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1. B 𝑎𝑏𝜋 = 2019 ⋅ 2𝜋 = 4038𝜋 
2. B Discriminate is 𝑏ଶ − 4𝑎𝑐 = 1 − 4 = −3 
3. D Rewrite to 4 ⋅

ଷ

ଶ
ቀ𝑦 −

ଵ

ଷ
ቁ = 𝑥ଶ. Thus directrix is 𝑦 =

ଵ

ଷ
−

ଷ

ଶ
= −




 

4. E 𝑐 = √54 = 2√13, 𝑐𝑒𝑛𝑡𝑒𝑟: (1, −3) → (1 ± 2√13, −3)  
5. D (௫ିଵ)మ

మ
−

(௬ାଷ)మ

ସమ
= 1. 𝑦 + 3 = ±

ଶ

ଷ
(𝑥 − 1) → 𝑦 = −

2

3
𝑥 −

7

3
  

6. A (௫ିଵ)మ

మ
−

(௬ାଷ)మ

ସమ
= 1 → 𝑐 = 2√13 →




=

√13

3
  

7. D From previously 𝑐 = 2√13 → 2𝑐 = 4√13. Length of latus rectum is 
ଶమ


=

ଵ

ଷ
 so area is 

ସ√ଵଷ

ଷ
 

8. B Set 𝑥 = 0 → −2 − 4𝑦 + 𝑦ଶ = 0 → 2 ± √6 | 𝑦 = 0, −2 + 4𝑥 + 5𝑥ଶ = 0 → −
ଶ

ହ
±

√ଵସ

ହ
.  

5𝑥ଵ𝑦ଵ = ൫−2 − √14൯൫2 − √6൯ = −4 + 2√6 − 2√14 + 2√21  

9. A 

ି
=

ଶ

ହିଵ
=

ଵ

ଶ
  

10. B  𝑎(𝑥 − ℎ)ଶ + 𝑏(𝑥 − ℎ)(𝑦 − 𝑘) + 𝑐(𝑦 − 𝑘)ଶ = 𝑓  which expands to −𝑓 + 𝑎ℎଶ + 𝑏ℎ𝑘 + 𝑐𝑘ଶ −
2𝑎ℎ𝑥 − 𝑏𝑘𝑥 + 𝑎𝑥ଶ − 𝑏ℎ𝑦 − 2𝑐𝑘𝑦 + 𝑏𝑥𝑦 + 𝑐𝑦ଶ = −2 + 4𝑥 + 5𝑥ଶ − 4𝑦 + 2𝑥𝑦 + 𝑦ଶ → −𝑓 +
𝑎ℎଶ + 𝑏ℎ𝑘 + 𝑐𝑘ଶ = −2, −2𝑎ℎ − 𝑏𝑘 = 4, 𝑎 = 5, −4 = −𝑏ℎ − 2𝑐𝑘, 𝑏 = 2, 𝑐 = 1. → −10ℎ − 2𝑘 =
4, −4 = −2ℎ − 2𝑘 → (ℎ, 𝑘) = (−1,3) 

11. A −𝑓 + 𝑎ℎଶ + 𝑏ℎ𝑘 + 𝑐𝑘ଶ = −2 → −𝑓 + 8 = −2 → 𝑓 = 10 → 𝐴 =
ଶగ

భ


√మିସ

=
ଶగ

√ସିଶ
= 5𝜋  

12. D 𝑟 =
1

2019
(𝑖𝑒5𝑖𝜃 − 𝑖𝑒−5𝑖𝜃)(𝑒−5𝑖𝜃 + 𝑒5𝑖𝜃) = −4 sin(5𝜃) cos(5𝜃) = −2 sin(10𝜃) → 20 𝑝𝑒𝑡𝑎𝑙𝑠  

13. A Rewrite into (𝑥 − 𝑦)ଶ − 2(𝑥 − 𝑦) + 1 → (𝑥 − 𝑦 − 1)ଶ = 0 → 𝑥 − 𝑦 − 1 = 0 → 𝑟 =
ଵ

ୡ୭ୱ ఏିୱ୧୬ ఏ
→

𝑠𝑢𝑚 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 →
√2

2 sinቀ
𝜋

4
−𝜃ቁ

 

14. B 𝑏ଶ − 4𝑎𝑐 = 2ଶ ⋅ 2019!ଶ − 4 ⋅ 2019! ⋅ 2019! = 0 → 𝑝𝑎𝑟𝑎𝑏𝑜𝑙𝑎 → 𝑒𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 1  
15. A ௧௧௬⋅ௗ

ଵ±௧௧௬⋅ୡ୭ୱ ఏ
→

𝜋𝜋/𝑒2

1−1 cos(𝜃)
→ 𝑒𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 1 → 𝑝𝑎𝑟𝑎𝑏𝑜𝑙𝑎  

16. B Since 3 is between 2 and 4, the limacon is dimpled. 
17. C There are many ways to prove this answer, but the simplest to understand is to plug in 𝑎 =

0, 𝑎 = 1 → 𝑞 = 2𝑝ଶ, 𝑞 = 2𝑝ଶ + 𝑝 + 3 → 𝑝 = −3, 𝑞 = 18 → 𝑝 + 𝑞 = 15 
18. D  4𝑥ଶ + 𝑦ଶ + 8𝑥 − 2𝑦 + 1 = 0 → 4(𝑥 + 1)ଶ + (𝑦 − 1)ଶ = 4.  Plug in 𝑎 and solve for 𝑦 to get  

 𝑦 = 1 ± ඥ4 − 4(𝑥 + 1)ଶ. Maximizing the distance squared to (−2,1) gives 

 𝑀𝑎𝑥 ൬(𝑎 + 2)ଶ + ቀ1 ± ඥ4 − 4(𝑎 + 1)ଶ − 1ቁ
ଶ

൰ = 𝑀𝑎𝑥൫𝑎ଶ + 4𝑎 + 4 + 4 − 4(𝑎ଶ + 2𝑎 + 1)൯ =

𝑀𝑎𝑥(−3𝑎ଶ − 4𝑎 + 4). This is a parabola so the max occurs at −


ଶ
= −

ସ


= −

ଶ

ଷ
 

19. D Both circles have the same 𝑦 coordinate as their centers so the sum of the slopes has to be 0. 
20. A The point (-3,0) is on the second line. Thus, distance is ቚ

ିଶ⋅ଷିଵ

√ସାଽ
ቚ =



√ଵଷ 
 

21. B The vector created by the two points that make the shortest distance will be perpendicular to 

the two vectors. Hence, find the cross product ะ
𝑖 𝑗 𝑘
2 −1 3
3 2 1

ะ = −7𝑖 + 7𝑗 + 7𝑘. Assume 

𝑚(𝑥), 𝑛(𝑦) gives the points that make the shortest line. Thus, 𝑚(𝑥) − 𝑚(𝑦) = 𝑧〈−1,1,1〉 for 
some constant 𝑧. This gives the system of equations 
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 3𝑦 − 2𝑥 + 3 = −𝑧, 2𝑦 + 𝑥 − 1 = 𝑧, 𝑦 − 3𝑥 − 2 = 𝑧 → 𝑥 = −
ଵ


, 𝑦 = −

ଷ


, 𝑧 = −2. Thus, the 

distance is 𝑧〈−1,1,1〉 = 〈2, −2, −2〉 → magnitude = 2√3 
22. C 𝑐 = 2, 𝑏 = 2, 𝑎ଶ − 𝑏ଶ = 𝑐ଶ → 𝑎ଶ = 8 → 𝑎 = 2√2, 𝑎𝑟𝑒𝑎 = 𝑎𝑏𝜋 = 4√2   
23. C Note that two distinct parabolas intersect in at most 4 points, which is not difficult 

to see by drawing examples. Given three parabolas, each pair intersects in at most 4 points, for 
at 
most 4 · 3 = 12 points of intersection in total. It is easy to draw an example achieving this 
maximum, for example, by slanting the parabolas at different angles. 

 
This shows 10 intersection with the other two intersections not 
shown, but one can see if you continue extending the parabolas 
there will be 12. 
 
 
 
 

 
24. E 

Use vectors 𝐴𝐵ሬሬሬሬሬ⃗ , 𝐴𝐶ሬሬሬሬሬ⃗  to get ะ
𝑖 𝑗 𝑘
4 −2 1
1 −1 4

ะ = −7𝑖 − 15𝑗 − 2𝑘 

Magnitude is √49 + 225 + 4 = √278. 𝐴𝑟𝑒𝑎 𝑖𝑠 ℎ𝑎𝑙𝑓 𝑡ℎ𝑎𝑡 =
√ଶ଼

ଶ
  

25. C The parametric curve is equivalent to the polar graph 𝑟 = cos 𝜃, where 𝜃 = 𝑡.  This is a circle 
with diameter of 1.  For 0 ≤ 𝑡 ≤ 2𝜋, the ant would go around the circle twice, for a total 
distance of 2𝜋. 

26. A The center of a hyperbola is the intersection of its asymptotes.  For the hyperbola given, the 
asymptotes are 𝑥 = −4 and 𝑦 = 3. 

27. D The distance between the foci is 9, so 𝑐 = 4.5.  The distances from (16, 8) to the two foci are 17 
and 10.  So the sum of distance from a point on the ellipse to the two foci is 27, or 𝑎 = 13.5.  

Therefore, the eccentricity is 
ଵ

ଷ
, and the vertices are (−8, 0) and (19, 0), the latter is the one 

relevant to the answer choices.  The distance from (19, 0) to (10, 0) is 9, which must be 
ଵ

ଷ
 the 

distance from (19, 0) to the directrix corresponding to (10, 0), so the directrix is 𝑥 = 46. 
28. C 𝑎𝑏 = 2019. If the sides of the rectangle are 𝑥, 𝑦, then 𝑥𝑦 = 2019. The distance between the foci 

is 2√𝑎ଶ − 𝑏ଶ. Using Pythagorean theorem, 𝑥ଶ + 𝑦ଶ = 4𝑎ଶ − 4𝑏ଶ.  
Also, 𝑥 + 𝑦 = 2𝑎 → 𝑥ଶ + 2𝑥𝑦 + 𝑦ଶ = 4𝑎ଶ → 4𝑎ଶ + 4𝑏ଶ + 4038 = 4𝑎ଶ → 

𝑏 = ට
ଶଵଽ

ଶ
, 𝑎 = √2 ⋅ 2019. Area = 2(𝑥 + 𝑦) = 4𝑎 = 4√4038  

29. E Although this may appear to be a ellipse, this equation has no solution since the sum of the 
distances from point 𝑧 and (−1,1) and (−4,3) is always a constant 1. However, notice that the 

distance between the foci is greater than 1 at √13 meaning that no solution exists.  
30. C I. True 𝑥𝑦 = 1 is a function. II. False trivially. III. True trivially. 

 

 


