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Advanced topics

Which of the following defines a function of two variables for which
f(-x, =y) = -f(x, y}?

Xy d) x +y
x2 + ye e) none of the above
X +y+1

2 -1 1 0
If A= = 2-. =
[1 3} and I [O 1} , then A 3A + 21

b) 1 -2] e} none of the above
¢) g 0
0 0-J

A class of 20 students will meet in a classroom with 32 student desks.

How

a)

b)

many different seating assignments are possible?

321
21207 d) 32 - 20
e) 2032
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L be a 1ine and Q be a point not on L. Let P denote the plane contain-
L and Q. The set of points in P that are equidistant from L and Q is:

A circle whose radius is half the distance between L and Q.

A pair of lines parallel to L.

A parabola whose vertex lies midway between L and Q.

Two lines through Q, one parallel to L, the other perpendicular to L.

An ellipse whose major axis lies on L and whose minor axis 1is
perpendicular to L, passing through Q.



Advanced topics

Let f be the function from the real numbers to the real numbers such that

f(x) = %—- x3 - %-- x2 - 6x. The point on the graph of f where the slope

of the tangent line has its least value is

A 2% b 6EF o 0o o GB e &2

Suppose that each of a, b, ¢, d is a real number and that ad - b¢c = 2. The

inverse of the matrix [é b} is

¢ d
2a 2b -

a) | <@ ¢) | 24 -2b e) | €
¢ -2c  2a b -d
L1 d _b

by | & b d) 2 2
11 < @

c d 2 2

Ten fair coins are tossed and the number of heads recorded. This procedure
is done 1000 times, resulting in a 1ist of 1000 numbers. The average of these

numbers is Tikely to be near

a) 5 b) 500 c) 100 d) 2.5 e) none of these

Consider a coordinate plane. Let R be the reflection of the plane in the
x-axis. Let S be the reflection of the plane in the line y = x that bisects
quadrants I and III. Let T be the motion of the plane that consists of

doing R, followed by S. Where does T send the point (1 ¢’3

1 -3 7 -
) G ) (=, 2

-3 1 V3 -
a 5 c) ("?“" EJ d) (*E' —=

Let f be the function from the real numbers to the real numbers such that
f(x} = x3 + 3. The tangent line to the graph of f at (1, 4), also inter-"
sects the graph of f at the point

a) ("29 11) b) (‘23 “’5) C) (""ls 2) d) (—“2“‘9 “““8“')
e) (-3, -24)
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11.

12.

Advanced topics

What is the median of this set of scores: {17, 20, 31, 22, 25}?

a) 24
b) 17
c) 23
d) 31
e) 22

Consider these statements about the algebra of n x n matrices:

(I} AB is always equal to BA.

(I1) A(B + C) is always equal to AB + AC. 7
(III) If A is not the zero matrix, then A must have an inverse.
(1v) A(BC) is always equal to (AB)C.

The f0110w1ng'15 the set of true statements:
a) {I, III}

by {I, II, III, IV}

¢) {II, III, IV}

d) {II, IV}

e) (I, II, IV}

Consider the sphere inscribed inside a right circular cylinder.
of the volume of the cylinder to the sphere is

al 2:1

b) 4:3 LT T

¢) 3:2 ;. 3\
- >

d) 3:1 -
\ [

"
S~ d -

The ratio




Advanced topics

In a group of 4 randomly chosen people, the probability that at least two
were born on the same day of the week is

a)

s

b)
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c) .2
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If the graph of f(x) looks 1ike this,

then the graph of f'(x) Tooks 1ike:

a) /\ c)
N % ;

b) d)




Advanced topics

The equation f(x + y)} = f{(x) f(y} for all real numbers x and y is
satisfied by

a) f(x) = 2% c) f(x)
b} f(x) = 5X d) f(x)

32x e) all of these
23)(

Urn I contains 5 red balls and 3 black balls. Urn II contains 4 red balls
and 6 black balls. A fair coin is tossed twice. If HH occurs, then Urn I
is chosen. Otherwise, Urn II is chosen. Then one ball is drawn from the
chosen urn. If the ball that is drawn is red, what is the probability it
comes from Urn II7

48 73 41

) 73 ¢} 180 e 5
, 1 32
b2 V0

The height of a rocket ship t sec. after blast-off is h feet where
h = 500t3 - 500t. How fast is the ship moving 2 sec. after blast-off?

a) 5500 ft./sec. c) 500 ft./sec. e) none of these
b) 3000 ft./sec. d) 1500 ft./sec.

Definition: If f is a function, its range is the set {y:y = f(x) for
some % in the domain of f}. Let f be the function from the real numbers

to the real numbers such that f(x) = 4x + 23 x > 0. What is the range of f?

a) f{y:wy =13 ¢} {y:y =z 12} e} {y:0 <y <13}
b) {y:y 2 12.5} d) {y:y z 0}
a b ¢
Let the determinant |d e f; = 1. The solution set of the system of
g h i
ax +hy +cz=20
three equations, dx + ey + fz = 0, has member(s). The
gx + hy + iz =0

correct number or phrase for the blank is

a) no ¢c) infinitely many e) none of the above

b} three d) one
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Advanced topics

Consider triangle ABC in the figure below. A = (0, 0) and B = {(p, 0).

M= (s, t) is the mid-point of side BC. Let X be the point (%s, %t).
C
M(s,t)
X «
A(0,0) B(p,0)

The Tine CX meets AB in a point Y. Which of the following statements
is true about the first coordinate of Y?

a)
b)
c)
d)
e)

a)
b)
c)
d)

e)

Which of the following arrangements of men comprise a chronological 1ist?

a)

There is not enough information to say anything.
It equals (s + t)/2.

It equals (s + t + p)/3.

It equals lp + (s + t)/2,

3
It equals p/2.

If x is a real number other than zero, we can infer that

x2 > X
x" > x for sufficiently large n

2 >x if x>0

X
x < x if x <1

none of the above

Riemann, Archimedes, Euclid, Newton
Archimedes, Riemann, Leibniz, Fuclid
Euclid, Gauss, Leibniz, Newton
Dedekind, Gauss, Euclid, Newton
Pythagoras, Newton, Gauss, Dedekind

7
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What 1s the greatest value assumed by the function f{x) = 2 - |x - 2|?

a) 1 d) 4
b) 2 e) none of the above
c) 3

The solution set for the inequality ;%-> 1 is

a) {x|x < -lorx>1} d} ¢x|-12x <1y

b) (x|x < -1 and x > 1} e) none of the above

c} {x|-1<x <1}

In any triangle, the point that is equidistant from the three vertices is
the intersection of:

the angle bisectors
the incircle and the circumcircle

)
)
) the medians
) the perpendicular bisectors of the sides
)

the symmedians

Tom could do a task in 3 hours. Dick could do the same task in 2 hours,
and Sam in 1% hours. How long would it take Tom and Sam to do it working

together?
a) 2 hours d) 1 hour

b} 2 1/6 hours e) none of the above

¢) 2/3 hours

Find the value of K for which the following equation is an identity:

(cos x + sin x)2 +Ksinxcos x -1=20

a) 1 d) 2
b} -1 e) none of the above
c) =2
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Advanced topics

For what values of t is the following inequality true?

1.
t + & < =2

o
e
(%2
A
i
—
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e
o
'
o
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O

e
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The area of a rhombus is 50, and the length of one diagonal is four times
that of the other. Find the length of the shorter diagonal.

a) 2/5 d) 5v2

b) 4 ‘ e) 6

c) 5 |
1 2 3 4

The value of the determinant ‘é 8 i g is
6 0 0 1

a) 0

b) 1 d) 2

c) -1 e) -2

The angle of elevation to the top of a building for a pedestrian who is

6 ft. tall is 30°. When he walks 100 ft. closer to the building, the angle
of elevation is 60°. If he measures from eye level up, how tall is the
building?

a) 200 ft. b) 50/3 ft. c) 10043 ft. d) 150 ft.

e) none of the above

Evaluate: 1lim §lﬂ§351
% 0
a) 0 b) 1 ¢} 2 d) =

e} none of the above
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Advanced topics

Find the term free of x in the expansion of (2x% + %&9.
a) 484 d) 596

b} 672 e) 778

c) 682

What is the expected value (mathematical expectafion) when one rolls a
single die?

a) 3.00 d) 4.25
b) 4.00 e) none of the above
c}) 2.75

It

2
IF £(x) = |x2 - 1], thenf £(x) dx

a) 2 d)fat
4

8

c) 2 ? 3
3

What is the area of the largest rectangle that can be inscribed in a
semicircle of radius r if one side of the rectangle lies along the
diameter of the semicircle? .

a) 1l d) ré
e) %—wrz

=
[ae]

=

=2
h
oiiro ok ol
=
3
[3S]

A bucket is drawn from a well by use of a rope that is pulled through an
overhead pulley that is 8 inches in diameter. Find the angular velocity
of the pulley if the well is 55 feet deep and the bucket is brought up in
33 seconds.

a} 16 radians/sec. c) 1 foot/sec. e) none of these

b) 5 radians/sec. d) 5 radians/sec.

10
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Urn number one contains 2 white balls and 1 black ball. Urn number two
contains 1 white ball. A ball is drawn at random from urn one and placed
in urn two. Then a ball is drawn from urn two. What is the probability
that the ball drawn from urn two is white?

a) 3/4 d) 1/2
b) 5/6 e} none of these
¢) 1

A form into which concrete is to be poured has the shape of & frustum of

a regular square pyramid. The lower base edge is 12 feet. The upper base
edge is 6 feet, and the altitude is 18 feet. If concrete has been poured
into the form to a depth of 12 feet, find, to the nearest cubic yard, the
amount of concrete needed to fill the remaining space in the form.

a) 10 d) 13
by 11 e) 14
¢c) 12
. ' . , 1
Find the value of the continued fraction 1
2 + T
2t 7y

assuming convergence.
a) 1+ /72 d) -1+ /2
b) 1 -2 g) -1 « V2

2
c) 3

11
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Advanced topics

Which of the following defines a function of two variables for which
f("x! 'y) = "f(X, y)?

a) xy d) x +y

b) x2 + y2 e) none of the above

c) x+y+1

2 -1 1 0
If A= = 2 . =
[1 ;} and I [0 1] , then A 38 + 21

b) (1 -2 e) none of the above

A class of 20 students will meet in a classroom with 32 student desks.
How many different seating assignments.are possibie? :

1
a) oo d) 32 - 20
e) 2032
321
b) 5T
321
<) ST

Let L be a 1ine and Q be a point not on L. Let P denote the plane contain-
ing L and Q. The set of points in P that are equidistant from L and Q is:

A circle whose radius is half the distance between L and Q.

A pair of lines parallel to L.

Two lines through Q, one parallel to L, the other perpendicular to L.

An ellipse whose major axis lies on L and whose minor axis is

)
)
} A parabola whose vertex lies midway between L and Q.
)
)
perpendicular to L, passing through Q.



Advanced topics

Let f be the function from the real numbers to the real numbers such that
f(x) = %—- x3 - %-° x¢ - 6x. The point on the graph of f where the slope
of the tangent Tine has its Teast value is

(& =2

A (2% n e o o o GB e d

3 o 2?

Suppose that each of a, b, ¢, d is a real number and that ad - bc = 2. The

inverse of the matrix [} bi]is

¢ d
2 2b -
a) | o o c) | &4 -2b g | €
11 d _b
1 1 < a
c d 2 2

Ten fair coins are tossed and the number of heads recorded. This procedure
is done 1000 times, resulting in a 1ist of 1000 numbers. The average of these
numbers is 1ikely to be near

a) 5 b) 500 c} 100 d) 2.5 e) none of these

Consider a coordinate plane. Let R be the reflection of the plane in the
x-axis. Let S be the reflection of the plane in the Tine y = x that bisects
quadrants I and III. Let T be the motion of the piane that consists of

doing R, followed by S. Where does T send the point (1 /"3

) HBFH w Fh oo FEh oo G
e) -'_—%'; -{3_)

Let f be the function from the real numbers to the real numbers such that
f(x) = x3 + 3. The tangent line to the graph of f at (1, 4), also inter-
sects the graph of f at the point

a) (-2,11) b)) (-2, -8) o) (-1,2) d) (5 &)
E) ("'33 '24’)
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What is the median of this set of scores: {17, 20, 31, 22, 25}7
a) 24
b) 17
c) 23
d) 31
e} 22

Consider these statements about the algebra of n x n matrices:

{I) AB is always egual to BA.

(1I) A(B + C) is always equal to AB + AC.
(III} If A is not the zero matrix, then A must have an inverse.
(Iv) A(BC) is always equal to {AB)C.

The following is the set of true statements:
a) {I, IIn}

b) {I, II, III, IV}

¢) (11, III, IV}

dy {II, IV}

e) {I, II, IV}

Consider the sphere inscribed inside a right circular cylinder.
of the volume of the cylinder to the sphere is

a) 2:1
b) 4:3 C o777
Q) 3:2 L N
dy 3:1 e -
\\ /
< 2>
d

The ratio




Advanced topics

In a group of 4 randomly chosen people, the probability that at least two
were born on the same day of the week is

a) 4

~I

-

b)

[p>)
N B
O

[t

c)

(N
nS o
Lo T

(e

d)

[ IR #¥]
[ I =N
Lo W

) 3%

If the graph of f(x) looks like this,.

then the graph of f'(x} looks Tike:

a) | c)

b) d)




15.

16.

17.

18.

19.

The equation

satisfied by

a)

b)

Urn I contains 5 red balls and 3 black balls.
and 6 black balls. A fair coin is tossed twice.

Otherwise, Urn II is chosen.

f(x)
fx)

]

is chosen.

chosen urn.

a)

b)

48
73

1
2

2)(
X

c)

d)

c)

d)

Fx
fx

7

)
)

60
2

-P‘rlw |
—

fx +y) = f(x) fy)

il

32
23

Advanced topics

for all real numbers x and y is

X

X

e}

all of these

Urn II contains 4 red balls

If HH occurs, then Urn I

Then one ball is drawn from the
If the ball that is drawn is red, what is the probability it
comes from Urn II?

e)

41
80

The height of a rocket ship t sec. after blast-off is h feet where
How fast is the ship moving 2 sec. after blast-off?

h = 500t3 - 500t.

a)

b)

PDefinition:
some X in the domain of f1}.

)

b)

Let the determinant

5500 ft./sec.
3000 ft./sec.

¥y
{y:y

>

-

v

c)

d)

500 ft./sec.

1500 ft./sec.

e)

none of these

If ¥ is a function, its range is the set {y:y = f(x) for
Let ¥ be the function from the real numbers

to the real numbers such that f{x) = 4x + gﬁ'x > 0. What is the range of f?

13
12.5}

c)
d)

a
d

9

ax + by

three equations, dx + ey

gx + hy

correct number or phrase

a)

b)

no

three

c)

d})

b
e
h

+
+
+

for the blank is

{y:y 2 12}

{y:y

c
i
cZ

fz
iz

infiniteiy many

one

w H

z

0
0,
0

0}

1.

e)

{y:0 <y < 13}

The solution set of the system of

has

e)

member({s). The

none of the above
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Consider triangle ABC in the figure below. A = (0, 0) and B = (p, 0).
M= (s, t) is the mid-point of side BC. Let X be the point (%&,-%t).

C

M(s,t)

A(0,0) B(p,0)

The Tine CX meets AB in a point Y. Which of the following statements
is true about the first coordinate of Y?

a)
b)

There is not enough information to say anything.
It equals (s + t)/2.

It equals (s + t + p)/3.

It equals %p + (s +‘t)/2.

It equals p/2.

If x is a real number other than zero, we can infer that

a)
b)
¢)
d)

e)

Which of the following arrangements of men comprise a chronological 1ist?

a)
b)
c)
d)
e)

x2 > x

x" > x for sufficiently large n
X2 > x if x » 0

x2 <« x if x <1

none of the above

Riemann, Archimedes, Euclid, Newton
Archimedes, Riemann, Leibniz, Euclid
Euclid, Gauss, Leibniz, Newton
Dedekind, Gauss, Euclid, Newton

Pythagoras, Newton, Gauss, Dedekind

7
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What is the greatest value assumed by the function f(x) = 2 - |x - 2]?

a) 1 d) 4
b} 2 e) none of the above
c) 3

The solution set for the inequality ;%‘> 1 is

a) {x|x <-lorx>1; d) (xj-12xs1

b) {x|]x < -1 and x > 1} e} none of the above

¢) {x]-1 <x <1}

In any triangie, the point that is equidistant from the three vertices is
the intersection of:

the angle bisectors
the incircle and the circumcircle

L= 2=

)
)
) the medians
) the perpendicular bisectors of the sides
)

o o O

the symmedians

Tom could do a task in 3 hours. Dick could do the same task in 2 hours,
and Sam in 15 hours. How long would it take Tom and Sam to do it working

together?
a) 2 hours d) 1 hour
b) 2 1/6 hours e} none of the above

c) 2/3 hours

Find the value of K for which the following equation is an identity:

(cos x + sin x)2 + Ksinxcosx ~-1=0

a) 1 d) 2
by -1 e) none of the above
¢} -2
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30.

31.

32.

Advancgd topics

For what values of t is the following inequality true?

t o+ %-s -2
a} t sl d} t>0
b) t<0 e) t=0
c) tz-1

The area of a rhombus is 50, and the length of one diagonal is four times
that of the other. Find the length of the shorter diagonal.

a) 2/5 d) 5/%

b} 4 e) 6

c) 5
1 2 3 4

The value of the determinant *é g % g is
0 0 0 1

a) 0 :

b) 1 d) 2

c) -1 e) -2

The angle of elevation to the top of a building for a pedestrian who is

6 ft. tall is 30%. When he walks 100 ft. closer to the building, the angle
of elevation is 60°. If he measures from eye level up, how tall is the
building?

a) 200 ft. b) 50/3 ft. ¢c) 10043 ft. d) 150 ft.

e} none of the above

Evaluate:  1im §i”—>((3—"l
X = 0
a) 0 b) 1 Q) 2 d)

e) none of the above



33.

34.

35.

36.

37.

Advanced topics

Find the term free of x in the expansion of (2x% + %Qg.
a) 484 d) 596

b} 672 e} 778

c) 682

What is the expected value (mathematical expectation) when one rolls a
single die? '

a) 3.00 d) 4.25
b) 4.00 e) none of the above
c) 2.75

2
If f(x) = |x2 - 1/, thenf £(x) dx

a) 2 d)%
b) 4

8
c) -% °) 3

What is the area of the Targest rectangle that can be inscribed in a
semicircle of radius r if one side of the rectangle lies along the
diameter of the semicirclie?

a) 42 d) r2

5
b) %~ﬂr2 e) %—ﬂrz
c) %—wrz

A bucket is drawn from a well by use of a rope that is pulled through an
overhead pulley that is 8 inches in diameter. Find the angular velocity
of the pulley if the well is 55 feet deep and the bucket is brought up in
33 seconds.

a) 16 radians/sec. ¢} 1 foot/sec. e) none of these

b}y 5 radians/sec. d) 5 radians/sec.
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38.

39.

- 40.

Advanced topics

Urn number one contains 2 white balis and 1 black ball. Urn number two
contains 1 white ball. A ball is drawn at random from urn one and placed
in urn two. Then a ball is drawn from urn two. What is the probability
that the ball drawn from urn two is white?

a) 3/4 d} 172
b) 5/6 e) none of these
c) 1

A form into which concrete is to be poured has the shape of a frustum of

a regular square pyramid. The Tower base edge is 12 feet. The upper base
edge is 6 feet, and the altitude is 18 feet. If concrete has been poured
into the form to a depth of 12 feet, find, to the nearest cubic yard, the
amount of concrete needed to fill the remaining space in the form.

a) 10 d) 13
b) 11 | e) 14
c) 12
. , , 1
Find the value of the continued fraction 1
Z+ 7
2rrr
assuming convergence.
a) 1+ /2 d) -1+ /2
by 1 -~ V2 e) -1 -2
2
c} 3
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