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Multiple choice questions 

 

1. [2 points] If 5 sin 𝑥 = 4 with 
𝜋

2
< 𝑥 < 𝜋, then cos 𝑥 is equal to 

① −
3

5
 ② −

3

4
 ③ 

1

3
 ④ 

3

4
 ⑤ 

3

5
 

2. [2 points] Find the sum of all INTEGERS 𝑥 satisfying the following inequality:  

𝑥2 − 2𝑥 ≤ 2 

 

① −1 ② 0 ③ 1  ④ 2 ⑤ 3 

3. [2 points] Which of the following is the LARGEST? 

① √ 3 ② √ 3 √2
3

 ③ √ 2 √3
3

   ④ √ 5
3

 ⑤ √ 23
6

 

4. [3 points] If 𝜔2 − 𝜔 + 1 = 0, then 𝜔2021 − 2𝜔2022 + 3𝜔2023 is equal to 

① 1 ② 2𝜔 − 1 ③ 2𝜔 + 1 

④ 𝜔2 ⑤ 2𝜔2  

5. [3 points] If 𝛼 and 𝛽 are the roots of the equation (log3 𝑥)2 − log3 𝑥3 = 9, then 𝛼𝛽 is equal to 

①  27 ②  18 ③  9  ④  6 ⑤ 2 

 

6. [3 points] Let 2𝑥 = 2022. Simplify the following: 

| 𝑥 − 9 |  +  2 | 𝑥 − 10 |  +  | 𝑥 − 11 | 

 

① 9 ② 2𝑥 − 18 ③ 2𝑥 

④ 9 − 2𝑥 ⑤ 18 − 2𝑥  

 

7. [3 points] Simplify the following: 

sin (
𝜋

12
) × sin (

5𝜋

12
) 

 

① 
√3

4
  ② 

1

4
 ③ 

√2

4
  ④ −

1

4
  ⑤ −

√3

4
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8. [3 points] If 𝑎 − 𝑏 = 4 and 𝑎𝑏 = −2, then 𝑎3 − 𝑏3 is equal to 

① 10 ② 20 ③ 30  ④ 40 ⑤ 50 

9. [3 points] Simplify the following: 

sin2 (
𝜋

20
) + sin2 (

𝜋

10
) + sin2 (

3𝜋

20
) + sin2 (

𝜋

5
) + sin2 (

𝜋

4
) + sin2 (

3𝜋

10
) + sin2 (

7𝜋

20
) + sin2 (

2𝜋

5
) + sin2 (

9𝜋

20
) 

 

① 3 ② 
7

2
 ③ 4 ④ 

9

2
 ⑤ 5 

10. [3 points] Simplify the following: 

log7 (1 −
1

2
) + log7 (1 −

1

3
) + log7 (1 −

1

4
) + ⋯ + log7 (1 −

1

49
) 

 

① −4  ② −2  ③ 0  ④ 2  ⑤ 4  

11. [3 points] Evaluate the following limit: 

lim
𝑥→0

  
1 − cos 𝑥

𝑥
 

 

① −2 ② −
1

2
 ③ 0 ④ 

1

2
 ⑤ 2 

12. [3 points] Find the MINIMUM value of 
𝑥2

𝑥−3
 for 𝑥 > 3. 

① 0 ② 3 ③ 6 ④ 9 ⑤ 12 

13. [3 points] Let 𝐴 = (
1 𝑎
0 2

). If 𝐴2 = (
𝑏 9
𝑐 𝑑

). Then, 𝑎 + 𝑏 + 𝑐 + 𝑑 is equal to 

① 2 ② 4 ③ 6  ④ 8  ⑤ 10  

14. [3 points] A differentiable function 𝑓(𝑥) defined on the real line has the following values: 

𝑥 −1 0 2 

𝑓(𝑥) 1 7 3 

𝑓′(𝑥) 4 1 −2 

Find 𝑔′(1) for 𝑔(𝑥) = (𝑓(2𝑥))
3
. 

① −108 ② −36 ③ −12 ④ 12 ⑤ 36 
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15. [3 points] Suppose the following holds for some real numbers 𝑎 and 𝑏. 

(cos
5𝜋

6
+ 𝑖 sin

5𝜋

6
 )

161

=  𝑎 +  𝑏 𝑖 

Then, 𝑎𝑏 is equal to  

① −
1

2
 ② −

1

√2
 ③ 

√3

4
 ④ 

1

2
  ⑤ 

1

√2
 

 

16. [3 points] If ℙ(𝐴|𝐵) =
1

5
 , ℙ(𝐵|𝐴) =

1

2
 , and ℙ(𝐴 ∪ 𝐵) =

1

4
 , find ℙ(𝐴 ∩ 𝐵). 

① 
1

6
 ② 

1

12
 ③ 

1

15
 ④ 

1

18
 ⑤ 

1

24
 

17. [3 points] Find the MINIMUM value of 𝑥 + 2𝑦 where 𝑥2 + 𝑦2 = 1. 

① −2 ② −√5 ③ −√3 ④ −√2 ⑤ −1 

18. [3 points] Suppose that a differentiable function 𝑓 satisfies 

𝑓(𝑥) = sin 𝑥  +  ∫ (𝑓′(𝑡))
2

𝑑𝑡
𝜋

0

 

for all 𝑥. Then, 𝑓(𝜋) is equal to 

① 
𝜋

3
 ② 

𝜋

2
 ③ 𝜋 ④ 0 ⑤ 1 

19.  [3 points] A quadratic function 𝑦 = 𝑓(𝑥) satisfies 𝑓(0) = 1 and  

∫ 𝑓(𝑥)𝑑𝑥
2

−1

= ∫ 𝑓(𝑥)𝑑𝑥
0

−1

= ∫ 𝑓(𝑥)𝑑𝑥
2

0

 

Then, 𝑓(−2) is equal to 

① −7 ② −6 ③ −5 ④ −4 ⑤ −3 

 

20. [3 points] Evaluate the following limit: 

lim
𝑛→∞

(
𝑛 + 1

𝑛
)

−2𝑛

 

 

① 𝑒2 ② 𝑒 ③ 1 ④ 𝑒−1 ⑤ 𝑒−2 
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21. [4 points] Find the area of the triangle Δ ABC with sides AB̅̅ ̅̅ = 7, BC̅̅̅̅ = 4, and AC̅̅̅̅ = 5. 

① 2√3 ② 2√6 ③ 2√7 ④ 4√6 ⑤ 4√7 

22. [4 points] Find the area of the region that is enclosed by the curves 𝑦 = 2𝑥 and 𝑦 = 𝑥2. 

① 
8

3
 ② 

4

3
 ③ 

7

6
 ④ 1 ⑤ 

5

6
 

 

23. [4 points] Consider the function 𝑓(𝑥) defined by 

𝑓(𝑥)  =  lim
𝑛→∞

  
2𝑛−1 sin2𝑛+1(2𝑥) +

𝜋
6

− 𝑥

2𝑛 sin2𝑛(2𝑥) + 1
   

Then, (𝑓 ∘ 𝑓)(0) is equal to 

① 0 ② 
√3

4
 ③ 

√3

2
 ④ 

1

2√2
 ⑤ 

1

4√2
 

 

24. [4 points] Find the LARGEST real number 𝑘 such that 𝑓(𝑥) = −𝑥3 + 𝑘𝑥2 − 3𝑘𝑥 + 1 satisfies  

𝑓(𝑥1) > 𝑓(𝑥2) whenever 𝑥1 < 𝑥2 

 

① 3 ② 5 ③ 7 ④ 9 ⑤ 11 

 

25. [4 points] Suppose the function defined by 

𝑓(𝑥) = ∫ 𝑒𝑡2
𝑥

0

𝑑𝑡 

satisfies 𝑓(𝑎) =
𝜋

2
 for some constant 𝑎. Then, 

∫  sin(𝑓(𝑥)) 𝑒𝑥2
 𝑑𝑥

𝑎

0

 

is equal to 

① 
1

𝜋
 ② 

1

2
 ③ 1 ④ 2 ⑤ 𝜋 
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Short answer questions 

 

26. [4 points] Find the sum of all 𝑥 with 5 ≤ 𝑥 ≤ 500 such that log10 𝑥 is an integer. 

 

27. [4 points] Evaluate the following integral: 

∫    𝑥  √17 − 𝑥2   𝑑𝑥
4

1

 

 

28. [5 points] Let 𝛼 be the sum of ALL solutions to the trigonometric equation 

cos 2𝑥 − cos 𝑥 + 1 = 0, 0 ≤ 𝑥 ≤ 𝜋. 

Evaluate  

72 𝛼

𝜋
 

 

29. [5 points] Find the real number 𝑘 such that the equation  

(ln 𝑥)4

𝑥
= 𝑒−4𝑘 

has TWO DISTINCT real roots. 

 

30. [5 points] Evaluate the following limit: 

lim
𝑛→∞

  √𝑛
3

 (√𝑛2 + 2022𝑛 + 1
3

− √𝑛2 + 1
3

)  

 


