Mathematical Practice 3: Justification

Problem 1 [2016 AB FRQ #3a]

4 .4
4 [ 2 4
4y Y (8.-4)  (12.-4)
Graph of f

3. The figure above shows the graph of the piecewise-linear function f. For -4 £ x £ 12, the function g is defined
X
by g(x) = [, f(r) dr.

(a) Does g have a relative minimum, a relative maximum, or neither at x = 10 ? Justify your answer.
o (x) = £&)
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Problem 2 [2015 AB FRQ #1c]

2
1. The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(r) = 205in(;—5J

cubic feet per hour, r is measured in hours, and 0 < ¢ < 8. The pipe is partially blocked, allowing water to drain

out the other end of the pipe at a rate modeled by D(r) = -0.04:* + 0.41> + 0.96¢ cubic feet per hour, for
0 < 1 < 8. There are 30 cubic feet of water in the pipe at time ¢ = 0.

(c) Atwhattime ¢, 0 < r < 8, is the amount of water in the pipe at a minimum? Justify your answer.

(&) < 30+ {E R - D) dt
A (k)= RE)-ole)= O

t: 3?\?\? hours
A“ (3.211)= 21 70
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Mathematical Practice 3: Justification

Problem 3 [2015 AB FRQ #4c]

4. Consider the differential equation % =2x—-w

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.
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Problem 4 [2015 AB FRQ #5a]

Graph of f’

. The figure above shows the graph of f’, the derivative of a twice-differentiable function f, on the interval
[-3, 4]. The graph of f’ has horizontal tangents at x = -1, x =, and x = 3. The areas of the regions

bounded by the x-axis and the graph of f” on the intervals [-2, 1] and [1, 4] are 9 and 12, respectively.

(a) Find all x-coordinates at which f has a relative maximum. Give a reason for your answer.
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Mathematical Practice 3: Justification

Problem 5 [2015 AB FRQ #5c]

Graph of f’

5. The figure above shows the graph of f”, the derivative of a twice-differentiable function f, on the interval
[-3. 4]. The graph of f’ has horizontal tangents at x = =1, x = I, and x = 3, The areas of the regions
bounded by the x-axis and the graph of f’ on the intervals [-2, 1] and [1, 4] are 9 and 12, respectively.

(¢) Find the x-coordinates of all points of inflection for the graph of f. Give a reason for your answer.

X=-],1, 3 because. £ changes
Rom concuve up R cencaveddaun ¢

Vice VeisSo~

Problem 6 [2014 AB FRQ #5a]

x =2 | 2<x<-1 | -1 | -1l<xx<l 1 l<x<3 3

flx) | 12 Positive 8 Positive 2 Positive 7

fi(x) | -5 Negative 0 Negative 0 Positive %
g(x) | -1 Negative 0 Positive 3 Positive 1
g'(x) 2 Positive -2— Positive 0 | Negative | -2

5. The twice-differentiable functions f and g are defined for all real numbers x. Values of f, f*. g, and g for
various values of x are given in the table above.

(a) Find the x-coordinate of each relative minimum of f on the interval [-2, 3]. Justify your answers.

X =\ hecauwse 3(5,\ Q}\QMSQ; Drom
hcc)c’rl'va to positlve
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Mathematical Practice 3: Justification

Problem 7 [2013 AB FRQ #1d]
1. On a certain workday, the rate, in tons per hour, at which unprocessed gravel arrives at a gravel processing plant

18

workday (s = 0), the plant has 500 tons of unprocessed gravel. During the hours of operation, 0 < ¢ < 8, the
plant processes gravel at a constant rate of 100 tons per hour.

2
is modeled by G(r) = 90 + 45cos| <= |, where ¢ is measured in hours and 0 < 7 < 8. At the beginning of the
g 4

(d) What is the maximum amount of unprocessed gravel at the plant during the hours of operation on this
workday? Justify your answer.

A(t) = 500 + jt(;,(y) - 1C0 ax
AE) = G- O QE:;’;
$oqa23 € W

mex of (35,37 tens of upproce',scok
cavel ot tz 4.923 hours
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Problem 8 [2013 AB FRQ #4a]
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T
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Graph of f*
4. The figure above shows the graph of f”, the derivative of a twice-differentiable function f, on the closed
interval 0 < x < 8. The graph of f” has horizontal tangent lines at x = 1, x =3, and x = 5. The areas of the

regions between the graph of f” and the x-axis are labeled in the figure. The function f is defined for all real
numbers and satisfies f(8) = 4.

(a) Find all values of x on the open interval 0 < x <8 for which the function f has a local minimum. Justify
your answer.

X= G becomse ¢ Q\-\w\c)es From
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Mathematical Practice 3: Justification

f 1
Problem 9 [2013 AB FRQ #4b]
(b) Determine the absolute minimum value of f on the closed interval 0 € x < 8. Justify your answer.
¥
8.5
Arca=6
x
(5.-2)
Graphof f’

4. The figure above shows the graph of f”, the derivative of a twice-differentiable function £, on the closed
interval 0 € x £ 8. The graph of f* has horizontal tangent lines at x = 1, x = 3, and x = 5. The areas of the
regions between the graph of f’ and the x-axis are labeled in the figure. The function f is defined for all real
numbers and satisfies f(8) = 4.
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Mathematical Practice 3: Justification

Problem 10 [2012 AB FRQ #3c]

(3~ —])
Graph of f
3. Let f be the continuous function defined on [-4, 3] whose graph, consisting of three line segments and a

semicircle centered at the origin, is given above. Let g be the function given by g(x) = J“J Sf{t) dr.

(c) Find the v-coordinate of each point at which the graph of g has a horizontal tangent line. For each of these
points, determine whether g has a relative minimum, relative maximum, or neither a minimum nor a
maximum at the point. Justify your answers.

X:-—l rc| MAX B{c_ gl‘-F Clo55¢S 'X'OX!’S

x= 1 nethes ble 5’:F does not Charge
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Problem 11 [2012 AB FRQ #3d]

3.-h
Graph of f
3. Let f be the continuous function defined on [—4, 3] whose graph, consisting of three line segments and a
semicircle centered at the origin, is given above. Let g be the function given by g(x) = JT f@)dr.
(d) For —4 < x < 3, find all values of x for which the graph of g has a point of inflection. Explain your

reasoning.

X= -Q\‘O , 1 becouse 5[: F Cha/\f)ej
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