
2023 CEED MOCK EXAMINATIONS 

ADDITIONAL MATHEMATICS MARKING KEY 

PAPER I 

1. (a)  𝒍𝒊𝒎
𝒉→𝟎

(𝟏+𝒉)𝟐−𝟏

𝒉
 = 𝒍𝒊𝒎

𝒉→𝟎

(𝒉𝟐 +𝟐𝒉+𝟏−𝟏

𝒉
   1mark 

= 𝒍𝒊𝒎
𝒉→𝟎

(𝒉𝟐+𝟐𝒉)

𝒉
   1mark 

             = 𝒍𝒊𝒎
𝒉→𝟎

𝒉(𝟐+ 𝒉)

𝒉
   1mark 

  = 𝒍𝒊𝒎
𝒉→𝟎

𝒉 + 𝟐   1mark 

  = 𝒍𝒊𝒎
𝒉→𝟎

𝒉 + 𝒍𝒊𝒎
𝒉→𝟎

𝟐 

  = 0 +2 

  = 2 1mark 

 

1(b) 

   𝒇(𝝅) + 𝒈(𝝅) = Cos(𝝅) + 𝝅 −
𝝅

𝟐
 1mark 

     = -1 + 1.5708 

     = 0.571      

   

              2a                             

(𝑎 + 𝑏𝑥)5 = 𝑎5 + 5𝑎4𝑏 + 10𝑎3𝑏2 + 10𝑎2𝑏3 + 5𝑎𝑏4 + 𝑏5                        

(𝑎 + 𝑏𝑥)5 = 𝑎5 + 5𝑎4𝑏𝑥 + 10𝑎3𝑏2𝑥2 + 10𝑎2𝑏3𝑥3 + 5𝑎𝑏4𝑥4 + 𝑏5𝑥5    1mark  

But 𝑎5 + 5𝑎4𝑏𝑥 + 10𝑎3𝑏2𝑥2 = 32 + 40𝑥 + 20𝑥2        1mark                               

Hence 𝑎5 = 32  

            𝑎5 = 52                 

             𝑎 = 2   1mark                                                               

     Then 5(2)4𝑏𝑥 = 40𝑥    1mark 

                    80𝑏 = 40   

                           𝑏 =    1mark                                                           
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2b      𝑜𝑟                     1mark, 1mark   

             2𝑥 − 1 ≥ 6     𝑜𝑟    − 2𝑥 + 1 ≥ 6                    1mark  

             2𝑥 ≥ 6 + 1     𝑜𝑟    − 2𝑥 ≥ 6 − 1                     1mark    

             2𝑥 ≥ 7            𝑜𝑟       − 2𝑥 ≥ 5                        1mark  

              𝑥               𝑜𝑟         𝑥                         1 mark 

       

 

3a 

   

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Angle AOC = 𝜽 

𝑨𝑪 = 𝒓𝒔𝒊𝒏𝜽 (SOHCAHTOA)  1mark 

Diameter AB=𝟐𝒓𝒔𝒊𝒏𝜽                   1mark 

But 𝜽 is now 𝟐𝜽                    1mark 

∴Area of a sector OADC=½𝒓𝟐(𝟐𝜽) = 𝒓𝟐𝜽 1mark 

Area of segment ADC= area of sector OADC – area of ∆𝑨𝑶𝑪 

= 𝒓𝟐𝜽 − ½𝒓𝟐𝒔𝒊𝒏𝟐𝜽  1mark 

= 𝒓𝟐(𝜽 − ½𝒔𝒊𝒏𝟐𝜽)         (1mark 

 

3b 

   
𝟏−𝒄𝒐𝒔𝟐𝜽

𝟑+𝒄𝒐𝒔𝟐𝜽
=

𝟏−(𝟏−𝟐𝒔𝒊𝒏𝟐𝜽)

𝟑+(𝟐𝒄𝒐𝒔𝟐𝜽−𝟏)
     1mark 
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                                  =
𝟐𝒔𝒊𝒏𝟐𝜽

𝟐+𝟐𝒄𝒐𝒔𝟐𝜽
        1mark 

 

 =
𝟐𝒔𝒊𝒏𝟐𝜽

𝟐(𝟏+𝒄𝒐𝒔𝟐𝜽)
              1mark 

=
𝟐 𝒔𝒊𝒏𝟐𝜽

𝟐 (𝟏+𝒄𝒐𝒔𝟐𝜽)
            1mark 

=
 𝒔𝒊𝒏𝟐𝜽

 (𝟏+𝒄𝒐𝒔𝟐𝜽)
     1mark 

∴  
𝟏−𝒄𝒐𝒔𝟐𝜽

𝟑+𝒄𝒐𝒔𝟐𝜽
=

𝒔𝒊𝒏𝟐𝜽

𝟏+𝒄𝒐𝒔𝟐𝜽
           1mark 

 

 

4a 

 

 y = log knx 

logy y = log k + log xn 

log y = log k + n log x , thus n = gradient and log k is y-intercept.   1mark 

 

                                                                                             1mark 

 

Use points G and F  or (any other pair) to find gradient, 

                         n  =  
𝟏.𝟓𝟐−𝟏.𝟕𝟕

𝟐.𝟏𝟖−𝟐
 

                             = −𝟏. 𝟑𝟖𝟗   

                           n = −𝟏. 𝟒 𝒕𝒐 𝟏𝒅. 𝒑.                   1mark 

                  1.77   = −1.4(2) + log 𝑘 (or use any pair of numbers from the table for x and y) 
       1mark 

log 𝑘  =𝟏. 𝟕𝟔 + 𝟐. 𝟖 

                                 = 𝟒. 𝟓𝟕 

        𝑘 = 104.5775 

k =37153  1mark 

 

4b 

              𝑽 =  𝝅𝒓𝟐𝒉 

                      → 𝒉 =
𝑽

𝝅𝒓𝟐- − − − − − − − − −(𝒊)    (1mark) 

 

𝑺𝒖𝒓𝒇𝒂𝒄𝒆 𝒂𝒓𝒆𝒂( 𝑨 ) =  𝟐𝝅𝒓𝟐  +  𝟐𝝅𝒓𝒉 −  −  −  (𝒊𝒊) (1mark) 

S𝑢𝑏 .    
𝒗

𝝅𝒓𝟐    𝒇𝒐𝒓 𝒉 𝒊𝒏 (𝒊𝒊)𝒈𝒊𝒗𝒆𝒔 

                                𝑨 =  𝟐𝝅𝒓𝟐  +  𝟐𝝅𝒓 (
𝑽

𝝅𝒓𝟐) 

                                       = 𝟐𝝅𝒓𝟐  +  𝟐 (
𝒗

𝒓
)                  (1mark) 

 

                                
𝒅𝑨

𝒅𝒓
   =  (𝟒𝝅𝒓 −

𝟐𝒗

𝒓𝟐)      1mark 
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𝑾𝒉𝒆𝒏 𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝑨𝒓𝒆𝒂 𝒊𝒔 𝒎𝒊𝒏.
𝒅𝑨

𝒅𝒓
= 𝟎 

                      (𝟒𝝅𝒓 −
𝟐𝒗

𝒓𝟐) = 𝟎     1mark 

        → 𝟒𝝅𝒓𝟑 − 𝟐𝑽 = 𝟎              

                                     𝒓𝟑 =
𝟐𝑽

𝟒𝝅
  

                                    r = √
𝟐𝑽

𝟒𝝅

𝟑
     1mark                                    

 

5 

From sin 𝑃 + sin 𝑄 = 2 sin(
𝑷+𝑸

𝟐
)cos(

𝑷−𝑸

𝟐
)   1mark 

sin3x + sin x= 2 sin(
𝟑𝒙+𝒙

𝟐
)cos(

𝟑𝒙−𝒙

𝟐
) 

= 2sin 2xcosx   1mark 

                                                                  

Thus 2sin 2 xcos x = cos x                     1mark 

2sin 2𝑥 cosx − cos x = 0 

→cos x(2 sin 2 x − 1) = 0   1mark 

Either cos x = 0→ x = 90°, 270°                1mark 

Or sin 2 x =½→2 x = sin−1 (½) = 30°, 150°, 510° 

x = 15°, 75°, 255°                                    

As 0o ≤  x    ≤  180o   , x = 150, 300,750, 900  1 mark 

 

  

6. 

 
𝒅

𝒅𝒙
(𝒙 + 𝒄𝒐𝒔𝟐𝒙) = 𝟏 − 𝟐𝒔𝒊𝒏𝟐𝒙               (1mark) 

𝑨𝒕 𝒎𝒂𝒙𝒊𝒎𝒂𝒖𝒎𝒖, 𝟏 − 𝟐𝒔𝒊𝒏𝟐𝒙 = 𝟎 

    Sin2x = ½  

𝟐𝒙 = 𝒔𝒊𝒏−𝟏(½) 

𝒙 = 𝟏𝟓𝒐𝒂𝒏𝒅𝟕𝟓𝒐        (1mark) 

      𝒚 − 𝒗𝒂𝒍𝒖𝒆𝒔 𝒂𝒓𝒆 (
√𝟑

𝟐
+ 𝟏𝟓𝒐)  𝒂𝒏𝒅 (−

√𝟑

𝟐
+ 𝟕𝟓𝒐)  (1mark) 

i.e.Stat. Points are (𝟏𝟓𝒐, (
√𝟑

𝟐
+ 𝟏𝟓𝒐)) & (𝟕𝟓𝒐, (−

√𝟑

𝟐
+ 𝟕𝟓𝒐))        1mark   

  
𝒅𝟐𝒚

𝒅𝒙𝟐
(𝒙 + 𝒄𝒐𝒔𝟐𝒙) = −𝟒𝒄𝒐 𝒔(𝟐𝒙)                 (1mark) 

𝑨𝒕 (𝟏𝟓𝒐, (
√𝟑

𝟐
+ 𝟏𝟓𝒐)) ,

𝒅𝟐𝒚

𝒅𝒙𝟐 = −𝟒𝒄𝒐 𝒔(𝟐𝒙) = −𝟒𝒄𝒐𝒔 (𝟐(𝟏𝟓) = −𝟐√𝟑 (𝒎𝒂𝒙. )         

  (1mark) for maxima or minima 

𝑨𝒕 (𝟕𝟓𝒐, (−
√𝟑

𝟐
+ 𝟕𝟓𝒐)) ,

𝒅𝟐𝒚

𝒅𝒙𝟐 = −𝟒𝒄𝒐 𝒔(𝟐(𝟕𝟓)) = −𝟒𝒄𝒐𝒔 (𝟐(𝟕𝟓) = 𝟐√𝟑  (𝒎𝒊𝒏. )                        
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𝒅

𝒅𝒙
(𝒙 + 𝒔𝒊𝒏𝟐𝒙) = 𝟏 + 𝟐𝒄𝒐𝒔𝟐 

𝑻𝒉𝒆 𝒄𝒖𝒓𝒗𝒆 𝒊𝒔 𝒎𝒂𝒙 𝒘𝒉𝒆𝒓𝒆; 
𝒅𝒚

𝒅𝒙
= 𝟎; 

𝟏 + 𝟐𝒄𝒐𝒔𝟐𝒙 = 𝟎 → 𝟐𝒙 = 𝒄𝒐𝒔−𝟏(−½) 

𝟐𝒙 =
𝟐𝝅

𝟑
,
𝟒𝝅

𝟑
 → 𝒙 =

𝝅

𝟑
𝒂𝒏𝒅

𝟐𝝅

𝟑
 

𝒊. 𝒆 𝒕𝒉𝒆 𝒕𝒓𝒖𝒆 𝒗𝒂𝒍𝒖𝒆 𝒐𝒇 𝒙 𝒊𝒔 
𝝅

𝟑
                      (1mark) 

∴Max. value of 𝒚 =
𝝅

𝟑
+ 𝒔𝒊𝒏𝟐 (

𝝅

𝟑
) =

𝟑√𝟑+𝟐𝝅

𝟔
= 𝟏. 𝟗 𝒕𝒐 𝟏𝒅. 𝒑.     (𝟏𝒎𝒂𝒓𝒌) 

Area =∫ (𝒙 + 𝒔𝒊𝒏𝟐𝒙)𝒅𝒙 = [
𝒙𝟐

𝟐
−

𝒄𝒐𝒔𝟐𝒙

𝟐
]

𝟎

𝝅

𝟐
𝝅

𝟐
𝟎

 

=(
(

𝝅

𝟐
)

𝟐

𝟐
−

𝒄𝒐𝒔𝟐(
𝝅

𝟐
)

𝟐
) − (

(𝟎)𝟐

𝟐
−

𝒄𝒐𝒔𝟐(𝟎)

𝟐
) 

=
𝝅𝟐

𝟖
+ 𝟏 

=  𝟐. 𝟐𝟑𝒔𝒒𝒖𝒂𝒓𝒆 𝒖𝒏𝒊𝒕𝒔 𝒕𝒐 𝟐𝒅. 𝒑.   1mark 

 

 

 

7. 

 ∫ 𝟒 𝐜𝐨𝐬(𝟐𝝅 − 𝒙)𝒅𝒙 
𝝅

𝟐
𝝅

𝟔

 = 𝟒 ∫ 𝐜𝐨𝐬(𝟐𝝅 − 𝒙)𝒅𝒙 
𝝅

𝟐
𝝅

𝟔

 

   = (𝟒𝒔𝒊𝒏(𝒙 −  𝟐𝝅))𝝅

𝟔

𝝅

𝟐 

   = 4sin (   
𝝅

𝟐
 −𝟐𝝅 ) – 4sin ( 

𝝅

𝟔
 − 𝟐𝝅 ) 

   =4sin 
−𝟑𝝅

𝟐
 – 4sin 

−𝟏𝟏𝝅

𝟔
 

   = − 2.51 approx. (from the calculator) 

𝟖(𝒂) 
𝒅𝒚

𝒅𝒙
=  𝟐 –  𝟐𝒙  1mark 

𝑨𝒕 (𝟐, 𝟎), dy/dx = 𝟐 –  𝟐(𝟐)   1mark 

           =  𝟐 −  𝟒  

                                                                                      =  −𝟐   1 mark 

𝒊. 𝒆𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕𝒐𝒇𝒕𝒂𝒏𝒈𝒆𝒏𝒕 (𝒎𝒕 )  =  −𝟐                      (1mark) 

𝑵𝒐𝒘 𝒆𝒒𝒏 𝒊𝒔 𝒚 −  𝒚𝟏  =  𝒎(𝒙 −  𝒙𝟏) 

→ 𝒚 −  𝟎 =  −𝟐(𝒙 −  𝟐)   1mark 
𝒚 =  −𝟐𝒙 +  𝟒          1mark                                   

                                    𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕𝒐𝒇𝒏𝒐𝒓𝒎𝒂𝒍(𝒎𝒏) =  
−𝟏

𝒎𝒕
=

−𝟏

−𝟐
  1mark 

= ½               (1mark) 

𝑵𝒐𝒘 𝒆𝒒𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒏𝒐𝒓𝒎𝒂𝒍  𝒊𝒔 𝒚 −  𝒚𝟏  =  𝒎(𝒙 − 𝒙𝟏) 

→ 𝒚 −  𝟎 =  ½(𝒙 −  𝟐) 
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 𝒚 =  ½𝒙 − 𝟏      

When x = 0,  y = - 1   1mark 

 

P = (0, -1) 

                          (1mark) 

 

 

 

 

 

 

 

 

 

 

 

 

(b)   

X -2 -1 0 1 2 3 
y 𝟏

𝟒
 

𝟏

𝟐
 

1 2 4 8 

 

    1 mark for x values and 1 mark for y values 

 

 

 

 

 

 

 

 

 

 

 

 

   1mark, plotting points 

   1mark, joining with a curve 

   1mark, labelling axes 

1mark, correct arrangement of axes 

   1mark, correct smooth curve 

   1mark, 1mark  for showing each line for finding the required value 

   From the graph 𝑥 = 2.32 𝑤ℎ𝑒𝑛 y = 5  (1mark) 

 

 

 

9(a)  Surface area  = 𝝅r2 + ch + 2𝝅2  

    = 3𝝅r2 + 2𝝅rh ………………..(i)  1mark 
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   But Volume of a sphere =  
𝟒

𝟑
𝝅r3  

   ∴Volume of a hemisphere = 
𝟐

𝟑
𝝅r3       1mark 

   Hence  
𝟐

𝟑
𝝅r3 + 𝝅 r2h = 45𝝅  1mark 

     𝝅 ( r2h + 
𝟐

𝟑
r3) = 45 𝝅 

     ∴r2h + 
𝟐

𝟑
r3 = 45 

           h = (45 - 
𝟐

𝟑
r3)/ r2…………..(ii)   1mark 

  Substitute (ii) into (i) : Surface area = 3𝝅r2 + 2𝝅r((45 - 
𝟐

𝟑
r3)/ r2))  1mark 

      = 
𝟑𝝅𝒓𝟒 + 𝟐𝝅𝒓(𝟒𝟓−

𝟐

𝟑
𝒓𝟑)

𝒓𝟐  

      = 
𝟑𝝅𝒓𝟒 + 𝟗𝟎𝝅𝒓− 

𝟒

𝟑
𝒓𝟒

𝒓𝟐  

      = 
𝟓𝝅𝒓𝟒  +𝟐𝟕𝟎𝝅𝒓

𝟑𝒓𝟐  

      = 
𝟓𝝅𝒓𝟐  

𝟑
+  

𝟗𝟎𝝅

𝒓
     1mark 

    
𝒅𝑨

𝒅𝒓
  = 

𝟏𝟎

𝟑
𝝅r - 

𝟗𝟎𝝅

𝒓𝟐     1mark 

  At maximum,  
𝟏𝟎

𝟑
𝝅r - 

𝟗𝟎𝝅

𝒓𝟐     = 0      1mark 

    10𝝅r3 - 270𝝅 = 0 

     10𝝅r3 = 270𝝅   1mark 

     10r3  = 270 

          r3 = 27 

            r = 3   1mark 
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9(b)  y = 4x3 – 3x4 

  dy/dx  = 12x2 – 12x3 

  At T.P,  12x2 – 12x3 = 0 

   12x2(1 – x) = 0 

   12x2 = 0 or 1 – x = 0 

   x = 0 or x = 1 

  T.P are (0,0)  and (1,1) 

  d2y/dx2 = 24x – 36x2 

  When x = 0, d2y/dx2= 0 and when x is less than 0, dy/dx >0 

   (0,0) is a point of inflexion 

  When x = 1 d2y/dx2 is greater than -12, so (1,1) is maximum 

 The graph cuts x axis when 4x3 – 3x4= 0 that is when x = 0 or 4/3 

     

Sketch 

 

 

 

 

 

 

 

 

 

 

    

 

                      

10(a)     S = t2 – kt  

   

∴ v = 2t – k 1mark 
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𝑨𝒕 inst. rest,              2t – k = 0 1mark 

         2(2) – k = 0 1mark 

   4 – k = 0 1mark 

      −k = −4 1mark 

          k = 4 1mark 

  Thus v = 2t – 4  1mark 

  Hence initial velocity = 2(0) – 4  1mark 

     = 4m/s  1mark 1mark 

 

 

10(b) 

    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

                ½ r2𝝑h = 20000 cm3   1mark 
        r2𝝑(100cm)   = 40000cm3 

    r2𝝑  = 400 ……………………..(i)   1mark 

       Arc length BD = r𝝑 

   Hence perimeter = r + r + r𝝑    1mark 

           = 2r + r𝝑 

                  Thus 60  = 2r + r𝝑 

         r = 
𝟔𝟎

𝟐+ 𝝑
 …………………(ii)    1mark 

    Substitute (ii) into (i): 

     𝝑(
𝟔𝟎

𝟐+ 𝝑
)𝟐 = 400     1mark 

     (
𝟔𝟎𝝑

𝟐+ 𝝑
 )2    = 400 

     
𝟑𝟔𝟎𝟎𝝑

𝟒+𝟒𝝑+ 𝝑𝟐 = 400    1mark 

     3600𝝑 = 1600 + 1600𝝑 + 𝟒𝟎𝟎𝝑2 
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   4𝝑2 + 16𝝑 – 20 = 0    1mark 

         𝝑2 + 4𝝑 – 5 = 0 

    (𝝑  - 1)( 𝝑  - 5) = 0 1mark 

     𝝑 = 1 radian or 𝝑 = 5radians   1mark, 1mark 

      

            

    

 

 

 

 

 

 

END OF MARKING KEY 
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