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No calculators are allowed on this exam. You will have 60 minutes to complete 40 questioms.
Each correct response on the written test is worth 5 points. There is no penalty for an
incorrect answer.
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1. Find the solution set for the equation.

(a) z={0} (b) z = {0,1} (c) z={-2} \ (d) z={-2,3} I (e) z={1,3}
2

x -x=§
Xx-6=©

(x-3)Xx+2)= 2 , X= 3;2)

2. Simplify the complex fraction into a simplified rational expression.
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T
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x x
(a)zii ) =3 ©) 737 @) =2 —1)2

3. The arc that corresponds to a 30° central angle has length b. Find the area of a sector in the same c1rcle that
corresponds to a central angle of 45°.
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4. In a group of three friends, the sums of any two of their ages are 20, 21, 23. How old is the youngest friend?

(a) 6> (b) 7 {c) 8 : / ) 9 / (e) 10

X+j 23"" 2}(1»&51-22 CU4 |[¥ITP x is assignedd 75 be the
R wayrzezn | SV & X+ y2=32
Yt2=23 x+23=3L ‘“3

o

5. Solve the equation.

-2
3 33(><-2) - 3
o 3()(-2):-23(
| (b) o= 3 ==y
OGS 5x=4
@) z= g
(e) z=+

6. The linear function é(z) satisfies the conditions f(2) = 5 and f (f(2)) = 11. What is the value of £(11) ?

(a) 20 (b) 22 ﬁ (c) 23 ‘ (d) 23 (e) 25

‘F‘p(z)jb ::]—j’:m()(q(\) 3(/0:8 (”)_H
(5)—“ . 3_5:2(X~9~) /j(”):gﬂ

() shpe:m* z' 37| ysE -t |
Pom{ ((;2 ) 3 j ':'(QX + ‘
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7. On a math test, the passing students averaged 83, while the failing students had an average of 55. If the overall
average for the class was 76, what percent of the class passed the test?

Y #‘.;f' fd“,'ﬁ 5%.&»"3‘ 3':‘: H i ‘&i”flﬁ J‘f’ui@’l‘}j

(a) 44% (b) 66% (c) 68% (d) 72% (e) 5%

7 3x+ Q'B} = 7 (Xf}) ?y:&/}
f3xi§§(«]{2?éx+7ég’ X:3} |
8. Suppose that log, z = -;; What is the value of log, 8 7

(a) VB ()2 @ (d) 4 (e) V48

452 | Z‘llr”f(l’t%)?
log oo () -[%]

9. How many real solutions does the equation (3

(a) 0 (b) 1 L (e) 2

2

¥(x-2)=® 0= 3{_1:( 5 =3y
X=0,2 5 %
J (= 3x%) X~/

10. Find the solution set for the equation below.

_/74+ /‘ijL: /Uj(éé) logg(3z) + logg(z — 4) = 2 |

(a) 2 (b) {-2,6} (c) {6,18} (d) {0,6} '~ (e) {6} /

i%é[g)([x"ﬂ] -202- [ = 3x2_12x53g X:é' -2

22/ 0= 3(x* tix~|2 :
¢ Bxlxe) | el )
34~ 3x7-12x O=3(x-¢)(x+2) |

e




2016 Junior Vars‘ity State Competition
. 2
11. If sin(z) + cos(z) =

3 .
| *’a3+é =[ml)(42.a[+[2)
| 3 what is the value of sin®(z) + cos®(z)? W 5,;‘2_)( + 4052)( - l
@y OF: (€ 5 @ 2 @ /
/ g2
Sin X +cos X (Sm)( 'l'LoSX) (.:m X — simXcosX +cos X) Gm X-}cosx) = g,'n“x»,ﬂg;/!m;x
: ( ) - ( TE’)] ( )

{ e? Si/!yco SR
12. In AABC, the pomt C lles o ent BD. Also AB = AC =5 and BC =6. What is the area of AABD
ifCD=177

Sl’nxfgjy :.(i (‘2{)

=+ Qsmxcasx

(a) 21 (b) 25 ( (c) 26 / (d) 50 (e) 52
4 réa A E ~ :

| @Zr&k"'o?éj

13. The two roots of the equation z2 — 85z + K = 0 are prime integers. What is the value of K?

e ——————

(a) 78 (b) 80 (c) 154 ( (d) 166 ’ (e) 858
1,54 |

RIS
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N = 3
14. Find sec (a.rctan (;gﬂ {0’4 8 /{

v 2V () 212 © & @ Y2 (

B R —
e 5‘“@"’*«"(’4)} /s
2 | 2

15. How many diagonals does a regular' 20 sided polygon have?

' @( a(l?fjaﬂﬂpS :n[n-—3)

(b) 180 o
(e) 190

(d) 200 n= 01/0

(€) None of the above. —

; _do(20-3
Oe'd”“"‘&-'o(a ): (70

16. Solve the inequality. X -# [ -]
J
2 1
z+1 " z-1
.......... g |

(a,)z<-—lor1<a:_<_3/ K+ ( :)(-—\

(b) -1<z<lorz>3

() 1<z<3 02[,(-;):)(‘\’ |

(dz<lorz>3
() -1<z<lorz>3 2)(-—2_: X = i

X=3

!,
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17. In the plcture below, AABC is an isosceles triangle with a right angle at C. AADB and ACDB both have

\ area 1in%. DE is perpendlcular to AB. What is the length (in inches) of DE?

ibd=2
e A

- B
L x=Z

A 2 C E(QB)‘ED’*'
AABD Awaz! | B0

@ L o) 205 CR @%] 0 22
mon
¥If a4 then m=n
18. Solve for z. b 44 4 47 g8 * 4”!. a n . M'H'\
(a) z = 504 (b) z = 1007 (c) 7= 2015 (d) z = 1008 (e) z = 2015

260 242X ol =
H(p)=27 [ gt | el
,;lz' zzzx: ‘Qw“ Ixt2= QoI [Xt /00‘7/

19. The function f(z) = 6x° + bz® + cz? — 35 has integer values for b and ¢. Which of the following could possibly
be a zero of f(z)? A

(8) z=2 (b)x=§ / (c) z=3 (d) z=4

—
D
~—
3]
B | .
Tl e

Yuse et

laoss«Ue 2ens (}_)ebvem l, 5[71 35
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20. The function f(z) is defined as

flz+1) ifz<3
L&g . f(x)—“-{(%); ifr>3
F1ndf(2+log2( )) "’i’F(ez S) ’P(} 5')
(a) 1—12- ._ " (b) é (©) 136 (d) % (ej 1—76
R R A g (% T s
B} (§)3+ 3% | = § 7 N i (f)_
2 _

{1

v ,‘03(343 i o / .‘_
<GP0 < 2o e 2

21. The base of a triangle is incréased by 15% and the helght/’i decreased by 20%. What is the change in the area?
S '

: - | new AdS’& = X+ O0l&x = /,/5“)4
(a) The area decreases by 5%. 2= Cod . _ .
ﬁ ! ”The area decreases by 8%. Neéw M’j At - 4 j o. ‘2?0'1 - O‘ gj
((c)The area decreases by 9.2%. ' __/:/ ) [ ) o .
(d) The area increases by 8%. ne@ AYt’d =1 (’ i ' , - )
) The area increases by 9.2%. =~ o 2 ¢ 57)‘ ) ( 0 o'{yﬂl’
i

},\__‘m ol veazaxgp =-'(0‘f@"}

i This is 2%, oFf He mqjiaﬂ(’) aren
“; [ woh cﬂ e a decase ég 5;/

22. Find the equation of the line that passes through the centers of the following circles.

4+ y? -8z +2y=-1, . N ’ ‘ v/
: o +y? + 4z — 2 = 31- )
(&) 82~y =8 m )C(cm”y——l (d) z=4 (€) 3z+8y=4 ’
X -8t l o2 sdotbampell4 s slype: 2020
j "2-4 -’ /3

-0+ Hye ) =l conter (41)

X+‘+x+ft+7 -2+l ‘3/+4‘+ j ,L.;(X.Fa)
() DT 3¢ | ot (21) | (4= 3% )3
33-3:-9(—2
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23. Two real numbers z and y have the property that their difference is 6 and the difference of their square roots

is 1. Find the sum of z and y. {KW\”/;
"'“\*i‘
a) 16 g 4 37 e) 3+6
(8) (b) O @ 3| (
)(‘ = é - Y
. )1 ( (H DM é ¥y =6 ) 4 A8 7 [37
X b - - ) - - ——
} X- 25 = é lf 4 l’— 2
&=HJ‘;L J_é‘ JJ X= 'tmtr
2T
L vy g 4
24. Scores on a national achievement t;est are normally distributed with a mean of 700 and a standard deviation
of 75. The 85th percentile of test scores is closest to
(a) 625 (c) 740 , (&, 775 i (e) 800
Yoo TP ¥5o .
i&_u_}
25. The measure of an interior angle of a regular polygon is 9 times the measure of an exterior angle of that
polygon. How many sides does the polygon have?
() 9 (b) 10 (o) 18 () 20 N (o) 24
LPD( /"'2) g "té/l . - { - )
(LN -~ 3 74) W — p
Tatenis, — ! 7 éx‘t&u’&\/ (§0n=360 = 3240
_ 360 8ol G/ 36 O) 1§D = F4o0
Cdor= 30 o LD |
. n= Lo S‘/tﬁéz‘r f
T ——
26. ARBY has vertices R(-1,2), B(-3,4), and Y (8,1). Classify ARBY according to its sides and angles.
"a), Isosceles, obtuse B : ‘ !
(b) Scalene, right ~7T - v T T
(c) Scalene, acute \:' N i
(d) Isosceles, right R 1 Y
[— a.lene,obm;) W B 4| |
()
_J
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27. The perimeter of an equilateral triangle is 24 units. What is the area?
N\

(aj Sﬁ (b) 8v3 (c) 16v2
TSNS 7 A= L

e 2 .
5w A:;-(y)(w):{/éﬁi |

(e) 32v2

28. The quadratic equation 5x% — 48z + n = 0, where n is a constant, has z = 10 as one solution. What is the
other solution to the equation?

! . '
attlytezo —
(a) z=-38 b)a:——§ (c):z:=—2 (e):z:=§
W I : i
QJ&JM""L Nex 06 roovs -
Y lo+ r,
. [
n ¢, T - r = q’ ¥ :
, T a 2= z-lo
N 29. A restaurant offers a lunch menu with 3 different sandwiches, 2 Wads, 6 varieties of drink, and 4 types
of soup. How many combinations are possible if you choose exactly one sandwich, one drink, and one soup?

(2) 15 (b) 36 - (c) 48 ) 144
T 3Ix Gxy = /% ’

10
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30. Find the inverse function for f(z) 2;_: 31 o
()
3 _dx-| [ .- ~3x-| |
() @) = s 3‘ X+ 3 | J T o X-2
[(b) f—l(z)=~3””_+21{ < dy=L
...,LC)..J,..,,*.[;E),.—_,.m_,3 , ; § A
' 3z 1 X(j+3) g\jﬂ 4—/
@ /@) = -2 '-{’ | 3X
1 2x -1
(€) [T (@)=-7=3
X:] ‘”‘QJ = -3x
j(X~Q) = 53X ~|
K
31. Simplify. i1 = ‘ . N
P L,g‘:' v tomd) i . é:\ }
U —> ¢ =L | '
@0 F=al ®1 @41 Z(d)i / (o) =i
ol ,
L ==
O
-4 »
L =i
(:2: -

32. Use properties of logarithms to simplify the expression.

Kuse cﬁ47< aé’ bise. log, 3 -logy 6 ogs 16 = !_/.{
Y "'IFI - /ﬂ\li '
PP ioﬂ«

n
(a) logz25 . (b) logg 25

11
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=1+lhave?
T a

. . . . 1
33. If a is a non-zero constant, how many real solutions will the equation o

(a) O (b) 1 (c) 2 () 4 (e) Inﬁnitély many

Loy

: 2 2_ .
{ atx [ X+dax+a =a* f —A‘i'.):?;; fo )?@,ﬂ Sb/q-h’w\f

‘_—-'-'-n—”

2
b & 8 ANX x2+ax+a pondl & 2o

Q‘"’"‘) —ay —aim)

A ——————————————
{
34. Which of the following is the base 2 equivalent of 25.257 é‘l t 2 + c? = Q 5 3\ ;; g

() 1011.01 (b) 10101.1 (c) 10011.01 (d) 11001.01 (e) 110011.1

([1&%)'\- (‘¥Q3)-¢-(Ox;l)a—{oxﬂg-r(lxg”) (ox;z) (“{Q) 45

[1001 ol = 45.25,

35. In the circle below, chord CD bisects chord AB at point E. If the measure of CE is nine less than twice the
measure of BE , and the measure of ED is six more than the measure of EA , find the measure of chord CD.

Note: All units are in centimeters. X=£
BE x AE =CE x ED | (D= CE+ £D
X - X = (29 (x4¢) 5 D CD= 2x-F+ x+{

xz:: gxz-ﬂla('?)(‘ 54 - 3,(&3

D= x'+3x-54 |
O=(%-€)0x+7 D CA €0=3()-3 :@
@ x=-7 | .
" (2) 3em (b) Gem (©) 12em @ (¢) 2tem

\\’%‘?

12

5
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¥a L s-(mt,) (2l %)

36. If ¢ + i = 4 what is the value of z° + ia ?
L T

@’ (b) 56 (c) 60 @)264' ) |
A TR R [ EPr Oy

= (4)(-1) o
S 43 :IS;Z!

37. Given AABC has sides 4,5, and 6 and ZC is the biggest angle, what is cos A + cos BY

@ 3 (b)§ © %f <d>g
s AAEEAT RS | oz
2be Taayy | " &g
CosB= aec?- b CogB egé_“iié_:/_g_ CosH +cos B
Lac - A (3¢6)

38. Find the real solutions of the equation.
T+2/T—-3=0

| (v’?c)z"’ A)x -3= 0C
(a) z=lorz=-3 | . _
i (% +3 ) (K-l ) =o

(¢c) z=00rz=1

éﬁf:f/ J;+3:Q [ JX~(=o0

=3

X=(

13
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39. A line with slope —2 and a line with slope 3 intersect at point (2,10). The line with slope —2 intersects the
z-axis at point @ and the line with slope 3 intersects the z-axis at point R. What is the area of APQR?

ﬂmz P Q w ; / e {’ \’\
(k- ! 4 2z
1 ,)j‘,f, " | e PR o %
o-;—l"'m' ) ( 7 o) Pom‘f Q IbJ j =3y + Y A ”’4 (RQBCP T)
=7 (’4"%2)/ T;F N =3 o=Ixt4 ( 2 _)(iu) =255
R % Q 3% 3&-2) XY= i2575,

40. Let f(z) be a function on the real numbers with the property that f(a + b) = f(a) - f(b) for all real numb
a and b. If f(4) = 6, find F(10).

| (a) 6v2 (b) 6v/3 (c) 36v2 / (d) 366 / (e) 108

£(8)= £(2+2) = $(2)-f2) =(
fy=¢
f(a)=I¢

g
i’
il

}(/o) =f(%+4) = -F(g)‘. £(3)

£(8) = L (4+4) = f(4) - £(w)
Sine €)=, FL8)-F(n)= 3¢

£(1) = £(5)-+(2)
= 3¢-J¢

y-3¢7|
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o¢

| | - koums 1 R Jx 3 =721
o B A VS

1. Rewrite the express1on log216 6 log2 256 as a rat10nal number

i‘/“’ é 3( Ia 256 ;— f -.i.... - -’ L
S o R el
aieg | avease |57
alg%=¢ x=73 =g
2. Joe travels from Town A to. T B at a spel °d of 30 miles per hour. Jacob

~ travels in the opposite direction (from Town B to Town A) ata speed of 45 miles
per hour. The distance between Town A and Town B is 450 miles. If they start
at the same time, how long does it take for Joe to complete his journey after the

two I;eople pass each otlzer ? - -~ {-t_ TJoe ﬂfd,{'—ef ‘.‘;_:9 ~(5 /,':; fplél/
0 o -~
Toe 2584 "‘é Jac 4sp=(45) 1 Ao § e, Toe stll has

& o {=t ‘ /.s €=
: : A‘ : N '8 . ‘f 66,( -7[03’ j:peanj JZ(,:‘ f Mlj- ' %
3. What is the coefﬁc1ent of x2y? y© when (x -I:_i_%_ X )" is expanded into standard J gtli/]
form? ()" Ij‘ R NCY |
o La'lré) ty 2 2

[4-&4)?, i'i 3 , . é(X)(gy) . =
- ( “Tfﬁ c4 Ul
4
4. The ar:a of a circle i isn-rmw, Where N is an integer. What is the smallest value
that n can have, if the area of the square is greater than 1000'-’ _ S

n-m=Tr | 1=
_ .2 N—" . IDbD 'Q\" '<r.‘?'-250‘ - A
n=r- , | 5’00- o r =50i

5. What is the units digit of 10! + 4! ?
[0.7-¥-7. T ‘ + l‘"f.g'?-‘l

: o+t 24 = 44
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0 " ROUND 2

P. What is the perlmeter of a right triangle W1th hypotenuse of 34 and an area
of 2407

-2

g2 1. Find all ordered pa1r solutlons to the system of equations below.
-2 .
i, iv)

3x-T7y+6=0
' x2_y2 =4

199 ‘2._ The solution to the linear equation belbw'can be written a's a ratio in lowest
q

‘ 4% g
- terms x=2 . Find a+b . _ — -2 - -y ..._ -
; stk
5 2 3 1 -5 ,-55’2‘1‘ 3 »
—_— — — e 1 — —— — — — . . ot - S —— a —— //"'A'A \\.
gDl (5.‘ 2t 3F | e

"‘SL 3. Sirnplify the complex.fraction in lowest terms.
1 1 ~l dyt] |
—_— ﬂ h . ,
yl y-l_ =mET T 'ﬂ~l+3+l 2 -
1 1 J -t - - ,;Z ':'ij
y+1 y-1 q~i-y-t 7 ej—:-a\, 2

5;f( |
JE6F |
4 gL 4. Let A be the sum of the exterior angles of an octagon and B be an interior

angle of a regular dodecagon. What is A+B ?
A=3¢o - A+8= i£0+3€0 !Siéi

Bs [F) a1z, B=/[50

5. Find the remainder when 2x5 —3x* +40x> +10x% +x—21 is d1v1ded by x+3 .
-3 12 ©° -3 Yo jo | ~2)
\L __é Ig 45 15 75 2 22 | A A

> o 15 -5 25 -7 |20]]




