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Part I Multiple choice questions. Choose the best answer for each question.
1. Letsets A={r:2>+3x—4>0}and B={-4,-2,0,3}. Then ANB=( ).

A.{-4,3} B. {—4,-2} C.{-2,3} D. {0,3} E. {-2,0}

1 1
2. If — and 3 are roots of the equation 2% + 2 — 1 = 0, then 20! x 26+1 = ( ).
a

Al B.2 C. 4 D. 16 E. —

3. If the base radius of a cylinder increases by 30%, while its height simultaneously decreases by 30%, then

the volume of the cylinder will ( ).
A. increase by 18.3% B. increase by 9% C. decrease by 9%
D. decrease by 6% E. remain unchanged
m% — m_%
4. — — = ( ).
mz2 +m- 2
A.m B.m+1 C.m-—1 D.m?+1 E.m?—1

5. If 2? = 5 and 2¢ = 7, then log, 0.7 = ( ).
Ag+p—1 B.2q—2p Cg—p+1

D.g—p—1 E. None of the above

6. The set of solutions of the inequality |z(x — 5)| < 6 is ( ).
A {-1<z <6} B.{-2<x<1} C{-l<z<lju{d4<z<5}

D.{z <-1}U{z > 6} E{-1<z<2}U{3<z<6}
7. Four girls and three boys are to be arranged in a single line. If boys are not allowed to stand next to each
other, then there are ( ) different possible arrangements.

A. 144 B. 288 C. 1440 D. 2880 E. 5760

8. Ifthe median of six numbers x + 2,z + 3,z +4,x — 4, x — 5, x — 6 is 8, then the mean of these six numbers
is ( ).
A.3 B.7 C.8 D.9 E. x
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10.

11.

12.

13.

14.

15.

3

. The coefficient of the term 21y in the expansion of (z + y—Q)(x +y)Pis ().
T

A. 65 B. 84 C.94 D. 127 E. 176

Given the circle 22 — 4z + y* = 0, the minimum length of the chord intercepted by the circle from a line
passing through the point (1, 1) is ( ).

Al B. 23 C.2 D. V5 E. 2¢/2

Given that A is a point on the parabola C : 2> = —py (p > 0), the distance from the point A to the focus of
C is 15, and the distance from A to the z-axis is 7, then p = ( ).

A. 14 B. 15 C. 16 D. 28 E. 32

1
In a shooting game, the probabilities of John and Anna hitting the target successfully in each shot are 3 and
2
3 respectively. If each of them shoots three times, the probability that the total number of successful hits

by John and Anna is 4 is ( ).

1
u B. o .2 D2 E
27 81 81 243 243

Given S,, be the sum of the first n terms of the arithmetic sequence {a, }>° ;, and 2S§ = 35554, a; = 4.

Then a7 = ( ).

A —14 B. -8 C. -2 D. 10 E. 18
3r+4y <7

If x, y satisfy the constraints ¢ = — 2y > —1 , then the maximum value for z = 3z + y is ( ).
y>—1

A4 B.6 C.7 D. 10 E. 11

The function f(z) is defined on R and satisfies f(z) = f(x + 2). Forz € [4,6], f(z) = 1 + |z — 5|. The

following inequality ( ) is false.
A. f(sin%) > f(cos %) B. f(sing) > f(cos g) C. f(cosm) < f(sinm)
D. f(sin 2%) < f(cos 2%) E. f(sin g) < f(cos g)
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Part II Problem-solving questions.

1. Suppose the sum of the first n terms of the sequence {a,, }°°, is S,, = n? + 2n. In the geometric sequence
{b,}22, with positive common ratio, b; = 2 and b3 = 2ay.

(a) Find the general terms of the sequences {a,, }>° , and {b, }5° . (4 marks)

(b) Let ¢, = a,b,. Find the sum 7}, of the first n terms of the sequence {c, }°2 . (4 marks)

2. Let f(z) = 8z + ax® + bx® + cx + 9, where a, b and c are constants. It is given that the remainder is —10
when f(z) is divided by = + 1 and f(z) = (pz* — 3z + 3)(22* + gz + r) where p, ¢ and r are constants.

(a) Find the values of p, ¢ and 7. (3 marks)
(b) Find real roots of the equation f(x) = 0. (5 marks)

3. In AABC, sin(A + B) = 65sin’ %

(a) Find cosC'. (4 marks)
(b) If LA = 45°, find sin 2B. (4 marks)

4. In AABC, AB = AC, AD = AE. The point F' lies on AC, DF intersects BE at the point &, and
LAFD = Z/DEB.

(a) Prove that ADEG ~ ADFE. (3 marks)
(b) Prove that ADEF ~ ABDE. (3 marks)
¢) Prove that . = . . marks
(c) hat DG - DF = DB - EF (2 marks)

5. Given two points A(—2+v/2,0) and B(2v/2,0), a moving point M (x,y) satisfies that the product of the

1
slopes of the lines AM and BM is —5 Let the locus of the point M be the curve C.

(a) Find the equation of the curve C. (4 marks)

(b) The straight line ¢ : y = kx + b (k, b # 0) intersects the curve C' at points P and (). The midpoint of
the line segment P() is D, and the origin of coordinates is O. Find the slope of the straight line O D
(in terms of k). (4 marks)
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Suggested Answer

Part I Multiple choice questions.

Question Number Best Answer
1 A
2 D
3 A
4 C
5 D
6 E
7 C
8 C
9 B
10 E
11 E
12 D
13 B
14 D
15 B
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Part II Problem-solving questions.

1. (a)

(b)

(b)

(b)

4. (a)

Whenn = 1,a; = 3. Whenn >2,a, =S5, — S, 1=n>+2n—(n—-12-2(n—1)=2n+ 1.
Thenn > 1, a, = 2n + 1. Since ay = 9, b3 = 2a4 = 18. Let the common ratio of the geometric
series {b, }°°, is q(> 0). Then b3 = b;¢*. Since b; = 2, 18 = 2¢*. Then g = 3. Thus b, = 2 - 3"~ L.

Since ¢, = ayb,and Ty, =c; + o+ 4+ ¢, =3-2+5-6+7-184+---+(2n+1)-2-3"1, we
have 3T, =3-6+5-184---+(2n—1)-2-3""'+ (2n+1)-2- 3" Then 27, = 37, — T, =

—3:2—-2:6—2-184---—2:2.3"" 14 (2n+1)-2:3" = —6—2(6+18+- - - +2-3"" 1)+ (2n+1)-2-3" =

6(1 — 371)

—6—2-
1-3

+(2n+1)-2-3"=4n-3" . Thus T, = 2n - 3".

Considering the coefficients of * and the constant term of f(x), easily we can get 2p = 8 and 3r = 9.
Thenp = 4 and r = 3. Thus f(z) = (42> — 3z + 3)(22* + gz + 3). Since the remainder is —10 when
f(z) is divided by = + 1, we have f(—1) = —10. Thus 10(5 — ¢) = —10, which implies that ¢ = 6.

If f(z) = (42° —3x+3)(22*+62+3) = 0, then 42%> —3x+3 = 0 or 222+ 6243 = 0. For the equation
4% — 3x + 3 = 0, its determinant A = (—3)? — 4(4)(3) = —39 < 0, which implies that the equation
has no real solution. For the equation 22 + 6z + 3 = 0, its determinant A = 62 —4(2)(3) = 12 > 0,

which implies that the equation has two different real solutions. The two solutions of the equation are

—3+V3 —-3-/3
= ———an =—.

d
2 2 2

15

Since sin C' = sin(A+B) = 6sin” £, sinC' = 3(1—cos C). Using the identity sin® C+cos? C' = 1, we
get 9(1—cos C)?+cos? C' = 1, which implies that 5 cos* C—9 cos C+4 = (5cos C—4)(cos C'—1) =
0. Because C is an interior angle of the triangle, we have cos C' — 1 # 0. Therefore, 5cos C' — 4 = 0,

4
which gives cos C' = —.

)
Since ZA = 45°, we have sin2A = 1 and cos2A = 0. Then sin(2B) = —sin(24 + 2C) =
4 7
—sin2Acos 2C' — c0s2Asin2C = —cos2C =1 —2cos’C =1 — (5)2 =5

InADEGand ADFE, /DEG = ZDFFE (given), and /EDG = /F DFE (the same angle). There-

fore ADEG ~ ADFE. (There are multiple ways to solve this problem, which will not be enumerated
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(b)

(©)

(a)

(b)

here.)

Since AD = AFE, we have ZADE = ZAED. Thus Z/ZDEF = ZBDE. Since ZAFD = /DFEB,
we have /ZEFD = ZDEB. Thus ADEF ~ ABDE. (There are multiple ways to solve this
problem, which will not be enumerated here.)

By ADEG ~ ADFE, we have 22 = D& Then DE* = DG - DF. By ADEF ~ ABDE, we

have % = %. Then DE? = DB - EF. Therefore DG - DF = DB - EF.

. . Y . Yy
Given M (x,v), the slope of AM is kay; = ————, and the slope of BMis kg = ———. Thus,
(@9) P AM T+ 2v/2 P . r—2v2
1 C Y Y I .
kam X kpy = —=, which is X = ——. Simplify the equation and we can get the
AM BM 5 PN, RSN 5 plity q g
‘ 22y
equation of the curve C 3 + T 1.
y=kx+b
Combine the equation of the straight line £ and the curve C, ¢ 22 42 L Eliminating y, we get
R
z?  (kx +b)? o , -
st = 1, which is (2k% + 1)z?% + 4kbx + 2b*> — 8 = 0. By Vieta’s Theorem, the coordinates
S ) 2kb b ) .
of the the midpoint D is zp = TR and yp = STERER Thus the slope of the straight line OD
is kop = 42 = _ L
ob D 2k '
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