SF R HEREASC (C) §FREAE)

3 -

(1) B AR BTG RS RG « RERIREHT -

(2) FMIEREFHT 120 535 - SBNIEZE  BERIBH O H -

(3) Bhi AR IEIBRE  BURREBI Y - 405 100 47+ HEMRANY
30% R B AR 5T A S -

(4) FTEEEE RIS FAHU RN\ - SRS SRS - B8
FFatsr -

o

i

© Part 1: BHEEFERH
(Multiple-Choice Questions, Each Problem with Single Correct Answer)
(BHEE-RE » FRETSY A <)

(10 questions, each question is worth 5 points, for 50 points in total.)

1. Let k£ be a real number. Consider the function

1 — cos(kx)
fw={ e P
0, z = 0.
Find the value of f'(0).
k k? )
(A) 0 (B) 3 (C) 5 (D) Does not exist

2. Let @ > 0 and define
F(z) =¢e"+ %f — %ax:; + ax, x € (—00,00).
How many real roots does the equation F(z) = 0 have on (—o0, 00)?
(Ao (B)1 (C)2 (D)3
3. Let g be differentiable on (—oo,00). Assume ¢(0) = 1 and that g(x) satisfies
(g(2))* 4+ (2* 4+ 3z + 2)g(x) —3 =0 for all real numbers z.

Find the value of ¢'(0).

3 3
A) -3 (B) -2 ° D
W -3 ® -2 ©2 s
4. Find the number of inflection points of the curve y = f(z) = 1 i
T

(A)o B)1 (¢)2 (D)3



5. Find the value of the integral

1= [ (e see(e)) o

(A) 6221 +%1n(\/§+1)
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6. Let f be a differentiable function with lirré f(z) =0 and lir% f'(z) = 1. Find the
T— T—

value of
/: <6t /tﬁf(u) du> dt
(6 — )3 '

(D) =+ Sm(Wi-1)

lim
r—6

) oS 5~ cosg—z oS 5
lim + +---+ .

™T—"n T™T—n ™T—"n

8. Suppose that there is a line through the origin that divides the region bounded
by the parabola y = 22 — 42% and the z-axis into two regions with equal area.
What is the slope of the line?

(M) 2- 4 (B)2-V2 (C)2-V3 (D)2-Vi



9. Consider the function

10.

y=flz)=1¢€", 0<z<1.

o Let I; be the volume of the solid obtained by rotating the region bounded
by the graph of y = f(x), the z-axis, and the vertical lines z = 0 and = = 1,

about the vertical line x = —6.

« Let I be the area of the surface obtained by rotating the curve y = f(z),
0 < x <1, about the z-axis.

o Let I3 be the arc length of the curve y = f(z), 0 <z < 1.

Which of the following is TRUE?
(A) L >1>1; (B) L>1 >1; (C) L > 13> 1, (D) ILh>13>1

Let a and b be positive integers with 1 < a < 3 and 1 < b < 5. How many

ordered pairs (a,b) are there for which the improper integral

/”/2 (1 — cosx)” e
0

b
converges?

(A)9 (B) 10 (C) 11 (D) 12



© Part 2: 235
(Multiple—Choice Questions with More Than One Correct Answers)
(FELE - Ny > T - s8Ry - SEm(EZEEDL EA
&7 %Q%ZT\&JTD )
(5 questions, each question is worth 5 points, for 25 points in total. The correct
answer is worth 5 points. Answers at a distance 1 from the correct answer are
worth 3 points, other answers are worth no points.)
Example:
Answer: ABC
Student: ABC => 5 points, AB => 3 points, AD => 0 points, ABD => 0 points

11. Which of the following are TRUE?

(A) Every continuous function defined on (a,b) has antiderivatives on (a, b).

(B) Every continuous function defined on (a, b) attains its absolute minimum.

(C) If f'(x) < 0 for all real numbers z, then lim, . f(z) = —o0.
)

(D) If f(0) = 0 and the derivative f” is increasing on (0,00), then @) is
x
increasing on (0, 00).

12. Let p > 0 be a fixed constant and define
2P
f(x):nh_{glom, x> 0.

Which of the following are TRUE?
(A) | lim f(z) — 111{17 f(z)| = p for all real numbers p > 2.
(B) Ifx > 1, then f(x) = zP.

(C) If 0 <z < 1, then f(z) = —1.

(D)

D) lim f(z) exists.

z—0t



13. Let
f(x) = tan™"(g()),

where g(z) is differentiable on an open interval I. Which of the following are

TRUE?

(A) The range of f is always contained in (— ;T g)

(B) If ¢'(x) > 0 for all x € I, then f(x) is increasing on I.
(C) If g(x) = e” cos x, then f'(0) = —%.

(D)

D) If there exists a real number M such that |¢'(z)| < M for all z € I, then

If'(x)| <M forallz el

14. Let f(z) be the function defined by

tan(mx)

fx) = D)

Which of the following statements are TRUE?

(A) The line y = 0 is a horizontal asymptote of the graph of f.
(B) The line x = 2 is a vertical asymptote of the graph of f.

(C
(

D

The line z = —% is a vertical asymptote of the graph of f.

The line z = g is a vertical asymptote of the graph of f.

)
)
)
)

15. Consider the curve C' parametrized by
= a(1 + cost)sint, y = a(l + cost) cost, 0<t<2m,

where a > 0 is a constant. Which of the following statements are TRUE?
(A) C is symmetric with respect to the y-axis.
B) There are exactly three points on C' where the tangent lines are horizontal.

(B)
(C) The arc length of C' is fo% a\/2(1 + cost) dt.
(D)

D) The area enclosed by C'is $ma?.



© Part 3: JASSHE (Fill-in-the-Blank Questions)
(—{EE&H » £+47 ) (There are one question sets worth a total of 10 points.)

1. Assume that the parabola

y = f(z) = ax® + br +2025Inc

passes through the origin, and that f(z) > 0 when 0 < z < 1, where a, b and ¢
are constants.

(A) (5 pts) Let V' be the volume of the solid obtained by rotating the region
bounded by curves

about the z-axis. Find the value of the volume V' (in terms of a, b and c).

(B) (5 pts) Suppose that the area of the region bounded by curves z = 0, z = 1,

1
y=0and y = f(x) is 3 Find a,b and ¢ such that V' attains an absolute
minimum value.



© Part 4: 315 /5MHE (Calculation/Proof Questions)

(—{E7E4H > H+F457 o) (There is one question set worth a total of 15 points.)
(515 /IS R FE R s A s VD5 LE - HASRIEWEZE - J7alfs
sy AnFETESER - ARS8 R AT EY - BERES 0 %
EEEAEE - AEOESE D - )

(Answer the question of calculations and proofs as thoroughly as possible. In the
case of computational errors, partial credit may be given. However, if only the
answer is correct but there are conceptual errors or an unreasonable process, no
credit will be awarded.)

1. Consider the integral

00 u2 d
I = )
/0 1+ @)1 +2u) "
(A) (2 pts) Consider

u? o« n 15}
(1+u2)(1+2u?)  1+u2  1+2u?

where o and [ are constants. Find « and £.
(B) (5 pts) Evaluate the value of I.
(C) (8 pts) Evaluate the value of the integral

1/2 2
/ x dz.
o (I+22)v1—2a?




