THIRTY-SECOND ANNUAL MATHEMATICS CONTEST
gsponsored by
THE TENNESSEE MATHBEMATICS TEACHERS’ ASSOCIATION

ADVANCED TOPICS II 1988 Prepared by:
Mathematics Department
Memphis State University
Memphis, TN
Co-ordinated by: Hubert Minton
Harold Stephens
William Bethany
Scoring formula: 4R - W + 40 FEdited by: Larry Bouldin, Roane State
Community College

DIRECTIONS:
Do not open this booklet until you are told to do so.

This is a test of your competence in high school mathematics. For
each problem there .are listed 5 possible answers. You are to work each
problem, determine the best answer, and indicate your choice by making a
heavy black mark in the proper place on the separate answer sheet provided.
You must use a pencil with a soft lead (No. 2 lead or =zofter).

This test has been constructed so that most of you are not expected to
-answer all questions. Do your very best on the questions you feel you know
how to work. You will be penalized for incorrect answers, so it is
advisable not to do wild guessing.

If you should change your mind about an answer, be sure to erase
completely. Do not mark more than one answer for any problem. Make no
stray marks of any kind on your answer sheet. The answver sheets will not
be returned to you. If you wish a record of your performance, mark your
answers in this booklet also. You will be able to keep this booklet after
the test is completed.

When told to do so, open your test booklet to page 2 and begin. When
you have finished one page, go on to the next. The working time for the
entire test is 80 minutes.

Contributers to TMTA for Annual Mathematics Contest:

Dr. Hal Ramer, President, Volunteer State Community College, Gallatin,
Tennessee

Donnelley Printing Company, Gallatin, Tennessee

Searsg, Madison, Tennessee

TRW, Ross Gear Division, Lebanon, Tennessee

IBM, Nashville, Tennessee






ADVANCED TOPICS II

1. What is the slope m of the line tangent to the curve % 4 2y + 4z — 8y = 24 at the

point where the curve crosses the positive y-axis?

a) m=-2/3
b) m=-1/4
¢) m=-.3/2

d) slope undefined

e) 1/2

2. If %ﬂ denotes the n’* derivative of f(z) what is
%@ when z = % /27

a) 0

b) 1

¢} -1

d) =«

e) 1/2
3. lim 2n(z=3)

g3 @9
a) 1/6
b} Does not exist
c) 1
d) o
e) 1/2
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4. Given F'(a) exists, which of the following are true?

1) Flla) = lim £&)-F()
h—a

==L
2) F'(a)=1lim Z@=T(ezh
h—+0
3) F!(a) = lim E,(Eiz_};ltﬂ?l
h—0

F(a+2H)—F(a+h)

4} Fl{a) = ’I&irré] 25
—
5) F'(a)=lim £~ G'TW_F -
h—a @

a) Only (1) is TRUE

b) Only (1) and (2) are TRUE
¢) Only (1) and (4) are TRUE
d) All are TRUE

e) Only (2) and (3) are TRUE

5. An isosceles triangle is inscribed in a circle of radius r. If the apex angle, #, is restricted
by 0 5 8 < /2, the largest value of the perimeter is:

a) 3r

b) 3v3r

c) 2(14+2)r

d) 4r

e) V2(1-+3)r

6. 143:5-7- ... «(2n-1) =

a) (2n)!/n

b) (2n)1/(2™n})
c) (2n)!/27

q) (1)

e) (2n— 1)}
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7. A combination of three balls is picked at random from a box containing five red, four

white, and three blue balls. In how many ways can the set chosen contain at least one

white ball?

a) 164
b) 284
) 112
d) 160

e) 192

8. Given that

o0

1
&= ; “(‘“];:“:_-1—)! N find the sum

1 1 1
1+ﬂ+é—!+;ﬂ+'”

a) 1+e
b) 1-e
c) e-1
d) 1
e} e
9. The maximum value of y == I—n—gﬂ is
a) 1
b) e
c) e}

d) e1/.2
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10.  Xt>0, [ in(at)de=

a) 2ftin(t) ~t+ 1]

b) #n(t?) - 2t

2
C) T 1
In(t3
Q) )
e) 2In(t)
11,  The radius, r, of a right circular cone is increasing at a rate of 6 cm/min while its

height h is decreasing at a rate of 15 cm/min. At the instant when r == 50 cm and b = 50

cm, the volume is:

a) Increasing at a rate of 2500 wem®/min.
b) Decreasing at a rate of 2500 mem?® /min.
¢) Decreasing at a rate of 7500 7rcm3/mz'n.
d) Decreasing at a rate of '.7500 wem® /min.

¢) Unchanging.

I
— if lz| > ¢
For >0, f(z) = ||

a+ba? if |z|<ec

If f!(c) exists then:

a) ea=cand b= =1

b) a=2andb=24

c) az%andbzﬁ%
d) a;—«—%andb:%

e} a and b cannot be uniquely determined

4
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. 2
atn“ 24 —
1+coa2t +1=

a) sec?t

b) 2 cac’t
¢) 2tan?2t
d) 1+ cos2t

e) 2(1— cos2t)

14, tan™1(1) + tan"1{2) +tan~1(3) =

15.

(a)
(b)
(c)
(d)
(e)

a)
b)
©)
d)
e)

2 =lF E SE s

In the figure at the right assume

that circle A is immovable and that

circle B can roll around the

circumference of A. If the radius
of circle B is half that of A and it
makes one trip around circle A
returning to its original position,
how many rotations will it make?

Mo

W ds W

m‘
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16.  Consider the isosceles triangle ABC (see figure below) in which base AB = 12 and
altitude CD = 3. Find a point P, if it exists, on segment C D such that § = PC+PA+PB

13 a minimum. C

a) PD=3-2/3
b) PD=2/3-3 X

c) P=cC A D B
d) There is no point on segment C'D satisfying condition.

e} P=0D

17. Let S be the set of all integers satisfying (&2’1)” > n! Then

a) S=4¢

b) 5 ={2,3,4,5,6,7,8,0})

c¢) S = {all non-negative integers}
d) S = {all integers greater than 1}

e) S = {all positive odd integers}

18.  If two cards are drawn at random from a standard deck of playing cards, what is

the probability that either both are red or both are Jacks?

a) 26C2/52Cy

b) (26C2 +4C3 ~ 1)/52Cy
¢) (26C% +4 C2)/52Co

d) (26C2 +5 C2)/52C

e) 1~ (26C2 +4 Ca/52Cy
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19. Consider an experiment in which two cards are drawn at random from a deck of ten
cards, six of which are red and four blue. The first card is not returned to the deck before
the second is taken. Led Ey and E5 be the events that a red and blue are obtained on the

first and second draw, respectively.

Then: P(E; N Ey) =

a) 6/25
b) 4/15
¢) 2/5
d) 3/5
e) 11/15

20. Find the polynomial f(z) of the fourth degree such that
f0)=7(1) =1, f'(0)=s"(0), f"(1) =54

a) 4zt - 428 41
b) —at4ad 41
¢) Sat-52% 41
d) 32%—32% .41
e) /3x4 — 323 41

. 1
21. lim (COS :L') tanzx —
z—0-

a) 1
b) 0
¢) oo
4 -1

e)—’zI
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22. [T, (e+1)"5dz=

a) Does not exist

o

b)

c)
d)

=
RI=
ot

Pt Hi
(o>

7

St

e) I

[«

23. A particle moves along the x-axis is such a way that its position at

any time t is given by 3
x = -t + 9t + 25t + 29,  What is the
position of the particle when the velocity is a maximum?

a) 100
b) 223
c) 158
d) 176
e) 198

24.  Which of the following lines lie in the plane 2z ~ 5y — 2z = 10
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25. The curve drawn in the figure is the function f(z) = Az? + Bz + C. Let D =
B? — 4AC, then \\:\FOO
> X
a) A>0, B>0, C>0, D<0
b) A>0, B<0, C<0, D>0
¢) A<0, B>»0, C>0, D>0
d) A>»0, B<0, C>0, D<0
e) A<0, B>0, C<0, D>0

26. In order to determine the number of diagonals in a convex n-gon
a student calculates the combination of n things (vertices)

taken two at a time. She finds, however, that this calculation
eXceeds the actual number of diagonals in all cases by:
(a) 2 {b) nl {c} 2n (d) n (e) n{(n-3)
2

27. The solution set for the equation tan (20) + cot (28) = 2 for angles & such that

—r<8<0is

a) { }
b) {=*-F}
o {
a |
o) {FF

28. Which one of the following is a focus of the ellipse

x° . _(y+2)?
16 36

=1 ?

(a) (2(1448),0)

(6) (0,=2(1+V%))

() (2(1+5) ,-2(1+{5)
(@) (245,-2y5)

(e) (0,-245)
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29.  The equations of the line containing the point (-5, 0, 2) and perpendicular to the

lines

-2 -1 2
z45 . =22

c) 8 =77
I

30. Given ?E"l%”i" = 1—z+a? — 2% o (1) 4 ... for |z| < 1, a power series

representation of tan™ = for |z| < 1 is

2) Lo(~1)%?, fof < 1

==

21 ’
b) Yazo(~1)"%gy, |=l < 1

2n+-1
0) s (-1, fal <1

xZn— 1

d) pei(-D%—, |z| < 1

) Lama (1" e <1

31.  The slope of the normal line to the curve y = In[cos?32] at the point (0,0) is

a) 0
b) -6
c) %
d -4

e) Undefined
32. How many terms are there in the expansion of (a+b+c+ d)4?
a) 4
b) 6
c) 28
d) 35

e) 64 10
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33.  Taking the well-known trigonometric identity 2 sin & sinf8 = cos (e — 8) - cos (x+B),

find
n
> 12 sin(kz) sin(z/2).
k=1
) con (5] - cop [k
b} cos (%) — cos [ (2n5ds ]
¢) cos (£) ~ cos [(2%;1&_ ]
d) cos (£) ~ cos [{2n+ z |
e) O
34. Let
ab b2
A= Laz wb} a,b where a and b are real numbers. 410 =
a) -1
b) A
) -A
d) I
e) 0

35. Given two roots of the equation 2z% + 2% 4 522 4+ 4z - 12 = 0 are purely imaginary

numbers. The other two roots must satisfy the equation

a} 2%~z -4=0
b) 2z - 2241=0
¢) 222 +2-83=0
d) 222 +32z-2=0

e) 22%+382z~1=0

11
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36. The sequence {s,} given by s, = %;«, n=1,2,3,...
a) Diverges
b) Has Limit 0
¢} Has Limit 1
d) Has Limit 2

e) Has Limit 1

37. lim (9: +vaz2 + 33:) =

IT——0C0
a) —
b) $

B2

e) 0
d) oo

e) —oo
38. If A and B are square matrices of order n and Xt denotes the transpose of matrix X
then (AB)! is
a) A‘B?
b) B!A!
c) i(A'B+ ABY)
d) 3(AB+ BA)
o) (BA)
39.  The point on the graph of the function f(z) == v/8z which is nearest (3,0) is
a) (0,0)
b) (1,2v2)
) (32
4 (31
¢) (3,2v7)

12
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40. The region bounded by the curve y = In(z), the = axis, and the line z = €2 is revolved

about the y axis. The volume of the solid generated is

a) 2net

b) imet
c) F(3e*+1)
d) 2n(et - 3)

e) 0

13






