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Advanced Topics 11

1. Which of the following depicts the graph of a function, y = f(z), whose first

derivative is always negative and whose second derivative is always positive?

NV el
\x %

J) /l p e) %

2. If y = 42?2 — 4z + 4 is defined for all real values of z, then what is the smallest

possible value for y?
a) 0 b) % c) 3 d) 4 e) 6

3. Which of the following gives an antiderivative for seca?
a) tanz b) secztanz c) %secgm

d}) In|cosz| e) In|secz + tan z|

4. Consider the graph of a hyperbola, given by the relation
- =1 (a >0, b>0)

Which of the following statements is incorrect?
a) The center of the hyperbola is at the origin.
b) The graph is asymptotic to lines with slope m = % a/b.
¢) There are no points on the graph with |z| < .
d) There are no points on the graph with |y| < a.
e) The vertices of the hyperbola lie on the y-axis.

5. What is the value of tan (20§W)?

a) —v3 b) —-\—}-5- ¢) -\}-5 d) V3 e) -1
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6. The volume of a sphere of radius R is given by V = %’-F—R:a, and the
corresponding surface area is given by S = 4w R2.

Which of the following gives V as a function of §7?

_5 . Leoase _<§)
@) V=2 b) V=35 o V={3)32
S s /3
D V=5 9 V=gz

7. Suppose that, in some unknown base, the following logarithmic values are given:

log 2 = .356 log 3 = .565 log5 = .827
What then must be the value of log(2.4)?
a) .087 b) .440 ¢) 450 d) .486 e) .618

8. Which of the following trigonometric expressions has a constant value

over the interval 0 < 2z < 7/27

a) cos’z — sinz b) cos7lz +sin"lg ¢) cosz +sinz
d) tan?z + sec?z e) tan’z — secz
A y
9. Which of the following relations describes 2

the graph of the ellipse given at right? K \
a) z¢+y% =13 — et

by (z~32+(y-2)2%=1
c) z=23cost, y=2sint, 0<t< 2
d) z=cosdt, y=5in2 0<t<7x

2 2

&£ Y
NI AR

e) 3+2

10, The function f(z) = nz is defined for = > 0.
x
What is the maximum value of y = f(z)?
1
e) "'e"é'

a) 0 b} 1 c) e d)%
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11. Where does the function f(z) = (2% — 5)3 have a point of inflection?
a) at (0, —125) b) at (+v5, 0) c) at (&1, —64)
d) at (0, ~125) and at (++/5, 0) e) at (£v5, 0) and at (+1, —64)

12. Tt is given that f(z) is continuously differentiable, with f(0) = #? and F(0) = .
Ify= sin(\/f(x)), then what is the value of v = dy/dz at z = 07
1 1 1
- 13 d) — hd
") =3 ) w90 Vw93
-2t g1

13. Let f(x):w3+m2—w—1'

How should f(1) be defined in order to make f continuous at & = 17
a) Define f(1) = 0. b) Define f(1) = -%-
¢) Define f(1) = 1. d) Define f(1) = ~1.

e) It is impossible to define f(1) so that f is continuous at z = 1.

14, lim 2557 o
z—0 T
a) 0 by 1 c) -1 d) oo e) —oo
15, lim (—2- - %) =7
-0+t \ T x
a) 0 b) 1 c) 2 d) oo e) —oo
. e 1 k
16. Given a positive integer N, let Az = T and let z;, = W for k=10,1,2,...,N.

N
Using these defined values, what is the value of A}im Z xksAm?
—+ 00
k=1

0 b7 9 :r 1 o o
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17. If F(m) :/ then — =7
o 14142 dz
1 1 2z -2z
b
R ) Th et ) Tiat ) TTay
—4z?
e)
(14 24)?
1
18./ Tﬁ”iwm:?
g &4+ 2z 41
a) % b) 1 ¢) g— d) In4 e) %ln«fl

/2
19. / 22 cosz dr =7
0

3 2 _ 2
) 2 b)) -2 o o d)'”48 e)'”js
2x
20./ Jcosz|dr =7
0
a) 0 b} 1 c) 2 d} 3 e) 4

21. Calculate the area of the region in the zy-plane bounded by the parabola
y = 22 — 4z and the line y = 5.

a) 26 b) 36 ¢) — d} — e) 120

22. An isosceles triangle is constructed in the zy-plane with its apex at the origin

and its base vertices lying on the curve y = 1?6 - g2,

Calculate the largest possible area for such a triangle.

4 64 128 256 643
D5 Mmoo 9 bom e 5
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23. A spherical balloon is filled with a quantity of air, for which the pressure and volume
are related by the equation PV = 1000. (P is measured in atm = atmospheres, and V
is measured in cubic units.) Suppose the volume is increasing at a constant rate given by

av

—— = 50 cubic¢ units per minute. Calculate the rate at which the pressure is changing when

dt
the volume is equal to 200 cubic units.
a) %I;— = 20 atmospheres per minute
dP
b) s 1.25 atm/min c) C;—f = 0.025 atm/min
dpP
d) il —1.25 atm/min e) %—?— = —0.025 atm/min

24. A projectile is launched vertically from ground level with initial velocity vg = 50 meters
per second. If the acceleration due to gravity is given by ¢ = —10 meters per second
squared, then what is the maximum height reached by the projectile? (Neglect the friction
due to air resistance.)

a) 500 meters b) 375 meters ¢) 250 meters

d) 125 meters e) 62.5 meters

25. A ladder, 13 feet in length, leans against a vertical wall, with its base resting on
horizontal ground. If the base of the ladder is pulled horizontally away from the wall at a
constant rate of 6 feet per second, then how fast is the top of the ladder descending when
the base of the ladder is 5 feet away from the wall?

a) 21 ft/sec b)  14.4 ft/sec c) %—g ft /sec

d) /133 ft/sec e) V195 ft/sec

26. A triangle is constructed in the zy-plane, with its vertices given by A = (1,1), B = (4, 5},
and C = (3,3). Using a vector dot product, or any other method, calculate the cosine of

the angle located at vertex A.
7 V2 ~1v/2 V2 7
Y% P 9 Y 9w
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27. If tan™ (&) = %, then which of the following gives the value of cos(%)?

x

V14 22

1 T

Ve M e
e) V1+az?

1“~ d)
V1 + z2

28. Assuming a - ¢ # 0, which of the following conditions will guarantee
the polynomial az® + bz? + ca has exactly two roots?

a) b=10 b) b0 ¢) b = dac d) % > dac e) b < 4ac

29. For the polynomial z% ++ a2? + bz + 12, it 1s known that two of its roots
are given by = = 4:v/3. What must be the value of the sum a + b7
a) —T7 b} 7 ¢) 443 d) 4-+3

e) There is not enough information to answer the given question.

30. Which of the following gives the best explanation for why zero (0) does not
have a multiplicative inverse?
a) Because multiplication by 0 is not well-defined.
b) Because 0 does not have an additive inverse.
¢) Because 0 is not a rational number.
d) Because division by 0 is not allowed.

e) Because 0 times any number gives 0, not 1,
31. Solve the matrix equation AX = B for X, where
A = (g g) and B = (g : %) .
2 x(2) wox=(3 )
) x:(é) Q) X:(é ) 31)

e) There is no solution, since A and B are not the same size.
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32, Consider the equation MX = B, where X and B are column vectors of length 3,

33.

34.

35.

36.

and M is a 3 X 3 matrix. Suppose that row reduction is used to solve

the equation for X, and the following augmented matrix is obtained:
1 4 6] 7
0 1 6| 3
0 0 01 O
Which of the following statements is correct?
I. MX = B has no solution.
II. MX = B has infinitely many solutions.
ITI. M does not have a multiplicative inverse,

a) Ionly b} II only c) III only
d) both I and III e) both IT and III

Using the digits 0 through 9, how many 4-digit numerals can be made if
no repeated digits are allowed and the first digit can not be 0 or 17
a) 210 b} 1680 c) 4032 d} 5760 e) 8000

Each time an archer shoots at a target, she has a 20% probability of hitting the bullseye.
If the archer takes 3 shots at the target, what is the probability that she will hit

the bullseye exactly once?
a) 60% b) 48.8% c) 38.4% d) 12.8% e) 6%%

Suppose A and B are possible outcomes for a given event, with probabilities
P(A) = 0.25 and P(B) = 0.50. If the probability that both A and B will occur
is equal to 0.10, then what is the probability that either A or B will occur?

a) 0.55 b) 0.65 c) 0.75 d) 0.85 e) 0.95

To the nearest whole number, what is the standard deviation for the
set of data values {25,14,29,18,14} 7
a) 0 b) 23 c) 6 d)} 20 e) 37
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37. Suppose a game is played in which the outcome depends upon the value of X,
randomly chosen from the set {1,2,3,4,5,6,7,8,9,10}. Also suppose the following;:
If X is odd, the player wins $1.
If X =2, 4, or 6, the player wins $2.
If X = 8 the player wins $4.
If X = 10 the player wins $10.
If this is to be a fair game, then how much should the player be expected
to pay each time the game is played?
a) $1.00 b) $1.70 c) $2.50 d) $5.00 e) $6.25

38. On a given day, the weatherman reported the normal high temperature to be 64°F
and the record high temperature to be 79°F. Assuming the daily high temperatures
form a normal distribution, what should you expect the standard deviation to be?

a) 5°F by Ti°F ¢) 10°F d) 15°F e) 30°F

39. A sequence < z1,%3,...,%p, -+ > is defined recursively by taking

71 = | and defining
forn > 1.

$n+131+1+wn

What is the value of z = lim z,?
e OO

&) 0 b) 1 c)g O V3 e oo

40. It is given that In: = in/2, where ¢ = /—1.
Given this information, what must be the value of if ?
a) i b) —i ¢) -1 d) e-7/2 e) In(x/2)









