
MEMORANDUM: PRELIM 2019 

QUESTION 1 

 1.1  (a) 2 ln(𝑥 − 4) = 2       

    ln(𝑥 − 4) = 1✓ 

    𝑥 − 4 = 𝑒✓ 

    𝑥 = 4 + 𝑒✓ = 6,72✓    (4) 

 (b) Domain:     𝑥 − 4 > 0✓ 

   𝑥 > 4 ✓ 

      Range : 𝑦 ∈ (−∞; ∞) ✓ 

  (6) 

 1.2  (a)   𝑦(5) = 120(1 − 𝒆−𝟎.𝟏𝟓×𝟓) ✓ 

          = 63 words✓  (2) 

       (b)    100 = 120(1 − 𝒆−𝟎.𝟏𝟓×𝒕) ✓ 

     
5

6
= 1 − 𝑒−0.15×𝑡

✓ 

  𝑡 =
−𝑙𝑛

1

6

−0,15
✓ = 12days✓ (4) 

   (c)                                                                     (4)     

   

 

       

 

 

✓ 

✓ 

✓shape 

✓ 

✓ 

✓ 

✓ 



 (d)     Maximum number is 120 words. ✓ 

 Horizontal asymptote is 120, so it cannot be exceeded. ✓  (2) 

 [22] 

QUESTION 2 

1 +
1

2
+

1

4
⋯ + 2 (

1

2
)

𝑛

= 2 − 2 (
1

2
)

𝑛

✓                                    

 

When n= 1,  LHS= 1✓ 

  RHS= 2 − 2 (
1

2
)

1

= 1✓ 

  ∴  𝑡𝑟𝑢𝑒 𝑓𝑜𝑟 𝑛 = 1 

 

Assume true for 𝑛 = 𝑘:✓ 

1 +
1

2
+

1

4
⋯ + 2 (

1

2
)

𝑘

= 2 − 2 (
1

2
)

𝑘

✓ 

 

Propose a formula for 𝑛 = 𝑘 + 1: 2 − 2 (
1

2
)

𝑘+1

✓ 

1 +
1

2
+

1

4
⋯ + 2 (

1

2
)

𝑘

+ 2 (
1

2
)

𝑘+1

✓ = 2 − 2 (
1

2
)

𝑘

+ 2 (
1

2
)

𝑘+1

✓ 

               = 2 − 2 (
1

2
)

𝑘

+ 2 (
1

2
)

𝑘

. (
1

2
) 

               = 2 + 2 (
1

2
)

𝑘

. (
1

2
) − 2 (

1

2
)

𝑘

 

   ✓✓✓            = 2 + 2 (
1

2
)

𝑘

. (
1

2
− 1) 

         manipulation            = 2 + 2 (
1

2
)

𝑘

. (−
1

2
) 

       = 2 − 2 (
1

2
)

𝑘

. (
1

2
) 

       = 2 − 2 (
1

2
)

𝑘+1

 

This is the proposed formula, therefore, it is proven by P.M.I that the formula      [13] 

is true ∀𝑛 ∈ Ν✓✓ 

 

QUESTION 3  

3.1  (a) If 2 + 3𝑖 is a root then 2 − 3𝑖✓ is also a root. 

 Quadratic factor is 𝑥2 − (2 + 3𝑖 + 2 − 3𝑖)𝑥✓ + (2 + 3𝑖)(2 − 3𝑖)✓ 

 ⟹ 𝑥2 − 4𝑥 + 13 ✓         (4) 

       (b) 𝑥4 − 4𝑥3 + 17𝑥2 − 16𝑥 + 52 = (𝑥2 − 4𝑥 + 13)(𝑎𝑥2 + 𝑏𝑥 + 4) by inspection✓ 

                                                = (𝑥2 − 4𝑥 + 13)(𝑥2 + 4)✓ 

 ∴ 𝑥 = 2 ± 3𝑖✓  or  𝑥 = ±2𝑖✓✓    (5) 

            



3.2     
7−𝑖

3−4𝑖
=

(7−𝑖)(3+4𝑖)

(3−4𝑖)(3+4𝑖)
✓ 

        =
25+25𝑖

25
✓ 

        = 1 + 𝑖✓ 

           |1 + 𝑖| = √12 + 12 ✓ = √2✓ 

          arg(1 + 𝑖) = 𝑡𝑎𝑛−1 (
1

1
)✓ =

𝜋

4
✓   (7) 

              [16] 

QUESTION 4 

Let  𝑘 = |𝑥| 

𝑘2 − 5𝑘 − 6 = 0 

                𝑘 = −1  and  𝑘 = 6✓ 

    |𝑥| = −1  or    |𝑥| = 6       

     n/a✓   𝑥 = 6✓  or   𝑥 = −6✓  

                   

    

 

 

          

 

 

 

 

 

 

 

 

 

[9] 

 

 

 

✓ ✓ 

✓ 

✓ ✓ 



QUESTION 5 

5.1 (a) False✓ lim
𝑥→−3−

𝑔(𝑥) ≠ lim
𝑥→−3+

𝑔(𝑥)✓✓  (3) 

      (b) True✓   lim
𝑥→1−

𝑔(𝑥) = lim
𝑥→1+

𝑔(𝑥)✓✓                       (3) 

5.2 Function is continuous since lim
𝑥→1−

𝑔(𝑥) = lim
𝑥→1+

𝑔(𝑥) = 𝑔(1)✓ 

       lim
𝑥→1−

𝑔′(𝑥) = 𝑒1 − 1 = 1,7✓✓ 

       lim
𝑥→1+

𝑔′(𝑥) = 4(1) = 4✓✓ 

       lim
𝑥→1−

𝑔′(𝑥) ≠ lim
𝑥→1+

𝑔′(𝑥)  ∴ not differentiable✓       (6)   [12] 

QUESTION 6 

lim
𝑥→2−

𝑓(𝑥) = lim
𝑥→2+

𝑓(𝑥) = 𝑓(2)✓ 

9 − 22
✓ = 2𝑎 + 𝑏✓ ∴ 2𝑎 + 𝑏 = 5 

lim
𝑥→2−

𝑓′(𝑥) = lim
𝑥→2+

𝑓′(𝑥)✓ 

−2(2)✓ = 𝑎✓ ∴ 𝑎 = −4✓ 

𝑏 = 13✓          [8] 

QUESTION 7 

7.1 (a) 𝑦 = ln
sin 2𝑥

2−𝑥
 

           
𝑑𝑦

𝑑𝑥
=

2 cos 2𝑥✓✓(2−𝑥)−sin 2𝑥(−1)✓✓

(2−𝑥)2✓
÷

sin 2𝑥

2−𝑥
✓ 

               =
(4−2𝑥) cos 2𝑥+sin 2𝑥

(2−𝑥)2
×

2−𝑥

sin 2𝑥
✓ 

               =
(4−2𝑥) cos 2𝑥+sin 2𝑥

(2−𝑥) sin 2𝑥
✓       (8) 

      (b) 𝑦 = tan 3𝑥. 𝑒2𝑥+1 

           
𝑑𝑦

𝑑𝑥
= 3✓𝑠𝑒𝑐23𝑥✓. 𝑒2𝑥+1

✓+ tan 3𝑥✓. 2✓𝑒2𝑥+1
✓   (6) 

7.2 (a) Let 𝑦 = 0 

            0 sin 𝑥 + cos 𝑥 = 3𝑥(0) +
1

2
𝑥 

            𝑓(𝑥) = 𝑐𝑜𝑠𝑥 −
1

2
𝑥 = 0✓ 

           𝑓′(𝑥) = − sin 𝑥 −
1

2
✓ 

          𝑎𝑛+1 = 𝑎𝑛 −
𝑐𝑜𝑠𝑎𝑛−

1

2
𝑎𝑛

− sin 𝑎𝑛−
1

2

✓✓ 



          Let 𝑎1 = 1✓ 

                𝑎2 = 1,03004 … 

                𝑎3 = 1,02986 …  ✓✓ 

                𝑥 ≈ 1,0299✓ 

          𝐴(1,0299; 0)✓       (9) 

    (b) 𝐷𝑥(𝑦 sin 𝑥 + cos 𝑥) = 𝐷𝑥(3𝑥𝑦 +
1

2
𝑥) 

          
𝑑𝑦

𝑑𝑥
✓ sin 𝑥✓ + 𝑦✓cos 𝑥✓ − sin 𝑥✓ = 3𝑦✓ + 3𝑥

𝑑𝑦

𝑑𝑥
✓+

1

2
✓ 

          
𝑑𝑦

𝑑𝑥
sin 𝑥 − 3𝑥

𝑑𝑦

𝑑𝑥
= 3𝑦 +

1

2
− 𝑦 cos 𝑥 + sin 𝑥✓ 

          
𝑑𝑦

𝑑𝑥
=

3𝑦+
1

2
−𝑦 cos 𝑥+sin 𝑥 

sin 𝑥−3𝑥
✓       (10) 

     (c) 𝑚𝑇 =
3(0)+

1

2
−(0) cos 1,0299+sin 1,0299 

sin 1,0299−3(1,0299)
✓ = −0,608✓        

          𝑦 − 0 = −0,608(𝑥 − 1,0299)✓ 

          𝑦 = −0,608𝑥 + 0,6262✓        (4)                [37] 

QUESTION 8 

8.1 𝐴̂ =
𝜋−𝜃

2
    𝐼𝑛𝑡 <′ 𝑠 𝑜𝑓 𝑖𝑠𝑜𝑠 ∆✓ 

      
sin(

𝜋

2
−

𝜃

2
)

2𝑟
✓ =

sin 𝜃

𝐴𝐷
✓                  or       𝐴𝐷2 = (2𝑟)2 + (2𝑟)2 − 2(2𝑟)(2𝑟) cos 𝜃✓   

      𝐴𝐷 =
2𝑟 sin 𝜃

cos
𝜃

2

✓                                                = 8𝑟2 − 8𝑟2 cos 𝜃✓ 

            =
2𝑟×2 sin

𝜃

2
cos

𝜃

2

cos
𝜃

2

✓                                         = 8𝑟2 − 8𝑟2(1 − 2𝑠𝑖𝑛2 𝜃

2
)✓✓ 

            = 4𝑟 sin
𝜃

2
✓                                               = 16𝑟2𝑠𝑖𝑛2 𝜃

2
✓ 

       Arc BC =𝑟𝜃✓                                           𝐴𝐷 = 4𝑟 sin
𝜃

2
✓ 

       𝑝 = 2𝑟 + 𝑟𝜃 + 4𝑟 sin
𝜃

2
✓        (8) 

8.2 𝐴 =
1

2
(2𝑟)2 sin 𝜃✓ −

1

2
𝑟2𝜃✓ 

          = 2𝑟2 sin 𝜃 −
1

2
𝑟2𝜃✓       (3) 

8.3 𝐴 = 2(2θ)2 sin 𝜃 −
1

2
(2𝜃)2𝜃✓ 

        = 8𝜃2 sin 𝜃 − 2𝜃3
✓ 



     𝐴′ = 16𝜃✓ sin 𝜃✓ + 8𝜃2
✓ cos 𝜃✓ − 6𝜃2

✓ = 0✓ 

     𝜃 = 1,857✓   (9) 

8.4 𝐴" = 16𝑠𝑖𝑛θ✓ + 16θcosθ✓ + 16θcosθ✓ − 8𝜃2sinθ✓− 12θ ✓   

      At 𝜃 = 1,857 

𝐴" = 16𝑠𝑖𝑛1,857 + 16(1,857)cos1,857 + 16(1,857)cos1,857 − 8(1,857)2sin1,857 −
12(1,857)✓ = −✓                                (7) 

[27] 

QUESTION 9 

9.1 𝑔(𝑥) =
2𝑥2+7𝑥−15

𝑥+2
 

      Vertical asymptote: 𝑥 = −2✓✓ 

      Oblique asymptote: 2𝑥2 + 7𝑥 − 15✓ = (𝑥 + 2)✓(2𝑥 + 3)✓ + ⋯ 

                                       𝑦 = 2𝑥 + 3✓      (6) 

9.2 𝑔′(𝑥) =
(4𝑥+7)✓(𝑥+2)✓−(2𝑥2+7𝑥−15)✓(1)

(𝑥+2)2✓
 

               =
2𝑥2+8𝑥+29

(𝑥+2)2 ✓ > 0✓  (6) 

9.3 𝑥 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠: 2𝑥2 + 7𝑥 − 15 = 0✓  

       𝑥 =
3

2
✓  𝑜𝑟  𝑥 = −5 

      𝑦 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠: 𝑔(0) = −
15

2
✓      (4) 

[16] 

QUESTION 10 

10.1 (a) ∫
cos 𝑥

sin 𝑥−2
𝑑𝑥 

            = ln|sin 𝑥 − 2|✓✓✓+ 𝑐✓       (4) 

       (b) ∫ 𝑥 √2 + 5𝑥
3

𝑑𝑥     

            Let 𝑢 = 2 + 5𝑥   ∴ 𝑥 =
𝑢−2

5
✓ 

                 
𝑑𝑢

𝑑𝑥
= 5  ∴ 𝑑𝑥 =

𝑑𝑢

5
✓ 

             ∫
𝑢−2

5
× 𝑢

1

3 ×
𝑑𝑢

5
✓ 



             =
1

25
∫ (𝑢

4

3 − 2𝑢
1

3) 𝑑𝑢✓ 

             =
1

25
(

3

7
𝑢

7

3✓ −
3

2
𝑢

4

3✓) + 𝑐 

             =
3

175
(2 + 5𝑥)

7

3 −
3

50
(2 + 5𝑥)

4

3 + 𝑐✓     (7) 

                                           or 

              𝑓(𝑥) = 𝑥✓              𝑓′(𝑥) = 1✓ 

              𝑔′(𝑥) = (2 + 5𝑥)
1

3 ✓    𝑔(𝑥) =
3

20
(2 + 5𝑥)

4

3✓ 

              ∫ 𝑥 √2 + 5𝑥
3

𝑑𝑥 =
3𝑥

20
(2 + 5𝑥)

4

3✓− ∫
3

20
(2 + 5𝑥)

4

3𝑑𝑥✓ 

                                     =
3𝑥

20
(2 + 5𝑥)

4

3 −
9

700
(2 + 5𝑥)

7

3 + 𝑐✓    (7) 

               

10.2 (a) 
5𝑥2+20𝑥+6

𝑥3+2𝑥2+𝑥
=

5𝑥2+20𝑥+6

𝑥(𝑥+1)2 ✓ 

                           =
𝐴

𝑥
+

𝐵

𝑥+1
+

𝐶

(𝑥+1)2 ✓ 

             𝐴 =
5𝑥(0)2+20(0)+6

(0+1)2 = 6✓ 

             𝐶 =
5(−1)2+20(−1)+6

−1
= 9✓ 

     
5𝑥2+20𝑥+6

𝑥(𝑥+1)2 =
6

𝑥
+

𝐵

𝑥+1
+

9

(𝑥+1)2 ✓ 

      5𝑥2 + 20𝑥 + 6 = 6(𝑥 + 1)2 + 𝐵𝑥(𝑥 + 1) + 9𝑥✓ 

      5𝑥2 = (6 + 𝐵)𝑥2 

      𝐵 = −1✓ 

      
5𝑥2+20𝑥+6

𝑥(𝑥+1)2
=

6

𝑥
−

1

𝑥+1
+

9

(𝑥+1)2
✓      (8) 

    (b) ∫ (
6

𝑥
−

1

𝑥+1
+ 9(𝑥 + 1)−2) 𝑑𝑥✓  

         = 6 ln|𝑥|✓− ln|𝑥 + 1|✓ − 9(𝑥 + 1)−1
✓✓+ 𝑐  (5) 

10.3 (a) 𝐴 = lim
𝑛→∞

(
48

5
+

27

5𝑛
+

9

5𝑛2)✓ =
48

5
✓    (2) 



       (b) ∫ (𝑘𝑥2 + 2)𝑑𝑥 =
48

5
✓

3

0
 

            [
𝑘𝑥3

3
✓ + 2𝑥✓]

3
0

=
48

5
 

            
𝑘(3)3

3
+ 2(3) =

48

5
✓ 

             9𝑘 =
18

5
✓ 

              𝑘 =
2

5
✓           (6) 

     (c) 𝜋 ∫ (
2

5
𝑥2 + 2)

2

𝑑𝑥
𝑝

0
=

4984

375
𝜋✓✓ 

           ∫ (
4

25
𝑥4 +

8

5
𝑥2 + 4) 𝑑𝑥 =

4984

375

𝑝

0
✓ 

           [
4

125
𝑥5
✓+

8

15
𝑥3
✓ + 4𝑥✓]

𝑝
0

=
4984

375
 

            
4

125
𝑝5 +

8

15
𝑝3 + 4𝑝 =

4984

375
✓ 

             𝑝 = 2✓         (8) 

[40] 


