CIPHERING PROBLEMS SOLUTIONS
HIGH SCHOOL MATHEMATICS TOURNAMENT
ARMSTRONG ATLANTIC STATE UNIVERSITY-FEBRUARY 14, 1998

1. ANSWER: interval notation(—c,1) [ (6,); set notation{ x : x <1 or x > 6}
The given inequality is equivalent td — 7x +6 > 0. Sincex® — 7x +6 = (X — 6)(x — 1) we can see that the
solution is(—0,1) [ (6,00) either from the graph of = x* — 7x+ 6 or from a sign chart:

\
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2. ANSWER: 2
Using a property of logarithms, we de, x(x + 6) = 4. Rewriting in exponential form, the equation

becomesx(x+6) =2*0 x*+6x =16 0 x*+6x—-16=0. The two solutions to this equation a@&and 2.
The solution-8 is extraneous.

3. ANSWER: 24
25

By the double angle formula for the sine functiem2a = 2sina cosa . From the reference triangle far

: . : 4
given below and using the Pythagorean Theorem to complete that triangle, we semthat—g. We could

have used the identit§in®a + cos’a =1 and the fact thatosa < 0 to find cosa. Therefore,

. (B 40 24
sSn20 =2 ———+——-=——.
s 50 25
5
RN

4

4. ANSWER: 25 feet
Letx be the length, in feet, of one of the sides. Then the length of the othensid# feet. Since the area is
one square foot we have the equatigr +1) =1 0 x*>+x-1= 0. Using the quadratic formula we get

-1+ 11—
= 1'\E.Thesolutionx: 1-+5

IS negative, and, therefore, does not make sense as a length.

-1++/5 -1+ ++/5
Therefore, one of the sides has Ienggh;—s feet and the other has Iengftlﬂlnz—\6 +1feet = 1 2N >

. . F1++/50 _[M++/50 .
Hence, the perimeter has a length, in fee +2 =-1+5+1+5=2.5
g o neeRE BT 2 R

feet.
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5. ANSWER: 125%

The volumeV of a right circular cylinder is given by = 7rh, wherer is the radius ant is the height of the
cylinder. If the radius is increased by 50%, then the new radius 1.5. Therefore, the new volumé' is
given by the followingV' = n(r')zh = m1(1.5r)*h = 2.257r°h = 2.25V . Hence,V' is 225% ofV; an increase
of 125%.

6. ANSWER:—g
f(0)=10 c=1

f() =30 a+b+1=30 a+b=2
f(2)=20 4a+2b+1=20 4a+2b=1

+b=2
We get the solution by solving the systé% Esimultaneously. This can be done, for example, by
Ha+2b =17
multiplying both sides of the first equation g and adding this new equation to the second equation. The

resultis2za=-30 a= —g.

7. ANSWER: 23 inches
The shaded triangle in the first figure is enlarged in the second figure. Since the interidtiargfle and

1 -
cos30° = g we have tha122—S = g 0 %s= V30 s=23.

N[
(7]

8. ANSWER: 25

. origina sum of scores
Let n be the number of students taking the test. THenr g

n

and
new sum of scores _ original sum of scores+ 10
n n

we have thaf5.4 = 75n+10 O 754n=75n+100 4n=100 n= % =25
n .

75.4 =

. Lets be the original sum of scores. Sirge 75n,

9. ANSWER:E
100

We assume that the numbers are chosen one at a time. Then, either (a) the first two numbers are the same
the first and last numbers are the same, or (c) the last two numbers are the same. In case (a), there are 10
choices for the first selection, 1 choice for the second (it must be the same as the first) and 9 choices for the
last selection (it must be different from the number already chosen). Hence, casd Qa) Has 90 possible
ways of happening. Similar arguments show that in case (b) thel® @& = 90 possibilities, and case (c)
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also haslO[® 1 = 90 possibilities. Hence, there are 270 possible ways to choose the numbers in the desirec
fashion. There ar&0[10[10 = 1000 total ways to choose the three numbers without restrictions. Hence, the

... . 270
robability is ——.
P ty 1000

10. ANSWER: 13
The following diagram describes the movement of the coin along its journey.

quarter guarter
revolution — 4 revolutions QQ\:evolution
2 2
revolutions revolutions
quarter&QO , "J quarter
revolution 4 revolutions revolution
11. ANSWER: 5

Since-1 is a triple root(x +1)® must be a factor ok* + ax® + bx® + cx + 2. The remaining factor must be
x + 2. Expanding(x + 1) using the binomial theorem results in the polynomiat 3x* + 3x + 1. Therefore,
x*+ax® +bx® +ox+2 = (X*+3x% +3x+1)(x+2) = x* +x*[2+3x* X +L . Hence, thex*-term is5x°.

12. ANSWER: 144 miles per hour _
The basic equation distance = rate[fime. The driver's average speed is givenclb?anc% me: Suppose
that one lap ig miles. Then, the times to drive the two Iapsai(e andﬁ, respectively. Therefore, the

180
2x 360(2x) _ 790P =144

. . 2X
driver's average speed s =

X 2X 3x
180 T120 300 T30 SX




