
MATHEMATICS SEMINAR SOLUTIONS 

1 a) 𝑦 +
1

𝑦
= 2.5 

           𝑦2 − 2.5𝑦 + 1 = 0 

         2𝑦2 − 5𝑦 + 2 = 0 

         2𝑦2 − 4𝑦 − 𝑦 + 2 = 0 

         (𝑦 − 2)(2𝑦 − 1) = 0 

          𝑦 = 2 = log𝑥 16 𝑜𝑟 𝑦 =
1

2
= log𝑥 16 

        √𝑥 = 16 𝑜𝑟 𝑥2 = 16  

     𝑥 = 256 𝑜𝑟 𝑥 = 4 (𝑑𝑖𝑠𝑐𝑎𝑟𝑑 𝑥 = −4) 

 

b) 2𝑝 + 2𝑞 = 320   and 𝑝 + 𝑞 = 14 

    2𝑝+𝑞 = 2𝑝 × 2𝑞 = 214 = 16384.     Let 2𝑝 = 𝑥 𝑎𝑛𝑑 2𝑞 = 𝑦  

    𝑥 + 𝑦 = 320……(𝑖)        𝑥𝑦 = 16384………(𝑖𝑖)     

   𝑥(320 − 𝑥) = 16384 

   320𝑥 − 𝑥2 = 16384, 𝑡ℎ𝑢𝑠 𝑥2 − 320𝑥 + 16384 = 0 

𝑥 =
320 ± √(−320)2 − 4 × 1 × 16384

2 × 1
 

𝑥 = 256 = 2𝑝 𝑜𝑟 𝑥 = 64 = 2𝑝 

2𝑝 = 256 𝑓𝑜𝑟 2𝑞 = 64 or 2𝑝 = 64 𝑓𝑜𝑟 2𝑞 = 256 

2𝑝 = 28 𝑓𝑜𝑟 2𝑞 = 26 or 2𝑝 = 26 𝑜𝑟 2𝑞 = 28 

𝑝 = 8 𝑓𝑜𝑟 𝑞 = 6 𝑜𝑟 𝑝 = 6 𝑓𝑜𝑟 𝑞 = 8. 

 

2 a)  (𝑥 + 𝑖𝑦)(𝑥 + 𝑖𝑦)2 = 𝑥2 − 𝑦2 + 2𝑖𝑥𝑦 

𝑥2 − 𝑦2 + 2𝑖𝑥𝑦 = 7 − 6√2𝑖 

 

Equating real and complex parts. 



𝑥2 − 𝑦2 = 7 𝑜𝑟 2𝑥𝑦 =  −6√2 

 On solving  

 𝑥 = 3  𝑤ℎ𝑒𝑛 𝑦 =  −√2   𝑜𝑟  𝑥 =  −3 𝑤ℎ𝑒𝑛 𝑦 = √2 
   
b)  (i) 𝑓(𝑧) = 2𝑧3 − 4𝑧2 − 5𝑧 − 3 

         𝑓(3) = 2𝑥03 − 4𝑥02 − 5𝑥0 − 3 

        𝑓(3) = 0 

 

  (ii) 2𝑧3 − 4𝑧2 − 5𝑧 − 3 = (𝑧 − 3)(2𝑧2 + 2𝑧 + 1) 

       On solving  

      z = 3 , z =
−1

2
+

i

2
 , z =

−1

2
−

i

2
 

 

3 a) 𝐿𝑒𝑡 𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡ℎ𝑟𝑒𝑒 − 𝑚𝑜𝑜𝑛𝑡ℎ 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 

         𝑆𝑛 = 3000000, 𝑃 = 500000, 𝑅 = 3, 𝑡𝑖𝑚𝑒 = 𝑛 𝑡ℎ𝑟𝑒𝑒 − 𝑚𝑜𝑛𝑡ℎ𝑠 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 

          𝐿𝑒𝑡 𝐴𝑘 = 𝑃 (1 +
𝑅

100
)
𝑛+1−𝑘

𝑏𝑒 amount got after the k𝑡ℎ deposit made 

               𝐴1 = 50000(1 +
3

100
)
𝑛

= 50000(1.03)𝑛 

              𝐴2 = 50000(1.03)𝑛−1 

              𝐴3 = 50000(1.03)𝑛−2 

               𝐴𝑛 = 50000(1.03)1 

          Total = 𝑆𝑛 = 𝐴𝑛 + ⋯+ 𝐴3 + 𝐴2 + 𝐴1 

         3000000 = 50000[(1.03)1 + (1.03)2 + ⋯+ (1.03)𝑛−2 + (1.03)𝑛−1 + (1.03)𝑛] 

         3000000 = 50000[1.03(
1.03𝑛−1

1.03−1
)] 

          1.03𝑛 =
3000000×0.03

50000×1.03
+ 1 

           1.03𝑛 = 2.747573 

           𝑛 =
𝐿𝑛 2.747573

𝐿𝑛 1.03
 

          𝑛 = 34.1935 

        Number of months = 3 × 34.1935 = 102.58 (4 𝑠. 𝑓)  



b)  √(
1−𝑥

1+𝑥
) 

3
 

          = (1 − 𝑥)
1

3(1 + 𝑥)−
1

3 for 𝑛 =
1

3
, 𝑥 ≡ (−𝑥) and 𝑛 = −

1

3
, 𝑥 ≡ 𝑥 

        (1 − 𝑥)
1

3 = 1 −
1

3
𝑥 −

2

9
𝑥2 (

1

2
) + ⋯ 

        (1 + 𝑥)−
1

3 = 1 −
1

3
𝑥 +

4

9
𝑥2 (

1

2
) + ⋯ 

      √(
1−𝑥

1+𝑥
) 

3
= [1 −

1

3
𝑥 −

1

9
𝑥2 + ⋯] [1 −

1

3
𝑥 +

2

9
𝑥2 + ⋯ ] 

      √(
1−𝑥

1+𝑥
) 

3
= 1 −

1

3
𝑥 +

2

9
𝑥2 −

1

3
𝑥 +

1

9
𝑥2 −

1

9
𝑥2 + ⋯    

        √(
1−𝑥

1+𝑥
) 

3
= 1 −

2

3
𝑥 +

2

9
𝑥2 

4. a) 𝑓(𝑛) = 32𝑛 + 5𝑛 − 2 

            𝐹𝑜𝑟 𝑛 = 1, 𝑓(1) = 32 + 51 − 2 = 12 

                              𝑓(1) = 4 × 3. Hence true for n=1. 

           𝐹𝑜𝑟 𝑛 = 𝑘 > 1, 𝑎𝑠𝑠𝑢𝑚𝑒 𝑓(𝑘) = 32𝑘 + 5𝑘 − 2 = 4𝐴 𝑖𝑠 𝑎 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑜𝑓 4 

           ∴ 32𝑘 = 4𝐴 − 5𝑘 + 2 

            𝐹𝑜𝑟 𝑛 = 𝑘 + 1, 𝑓(𝑘 + 1) = 32(𝑘+1) + 5𝑘+1 − 2 

                𝑓(𝑘 + 1) = 9(32𝑘) + 5(5𝑘) − 2 = 9[4𝐴 − 5𝑘 + 2] + 5(5𝑘) − 2 

                𝑓(𝑘 + 1) = 36𝐴 + 18 − 9(5𝑘) + 5(5𝑘) − 2 

                𝑓(𝑘 + 1) = 36𝐴 + 16 − 4(5𝑘) = 4[9𝐴 + 4 − 5𝑘] 

                 Since 𝑘 ≪ 𝐴 > 3, 𝑡ℎ𝑒𝑛 9𝐴 + 4 − 5𝑘 𝑖𝑠 𝑎 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑛𝑡𝑒𝑔𝑒𝑟.    

              𝑓(𝑘 + 1) 𝑖𝑠 𝑑𝑖𝑣𝑖𝑠𝑖𝑏𝑙𝑒 𝑏𝑦 4. 𝑇𝑟𝑢𝑒, 32𝑛 + 5𝑛 − 2        

               𝑖𝑠 𝑎 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑜𝑓 4 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠, 𝑛 ≥ 1 

      b)  ∑ 𝑟32𝑛
𝑟=1 =

1

4
(2𝑛)2(2𝑛 + 1)2 



                     = 𝑛2(2𝑛 + 1)2  

             ∑ 𝑟32𝑛
𝑟=1 = 13 + 23 + 33 …+ 𝑛3 + (𝑛 + 1)3 + ⋯+ (2𝑛 − 1)3 + (2𝑛)3 

            ∑ 𝑟32𝑛
𝑟=1 = 13 + 33 + 53 …+ (2𝑛 − 1)3 + 23[13 + 23 + 33 …+ 𝑛3] 

           𝑛2(2𝑛 + 1)2 = 13 + 33 + 53 …+ (2𝑛 − 1)3 + 8[
1

4
(𝑛)2(𝑛 + 1)2] 

            13 + 33 + 53 …+ (2𝑛 − 1)3 = 𝑛2(2𝑛 + 1)2 − 2𝑛2(𝑛 + 1)2 

                = 𝑛2[(2𝑛 + 1)2 − 2(𝑛 + 1)2 

                = 𝑛2[4𝑛2 + 4𝑛 + 1 − 2𝑛2 − 4𝑛 − 2] 

                  ∑ (2𝑟 − 1)3𝑛
𝑟=1 = 𝑛2(2𝑛2 − 1) 

 

5.a)   For x-2  

          𝑃(2) = 23 + 𝑎22 + 𝑏 

         𝑃(2) = 8 + 4𝑎 + 𝑏 

        P(2)= 0 

  4𝑎 + 𝑏 = −8 − − − − − − − − − −(𝑖) 

𝑄(−1) = −1 + 𝑎 + 𝑏 

  𝑎 + 𝑏 = −14 − − − − − − − − − −(𝑖𝑖) 

On solving the two equations 

𝑎 = 2 𝑎𝑛𝑑  𝑏 = −16 

 

b)  The least value is −18 

6. a)  
5

𝑥+1
+

1

𝑥−2
− 

3

(𝑥−2)2
 

b) 
15

4
− 6𝑥 +

69

16
𝑥2 

 



7.a) a) √𝑥 + 7 = 2 + √𝑥 − 1 

             𝑥 + 7 = 4 + 4√𝑥 − 1 + 𝑥 − 1 

             1 = √𝑥 − 1 
              1 = 𝑥 − 1 
               𝑥 = 2 

        Checking: 𝐿. 𝐻. 𝑆 = √2 + 7  = 3 

                           𝑅.𝐻. 𝑆 = 2 + √2 − 1  = 3 
                            𝐿. 𝐻. 𝑆 = 𝑅.𝐻. 𝑆, ℎ𝑒𝑛𝑐𝑒 𝑥 = 2 

 

b) 
𝑍+1

𝑍−𝑖
 =

𝑥+𝑖𝑦+1

𝑥+𝑖𝑦−𝑖
 

                  =
(𝑥+1)+𝑖𝑦

𝑥+𝑖(𝑦−1)
 

                  =
[(𝑥+1)+𝑖𝑦][𝑥−𝑖(𝑦−1)]

[𝑥+𝑖(𝑦−1)][𝑥−𝑖(𝑦−1)]
 

                  =
𝑥(𝑥+1)+𝑦(𝑦−1)+𝑖[𝑥𝑦−(𝑥+1)(𝑦−1)]

𝑥2+(𝑦−1)2
 

                  =
𝑥(𝑥+1)+𝑦(𝑦−1)

𝑥2+(𝑦−1)2
+ 

[𝑥𝑦−(𝑥+1)(𝑦−1)]

𝑥2+(𝑦−1)2
𝑖 

                  =
𝑥2+𝑥+𝑦2−𝑦

𝑥2+(𝑦−1)2
+ 

−𝑦+𝑥+1

𝑥2+(𝑦−1)2
𝑖, 𝑓𝑜𝑟 𝑎 =

𝑥2+𝑥+𝑦2−𝑦

𝑥2+(𝑦−1)2
, 𝑏 =

−𝑦+𝑥+1

𝑥2+(𝑦−1)2
.  

               Hence, tan−1 𝑎

𝑏
= tan−1 [

−𝑦+𝑥+1

𝑥2+(𝑦−1)2
 ÷

𝑥2+𝑥+𝑦2−𝑦

𝑥2+(𝑦−1)2
] = −

𝜋

4
 

               
−𝑦+𝑥+1

𝑥2+𝑥+𝑦2−𝑦
= −1 

                𝑥2 + 𝑥 + 𝑦2 − 𝑦 = 𝑦 − 𝑥 − 1 
                𝑥2 + 2𝑥 + 𝑦2 − 2𝑦 + 1 = 0 𝑖𝑠 𝑐𝑖𝑟𝑐𝑙𝑒 𝑥2 + 𝑦2 + 2𝑔𝑥 + 2𝑓𝑦 + 𝑐 = 0 
                  for constants f, g, and c. 

 

8.a) 
𝑛!

(𝑛−3)!3!
+

𝑛!

(𝑛−2)!2!
= 4𝑛 

       
𝑛(𝑛−1)(𝑛−2)

6
+

𝑛(𝑛−1)

2
= 4𝑛 

      
1

6
(𝑛3 − 𝑛) = 4𝑛 

    𝑛(𝑛2 − 25) = 0 

   𝑛 = 5 

 

 



b)   Introducing In on both sides 

𝐼𝑛𝑒3𝑥+4𝑦 = 𝐼𝑛2𝑒2𝑥−𝑦 

3𝑥 + 4𝑦 = 𝐼𝑛 2 + 2𝑥 − 𝑦 

𝑥 + 5𝑦 = 𝐼𝑛 2………………(𝑖) 

𝑥 − 5𝑦 = 𝐼𝑛 8…………………(𝑖𝑖) 

Solving the two equations simultaneously  

𝑥 = 2𝐼𝑛 2  𝑎𝑛𝑑 𝑦 = − 
1

5
𝐼𝑛 2 

c) (i)  
𝐹𝑜𝑟 2𝑥 + 9 ≥ 0 

−𝑥 − 3 < 2𝑥 + 9          𝐴𝐿𝑇: (−𝑥 − 3)2 = (2𝑥 + 9)2 etc 

−3𝑥 < 12 
−3𝑥

−3
>

12

−3
 

𝑥 > −4 

𝐹𝑜𝑟 (2𝑥 + 9) < 0, |2𝑥 + 9| = −(2𝑥 + 9) 

−𝑥 − 3 > −(2𝑥 + 9) 

𝑥 + 3 > 2𝑥 + 9 

−𝑥 > 6 
−𝑥

−1
<

6

−1
 

𝑥 < −6 

c) (ii) 𝑥 = 0 , 𝑥 = 1 , 𝑥 = 2 

9 (a) 𝑝 = 3 𝑜𝑟 𝑞 = −10 

 (b)    𝛼 + 𝛽 =  −
𝑏

𝑎
 

          𝛼𝛽 =
𝑐

𝑎
  

Sum of roots =  
𝛼

𝛽
+

𝛽

𝛼
 

     
(𝛼+𝛽)2−2𝛼𝛽

𝛼𝛽
= 

𝑏2

𝑎2−
2𝑐

𝑎
𝑐

𝑎

 



𝑏2 − 2𝑎𝑐

𝑎𝑐
 

Product =1 

𝑎𝑐𝑥2 − (𝑏2 − 2𝑎𝑐)𝑥 + 1 = 0 

(c )  𝑟 = 0.6 𝑎𝑛𝑑 𝑎 = 2 

  

10.a) 3 Sin 𝐴 cos 𝛼 − 3 cos 𝐴 sin 𝛼 = cos𝐴 cos 𝛼 − sin 𝐴 sin 𝛼   

             3 Sin 𝐴 cos 𝛼 + sin 𝐴 sin 𝛼 = 3 cos 𝐴 sin 𝛼 + cos 𝐴 cos 𝛼 

             Sin A (3cos 𝛼 + sin 𝛼) = cos 𝐴(3 sin 𝛼 + cos 𝛼) 

            
 3Cos𝛼+sin𝛼

3Sin𝛼+cos𝛼
=

cos𝐴

sin𝐴
  

            Cot 𝐴 =
( 3cos𝛼+sin 𝛼)/𝑠𝑖𝑛𝛼

(3 sin 𝛼+cos𝛼)/𝑠𝑖𝑛𝛼
 

            Cot 𝐴 =
3cot𝛼+1

3+cot𝛼
     

           Hence tan A = 
3+cot𝛼

3cot 𝛼+1
=

3+(−
1

2
)

3(−
1

2
)+1

 

         tan A = −5  with tan 𝛼 = −2. 

         tan (A+ 𝛼) =
 tan𝐴+tan𝛼

1−tan𝐴 tan𝛼
 

         tan (A+ 𝛼) =
−5+ −2

1−(−5×−2)
 

          tan (A+ 𝛼) =
7

9
 

    b) cos 𝑥 = sin
𝑥

2
 

          1 − 2𝑠𝑖𝑛2 𝑥

2
= sin

𝑥

2
 

         2𝑠𝑖𝑛2 𝑥

2
+ sin

𝑥

2
− 1 = 0 

           sin
𝑥

2
=

−1±√(1)2−4×1×−1

2×2
 



          sin
𝑥

2
=

1

2
 𝑏𝑢𝑡 sin

𝑥

2
 ≠ −1 𝑓𝑜𝑟 0𝑜 ≤

𝑥

2
≤ 90𝑜  

           
𝑥

2
= sin−1 1

2
= 30𝑜 

11.a) 
2𝑡𝑎𝑛2𝐴

1+𝑡𝑎𝑛22𝐴
=

2𝑡𝑎𝑛𝐴

1+𝑡𝑎𝑛2𝐴
        ALT 1: 2𝑐𝑜𝑠3𝐴𝑠𝑖𝑛𝐴 = 0    etc 

              
2(

2𝑡

1−𝑡2
)

1+(
2𝑡

1−𝑡2
)2

=
2𝑡

1−𝑡2    ALT 2: 2𝑠𝑖𝑛2𝐴𝑐𝑜𝑠2𝐴 − 𝑠𝑖𝑛2𝐴 = 0 etc 

        
4𝑡(1−𝑡2)

(1−𝑡2)2+4𝑡2
=

2𝑡

1−𝑡2
 

               
2𝑡(1−𝑡2)

(1+𝑡2)2
=

𝑡

1+𝑡2 

        2𝑡(1 − 𝑡2)(1 + 𝑡2) − 𝑡(1 + 𝑡2)2 = 0 

              1 + 𝑡2 ≠ 0 ⟹ 𝑡(1 + 𝑡2)[2(1 − 𝑡2) − (1 + 𝑡2)] = 0 

          𝑡(2 − 2𝑡2 − 1 − 𝑡2) = 0 

        𝑡(1 − 3𝑡2) = 0 

         𝑡 = 0 𝑜𝑟 𝑡 = ±
√3

3
 

        𝐴 = tan−1 0, tan−1(−
√3

3
)  or  tan−1(

√3

3
) 

          𝐴 = 180𝑜 , 150𝑜 , 330𝑜 , 30𝑜𝑜𝑟 210𝑜 

       
2𝑡

1−𝑡2 = 𝑡𝑎𝑛2𝐴 is undefined if 1 − 𝑡2 = 0, 𝑓𝑜𝑟 𝑡 = ±1 for 𝐴 = 90𝑜 or 270𝑜 

         𝐴 = 30𝑜 , 90𝑜 , 150𝑜, 180𝑜 , 210𝑜 , 270𝑜, 𝑎𝑛𝑑 330𝑜. 

 

       b) 𝐿. 𝐻. 𝑆 =
(𝑠𝑖𝑛𝛼+𝑐𝑜𝑠𝛽)2−(𝑐𝑜𝑠𝛼−𝑠𝑖𝑛𝛽)2

2(𝑠𝑖𝑛𝛼+𝑐𝑜𝑠𝛽)(𝑐𝑜𝑠𝛼−𝑠𝑖𝑛𝛽)
 

          =
𝑠𝑖𝑛2𝛼+𝑐𝑜𝑠2𝛽+2 sin𝛼 cos 𝛽−𝑐𝑜𝑠2𝛼−𝑠𝑖𝑛2𝛽+2cos𝛼 sin𝛽

2 sin𝛼 cos𝛼+2cos𝛼 cos 𝛽−2 sin𝛼 sin𝛽−2𝑐𝑜𝑠𝛽 cos𝛽
 

         =
𝑐𝑜𝑠2𝛽−𝑠𝑖𝑛2𝛽−(𝑐𝑜𝑠2𝛼−𝑠𝑖𝑛2𝛼)+2(sin 𝛼 cos𝛽+cos𝛼 sin𝛽)

2 sin𝛼 cos𝛼−2sin𝛽 cos𝛽+2(cos𝛼 cos𝛽−sin𝛼 sin𝛽)
 

        =
cos 2𝛽−cos 2𝛼+2 sin(𝛼+𝛽)

sin2𝛼−sin 2𝛽+2 cos(𝛼+𝛽)
 

        
−2sin(𝛽+𝛼) sin(𝛼−𝛽)+2sin(𝛼+𝛽)

2cos(𝛽+𝛼)𝑠𝑖𝑛(𝛽−𝛼)+2cos(𝛽+𝛼)
 



        =
sin(𝛼+𝛽)[sin(𝛼−𝛽)+1]

cos (𝛼+𝛽)[sin(𝛼−𝛽)+1]
 

        = tan(𝛼 + 𝛽) = 𝑅.𝐻. 𝑆 

12.a) 𝑅.𝐻. 𝑆 =
𝑎−𝑏

𝑎+𝑏
cot

𝐶

2
 

              =
2𝑅(𝑠𝑖𝑛 𝐴−sin 𝐵)

2𝑅(𝑠𝑖𝑛 𝐴+𝑠𝑖𝑛 𝐵)
cot

𝐶

2
 

             =
2𝑐𝑜𝑠

 𝐴+𝐵

2
sin

𝐴−𝐵

2

2𝑠𝑖𝑛 
 𝐴+𝐵

2
𝑐𝑜𝑠 

𝐴−𝐵

2

cot
𝐶

2
 

            =
cos (90𝑜−

 𝐶

2
)

𝑠𝑖𝑛 (90𝑜−
 𝐶

2
)
tan

𝐴−𝐵

2
cot

𝐶

2
 

           =
Sin 

 𝐶

2

𝐶𝑜𝑠 
 𝐶

2

tan
𝐴−𝐵

2
×

𝑐𝑜𝑠 
 𝐶

2

Sin 
 𝐶

2

  

           = tan
𝐴−𝐵

2
= 𝐿. 𝐻. 𝑆 

       b) 𝑎 = 4 𝑐𝑚, 𝑏 = 6𝑐𝑚 and 𝐶 = 127. 2𝑜 

          tan
𝐴−𝐵

2
=

4−6

4+6
cot

127.2𝑜

2
 

          tan
𝐴−𝐵

2
= −0.099281 

             
𝐴−𝐵

2
= −5.6698𝑜 … … … … … (𝑖) 

             
𝐴+𝐵

2
=

180𝑜−127.2𝑜

2
= 26. 4𝑜 …… . (𝑖𝑖) 

                 (𝑖) + (𝑖𝑖), 𝐴 = 20.73𝑜 

                 (𝑖𝑖) − (𝑖), 𝐵 = 32.07𝑜 

13.a) 𝑡𝑎𝑛 ∝=
6

4
 

          ∝= 56.31°   , 𝑅 = 2√13  

7.21 sin (𝜃 − 56.31°) 

b i) 

7.21 sin(𝜃 − 56.31°) = 0 



𝜃 = 80.9° 

b ii)  Maximum = 49  

       Minimum = - 3 

14.a) a)   𝑥 = 3 + 2𝛼 − 𝛽 ……(𝑖)                    ALT:  𝒏 = (
2

−3
1

) × (
−1
2
3

) 

           𝑦 = 1 − 3𝛼 + 2𝛽 ……(𝑖𝑖)                    = (
−3 × 3 − 1 × 2
1 × −1 − 2 × 3
2 × 2 − 3 × −3

) = (
−11
−7
1

) etc 

           𝑧 = −2 + 𝛼 + 3𝛽 ……(𝑖𝑖𝑖) 

           2(𝑖) + (𝑖𝑖)  ⟹ 2𝑥 + 𝑦 = 7 + 𝛼  

            3(𝑖) + (𝑖𝑖𝑖) ⟹ 3𝑥 + 𝑧 = 7 + 7𝛼  

             ⟹ 3𝑥 + 𝑧 = 7 + 7(2𝑥 + 𝑦 − 7)       

             11𝑥 + 7𝑦 − 𝑧 − 42 = 0  

         b) 𝒅 = (
11
7

−1
) is parallel to the line 

              The ⊥ 𝑙𝑖𝑛𝑒 𝑖𝑠 (
𝑥
𝑦
𝑧
) = (

−5
−7
25

) + 𝑡 (
11
7

−1
) 

          𝑥 = −5 + 11𝑡, 𝑦 = −7 + 7𝑡,    𝑧 = 25 − 𝑡    …… . (𝑖) 

         11(−5 + 11𝑡) + 7(−7 + 7𝑡) − (25 − 𝑡) = 42 

          −55 + 121𝑡 − 49 + 49𝑡 − 25 + 𝑡 = 42 

          171𝑡 = 171 

           𝑡 = 1 

           𝑥 = −5 + 11, 𝑦 = −7 + 7, 𝑧 = 25 − 1 

             𝑥 = 5, 𝑦 = 0, 𝑧 = 24 

         The foot is (6,0,24) 



15.a)  𝒅 = (
7
4
2
) − (

−1
−6
6

) = (
8
10
−4

)  𝑖𝑠 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑣𝑒𝑐𝑡𝑜𝑟 

           ∅ 𝑖𝑠 𝒓 = (7 + 8𝜇)𝒊 + (4 + 10𝜇 )𝒋 + (2 − 4𝜇 )𝒌 

         b) 𝒅𝟏. 𝒅𝟐 = (
8
10
−4

) . (
3

−2
1

) 

                         = 24 − 20 − 4 

               𝒅𝟏. 𝒅𝟐 = 0, ℎ𝑒𝑛𝑐𝑒 𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 

           Also, 3𝜆 = 7 + 8𝜇 … . (𝑖) 

                      1 − 2𝜆 = 4 + 10𝜇 … . (𝑖𝑖) 

                     3 + 𝜆 = 2 − 4𝜇 … . (𝑖𝑖𝑖) 

                       (i) + 2(iii)      3𝜆 + 6 + 2𝜆 = 7 + 4 hence 5𝜆 = 5 

                    𝜆 = 1 

              𝜇 =
1

8
(3 − 7) = −

1

2
 

           𝑦 = 4 + 10 (−
1

2
) = −1 

             Also, 𝑦 = 1 − 2(1) = −1 

          c) 𝒅𝟑 = (
3

−2
1

) × (
8
10
−4

) 

                = (
−2 × −4 × 10
1 × 8 − 3 × −4
3 × 10 − 8 × −2

) 

               = (
−2
20
46

) 

              Line is   (
3

−1
4

) + 𝑡 (
−2
20
46

) 

16.a) . (
2
3
1
).(

−2
−1
−3

) = |(
2
3
1
)| × |(

−2
−1
−3

)| cos 𝜃 𝐴𝐿𝑇: |(
2
3
1
) .(

−2
−1
−3

)| = |(
2
3
1
)| × |(

2
3
1
)| sin 𝛼 

etc 

−4 − 3 − 3 = √(4 + 9 + 1) × √(4 + 1 + 9) cos 𝜃 

−10 = 14cos 𝜃 



cos 𝜃 = −
5

7
 

𝜃 = cos−1(−
5

7
) 

𝜃 = 135.580 

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑, 𝛼 = 135.580 − 900 

                         = 45.580 

 

b) 𝑟 = |𝑷𝑸| = √{(2 + 3)2 + (−1 − 2)2 + (3 − 1)2}        𝐴𝐿𝑇: 𝑃𝑄⃗⃗⃗⃗  ⃗ = (
−5
3

−2
) 

       𝑞 = |𝑷𝑹| = √{(2 − 1)2 + (−1 − 3)2 + (3 + 2)2}   𝑃𝑅⃗⃗⃗⃗  ⃗ = (
−1
4

−5
) . Get normal 

etc 

    𝑝 = |𝑸𝑹| = √{(−3 − 1)2 + (2 − 3)2 + (1 + 2)2} 

 

     𝑟 = √38 ,    𝑞 =  √42, 𝑝 = √26 

     𝑟 = 6.164414 𝑢𝑛𝑖𝑡𝑠, 𝑞 = 6.480741𝑢𝑛𝑖𝑡𝑠, 𝑝 = 5.099020 𝑢𝑛𝑖𝑡𝑠 

   𝑠 =
1

2
(6.164414 + 6.480741 + 5.099020) 

  𝑠 = 8.872087 𝑢𝑛𝑖𝑡𝑠 

   𝐴𝑟𝑒𝑎 = √(8.872087)(3.773067)(2.391346)(2.707673) 

   𝐴𝑟𝑒𝑎 = 14.7224 𝑠𝑞. 𝑢𝑛𝑖𝑡𝑠 

 

17.a) 𝑝 = −
4

5
 

b  i ) 𝑟 = −3𝑖 + 𝑗 + 5𝑘 + 𝜆(7𝑖 − 𝑗 − 𝑘) 

18.a)  6 

b) 𝑟 = −4𝑖 + 6𝑗 − 6𝑘 + 𝜆(−2𝑖 − 14𝑗 + 2𝑘) 

c ) −5𝑖 − 𝑗 − 5𝑘 

d) 50.6° 



19.a) 𝑟 = |𝑷𝑸| = √{(2 + 3)2 + (−1 − 2)2 + (3 − 1)2}        𝐴𝐿𝑇: 𝑃𝑄⃗⃗⃗⃗  ⃗ = (
−5
3

−2
) 

       𝑞 = |𝑷𝑹| = √{(2 − 1)2 + (−1 − 3)2 + (3 + 2)2}   𝑃𝑅⃗⃗⃗⃗  ⃗ = (
−1
4

−5
) . Get normal 

etc 

    𝑝 = |𝑸𝑹| = √{(−3 − 1)2 + (2 − 3)2 + (1 + 2)2} 

 

     𝑟 = √38 ,    𝑞 =  √42, 𝑝 = √26 

     𝑟 = 6.164414 𝑢𝑛𝑖𝑡𝑠, 𝑞 = 6.480741𝑢𝑛𝑖𝑡𝑠, 𝑝 = 5.099020 𝑢𝑛𝑖𝑡𝑠 

   𝑠 =
1

2
(6.164414 + 6.480741 + 5.099020) 

  𝑠 = 8.872087 𝑢𝑛𝑖𝑡𝑠 

   𝐴𝑟𝑒𝑎 = √(8.872087)(3.773067)(2.391346)(2.707673) 

   𝐴𝑟𝑒𝑎 = 14.7224 𝑠𝑞. 𝑢𝑛𝑖𝑡𝑠 

 

20.a)    𝑦 = 𝑚𝑥 + 𝑐 ………(𝑖)       𝑥2 + 𝑦2 = 𝑟2 …… . (𝑖𝑖)    𝑐2 = 𝑟2(1 + 𝑚2) 

             Putting (i) into (ii) 𝑥2 + (𝑚𝑥 + 𝑐)2 = 𝑟2 

             𝑥2 + 𝑚2𝑥2 + 2𝑚𝑐𝑥 + 𝑐2 − 𝑟2 = 0  

              (2𝑚𝑐)2 − 4(1 + 𝑚2)(𝑐2 − 𝑟2) = 0 

            4𝑚2𝑐2 − 4(1 + 𝑚2)(𝑐2 − 𝑟2) = 0 

            𝑚2𝑐2 − (𝑐2 − 𝑟2 + 𝑚2𝑐2 − 𝑚2𝑟2) = 0 

             𝑚2𝑐2 − 𝑐2 + 𝑟2 − 𝑚2𝑐2 + 𝑚2𝑟2 = 0 

              𝑐2 = 𝑟2(1 + 𝑚2) 

     b) At (−1,13)        13 = −𝑚 + 𝑐 … . (𝑖)   𝑊𝑖𝑡ℎ 𝑟2 = 10  

              𝑐2 = 10(1 + 𝑚2)………………(𝑖𝑖) 

             (13 + 𝑚)2 = 10(1 + 𝑚2) 

            169 + 26𝑚 + 𝑚2 = 10 + 10𝑚2 

            9𝑚2 − 26𝑚 − 159 = 0 



             𝑚 =
26±√(−26)2−4×9×−159

18
 

           𝑚 =
53

9
  𝑜𝑟 𝑚 = −3 

          𝑐 =
53

9
+ 13 =

170

9
     𝑜𝑟 𝑐 = −3 + 13 = 10 

               𝑦 =
53

9
𝑥 + 

170

9
  𝑜𝑟 𝑦 = −3𝑥 + 10  

 

 

21.a) At t, p =q =t for the tangent 

         𝑡2𝑦 + 𝑥 = 4𝑡 

     b) Tangent 𝑦 = −
1

𝑡2 𝑥 +
4

𝑡
  ℎ𝑎𝑠 𝑠𝑙𝑜𝑝𝑒 𝑚1 = −

1

𝑡2 

        𝑁𝑜𝑟𝑚𝑎𝑙 𝑎𝑡 𝑇 ℎ𝑎𝑠 𝑠𝑙𝑜𝑝𝑒 = 𝑚2 = 𝑡2 

        
𝑦−

2

𝑡

𝑥−2𝑡
= 𝑡2 

       𝑦 −
2

𝑡
= 𝑡2(𝑥 − 2𝑡) 

          𝑡𝑦 − 2 = 𝑡3𝑥 − 2𝑡4 

          𝑡𝑦 − 𝑡3𝑥 + 2𝑡4 − 2 = 0 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑜𝑟𝑚𝑎𝑙 

           Normal meets curve again, first at 𝑥1 = 2𝑡, 𝑦1 =
2

𝑡
  

          𝑥𝑦 = 4……(𝑖)  and  𝑡𝑦 − 𝑡3𝑥 + 2𝑡4 − 2 = 0… . (𝑖𝑖) 

           𝑡𝑥𝑦 − 𝑡3𝑥2 + (2𝑡4 − 2)𝑥 = 0 

          4𝑡 − 𝑡3𝑥2 + (2𝑡4 − 2)𝑥 = 0 𝑤𝑖𝑡ℎ 𝑟𝑜𝑜𝑡𝑠 𝑥1 = 2𝑡, 𝑥2 =? 

          𝑥1𝑥2 =
4𝑡

−𝑡3
 

        𝑥2 =
4𝑡

−𝑡3
÷ 2𝑡 

        𝑥2 = −
2

𝑡3
 



           𝑦2 =
4

𝑥2
= 4 ÷

−2

𝑡3
 

          𝑦2 = −2𝑡3 

            𝑅(−
2

𝑡3
, −2𝑡3) 

 

22.a)  𝑦 = −3𝑥 + 25  

b) (𝑥 − 7)2 + (𝑦 − 4)2 =
5

2
  

c ) 𝑘 =
10

3
 

23.a) ) 𝑓′(𝑥) = 4𝑥 + 4 = 0 

               ∴ 𝑥 = −1 

           𝑓′′(𝑥) = 4 < 0, ℎ𝑒𝑛𝑐𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑎𝑡 𝑥 = −1. 

          𝑓(−1) = 2(−1)2 + 4(−1) − 6 = −8 

         (−1,−8) 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑝𝑜𝑖𝑛𝑡 

         𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠, 𝑥 = 0 𝑎𝑡 𝑓(0) = −6, 𝑎𝑡 (0, −6) 

             𝑓(𝑥) = 2𝑥2 + 4𝑥 − 6 = 0 

             (𝑥 + 3)(𝑥 − 1) = 0  

              𝑥 = −3 𝑜𝑟 𝑥 = 1 

            (−3,0)𝑎𝑛𝑑 (1,0) 

          𝑔(𝑥)ℎ𝑎𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑡 (−1,−
1

8
) 

       And vertical asymptotes at 𝑥 = −3 𝑎𝑛𝑑 𝑥 = 1 

        As 𝑥 → ±∞,𝑔(𝑥) → 0 



            

 

b)  Volume= ∫ 𝜋(2𝑥2 + 4𝑥 − 6)20

−1
 𝑑𝑥 

= ∫ 𝜋(4𝑥4 + 16𝑥3 − 8𝑥2 − 48𝑥 + 36)𝑑𝑥
0

−1
 𝑑𝑥 

  = 𝜋[
4

5
𝑥5 + 4𝑥4 −

8

3
𝑥3 − 24𝑥2 + 36𝑥]−1

0  

= 0 − 𝜋[ 
4

5
(−1)5 + 4(−1)4 −

8

3
(−1)3 − 24(−1)2 + 36(−1)] 

𝑉𝑜𝑙𝑢𝑚𝑒 =
812

15
𝜋 cubic. units 

24.a) a) 𝑡𝑎𝑛30𝑜 =
1

√3
=

𝑟

ℎ
 

           𝑟 =
1

√3
ℎ,    𝑟2 =

ℎ2

3
 

         𝑉 =
1

3
𝜋𝑟2ℎ 



          𝑉 =
1

3
𝜋.

ℎ2

3
. ℎ =

1

9
𝜋ℎ3 

          
𝑑𝑆

𝑑𝑡
=

𝑑𝑆

𝑑ℎ
×

𝑑ℎ

𝑑𝑉
×

𝑑𝑉

𝑑𝑡
 where 𝑆 = 𝜋𝑟2 =

1

3
𝜋ℎ2 and 

𝑑𝑉

𝑑𝑡
= 9 𝑐𝑚3/𝑠 

          
𝑑𝑆

𝑑ℎ
=

2

3
𝜋ℎ,       

𝑑𝑉

𝑑ℎ
=

1

3
𝜋ℎ2 

          
𝑑𝑆

𝑑𝑡
=

2

3
𝜋ℎ ×

3

𝜋ℎ2 × 9 

        
𝑑𝑆

𝑑𝑡
=

18

ℎ
 

        At ℎ = 10𝑐𝑚,
𝑑𝑆

𝑑𝑡
=

18

10
 

         
𝑑𝑆

𝑑𝑡
= 1.8 𝑐𝑚2/𝑠 

                      

     b) 𝑅2 = (2𝑟)2 + (
ℎ

2
)2      

          𝑅2 = 4𝑟2 +
ℎ2

4
      

         𝑉 = 𝜋𝑟2ℎ   

        𝑉 =
𝜋

4
ℎ(𝑅2 −

ℎ2

4
) 

        For max or min volume, 
𝑑𝑉

𝑑ℎ
=

𝜋𝑅2

4
−

3𝜋ℎ2

16
= 0 



        𝑅2 =
3ℎ2

4
 thus ℎ = √

4𝑅2

3
=

2√3 𝑅

3
 

       
𝑑2𝑉

𝑑ℎ2 = −
3𝜋ℎ

8
< 0 ℎ𝑒𝑛𝑐𝑒 max 𝑣𝑜𝑙𝑢𝑚𝑒 

        𝑉𝑚𝑎𝑥 =
𝜋

4
.
2√3 𝑅

3
. (𝑅2 −

𝑅2

3
) 

         𝑉𝑚𝑎𝑥 =
√3 𝜋𝑅3

9
 

                           

 

25.a) Let P = population that has heard the rumour at time, t hours after 8:00 a.m. 

             
𝑑𝑃

𝑑𝑡
 ∝ 𝑃(1000 − 𝑃) 

           
𝑑𝑃

𝑑𝑡
= 𝑘𝑃(1000 − 𝑃) 

         𝐴𝑡 𝑃 = 100,
𝑑𝑃

𝑑𝑡
= 10 𝑝𝑒𝑜𝑝𝑙𝑒 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 

           10 = 𝑘(100)(1000 − 100) 

         𝑘 =
1

9000
 

       ⟹
𝑑𝑃

𝑑𝑡
=

𝑃

9000
(1000 − 𝑃)  𝑖𝑠 𝑡ℎ𝑒 𝑑𝑖𝑓𝑓. 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛. 

     b) (i)  ∫
𝑑𝑃

𝑃(1000−𝑃)  
=

1

9000
∫𝑑𝑡 

        
1

𝑃(1000−𝑃)  
=

𝐴

𝑃
+

𝐵

1000−𝑃
 



        1 = 𝐴(1000 − 𝑃) + 𝐵𝑃 

      𝑃𝑢𝑡 𝑃 = 0, 1 = 1000𝐴 thus 𝐴 =
1

1000
 

       𝑃𝑢𝑡 𝑃 = 1000, 1 = 1000𝐵 thus 𝐵 =
1

1000
 

       
1

1000
∫

𝑑𝑃

𝑃
+

1

1000
∫

𝑑𝑃

(1000−𝑃)  
=

1

9000
∫𝑑𝑡 

     𝑙𝑛𝑃 − ln(1000 − 𝑃) =
𝑡

9
+ 𝑐 

      𝐴𝑡 𝑡 = 0 ℎ𝑜𝑢𝑟, 𝑃 = 100 𝑝𝑒𝑜𝑝𝑙𝑒 

            𝑙𝑛100 − 𝑙𝑛900 = 𝑐 

            𝑐 = −𝑙𝑛9 

        𝑙𝑛𝑃 − ln(1000 − 𝑃) =
𝑡

9
− 𝑙𝑛9 

         ln (
9𝑃

1000−𝑃
) =

𝑡

9
 

         
9𝑃

1000−𝑃
= 𝑒

𝑡

9      

            9𝑃 = 1000𝑒
𝑡

9 − 𝑃𝑒
𝑡

9 

          𝑃 (9 + 𝑒
𝑡

9) = 1000𝑒
𝑡

9 

            𝑃 =
1000𝑒

9+𝑒
𝑡
9

𝑡

9 

       𝐴𝑡 𝑡 = 24 ℎ𝑜𝑢𝑟𝑠, 𝑃 =? 

            𝑃 =
1000𝑒

24
9

9+𝑒
24
9

 

      𝑃 = 615.25170 = 615 𝑝𝑒𝑜𝑝𝑙𝑒(0 𝑑. 𝑝) 

   b) (ii) 𝐴𝑡 𝑃 = 900 𝑝𝑒𝑜𝑝𝑙𝑒, 𝑡 =? 

            𝑡 = 9ln (
9𝑃

1000−𝑃
) 

            𝑡 = 9ln (
9×900

1000−900
) 

           𝑡 = 39.5500 ℎ𝑜𝑢𝑟𝑠 = 39 ℎ𝑜𝑢𝑟𝑠 33 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 



         Required time = 8: 00𝑎.𝑚 + 39 ℎ𝑜𝑢𝑟𝑠 33 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 

                                   = 11: 33 𝑝.𝑚 𝑜𝑛 𝑡ℎ𝑒 𝑛𝑒𝑥𝑡 𝑑𝑎𝑦. 

 

26.a)  𝑐𝑜𝑠6𝑦 = 2𝑐𝑜𝑠23𝑦 − 1 ⟹ ∫𝑐𝑜𝑠2 3𝑦𝑠𝑖𝑛𝑦𝑑𝑦 =
1

2
∫(1 + 𝑐𝑜𝑠6𝑦)𝑠𝑖𝑛𝑦𝑑𝑦 

               ∴ ∫ 𝑐𝑜𝑠2 3𝑦𝑠𝑖𝑛𝑦𝑑𝑦 =
1

2
∫ 𝑠𝑖𝑛𝑦𝑑𝑦 +

1

2
∫ 𝑐𝑜𝑠6𝑦𝑠𝑖𝑛𝑦𝑑𝑦 

                  =
1

2
∫ 𝑠𝑖𝑛𝑦𝑑𝑦 +

1

4
∫2𝑐𝑜𝑠6𝑦𝑠𝑖𝑛𝑦𝑑𝑦 

                  =
1

2
∫ 𝑠𝑖𝑛𝑦𝑑𝑦 +

1

4
∫(𝑠𝑖𝑛6𝑦 − 𝑠𝑖𝑛5𝑦)𝑑𝑦 

                   = −
1

2
𝑐𝑜𝑠𝑦 +

1

28
𝑐𝑜𝑠7𝑦 −

1

20
𝑐𝑜𝑠5𝑦 + 𝑐 

       

   b) 𝐼 = ∫ √
1−2𝑥

1+2𝑥

1/4

0
 dx = ∫ √

(1−2𝑥)2

1−4𝑥2

1/4

0
 dx 

                 𝑑𝑥 =
1

2
𝑐𝑜𝑠𝑢𝑑𝑢 

                   

x u 

¼ 𝜋/6 

0 0 

              𝐼 = ∫
1−𝑠𝑖𝑛𝑢

√1−𝑠𝑖𝑛2𝑢

𝜋/6

0
. 
1

2
𝑐𝑜𝑠𝑢𝑑𝑢 

               𝐼 = ∫ (1 − 𝑠𝑖𝑛𝑢
𝜋/6

0
)𝑑𝑢 

                   =
1

2
[𝑢 + 𝑐𝑜𝑠𝑢]0

𝜋

6  

                   =
1

2
[
𝜋

6
+

𝑐𝑜𝑠𝜋

6
] −

1

2
𝑐𝑜𝑠0 

                   =
𝜋

12
+

√3

4
−

1

2
 

 

 

 

 

 

 

 

 



MECHANICS 

NUMBER 1 

a) 

i)   𝑣(𝑡) =
𝑑 

𝑑𝑡
[𝑟(𝑡)] 

=
𝑑

𝑑𝑡
[4 − 2 sin 2𝑡] 

= −4 cos 2𝑡 

ii)   𝑎 =
𝑑

𝑑𝑡
[𝑣(𝑡)] 

=
𝑑

𝑑𝑡
[−4𝑐𝑜𝑠2𝑡] 

= 8 sin 2𝑡 

b)  

𝑖) 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡  

𝑟(0) = 4 − 2 sin 0 

= 4 

𝑖𝑖) 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦  

𝑣(0) = −4 cos 0 

=  −4  

𝑖𝑖𝑖) 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛  

𝑎 = 8 sin 0 

= 0  

c)  the time when the particle is 

 𝑖) 𝑎𝑡 𝑟𝑒𝑠𝑡  

𝑣(𝑡) = 0 

−cos 2𝑡 = 0 

2𝑡 =  cos−1 0 

=
𝜋

2
  ,

3𝜋

2
 

𝑡 =
𝜋

4
  ,

3𝜋

4
 



The critical points give us the intervals  

[0,
𝜋

4
] , [

𝜋

4
,
3𝜋

4
]  , [

3𝜋

4
, 𝜋] 

𝑣 (
𝜋

8
) = −4 cos

𝜋

8
 

= −𝑣𝑒 < 0{𝑚𝑜𝑣𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡}   

𝑣 (
𝜋

2
) = −4 cos 2 (

𝜋

2
) 

= +𝑣𝑒 > 0{𝑚𝑜𝑣𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡}  

𝑣 (
7𝜋

8
) = −4 cos 2 (

7𝜋

8
) 

= −𝑣𝑒 < 0{𝑚𝑜𝑣𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡} 

NUMBER 2 

𝑙𝑒𝑡 𝑚 𝑏𝑒 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎  

SHAPE AREA WEIGHT  DISTANCE OF CG 
FROM BASE 

MOMENT ABOUT 
THE BASE 

TRIANGLE 0.4𝑦 0.4𝑦𝑚𝑔 1

2
𝑦 

0.2𝑦2𝑚𝑔 

RECTANGLE 𝑦2 𝑦2𝑚𝑔 2

3
𝑦 

2

3
𝑦3𝑚𝑔 

COMPOSITE  (0.4𝑦
+ 𝑦2)𝑚𝑔 

𝑥̅ (0.4𝑦 + 𝑦2)𝑚𝑔𝑥̅ 

 

(0.4𝑦 + 𝑦2)𝑚𝑔𝑥̅ =
2

3
𝑦3𝑚𝑔 + 0.2𝑦2𝑚𝑔 

𝑥 ̅ = 0.171𝑚 ( 𝑤ℎ𝑒𝑛 𝑦 = 0.3) 

b)  

𝑓𝑜𝑟 𝑡𝑜𝑝𝑝𝑙𝑖𝑛𝑔 𝑡𝑜 𝑜𝑐𝑐𝑢𝑟:   

𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 =  𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑎𝑖𝑛𝑔𝑙𝑒  

 𝑎𝑡 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒  

0.4𝑦𝑚𝑔 × 0.2 = 𝑦2𝑚𝑔 ×
2

3
𝑦 

𝑦 = 0.346𝑚 

 

NUMBER 3 



(𝑖) 

𝑎 =
𝐹

𝑚
 

=
14𝑖 + 21𝑗 + 24𝑘

4
 

=
7

2
𝑖 +

21

4
𝑗 + 6𝑘  

(𝑖𝑖) 

𝑣 = ∫𝑎 𝑑𝑡 

= ∫
7

2
𝑖 +

21

4
𝑗 + 6𝑘 𝑑𝑡 

𝑣 =
7

2
𝑡 𝑖 +

21

4
𝑡 𝑗 + 6𝑡 𝑘 + 𝑐 

𝑤ℎ𝑒𝑛 𝑡 = 0, 𝑣 = 0  𝑡ℎ𝑒𝑟𝑒 𝑓𝑜𝑟𝑒;  𝑐 = 0 

𝑣 =
7

2
𝑡 𝑖 +

21

4
𝑡 𝑗 + 6𝑡 𝑘 

𝑣(2) =
7

2
(2) 𝑖 +

21

4
(2) 𝑗 + 6(2) 𝑘 

= 7𝑖 + 10.5𝑗 + 12𝑘 

Speed = |v(2)| 

                   =17.414m/s 

𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡, 𝑟(𝑡) = ∫𝑣 𝑑𝑡 

= ∫
7

2
𝑡 𝑖 +

21

4
𝑡 𝑗 + 6𝑡 𝑘 𝑑𝑡 

𝑟(𝑡) =
7

4
𝑡2 𝑖 +

21

8
𝑡2 𝑗 + 3𝑡2 + 𝑐 

𝑤ℎ𝑒𝑛 𝑡 = 0, 𝑟 = −4𝑖 + 2𝑗 

𝐶 = −4𝑖 + 2𝑗 

𝑟(𝑡) = (
7

4
𝑡2 − 4) 𝑖 + (

21

8
𝑡2 + 2) 𝑗 + 3𝑡2𝑘 

 

𝑟(4) = (
7

4
(4)2 − 4) 𝑖 + (

21

8
(4)2 + 2) 𝑗 + 3(4)2 



= 24 𝑖 + 44 𝑗 + 48 𝑘 

Distance = |r(4)| 

= 69.3974m 

NUMBER 4 

a) 𝑇𝑖𝑚𝑒 𝑡𝑜 𝑟𝑒𝑎𝑐ℎ 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 

𝑣 = 𝑢 + 𝑎𝑡 

𝑇 =
𝑢 sin 𝜃

𝑔
 

=
60 sin 30

10
 

= 3 𝑠 

𝑏) 𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 ℎ𝑒𝑖𝑔ℎ𝑡  

𝑣2 = 𝑢2 + 2𝑎𝑠 

0 = (𝑢 sin 𝜃)2 − 2𝑔𝐻 

𝐻 =
(60 sin 30)2

2(10)
 

= 45 𝑚 

𝑐) 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑓𝑙𝑖𝑔ℎ𝑡 

𝑇 = 2(3)  𝑠 

𝑑) 𝑡ℎ𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑟𝑎𝑛𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 

𝑥 = 𝑢 𝑐𝑜𝑠 𝜃 𝑡 

= 60 cos 30  (6) 

= 311.77𝑚 

NUMBER 5 

Initially 

𝑘. 𝑒 =
1

2
(2.8)(6)2

𝑝. 𝑒 = 2.8(9.8)(0.75)
 

𝐴𝑓𝑡𝑒𝑟 𝑚𝑎𝑘𝑖𝑛𝑔 𝑎𝑛 𝑎𝑛𝑔𝑙𝑒𝜽  



𝑘. 𝑒 =
1

2
(2.8)𝑣2

𝑝. 𝑒 = 2.8(9.8)(0.75) cos 𝜃
 

𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑏𝑒𝑓𝑜𝑟𝑒 = 𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑎𝑓𝑡𝑒𝑟 

𝑘𝑒𝑏𝑒𝑓𝑜𝑟𝑒 + 𝑝. 𝑒𝑏𝑒𝑓𝑜𝑟𝑒 = 𝑘𝑒𝑎𝑓𝑡𝑒𝑟 + 𝑝𝑒𝑎𝑓𝑡𝑒𝑟 

50.4 + 20.58 = 1.4𝑣2 + 20.58 cos 𝜃 

∴ 𝑣2 = 50.7 − 14.7 cos 𝜃 

𝑏) 𝑓𝑜𝑟 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 𝑚𝑜𝑡𝑖𝑜𝑛  𝑇 = 𝑚
𝑣2

𝑟
+ 𝑚𝑔 cos 𝜃 

200 = 2.8 (
50.7 − 14.7 cos 𝜃

0.75
) + 2.8(9.8) cos 𝜃 

200 × 0.75 = 2.8 (
50.7 − 14.7 cos 𝜃

0.75
) × 0.75 + 2.8(9.8) cos 𝜃 × 0.75 

cos 𝜃 = − 0.3907 

𝜃 = 113𝑜 

Number 6 

(a) 

 

 

 

 

 

𝑭𝑿 = 𝟐 + 𝟑 + 𝟐√𝟐𝑪𝑶𝑺 𝟒𝟓 + √𝟐𝑪𝑶𝑺 𝟒𝟓 

𝑭𝑿 = 𝟖𝑵  

𝑭𝒀 = 𝟐 + 𝟒 + 𝟐√𝟐𝒔𝒊𝒏 𝟒𝟓 − √𝟐𝒔𝒊𝒏 𝟒𝟓 

𝑭𝒚 = 𝟕𝑵  

𝑹𝒆𝒔𝒖𝒍𝒕𝒂𝒏𝒕 = √𝟖𝟐 + 𝟕𝟐  

= 10.63N 

 

 

A B 

C D 

2

N

N 

2

N

N 

3

N

N 
4

N

N 

√2 𝑁

NN

N 
2√2 𝑁 



(b)  

𝒙𝑭𝑿 − 𝒚𝑭𝒙 = 𝒎 

𝟕𝒙 − 𝟖𝒚 = −𝟒  

NUMBER 7 

𝑎) 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝐵 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑡𝑜 𝐴 𝑎𝑡 𝑎𝑛𝑦 𝑡𝑖𝑚𝑒 𝑡 

𝑟𝐴(𝑡) = (
1
2
3
) + (

−6
0
1

) 𝑡 

𝑟𝐵(𝑡) = (
4

−14
1

) + (
−5
1
7

) 𝑡 

𝑟𝐴 𝐵 (𝑡) = 𝑟𝐵(𝑡) − 𝑟𝐴(𝑡) 

[(
4

−14
1

) + (
−5
1
7

) 𝑡] − [(
1
2
3
) + (

−6
0
1

) 𝑡] 

= (
3 + 𝑡

−16 + 𝑡
−2 + 6𝑡

) 

𝑏) 𝑡𝑖𝑚𝑒 𝑡ℎ𝑎𝑡 𝑒𝑙𝑎𝑝𝑠𝑒𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡ℎ𝑒 𝑡𝑟𝑎𝑖𝑛𝑠 𝑎𝑟𝑒 𝑐𝑙𝑜𝑠𝑒𝑠𝑡 𝑡𝑜 𝑒𝑎𝑐ℎ 𝑜𝑡ℎ𝑒𝑟 

| 𝑟𝐴 𝐵 (𝑡)|
2
= (3 + 𝑡)2 + (−16 + 𝑡)2 + (−2 + 6𝑡)2 

| 𝑟𝐴 𝐵 (𝑡)|
2
= 9 + 6𝑡 + 𝑡2 + 256 − 32𝑡 + 𝑡2 + 4 − 24𝑡 + 36𝑡2 

| 𝑟𝐴 𝐵 (𝑡)|
2
= 38𝑡2 − 50𝑡 + 269 

𝑑

𝑑𝑡
[| 𝑟𝐴 𝐵 (𝑡)|

2
] = 76𝑡 − 50 

76𝑡 − 50 = 0 

𝑡 =
25

38
 𝑠 

𝑐) 𝑙𝑒𝑎𝑠𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑡𝑟𝑎𝑖𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑢𝑏𝑠𝑒𝑞𝑢𝑒𝑛𝑡 𝑚𝑜𝑡𝑖𝑜𝑛 

| 𝑟𝐴 𝐵 (
25

38
)|

2

= 38 (
25

38
)
2

− 50 (
25

38
) + 269 

𝑑 = √252.5526 

= 15.891 𝑚 

 



 

NUMBER 9 

𝐹 − 𝑅𝐹 = 𝑚𝑎 

28000

𝑣
− 4𝑣 = 1000𝑎 

𝑎 =
28000 − 4𝑣2

1000𝑣
 

=
7000 − 𝑣2

250𝑣
 

𝑑𝑣

𝑑𝑡
=

7000 − 𝑣2

250𝑣
 

𝑏) 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑐𝑎𝑟 𝑡𝑜 𝑝𝑎𝑠𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐴 𝑎𝑛𝑑 𝐵    

250𝑣

7000 − 𝑣2
𝑑𝑣 = 𝑑𝑡 

𝐼𝑛𝑡𝑒𝑟𝑔𝑟𝑎𝑡𝑖𝑛𝑔 𝑒𝑖𝑡ℎ𝑒𝑟 𝑠𝑖𝑑𝑒 

∫
250𝑣

7000 − 𝑣2
𝑑𝑣

40

10

= ∫𝑑𝑡 

𝑡 = −125𝐼𝑛[7000 − 𝑣2]10
40 

= 30.64 𝑠 

 

 

 

 

 

 

 

 PROBABILITY SOLUTIONS 

 
10 

𝐸(𝑋) = ∫ 𝑥𝑓(𝑥)𝑑𝑥
∞

−∞

 



a, 
 
 

= ∫ 𝑥 (
1(9 − 𝑥2)

36
)𝑑𝑥

3

−3

 

𝐸(𝑋) = 0 
𝑉𝑎𝑟(𝑋) = 𝐸(𝑋2) − 𝐸(𝑋) 

= ∫ 𝑥2 (
1(9 − 𝑥2)

36
)

1

−1

𝑑𝑥 − 0 

𝑉𝑎𝑟(𝑋) = 1.8 

b,I 
𝑃(𝑋 > 2) = ∫ (

1(9 − 𝑥2)

36
)𝑑𝑥

3

2

 

=
2

27
 

 

II 𝜎 = √𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = √1.8 = 1.3416 
𝑃(|𝑋| > 𝜎) = 𝑃(𝑋 < −𝜎) + 𝑃(𝑋 > 𝜎) 

𝑃(|𝑋| > 1.3416) = 𝑃(𝑋 < −1.3416) + 𝑃(𝑋 > 1.3416) 

= ∫
1(9 − 𝑥2)

36
𝑑𝑥

−1.3416

−3

+ ∫
1(9 − 𝑥2)

36
𝑑𝑥

3

1.3416

 

= 0.186959 + 0.186959 
≈ 0.3739  

11
a 
 

∫ 𝑓(𝑥)𝑑𝑥
∞

−∞

= 1 

∫
(𝑥 − 18)2

𝑘

24

0

𝑑𝑥 = 1 

(24 − 18)3 − (0 − 18)3

3𝑘
= 1 

2016

𝑘
= 1 

𝑘 = 2016 

b, 
𝑃(𝑋 < 2) = ∫

(𝑥 − 18)2

2016

2

0

𝑑𝑥 

(2 − 18)3 − (0 − 18)3

3 × 2016
 

𝑃(𝑋 < 2) =
31

108
 

31

108
× 365 = 104.7685 

≈ 105 𝐷𝑎𝑦𝑠 

c, 
𝐸(𝑋) = ∫ 𝑥𝑓(𝑥)𝑑𝑥

∞

−∞

 

= ∫ 𝑥
(𝑥 − 18)2

2016
𝑑𝑥

24

0

 

1

2016
∫ (𝑥3 − 36𝑥2 + 324𝑥)𝑑𝑥

24

0

 

10368

2016
 

𝐸(𝑋) = 5.1429 



12
a 

𝐹(1.5) = 1 
𝑘(2(1.5)3 − 1.54) = 1 

27

16
𝑘 = 1 

𝑘 =
16

27
 

b, P(Students who spent more than 1 hour on homework)=𝑃(𝑡 > 1) 
𝑃(𝑡 > 1) = 𝐹(1.5) − 𝐹(1) 

1 −
16

27
(2(1)3 − 14) 

𝑃(𝑡 > 1) =
11

27
 

 

c, 
𝐹(𝑡) = {

0,             𝑡 < 0

𝑘(2𝑡3 − 𝑡4), 0 ≤ 𝑡 ≤ 1.5
1,                      𝑡 > 1.5  

 

𝑓(𝑡) =
𝑑

𝑑𝑡
(𝐹(𝑡) 

𝑡 < 0, 𝑓(𝑡) =
𝑑

𝑑𝑡
(0) = 0 

0 ≤ 𝑡 ≤ 1.5, 𝑓(𝑡) =
𝑑

𝑑𝑡
(
16

27
(2𝑡3 − 𝑡4)) =

16

27
(6𝑡2 − 4𝑡3) 

𝑡 > 1.5, 𝑓(𝑡) =
𝑑

𝑑𝑡
(1) = 0 

𝑓(𝑡) = {
16

27
(6𝑡2 − 4𝑡3), 0 ≤ 𝑡 ≤ 1.5

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

d, 
𝐸(𝑇) = ∫ 𝑡𝑓(𝑡)𝑑𝑡

∞

−∞

 

= ∫ 𝑡
16

27
(6𝑡2 − 4𝑡3)𝑑𝑡

1.5

0

 

𝐸(𝑇) = 0.9 

13 

  

𝑃(𝑅𝑛𝑅𝑛𝑅) =
1

2
×

1

3
×

1

4
=

1

24
 

𝑃(𝑅𝑛𝑅𝑛𝑊) =
1

2
×

1

3
×

3

4
=

1

8
 



𝑃(𝑅𝑛𝑊𝑛𝑅) =
1

2
×

2

3
×

2

4
=

1

6
 

𝑃(𝑅𝑛𝑊𝑛𝑊) =
1

2
×

2

3
×

2

4
=

1

6
 

𝑃(𝑊𝑛𝑅𝑛𝑅) =
1

2
×

2

3
×

2

4
=

1

6
 

𝑃(𝑊𝑛𝑅𝑛𝑊) =
1

2
×

2

3
×

2

4
=

1

6
 

𝑃(𝑊𝑛𝑊𝑛𝑅) =
1

2
×

1

3
×

3

4
=

1

8
 

𝑃(𝑊𝑛𝑊𝑛𝑊) =
1

2
×

1

3
×

1

4
=

1

24
 

 

a 𝑃(𝑆𝑒𝑐𝑜𝑛𝑑 𝑎𝑛𝑑 𝑡ℎ𝑖𝑟𝑑 𝑏𝑒𝑎𝑑 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑐𝑜𝑙𝑜𝑢𝑟)
= 𝑃(𝑅𝑛𝑅𝑛𝑅) + 𝑃(𝑅𝑛𝑊𝑛𝑊) + 𝑃(𝑊𝑛𝑅𝑛𝑅) + 𝑃(𝑊𝑛𝑊𝑛𝑊)

=
1

24
+

1

6
+

1

6
+

1

24
=

5

12
 

 

b 
(i) 

Let x be the number of red sweets 

𝑃(𝑋 = 0) = 𝑃(𝑊𝑛𝑊𝑛𝑊) =
1

24
 

𝑃(𝑋 = 1) = 𝑃(𝑅𝑛𝑊𝑛𝑊) + 𝑃(𝑊𝑛𝑅𝑛𝑊) + 𝑃(𝑊𝑛𝑊𝑛𝑅) =
1

6
+

1

6
+

1

8
=

11

24
 

𝑃(𝑋 = 2) = 𝑃(𝑅𝑛𝑅𝑛𝑊) + 𝑃(𝑅𝑛𝑊𝑛𝑅) + 𝑃(𝑊𝑛𝑅𝑛𝑅) =
1

8
+

1

6
+

1

6
=

11

24
 

𝑃(𝑋 = 3) = 𝑃(𝑅𝑛𝑅𝑛𝑅) =
1

24
 

 
 
 
 

𝑥 𝑃(𝑋 = 𝑥) 𝑥𝑃(𝑋 = 𝑥) 

0 1

24
 

0 

1 11

24
 

11

24
 

2 11

24
 

22

24
 

3 1

24
 

3

24
 

 
∑𝑥𝑃(𝑋 = 𝑥) =

36

24
= 1.5 

 
Expected number of red sweets in the box=1.5 
 

14 
(a) 

0.813 

(b) 0.556 



15
a 

𝑎 = 𝑃(1ℎ𝑒𝑎𝑑) = 0.7 × 0.53 + 0.3 × 0.53 × 3 

=
1

5
 

𝑏 = 0.7 × 0.53 × 3 + 0.3 × 0.53 × 3 

=
3

8
 

𝑐 = 0.7 × 0.53 × 3 + 0.3 × 0.53 

=
3

10
 

b 
 

𝐸(𝑋) = ∑𝑥𝑃(𝑋 = 𝑥) 

𝐸(𝑋) = 0 ×
3

80
+ 1 ×

1

5
+ 2 ×

3

8
+ 3 ×

3

10
+ 4 ×

7

80
 

𝐸(𝑋) =
176

80
 

           = 2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16 
I 

Let the probability that Masandugu has to stop at the first second and third  sets 
of lights be P(S1),P(S2) and P(S3) respectively. 



 

 

II probability that Masandugu has to stop at each of the first two sets of lights but 
does not have to stop at the third set= 𝑃(𝑆1𝑛𝑆2𝑛𝑆′3) 

𝑃(𝑆1𝑛𝑆2𝑛𝑆′3) = 𝑃(𝑆1) × 𝑃(𝑆2) × 𝑃(𝑆′3) 
= 0.4 × 0.8 × 0.7 

= 0.224 

III  Probability that Masandugu has to stop at exactly two of the three sets of lights 
= 𝑃(𝑆1𝑛𝑆2𝑛𝑆′3) + 𝑃(𝑆1𝑛𝑆′2𝑛𝑆3) + 𝑃(𝑆′1𝑛𝑆2𝑛𝑆3) 
= 0.4 × 0.8 × 0.7 + 0.4 × 0.2 × 0.3 + 0.6 × 0.8 × 0.3 

= 0.392 

IV probability that Masandugu has to stop at the first set of lights, given that she 
has to stop at exactly two sets of lights=
𝑃(𝑆1  Masandugu has to stop at each of the first two sets)⁄  

=
𝑃(𝑆1𝑛𝑆2𝑛𝑆′3) + 𝑃(𝑆1𝑛𝑆′2𝑛𝑆3)

𝑃(𝑆1𝑛𝑆2𝑛𝑆′3) + 𝑃(𝑆1𝑛𝑆′2𝑛𝑆3) + 𝑃(𝑆′1𝑛𝑆2𝑛𝑆3)
 

=
0.248

0.392
 

≈ 0.6327 

17 
a 

Let leopards be X 
𝑋~𝑁(55, 62) 

𝑃(46 < 𝑋 < 62) = 𝑃(
46 − 55

6
< 𝑍 <

62 − 55

6
) 

= 𝑃(−1.5 < 𝑍 < 1.167) 
 

Commented [NC1]:  

Commented [NC2]:  



 
= 𝜙(1.167) + 𝜙(−1.5) 
= 0.37839 + 0.43319 

= 0.81158(𝐶𝑎𝑙𝑐) 
 

B 𝑙~𝑁(42, 𝜎2) 
𝑃(𝑙 < 36) = 25% 

𝑃 (𝑍 <
36 − 42

𝜎
) = 0.25 

𝐿𝑒𝑡 𝑎 =
36 − 42

𝜎
 

𝑃(𝑍 < 𝑎) = 0.5 
 

 
36 − 42

𝜎
= −0.674 

𝜎 = 8.9 𝑘𝑔 
 

18 
a 

Let the length be x 
𝑋~𝑁(5.2, 1.52) 

𝑃(𝑋 < 6) = 𝑃 (𝑍 <
6 − 5.2

1.5
) = 𝑃(𝑍 < 0.533) 

 
 

= 0.5 + 𝜙(0.533) 
= 0.5 + 0.2031 

= 0.7031 

b 𝑋~𝑁(𝜇, 𝜎2) 

𝑃(𝑋 < 3) =
46

500
= 0.092 

𝑃(𝑋 > 8) =
95

500
= 0.19 

𝑃 (𝑍 <
3 − 𝜇

𝜎
) = 0.092 

𝑙𝑒𝑡 𝐴 =
3 − 𝜇

𝜎
 



𝑃(𝑍 < 𝐴) = 0.092 

 
 

−𝐴 = 1.33 
3 − 𝜇 = 1.33𝜎 ……………… . 𝑒𝑞𝑛 1 

𝑃 (𝑍 >
8 − 𝜇

𝜎
) = 0.19 

𝑙𝑒𝑡 𝐵 =
8 − 𝜇

𝜎
 

𝑃(𝑍 > 𝐵) = 0.19 

 
𝐵 = 0.88 

8 − 𝜇 = 0.88𝜎 …………………… . 𝑒𝑞𝑛 2 
Solving eqn 1 and eqn 2 

3 − 𝜇 = 1.33𝜎 
8 − 𝜇 = 0.88𝜎 

𝜎 =
5

2.21
= 2.26 

𝜇 = 3 + 1.33 × 2.26 = 6.01 
 

 

 

 

STATISTICS 

  

19 
a 
 
 
 
 
 
 
 
 
 

 

 

 

Weights f Class boundaries x 𝑥𝑓 X2f F 𝑖 𝑜𝑟 𝑐𝑤 f.d 

20-24 3 19.5-24.5 22 66 1452 3 5 0.6 

25-29 5 24.5-29.5 27 135 3646 8 5 1 

30 2 29.5-30.5 30 60 1800 10 1 2 

31-34 6 30.5-34.5 32.5 195 6337.5 16 4 1.5 

35-49 9 34.5-49.5 42 378 15876 25 15 0.6 

sum 834 29110.5  



 
 
 

Mean weight =
834

25
 

= 33.36𝑘𝑔 

Standard deviation =√(
29110.5

25
) − (

834

25
)2 

= 7.1785𝑘𝑔  
ii)  

Weigh
t  

24.5 26.5 29.5 

F 3 x 8 

 
𝑥−3

26.5−24.5
=

8−3

29.5−24.5
 

X=5 

Weigh
t  

30.5 32.5 34.5 

F 10 a 16 

 
𝑎−10

32.5−30.5
=

16−10

34.5−30.5
 

a=13 
∴ 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = 13 − 5 
                      = 8𝑏𝑜𝑦𝑠 

 



B 

 
20
a 
 
 
 
 
 

i) 



 
iii) 
 

X y Rx Ry |𝑑| d2  

35 86 3 7.5 4.5 20.25 

65 70 8 3 5 25 

55 84 6 6 0 0 

25 92 2 9 7 49 

45 79 4 5 1 1 

75 68 9 2 7 49 

20 96 1 10 9 81 

90 58 10 1 9 81 

51 86 5 7.5 2.5 6.25 

60 77 7 4 3 9 

𝜌 = 1 −
6𝑥272.5

10(99)
 

= −0.6515 
It is significant at 5% since |0.6515| exceeds 0.65 . 



 

21 
a 

 

Class f x 𝑥𝑓 X2f Cf 

0-10 14 5 70 350 14 

10-20 19 15 285 4275 33 

20-30 15 25 375 9375 48 

30-40 20 35 700 24500 68 

40-50 12 45 540 24300 80 

 ∑𝑓

= 80 

 ∑𝑓𝑥 =
1970 

∑𝑓𝑥2=
62800 

 

 

𝑀𝑒𝑎𝑛 =
1970

80
 

𝑀𝑒𝑎𝑛 = 24.625 

𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =
62800

80
− 24.6252 

= 178.6094 
 
 
 
 

  



b 

 
 
 
Exceeded by 75%   = 50 -36 
                            = 14 hours. 
 

22 
a 

Price index =
𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑦𝑒𝑎𝑟

𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑎𝑠𝑒 
 

For X, 125 =
𝑃

3200
× 100 

Price of X in 2024,P=4000 

For Y, 105=
𝑃

4000
 

Price of Y in 2024,P= 4200 

For  Z, 120 =
𝑃

4500
 

Price of Z,P=5400 
 
 
 

b Composite price index=
∑ 𝐼𝑊

∑𝑊
 

I-price index 
W-weights 



Composite price index=
3×125+5×105+2×120

3+5+2
 

Composite price index= 114 

c Weighted aggregate price index=
∑𝑃𝑖𝑊

∑𝑃𝑜𝑊
× 100 

=
3 × 4000 + 5 × 4200 + 2 × 5400

3 × 3200 + 5 × 4000 + 2 × 4500
× 100 

= 113.47 

23  
 
(a) 
 
(b) 
 
 
(c) 

 
 
P(A)= 0.5 
 

𝑝(𝐴1/𝐵1) = 0.25 

 
 
0.7 

 

NUMERICAL ANALYSIS 

NUMBER 24 

ℎ =
𝑏 − 𝑎

𝑛 − 1
 

ℎ =
6 − 0

7 − 1
 

= 1 

𝑥 𝑥𝑒−𝑥 
0 0  

1  0.3679 

2  0.2707 

3  0.1494 

4  0.0733 

5  0.0337 

6 0.0149  

 0.0149 1.1983 

 

∫𝑥𝑒−𝑥𝑑𝑥 ≈
1

2
[0.0149 + 2(1.1983)]

6

0

 

= 1.21 

𝑏) 

∫𝑥𝑒−𝑥𝑑𝑥 



Using by parts  

𝑢 = 𝑥
𝑑𝑣

𝑑𝑥
= 𝑒−𝑥

𝑑𝑢

𝑑𝑥
= 1 𝑣 = −𝑒−𝑥

 

= −𝑥𝑒−𝑥 + ∫𝑒−𝑥𝑑𝑥 

= [−(𝑥 + 1)𝑒−𝑥]0
6 

= 0.98 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑒𝑟𝑟𝑜𝑟 =
1.208 − 0.98

0.98
× 100 

= 23.3%  

−𝑡ℎ𝑖𝑠 𝑒𝑟𝑟𝑜𝑟 𝑐𝑎𝑛 𝑏𝑒 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠. 

 NUMBER 25 

 

77 a 78 

4.3315 4.6500 4.7046 
𝟕𝟖 − 𝟕𝟕

𝟒. 𝟕𝟎𝟒𝟔 − 𝟒. 𝟑𝟑𝟏𝟓
=

𝒂 − 𝟕𝟕

𝟒. 𝟔𝟓 − 𝟒. 𝟑𝟑𝟏𝟓
 

𝑎 − 77 =
−0.3185

0.3731
 

𝑎 = 77.85 

∴ tan−1 4.6500 = 77.85𝑜 

78 79 79.6 

4.7046 5.1446 b 
79.6 − 78

𝑏 − 4.7046
=

79 − 78

5.1446 − 4.7046
 

𝑏 − 4.7046 = 1.6(0.44) 

𝑏 = 5.4086 

∴ 𝐭𝐚𝐧 𝟕𝟗𝒐𝟑𝟔′ = 𝟓. 𝟒𝟎𝟖𝟔 

 

 

NUMBER 26 



𝑥 = 𝑁
1
6 

𝑥6 = 𝑁 

𝑥6 − 𝑁 = 0 

𝑓(𝑥) = 𝑥6 − 𝑁 

𝑓′(𝑥) = 6𝑥5 

𝑥𝑛+1 = 𝑥𝑛 −
𝑓(𝑥𝑛)

𝑓′(𝑥𝑛)
 

= 𝑥𝑛 −
(𝑥𝑛

6 − 𝑁)

6𝑥𝑛
5

 

=
6𝑥𝑛

6 − (𝑥𝑛
6 − 𝑁)

6𝑥𝑛
5

 

=
5𝑥𝑛

6 + 𝑁

6𝑥𝑛
5

 

𝑥𝑛+1 =
5

6
[𝑥𝑛 +

𝑁

5𝑥𝑛
5
] 

 

 

𝑐) 𝐷𝑟𝑦 𝑟𝑢𝑛 

𝑛 𝑥𝑛 𝑥𝑛+1 𝐼𝑠 |𝑥𝑛+1 − 𝑥𝑛|
≤ 0.0005 

0 1.2 3.0429 𝑁𝑂 

1 3.0429 2.5552 𝑁𝑂 

2 2.5552 2.1760 𝑁𝑂 

… 
 

… …. … 

8  1.7676 𝑌𝐸𝑆 

 𝑇ℎ𝑒 𝑟𝑜𝑜𝑡 𝑖𝑠 1.768 

NUMBER 27 

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑒𝑟𝑟𝑜𝑟 𝑖𝑛 𝑀 

( 𝑒𝑟𝑟𝑜𝑟 =
1

2
× 10−𝑛) 

= 0.005 

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑒𝑟𝑟𝑜𝑟 𝑖𝑛 𝑁 



= 0.0005 

 

NUMBER 28 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎 𝑐𝑜𝑛𝑒 , 𝑉 =  
1

3
𝜋𝑟2ℎ 

𝑉 + ∆𝑉 =
1

3
𝜋(𝑟 + ∆𝑟)2(ℎ + ∆ℎ) 

∆𝑉 =
1

3
𝜋(𝑟 + ∆𝑟)2(ℎ + ∆ℎ) − 𝑉 

∆𝑉 =
1

3
𝜋[2𝑟ℎ∆ℎ + (∆𝑟)2 ℎ + 𝑟2∆ℎ + 2𝑟∆𝑟∆ℎ + (∆𝑟)2∆ℎ] 

 𝑠𝑖𝑛𝑐𝑒 ∆𝑟 <<< 𝑟 𝑎𝑛𝑑 ∆ℎ <<< ℎ, (∆𝑟)2 ≈ 0 𝑎𝑛𝑑 ∆ℎ∆𝑟 ≈ 0 

∆𝑉 =
1

3
𝜋[2𝑟ℎ∆ℎ + 𝑟2∆ℎ] 

|
∆𝑉

𝑉
| = |

1
3𝜋[2𝑟ℎ∆ℎ + 𝑟2∆ℎ]

1
3𝜋[𝑟2ℎ]

| 

≤ |
2∆𝑟

𝑟
| + |

∆ℎ

ℎ
| (𝑡𝑟𝑖𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑖𝑛𝑒𝑞𝑢𝑎𝑙𝑖𝑡𝑦) 

= 2 |
∆𝑟

𝑟
| + |

∆ℎ

ℎ
| 

𝑏) 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑒𝑟𝑟𝑜𝑟  

(2 |
0.005

3.55
| + |

0.05

12.4
|) × 100 

= 0.685 

 

NUMBER 29 



 

𝑓(𝑥) = 2 sin 𝑥 − 𝐼𝑛𝑥 

𝑓′(𝑥) = 2 cos 𝑥 −
1

𝑥
 

𝑥𝑛+1 = 𝑥𝑛 −
2 sin 𝑥 − 𝐼𝑛𝑥

2 cos 𝑥 −
1
𝑥

 

𝑥0 = 2.65 

𝑥1 = (2.65) −
2 sin 2.65 − 𝐼𝑛2.65

2 cos 2.65 −
1

2.65

 

(𝑚𝑎𝑘𝑒 𝑠𝑢𝑟𝑒 𝑦𝑜𝑢𝑟 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑜𝑟 𝑖𝑠 𝑖𝑛 𝑟𝑎𝑑) 

𝑥1 = 2.6358 

𝑥2 = 2.6357 

𝑡ℎ𝑒 𝑟𝑜𝑜𝑡 𝑖𝑠 2.636 

 

 



 

NUMBER 30 

𝑊𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔) 0.5 1 1.5 2 

𝑐𝑜𝑠𝑡 1000 2000 3500 4000 
𝑎) 𝑙𝑒𝑡 𝑡ℎ𝑒 𝑐ℎ𝑎𝑟𝑔𝑒 𝑓𝑜𝑟 𝑎 𝑝𝑎𝑟𝑐𝑒𝑙 𝑜𝑓 450𝑔 𝑏𝑒 𝑎  

0.45 0.5 1 

a 1000 2000 
1 − 0.5

2000 − 1000
=

1 − 0.45

2000 − 𝑎
 

𝑎 = 900 

𝑡ℎ𝑒 𝑐ℎ𝑎𝑟𝑔𝑒 𝑓𝑜𝑟 450𝑔 𝑖𝑠 900/= 

𝑙𝑒𝑡 𝑡ℎ𝑒 𝑐ℎ𝑎𝑟𝑔𝑒 𝑓𝑜𝑟 1.8 𝑘𝑔 𝑏𝑒 𝑏 

1.5 1.8 2 

3500 b 4000 
2 − 1.5

4000 − 3500
=

2 − 1.8

4000 − 𝑏
 

𝑏 = 3800 

𝑇ℎ𝑒 𝑐ℎ𝑎𝑟𝑔𝑒 𝑓𝑜𝑟 1.8𝑘𝑔 𝑖𝑠 3800/= 

𝑐)𝑙𝑒𝑡 𝑡ℎ𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑒 𝑥 

1.5 2 𝑥 

3500 4000 6200 
𝑥 − 1.5

6200 − 3500
=

2 − 1.5

4000 − 3500
 

𝑥 = 4.2 𝑘𝑔 

𝑡ℎ𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑎𝑟𝑐𝑒𝑙 𝑖𝑠 4.2 𝑘𝑔 

 

 

 

 

 

 


