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1. Ans wer: (B)
a2 b2 c2 

Since a ,  b and c are nonzero real numbers and 
b2 2 

< 
2 2 

< 
2 b2 

, we s ee 
+c c +a a + 

that 
b2 + c2 c2 + a2 a2 + b2
--=--- > > --=--

a2 b2 c2 
Adding 1 throughout, we obtain 

1 1 1 
Thus 2 > 

b2 
> 2 , which implies that a2 < b2 < c2. So we have Ia I < l bl < lei ·a c 

2. Ans wer: (A)
Note that

(s in()+ cos ())2 = s in2 () + cos 2 () + 2 s in() cos() = 1 +s in 2() = 1 +a. 
Since 0::; ()::;�' we have s in()+ cos()> 0. So s in() +cos()= v'f+(i". 

3. Ans wer: (D)
We have 

4. Ans wer: (C)

Now we have 

1 1-- -X 2y 
1 

2x+y 
::::?-

::::?-

::::?-

30 

� · [(a-b)2 + (b-e)2 + (c-a)2]2 �. [(-1)2 + (-1)2 + 22] = 3. 

2x+y 2x+y 
= 1-

X 2y 
y X 1 2+-----= 1
X y 2 

y X 1 
X y 2 





Moreover, 

2x 

SO X >  3. 5. 

8. Ans wer: (B)

2(log 3 +log 5� +log 7i) 
log 2 

log(9 x 5) +log(49i) log(45 x 27 i)
-------- > ----,----

log2 log 2 
log( 45 x 3) 

> 
log(128) 

= 7 
�g2 �g2 '

Note that 74-1 = 2400, s o  that 74n-1 is divis ible by 100 for any n E z+. Now,

where 

756 7(756-1 -1 + 1) 
7(756-1-1) + 7 
7(74n-1) + 7 , 

n = 
56-1 '77+ 

4 
E !LJ . 

Since 7(74n -1) is divis ible by 100, its las t two digits are 00. It follows that the las t
two digits of 756 are 07. 

9. Ans wer: (A)

logx 2011 +logy 2011
logxy 2011

(
log 2011 

+ 
log 2011

) . ( 
log xy 

) 
log x logy log 2011 
1 1 

(- + -) . (logx +logy)
log x logy 

logx logy 
2+--+--

logy logx 
> 4 (us ing AM 2:: G M),

and the equality is attained when log x = logy, or equivalently, x = y. 

10. Ans wer: (C)
The roots of the equation x2- (c-1)x + c2- 7c + 14 = 0 are a and b, which are
real. Thus the dis criminant of the equation is non-negative. In other words , 

(c-1)2- 4(c2- 7c + 14) = -3c2 + 26c- 55= (-3c + 11)(c- 5) 2:: 0.

So we have 
11 < c < 5. Together with the equalities
3 - -

(a+ b?- 2ab 
(c- 1)2-2(c2- 7c + 14)
-c2 + 12c- 27 = 9 - ( c- 6)2, 
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15. Ans wer: 8001
Note that J5n- y'5n- 4 < 0. 01 if and only if

y'5; + v'5n- 4 = J5n 4 
> 400. 

5n-y'5n- 4 

If n = 8000, then J5n + y'5n - 4 = v' 40000 + \1'39996 < 400.

If n = 8001, then J5n + y'5n - 4 = v' 40005 + v' 40001 > 400.

So the ans wer is 8001. 

16. Ans wer: 1006

The s eries can be paired as
1 1 1 1 1 1 

(
1 + 11-2011 + 

1 + 112011)+(
1 + 11-2oo9 

+ 
1 + 112oo9

) +· · ·+ (
1 + 11-1 + 

1 + 111)·
Each pair of terms is of the form

1 1 
----,-+--= 1. 
1 + a-1 1 +a 

There are 1006 pairs of s uch terms , and thus the s um of the s eries is 1006. 

17. Ans wer: 54

X 
. 4 7r 4 7r 4 77r 4 (

77r)Sill (-8) +cos (-8) +sin (8) +cos 8 
s in4 (i) + cos 4 (i) + s in4 (i) + cos 4 (i) 
( . 2 (7r) 2 (7r) )2 . 2 (7r) 2 (7r) . 2 (7r) 

3 
2 Sill 8 + COS 8 - 4 Sill 8 COS 8 = 2 -Sill 4 = 2 ·

Thus 36x = 54. 

18. Ans wer: 1005

By the laws of s ine and cos ine, we have

Then 

s in A 
a 

s inE 
b 

cote 
cotA+cot B 

s inG 
c 

and 

cosC 1 
s in C . cosAsi� B+�os BsinA 

smAsm B 
s in A s in B cos C 
s in(A + B) s in C 

(
s in A s in B

) C . 20 
cos 

Sill 
(abjc2) s in2 C a2 + b2- 2 

( 
s in 2 C 

) ( 
2ab 

) 

a2 + b2- c2 
2c2 

2011 - 1 
= 1005. 

2 
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22. Ans wer: 3

Note that
1 1 1 

-+- = - =? xy- 211x- 211y = 0 =? (x- 211)(y- 211) = 2112. 
X y 211 

Since 211 is a prime number, the factors of 2112 are 1, 211, 2112, -1, -211, -2112. 
Thus the pairs of integers (x, y) s atis fying the las t equation are given by: 

(x- 211, y- 211) = (1, 2112), (211, 211), (2112, 1), (-1, -2112), 
(-211, -211), (-2112, -1). 

Equivalently, (x, y) are given by 

(212, 211 + 2112), (422, 422), (211 + 2112, 212), (210, 211- 2112), 
(0, 0), (211- 2112, 210). 

Note that (0, 0) does not s atisfy the firs t equation. Among the remaining 5 pairs 
which s atisfy the firs t equation, three of them satisfy the inequality x � y, and they
are given by (x, y) = (422, 422), (211 + 2112, 212), (210, 211- 2112). 

23. Ans wer: 93

By long divis ion, we have

x4 + ax2 + bx + c = ( x2 + 3x -1) · ( x2 -3x + (a+ 10)) + ( b-3a -33 )x + ( c +a+ 10).

Let m1, m2 be the two roots of the equation x2 + 3x- 1 = 0. Note that m1 -=1m2,
s ince the dis criminant of the above quadratic equation is 32-4 · 1 · 1· ( -1) = 13 -=1 0.
Since m1, m2 als o s atis fy the equation x4 + ax2 + bx + c = 0, it follows that m1 and 
m2 als o satisfy the equation

(b- 3a- 33)x + (c +a+ 10) = 0. 

Thus we have 
(b- 3a- 33)m1 + (c +a+ 10) = 0, 

and 
(b- 3a- 33)m2 + (c +a+ 10) = 0.

Since m1 -=1m2, it follows that b-3a-33 = 0 and c+a+lO = 0. Hence we have b = 

3a+33 and c = -a-10. Thus a+b+4c+100 = a+(3a+33)+4( -a-10)+100 = 93. 

24. Ans wer: 1120

Let m and n be pos itive integers s atisfying the given equation. Then 3(n2-m) = 

2011n. Since 2011 is a prime, 3 divides n. By letting n = 3k, we have (3k )2 = 

m + 2011k. This implies that k divides m. Let m = rk. Then 9k2 = rk + 2011k s o
that 9k = r + 2011. The smalles t pos itive integer r s uch that r + 2011 is divis ible
by 9 is r = 5. Thus k = (5 + 2011)/9 = 224. The corresponding values of m and n
are m = 1120 and n = 672.
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� = c2�b2• Since GN is parallel to AD and G is the centroid of the triangle ABC, we
have MD/MN = 3. It follows that c+b = aJ3. Thus , AB = aJ3-b = 15-6 = 9. 

28. Ans wer: 28

The s um of 55 pos itive cons ecutive integers is at leas t (55 x 56) /2 = 1540. Let
the middle number of thes e cons ecutive pos itive integers be x. Then the product
abed= 55x = 5 · 11 · x. So we have 55x 2': 1540 and thus x 2': 28. The leas t value of
a+ b + c +d is attained when x = 5(7). Thus the ans wer is 5 + 11 + 5 + 7 = 28.

29. Ans wer: 168

Firs t L_BDP = L_BCA = L_BAP so  that P, B ,  D, A are concyclic. Thus L_ACD =
L_ P  BA = L_ P  DA = L_DAC s o  that DA = DC.

By cos ine rule, cos C = 3/5. Thus DC = � ACjcos C = 21 x 5/3 = 35. Hence 
ED = 10 and BC = 10 + 35 = 45. Thus area(L,ABD) = �� x area(L,ABC). By
Heron's formula, area(L,ABC) = 756. Thus area(L,ABD) = �� x 756 = 168.

30. Ans wer: 276

Since the number of pos itive divis ors of a is odd, a must be a perfect square. As a
is a divis or of 4400 = 24 x 52 x 11 and a has exactly 9 pos itive divis ors , we s ee that
a= 22 x 52. Now the leas t common multiple of a and b is 4400 implies that b mus t
have 24 x 11 as a divis or. Since 24 x 11 has exactly 10 pos itive divis ors , we deduce
that b = 24 x 11 = 176. Hence a+ b = 276.

31. Ans wer: 20

Firs t we let /!, be the line which extends BC in both directions . Let E be the point on
/!, s uch that AE is perpendicular t o  f. Similarly, we let F be the point on /!, s uch that
DF is perpendicular to f. Then, it is eas y to s ee that BE= AE = v'6, CF = 2J2
and DF = 2v'6. Thus EF = y'6 + 4- 2J2 + 2J2 = 4 + v'6. Now we let G be 
the point on DF such that AG is parallel to £. Then AG = EF = 4 + v'6 and
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which is a contradiction to the given fact that each element of S is les s than or equal 
to 2011. 

Case 2. 1 is in A. We may let a16 = 1. Then a1, a2, · · · , a1 5 are compos ite numbers .
As in Cas e 1, we have 

which is a contradiction. 

Thus we have shown that every 16-element s ubs et A of S s uch that all elements in 
A are pairwis e relatively prime must contain a prime number. Hence the smalles t 
k is 16. 

35. Ans wer: 12

Let the extens ions of A Q  and BP meet at the point R. Then LP RQ = LP AB =
LQPR so  that QP = QR. Since QA = QP, the point Q is the midpoint of
A R. As AR  is parallel to LP, the triangles A RB and LP B are s imilar s o  that
M is the midpoint of PL. Therefore, N is the centroid of the triangle P LB, and
3MN= BM.

B 

Let LABP = e. Thus tanB = A R/AB = 2A QjAB = 5/6. Then BL = PB cosB = 
ABcos 2 0. Als o BM/BL = BQ/BA so  that 3MN = EM = �� ABcos 2 0 
cos 2 B(QM + 3MN). Solving 'for MN, we have MN = 3�:;_; e = 3x (�f6)2 = 12.
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