i i

average of the water over NSSO minutes?

Explain your reasoning. fw [N (-E)d‘{: w @@

(d) For 20 << 25, the function ¥ that
W(1) = 0.44F cos(0.06r). Based on tt ,11 lA)C25 N ?—J
@ wa2) ~w : { 1 :estimate
2 | : interpretation with units

=1.017 for 1.016)
The water is il ing at f it ly
LO17 °F per minute at time £ =12 minutes.

| {7054 = w20 - wio) AR sin =16 a: e

The water has warmed by 16 °F over the interval from £ = 0 to By intemencimwtibuting

£ =20 minutes. IQ’59_LRAm

20
(© 2'—0‘[0 W) dt = l(4 W(0) +5-W(4) + 6:W(9) + 5. W(15)) 1: left Riemann sum
3: 4 1: approximation
= %(4-55,0 +5:57.146:61.8+5:67.9) |L 1+ underestirnate witli réason
1
=——.12158 =
20 1215.8 = 60.79
This approximation is an underestimate, bgcause a left Riemann ~ _|
sum is used and the ﬁlnciian
d) W(25)=71.0+ f"; h/'(l)dl 2.{] - integral
"L 1 zanswer
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Question 2

Let R be the region in the first quadrant bounded by
the x-axis and the graphs of y =Inx and y X5 )
as shown inthe figure above. X=g | y = 5 -y (36‘13, |30
(2) Find the area of R. }

(b) Region R is the base of a solid. For the solid,

each cross section perpendicular fo the vaxis is
a square. Write, but do not evaluate, an 0| 2,693 A i
expression involving one or more intearals that d 5— X A
gives the volume of the solid. iﬂ xox t X
(¢) The horizontal line v = k divides R into two regions of equal area. Write, but do not so! e,’muatinn
involving one or more integrals whose solution gives the value of &,
Iny=5-x = x=2369344
Therefore, the graphs of y =Inx and y = 5= x intersect in
the first quadrant at the point (4, B) = (3.69344, 1.30656).
8
@ Area= [ (5-y-e)dy [ 1+ intogrand
=2.986 (or 2.985) 34 1 dimits
I( | : answer
OR
= [Mmxavs [(5-x)a
- [Mnsaes 150
=2.986 (or 2.985)
3617
A 5 5 3 2 : integrands
b) Vol =| (Inx)” de+ | (5—x) d :
(" Velluoe fl L L( #] e - [ 1 : expression for total volume
4 i i | | : integrand
© Jy(s-y-¢)dv =528 {nril z,oss) 3 !{ 1 timits
| 1: equation
© 2012 The Collage Board.
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Question 3

Let f be the continuous function defined on [-4, 3]
whose graph, consisting of three line segments and a -2.3)
semicircle centered at the origin, is given above. Let g
i J(#) dt.
-4,1)

(a) Find the values of g(2) and g(-2). (1.0

(b) For each of g'(~3) and g"(=3), find the value or o

state that it does not exist. a1y

(¢) Find the x-coordinate of each point at which the )
graph of ¢ has a horizontal tangent line. For each Graph of f

of these points, determine whether g has a relative mini relative maxi or neither a mini nor
a maximum at the point. Justify your answers.

be the function given by g(x) =

(d) For -4 < x <3, find all values of x for which the graph of ¢ has a point of inflection. Explain your

reasoning.
@ @)= [ roa=-2m(3=-+ 5.0 1:8@)
e i ' i :8(-2)
2= [T fwyd==[ sy d
> ;(;,5) .
2 2 2 2

® F(M=/(x) = £(H=F=2 A=)
)= = 2= 3= g

(¢) The graph of g has a horizontal tangent line where | 1: considers g'(x) =0
2’(x) = f(x) = 0. Thisoccursat x =1 and x = . 3:ilix=-landx=1
|[ 1 2 answers with justifications
2(x) changes sign from positive to negative at x = -1.
Therefore, g has a relative maximum at x = -1,
2'(x) does not change signat x = 1. Therefore, g has
neither a relative maximum nor a relative minimum at x = 1.
(d) The graph of g has a point of inflection at each of i 1 : answer
x=-2, x=0, and x = | because g""(x) = /"(x) changes " | 1 : explanation

sign at each of these values.
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Question 4

The function f is defined by f(x) = V2527 for =5 <x<5.
(a) Find f(x).
(b

Write an equation for the line tangent to the graph of fat x = 3.

(c) Let g be the function defined by g(x) = [1'/ (:?7 :ur _,j a2 i ;3
¥ for -3 < x < 5.

Is g continuous at x = -3 2 Use the definition of continuity to explain your answer.

(d) Find the value of J':xst-;’ .
@ fx=g(25- % 21y = S<x<5 2: f(x)
oo BB %
® S(BD=pF=y=7 2.0 12013
. i 1 : answer
[(=3)=25-9=4

An equation for the tangent line is ¥ = 4 +%(x +3).

: considers one-sided limits,
: answer with explanation

© lim gx)= lm f(x)= lim 252" =4 {
PN P e e
lim g(x)= lm (x+7)=4
X3 3
Therefore, ‘I@!g(x) =4
g(-3)=/(-3)=4
So, lim g(x)=g(-3).

Therefore, g is continuous at x = -3,

(d) Letu=25-x" = du=-2vdx i {2 + antiderivative
I:,wlzs -2 dc= _%I:J; o 1 2 answer
(1.2 2]
~[-+31]

125
3

:_%(0—1:5):
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Question 5

The rate at which a baby bird gains weight is proportional to the difference between its adult weight and its
current weight. At time ¢ = 0, when the bird is first weighed, its weight is 20 grams. If B(z) is the weight of the
bird, in grams, at time ¢ days afier it is first weighed, then

@B _ g
-8 (100 - B).
Let y = B(1) be the solution to the differential equation above with initial condition B(0) = 20.

(a) Is the bird gaining weight faster when it weighs 40 grams or when it

weighs 70 grams? Explain your reasoning. %

2 2 z
(b) Find d—f in terms of B. Use # to explain why the graph of B ;
dr di- iR
cannot resemble the following graph. 2
(¢) Use separation of variables to find y = B(), the particular solution to w
the differential equation with initial condition B(0) = 20. o
Time (days)
I vy —
(@) & B!mfs(&))fll 2:QI.ust:iw
Il 1 : answer with reason
dB| 1
4] -Llao)=6
di| gozo 50
dB| ﬁl o i
Because ——| > - the bird is gaini
di| gean ~ di] gm0 s
weight faster when it weighs 40 grams.
d’B_ 1dB_ 11 ! d’B .
b =9 (100~ B)=-=—(100~ B 1: [t B
(b) e & 3 5(I ) 25“00 ) 2:[{ P erms of
Therefore, the graph of B is concave down for l[ 1 : explanation
20 < B < 100. A portion of the given graph is
concave up.
© % - ‘;uoo -B 1 separation of variables
1 1 : antiderivatives
f =0 La ¥ =
Ji00-8 J3 5: 4 1:constant of integration
~In|100 - B|= %l +C ][ : : us‘cs iu;linl;ondilion
: solves for
Because 20 £ B < 100, [100— B|=100 - B,
~In(100 - 20) = l(ﬂ) +C = -In(80)=C Note: max 2/5 [1-1-0-0-0] if no constant of
<5 integration
100 - B = 807/
B(6)=100-80e"/5, (20 Note: 0/5 if no separation of variables
© 2012 The College Board
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Question 6

For 0 < ¢ <12, aparticle moves along the x-axis. The velocity of the particle at time 1 is given by
W)= ms{%z}, The particle is at position x = ~2 attime = 0.

(a) For 0=t <12, when is the particle moving to the left?

(b

Write, but do not evaluate, an integral expression that gives the total distance traveled by the particle from
time £ =0 to time { = 6.

(c) Find the acceleration of the particle at time 1. Is the speed of the particle increasing, decreasing, or neither at
time 1 = 47 Explain your reasoning.

(d) Find the position of the particle at time ¢ = 4.

@ v(t):cns[%l):ﬂ = 1=3,9 [ 1= considers (t) =0
"7 L - interval
The particle is moving to the left when w(1) < 0.
This occurs when 3<r < 9.
CHNEGIE L answer
(© a(t)= —lsin(f-l) [ 1:a(t)
6 6 5

3: E 7
2 conclusion with reason

T [2m _A\E;r
u(d)_—-gsm(-sv)_ —T2—<0
v(4):ms{’% =~%<0

The speed is increasing at time 1 = 4, because velocity and
acceleration have the same sign.

[ 1 : antiderivative
4 3: 4 1:uses initial condition
=2 +[§sin(%l)ﬂu ll 1 : answer

— +%[sm(2T")A({|
6 3_ 5,33
n

@) *(4)=-2 +5 ‘cos(%l) d
o

=243
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