# TENNESSEE MATHEMATICS TEACHERS ASSOCIATION

FIFTY-NINTH ANNUAL MATHEMATICS CONTEST

2015
Precalculus
Prepared by: ' Reviewed by:
Department of Mathematical Sciences Mathematics Faculty
Middle Tennessee State University Carson-Newman University
Murfreesboro, Tennessee Jefferson City, Tennessee

Coordinated by: James Hart

Scoring formula: 4 x (Number Right) — (Number Wrong) + 40

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

~ This s a test of your competence in high school mathematics. For 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 softer).

This test has been constructed so that most of you are not expected to answer all of the questions. Do
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" answer for any problem. Make no stray marks of any kind on the answer sheet. The answer sheets will not be
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keep the booklet after the test is completed.
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1
1. If tanf < 0, and cos @ = 1 then what is the exact value of csc87?

(a) escf =15 (b) CSCG:‘T\/EE_ (c)escf=4 (d) CSCG:—fG—E {e) csc@:-—é—\i/——«gg

9. The Fine Bank of Nashville pays 2.5% interest, compounded monthly, on all of its savings accounts.
Three years after making a deposit, Tina has $13,500 in the account. Assuming she did not add to
or take away from the account during those years, what was her initial deposit to the nearest dollar?

() $12,488  (b) $12,526 () $12,536  (d) $13,416  (e) 813,023

3. Suppose that a is a positive real number. Which of the following functions is the same as f (z)= a7

® o) = (%)

o) o= (=)
(©) oo) = 5 -

(d) g(z) = —a*

() gl@) = a7+ a*

4. Samuel starts with a positive number z and takes the square root, followed by the cube root, followed
by the fourth root, followed by the fifth root. Ramona tells Samuel that he could have simply raised
2 to one power and gotten the same answer. What power is Ramona, talking about?

1
(a) He could have raised « to the &G Power:

(b) He could have raised z to the gg power.
. 77
(c) He could have raised z to the &5 Poer

1
(d) He could have raised z to the Tog Power

() He could have raised z to the —120 power.

5. The solutions to the equation logy(z) + logy(z +2) = 3 will be

[ SR

(a)z=—4, =2 (b)onlyz=-4 (¢ onlyz=2 (donlyz=5 () 2=2 2=-2



6. What is the perimeter of the shaded triangle below to the nearest hundredth?

1 foot

{

- 2 feet

e

(a) 15.26 feet (b) 6.09 feet () 14.58 feet: (d) 6.58 feet ~ (e) 9.82 feet

\/3—11:?

7. What is the domain of the function f(z) = @)

@O0 ®(03)u(3e] © cod @I @ UL

8. Jose plants a seven millimeter tall tomato seedling in his garden, and its height (in milimeters) increases
3% per day for the next thirty days. Which of the following functions gives the height H of the plant
as a function of the number d of days since Jose planted it?

(a) H(d)="7+.03d
(b) H(d) =7+ 1.03d
(¢) H(d)="7-(0.03)
(d) H(d)="721"

(e) H(d)="7-1.03%

9. Lorraine has a collection of fifty-two nickels, dimes, and quarters with a total value of $4.75. If she
has twice as many nickels as dimes, then how many quarters must Lorraine have?

(a) 11 quarters (b) 16 guarters {c) 10 quarters (d) 7 quarters {e) 28 quarters



10.

11

12.

Jacob wants to plant a circular flower bed centered in a square plot of land as shown below. Jacob
plans on filling in the unshaded portions of the square plot with grass. Which of the formulas below
gives the number of square feet of grass he will need as a function of the flower bed’s radius R? Assume

R is measured in feet.

e

o
oK

(a) A=(2r-2)°R

(b) A= (4—7)R?
R2

(c) A= T mR?

(d) A=nR?—4R?

(e) A= (4m —4) R?

Suppose the population of deer in a state forest is given by the function D(t) = 7504150 cos {% (t— 3)],
where t is measured in years since 2000. How many years will pass between one maximum value of
the deer population and the next maximum value? :

{a) One year (b) Two years (c) Three years (d) Four years  (e) Five years

If f(z) = log,(logs(logy (z))), then what is f ~1 (i—) to the nearest ten-thousandth?

(@) f? (%) ~ 26.516

®) f-! (%) ~ 167.289
£ G) ~ 2.006
/1
(3)

(e) f1 (%) is undefined

(c)
(d) 7 5500

13. The graphs below show the position function for three people walking along the same straight road.

The time and distance scales are the same, and distance is measured relative to the same reference point



on all three graphs. Which graphs have the same average velocity over the time interval 0 <t <5
shown?
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(a) None of the graphs have the same average velocity.

(b) Only Graph 1 and Graph 2 have the same average velocity.
(c) Only Graph 2 and Graph 3 have the same average velocity.
(d) Only Graph 1 and Graph 3 have the same average velocity.

(e} All graphs have the same average velocity.

14. Suppose that a and b are nonzero. The function f(x) = In(b — ax) will have a vertical asymptote at

(¢) z=a (dz=candz=">b (e a::-s-andxz

(a) z=90 (b)x:b 7

a

SRS

15. Compared to the standard cosine function, the horizontal translation for f(z) = 3 cos [2z ~ 1] + 4 will
be

(a) one unit right  (b) one unit left (c) —;: unit right (d) two units left  (e) 7 units right



16. Suppose that the vertex of a parabola is (a,b). If this vertex is & maximum, which of the following
functions could represent this parabola?

(a) flz)=(z+a)*—b
() flz)=—(z+a)?+b
(¢) f(z)=-3(z— a)? +b
(d) f(z)=5(z~ a)? +b
(e) f(z)=~B(z— b2 +a

17. Which of the following points lies inside the circle 22 +y% — 2z + 6y = 17
11 1 1 1 1 11
way o5 ©F3) © G-%) @ (5n)

18. What is the solution set for the inequality 3 ~— ;—i{———l- > 07?

(a) (—oo,——g?]" U (-1, +00)
() (o0, -1 [-5420)
0[3)
e

(e) The solution set is empty.

19. If we add up the coefficients of the terms in the polynomial (z — y)® we obtain the number

(a) 28 (b) 25 (c) 20 (d) 22 (e) 0

20. The coefficient of the a®b? term in the polynomial (3a — 2b)° will be

(a) 1,080 (b) ~720 (c) 540 (d) 10 (e) —60



91. Two fire towers are located ten miles apart, one due south of the other. The northern station spots
smoke rising from a fire on a bearing of 50° east of due south, while the southern station spots the
same smoke on a bearing of 20° east of due north. (See diagram below.) To the nearest hundredth,
what is the approximate line-of-sight distance from the southern station to the fire?

N

Nertirerh Station

10mies {

AW

Soytinrn Statkors
(a) 8.15 miles (b) 12.27 miles {c) 3.64 miles (d) 27.47 miles (e) 22.40 miles

99 The model that describes the number of bacteria in a culture after t days has just been updated from
P(t) =17-2¢ to Q(t) = 7-3". What implication can you draw from this information?

(a) The final number of bacteria is three times as much as the initial population instead of two times
as much.

(b) The initial number of bacteria is 3 instead of 2.
(¢) The number of bacteria triples every day instead of doubling every day.

(d) The growth rate of the bacteria is 30% per day instead of 20% per day.

(e) None of the above.

93. Solve the equation 3%"~3* = 9»~3 for the variable u.

e

{,} (a) The solutions will be u == 2 and v = 3.
(b) The solutions will be w =1 and u = 3.

(c) The solutions will be u = 2 and u = 1.

(d) The solutions will be u =1 and u =

(e) The solutions will be u = 2 and u =

R DlWw



24. Suppose p is a fifth-degree polynomial with real coeflicients. If p is known to have at least one complex
root, which of the following statements must be true?

(a) The polynomial has exactly two real roots.
{b) The polynomial has at least one real root.
(c) The polynomial has exactly three real roots.
(d) The polynomial has four real roots.

(e) The polynomial has exactly four complex roots:

25. The rational function f below is improper because the degree of its numerator is greater than or equal
to the degree of its denominator.

32% — 2% — 10z +7
f({l'}) - - . .'L;Q . 4 E

If we rewrite f as a polynomial plus a proper rational function, then we have

(a) f(m)=m2“4+x?i2

(b) f(”):3m+2+%§’;:14_5
(c) f(m)=3x_2+i:127:i
(d) f($)=3m+10+§:_802ﬁ§
(e) f(w)=3x2_12+%£

96. What is the center of the circle 1822 + 18y* — 18z + 12y — 143 = 0?

®@ay 0 (-33) © (3-3) @ (5-5) © 8D

27. A small college has 1,000 students. A virus spreads through the student population according to the

formula
1000(3"“

) = fog 1 om

where time is measured in days since the virus first appeared on campus, and s denotes the number
of students sick on day ¢. If it takes fourteen days for half of the student population to become sick,
what is the value of k7 -

14 In(499) In(500) 1n(500) ~ In(2) 1000
® 556 ™ iz ©) smany @ 14 ) 255




28. The graph below shows the concentration (in parts per million) of an antibiotic in a person’s blood-
stream as a function of time (measured in hours since midnight on the first day of the treatment).
After the first dose, nurses must give additional doses of the antibiotic when the concentration is about
20 ppm and decreasing. Based on the graph, at what approximate times should the antibiotic be
given on the first day?

PPM
50°
40 £ oo
30
20 7
104+
e e S L s 3 + }.-f?u:
0 2 4 6 8 10 12 @4 16 18 20 2
ours
(a) When t =~ 2 and ¢ = 14 hours
(b) When ¢ = 12 and ¢ =~ 24 hours
(¢) When t =~ 12 and t =~ 16 hours
(d) When ¢~ 4 and ¢ ~ 16 hours
(e) Whent=~4,t~ 12,1~ 16 and t ~ 24 hours
29. When the system below is solved, the formula for z will be
z + 5y + Bz +4%w = 0
z + 10y + 182z 427w = O
2z + 15y + 20z +36w = O
() z=15 Bz=z24+w (¢) = =—-152 —2Tw (d) = =>5z+9%w (e) z=10w
o 2k
30. Which of the following is the correct value of the geometric series Z(—l)k 3k_1?
k=0
9 1 2 3
9 e il “ °
M9 By ©x @5 @



31. Which formula gives the average rate of change between z = 2 and z = 2 + b for the function

fz)= S 1'.7 (Assume b > 0.)

b% 4 4b—3

{(a) Average rate of change is T

(b) Average rate of change is Z

b2 443
{c) Average rate of change is ~————{——T~—

b? 4 4b+ 4
b

+2b
44 2b

(d) Average rate of change is

(e} Average rate of change is

32. Suppose that a rational function has a removable singularity at z = a and a vertical asymptote at
z=2>b. Which of the following formulas could represent this function?

() /@) = oy
() 1) = =5
@ J&) = =pe a7
@ fa) = @—f%iﬁf;—)
© )= 2
33. Simplify the complex expression G + i?) 4.
-1+ I g LM @ @

34. What are the roots of the polynomial p(z) = z* — 17
(a) Only x =1

1 .
(b) z=1, andzzzg(l:i:z\/g)

(¢) z=1,and z =

(3 -1)

DO et

(d) :t::l,zmdx:::l:%(i\/g—!—l)

(e) z=1, and:u:%(—lﬁci\/g)

10



35.

36.

37.

38.

In the following problem, C(a,b) stands for the combination of a objects chosen b at a thme. In
symbols,

al
Clat) = gy

A pet store owner has seven identical fishbowls lined up in a window. She wants to display four bettas
and three goldfish in these bowls. If each fish must be in a bowl by itself, and there must be a goldfish
between each betta, how many different displays can be made?

() 314! (b) 9-34IC(4,3) (o) 34IC(7,3) (d) 7-41BIC(7,4) (o) 2°-4!

Nell is riding on a ferris wheel with a radius of twelve feet. The ferris wheel is rotating in the
counterclockwise direction; and it stalls while Nell’s seat is rising, leaving her stranded. If the origin
of a rectangular grid is placed at the center of the ferris wheel, the beam connecting Nell’s seat to the
center has slope m = 3.14. If the lowest point on the ferris wheel is three feet off the ground, how far
off the ground (to the nearest hundredth foot) is Nell at her stranded position?

(2) 11.43 feet (b) 14.43 feet {(c) 4.67 feet (d) 26.43 feet  {e) 19.67 feet

Anne is a DJ at a local honky-tonk. She has twelve songs about truckers, fourteen songs about folks
in honky-tonks, and fourteen songs about cowboys. A patron asks her how many songs she has about
cowboy truckers who are not in honky-tonks. Anne is annoyed and tells the patron that she has

e Seven songs about truckers who are not cowboys
¢ Three songs about truckers in honky-tonks
s Four songs about cowboys in honky-tonks

o One song about cowboy truckers in honky-tonks

What is the answer to the patron’s question?

(a) Four songs {b) Two songs (¢} One song (d) TFivesongs {e) No songs

b
What is the algebraic formula that is equivalent to sec <sin"1 (————-—) ) ?
V10

V10 + b2

V10 b T V10~ 52
b 5 © T

@ — )”\/—ﬁ © V5 (d)

11



39. The diagram below shows the x)elocity graphs for two cars traveling along straight roads. What is the
relationship between the position of Car A and the position of Car B at one hour? The dashed graph
refers to Car B.

012
ours

0.0 02 0.4 06 'o.&}i

{(a) Car A and Car B are colliding.
{b} Car A is ahead of Car B.

(c) Car B is ahead of Car A.

(d) Car B is passing Car A.

(e) Car A is passing Car B.

40. A small engine plane leaves the Murfreesboro airport and flies to the Nashville airport thirty miles
away while some aerospace majors use radar to measure its distance from the Murfreesboro Airport,
The plane arrives at the Nashville airport after about twenty minutes, but is put in a holding pattern
because the airport is busy. The plane must circle the airport before it is allowed to land. Which of
the following graphs best represents the plane’s distance from the Murfreesboro airport as a function
of time?

Miles 30'_‘; A
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(e) " b
10 20 30 40
inutes
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