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SOLUTIONS 
1. Tangent does not have an amplitude. Therefore, the answer is E.  
 
2. There are 9 one-digit palindromes. There are 9 two-digit palindromes, because we  
have 9 options for the first number, and then the second number is set. There are 90 
three-digit palindromes, because we have 9 choices for the first number,10 for the  

 second number, and the third number has to be the same as the first. For four-digit, the  
 palindrome can either start with 1, or it is 2002. If it starts with 1, there are 10 options  

for the second number, and then the 3rd has to be the same as it and the 4th has to be 1.  
Adding all these up, we get 9+9+90+10+1 which equals 119. D 
 
3. 2021 is 43x47. A good way to see this is that 2021 is 2025 – 4, which can be factored 
through difference of squares. 43+47 = 90, so the answer is B.  
 

4. If a sine function is written in the form 𝐴𝑠𝑖𝑛(𝐵(𝑥 + 𝐶)) + 𝐷, the period is 
2𝜋

𝐵
, the 

phase shift is -C, and the amplitude is A. Our equation looks like  

 2517 sin(3(𝑥 + 2)) + 2021. So, the period is 
2𝜋

3
, the phase shift is -2, and the  

amplitude is 2517. Adding these up gives us 
2𝜋

3
+2515, and the sum is 2520. C 

 
5. Let the age of Alex be A and the age of Zach be Z. Then, A = 2Z and A + 10 = Z + 16.  
Substituting in the second equation and solving for Z gives us Z = 6, and therefore  
A = 12. So, in 5 years, Alex will be 17. D  
 
6. If we factor and complete the square for x and for y, we get the equation 
36(𝑥 − 1)2 + 25(𝑦 + 2)2 = 900. If we divide by 900 on both sides, we get          
(𝑥−1)2

25
+

(𝑦+2)2

36
= 1. The area of this ellipse is 5x6x𝜋, which is 30𝜋. A 

 
7. There are 9 letters, but 3 letters are repeated twice. So, the number of  

permutations is 
9!

2!2!2!
, which is equal to 45360. B 

 
8. We need to first find one point that works. (47, 1) is one that is pretty easy to see 

because 193 – 5 is a multiple of 4. This is the graph of a line with a slope of −
4

5
, so when 

x falls by 5, y goes up by 4. So, x can go from 47 all the way down to 2, and y will range 
from 1 up to 37. There are 10 solutions. D 
 
9.Right now, Mr. Lu has 20 liters of 35% juice, so he has 7 liters of juice. At the end he 
has 50 liters of 20% juice, meaning that he has 10 liters of juice. Therefore, 3 liters of 
juice must have been added, and there were 30 total liters of solution added, so the 

concentration is 
3

30
, or 10%. C 
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10. The bottom of this fraction can be factored as (n+2) (n-1). Using partial fraction 

decomposition, we get 
1

(𝑛+2)(𝑛−1)
=

𝑎

𝑛+2
+

𝑏

𝑛−1
. Multiplying through by (n+2) (n-1), we 

have 1 = 𝑎(𝑛 − 1) + 𝑏(𝑛 + 2). If we plug n = 1 into this equation, we get 3b = 1, so b = 
1/3. Similarly, plugging n = -2 in gives us -3a = 1, so a = -1/3. So, our sum is actually 

−
1

3𝑛+6
+

1

3𝑛−3
. Plugging in values of n, we see that this series will telescope, and all the 

terms cancel except for 1/3, 1/6, and 1/9, which sum to 11/18. B 
 
11. This is in the form sin(a)cos(b) + cos(a)sin(b) which is the angle addition identity. This 
simplifies to sin(a+b), which in our case, is sin (13131+4869), or sin (18000). Because 
18000 is a multiple of 180, this evaluates to 0. A 
 
12. We can use sine angle subtraction for this question. Call angle BAC 𝛼, and angle BAD 
𝛽. Then, what we are looking for is sin (𝛼 −  𝛽), which is sin (𝛼) cos(𝛽) −

cos(𝛼) sin (𝛽). Plugging in the values for these functions, we get 
12

13
∗

3

5
−

5

13
∗

4

5
, which 

equals 
16

65
. A 

 

13. If we factor the bottom and the top of the equation, we get 
(𝑥−2)(𝑥+4)(𝑥−1)

(𝑥−2)(𝑥+3)
. The 

equation has 1 vertical asymptote at x = -3, because x = 2 is a hole. There will also be 
one slant asymptote because the numerator has a degree of one higher than the 
denominator. This results in 2 asymptotes. B 
 
14. 2𝑐𝑜𝑠2(𝑥) − 1 = cos(2x). If we multiply by the reciprocal of the denominator of the 

second fraction, we get cos(2𝑥) ∗
2 tan(𝑥)𝑐𝑜𝑠2(𝑥)

cos (2𝑥)
, which simplifies to 

2sin (x)𝑐𝑜𝑠2(𝑥)

cos (x)
, or 

2sin(x)cos(x), which is sin(2x). D 
 
15. What is under the radical has to be greater than or equal to 0. So, 
log𝜋 (log3 (log5(𝑥))) ≥ 0. Removing the first logarithm, log3 (log5(𝑥)) ≥ 1. Then, 
log5(𝑥) ≥ 3 and x ≥ 125. C 
 
16. To find the equation of the asymptotes, we should first factor the hyperbola. 

Factoring and completing the square, we get the equation
(𝑥+1)2

3
−

(𝑦−3)2

2
. To find the 

equation of the asymptotes from here, set the left side equal to 0 and factor it with 
difference of squares. When factoring with difference of squares, the 3 and 2 in the 

denominators will become √3 and √2 , and none of the answer choices contain those 
quantities. Therefore, the answer is E. 
 
17. If we set the graphs equal, we get x = 100sin (𝑥). Therefore, x must be between             
-100 and 100 because the range of sin(x) is -1 to 1. For each period of sin(x), this line will 
intersect it twice, because sine will intersect it once while increasing and once while 
decreasing. Each period is 2𝜋, so it intersects once every 𝜋. The largest multiple of 𝜋 less 
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than 100 is 31 𝜋. So, the intersections will range from -31 𝜋 to 31 𝜋, for a total of 31 
intersections in the 1st quadrant, 31 in the 3rd quadrant, and one at x = 0. There are 63 
total intersections. C 
 
18. For this question, we must use law of cosines in order to find the answer. We have 
two sides WZ = 5 and ZU = 25 (by Pythagorean theorem) and the included angle WZU = 
60 degrees. All we need to do is plug the numbers into the law of cosines:    
𝐴2 +  𝐵2 − 2𝐴𝐵𝑐𝑜𝑠(𝑐) =  𝐶2. If we plug the numbers in, we get that 𝑈𝑊2 is 525, so CD 

is 5√21. D 
 
19. This graph forms a square with corners at the points (0, 32), (0, -32), (32, 0) and  

(-32, 0). The side of this square is 32√2 because it is the hypotenuse of an isosceles right 

triangle with side 32. The area is then (32√2)2, which is 2048. D 
 

20. cos(2x) is equal to 𝑐𝑜𝑠2(𝑥) − 𝑠𝑖𝑛2(𝑥). If we sub this in the numerator we get 
3𝑐𝑜𝑠2(𝑥)

3cos (𝑥)
 

which simplifies to cos(x). A 
 
21. Jack flipped heads on a coin. There are 3 sides among all the coins that have heads 
on them. Two of them are on the coin with heads on both sides, and one of them is on 

the coin with heads on one side and tails on the other. Therefore, there is a 
2

3
 chance he 

has the coin with heads on both sides, and a 
1

3
 chance he has the coin with heads on one 

side and tails on the other. When he flips the coin a 2nd time, there is a 
2

3
∗ 1 +  

1

3
∗

1

2
 

chance he gets heads because there is a 
2

3
 chance he has the coin with both heads, in 

which case he is guaranteed to flip heads, and a 
1

3
 chance he has the normal coin, which 

gives him a 
1

2
 chance of flipping heads, for a final probability of 

5

6
. D 

 
22.  I. Plugging a one-to-one function into itself will still result in a one-to-one 

function.   ln(x) is one to one, so ln(ln(x)) is also one to one.  
       II. cos(sin(x)) is not one to one because both functions are periodic.  

III. 𝑥3 is a one to one function, and this function is just a stretched, shifted 
version of that, so it is also one to one.  
IV. This one is tricky. This function is negative for negative values of x (consider 
 x = -1). However, 2𝑥  clearly grows a lot faster than x does. When x is negative, 

the function can be written as 
−𝑦

2𝑦 , where y = -x. Because the denominator grows 

a lot faster than the numerator, this function will approach 0 as x grows to 
negative infinity. Therefore, this function is not one to one because it dips down 
into the negatives and then goes back up to approach 0.  
V. This is not one to one because for every value of x, y =5. 
There are 2 one to one functions on this list. A 
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23. The top of this fraction can be factored as (3𝑥 + 5)2 + 4. Dividing the top and 

bottom through by 3x+5, we get 3x+5+
4

3𝑥+5
. Plugging in 2021 to this expression, we get 

6068 + 
4

6068
, which rounds to 6068.  B 

 
24. To find the determinant, rewrite the first two rows after the third row. Then, 
multiply the numbers in the diagonal lines starting at top left and ending at bottom 
right. This gives us a sum of 3*4*7 + 7*1*9 +5*2*6, which equals 207. Then, we subtract 
the diagonal lines starting bottom left and ending at top right. This gives us 9*4*5 + 
6*1*3 + 7*2*7, which equals 296. Subtracting the two gives us a determinant of -89. B 
 
25. By product of chords, we know that DE = 4. The chords also intersect at a right angle. 
If we look at the chord with length 14, we know the center is on the perpendicular 
bisector of that chord, and same for the chord with length 10. If we draw these 
bisectors, a rectangle is formed with point E and the center on opposite corners. The 

sides of the rectangle are 1 and 5 and using Pythagorean theorem the distance is √26. D 
 

26. This is a Monty Hall problem. When Jeffrey picks the door originally, he has a 
1

4
 

chance of picking the right door. Because the host does not reveal a door randomly (he 

won’t reveal the door with the car), the probability that Jeffrey’s door is right remains 
1

4
, 

and the probability the other two remaining doors are right is 
3

8
  each. The number we 

want is 
1

4
. A 

 
27. This number is in the form 𝑎4 + 4𝑏4, with a = 11 and b = 3. The Sophie Germain 
identity states that 𝑎4 + 4𝑏4 = (𝑎2 − 2𝑎𝑏 +  𝑏2)(𝑎2 + 2𝑎𝑏 +  𝑏2). If we plug in 11 and 
3, we get (73) (205) = (73)(41)(5). The biggest prime factor is 73, and the sum of the 
digits is 10. Alternatively, you can use the fact that 114 is 14641 and 5 is an easily 
recognizable root. Then, you can try roots until one works, remembering that the 
number must contain at least one prime factor less than its square root. B 
 
28. We are looking for the area of triangle of ABD, which has angles 45, 60 (half of 120) 
and 75. One side of the triangle is 6. To find the area, we can use the formula 
1

2
𝐴𝐵𝑠𝑖𝑛(𝑐). We need another side, so let’s use the fact that  

𝐴

sin (𝑎)
=

𝐵

sin (𝑏)
.  

6

sin (45°)
=

𝐵𝐷

sin(60°)
  Solving for side BD, we get 3√6. Now we can use 

1

2
𝐴𝐵𝑠𝑖𝑛(𝑐). Plugging 

into the formula, we have 
1

2
 * 6 * 3√6 * sin (75). To find sin (75), we can use sin (30+45) 

and expand using angle addition. If we do that, we get sin (30) cos (45) +  

cos (30) sin (45), which equals 
√2+√6

4
. Plugging that in and simplifying, we get an answer 

of 
27+9√3

2
. D 
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29. To find the inverse, we need the determinant of the matrix. The determinant of the 
matrix is 18*35 – 42*15, which equals 0. Because the determinant is 0, the matrix is 
singular and does not have an inverse. E 
 
30. When Mr. Frazer cuts the paper into 4 pieces, he has to make 3 cuts. When he cuts it 
into 10 pieces, he has to make 9 cuts. Therefore, the time it takes him is 3 times as 
much. So, the total time for 10 pieces is 6 minutes.  C 
 
 
 
 
 

 
 
 
 
 

 


