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1. The sum of the squares of two positive numbers is 185.  If one of the numbers is 3 greater 

than the other, find the greater number.  

 

Let x be the greater number. Then the other one is 3x . 

185)3( 22  xx  

017662 2  xx   

0)8)(11(2  xx  

11x  

Correct Answer: D 

 

  

 

2. The base of an isosceles triangle exceeds each of the equal sides by 8 feet. If the 

perimeter is 89 feet, what is the length of the base in feet? 

 

 Let x be the length of the base.  

 89)8(2  xx  

 1053 x  

 35x  

 

Correct Answer: C 

 

 

 

3. If # is a binary operation such that ba# is defined as 











22

22

ba

ba
 and  022  ba , then 

what is the value of ba# if ba 2  and 0a ? 

 

 
3

5

3

5

)2(

)2(
)2(#

2

2

22

22


















a

a

aa

aa
aa   

 

Correct Answer: E 
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4. The domain of the real-valued function yxyxyxf  4),( 22  is symmetric 

with respect to which of the following? 

 

 

The domain of ),( yxf  is the intersection of the regions 

 4|),( 22  yxyx  and  0|),(  yxyx  

 

 It is symmetric with respect to the x-axis 

 

 

 

 

 

Correct Answer: A 

 

 

 

5. Determine the parameter m  so that the binomial 1x  is a factor of the 

polynomial 43)( 23  mxxxxp . 

 

By the Factor Theorem, 04)1()1(31)1( 23  mp  

 

6m  

 

 

Correct Answer: B 

 

  

6. In the figure, ABC  is inscribed in a circle with center O. If 100BOC and 
25ABO , then ?ACO     

  

50
2

1
 BOCA  

The sum of all the angles of two triangles ABO and ACO  is 
360  







25)100360(5025360

)360(360

)()(360







BOCBACABO

AOCAOBOACBAOABOACO

 

 

 

Correct Answer: E 

 

 

 A                                                    

 O                                                 

C                                                    B                                                  
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7. (Tie Break No. 1) In the figure, ABC  is inscribed in a semicircle whose diameter is  

17AC . If two semicircles are drawn with diameters AB and BC, with 8AB and 

15BC , find the area of the shaded region. 

 

 

The sum of the areas of the two 

semicircles with diameters AB and BC is 


8

289

2

15

2

8

2

1
22
































 

The area of the semicircle with diameter 

AC is 
8

289

2

17

2

1
2









 

The area of ABC  is    60158
2

1
  

The area of the shaded region is 6060
8

289

8

289









   

 

Correct Answer: B 

 

8. If 







evenisnn

oddisnn
nf

2

2

)(  and )1()(  nfnfan , find the sum 



100

1

100

n

naS . 

   

14)2()12( 22

12  kkka k , 14)12()2( 22

2  kkka k  

Then, 2212  kk aa  

 
 






50

1

50

1

212

100

1

100 100)2(502)(
k k

kk

n

n aaaS  

  

Correct Answer: A 

 

 

9. A circle passes though the points )0,0(  and )4,2( .  Its center is on the line 52  yx . 

Find the equation of the circle. 

 

 Let the center of the circle be ),( kh . 

The points )0,0(  and )4,2( being on the circle, 
2222 )4()2()0()0(  khkh , 

2084  kh . Since ),( kh is on the line 52  yx , we have 52  kh  

 Solving the system 








52

52

kh

kh
, we have )1,3(),( kh  

 The equation of the circle is 
2222 )01()03()1()3(  yx  

 That is 02622  yxyx  

  

Correct Answer: B 
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10. Marbles are to be drawn at random without replacement from a bag containing only black 

and white marbles.  If two marbles are randomly drawn, the probability that they are both 

white is 31 .  If, however, three marbles are randomly drawn from this bag, the 

probability that all three are white is 61 .  How many marbles are in the bag? 

         

Let n be the number of marbles in the bag and k the number of white marbles in the bag.  

We have 

 

3

1

2

2 
C

C

n

k  , )1(
3

1

)1(

)1(






nn

kk
 and 

6

1

3

3 
C

C

n

k , )2(
6

1

)2)(1(

)2)(1(






nnn

kkk
. 

Dividing (2) by (1), we have 
2

1

2

2






n

k
 and )3(

2

2


n
k  

Substituting (3) into (1), )1(
22

2
3 















 
nn

nn
, Since 0n , )1(4)2(3  nn  and 

10n  

Correct Answer: B 

 

11. 
4

23

)4(

9585232





x

xxx
 is equal to which of the following expressions? 

 

 By synthetic division,  

5|25152

1006080

95852324







 ,       

3|72

2880

251524







,     and 

1|2

80

724 

 

432

32

2

2

3

2

4

23

)4(

5

)4(

3

)4(

1

)4(

2

4

)4(

5

)4(

3

4

1
2

)4(

)4(

5

4

3
72

)4(

4

5
25152

)4(

9585232













































xxxxx

xxx

x

xx
x

x

x
xx

x

xxx

 

 

Correct Answer: B 

 

12. If m is an integer such that 25  m , and n is an integer such that 54  n , what is 

the least possible value for nm 23 2  ?  

  

 23m  has minimum value 0 for 25  m  and n2  has maximum value 8 for 

54  n . The least possible value for nm 23 2   is 880  . 

 

 

Correct Answer: D 
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13. The number of bacteria in a certain culture is related to time by  
teNN 5.0

0

  , where 0N  

is the amount present initially and t  is elapsed time in hours.  If the initial number of 

bacteria was 500,000, how much time would elapse for the number of bacteria to be 

100,000? 

 
te 5.0000,500000,100  , te 5.02.0  ,  te 5.0ln2.0ln  , t5.02.0ln  , and 

5ln2
5

1
ln22.0ln2 t  

 

Correct Answer: D 

 

 

14. Find the solution set for the system  











04

1
42

xy

yx  

 

Replace y in the first equation with x4  

1
4

42


xx
, 1

3


x
, and 3x . Then 12y  

 

 

Correct Answer: B 

 

 

15. If 8

68

214

321





x

, solve for x. 

 

xx
x

8

14
3

68

24
)2(

6

21
1

68

214

321

8 











 8)84(3)1624(2)26(  xx  

86214 x  

7014 x  and 5x  

 

Correct Answer: A 
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16. For a triangle, the differences between the semi-perimeter and the sides are 3, 4, and 5  

respectively.  What is the area of the triangle? 

 

Let a, b, and c be the lengths of three sides of the triangle and the semi-perimeter 

12543)()()()(
2

1
 csbsascbas   

By Heron’s formula, the area of the triangle is 

512)5)(4)(3(12))()((  csbsass  

 

Correct Answer: C 

 

 

17. (Tie Break No. 2) In the figure, the length of circle’s radius is 3 and its center is at O. AC is 

tangent to the circle at C. 32AC  and 6AB . Find the distance from O to AB . 

 

ACOC  . By the Pythagorean Theorem,   21332)()()( 2
2

222  OCACAO  

Let ABOD  and xBD  . Then xAD  6  

By the Pythagorean Theorem, 
22222 )()()()()( ADAOODBDBO   

We have  
222 )6(213 xx   

22 1236219 xxx   

2 xBD   

523)()( 2222  BDOBOD  

 

 

 

 

Correct Answer:  E 

 

18. Find the domain of the function

x

xf

1
1

1
1

1
1)(





  

0
1

1 
x

implies 1x  

0
1

1

1
1 





x

 implies 1
1

1 
x

 and 
2

1
x  

The domain of )(xf is 








 0,
2

1
,1| xxxx  

 

Correct Answer:  C 

 

 

  O 

 A                          C 

 B 

 D 
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19. 








12

7
sin


= ? 

 

4

26

2

2

2

1

2

2

2

3

4
sin

3
cos

4
cos

3
sin

43
sin

12

7
sin




















 

 

 

Correct Answer:  C 

 

  

 

20. Jane is 6 years older than Tom, and Tom is 5 years younger than Phillip.  Chris is 3 years 

older than Tom.  If Jane’s age is expressed as J, what is the sum of the ages of Jane, Tom, 

Phillip, and Chris in terms of J? 

 

 The age of Tom is 6J , the age of Phillip 5)6( J , and the age of Chris 3)6( J  

 The sum of their ages is 104)3)6(()5)6(()6(  JJJJJ  

 

Correct Answer:  A 

 

 

 

21. Solve the inequality     02014424452.0 22  xxxxx   

 

    )20()12)(4)(1(2.02014424452.0)( 222  xxxxxxxxxxp   

The number line is divided by the zeros 1, 4, 12, and 20 of )(xp into 5 intervals.  

0)0( P , 0)2( p , 0)5( p , 0)12( p , 0)13( p , and 0)21( p  

Therefore, the solution set is     ,20}12{4,1  by the continuity of polynomial 

function.  

 

Correct Answer:  D 
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22. Suppose )(xf  is a function such that    xfxf 1 , and 
3

1
)0( f . Evaluate  

  





























  )0(

3

1

3

1

3

1 11 ffff

 
  

3

1
)0()0(1  ff  




























































































  )0(

3

1

3

1

3

1

3

1

3

1

3

1
)0(

3

1

3

1

3

1 111111 ffffffffff

 
3

1
)0()0(

3

1

3

1
0

3

1

3

1

3

1

3

1 1111 






















































  fffffff  

 

Correct Answer:  D 

 

23. Multiply and simplify    1033   

 

    66

1

6

1
3

6

1
22

1

3

1

3 9000)10009(103103103   

 

Correct Answer:  C 

 

 

24. (Tie Break No. 3) In a trapezoid ABCD, BCAD// . The diagonals AC and BD intersect at 

point O.   The area of AOD is 5 and the area BOC is 9. Find the area of the trapezoid. 

      

Let EF pass through the point O and be perpendicular to AD and BC.  

The area of 5))((
2

1
 EOADAOD  

The area of 9))((
2

1
 OFBCBOC  

BOCAOD  ~  

3

5

9

5


BC

AD

OF

EO
 

The area of the trapezoid is equal to 

561499
3

5
5

5

3
5

3

5
)(

2

1

5

3
)(

2

1

))((
2

1





























OFOFBCEOEOAD

OFEOBCAD

 

 

Correct Answer:  E 

 

 A           E           D 

   B                        F                         C 

  O 
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25. Determine the constant term in the expansion of 

12

2 1










x
x  

 

 The general term of the expansion is jj

j xxC )()( 1122

12

 .  

0)12(2  jj  when 8j  

The constant term is 495
1234

9101112
812 




C  

 

Correct Answer:  C 

 

26. In the figure, the sides of rectangle ABCD have length 8. If it is folded along the dashed 

line MN, the vertex B is positioned at the mid-point E of the side CD and the vertex A is 

positioned at point F. Find the length of CN.  

    

 

 

Connect BE and mark the intersection point G of 

BE and MN.  NEGNBG   and MNBE  . 

Let xCN  . Then xBN  8 . By Pythagorean  

Theorem, 
2222 )()()()( BNENCNEC   

We have 
222 )8(4 xx   and 3CNx  

 

 

 

Correct Answer: C  

 

 

27. In ABC  , 90ACB , 3AC  and 4BC . D is a point outside of the triangle. If 

10AD  and 5CD , which of the following may be the length of BD. 

  

Set the triangle in a rectangular coordinate system. Place C at the origin, CB in the 

positive direction of the x-axis, and CA in the positive 

direction of the y-axis. Let ),( yx be the coordinates of D. 

10)3()( 222  yxAD  

25)( 222  yxCD  

Solve the system  

)4,3(),( yx   

17)04()43( 22 BD or

65)04()43( 22 BD  

 

 

Correct Answer: C 

 

 
  D                         E                        C 

 N 

M 

 A                                                   B 

F 
 G 

 

 

D 

C 

 A 

B  
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28. A railroad tunnel is shaped like a semi-ellipse.  The height of the tunnel at the center is 40 

ft and the vertical clearance must be 30 ft at a point 7 ft from the center.  Find an equation 

for the ellipse 

 

 Let 1
40 2

2

2

2


y

a

x
be the equation of the ellipse. 

 We have 1
40

307
2

2

2

2


a

 

 1122 a  

The equation of the ellipse is 1
1600112

22


yx

  

 

Correct Answer: B 

 

 

29. Solve the inequality  193  xx  

 

 Solve the equation 193  xx   

193  xx , 5x  or 193  xx , 2x . 5 and 2  divide the number into 

three intervals. In each interval pick a point to check the inequality. 

1)6(9)6(3   (False), 1)3(9)3(3   (True), and 1)0(9)0(3   (False)  

The solution set is  2,5   

Correct Answer: C 

 

30. In the rectangle ABCD, AED and BEC  are both isosceles with DEAE and 

CEBE  .  If the ratio of the area of AED to the area of BEC is 2:3, find the ratio of 

the area of AED to the area of AEB . 

 

 Draw FG through E and parallel to AB 

 We have 
2

3


FE

EG
  

 The area of AED  is ))((
2

1
FEAD   

The area of AEB  is 

 







































))((
4

5

2

1
)(

2

3
)()(

2

1

2

1

)()()(
2

1

2

1
))((

2

1

FEADFEFEAD

EGFEADABAF

 

The ratio of the area of AED to the area of AEB  is 
5

4

4

5

1
  

 

Correct Answer: C 

 
x 

 40  30 

 7 
 

   D                                                         C 

   A                                                         B 

E  G   F 
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31. Solve xx sin2tan   giving all solutions between   and  , inclusive. 

 

0sin2tan  xx , 0sin2
cos

sin
 x

x

x
, 02

cos

1
sin 










x
x   

0sin x  or 
2

1
cos x  

 ,0,x  or 
3

,
3


x  

 

Correct Answer: E 

  

32. If 2tan  , 3tan  , and 
2





 , find the value of




















4
sin

4
sin

cossin








 

 

1
321

32

tantan1

tantan
)tan(2tan

2cos

2sin

2cos
2

cos

2sin

2

44
cos

44
cos

2

cossin2

4
sin

4
sin

cossin






























































































































 

 

Correct Answer: D           

 

33. A sequence }{ na is defined by 70 a , 31 a , and 2123   nnn aaa  )2( n . Find 

n
n

a


lim
. 

  ,
9

1
4

9

35
3

3

1

3

13

3

2
,

3

1
4

3

13
)7(

3

1
)3(

3

2
32 








 aa  

,
27

1
4

27

109

3

13

3

1

9

35

3

2
4 

















a  

Assume that 

2

1
3

1
4



 









n

na and

1

3

1
4













n

na  

nnnn

na 




















































































3

1
4

1

3

3

1

3

2

3

1
4

3

1
4

3

1

3

1
4

3

2
121

1  

 By math induction, 

1

3

1
4













n

na .  Therefore, 4lim 


n
n

a . 

 

Correct Answer: D           
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34. The surface area of a large spherical balloon is doubled.  By what factor is the volume 

increased? 

 

 Let r  be the radius of the sphere before and 1r  the radius after its surface area is doubled. 

  22

1 424 rr   , 21 rr   

 The volume of the sphere after its surface area is doubled is 

   







 3

33

11
3

4
222

3

4

3

4
rrrV   

 

Correct Answer: B 

 

 

 

35. In a 110-volt circuit having a resistance of 11 ohms, the power, W  (Watts) is given by 
211110 IIW   when a current, I  (Amps), is flowing.  Determine the maximum power 

that can be delivered in this circuit? 

 

    222 5112751111027527511110 IIIIIW   

The maximum value of W  is 275. 

 

Correct Answer: C 

 

 

 

 

36. Triangles ABC and CBD  are each isosceles with BDBCAC  .  If ABC  is 

inscribed in a circle with radius 1 and AB is a diameter of the circle, find CD. 

 

 90ACB , 45CBA , and 135CBD  

 2
2

2
245sin)( 














 ABBCBD  

 By the Law of Cosines, 

 

 

      
224

135cos22222

cos))((2)()(

22

22









CBDBDBCBDBCCD

 

 

Correct Answer: D 

 

 

B D 

C 

A 
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37. If the angle   is terminated in the first quadrant and
5

3
cos  , find the value of tan . 

 

3

4
1

3

5
1

cos

1
1sectan

22

2 



















  

Correct Answer: E 

 

38. If xbxxaxf 2cos2cossin2)(  , 6
2

33

6









f , and 8)0( f , find the maximum        

value of )(xf . 

 

 820cos20cos0sin2)0( 2  bbaf , 4b  

6
2

33

2

3

2

3

6
cos2

6
cos

6
sin2

6

2 







babaf


, 3a  

4
3

4
tan2sin542cos

5

4
2sin

5

3
542cos42sin3

4)1cos2(4)cossin2(3cos8cossin6)(

1

22






























xxxxx

xxxxxxxf

 

Therefore, the maximum value of )(xf  is 945   

 

Correct Answer: C 

 

39. (Tie Break No. 4) If 
2

6

2
tan 

 
 and 

7

13
tantan  , find the value of ).cos(    

  

 
C

C

CC

CC
CCC

2

2

22

22
22

tan1

tan1

sincos

sincos
sincos2cos









  

 
5

1

10

2

4

6
1

4

6
1

2

6
1

2

6
1

2
tan1

2
tan1

).cos(
2

2

2

2























































 ,  

)1(
5

1
sinsincoscos    

7

13
tantan   implies )2(coscos13sinsin7     

Combining (1) and (2), we have 
30

13
sinsin   and 

30

7
coscos   

3

2

30

13

30

7
sinsincoscos)cos(    

 

Correct Answer: B  
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40. Find the value of  50cos20sin50cos20sin 22    

 

  50cos20sin50cos20sin 22   

 

 

4

3
30sin

2

1
1

30sin
2

1
70sin

2

1
30sin70sin1

30sin
2

1
70sin

2

1

2

40100
sin

2

40100
sin2

2

1
1

30sin
2

1
70sin

2

1
40cos100cos

2

1
1

)2050sin()2050sin(
2

1

2

100cos1

2

40cos1












 
























 

Correct Answer: A  

 

 

41. Find the exact value of 
8

tan


 

  

 12

2

1

2

1
1

4
sin

4
cos1

8
tan 













 

      

 Correct Answer:  D 

 

 

42. An airplane leaves an aircraft carrier and flies due south at 400 km/hr.  The carrier is 

heading in the direction North 60  West of at 32 km/hr.  If the plane has 5 hours of fuel, 

what is the maximum distance south the plane can travel so that the fuel remaining will 

allow a safe return to the carrier at 400 km/hr? 

 

 Let x be the maximum distance south the plane can travel.  

 By the Law of Cosines, 

       222 )5(400120cos5322532 xxx  
 

 22 4000400000016025600 xxxx   

 39744004160 x  

 955x  

 

 

 

 

 

Correct Answer: A 

 

  x 

60  

  N 
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43. A rectangle is inscribed in a right triangle as shown in the accompanying figure. If 

the three sides of the triangle have the lengths 6, 8, and 10 respectively, find the 

maximum area of the rectangle. 

 

By the property of similar triangles, we have 

10

6


x

z
 and 

10

8

6


 z

y
 

xz
5

3
  and )6(

5

4
zy   

xxy
25

12

5

24

5

3
6

5

4









  

Area of the rectangle is  
2

2

5

1
11212

25

12

5

24
)( 








 xxxxyxA  

The maximum area of the rectangle is 12. 

Correct Answer:  B 

 

 

44. Find BA , where A and B are integers satisfying the expression 

 3sinsin3sin BA   

 

 









3

32

2

sin4sin3

sin2sin)sin1(sin2

sin)sin21(coscossin2

sin2coscos2sin2sin3sin









 

,4,3  BA  and 1BA  

Correct Answer:  A 

 

 

45. (Tie Break No. 5) Ali and Bill play a game in which they alternately toss a pair of fair, six-

sided dice.  The first one to get a total of 7 on a single toss of the dice wins the game.  

Find the probability that the player who tosses first will win the game. 

 

On any single toss of dice the probability of winning is 61 and of loss 65 . Since “first” 

player only tosses every other turn, the probability of this person winning the game is the 

probability of winning on Toss 1  Toss 3  Toss 5  .  It is equal to  

 

11

6

36

25
1

1

6

1

6

1

36

25

6

1

36

25

6

1

6

1

6

5

6

5

6

5

6

5

6

1

6

5

6

5

6

1
2








































   

 

 Correct Answer:  D 

 

  x 

 y 

  z 

 z6  

 8 

 10 
 


