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number or numbers must be clearly shown.

You should use a calculator where appropriate.

e  You must show all necessary working clearly; no marks will be given for unsupported answers from a
calculator.
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degrees, unless a different level of accuracy is specified in the question.
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1 Prove by mathematical induction that 2" + 31" — 2 isdivisible by 15 for all positiveintegersn.  [6]
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n
2 (&) Use standard results from the List of formulae (MF19) to find Z (1—r—r2> in terms of n,
simplifying your answer. r=1 [3]
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(b) Show that
1—r—r? _r+1 v
(rP+2r+2)(r?+1) (r+1)2+1 r2+1

(r +2r_+r ;>Er +1).

and hence use the method of differencesto find Z

() Deduce the value of Z E +2r‘+r;><rr i [1]
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3 Theequation x*—2x*—1= 0 hasroots @, 3, v, 8.

(@) Find a quartic equation whose roots are o, 2, v3, 8° and state the value of a®+ 83 +y° +8°.

[4]
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(b) Find the value of %+ﬁ—13+%+5—13. 3]
(c) Findthevalueof o*+B*+y*+68%. [2]
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4  Thematrix M represents the sequence of two transformationsin the x-y plane given by arotation of 60°
anticlockwise about the origin followed by a one-way stretch in the x-direction, scale factor d (d # 0).

(@ FindM intermsof d. [4]

(b) The unit square in the x-y plane istransformed by M onto a parallelogram of area %dz units?.

Show that d = 2. [2]
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The matrix N is such that MN =

(©) FindN. [3]

(d) Find the equations of the invariant lines, through the origin, of the transformation in the x-y plane
represented by M N. [9]
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5 Thecurve C has polar equation r = acot(%n—@), where aisapositive constant and 0 < 6 < %n.
It is given that the greatest distance of a point on C from the poleis 2v/3.

(a) Sketch Cand show that a = 2. [3]

(b) F ndlthe exact value of the area of the region bounded by C, the initia line and the half-line
0= st [4]
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6 Lettbeapositive constant.

Theline |, passes through the point with position vector ti +j and is parallel to the vector —2i —j. The
line |, passes through the point with position vector j +tk and is parallel to the vector —2j +k .

It is given that the shortest distance between thelines |, and I, is v21.

(@) Findthevalueof t. [5]

Theplane 11, contains |, andisparallel to |,.

(b) Write down an equation of 77,, giving your answer intheformr =a+ Ab+ uc. [1]
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The plane I1,, has Cartesian equation 5x— 6y+ 7z= 0.

(c) Find the acute angle between |, and I7,. [3]
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2
. X+ Xx+9

The curve C has equation y = 31

(@) Find the equations of the asymptotes of C. [3]

(b) Find the coordinates of the stationary pointson C. [4]
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(c) Sketch C, stating the coordinates of any intersections with the axes. [3]

X2 +X+9

(d) Sketch the curve with equation y = 1

‘ and find the set of values of x for which

2% +x+9| > 13 x+1|. [5]
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