Luella 2015 Math Tournament Selected Problems 5’ 9/// F Thaes

2) The numbers 1, 3, 6, 10, 15, . .. are known as friangular numbers. Each triangular number

nin+ . )
: q can be expressed as —@2—2 where # is a natural number. The largest triangular number less
N

than 500 is:

A 494 B 4905 C 496 D 497 E none of these

3) Sotve (logy4) (log, 5)(log; 6) log 7)(og, 8) (log,9) =

A log,10 B2 Co D4 E none of these

4 There is an angle 6, 0° <8 <90°, such that tan8 = cos . ‘What is the value of 8in8?

N
3,

AN ) A 132-1 B L_Sz- 1 C _LS; 1 D -\/-_— 24+ 1 E it cannof be determined

6) H ABCD and EFGH are squares and AB=1, find the area of square EFGH.

A




. , - . ; . 1 1
7y The equation x3-3x+1 =0 has three solutions: @, b, and c. Calculate .

a* b* c*
A3 B4YZ C4/3 Dz Eo9
)
9) Simplify 1/5 +YS+y5+.
A 1+y2l B H—@ Cs D e E none of these
2 2
12) What is the maxinmum value of the function f{x) = Yo% 9
tan’x + 1
al Bl cl p 1 E1l fx
8 4 3 2 ./
13) For how many intégers. m, with 10.< m < 100,is m? -m —90 divisible by 17?
A7 B8  C9 D 10 E1l
16) Find the value of sin®10 + gin® 20 + sin® 30 +... +sin® 80 + sin* 90
Al - B 1/2—'_% C3 D % E3

8



19} Suppose f{x) is a polynomial with integer coefficients for which 4 and 15 are both roots.
Which of the following could possibly be the value of f{12)?

A 30 B72 C12 D36 E none of these

25) How many integers x in {1, 2, 3, ... .99, 100} are there such that x2 +x3 is the square of an
integer?

A7 B8 co D10 E11

27) Given that f{(x) = ax +bwith a and b reat, if £(f(f(x))) =27x +52, find the sum a +b.

A3 B4 C5 D6 E7

i /\>
./ 28) Suppose 4B is a diameter of the circle shown, BC is

tangent to the circle, ZBAC =30°, and CD =3, Whatis
the distance from 4 to B?

A 33 B6 c4/3 D8 . E53

29) Given that a is a nonzero real number such that sin + siny = a and cosx + cosy =2a, find
the value of cos(x -y).

A 5a2-2 B a*-2 c 3a?-2 b 9%%-2 B Ta® -2
2 2 2 2 2

\/\ )cos{u. — B) = cos{e} cos{B) + sin{e} sin(f)




2015 Selected Ciphering Problems

Ciphermng #4
The number 2 5 — canbe expressed in the form g ?{b, where ¢, b and ¢ are iﬂt‘ngersi
4—.‘ -t .
A 3
T -’; ' 3
!
42
Finda + b + ¢ (Note, the pattern goes on forever.)
Ciphering #8
Simplify
1 1 11 1
- T=—t= r+ ==ttt e
VZHVT V3+V2 NI +HAE VS04 V36 +35
Ciphening #15

Ifsin(2a) = 7;- compute the numerical value of

sin*(a) + cos*{a). .
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2) The numbers 1, 3, 6, 10, 15, ... are known as friangular numbers. Each triangular number

< nn+1 . ,
{ /“) can be expressed as —-Lz—) where n is a natural munber. The largest triangular number less

than 500 is:
A 494 B 495 /6?967 D 497 E none of these
N(nt N {(r+N L1000 n=30 3lx3 972
o0 1D —— = 5 = 4%
8 /'(Ms i
J ard hoc

3} Solve (lng34)(log4$)(lug56)(loga7)(log,S)(log,p)‘=x
A log,10 }_B/’77 Co D4 E none of these
Cﬂlm e 0—{’ éﬂse [o a= _#. 'od lo /o Jos 7 _ _ -
J LA //'/ééq % . .,.;b— /;ﬂ /?

7 :@

! _
4} There is an angle 0, 0° <8<90°, such that tan® = cos §. What is the value of sin@?

" A -L , C -&— -& E it cannot be determined

(anBzcos @ | 5in6 ,“’ff; xix~1=0 eV
—Sf,q :
Sin fmé’ o _“m) Fol
—_ 20 +s5inB - (= —_— -
Cose” ST | SO Y I
| Lot X=5mO 2

6) f ABCD and EFGH are squares and 4B=1, find the area of square EFGH.
|

o
A 74 B 13.//
| VA ZJ

e
N
w)
e s
)
“Wim
-
VI
\D\ N
w/
W
B
| win /




'(\
7) The equation x> -3x +1 = () has three solurions: ¢, b, and c. Calculate _li +-1—2 + ‘1. .
J’)<u,n 1)6 rosts -3 atf. l(,—.: T =D /arua/dlc'/ap rorts (Aéc) 4 e~ ab- 'é‘_‘é( <% c* k

A B4y2 c4fi ps  [F9] =
/@c_ +at +a (ﬂl»(ﬁc Mq) o?ptlc(a-ig K) (3) 2-N( o) 7+ 0 -[q m
T a¥ il (aéc) (=) ' —D
\3@@-;5,,4.4() é{-é 22 a2 ¢+ dube (a-l£+¢>

12
9) Simplify ¥/5 +YS+y5+.L. %:@ X =X ,:i;)( ) Hm

3
= 54
x = §4+xX —y

B .;I_"'—z?:?. C5 D oo E none of these

«“{»’

_ , | ) sindxcosx
X =J5x [+ )12 a()(-5) s -
Sec ™
X'=§+x 201y .
5 f st = 5;"/\3)(6»05}4 v 803 X
XX -5=p (e fer 3
sin®x cosx = 5""%‘&”5 A
12) What is the maximmun value of the function f{x) = ————7
tanx+l ( J5 ) /2
A}.E Bl cl pl i (F) ()f\/v
{8 4 3 2 Jz \
Mmim—90 maa=1# m=)o = /M'fa ”&ﬁ%&{’? e
( m+2)(m-10) mrgs e 27 44 () 78 95

mtiz=o m-lpz o 57) ?’6;73
13) For how many integers 1, With/i Osmx< lﬁﬂz is m2 -m—-90 divisible by 17?

pldyls ff 7

AT _ B8
s JN,;,LM(}W B (95 [ 43 [ 57 | A | 93 simx=e %"9
V27 |\ 4 (¢l | Z8 | F5 | H#T 7, L J
L ik ro5x = |

16) Find the valne of sin®10 + sin? 20 + sin® 30 +... + sin® 80 + sin® 9
Sratx + s'in’(qa‘-x) = |

; \/§ ~ ‘/ﬁ X ¥ sin 2/01" 5'1’/]’{?0*/0)':,/
Al E? 3 b 2 ES SIn 70+ sin> 80 =
cimiio  sm20 ST w40 o 29p

b i EO st PO + 5160 4 5/n° 50 &)

~J(/+(+(*(*(:@




Do 19) Suppose f{x) is a polynomial with integer coefficients for which 4 and 15 are both roots.
(  Which of the following could possibly be the value of f/{12)?

“ inderar coe{Kiciont
o A30 ' c12 D36 E none of these
0D 46)= K(x-Wxis) | )= -24k

Fl1a)= K( 12-4)U13-15) 7d = 24 k

fea) =k(gl3) | =s=k |
25) How many integers x in {1, 2, 3,....99, 100} are there such that x? + x® is the square of an 2 2 4
integer? ' : C
o 3% 9
A7 B8 co ] ’ D10 El1 g/
x‘2+xg | ¥ Count how mag,xs whee. ¢l
o pa z_:
:)(z((—fx> Y+l s a,oahﬂ_,,d's Ugn 51 3¢
X=3,8,15,24 35 43,4395 11 T numbers 741
27) Given that f(x) = ax+bwith a and breal, if £(£(f (x) )} ) =27x +52, find the sum @ + . §¢r
7%=
A3 B4 | Cs D6 E7 . /07 0o
. R
- I 2 1f - - _
[afaxet] o4 +} w27 | abralbdl= 52 [ |=4]
| \ az Fh+30+[=82
5 abtabth =8P+ 59 | A d b =52
= 3=

- t 7
(> 28) Suppose 4B is a diameter of the circle shown, BC is

tangent to the circle, ZBAC =30°,and CD =3, Whatis
the distance from A4 to B?

A 343 Cc43 D8  ES5fA

Secan-fﬁ‘wy(n‘l' 4o civila Xz"-‘ 2y B =2 5

Bc-BC = B-AC e )
X -d¥/)]3=° _ :
-x = (3 AB=lony by =¥I3 = (aJ3)(V3) = 2.3 =/¢
x-x =(3xy | fears)ee kg ]

29) Given that a is a nonzero real nnmber such that ginx + siny =@ and cosx + cosy =2a, find
the value of cos(x-y). #cos (X-jj 2 CoSXLo$Y +5iA X s/%

R

2-2 c .303—2 b 9q2-2 B Ta? -2 v
2 2 2 2 2

Sin?x +eos™™ + ﬂs»'nxs}? +ﬂw53¢oz7+sfnzj +ws2? 254
[ —l-&[cos(x‘,j)] + [ = 542 s .
o?oos(x~j) +Q =5a* [ coslx-y)+! -.Eﬂ
Q(LOS(X-j)" 1) =5a* 6os(><-j)= 2

A 5a%-2
2

SN . ‘ 2z 2
i\,// ) (‘,’/ﬁ){"’ SM}) =4

N ‘ , ,
97 s in*x +d sinxsin 45;1\; A

a .
fs bl ( Cosx tcosy y=( QA)Z
Cosx+ Qﬂosxaoy 1o 5’;1 = Ll-a?‘

Ba




2015 Selected Ciphering Problems

Ciphering #4
: 3 . aVh o
The number - can be expressed in the form  where @, b and ¢ are mteg-eza{ P
3 [
it 3 m
P
GeT
3

Finda + b + ¢ (Note, the pattern goes on forever.)

X.__._B___~ [ CHx-3z=0 | ~4xJ28 [a+l4c =

F+X ~4428+2 :@
=42 )1~ (-3) N :

) 2. —_
Axtx=3 2¢0) a3t lo2pe=g |
Ciphering 48
Simplify
,_l + ! — ‘_i + \_1 & )
VZHVT V3442 VA3 V544 V36 ++/35 -
T A
L mon g | RIS AT

\ !"Eé_l’*é:
. [".

7

S"n o{_a = olslmﬂ P3G —

Ciphering #15 Sinda {0( sina 4054.; -( }

Ifsin(2a) = g compute the numerical value of

?

sin*(a) + cos*(a).

45”'5(5054' qu

: |
oZSM Alos o = 1-2_ |

Sin’A + cos A = [ sin'ateos'a= = snacos™ sndiia =5
(S‘in’?a + wszﬁ\) :(f) =[- g5 U
ginta + dsidacosiateosa = | ~[ 97 | |




