
1st Quimester Mathematical Studies Guide -12th
grade [95 marks]

1a.

Consider the function .

Find f'(x)

Markscheme
x      (A1) (C1)

Note: Award (A0) for  and not simplified to x .

[1 mark]

f (x) = x4

4

3

4x3

4
3

1b. Find the gradient of the graph of f at .

Markscheme
     (M1)

Note: Award (M1) for correct substitution of  into their derivative.

  (−0.125)     (A1)(ft) (C2)

Note: Follow through from their part (a).

[2 marks]

x = − 1
2

(− )3
1
2

− 1
2

− 1
8

[1 mark]

[2 marks]



1c. Find the x-coordinate of the point at which the normal to the graph of f has gradient .

Markscheme
x  = 8     (A1)(M1)

Note: Award (A1) for 8 seen maybe seen as part of an equation y = 8x + c, (M1) for equating their derivative to 8.

(x =) 2     (A1) (C3)

Note: Do not accept (2, 4).

[3 marks]

− 1
8

3

2a.

A function  is given by .

Write down the derivative of .

f f(x) = 4x3 + − 3, x ≠ 03
x2

f

[3 marks]

[3 marks]



Markscheme
 or equivalent     (A1)(A1)(A1)     (C3)

 

Note:     Award (A1) for , (A1) for  and (A1) for  or . Award at most (A1)(A1)(A0) if additional terms seen.

 

[3 marks]

12x2 − 6
x3

12x2 −6 1
x3

x−3

2b. Find the point on the graph of  at which the gradient of the tangent is equal to 6.

Markscheme
     (M1)

 

Note:     Award (M1) for equating their derivative to 6.

 

OR      (A1)(ft)(A1)(ft)     (C3)

 

Note:     A frequent wrong answer seen in scripts is  for this answer with correct working award (M1)(A0)(A1) and if there is no
working award (C1).

 

[3 marks]

f

12x2 − = 66
x3

(1,  4) x = 1, y = 4

(1,  6)

[3 marks]



3a.

Consider the following propositions.

p: my Mathematical Studies homework is due tomorrow
q: today is Wednesday

Write down in words the compound proposition ¬ .

Markscheme
If my Mathematical Studies homework is not due in tomorrow then today is Wednesday.     (A1)(A1)  (C2)

Note: Award (A1) for If… then…
Award (A1) for correct propositions, my Mathematical Studies homework is not due in tomorrow and today is Wednesday, in the correct
order.
Award (A1)(A0) for “If ¬p then q”.

[2 marks]

p ⇒ q

3b. Complete the truth table.

Markscheme

  (A1)(A1)(A1)(ft)  (C3)

 

[3 marks]

 

[2 marks]

[3 marks]



3c. State whether the compound proposition ( ) ∨ ( ) is a tautology, contradiction or neither.

Markscheme
neither      (A1)(ft) (C1)
Note: Follow through from the final column of their truth table.

[1 mark]

¬p ⇒ q ¬p ∧ q

4a.

Consider the following propositions.

p : the baby cries
q : the baby is happy
r : the baby wants to play

Write down, in words, .

Markscheme
if the baby is happy and wants to play then the baby does not cry     (A1)(A1)(A1) (C3)

Note: Award (A1) for “If… then…”; (A1) for “the baby is happy and wants to play”, (A1) for “the baby does not cry”. Crying must be
negated.

[3 marks]

(q ∧ r) ⇒ ¬p

[1 mark]

[3 marks]



4b. Complete the following truth table.

Markscheme

    (A1)(A1) (C2)

Note: Award (A1) for each correct column.

[2 marks]

4c. State whether  is a tautology, contradiction or neither.

Markscheme
Neither     (A1)(ft)   (C1)

Note: Follow through from the last column in their part (b).

[1 mark]

(q ∧ r) ⇒ ¬p

[2 marks]

[1 mark]



5a.

Matryoshka dolls, or Russian dolls, are similarly designed dolls which open up and fit inside each other.

The largest set of these type of dolls is a 51 piece set which was completed in 2003. The height of the largest piece in this set is 54 cm.
The heights of successive smaller dolls are 94 % of the preceding larger doll, as shown.

Find the height of the smallest doll in this set.

Markscheme
54 × (0.94)      (M1)(A1)

Note: Award (M1) for substitution into geometric sequence formula, (A1) for correct substitution.

2.45 (cm) (2.44785… cm)      (A1) (C3)

[3 marks]

50

[3 marks]



5b. Find the total height if all 51 dolls were placed one on top of another.

Markscheme
 (or equivalent)     (M1)(A1)(ft)

Note: Award (M1) for substitution into geometric series formula, (A1)(ft) for correct substitution using their common ratio from part (a).

= 862 (cm)  (861.650…(cm))    (A1)(ft) (C3)

[3 marks]

54×(1−(0.94)51)
1−0.94

6a. Antonio and Barbara start work at the same company on the same day. They each earn an annual salary of  euros during the
first year of employment. The company gives them a salary increase following the completion of each year of employment. Antonio
is paid using plan A and Barbara is paid using plan B.

Plan A: The annual salary increases by  euros each year.

Plan B: The annual salary increases by  each year.

Calculate

i)     Antonio’s annual salary during his second year of employment;

ii)    Barbara’s annual salary during her second year of employment.

8000

450

5 %

[3 marks]

[3 marks]



Markscheme
i)            (A1)

 

ii)           (M1)

Note: Award (M1) for   OR 

       (A1)(G3)

8450 (euro)

8000 × 1.05

8000 × 1.05 (8000 × 0.05) + 8000.

= 8400 (euro)

6b. Write down an expression for

i)     Antonio’s annual salary during his  th year of employment;

ii)    Barbara’s annual salary during her  th year of employment.

Markscheme
i)             (M1)(A1)

Note: Award (M1) for substitution in arithmetic sequence formula; (A1) for correct substitutions.

 

ii)            (M1)(A1)

Note: Award (M1) for substitution in arithmetic sequence formula; (A1) for correct substitutions.

 

n

n

8000 + 450 (n − 1) (accept 450 n + 7550)

8000 × 1.05(n−1)

[4 marks]



6c. Both Antonio and Barbara plan to work at the company for a total of  years.

i)     Calculate the total amount that Barbara will be paid during these  years.

ii)    Determine whether Antonio earns more than Barbara during these  years.

15

15

15

[7 marks]



Markscheme
i)              (M1)(A1)(ft)

Note: Award (M1) for substitution into geometric series formula and (A1) for correct substitution of  and their  from part (b)(ii). Follow
through from part (b)(ii).

OR

        (M1)(A1)(ft)

Note: Follow through from part (b)(ii).

         (A1)(ft)(G2)

 

ii)             (M1)(A1)(ft)

Note: Award (M1) for substitution into arithmetic series formula and (A1) for correct substitution, using their first term and their last term
from part (b)(i), or their  and . Follow through from part (b)(i).

OR

          (M1)(A1)(ft)

Note: Follow through from part (b)(i).

         (A1)(ft)(G2)

Antonio does not earn more than Barbara

(his total salary will be less than Barbara’s)         (A1)(ft)

Note: Award (A1)(ft) for a final answer that is consistent with their part (d)(i) and (d)(ii). Accept “Barbara earns more”. The final (A1) can
only be awarded if two total salaries are seen.

 

S15 =
8000×(1.0515−1)

1.05−1

u1 r

8000 + 8400 + 8820... + 15839.45

= 173 000 (euro) (172629...)

S15 = (2 × 8000 + 450 × 14)15
2

u1 d

8000 + 8450 + 8900... + 14300

= 167 000 (euro) (167 250)

7a. Only one of the following four sequences is arithmetic and only one of them is geometric.

     

     

     

     

State which sequence is

(i)     arithmetic;

(ii)     geometric.

Markscheme
(i)     OR      (A1)     (C1)

(ii)     OR      (A1)     (C1)

an = 1, 2,  3,  5,  …

bn = 1, ,  ,  ,  …3
2

9
4

27
8

cn = 1, ,  ,  ,  …1
2

1
3

1
4

dn = 1, 0.95,  0.90,  0.85,  …

dn 1,  0.95,  0.90,  0.85,  …

bn 1,  ,  ,  ,  …3
2

9
4

27
8

3 3

[2 marks]



7b. For another geometric sequence 

write down the common ratio;

Markscheme
OR      (A1)     (C1)

Note: Accept ‘divide by 2’ for (A1).

en = −6, − 3,  − , − , …3
2

3
4

1
2

0.5

7c. For another geometric sequence 

find the exact value of the tenth term. Give your answer as a fraction.

Markscheme
     (M1)(A1)(ft)

Notes: Award (M1) for substitution in the GP  term formula, (A1)(ft) for their correct substitution.

Follow through from their common ratio in part (b)(i).

 

OR

     (M1)(A1)(ft)

Notes: Award (M1) for terms 5 and 6 correct (using their ratio).

Award (A1)(ft) for terms 7, 8 and 9 correct (using their ratio).

 

     (A1)(ft)     (C3)

en = −6, − 3,  − , − , …3
2

3
4

−6( )10−1
1
2

nth

(−6, − 3,  − , − ,) − , − , − , − , −3
2

3
4

3
8

3
16

3
32

3
64

3
128

− (− )3
256

6
512

[1 mark]

[3 marks]



8a.

Consider the following Venn diagrams.

Write down an expression, in set notation, for the shaded region represented by Diagram 1.

Markscheme
A'     (A1)

Note: Accept alternative set notation for complement such as  U − A.

[1 mark]

8b. Write down an expression, in set notation, for the shaded region represented by Diagram 2.

Markscheme
  OR       (A1)

Note: Accept alternative set notation for complement.

[1 mark]

C ∩ D′ D′ ∩ C

8c. Write down an expression, in set notation, for the shaded region represented by Diagram 3.

[1 mark]

[1 mark]

[2 marks]



Markscheme
  OR       (A2) (C4)

Note: Accept equivalent answers, for example .

[2 marks]

 

(E ∩ F) ∪ G G ∪ (E ∩ F)

(E ∪ G) ∩ (F ∪ G)

8d. Shade, on the Venn diagram, the region represented by the set .

 

Markscheme

     (A1)

[1 mark]

(H ∪ I)′

8e. Shade, on the Venn diagram, the region represented by the set .

Markscheme

(A1) (C2)

[1 mark]

J ∩ K

[1 mark]

[1 mark]



9a.

In an international competition, participants can answer questions in only one of the three following languages: Portuguese, Mandarin
or Hindi. 80 participants took part in the competition. The number of participants answering in Portuguese, Mandarin or Hindi is shown in
the table.

State the number of boys who answered questions in Portuguese.

Markscheme
20     (A1) (C1)

[1 mark]

9b.

A boy is chosen at random.

Find the probability that the boy answered questions in Hindi.

Markscheme
     (A1)(A1) (C2)

Note: Award (A1) for correct numerator, (A1) for correct denominator.

[2 marks]

(0.11627… , 11.6279… % )5
43

[1 mark]

[2 marks]



9c. Two girls are selected at random.

Calculate the probability that one girl answered questions in Mandarin and the other answered questions in Hindi.

Markscheme
     (A1)(M1)

Note: Award (A1) for first or second correct product seen, (M1) for adding their two products or for multiplying their product by two.

     (A1) (C3)

[3 marks]

× + ×7
37

12
36

12
37

7
36

= (0.12612… , 12.6126% )14
111

10a.

In a company it is found that 25 % of the employees encountered traffic on their way to work. From those who encountered traffic the
probability of being late for work is 80 %.

From those who did not encounter traffic, the probability of being late for work is 15 %.

The tree diagram illustrates the information.

Write down the value of a.

[3 marks]

[1 mark]



Markscheme
a = 0.2     (A1)

[1 mark]

10b. Write down the value of b.

Markscheme
b = 0.85     (A1)

[1 mark]

10c. Use the tree diagram to find the probability that an employee encountered traffic and was late for work.

Markscheme
0.25 × 0.8     (M1)

Note: Award (M1) for a correct product.

     (A1)(G2)

[2 marks]

= 0.2 ( , 20%)1
5

[1 mark]

[2 marks]



10d. Use the tree diagram to find the probability that an employee was late for work.

Markscheme
0.25 × 0.8 + 0.75 × 0.15     (A1)(ft)(M1)

Note: Award (A1)(ft) for their (0.25 × 0.8) and (0.75 × 0.15), (M1) for adding two products.

    (A1)(ft)(G3)

Note: Award the final (A1)(ft) only if answer does not exceed 1. Follow through from part (b)(i).

[3 marks]

 

 

 

 

= 0.313 (0.3125, , 31.3%)5
16

10e. Use the tree diagram to find the probability that an employee encountered traffic given that they were late for work.

[3 marks]

[3 marks]



Markscheme
    (A1)(ft)(A1)(ft)

Note: Award (A1)(ft) for a correct numerator (their part (b)(i)), (A1)(ft) for a correct denominator (their part (b)(ii)). Follow through from
parts (b)(i) and (b)(ii).

     (A1)(ft)(G3)

Note: Award final (A1)(ft) only if answer does not exceed 1.

[3 marks]

0.25×0.8
0.25×0.8+0.75×0.15

= 0.64 ( , 64% )16
25

10f.

The company investigates the different means of transport used by their employees in the past year to travel to work. It was found that
the three most common means of transport used to travel to work were public transportation (P ), car (C ) and bicycle (B ).
The company finds that 20 employees travelled by car, 28 travelled by bicycle and 19 travelled by public transportation in the last year.

Some of the information is shown in the Venn diagram.

Find the value of x.

Markscheme
(x =) 3     (A1)

[1 Mark]

10g. Find the value of y.

Markscheme
(y =) 10     (A1)(ft)

Note: Following through from part (c)(i) but only if their x is less than or equal to 13.

[1 Mark]

[1 mark]

[1 mark]



10h.

There are 54 employees in the company.

Find the number of employees who, in the last year, did not travel to work by car, bicycle or public transportation.

Markscheme
54 − (10 + 3 + 4 + 2 + 6 + 8 + 13)     (M1)

Note: Award (M1) for subtracting their correct sum from 54. Follow through from their part (c).

= 8      (A1)(ft)(G2)

Note: Award (A1)(ft) only if their sum does not exceed 54. Follow through from their part (c).

[2 marks]

10i. Find .

Markscheme
6 + 8 + 13     (M1)

Note: Award (M1) for summing 6, 8 and 13.

27     (A1)(G2)

[2 marks]

n ((C ∪ B) ∩ P ′)

[2 marks]

[2 marks]



11a.

A company performs an experiment on the efficiency of a liquid that is used to detect a nut allergy.

A group of 60 people took part in the experiment. In this group 26 are allergic to nuts. One person from the group is chosen at random.

Find the probability that this person is not allergic to nuts.

Markscheme
     (A1)(A1)

 

Note:     Award (A1) for correct numerator, (A1) for correct denominator.

 

[2 marks]

 ( ,  0.567,  0.566666… , 56.7%)34
60

17
30

11b.

A second person is chosen from the group.

Find the probability that both people chosen are not allergic to nuts.

[2 marks]

[2 marks]



Markscheme
     (M1)

 

Note:    Award (M1) for their correct product.

 

     (A1)(ft)(G2)

 

Note:    Follow through from part (a).

 

[2 marks]

×34
60

33
59

= 0.317 ( ,  0.316949… , 31.7%)187
590

11c.

When the liquid is added to a person’s blood sample, it is expected to turn blue if the person is allergic to nuts and to turn red if the
person is not allergic to nuts.

The company claims that the probability that the test result is correct is 98% for people who are allergic to nuts and 95% for people who
are not allergic to nuts.

It is known that 6 in every 1000 adults are allergic to nuts.

This information can be represented in a tree diagram.

Copy and complete the tree diagram. [3 marks]



Markscheme

     (A1)(A1)(A1)

 

Note:     Award (A1) for each correct pair of branches.

 

[3 marks]

11d.

An adult, who was not part of the original group of 60, is chosen at random and tested using this liquid.

Find the probability that this adult is allergic to nuts and the liquid turns blue.

Markscheme
     (M1)

 

Note:     Award (M1) for multiplying 0.006 by 0.98.

 

     (A1)(G2)

[2 marks]

0.006 × 0.98

= 0.00588 ( ,  0.588%)147
25000

[2 marks]



11e. Find the probability that the liquid turns blue.

Markscheme
     (A1)(ft)(M1)

 

Note:     Award (A1)(ft) for their two correct products, (M1) for adding two products.

 

     (A1)(ft)(G3)

 

Note:     Follow through from parts (c) and (d).

 

[3 marks]

0.006 × 0.98 + 0.994 × 0.05 (0.00588 + 0.994 × 0.05)

= 0.0556 (0.05558,  5.56%, )2779
50000

11f. Find the probability that the tested adult is allergic to nuts given that the liquid turned blue.

[3 marks]

[3 marks]
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Markscheme
     (M1)(M1)

 

Note:     Award (M1) for their correct numerator, (M1) for their correct denominator.

 

     (A1)(ft)(G3)

 

Note:     Follow through from parts (d) and (e).

 

[3 marks]

0.006×0.98
0.05558

= 0.106 (0.105793… , 10.6%, )42
397

11g.

The liquid is used in an office to identify employees who might be allergic to nuts. The liquid turned blue for 38 employees.

Estimate the number of employees, from this 38, who are allergic to nuts.

Markscheme
     (M1)

 

Note:     Award (M1) for multiplying 38 by their answer to part (f).

 

     (A1)(ft)(G2)

 

Notes: Follow through from part (f). Use of 3 sf result from part (f) results in an answer of 4.03 (4.028).

 

[2 marks]

0.105793… × 38

= 4.02 (4.02015…)

[2 marks]
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