
College of the Holy Cross, Fall Semester, 2005Math 131, Pra
ti
e Final Answers1. Cir
le the number 
orresponding to the graph of ea
h fun
tion. Ea
h square in the�gures is 1 unit by 1 unit, and the bold lines are the axes.(a) 12x� 2 I II III IV V VI VII VIII IX(b) sin(4x) I II III IV V VI VII VIII IX(
) x3 � 2x� 1 I II III IV V VI VII VIII IX(d) xx� 1 I II III IV V VI VII VIII IX(e) e�x I II III IV V VI VII VIII IX(f) x2 � 2x� 1 I II III IV V VI VII VIII IX(g) 4 sin(x) I II III IV V VI VII VIII IX
(I) (II) (III)
(IV) (V) (VI)

(VII) (VIII) (IX)1



2. Compute the following limits.(a) limx!0 x2 � 93� xAnswer. Sin
e the numerator and denominator are 
ontinuous, and the denom-inator is nonzero at x = 0, limx!0 x2 � 93� x = �93 = �3:(b) limx!1 2x � 2ln(x) ,Answer. The numerator and denominator both approa
h zero, so by L'Hopital'sRule, limx!1 2x � 2ln(x) = limx!1 2x ln 21=x = 2 ln 2:(
) limx!1 4x2 + 3e�x5x2 + 7e�xAnswer. The numerator and denominator both approa
h in�nity, so by applyingL'Hopital's Rule (twi
e), we getlimx!1 4x2 + 3e�x5x2 + 7e�x = limx!1 8x� 3e�x10x� 7e�x = limx!1 8 + 3e�x10 + 7e�x = 453. The graph of the fun
tion f(x) is shown below. On the axes provided, sket
h the graphof f 0(x). Be sure to label the points where f 0 is zero or unde�ned.Graph of f :
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4. (a) Suppose f(2) = 3 and f 0(2) = �5. Use the linear approximation of f at x = 2 toestimate the value of f(1:97).Answer. The linear approximation of f at x = 2 is f(x) � f(2)+ f 0(2)(x� 2) =3� 5(x� 2), so f(1:97) � 3� 5(1:97� 2) = 3� 5(�0:03) = 3:15.(b) Suppose as in part (a) that f(2) = 3 and f 0(2) = �5. Also suppose g(3) = �1and g0(3) = 7. Let h(x) = g(f(x)). Find h0(2).Answer. By the 
hain rule, h0(x) = g0(f(x)) � f 0(x). At x = 2, h0(2) = g0(f(2)) �f 0(2) = g0(3) � (�5) = 7(�5) = �35:5. Compute the derivative of ea
h fun
tion.(a) f(x) = x32x2 + 1Answer. By the quotient rule,f 0(x) = (2x2 + 1)(3x2)� x3(4x)(2x2 + 1)2 = x2(2x2 + 3)(2x2 + 1)2 :(b) g(x) = x2 
os(3x)Answer. By the produ
t and 
hain rules,g0(x) = �3x2 sin(3x) + 2x 
os(3x) = x(�3x sin(3x) + 2 
os(3x)):(
) h(x) = ln(1 + epx)Answer. By the 
hain rule,h0(x) = 11 + epx � epx � 12x�1=2 = epx2px(1 + epx) :6. The hyperbola 2x2 + 2xy � y2 = 2 is shown below.3
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(a) Compute dydx in terms of x and y.Answer. Di�erentiating with respe
t to x gives4x+ 2xdydx + 2y � 2y dydx = 0 =) dydx = 2x + yy � x(b) Find the equation of the tangent line to the 
urve at the point (1; 2) and sket
hthe tangent line on the �gure above.Answer. At (1; 2), dydx = 4, so the equation of the tangent line is y�2 = 4(x�1),or y = 4x� 2.7. Suppose the position of an obje
t is des
ribed by the parametri
 
urve x = t3 � t2,y = 3t3 � 4t, where t is measured in se
onds.(a) Find the lo
ation of the obje
t at time 2 se
onds. Find the equation of the tangentline to the 
urve at this point.Answer. The obje
t is lo
ated at x = 4, y = 16. The tangent line has slopedydx = dy=dtdx=dt = 9t2 � 43t2 � 2t = 328 = 4when t = 2. Therefore the equation of the tangent line is y � 16 = 4(x � 4), ory = 4x.(b) At what time is the speed of the obje
t zero?Answer. The speed is zero when both dxdt and dydt are zero. Sin
e dxdt = 3t2�2t = 0when t = 0 and t = �2=3, and dydt = 9t2 � 4 = 0 when t = �23 , the speed is zeroonly when t = 23 .8. Let f(x) = x3ex. 4



(a) Find and 
lassify (lo
al min/max, or neither) the 
riti
al points of f .Answer. By the produ
t rule, f 0(x) = 3x2ex+x3ex = exx2(3+x), so the 
riti
alpoints of f are x = 0 and x = �3. Sin
e f 0(x) < 0 for x < �3, f 0(x) > 0 for�3 < x < 0 and f 0(x) > 0 for x > 0, the �rst derivative test implies that f has alo
al minimum at x = �3, but neither a lo
al max nor a lo
al min at x = 0.(b) Find the in
e
tion points of f .Answer. By the produ
t rule again, f 00(x) = ex(6x + 3x2) + ex(3x2 + x3) =xex(6 + 6x + x2). The roots of f 00 are therefore x = 0 and x = �3 � p3. Theseare all in
e
tion points sin
e f 00 
hanges sign at ea
h of them.9. You have $3 with whi
h to 
onstru
t a box with a square base. The material for thetop and bottom 
osts 2 
ents per square in
h, while the material for the sides 
osts 1
ent per square in
h. What dimensions maximize the volume of the box? Hint: Firstwrite the 
ost of the box and the volume of the box in terms of the dimensions of thebox.Answer. Let x denote the side length of the square, and y the height. Then thevolume is V = x2y and the 
ost of the box is C = 2(2x2)+1(4xy). Sin
e we have $3 touse, this means 4x2+4xy = 300, and solving for y gives y = (300�4x2)=(4x). Thereforethe volume is V (x) = 14x(300�4x2) = 14(300x�4x3). The domain is 0 � x �p300=4.Solving V 0(x) = 14(300� 12x2) = 0 gives the 
riti
al point x = 5 (x = �5 is not in thedomain). Sin
e V (0) = V (p300=4) = 0, the maximum volume is V (5) = 250, and thedimensions that produ
e this volume are x = 5 and y = 10.10. Suppose you are making a snow-person, and you begin by rolling a snowball in thesnow. Assume the snowball always remains in the shape of a sphere. If the radius ofthe snowball in
reases at a 
onstant rate of 2 in
hes per se
ond, how fast is the volumeof the snowball in
reasing when the radius is 6 in
hes? Give the units of your answer.The volume of a sphere of radius r is V = 43�r3.Answer. We are given that drdt = 2 and want to �nd dVdt when r = 6. Di�erentiatingthe volume formula givesdVdt = 4�r2drdt = 4�(6)2(2) = 288� in3=se
11. The graph of f(x) = 5� 14x2 is shown below.
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(a) Compute the left and right hand sums for f over the interval 1 � x � 4 usingn = 3 subintervals. On the �gure above sket
h the re
tangles whi
h represent theterms in the left and right hand sums.Answer. �x = 1 soLHS = f(1) + f(2) + f(3) = (5� 14) + (5� 1) + (5� 94) = 11:5RHS = f(2) + f(3) + f(4) = (5� 1) + (5� 94) + (5� 4) = 7:75(b) Whi
h sum is a better estimate of the exa
t area under the graph of f over1 � x � 4? Explain.Answer. Be
ause the graph of f is de
reasing and 
on
ave down, the left handsum gives a better estimate.12. The graph of f(x) is shown below. The areas of the regions shown are A = 37, B = 5and C = 32.

A B C020
4060
80100

0 1 2 3 4(a) Evaluate Z 40 f(x) dxAnswer. Z 40 f(x) dx = A�B + C = 64.(b) Find the average value of f over the interval 1 � x � 4.Answer. The average value is14� 1 Z 41 f(x) dx = 13 (�B + C) = 13(�5 + 32) = 9:13. Suppose the rate of growth of a population of bats living under a bridge, in thousandsof bats per year, is f(t) = 2 + t3where t is measured in years sin
e 1990. Suppose there were 40 thousand bats in 1990.6



(a) Write out an integral that represents the 
hange in the bat population from 1990to 2005.Answer. Let F (t) be the population (in thousands) in year t. Then F 0(t) = f(t),so by the Fundamental Theorem of Cal
ulus,F (15)� F (0) = Z 150 2 + 13t dtis the 
hange in the bat population from 1990 to 2005.(b) Compute the integral exa
tly (use the graph of f) and determine what the pop-ulation will be in 2005.Answer. Sin
e f is a linear fun
tion, the region under its graph is the union of are
tangle and a triangle. The total area under the graph is 15(2)+ 12(15)(5) = 67:5,so Z 150 2 + 13t dt = 67:5:Solving for F (15) gives F (15) = F (0) + 67:5 = 40 + 67:5 = 107:5, whi
h meansthere are 107; 500 bats in 2005.
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