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MATHEMATICS (B) (2024)

Nationality No.
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Name

Answer the following questions and fill in your responses in the
corresponding boxes on the answer sheet.
1. Fill in the blanks with your answers.

(1) Compute the following limit.
I t—5 1

t%t2_2t_15:|:|'

(2) Let @ = V2 ++/3. Then o = |@® , and « is the solution of the

equation z* — |® 22 + 1 = 0 with integer coefficients.
) ) 1. T T )
(3) For the equation sinzcosz = — 1 in the range —5 <z < > the solutions
arex = | @ @

(4) The absolute value of a complex number z + yi is defined by |z + yi| =
\/x? + y? with the imaginary unit ¢ = v/—1. Let 8 = a + ai for a positive

real number a. If a is |@© or |® , then there exists a unique

complex number z satisfying |z| =1 and |z — 8| = 5.

(5) The product of the two real values of a such that the following simulta-
neous equations
ar +y+z = 3w
r+ay+22=2y
ar +ay +4z =2x+vy

have non-trivial solutions (solutions (x,y, z) such that (x,y, z) # (0,0,0))
(6) Consider the following set of data:

Data value | 45 | 55 | 65 | 75 | 85
Frequency | 3 | 6 | 4 | 2 | 1

The mean is |© and the population standard deviation is 1/|® .




2. For a real number a, we set f,(z) = z° + 2az? + 2az + 1.

(1) fa(z) = 0 has an integer solution = = I:' regardless of the value of a.

(2) When f,(x) = 0 is solved with solutions that include complex numbers,

it has a unique solution if a =

®

otherwise three solutions.

, two solutions if a =

©

, and

(3) Let o and f be non-integer solutions of f_;(x) = 0. If the equation with

rational coeflicients

has solutions « and (3, then b =

ba® —cxr+1=0

@

and c = |®@




. Consider two ellipses E; and E5 sharing one focus F, and let F; be the other
focus of E; and Fy be the other focus of Ey. Let E; and Es intersect at only
one point P. Suppose that the lengths of the minor axes of E; and E, are 8

and 24, respectively, and let F1F = 6, FoF = 10.

(1) If Qq denotes one end of the minor axis of £y and Q2 denotes one end of

the minor axis of Fs, then Q:F = |® and QF = |®@

(2) The length of the major axis of E; is |(D and that of Fy is |®

o FP-Fp =[]
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