
Tracking Test 3 Part A 

(36 marks: 43 minutes) 

 

1     𝑓(𝑥) = 𝑥3 − 3𝑥 + 2.    

  (a) Use the factor theorem to show that (x+2) is a factor of 𝑓(𝑥).      (2) 

  (b) Given that 𝑓(𝑥) = (𝑥 + 2)(𝑥 − 1)2 , 

                 express   
3𝑥3+𝑥2−18𝑥+20

𝑥3−3𝑥+2.   
    in partial fractions. 

(6) 

 

___________________________________________________________________________________________________________________ 

2 (a) Prove that 

𝑡𝑎𝑛𝜃 + 𝑐𝑜𝑡𝜃 = 2𝑐𝑜𝑠𝑒𝑐2𝜃,                   𝜃 ≠
𝑛𝜋

2
, 𝑛 𝜖 ℤ  

(4) 

 

(b) Given the equation 

𝑡𝑎𝑛𝜃 + 𝑐𝑜𝑡𝜃 = 𝑘 
 

has real solutions, find all possible values of k.  

 

Write your answer in set notation. 

(1) 
 

___________________________________________________________________________________________________________________ 

3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. The curve C has the equation 

𝑓(𝑥) = 𝑒3𝑥𝑠𝑖𝑛5𝑥 

     Show that the turning points of C occur when 𝑡𝑎𝑛5𝑥 = −
5

3
 

(5) 

___________________________________________________________________________________________________________________ 

 

5. The circle C has equation 𝑥2 + 𝑦2 − 4𝑥 + 8𝑦 = 33. 

(a) Express C in the form (𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 = 𝑟2       (2) 

The points P(-5,-2) and Q(9,-6) both lie on C. 

(b) Show that PQ is a diameter of C.          (2) 

 

___________________________________________________________________________________________________________________ 

 

6.  The curve 𝐶 has equation 𝑦 = 𝑥3 + 6𝑥2 − 12𝑥 + 6 

a) Show that 𝐶 is concave on the interval [-5,-3]. 

(3) 

b) Find the coordinates of the point of inflection. 

(3) 

 

 

________________________________________________________________________________________________ 

END OF PART A 

 

 

 

 

 

 

 

 



Mark Scheme 

1. 

 

 

 

 

 

 

 

 

 

 

 

 

1a (𝑓(−2)) = (−23) − 3 × (−2) + 2 Attempts 𝑓(−2). Some sight 
of (-2) embedded or 
calculation is required. 

M1 

 𝑓(−2) = 0 so (𝑥 + 2) is a factor. Requires correct statement 
and conclusion. Both 
“𝑓(−2) = 0” and “(𝑥 + 2) is 
a factor” must be seen in the 
solution. This may be seen in 
a preamble before finding 
𝑓(−2) = 0, but in these cases 
there must be a minimal 
statement ie QED, “proved” 
etc. 

A1 

1b 3𝑥3 + 𝑥2 − 18𝑥 + 20

𝑥3 − 3𝑥 + 2
= 3 +

𝑥2 − 9𝑥 + 14

𝑥3 − 3𝑥 + 2
 

 
 

𝑥2 − 9𝑥 + 14

𝑥3 − 3𝑥 + 2
=

4

𝑥 + 2
+

2

(𝑥 − 1)2
−

3

𝑥 − 1
 

 
 
 

3𝑥3 + 𝑥2 − 18𝑥 + 20

𝑥3 − 3𝑥 + 2
= 3 +

4

𝑥 + 2
+

2

(𝑥 − 1)2
−

3

𝑥 − 1
 

Division attempted, by any 
method 
 
 
Denominators and 
multiplying 
 
Eliminating to find constants 
 
Correct form with 2 constants 
correct 
Correct form with 3 constants 
correct 
 

M1 A1 
 
 
 
M1 
 
M1 
 
 
A1 
 
A1 



2. 

 

 

3. 

Real solutions when {𝑘: 𝑘 ≤ −2} ∪ {𝑘: 𝑘 ≥ 2} 



 

 



 

 

 

 



4. 

 

5. 

 

 

6. 

Q Scheme Marks AOs 

Pearson Progression 

Step and Progress 

descriptor 

7a 
Finds

2d
3 12 12

d

y
x x

x
    

M1 1.1b 7th 

Use second derivatives 

to solve problems of 

concavity, convexity 

and points of inflection. Finds
2

2

d
6 12

d

y
x

x
   

M1 1.1b 

States that
2

2

d
6 12 0

d

y
x

x
   for all 5  3 x  and 

concludes this implies C is concave over the given interval. 

B1 3.2a 

 (3)   

7b States or implies that a point of inflection occurs when
2

2

d
0

d

y

x
  

M1 3.1a 7th 

Use second derivatives 

to solve problems of 

concavity, convexity 

and points of inflection. Finds x = −2 A1 1.1b 

Substitutes x = −2 into 3 26 12 6y x x x    , obtaining y = 

46 

A1 1.1b 

 (3)  (6 marks) 

 

 𝑓′(𝑥) = 3𝑒3𝑥𝑠𝑖𝑛5𝑥 + 5𝑒3𝑥𝑐𝑜𝑠5𝑥 
 
 
 
 

𝑓′(𝑥) = 𝑒3𝑥(3𝑠𝑖𝑛5𝑥 + 5𝑐𝑜𝑠5𝑥) = 0 

𝒕𝒂𝒏𝟓𝒙 =
−𝟓

𝟑
 * 

Applying product rule 
𝑑𝑢

𝑑𝑥
 correct 

𝑑𝑣

𝑑𝑥
 correct 

 
Solving bracket =0 
 
 

M1 
A1 
A1 
 
 
M1 
A1 

 𝑓′(𝑥) = 3𝑒3𝑥𝑠𝑖𝑛5𝑥 + 5𝑒3𝑥𝑐𝑜𝑠5𝑥 
 
 
 
 

𝑓′(𝑥) = 𝑒3𝑥(3𝑠𝑖𝑛5𝑥 + 5𝑐𝑜𝑠5𝑥) = 0 

𝒕𝒂𝒏𝟓𝒙 =
−𝟓

𝟑
 * 

Applying product rule 
𝑑𝑢

𝑑𝑥
 correct 

𝑑𝑣

𝑑𝑥
 correct 

 
Solving bracket =0 
 
 

M1 
A1 
A1 
 
 
M1 
A1 

a (𝑥 − 2)2 + (𝑦 + 4)2 = √532 
 

 M1 A1 

b Midpoint =( 
−5+9

2
,

−2−6

2
 ) 

= (2, −4) which is centre of circle 
∴ 𝑃𝑄 𝑖𝑠 𝑎 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

 

Many other ways this could 
be shown. 

M1 A1 

 𝑓′(𝑥) = 3𝑒3𝑥𝑠𝑖𝑛5𝑥 + 5𝑒3𝑥𝑐𝑜𝑠5𝑥 
 
 
 
 

𝑓′(𝑥) = 𝑒3𝑥(3𝑠𝑖𝑛5𝑥 + 5𝑐𝑜𝑠5𝑥) = 0 

𝒕𝒂𝒏𝟓𝒙 =
−𝟓

𝟑
 * 

Applying product rule 
𝑑𝑢

𝑑𝑥
 correct 

𝑑𝑣

𝑑𝑥
 correct 

 
Solving bracket =0 
 
 

M1 
A1 
A1 
 
 
M1 
A1 

 𝑓′(𝑥) = 3𝑒3𝑥𝑠𝑖𝑛5𝑥 + 5𝑒3𝑥𝑐𝑜𝑠5𝑥 
 
 
 
 

𝑓′(𝑥) = 𝑒3𝑥(3𝑠𝑖𝑛5𝑥 + 5𝑐𝑜𝑠5𝑥) = 0 

𝒕𝒂𝒏𝟓𝒙 =
−𝟓

𝟑
 * 

Applying product rule 
𝑑𝑢

𝑑𝑥
 correct 

𝑑𝑣

𝑑𝑥
 correct 

 
Solving bracket =0 
 
 

M1 
A1 
A1 
 
 
M1 
A1 


