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Achievement
Apply the algebra of complex numbers
in solving problems.

Achievement with Merit

Achievement with Excellence

Apply the algebra of complex numbers,
using relational thinking, in solving
problems.

Apply the algebra of complex numbers,
using extended abstract thinking, in
solving problems.
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Annotation
This question provides evidence for an M6 because the candidate has correctly completed the two
merit level questions c) and d).
a) The candidate has solved the quadratic equation by completing the square and then written their
solution in its most simplified form.
b) 𝑢 ! has been found by expanding the three brackets and then clearly shown on the Argand
diagram.
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M6

c) The correct pair of equations in two unknowns has been found by substituting for v and w into
the given equation and equating the real and imaginary parts of the two complex numbers. The
candidate has then solved the two equations simultaneously to find the values of p and q.
d) This candidate has not only realised that the discriminant must be positive if the quadratic
equation is always to have real roots but also that they can prove this by writing the discriminant in
perfect square form.
e) The candidate has not made any effort to explain why they have written their first line of working.
To gain a t in this question, the candidate had to clearly communicate the concepts required to
solve the problem. When using this approach, the candidate needed to explain how the factor
theorem would have allowed them to arrive at this point. The rest of the working is correct, hence
the r grade.
This question provides evidence for A4 because the candidate has gained three u grades in parts
b), d) and e).
a) The working for the long division is mainly correct, however the last calculation: 7-30 has
resulted in -21 which is incorrect.
b) The quotient of the two complex numbers written in rectangular form was simplified correctly to
arrive at a rational denominator and the k value was identified.
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A4

c) The candidate has attempted to write the three fractions over a common denominator. However
there is an error in their working and they have shown that they do not know how to finish the
problem.
d) The first six lines of the working are correct. However the final denominator is incorrect when
they tried to multiply -3+4i with its conjugate. The result should have been 25 not 13.
e) Little progress has been made on this question because the candidate has confused arguments
with moduli.
This question provides evidence for M6 because the candidate has gained two r grades in parts c)
and ei).
a) The candidate has not only found the product, zw, they have also shown a good understanding
of how to find an argument.
b) The discriminant has been found and solved equal to zero.

3

M6

c) The factor theorem has been applied to find the value of A = 2 and the other two roots have also
been found using algebraic long division and the method of completing the square.
d) This candidate has come close to finding the 3 cube roots of the equation. The arguments of the
three solutions are correct, hence the u grade but the candidate was not able to find the modulus of
the given complex number so the moduli of the cube roots are also incorrect.
e) The candidate has found the 5 roots of the quintic equation by using De Moivre’s Theorem. They
have not been able to identify p, the root with the smallest positive argument, or show that three of
the other roots can be expressed as powers of p.

