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PROPOSED 

MARKING GUIDE 

PURE MATHEMATICS 

P425/1 2023 

NO SOLUTION MKS COMMENT 

1 12 + 22 + ⋯ + 𝑛2 =
1

6
𝑛(2𝑛 + 1)(𝑛 + 1)  

Solution 

For 𝑛 = 1; 

L.H.S = 12 = 1, R.H.S =
1

6
× 1 × (3)(2) = 1 

It holds 

For 𝑛 = 2; 

L.H.S = 12 + 22 = 5 

R.H.S =
1

6
× 2 × (5)(3) = 5 

It holds 

Assume the result holds for 𝑛 = 𝑘 

12 + 22 + 32 + ⋯ + 𝑘2 =
1

6
𝑘(2𝑘 + 1)(𝑘 + 1)   

For 𝑛 = 𝑘 + 1; 

12 + 22 + 32 + ⋯ + 𝑘2 + (𝑘 + 1)2 =
1

6
𝑘(2𝑘 + 1)(𝑘 + 1) + (𝑘 + 1)2    

R.H.S =
1

6
𝑘(2𝑘 + 1)(𝑘 + 1) + (𝑘 + 1)2   

       =
𝑘+1

6
[2𝑘2 + 𝑘 + 6𝑘 + 6] 

       =
𝑘+1

6
[2𝑘2 + 7𝑘 + 6] 

       =
1

6
(𝑘 + 1)(2𝑘 + 3)(𝑘 + 2) 

It holds for 𝑛 = 𝑘 + 1 

  

  05  

2 If 𝑦 = 𝑚𝑥 + 𝑐 is a tangent to 4𝑥2 + 3𝑦2 = 12, then 

4𝑥2 + 3(𝑚𝑥 + 𝑐)2 = 12  
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4𝑥2 + 3(𝑚2𝑥2 + 2𝑚𝑐𝑥 + 𝑐2) = 12  

4𝑥2 + 3𝑚2𝑥2 + 6𝑚𝑐𝑥 + 3𝑐2 = 12  

(4 + 3𝑚2) + 6𝑚𝑐𝑥 + 3𝑐2 − 12 = 0  

For tangency, 𝑏2 = 4𝑎𝑐 

(6𝑚𝑐)2 = 4(4 + 3𝑚2)(3𝑐2 − 12)  

36𝑚2𝑐2 = 4(12𝑐2 − 48 + 9𝑚2𝑐2 − 36𝑚2)  

9𝑚2𝑐2 = 12𝑐2 − 48 + 9𝑚2𝑐2 − 36𝑚2  

12𝑐2 = 48 + 36𝑚2  

∴ 𝑐2 = 4 + 3𝑚2  

  05  

3 𝑦 = 𝑒𝑥 cos 3𝑥  

𝑑𝑦

𝑑𝑥
= −3𝑒𝑥 sin 3𝑥 + 𝑒𝑥 cos 3𝑥  

𝑑𝑦

𝑑𝑥
= −3𝑒𝑥 sin 3𝑥 + 𝑦  

𝑑2𝑦

𝑑𝑥2
= −3[3𝑒𝑥 cos 3𝑥 + 𝑒𝑥 sin 3𝑥] +

𝑑𝑦

𝑑𝑥
  

      = −9𝑦 − 3𝑒𝑥 sin 3𝑥 +
𝑑𝑦

𝑑𝑥
 

      = −9𝑦 +
𝑑𝑦

𝑑𝑥
− 𝑦 +

𝑑𝑦

𝑑𝑥
 

      = 2
𝑑𝑦

𝑑𝑥
− 10𝑦 

∴
𝑑2𝑦

𝑑𝑥2
− 2

𝑑𝑦

𝑑𝑥
+ 10𝑦 = 0  

  

  05  

4 Let 𝒅 = 3𝒊 + 12𝒋 + 4𝒌 and 𝑛 = −𝒊 + 2𝒋 + 2𝒌 

Let 𝜃 = required angle 

Using 𝒅 ∙ 𝒏 = |𝒅||𝒏| sin 𝜃 

(
3

12
4

) ∙ (
−1
2
2

) = √32 + 122 + 42 √(−1)2 + 22 + 22  sin 𝜃  

−3 + 24 + 8 = √169 √9 sin 𝜃   
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29 = 13 × 3 sin 𝜃  

sin 𝜃 =
29

39
  

𝜃 = sin−1 (
29

39
)  

𝜃 = 48.040  

  05  

5 7−2𝑥

(𝑥+1)(𝑥−2)
> 0  

Critical values 

𝑥 = −1, 𝑥 = 2, 𝑥 =
7

2
  

 
∴ The range of values of 𝑥 are: 𝑥 < −1, 2 < 𝑥 < 3.5 

  

  05  

6 ∫ (1 + cos 3𝑦)2
𝜋

3⁄

0
𝑑𝑦 = ∫ (1 + 2 cos 3𝑦 + 𝑐𝑜𝑠23𝑦)

𝜋
3⁄

0
𝑑𝑦  

                                    = ∫ [1 + 2 cos 3𝑦 +
1

2
(cos 6𝑦 + 1)]

𝜋
3⁄

0
𝑑𝑦 

                                    = [𝑦 +
2

3
sin 3𝑦 +

1

12
sin 6𝑦 +

1

2
𝑦]

0

𝜋
3⁄
 

                                    = [
3

2
𝑦 +

2

3
sin 3𝑦 +

1

12
sin 6𝑦]

0

𝜋
3⁄
 

                                    = (
𝜋

2
+

2

3
sin 𝜋 +

1

12
sin 2𝜋) − 0 

                                    =
𝜋

2
 or 1.5708 

  

  05  

7 Let 2 sin 𝜃 + 3 cos 𝜃 ≡ 𝑅 sin(𝜃 + 𝛼) 

      2 sin 𝜃 + 3 cos 𝜃 ≡ 𝑅 sin 𝜃 cos 𝛼 + 𝑅 cos 𝜃 sin 𝛼 

                                  ≡ (𝑅 cos 𝛼) sin 𝜃 + (𝑅 sin 𝛼) cos 𝜃 

Comparing coefficients of; 

sin 𝜃 ; 𝑅 cos 𝛼 = 2 ………………….(i) 

  

 
𝑥 𝑥 < −1  −1 < 𝑥 < 2  2 < 𝑥 < 3.5  𝑥 > 3.5  

(7 − 2𝑥)  + + + − 

(𝑥 + 1)(𝑥 − 2)  + − + + 
7−2𝑥

(𝑥+1)(𝑥−2)
  + − + − 
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cos 𝜃 ; 𝑅 sin 𝛼 = 3 …………………(ii) 

(𝑅 cos 𝛼)2 + (𝑅 sin 𝛼)2 = 22 + 32  

𝑅2(𝑐𝑜𝑠2𝛼 + 𝑠𝑖𝑛2𝛼) = 4 + 9 = 13  

𝑅2 = 13  

𝑅 = √13  

(ii)÷(i); tan 𝛼 =
3

2
 

              𝛼 = tan−1(1.5) 

              𝛼 = 56.310 

∴ 2 sin 𝜃 + 3 cos 𝜃 = √13 sin(𝜃 + 56.310)  

  05  

8 Let 𝑓(𝑥) = ln(2 + 𝑥), 𝑓(0) = ln 2 

𝑓′(𝑥) =
1

2+𝑥
, 𝑓′(0) =

1

2
  

𝑓′′(𝑥) = −(2 + 𝑥)−2 ∙ 1 =
−1

(2+𝑥)2
, 𝑓′′(0) = −

1

4
  

Using 𝑓(𝑥) = 𝑓(0) + 𝑥𝑓′(0) +
𝑥2𝑓′′(0)

2!
+

𝑥3𝑓′′′(0)

3!
+ ⋯ 

∴ ln(2 + 𝑥) = ln 2 +
1

2
𝑥 −

1

8
𝑥2 + ⋯  

  

  05  

9 a) Let 𝑓(𝑧) = 𝑧3 − 7𝑧2 + 19𝑧 − 13 

Putting 𝑧 = 1 

𝑓(1) = 13 − 7(1)2 + 19(1) − 13  

𝑓(1) = 0  

𝑧 = 1 is a root and then 𝑧 − 1 is a factor 

  



Prepared by Mr. Seninde Denis Tel: 0789367681/0706250578                                                                                                     5 
 

 

𝑧2 − 6𝑧 + 13 = 0  

𝑧 =
6±√(−6)2−4×1×13

2×1
  

𝑧 =
6±√−16

2
  

𝑧 =
6±4𝑖

2
= 3 ± 2𝑖  

 The values of z are 1, 3 + 2𝑖 and 3 − 2𝑖 
 

b) 8(−√3 + 𝑖) = −8√3 + 8𝑖 

Let 𝑧 = −8√3 + 8𝑖 

𝑟 = |𝑧| = √(−8√3)
2

+ 82 = 16 units 

 

arg(z) = 𝜃 = 1800 − tan−1 (
8

8√3
) = 1800 − 300 = 1500 =

5𝜋

6
 

Using 𝑧 = 𝑟
1

𝑛 [cos (
𝜃+2𝜋𝑘

𝑛
) + 𝑖 sin (

𝜃+2𝜋𝑘

𝑛
)]  

𝑧 = 16
1

4 [cos (
5𝜋

6
+2𝜋𝑘

4
) + 𝑖 sin (

5𝜋

6
+2𝜋𝑘

4
)]  
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𝑧 = 2 [cos (
5𝜋+12𝜋𝑘

24
) + 𝑖 sin (

5𝜋+12𝜋𝑘

24
)]  

For 𝑘 = 0, 𝑧1 = 2 [cos (
5𝜋

24
) + 𝑖 sin (

5𝜋

24
)] 

                       = 2(0.7934 + 0.6088𝑖) 

                       = 1.5868 + 1.2176𝑖 
 

For 𝑘 = 1, 𝑧2 = 2 [cos (
17𝜋

24
) + 𝑖 sin (

17𝜋

24
)] 

                       = 2(−0.6088 + 0.7934) 

                       = −1.2176 + 1.5868𝑖 
 

For 𝑘 = 2, 𝑧3 = 2 [cos (
29𝜋

24
) + 𝑖 sin (

29𝜋

24
)] 

                       = 2(−0.7934 − 0.6088𝑖) 

                       = −1.5868 − 1.2176𝑖 
 

For 𝑘 = 3, 𝑧4 = 2 [cos (
41𝜋

24
) + 𝑖 sin (

41𝜋

24
)] 

                      = 2(0.6088 − 07934𝑖) 

                      = 1.2176 − 1.5868𝑖 

  12  

10 Method I 

Let 
3𝑥3+2𝑥2−3𝑥+1

𝑥(1−𝑥)
≡ 𝐴𝑥 + 𝐵 +

𝐶

𝑥
+

𝐷

1−𝑥
 

3𝑥3 + 2𝑥2 − 3𝑥 + 1 ≡ 𝑥(𝐴𝑥 + 𝐵)(1 − 𝑥) + 𝐶(1 − 𝑥) + 𝐷𝑥  

Putting 𝑥 = 1; 3 = 𝐷                  ∴ 𝐷 = 3 

Putting 𝑥 = 0; 1 = 𝐶                   ∴ 𝐶 = 1 

Comparing coefficients of; 

𝑥3; 3 = −𝐴                     ∴ 𝐴 = −3   

𝑥2; 2 = 𝐴 − 𝐵  

      2 = −3 − 𝐵              ∴ 𝐵 = −5 

∴
3𝑥3+2𝑥2−3𝑥+1

𝑥(1−𝑥)
≡ −3𝑥 − 5 +

1

𝑥
+

3

1−𝑥
  

Hence; 
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∫ 𝑓(𝑥) 𝑑𝑥 = ∫(−3𝑥 − 5) 𝑑𝑥 + ∫
1

𝑥
𝑑𝑥 + ∫

3

1−𝑥
𝑑𝑥  

                 = −
3

2
𝑥2 − 5𝑥 + ln 𝑥 − 3 ln(1 − 𝑥) + 𝑐 

Method II 

3𝑥3+2𝑥2−3𝑥+1

𝑥(1−𝑥)
=

3𝑥3+2𝑥2−3𝑥+1

𝑥−𝑥2
  

 

3𝑥3+2𝑥2−3𝑥+1

𝑥(1−𝑥)
= −3𝑥 − 5 +

2𝑥+1

𝑥(1−𝑥)
  

Let 
2𝑥+1

𝑥(1−𝑥)
≡

𝐴

𝑥
+

𝐵

1−𝑥
 

2𝑥 + 1 ≡ 𝐴(1 − 𝑥) + 𝐵𝑥  

Putting 𝑥 = 1; 3 = 𝐵                              ∴ 𝐵 = 3 

Putting 𝑥 = 0; 1 = 𝐴                              ∴ 𝐴 = 1 

∴
3𝑥3+2𝑥2−3𝑥+1

𝑥(1−𝑥)
≡ −3𝑥 − 5 +

1

𝑥
+

3

1−𝑥
  

Hence; 

∫ 𝑓(𝑥) 𝑑𝑥 = ∫(−3𝑥 − 5) 𝑑𝑥 + ∫
1

𝑥
𝑑𝑥 + ∫

3

1−𝑥
𝑑𝑥  

                 = −
3

2
𝑥2 − 5𝑥 + ln 𝑥 − 3 ln(1 − 𝑥) + 𝑐 

  12  

11 a) Equation of a line through E(2,0, −1) 

𝒓 = (
2
0

−1
) + 𝜇 (

−2
1
2

)  

Let 𝒓 = (
𝑥
𝑦
𝑧

) 

(
𝑥
𝑦
𝑧

) = (
2
0

−1
) + 𝜇 (

−2
1
2

)  
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𝑥 = 2 − 2𝜇  

𝑦 = 𝜇  

𝑧 = −1 + 2𝜇  

 

At point B; 

2 − 2𝜇 + 2𝜇 − 2(−1 + 2𝜇) = 8  

2 + 2 − 4𝜇 = 8  

−4𝜇 = 4                  ∴ 𝜇 = −1  

 𝑥 = 2 −2(−1) = 4 

𝑦 = −1  

𝑧 = −1 + 2(−1) = −3  

∴B(4, −1, −3) 

b)  

 

Equation of the perpendicular from E to the plane; 

𝒓 = (
2
0

−1
) + 𝑡 (

1
2

−2
)  

Let 𝑟 = (
𝑥
𝑦
𝑧

) 

(
𝑥
𝑦
𝑧

) = (
2
0

−1
) + 𝑡 (

1
2

−2
)  

𝑥 = 2 + 𝑡  

𝑦 = 2𝑡  

𝑧 = −1 − 2𝑡  

At point C; 
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2 + 𝑡 + 4𝑡 − 2(−1 − 2𝑡) = 8  

2 + 5𝑡 + 2 + 4𝑡 = 8  

9𝑡 = 4  

𝑡 =
4

9
      

 𝑥 = 2 +
4

9
=

22

9
 

𝑦 = 2 (
4

9
) =

8

9
  

𝑧 = −1 − 2 (
4

9
) = −

17

9
  

∴ C(
22

9
,

8

9
, −

17

9
) 

  12  

12 a) No. of ways = 10! = 3,628,800 ways 

b) No. of ways =9C6×7C5 = 84 × 21 = 1764 ways 

c) 20Cr = 20Cr – 2 

20!

(20−𝑟)!𝑟!
=

20!

(20−(𝑟−2))!(𝑟−2)!
  

(20 − 𝑟)! 𝑟! = (20 − (𝑟 − 2))! (𝑟 − 2)!  

(20 − 𝑟)! 𝑟! = (22 − 𝑟)! (𝑟 − 2)!  

(20 − 𝑟)! 𝑟(𝑟 − 1)(𝑟 − 2)! = (22 − 𝑟)(21 − 𝑟)(20 − 𝑟)! (𝑟 − 2)!  

𝑟(𝑟 − 1) = (22 − 𝑟)(21 − 𝑟)  

𝑟2 − 𝑟 = 462 − 22𝑟 − 21𝑟 + 𝑟2  

−𝑟 = 462 − 43𝑟  

42𝑟 = 462  

𝑟 = 11  

Alternatively: 

If nCx = 
nCy => 𝑥 + 𝑦 = 𝑛 

Then 20Cr = 20Cr – 2 

𝑟 + 𝑟 − 2 = 20  

2𝑟 = 22  
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∴ 𝑟 = 11  

  12  

13 a) 𝑥 = 𝑡2 − 3, 𝑦 = 𝑡(𝑡2 − 3) 

From 𝑥 = 𝑡2 − 3 

          𝑡 = √𝑥 + 3 

 𝑦 = √𝑥 + 3(𝑥) 

Squaring both sides gives 

𝑦2 = 𝑥2(𝑥 + 3)  

∴ 𝑦2 = 𝑥3 + 3𝑥2 or 𝑥3 = 𝑦2 − 3𝑥2 

 

Alternatively: 

𝑦 = 𝑡𝑥 => 𝑡 =
𝑦

𝑥
 

Using 𝑥 = 𝑡2 − 3  

 𝑥 =
𝑦2

𝑥2
− 3 

∴ 𝑥3 = 𝑦2 − 3𝑥2 or 𝑦2 = 𝑥3 + 3𝑥2 

b)  

(i)  

 

𝑂𝑃̅̅ ̅̅ = 5𝑃𝐴̅̅ ̅̅   

𝑂𝑃̅̅ ̅̅ 2 = 25𝑃𝐴̅̅ ̅̅ 2  

(𝑥 − 0)2 + (𝑦 − 0)2 = 25[(𝑥 − 12)2 + (𝑦 − 0)2]  

𝑥2 + 𝑦2 = 25(𝑥2 − 24𝑥 + 144 + 𝑦2)  

  

 



Prepared by Mr. Seninde Denis Tel: 0789367681/0706250578                                                                                                     11 
 

𝑥2 + 𝑦2 = 25𝑥2 + 25𝑦2 − 600𝑥 + 3600  

24𝑥2 + 24𝑦2 − 600𝑥 + 3600 = 0  

𝑥2 + 𝑦2 − 25𝑥 + 150 = 0 hence a circle   

 

(ii) Completing squares 

𝑥2 + 𝑦2 − 25𝑥 = −150  

(𝑥 −
25

2
)

2
+ (𝑦 − 0)2 = −150 + (

25

2
)

2
  

(𝑥 −
25

2
)

2
+ (𝑦 − 0)2 =

25

4
  

∴ Centre, C(
25

2
, 0) and radius, 𝑟 = √(

25

4
) =

5

2
= 2.5 units 

  12  

14 a) Turning points 

𝑑𝑦

𝑑𝑥
=

(4𝑥2−1)∙0−1∙8𝑥

(4𝑥2−1)2
= 0  

8𝑥 = 0  

𝑥 = 0  

When 𝑥 = 0, 𝑦 =
1

0−1
= −1 

∴ (0, −1)  

Nature; 
𝑑2𝑦

𝑑𝑥2
=

(4𝑥2−1)2∙−8+8𝑥∙2(4𝑥2−1)∙8𝑥

(4𝑥2−1)4
=

(4𝑥2−1)(96𝑥+8)

(4𝑥2−1)4
       

When 𝑥 = 0, 𝑦 =
(0−1)(0+8)

(0−1)4
= −8 < 0 

∴ (0, −1)𝑚𝑎𝑥  

b) Asymptotes  

Vertical asymptote 

4𝑥2 − 1 = 0  

4𝑥2 = 1  

𝑥 = ±
1

2
  

  



Prepared by Mr. Seninde Denis Tel: 0789367681/0706250578                                                                                                     12 
 

𝑥 = −
1

2
, 𝑥 =

1

2
  

Horizontal asymptote  

𝑦 =
1

𝑥2

4−
1

𝑥2

  

As 𝑥 → ±∞, 𝑦 → 0 

i.e 𝑦 = 0 

Intercepts  

When 𝑦 = 0, 𝑥 =? 

0 = 1, 𝑥 is undefined  

When 𝑥 = 0, 𝑦 =? 

𝑦 =
1

0−1
= −1, (0, −1)  

 

  12  

15 a) tan 3𝜃 = tan(2𝜃 + 𝜃) 

            =
tan 2𝜃+tan 𝜃

1−tan 2𝜃 tan 𝜃
 

But tan 2𝜃 =
2 tan 𝜃

1−𝑡𝑎𝑛2𝜃
 

 tan 3𝜃 =
2 tan 𝜃

1−𝑡𝑎𝑛2𝜃
+tan 𝜃

1−(
2 tan 𝜃

1−𝑡𝑎𝑛2𝜃
)∙tan 𝜃

 

           =
2 tan 𝜃+tan 𝜃−𝑡𝑎𝑛3𝜃

1−𝑡𝑎𝑛2𝜃−2𝑡𝑎𝑛2𝜃
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           =
3 tan 𝜃−𝑡𝑎𝑛3𝜃

1−3𝑡𝑎𝑛2𝜃
 

∴ tan 3𝜃 =
tan 𝜃(3−𝑡𝑎𝑛2𝜃)

(1−3𝑡𝑎𝑛2𝜃)
  

ALT:  

From De Movoire’s theorem; 

cos 3𝜃 + 𝑖 sin 3𝜃 = (cos 𝜃 + 𝑖 sin 𝜃)3  

                            = 𝑐𝑜𝑠3𝜃 + 3𝑖𝑐𝑜𝑠2𝜃 sin 𝜃 − 3 cos 𝜃 𝑠𝑖𝑛2𝜃 − 𝑖𝑠𝑖𝑛3𝜃 

Equating components; 

Real: cos 3𝜃 = 𝑐𝑜𝑠3𝜃 − 3 cos 𝜃 𝑠𝑖𝑛2𝜃 …………………(i) 

Imaginary; sin 3𝜃 = 3𝑐𝑜𝑠2𝜃 sin 𝜃 − 𝑠𝑖𝑛3𝜃…………….(ii) 

(ii)÷(i); tan 3𝜃 =
3𝑐𝑜𝑠2𝜃 sin 𝜃−𝑠𝑖𝑛3𝜃

𝑐𝑜𝑠3𝜃−3 cos 𝜃𝑠𝑖𝑛2𝜃
 

Dividing through the R.H.S by 𝑐𝑜𝑠3𝜃 

tan 3𝜃 =
3 tan 𝜃−𝑡𝑎𝑛3𝜃

1−3𝑡𝑎𝑛2𝜃
  

∴ tan 3𝜃 =
tan 𝜃(3−𝑡𝑎𝑛2𝜃)

(1−3𝑡𝑎𝑛2𝜃)
  

b) cos 6𝑥 + cos 2𝑥 + cos 4𝑥 = 0 

2 cos 4𝑥 cos 2𝑥 + cos 4𝑥 = 0  

cos 4𝑥 (2 cos 2𝑥 + 1) = 0  

Either cos 4𝑥 = 0 or 2 cos 2𝑥 + 1 = 0 

For cos 4𝑥 = 0 

4𝑥 = cos−1(0)  

4𝑥 = 900, 2700, 4500, 6300  

𝑥 = 22.50, 67.50, 112.50, 157.50  

For 2 cos 2𝑥 + 1 = 0 

cos 2𝑥 = −
1

2
  

2𝑥 = cos−1 (
1

2
)  

2𝑥 = 1200, 2400  
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𝑥 = 600, 1200  

∴ 𝑥 = 22.50, 600, 67.50, 112.50, 1200, 157.50              

  12  

16 a) Let T be the body’s temperature 

𝑑𝑇

𝑑𝑡
∝ (𝑇 − 25)  

𝑑𝑇

𝑑𝑡
= −𝑘(𝑇 − 25)  

∫
𝑑𝑇

𝑇−25
= − ∫ 𝑘 𝑑𝑡  

ln(𝑇 − 25) = −𝑘𝑡 + 𝑐  

𝑇 − 25 = 𝑒−𝑘𝑡+𝑐   

𝑇 −25= 𝑒−𝑘𝑡 ∙ 𝑒𝑐 

T−25 = 𝐴𝑒−𝑘𝑡, A= 𝑒𝑐 

𝑇 = 25 + 𝐴𝑒−𝑘𝑡  

When 𝑡 = 0, 𝑇 = 900C 

90 = 25 + 𝐴                         ∴ 𝐴 = 65  

𝑇 = 25 + 65𝑒−𝑘𝑡  

When 𝑡 = 6 𝑚𝑖𝑛𝑠, 𝑇 = 600C 

60 = 25 + 65𝑒−6𝑘  

𝑒−6𝑘 =
35

65
  

−6𝑘 = ln (
35

65
)  

𝑘 =
1

6
ln (

65

35
)  

∴ 𝑇 = 25 + 65𝑒
−

1

6
ln(

65

35
)∙𝑡

  

 

b) When 𝑇 = 400, 𝑡 =? 

40 = 25 + 65𝑒
−

1

6
ln(

65

35
)∙𝑡1  

−
1

6
ln (

65

35
) ∙ 𝑡1 = ln (

15

65
)  
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𝑡1 =
−6 ln(

15

65
)

ln(
65

35
)

= 14.2124 minutes 

When T = 300, 𝑡 =? 

30 = 25 + 65𝑒
−

1

6
ln(

65

35
)∙𝑡2  

−
1

6
ln (

65

35
) ∙ 𝑡2 = ln (

5

65
)  

 

𝑡2 =
−6 ln(

5

65
)

ln(
65

35
)

= 24.8606 minutes  

∴ Time taken = 24.8606 − 14.2124 

                       = 10.6482 ≈ 11 minutes 

 

Alternatively: 

Using ln(𝑇 − 25) = −𝑘𝑡 + 𝑐 

Set 𝑡 = 𝑡1 at 𝑇 = 40 => ln 15 = −𝑘𝑡1 + 𝑐 

Set 𝑡 = 𝑡2 at T = 30 => ln 5 = −𝑘𝑡2 + 𝑐 

Subtracting : ln 15 − ln 5 = 𝑘(𝑡2 − 𝑡1) 

The required time, 𝑡2 − 𝑡1 =
ln 3

𝑘
 

                                            = ln 3 ÷
1

6
ln (

65

35
) 

                                            =
6 ln 3

ln(
65

35
)
 

                                           = 10.6482 ≈ 11 minutes 

  12  

 


