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Paper 2 ADDITIONAL MATHEMATICS Sets

1 By shading the Venn diagrams below, investigate whether each of the following statements is true
or false. State your conclusions clearly.

i AnB' =(A"NnB) (2]
B g
A B A B
AnB (A'nB)Y
(iil) XnY=XvuY (2]
€ €
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B €
P 0] P o
R R
PNnQuU(@nR) 2n(PUR)
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Paper 2 ADDITIONAL MATHEMATICS Sets

2 It is given that P is the set of prime numbers, S is the set of square numbers and N is the set of
numbers between 10 and 90. Write each of the following statements using set notation.

(i) 7 is a prime number. [1]
(iiy 8 is not a square number. [1]
(iii) There are 6 square numbers between 10 and 90. [11

Paper 2 - May June 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Sets

3 (a) Itisgiven that% is the set of infegers, P is the set of prime numbers between 10 and
50, F is the set of multiples of 5, and T is the set of multiples of 10. Write the following
statements using set notation,

(i) There are 11 prime numbers between 10 and 50. [1]
(i) 18 is not a multipie of 5, [1]
(iii) All multiples of 10 are multiples of 5. [1]

(b) (@ Inthe Venn diagram below shade the region that represents (4' N B) U (4 n B). [1]

k4
A B
(i) In the Venn diagram below shade the region that represents @ N (RU S"). [1]
&
Q R
S
Paper 2 - Oct Nov 2012 Code 21
5
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Paper 2 ADDITIONAL MATHEMATICS

Sets

4 TItisgiventhat x€Randthat %= {x:—5<x<12},
§={x:5x+24>x2},
T={x:2x+7>15}.

Find the values of x such that

(i) xS,

() xesSuUT,

(iiiy xe(ENn7TY.

6

3]

[2]

[3]
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Paper 2 ‘ ADDITIONAL MATHEMATICS Sets

5 {(a) () Inthe Venn diagram below shade the region that represents (4 U BY. 1]
€
@
(i) In the Venn diagram below shade the region that represents P N Q N R, [1]
¢ p @
R
(b) Express, in set notation, the set represented by the shaded region. [1]
€
) ‘ T
ARSWEF oot

(¢) The universal set & and the sets Vand W are such that n(%) = 40],:%&?‘5 2 1 gﬂ EXGJ 1111%22 ‘ﬁ.Code 23
Given that n(¥ N W)} = x and n((V¥ U W)} = 3x find the value of x.

You may use the Venn diagram below to help you. [3]

V@W

¢
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Paper 2 ADDITIONAL MATHEMATICS Sets

6 (a) Illustrate the following statements using the Venn diagrams below.

() AUB=4 i) ANBNC=0 [2]

(b) Itis given that % is the set of integers between 1 and 100 inclusive. § and C are subsets of €, where
S is the set of square numbers and C is the set of cube numbers. Write the following statements
using set notation.

(i} 50 isnot a cube number. [1]

{ii) 64 is both a square number and a cube number. f1]

Paper 2 - Oct Nov 2014 Code 21,22

(iii) There are 90 integers between 1 and 100 inclusive which are not square numbers. (1]
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Paper 2 ADDITIONAL MATHEMATICS Sets

7 (a) On each of the Venn diagrams below shade the region which represents the given set.

¢ A B ¢ A B

cC c

Unpuc ANBUC) 2]

{(b) Inayear group of 98 pupils, F is the set of pupils who play football and H is the set of pupils who
play hockey. There are 60 pupils who play football and 50 pupils who play hockey. The number
that play both sports is x and the number that play neither is 30 — 2x. Find the value of x. [3]

Paper 2 - May June 2015 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS

Sels

C

The Venn diagram above shows the sets 4, B and C. It is given that
n{AUBUC) =48,
n{4) =30, n{B) = 25, n{C) = 15,
nANB) =7, n(BNC)=6, n(4'NBNC)=16.

(i) Find the value of x, where x =n{4NBNC).

(i) Find the value of y, where y =n{4NB'nC).

(ili} Hence show that A'NB'NC= @.

(3]

(3]

Paper 2 - May June 2015 Code 22
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_J & J SALES AND SERVICES 29 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

8 The line y =2x + 10 intersects the curve 2x? + 3xy - Sy + y% =218 at the points 4 and B.
Find the equation of the perpendicular bisector of AB. 9]

QOct Nov 2011 Code 23
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J & J SALES AND SERVICES 30 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

9  Find the values of m for which the line y =mx — 5 is a tangent to the curve
y=x2 +3x +4. [5]

May Jun 2012 Cade 22
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J & J SALES AND SERVICES 31 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

10 Find the set of values of m for which the line y=mx +2 does not meet the curve
y=mx2+Tx+ 1. ' [6]

May Jun 2014 Code 22
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J & J SALES AND SERVICES 32 03-56344952 /03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

11 The line y = 2x— 8§ cuts the curve 2x>+ y?— 5xy- 32 =0 at the points 4 and B. Find the
length of the line AB. [71

May Jun 2013 Code 21,23
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J & J SALES AND SERVICES 33 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

12 Find the set of values of & for which the line y=3x—k does not meet the curve y=/Jx2+ 11x—6.
‘ [6]

Cct Nov 2013 Code 23
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J & J SALES AND SERVICES 34 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

T3 Theline 4x+yp=16 intersects the curve % - % = | atthe points 4 and B. The x-coordinate of

A is less than the x-coordinate of B. Given that the point C lies on the line 4B such that
AC:CB=1:2, find the coordinates of C. (8]

Oct Nov 2013 Code 23
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J & J SALES AND SERVICES 35 03-56344952 / 03-56110329
Paper 2 : ADDITIONAL MATHEMATICS Simultaneous Equations

14 Find the values of k for which the line  y+/x—2=0 is a tangent to the curve y = 2x* — 9x + 4.
[3]

May Jun 2014 Code 22
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J & J SALES AND SERVICES 36 . 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

15 Theline y=x—5 meetsthecurve x°+3*+2x—35=0 atthe points.4 and B, Find the
exact length of AB. (6]
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J & J SALES AND SERVICES 37 03-56344952 / 03-56110329
Paper 2 - ADDITIONAL MATHEMATICS Simultaneous Equations

6 Find the coordinates of the points of intersection of the curve %—E =1 and the line x+y =9,

Y [6]

May Jun 2014 Code 23
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J & J SALES AND SERVICES 38 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS _ ‘Simultanaous Equations

17 (i) Calculate the coordinates of the points where the line =x+2 cutsthecurve x>+y° = 10.
: Y y

[4]

(i} Find the exact values of m for which the line y=mx+35 is a tangent to the curve
x5y =10. [4]

Oct Nov 2014 Code 21,22
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J & J SALES AND SERVICES 39 03-56344952 / 03-56110329
. ADDITIONAL MATHEMATICS Simultaneous Equations

Paper 2

18 Solve the simultaneous equations
2x? + 3y2 = Txy,
x+y=4, [5]

May Jun 2015 Code 22
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J & J SALES AND SERVICES 40 03-56344952 / 03-56110329
Paper 2 _ ADDITIONAL MATHEMATICS Simultaneous Equatiohs

19 Find the values of k for which the line y=2x+%+2 cutsthecurve y=2x>+(k+2)x+8
in two distinct points. [6]

Paper 2 - Oct Nov 2015 Code 23
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J & J SALES AND SERVICES 41 _ 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

20 Solve the following simultaneous equations, giving your answers for both x and y in the form
a+ b3, where ¢ and b are integers.

2x+y=9

Vix+2p=5 [5]

Paper 2 - Oct Nov 2015 Code 23
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J & J SALES AND SERVICES 42 ' 03-56344952 / 03-56110329
Paper 2 ADDITIONAL MATHEMATICS Simultaneous Equations

21 Find the coordinates of the points of intersection of the curve 4 + %—5—% = 0 and the line

y=15x+10. [6]

0606/22/MJM6
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Paper 2 ADDITIONAL MATHEMATICS Surd, |ndices,Log

1 Acuboid has a square base of side (2 + y3)cm and a volume of (16 + 9 y3) cm®. Without using a
calculator, find the height of the cuboid in the form (a + 5y3 )cm, where a and b are integers. 4]

May Jun 2012 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Surd, Indices,Log

2 (a) Solve the equation 3% = 1000, giving your answer to 2 decimal places. (2]

362y—5 _ 62y—1

(b) Solve the equation by

May Jun 2012 Code 21,23
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Paper 2 ADBITIONAL MATHEMATICS Surd,Indices,Log

-3
3 (i) Given that % = 16’_“}’, show that 3x + 2y = 6. [2]
(ii) Given also that . 255};_2 = 25, find the value of x and of y. : [4]

QOct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Surd, Indices,Log

2
4 Without using a calculator, simplify 3“\//_3__ L , giving your answer in the form ﬂ‘/'z—"”l, where
243-3
a and b are integers. [4]

Oct Nov 2012 Code 23

26
More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

1
5 (a) Solve (2*2)2 = 100, giving your answer to 1 decimal place. [3]
(b) Solve logy 2=3- logy 256. [3]
65:—2 _ 21 62—1 ,
(C) Solve ? = 'ﬁ:— [4]

Oct Nov 2012 Code 23
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Paper 2 ADDITIONAL MATHEMATICS _ Surd, Indices,Log

6 (a) Solve the equation 37" =0.7, giving your answer to 2 decimal places. (3]

yx @)

(b) Express in the form 22 x x? x y¢, where g, b and ¢ are constants. [3]

May Jun 2013 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

7 Calculators must not be used in this question.

A 4445 B

LY
Cd

D X C
2 X

¥

The diagram shows a trapezium ABCD in which AD = 7cm and 4B = (4 +v5)cm., 4X is
perpendicular to DC with DX = 2cm and XC = xcm. Given that the area of trapezium ABCD is
15(v/5 + 2)cm”, obtain an expression for x in the form @ + b5, where a and b are integers. [6]

May Jun 2013 Code 22
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Paper 2 , ADDITIONAL MATHEMATICS Surd,Indices,Log

8 Do not use a calcalator in this question.

(4v5—2)

Express o1 in the form pv5 + ¢, where p and ¢ are integers. 4]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Surd, Indices,Log

9  Given that long= 5 and long= 2, find

@) log,X?, [1]
. 1

() log,—, (1
(i) logy,p. 2]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Surd, Indices,Log

10  Solve the simultaneous equations

z‘s‘éy = 1024,
3% % Q¥ = 243, [5]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

11 Without using a caleulator, express 61 +v3)™? inthe form o+ bv3, where a and b are integers to
be found, (4]

May Jun 2014 Cods 21
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Paper 2 ADDITIONAL MATHEMATICS 7 Surd,Indices,Log

12 (a) Solve 2" =L, 4]

{b) By changing the base of log, 4, express (log,,4)(1 +1log,2) asa single logarithm to base a. [4]

May Jun 2014 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

(2+5)

13 Without using a calculator, express 751 in the form a+ b5, where a and b are

constants to be found. [4]

May Jun 2014 Code 22

More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 7 ADDITIONAL MATHEMATICS Surd,Indices,Log

14 (a) (i) State the value of u for which lgu = 0. {1]
(i) Hence solve Ig|2x +3|=0. 2]
(b) Express 2log,15—(log,5)(log,a), where a> 1, as asingle logarithm to base 3. [4]

May Jun.2014 Code 22

36
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

15 Using the substitution « = log, x, solve, for x, the equation log,x —12log,3 = 4. [5]

May Jun 2014 Code 23

More Notes and Topical Past Pépers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

16 Do not use a calculator in this question.

(i) Show that (2vZ +4)* —8(2vZ +3)=0. (2]

() Solve the equation (2v2 + 3)x? — (2vV2 + 4)x + 2 = 0, giving your answer in the form @+ 5v2
where a and b are integers. [3]

May Jun 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Surd, Indices,Log

17 Solve the following simultaneous equations.
log,(x+3) =2+log,y

log,(x+y)=3 [5]

Oct Nov 2014 Code 21,22

39
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

18 Integers @ and b are such that (a+3v3)?+a— 55 =51. Find the possible values of o and the
corresponding values of &. (6]

Oct Nov 2014 Code 21,22

40
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Paper 2 . ADDITIONAL MATHEMATICS Surd,Indices,Log

19 (a) Write log,,x as a logarithm to base 3. (2]

(b) Giventhat log y=3(log,15 — log_3)+ 1, express y in terms of a. 3]

May Jun 2015 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

20 Do not use a calculator in this question.

C

u A
B (6+3vV5)em

The diagram shows the right-angled triangle ABC, where 4B = (6+ 3+/5)cm and angle B = 90°. The

area of this triangle is [ﬁﬁ%ﬁ] cm?,
(i) Find the length of the side BC in the form (a + bv5)cm, where @ and b are integers. [3]
(i) Find (4C)* in the form (¢ + dv5)em?, where ¢ and d are integers. [2]

May Jun 2015 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

21 (a) Solve 6*"2=%. [2]

(b) Solve log02y2 +log 8 +log, 16y — log,64y = 2log 4. [4]

May Jun 2015 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

22 (a) Solve the following equations to find p and 4.
8:]—1 ><22‘.1:J+] — 47

97~ % 37 = 81 [4]

(b) Solve the equation lg(3x—2)+Ilgx+1)=2—1g2. [5]

Paper 2 - Oct Nov 2015 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Surd,Indices,Log

23 Solve the following equation.

2

log, (29x ~ 15) = 3 + a2 [5]

Paper 2 - Oct Nov 2015 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

1 Itisgiventhat x-2 isafactorof f(x)=x>+#kx2—-8x-8.

(1) Find the value of the integer k. (2]

(i) Using your value of %, find the non-integer roots of the equation f(x) = O in the
form a + b, where a and b are integers. [5]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

2 (i) The remainder when the expression x° + 9x2 + bx + ¢ is divided by x — 2 is twice the
remainder when the expression is divided by x — 1. Show that ¢ = 24. [51

(i) - Given that x + 8 is a factor of x>+ 9x2 + bx + 24, show that the équation P+ +hx+24=0
has only one real root. [4]

Oct Nov 2012 Code 21

47
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

3 Thefunction f(x)=x+x*+ar+5b isdivisibleby x— 3 and leaves a remainder
of 20 when divided by x -~ 1.

(i) Show that & = 6 and find the value of a. 4]

(i) Using your value of ¢ and taking b as 6, find the non-integer roots of the equation f(x) = 0
inthe form p ++/g, where p and ¢ are integers. (5]

May Jun 2013 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

4 The expression 2x> +ax?+ bx +21 hasafactor x+3 and leaves a remainder of 65 when
divided by x-2.

(1 Find the value of g and of &. [5]
(ii) Hence find the value of the remainder when the expression is divided by 2x + 1. [2]
Oct Nov 2013 Code 23
49
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

5  The expression 2x” + ax®+ bx + 12 has a factor x — 4 and leaves a remainder of ~12 when divided by
x — 1. Find the value of each of the constants ¢ and b. [5]

May Jun 2014 Code 21

50
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

6 (i} Giventhat x+ 1isafactorof 3x®—14x>—7x+ d, show that 4= 10. [1]

(i) Showthat 3x®—14x?—7x<4 10 can be written in the form (x + 1)(ax® + bx + ¢}, where a, b
and ¢ are constants to be found. 2]

(iii) Hence solve the equation  3x® — 14x* — 7x+ 10 = 0. 2]

May Jun 2014 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

7 () Showthat x —2 isafactorof 3x>—14x’+ 32, [

(i)} Hence factorise  3x° — 14x%+ 32 completely. [4]

Oct Nov 2014 Code 21,22
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Paper 2 ADDITIONAL MATHEMATI(_:S Factor Theorem

8  Theexpression f(x)=3x>+8x2—33x+p hasa factorof x—2.

(i) Show that p =10 and express f(x) as a product of a linear factor and a quadratic factor. [4]

(ii} Hence solve the equation f(x) = 0. 2]

QOct Nov 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

9 (i) Show thatx=-2is aroot of the polynomial equation  15x> + 26x*—11x — 6 = 0. 1]

(i) Find the remainder when 15%° +26x*— 11x—6 is divided by x — 3. [2]

(iif) Find the value of p and of ¢ such that  15x° -+ 26x*— 11x— 6 is a factor of
15x* + px® — 3722 + gx + 6. . [4]

May Jun 2015 Code 22

54
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Paper 2 ADDITIOCNAL MATHEMATICS Factor Theorem

10 Itis given that f(x) = 4x° —4x* — 15x +18.

(i) Showthat x + 2 is a factor of f£(x). [1]

(i) Hence factorise f(x) completely and solve the equation fx) = 0. [4]

Paper 2 - Oct Nov 2015 Code 21,22

55
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Paper 2 ADDITIONAL MATHEMATICS Factor Theorem

11 The roots of the equation x*+ax*+bx+c=0 are 1,3 and 3. Show that ¢ = —9 and find the
value of a and of 5. (4]

Paper 2 - Oct Nov 2015 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Matrices

1 (i) GiventhatA = (; ‘2) find the inverse matrix A=, [2]

(ii) Use your answer to part (i) to solve the simultaneous equations

4x —3y=-10,
2%+ 5y =21, [2]
May Jun 2012 Code 21,23
57
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Paper 2 ADDITIONAL MATHEMATICS Matrices

2 In a competition the contestants search for hidden targets which are classed as difficult, medium
or easy. In the first round, finding a difficult target scores 5 points, a medium target 3 points and
an easy target | point, The number of targets found by the two contestants, Claire and Denise, are
shown in the table.

Target . _
Contestant Difficult Medium Easy
Claire 4 1 2
Denise 2 5 )

In the second round, finding a difficult target scores 8 points, a medium target 4 points and an
easy target 2 points. In the second round Claire finds 2 difficult, 5 medium and 2 easy targets
whilst Denise finds 4 difficult, 3 medium and 6 easy targets.

(i) Write down the sum of two matrix products which, on evaluation, would give the total score
for each contestant. [3]

(i) Use matrix multiplication and addition to calculate the total score for each contestant. [2]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Matrices

5
3 Itisgiventhat A= (4 _2) ,B= (2 0 4) and C = (_2)_

g -3 5 -1 4 3
(i) Calculate ABC. [4]
(i) Calculate A™! B. [4]
Oct Nov 2012 Code 21

59
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Paper 2 ADDITIONAL MATHEMATICS Matrices

4 (i) GiventhatA = (Z 2) , find the inverse matrix, A~ 2]

(ii) Use your answer to part (i} to solve the simultaneous equations

Tx + 8y =139,
4x + 6y =23. [2]

QOct Nov 2012 Code 23

60
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Paper 2 ADDITIONAL MATHEMATICS Matrices

5 In a motor racing competition, the winning driver in each race scores 5 points, the second and third
placed drivers score 3 and 1 points respectively. Each team has two members. The results of the drivers
in one team, over a number of races, are shown in the table below.

Driver 1% place 2 place 3 place
Alan 3 1 4
Brian | 4 0

(i) Write down two matrices whose product under matrix multiplication will give the number of
points scored by each of the drivers. Hence calculate the number of points scored by Alan and by
Brian. [3]

(if) The points scored by Alan and by Brian are added to give the number-of points scored by the team.
Using your answer to part (i), write down two matrices whose product would give the number of
points scored by the team. [1]

‘May Jun 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Matrices

6 (a) Find the matrix A if 4A+5(4 0 _1)=(52 -8 19).

3 -2 5 31 2 65 2]

30 25 65
70 15 80
(b) P= 50 40 30 Q=(650 500 450 225)
40 20 75
The matrix P represents the number of 4 different televisions that are on sale in each of 3 shops.
The matrix Q represents the value of each television in dollars.

(i) State, without evaluation, what is represented by the matrix QP. [1]

(i) Given that the matrix R=
QPR.

1
1), state, without evaluation, what is represented by the matrix
1

[1]

May Jun 2015 Code 21,23
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7  The table shows the number of passengers in Economy class and in Business class on 3 flights from
London to Paris. The table also shows the departure times for the 3 flights and the cost of a single ticket
in each class.

Departure time Number of passengers in | Number of passerigers in
Economy ¢lass Business ¢lass
0930 60 50
1330 70 52
1545 58 34
Single ticket priée ('£)I 120 300

(i) Write down a matrix, P, for the numbers of passengers and a matrix, Q, of single ticket prices,

such that the matrix product QP can be found. [2]

(i) Find the matrix product QP. f2]
1

(i) Given that R =|1|, explain what information is found by evaluating the matrix product-QPR. [1]
1

May Jun 2015 Code 22
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2 -1 1 -2 4
8 (a) Giventhat A=[(3 5 andB=( ), calculate 2BA. [3]
7 4 -2 30

2 -
(b) The matrices C and D are given by C = (_i 6) and D = (:1}’ i)
(i) Find C1, : 2]
(i) Hence find the matrix X such that CX + D =1, where I is the identity matrix. 3]
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Paper 2 ADDITIONAL MATHEMATICS Geometry

1 Solutions to this question by accurate drawing will not be accepted.

¥

C {
(=3,2)

0

»

The diagram shows a trapezium ABCD with vertices A(11,4), B(7,7), C(~3, 2) and D. The side
AD js parallel to BC and the side CD is perpendicular to BC. Find the area of the trapezium
ABCD. 9]

B(1,7)

A(11, 4

" ’
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2 Solutions to this question by accurate drawing will not be aceepted.

The points 4 (4, 5), B(-2, 3), C(1, 9) and D are the vertices of a trapezium in which BCis
parallel to AD and angle BCD is 90°, Find the area of the trapezium. (8]
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3 Solutions to this question by accurate drawing will not be accepted.
The points A(—6, 2), B(2, 6) and C are the vertices of a triangle.

(i) Find the equation of the line 4B in the form y=mx+c. 2]

(i) Given that angle 4BC = 90°, find the equation of BC. [2]

{iii) Given that the length of AC is 10 units, find the coordinates of each of the two possible
positions of point C. (4]
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4 Solutions to this question by accurate drawing will not be accepted.

v A ,
DX
A(4,6)
< ’6(10, 4)
0 \\/ ]
B (6,-4)

The diagram shows a quadrilateral 4BCD, with vertices A(— 4, 6), B(6, —4), C(10, 4) and D.
The angle 4DC = 90°. The lines BC and 4D are extended to intersect at the point X.

(i) Given that C is the midpoint of BX, find the coordinates of D. i71

(ii) Hence calculate the area of the quadrilateral ABCD. [2]
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5  Solutions to this question by accurate drawing will not be accepted.

The points 4(p, 1), B(1, 6), C(4, g) and D(5, 4), where p and g are constants, are the vertices of a kite
ABCD. The diagonals of the kite, AC and BD, intersect at the point E. The line AC is the perpendicular
bisector of BD. Find

(i) the coordinates of E, [2]

(ii) the equation of the diagonal AC, [3]

(iii) the area of the kite 4BCD. [3]
May Jun 2014 Code 21
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6  Solutions to this gquestion by accurate drawing will not be accepted.
The points 4(2,11), B(—2,3) and C(2, 1) are the vertices of a triangle.

(i) Find the equation of the perpendicular bisector of 45. [4]

The line through A parallel to BC intersects the perpendicular bisector of 4B at the point D.

(ii) Find the area of the quadrilateral 4BCD. [6]

May Jun 2014 Code 23
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7 Points 4 and B have coordinates (-2, 10) and (4, 2) respectively. C is the mid-point of the line 4B.

Point D is such that CD = (12) .

9
(i) Find the coordinates of C and of D, f3]
(ii) Show that CD is perpendicular to 45, [3]
(iif) Find the area of triangle ABD. [2]
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g8  Solutions by accurate drawing will not be accepted.

g | y=mx+4

Ve

P (2, 10)

o+

o

/|

-1 0 2

=Y

The line ¥ = mx + 4 meets the lines x = 2 and x =—1 at the points P and { respectively. The point R is
such that OR is parallel to the y-axis and the gradient of RP is 1. The point P has coordinates-(2, 10).

(i) Find the value of m. 12]
(iiy Find the y-coordinate of Q. [1]
(iii) Find the coordinates of R. 2]
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(iv) Find the equation of the line through P, perpendicular to PQ, giving your answer in the form

ax + by = ¢, where a, b and ¢ are integers. 3]
(v) Find the coordinates of the midpoint, M, of the line PQ. 2]
(vi) Find the area of triangle QRM. [2]
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9  Solutions to this question by accurate drawing will not be accepted.
Two points A and B have coordinates (-3, 2) and (9, 8) respectively.

(i) Find the coordinates of C, the point where the line AB cuts the y-axis. [3]

Paper 2 - Oct Nov 2015 Code 21,22

(ii) Find the coordinates of D, the mid-point of AB. Ti]
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(iiiy Find the equation of the perpendicular bisector of 45. [2]

The perpendicular bisector of AB cuts the y-axis at the point E.

(iv) Find the coordinates of E. [1]

(v) Show that the area of triangle 4BE is four times the area of triangle ECD. [3]
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Paper 2 ADDITIONAL MATHEMATICS Linear Law

1 The table shows experimental values of variables x and y.

x 5 30 150 400
y 8.9 219 489 80.6

(i) By plotting a suitable straight line graph, show that y and x are related by the equation
y= ax?, where a and b are constants. [4]
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(ii) Use your graph to estimate the value of a and of . 4]

(iif) Estimate the value of y when x = 100. (2]
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gy

@7

2.4

ol
0 lg x
The variables x and y are related in such a way that when g y is plotted against lg x a straight line

graph is obtained as shown in the diagram. The line passes through the points (2, 4) and (8, 7).

(i) Express y in terms of x, giving your answer in the form y = ax?, where a and b are
constants, [5]

Another method of drawing a straight line graph for the relationship y = ax?, found in part (i),
involves plotting 1g x on the horizontal axis and 1g(3) on the vertical axis. For this straight line

graph what is
(if) the gradient, (1]
(iii) the intercept on the vertical axis? [1]
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3 The table shows experimental values of two variables x and y.

X 1 2 3 4
¥ 0.4] 1.29 | -0.69 | —1.77

It is known that x and y are related by the equation y = % + bx, where a and b are constants.

(i) A straight line graph is to be drawn to represent this information. Given that x?y is plotted

on the vertical axis, state the variable to be plotted on the horizontal axis. [13

(iiy On the grid opposite, draw this straight line graph. [3]

(i} Use your graph to estimate the value of @ and of b. 3]

(iv) Estimate the value of y when x is 3.7. (2]
79
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(4, 18)

(1, 3)

0 c

Variables x and y are such that when +/y is plotted against x? a straight line graph passing
through the points (1, 3) and (4, 18) is obtained. Express y in terms of x.

May Jun 2013 Code 22
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5  The table shows experimental values of two variables x and y.

X 2 4 6 8
y 96 | 384 | 105 | 232

It is known that x and y are related by the equation y = ax° -+ bx, where g and b are constants.

y

(i) A straight line graph is to be drawn for this information with = on the vertical axis. State the
variable which must be plotted on the horizontal axis. x [1]
(i) Draw this straight line graph on the grid below. [2]
2
XA
30
20
10
-
0
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(iii) Use your graph to estimate the value of @ and of 5. 3]

(iv) Estimate the value of x for which 2y = 25x. [2]

Oct Nov 2013 Code 21,22

' 83
More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Linear Law

6  Two variables x and y are connected by the relationship y = 4b*, where 4 and b are constants.

(i) Transform the relationship y = 45" into a straight line form. [2]

An experiment was carried out measuring values of y for certain values of x. The values of Iny and x
were plotted and a line of best fit was drawn, The graph is shown on the grid below.

Iny}
6

I S

pan

LN

<Y

(i) Use the graph to determine the value of 4 and the value of &, giving each to 1 significant figure.

[4]

(iii) Find x when y = 220. (2]
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7  Variables x and y are such that, when Iny is plotted against 3”, a straight line graph passing through
(4, 19) and (9, 39) is obtained.

|
Iny

(9, 39)

4,19)

O =3x

(i) Find the equation of this line in the form lny = m3* + ¢, where m and ¢ are constants to be found.

[3]

(i) Find y when x = 0.5. ' 2]

(i) Find x when y = 2000. 3]
QOct Nov 2014 Cg& 23
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8  The relationship between experimental values of two variables, x and y, is given by y = Ab*, where 4
and b are constants.

(i) By transforming the relationship y = Ab™, show that plotting Iny against x should produce a
straight line graph. [2]

(i) The diagram below shows the results of plotting Iny against x for 7 different pairs of values of
variables, x and y. A line of best fit has been drawn.

ny§
L2 gy

wY

By taking readings from the diagram, find the value of 4 and of b, giving each value correct to
1 significant figure. [4]

(ili) Estimate the value of y whenx = 2.5. [2]

May Jun 2015 Code 21, 23
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ADDITIONAL MATHEMATICS

Linear Law

9  The trees in a certain forest are dying because of an unknown virus.

The number of trees, N, surviving ¢ years after the onset of the virus is shown in the table below.

{ 1 2 3 4 5 6
N 2000 1300 890 590 395 260
The relationship between N and ¢ is thought to be of the form N = 457"
(i) Transform this relationship into straight line form. [1]

Paper 2 - Oct Nov 2015 Code 23

(i) Using the given data, draw this straight line on the grid below. [3]
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(iii) Use your graph to estimate the value of 4 and of b. [3]

If the trees continue to die in the same way, find

(iv) the number of trees surviving after 10 years, [1]

(v) the number of years taken until there are only 10 trees surviving. [2]
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The equation of a curveis  y = 2x2 - 20x + 37.
(i) Express yin the form a(x + b)? + ¢, where a, b and c are integers. (3]
(i) 'Write down the coordinates of the stationary point on the curve. [1]

A function fis definedby  f: x> 2x2 — 20x + 37 for x > k. Given that the function f-'(x) exists,

(iif) write down the least possible value of %, [1]
(iv) sketch the graphs of y=1f(x) and y = £-1(x) on the axes provided, 2]
(v) obtain an expression for -1, (3]

May Jun 2012 Code 21,23
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2 Afunction g is defined by g : x > 5x% + px + 72, where p is a constant. The function can also
be writtenas  g:x+> 5(x-4)* + 4.

(1 Find the value of p and of ¢, (3]
(ii) Find the range of the function g. [1]
(iii) Sketch the graph of the function on the axes provided. [2]

(iv} Given that the function h is defined by h : x = In x, where x > 0, solve the equation
gh(x) = 12, [4]

May Jun 2012 Code 21,23
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3 Solve the inequality 4x — 9 > 4x(5 — x). [4]

Qct Nov 2012 Code 21
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4 Ttis given that f{x)=4+ 8x—x2

() Find the value of @ and of b for which f{(x) = @ — (x + b)? and hence write down the coordinates
of the stationary point of the curve y = f(x). [3]

() On the axes below, sketch the graph of y = f(x), showing the coordinates of the point where

your graph intersects the y-axis. [2]
Yk
-
0 x
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5  Solve the equation |7x + 5| = |3x - 13| [4]

Oct Nov 2012 Code 22
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6 Solve the inequality 4x(4 —x) > 7. (4]

Oct Nov 2012 Code 22

94
More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Functions

7 Solve the equation |5x + 7] = 13. [3]
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8 (i) Express 4x?+32x+ 55 in the form (ax + )2 + ¢, where a, b and ¢ are constants and a is
positive. 3]

The functions f'and g are defined by
f:x > dx?+32x + 55 for x > —4,
g x> L forx >0,
X
(i) Find f1(x). 3]

(iii) Solve the equation fg(x) = 135. (4]

Oct Nov 2012 Code 23

96
More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Functions

9  The functions h and k are defined by

hix—=2x—Tforx=¢,

kixs Z s,
x-2
(i) State the least possible value of ¢. [1]
(if) Find 771(x). [2]
(1) Solve the equation kix) =x. 3]

(iv) Find an expression for the function k2, in the form k% : x — a + % where @ and b are
constants. [4]
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10 (i) Sketch the graph of y =|4x— 2| on the axes below, showing the coordinates of the points

where the graph meets the axes. (3]
ya
0 X
(i) Solve the equation |4x— 2|= x. [3]

May Jun 2013 Code 21,23
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11 A one-one function fis defined by f(x) = (x— 1)*— 5 for x > k.

(i) State the least value that & can take. [

For this least value of &

(i} write down the range of f, 1]
(i) find (), [2]
(iv) sketch and label, on the axes below, the graph of y = f(x) and of y= f ), 2]

VA
7/
ra
, Ve }) =X
Id
’
4
I
7’
e
/
/
”’
’
/
’
’
7/
r'd
0 x
(v) find the value of x for which f(x) = ™! (x). [2]
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12 (a)
Y 4 YA YA
/
0 \i 0 % 0 (!
Y A Y A By
D] /
\ > > ] »
N L A
{i) Write down the letter of each graph which does not represent a function. [2]

(ii) Write down the letter of each graph which represents a function that does not have an

inverse,

(b)

[2]

The diagram shows the graph of a function y = f(x). On the same axes sketch the graph of

y=f1().

(2}
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13 (a) The graph of y=k(3") + ¢ passes through the points (0, 14) and (-2, 6). Find the value of k&
and of ¢. (3]

(b) The variabies x and y are connected by the equation y =e* -+ 25— 24e™,

() Find the value of y when x =4, [1]

(i) Find the value of ¢* when =20 and hence find the corresponding value of x. [4]

May Jun 2013 Code 22
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14 Find the set of values of x for which x* < 6 — 5x. [3]

Oct Nov 2013 Code 21,22
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15  Find the set of values of x for which x(x+2) < x. [3]

May Jun 2014 Code 21
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16 (i) Onthe axes below, sketch the graph of y =|(x —4)(x +2)| showing the coordinates of the points

where the curve meets the x-axis. [2]
Y A
%) ™
(if) Find the set of values of & for which |(x —4)(x+2)| =k has four solutions. [3]
May Jun 2014 Code 21
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17 (i) Express 2x2—x-+6 inthe form p(x— q')2 + r, where p, g and » are constants to be found.  [3]

(i) Hence state the least value of 2x*>—x+ 6 and the value of x at which this occurs. [2]

May Jun 2014 Code 21
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18 The functions f and g are defined by

2x
x-1

glx)=vx+1 for x >~1.

f(x}=

for x > 0,

() Find fg(8). | 2]

(i) Find an expression for f>(x), giving your answer in the form bi-, where «, b and ¢ are integers
X+ ¢
to be found. 3]

(iii) Find an expression for g~' (x), stating its domain and range. [4]
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(iv) On the same axes, sketch the graphs of y = g(x) and y = g'(x), indicating the geometrical
relationship between the graphs. (3]

=Y
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10 () Express 12x*—6x+5 inthe form p(x— g)? +r, where p, g and r are constants to be found.
[3]

1

12x* — 6x+5
oceurs. [2]

(i} Hence find the greatest value of and state the value of x at which this

May Jun 2014 Code 22
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20 The functions f and g are defined, for real values of x greater than 2, by
fx)=2"-1,
g(x)=x(x+1).

(i) State the range of f, [1]
(i) Find an expression for £ (x), stating its domain and range. f4]
(ili) Find an expression for gf(x) and explain why the equation gf(x) = 0 has no solutions. [4]

May Jun 2014 Code 22
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21 The function {is such that f{x) =2+ vx—3 for 4 < x < 28.

(i) Find the range of f. ' (2]
(i) Find £3(12). f2]
(iiiy Find an expression for ™ (x). [2]

The function g is defined by g(x) = %0 for x 0.

(iv) Find the value of x for which gf(x) = 20. [3]

May Jun 2014 Code 23
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22 Solve the inequality 9x?+2x—1 < (x+ 1), [3]
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23 The functions f and g are defined for real values of x by
fX)=vx—1-3 forx > 1,
gx) = 23;__2; for x > 2.
(i) Find gf(37). [2]
(i) Find an expression for £~ (x). 2]
(iii) Find an expression for g ™! (x). [2]
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24  The number of bacteria B in a culture, ¢ days after the first observation, is given by

B = 500 + 400e"¥.

(i) Find the initial number present. (1]
(i) Find the number present after 10 days. [1]
{(iii) Find the rate at which the bacteria are increasing after 10 days. 2]
(iv) Find the value of t when B = 10000. [3]

QOct Nov 2014 Code 21,22
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25 The profit $7 made by a company in its nth year is modelled by
P =1000e™*".
In the first year the company made $2000 profit.

(i) Showthata+bh=1n2, [1]

In the second year the company made $3297 profit.

(i) Find another linear equation connecting a and b. [2]
(iif) Solve the two equations from parts (i) and (ii) to find the value of g and of 2. 2]
(iv) Using your values for a and b, find the profit in the 10th year. , [2]
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26 The functions fand g are defined for real values of x by

f(x)=%+lforx> 1,

gx)=x"+2.
Find an expression for

@ (), [2]
(i) efx), [2]
(i) fg(x). (2]

. _3x+2 —
(iv) Show that ff{x) = ST7 and solve ff(x) = x. [4]
Oct Nov 2014 Code.33
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27 (a)

YA

The diagram shows the graph of y =|f(x)| passing through (0, 4) and touching the x-axis at (2, 0).
Given that the graph of y = f(x)is a straight line, write down the two possible expressions for f(x).

[2]

{(b) On the axes below, sketch the graph of y=e™ -3, stating the coordinates of any point of
intersection with the coordinate axes. [3]

i

=Y
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28 (a) Find the set of values of x for which 4x*+ 19x—5 <0, [3]

(b) (i) Express x*+8x—9 in the form {x + &)’ -+ b, where g and b are integers. [2]

(i) Use your answer to part (i) to find the greatest value of 9 — 8x —x* and.the value of x at
which this occurs. [2]
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Paper 2 . ADDITIONAL MATHEMATICS Functions

(iii) Sketch the graph of y = 9 — 8x —x?, indicating the coordinates of any points of intersection
with the coordinate axes. [2]

YA

=y

May Jun 2015 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Functions

29 (a) The function f is defined by fix —|sinx| for 0° <x < 360° On the axes below, skeich the
graph of y = f(x). (2]

YA

=Y

9) 90° 180° 270° 360°

(b) The functions g and hg are defined, for x = [, by
gl(x) = In(4x—3),
hg(x) =x.

(i) Showthat h(x)=2 I3. [2]
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Paper 2 ADDITIONAL MATHEMATICS Functions

(i)

YA

y=g(x)

«Y

The diagram shows the graph of y = g(x). Given that g and h are inverse functions, sketch, on the
same diagram, the graph of y = h(x). Give the coordinates of any point where your graph meets

the coordinate axes. [2]
+ (iif) State the domain of h. ]
(iv) State the range of h. ‘ [1]

May Jun 2015 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Functions

30 Given that f(x) = 3x*+ 12x + 2,

(i) find values of a, b and ¢ such that f(x) = a{x + b)* +¢, 3]

Paper 2 - Oct Nov 2015 Code 23

(i) state the minimum value of f(x) and the value of x at which it occurs, [2]

(iii) solve f(%) = (), giving each answer for y correct to 2 decimal places. [3]
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

|
[
[
[
[
0 180° x

The diagram shows a sketch of the curve y = asin(bx) + ¢ for 0° < x =< 180°. Find the
values of a, b and . [3]

(b) Given that f(x) = 5cos3x + 1, for all x, state

(i) the period of f, (1]
(i) the amplitude of f. (1]

May Jun 2012 Code. 21, 23
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry
2  (a) Solve the equation
(i) 3sinx—Scosx=0 for0° <x<360°, [3]
(i) 5sin’y+9cosy—3=0 for0° <y <360°, [5]
{b) Solve sin(3 —z) = 0.8 for 0 < z < wradians. 4]
May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

3 () Onthe grid below draw, for 0° =< x < 360°, the graphs of y=3sin2x and y=2+ cosx.
(4]

Oct Nov 2012 Code 21

(i) State the number of values of x for which 3sin2x =2+ cosx in the interval 0° < x < 3608

f1]
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

4 {(a) Solve 4sinx-+9cosx=0 for 0° <x<360°. 3]
(b) Solve cosecy—1=12siny for 0° <y < 360°. [5]
(¢) Solve 3300[%] =5 for 0 < z < 6z radians. 4]

Oct Nov 2012 Code 22
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Paper 2 . ADDITIONAL MATHEMATICS Trigonometry

5 (a) Given that cosx = p, find an expression, in terms of p, for tan? x. [3]
(b) Prove that- (cot@ + tan 0)% = sec?d + cosec? 6. [3]
Oct Nov 2012 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

1+ sint';?)2 (1 — sin9)2 2
—_— ) =) = . 4
6 Prove that ( o5l o5 0 2+ 4tan“ @ [4]

May Jun 2013 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

7 (a) The function fis defined, for 0° < x<360° by f(x)=1+3cos2x.

() Sketch the graph of y = f(x) on the axes below. [4]

(iiy State the amplitude of f. [1]
(iif) State the period of . [1]
(b) Given that cosx=p , where 270° < x < 360°, find cosecx in terms of p. [3]

May Jun 2013 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

8 (a) Solve the equation 2cosecx + ?P';x =0 for 0° s x<360°. [4]

{b) Solve the equation 7sin(2y— 1)= 5 for 0 <y < 5 radians. [5]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

YA

(0, 3)

(@) (i) The diagram shows the graph of y = 4 + C tan(Bx) passing through the points (0, 3) and
(% 3). Find the value of 4 and of 3. 2]

(i) Given that the point (%, 7) also lies on the graph, find the value of C. [1]
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

(i) Provethat secxcosecx—cotx = tanx. 4]

(i) Use the result from part (i) to solve the equation  secxcosecx = 3cotx for 0° < x < 360° [4]

Oct Nov 2014 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

1 1 _ 2
T—cosx "1 +cosr 2 cosec’x. [3]

10 (i} Provethat

1 1
1—cosx+ 14+ cosx

(i) Hence solve the equation =8 for 0° <x < 360°. [4]

Oct Nov 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

VAN VAN VAN VA I v

NN NS NS

xz SH!
2 2

The figure shows part of the graph of y = a+ bsincx.

() Find the value of each of the integers a, 5 and c. [3]

Paper 2 - Oct Nov 2015 Code 21,22

Using your values of @, b and ¢ find

(ii) ‘%, [2]
(iii) the equation of the normal to the curve at (%, 3). [3]
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

12 Selve the following equations.

(i) 4sin2x-+5cos2x=0 for°<x<180° 3]

Paper 2 - Oct Nov 2015 Code 21,22

(i) cot’y+3cosecy=3 for 0° <y < 360° [5]
(iii)) cos (z + %) =—% for 0 < z < 2 radians, giving each answer as a multiple of z (4]
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Paper 2 ADDITIONAL MATHEMATICS Trigonometry

13 (i) Prove that sec?x + cosec®x = sec’xcosec’x. [4]

Paper 2 - Oct Nov 2015 Code 23

(i) Hence, or otherwise, solve sec’x + cosec®x = 4tan’x  for 90° < x < 270°. [4]
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Paper 2 ADDITIONAL MATHEMATICS Circular Measure

- 1 rad
A C 12em D

The diagram shows a right-angled triangle ABC and a sector CBDC of a cnrcle with centre € and
radius 12cm, Angle ACB = 1 radian and ACD is a straight line.

(i) Show that the length of AB is approximately 10.1cm. [1]
(ii) Find the perimeter of the shaded region. [5]
(iii) Find the area of the shaded region. [4]

May Jun 2012 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Circular Measure

2
In the diagram PQ and RS are arcs of concentric circles with centre O and angle POQ = 1 radian.
The radius of the larger circle is x cm and the radius of the smaller circle is yem.
(i) Given that the perimeter of the shaded region is 20 cm, express y in terms of x. [2]
(i) Given that the area of the shaded region is 16 cm?, express )? in terms of x2. [2]
(iii} Find the value of x and of y. [4]
137
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Paper 2 ADDITIONAL MATHEMATICS Circular Measure

B

The shaded region in the diagram is a segment of a circle with centre O and radius » cm.

Angle 40OB= -gi radians.

(i) Show that the perimeter of the segment is r (3 + 7[) cm. (2]

(if) Given that the perimeter of the segment is 26cm, find the value of r and the area of the
segment. [5]

May Jun 2013 Code 22
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Paper 2 - ADDITIONAL MATHEMATICS Circular Measure

The diagram shows a circle with centre O and a chord AB. The radius of the circle is 12cm and
angle AOB is 1.4 radians.

(i) Find the perimeter of the shaded region. £5]

(i} Find the area of the shaded region. [4]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Circular Measure

500 cm?

1.6
rad

—re———— FCIN

The diagram shows a sector of a circle of radius » em, The angle of the sector is 1.6 radians and the area
of the sector is 500cm?,

(i) Find the value of 7, [2]

(i) Hence find the perimeter of the sector. 2]

May Jun 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Circular Measure

xcm

The diagram shows a sector OPQ of a circle with centre O and radius xcm. Angle POQ is 0.8 radians.
The point S lies on OQ such that OS = 5cm. The point R lies on OP such that angle ORS is a right
angle. Given that the area of triangle ORS is one-fifth of the area of sector OF(Q, find

(i) the area of sector OPQ in terms of x and hence show that the value of x is 8.837 correct to

4 significant figures, [5]
(ii) the perimeter ¢f POSR, [3]
(iii) the area of POSR. [2]

Oct Nov 2014 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Circular Measure

g

The diagram shows a circle, centre O, radius 8 cm. The points P and Q lie on the circle. The lines PT and OT

are tangents to the circle and angle POQ = -34£ radians.

(i) Find the length of PT. 2]
(ii) Find the area of the shaded region. [3]
(iii) Find the perimeter of the shaded region. [2]

May Jun 2015 Code 21,23

More Notes and Topical Past Papéfs at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Permutation and Combination

1 (a) A team of 7 people is to be chosen from 5 women and 7 men. Calculate the number of
different ways in which this can be done if

(i) there are no restrictions, [1]

(if) the team is to contain more women than men. [3]

(b) (i) How many different 4-digit numbers, less than 5000, can be formed using 4 of the 6
digits 1,2, 3,4, 5 and 6 if no digit can be used more than once? [2]

(ii) How many of these 4-digit numbers are divisible by 57 (2]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Permutation and Combination

2 (a) Anart gallery displays 10 paintings in a row. Of these paintings, 5 are by Picasso, 4 by
Monet and I by Turner.

(i) Find the number of different ways the paintings can be displayed if there are no
restrictions. 1]

(i) Find the number of different ways the paintings can be displayed if the paintings by
each of the artists are kept together. [3]

(b) A committee of 4 senior students and 2 junior students is to be selected from a group
of 6 senior students and 5 junior students.

(i) Calculate the number of different committees which can be selected. 3]

One of the 6 senjor students is a cousin of one of the 5 junior students.

(i) Calculate the number of different committees which can be selected if at most one of
these cousins is included. [3]

Qct Nov 2012 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Permutation and Combination

3 Ad-digit number is formed by using four of the six digits 2, 3, 4, 5, 6 and 8; no digit may be
used more than once in any number. How many different 4-digit numbers can be formed if

(i) there are no restrictions, [2]

(ii) the number is even and more than 6000? [3]

Oct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Permutation and Combination

4 (i) Find how many different numbers can be formed using 4 of the digits
1,2, 3,4, 5,6 and 7 if no digit is repeated. [1]

Find how many of these 4-digit numbers are

(i) odd, [1]

(iii) odd and less than 3000. [3]

QOct Nov 2013 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Permutation and Coembination

5 A committee of four is to be selected from 7 men and 5 women. Find the number of different
committees that could be selected if

(i) there are no restrictions, [1]

(i) there must be two male and two female members. 2]

A brother and sister, Ken and Betty, are among the 7 men and 5 women.

(ii) Find how many different committees of four could be selected so that there are two male and two
female members which must include either Ken or Betty but not both. (4]

Oct Nov 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Permutation and Combination
6 (a) Alock can be opened using only the number 4351. State whether this is a permutation or a
combination of digits, giving a reason for your answer. 1]
(b) There are twenty numbered balls in a bag. Two of the balls are numbered 0, six are numbered 1,
five are numbered 2 and seven are numbered 3, as shown in the table below.
Number on ball 0 1 2 3
Frequency 2 6 5 7
Four of these balls are chosen at random, without replacement. Calculate the number of ways this
can be done so that
(i) the four balls all have the same number, 2]
(i) the four balls all have different numbers, , [2]
(ifi) the four balls have numbers that total 3. [3]

More
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Paper 2 ADDITIONAL MATHEMATICS Binomial Expansion

1 (a) Find the coefficient of x° in the expansion of

M (1-2%7, [2]
() (3 +4x)1-2x). [3]
: . / : 33
(b) Find the term independent of x in the expansion of (x + x_z) . [3]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Binomial Expansion

2 (i) Find the coefficient of x” in the expansion of (2 — x)%. 2]

(i) Find the coefficient of x> in the expansion of (1 + 2x)(2 ~ x)E. [3]

Oct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Binomial Expansion

3 () Find the first four terms in the expansion of (2 + x)% in ascending powers of x. [3]

(ii) Hence find the coefficient of x* in the expansion of (1 + 3x)(1 — x)(2 + x)°. (4]

May Jun 2013 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Binomial Expansion

4 (a) (i) Find the coefficient of x° in the expansion of (1 — 2x)6. i2]
(i} Find the coefficient of x° in the expansion of (1 + %)(1 - 2x)6. [3]
1\
(b) Expand (2\/5 + T) in a series of powers of x with integer coefficients. [3]
Vx.

Oct Nov 2013 Code 21,22
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Paper 2 : ADDITIONAL MATHEMATICS Binomial Expansion

5 (a) Find the coefficient of x° in the expansion of (3 — 2x)%. 2]

(b) () Write down the first three terms in the expansion of {1 +2x)° in ascending powers of x. [2]

(i) In the expansion of (1+ax)(1+2x)°, the coefficient of »? is 1.5 times the coefficient of x.
Find the value of the constant . [4]

May Jun 2014 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Binomial Expansion

6 (i) Find and simplify the first three terms of the expansion, in ascending powers of x, of {1 — 4x)5.

(2]

(i) The first three terms in the expansion of (1 —4x)*(1 +ax+bx?) are 1—23x+222x”. Find the
value of each of the constants g and b. [4]

May Jun 2014 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Binomial Expansion

7 In the expansion of (I + 2x)", the coefficient of x* is ten times the coefficient of x2. Find the value of
the positive integer, ». [6]

May Jun 2015 Code 22

More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Binomial Expansion

g (i) Find, in the simplest form, the first 3 terms of the expansion of (2 — 3x)6, in ascending powers
of x, (3]

(ii) Find the coefficient of x* in the expansion of (1 +2x)(2 — 3x)S. [2]

Paper 2 - Oct Nov 2015 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

1 Giventhat f(x)=2 3‘378, find the value of x for which £"(x) = 0. 6]

May Jun 2012 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

2 (i) Giventhat y=1{4x+ 1)3, find %i-’. 2]

(i) Hence find the approximate increase in y as x increases from 6 to 6 + p, where p is small. [2]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

3 An open rectangular cardboard box with a square base is to have a volume of 256 cm?. Find the
dimensions of the box if the area of cardboard used is as small as possible. [7]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS ' Differentiation

4  The normal to the curve y = x> + 6x2 — 34x + 44 at the point P (2, 8) cuts the x-axis at 4 and the
y-axis at B. Show that the mid-point of the line 4B lies on the line 4y=x+9, (8]

Qct Nov 2012 Code 21

160

More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Differentiation

5  The total surface area, 4 cm , of a solid cylinder with radius » cm and height 5cm is given by
A =27+ 107r. Given that » is increasing at a rate of % ems~!, find the rate of increase of 4
when #is 6. _ (4]

QOct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

C

I
|
180m
|

D d
A —_———
200m - XN —» B

A track runs due east from 4 to B, a distance of 200 m. The point C is 80m due north of B.

A cyclist travels on the track from 4 to D, where D is xm due west of B. The cyclist then travels
in a straight line across rough ground from D to C. The cyclist travels at 10ms™! on the track
and at 6ms™! across rough ground.

(1) Show that the time taken, T's, for the cyclist to travel from 4 to C is given by

200—x . V(2 +6400)
T=—75 + 6

(i) Given thatx can vary, find the value of x for which T has a stationary value and the
corresponding value of 7. [6]

Oct Nov 2012 Code 23

162
More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Differentiation

7  Variables x and y are related by the equation y= 10— 4sin” x, where 0 < x < Z. Given that

x is increasing at a rate of 0.2 radians per second, find the corresponding rate of change of y
when y=8. (6]

May Jun 2013 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

X cin

-
Pr s

A piece of wire of length 96cm is formed into the rectangular shape PORSTU shown in the

diagram. It is given that PQ = 7U = SR = xcm. It may be assumed that PQ and TU coincide
and that 7. and OR have the same length.

_a.2
(i) Show that the area, 4 cm?, enclosed by the wire is given by 4 = &53—;‘ [2]

(i) Given that x can vary, find the stationary value of 4 and determine the nature of this
stationary value. (4]

May Jun 2013 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

2
9  Find the equation of the normal to the curve y = 3;1-28

at the point on the curve where x = 4.

[6]

May Jun 2013 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

10 Differentiate, with respect to x,

M (B3-594 [2]
(i) x?sinx, [2]
i) ti“;k. [4]

May Jun 2013 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

. 1
11 A curve has equation y=3x+ .
q ¥y (r— 4)3

Lo dy o dy
(i) Find T and il (4]

(ii) Show that the coordinates of the stationary points of the curve are (5, 16) and (3, 8). 2]

(iii) Determine the nature of each of these stationary points. 2]

May Jun 2013 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

8
12 (i) Given that y = [%x— 5] , find % [2]

(i) Hence find the approximate change in y as x increases from 12 to 12 + p, where p is small.

[2]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

13

The diagram shows a box in the shape of a cuboid with a square cross-section of side xcm. The
volume of the box is 3500em?. Four pieces of tape are fastened round the box as shown. The
pieces of tape are parallel to the edges of the box.

(i) Given that the total length of the four pieces of tape is Lem, show that L = 14x+ w [3]
x

(i) Given thatx can vary, find the stationary value of L and determine the nature of this stationary
value. [5]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

14  Find the coordinates of the stationary points on the curve y=x3 — 6x2—36x + 16. (5]

Oct Nov 2013 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

120cm T lan_ i
v hcm
}

3
The diagram shows a container in the shape of a cone of height 120 cm and radius 30 cm. Water is
poured into the container at a rate of 20rcm®s™". :

15

The volume of a cone of
height A and radius R is

(i) At the instant when the depth of water in the cone is #cm the volume of water in the cone is

3
Vem?. Show that ¥ = % [3]
(i) Find the rate at which % is increasing when 4 = 50. [3]

Oct Nov 2013 Code 23

(i) Find the rate at which the circular area of the water’s surface is increasing when 4= 50. [4]
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

16 Given that a curve has equation y = % + 2+x, where x > 0, find

d

0 [2]
d2

@ 5. [2]

Hence, or otherwise, find

(iii) the coordinates and nature of the stationary point of the curve. : [4]

May Jun 2014 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

17 A sector of a circle of radius »cm has an angle of & radians, where 8 < . The perimeter of the sector

is 30 cm.
(i) Show that the area, 4 cm?, of the sector is given by 4 = 157 —r%. (3]
(i) Given that r can vary, find the maximum area of the sector. [3]

May Jun 2014 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Diffarentiation

d
18 Find 4 when

dx
@) y= costsin[g], [4]
- {
o et 4

May Jun 2014 Code 21
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Paper 2 ADDITIONAL MATHEMATICS

Differentiation

19 Differentiate with respect to x

o 43
i =x"e™,

(i) In(2+cosx),

{2

[3]

May Jun 2014 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

20 A curve has equation y = x* — 9x? + 24x,

d
(i) Find the set of values of x for which Ey = 0. (4]

The normal to the curve at the point on the curve where x = 3 cuts the y-axis at the point P.

(ii) Find the equation of the normal and the cogrdinates of P. [5]

May Jun 2014 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

21 (i) Determine the coordinates and nature of each of the two turning points on the

curve y=4x+x£2. 6]

(i) Find the equation of the normal to the curve at the point (3, 13} and find the x-coordinate of the
point where this normal cuts the curve again. [6]

Qct Nav 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

22

The diagram shows a cuboid of height 4 units inside a right pyramid OPQRS of height 8 units and with
square base of side 4 units. The base of the cuboid sits on the square base PORS of the pyramid. The
points 4, B, C and D are corners of the cuboid and lie on the edges OP, OQ, OR and OS, respectively,
of the pyramid OPQRS. The pyramids OPQRS and OABCD are similar.

() Find an expression for AD in terms of 4 and hence show that the volume ¥ of the cuboid is given
3

by V=2~ 45+ 16k units’, [4]
(ii) Given that / can vary, find the value of 4 for which ¥ is a maximum. 4]

May Jun 2015 Codeg 22
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

23

t— 7 CITI — W 8cm

hcm

4

- 6cm

A cone, of height 8 cm and base radius 6 cm, is placed over a cylinder of radius » cm and height 2 cm
and is in contact with the cylinder along the cylinder’s-upper rim. The arrangement is symmetrical-and
the diagram shows a vertical cross-section through the vertex of the cone.

(i) Use similar triangles to express / in terms of r. [2]

Paper 2 - Qct Nov 2015 Code 21,22

(i} Hence show that the volume, ¥ cm3, of the cylinder is given by ¥ = 8m? — 2. [1]
3

(iii) Given that » can vary, find the value of » which gives a stationary value of V. Find this stationary
value of ¥in terms of z and determine its nature. [6]
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

24  Find the equation of the tangent to the curve  y =x*-+3x*—5x—7 at the point where x=2. [5]

Paper 2 - Oct Nov 2015 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Differentiation

3 d :
; __Xx 34
25 (a) Giventhat y= PP , find e [3]

Paper 2 - Oct Nov 2015 Code 23

dy_ k(x+1)

(b) Giventhat y=xV4x+6, show that == —7==~

and state the value of . [3]

May Jun 2015 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Integration

1 () Find %(x2 Inx). [2]

(ii) Hence, or otherwise, find f xInxdx. [3]

May Jun 2012 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Integration

|
y=sin=x P(ﬁg ‘\5)

The diagram shows part of the curve y =sin %x. The tangent to the curve at the point P (3—2@', %)
cuts the x-axis at the point 0.

(i) Find the coordinates of Q. [4]
(iiy Find the area of the shaded region bounded by the curve, the tangent and the x-axis. [7]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Integration
3 (i) Given that y = xe™, find % and hence show that j xe*dx=—xe*—-e*+c. [4]
Y
~
2
R (2, ez)
y=xe™*
8] X

The diagram shows part of the curve y =xe™ and the tangent to the curve at the point R (2, %)

(i) Find the area of the shaded region bounded by the curve, the tangent and the y-axis. (7]

May Jun 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Integration

. .. d
4 (i) Find ™ (tan 4x). (2]
(i) Hence find f (1 + sec? 4x) dx. [3]
16
(ili) Hence show that L{ (1 + sec? 4x) dx = k(n+4), where k is a constant to be found. [2]
16
Oct Nov 2012 Code 22
185

More Notes and Topical Past Papers at https://IGCSEexamguru.com




Paper 2 ADDITIONAL MATHEMATICS Integration

5  The point A(0, 10) lies on the curve for which % =¢ ", The point B, with x-coordinate —4,
also lies on the curve.

(i Find, in terms of e, the y-coordinate of B. [5]
The tangents to the curve at the points 4 and B intersect at the point C.

(i) Find, in terms of e, the x-coordinate of the point C. (5]

Oct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Integration

Yi

y=8+e—3

=y

/T
The diagram shows part of the curve y=8 +¢ ° crossing the y-axis at P The normal to the
curve at P meets the x-axis at Q.

(i) Find the coordinates of Q. 4]
The line through Q, parallel to the y-axis, meets the curve at R and OQRS is a rectangle.

(i) Find f (8 + e_?] dx and hence find the area of the shaded region. [6]

Oct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Integration

7 (a) Find f (x+3)Vx dx. (3]

. 20 0 20
(b) Find j a;c--i-S_)z dx and hence evaluate f . 2x + 5)2 dx. 4]

Oct Nov 2012 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Integration

0 /Q ~

The diagram shows part of the curve y = e, The tangent to the curve at P (9, e®) meets the
x-axis at Q.

(i) Find the coordinates of Q. (4]

(i) Find the area of the shaded region bounded by the curve, the coordinate axes and the tangent
to the curve at P. [6]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Integration

d 1
9 A curve is such that Ey =(2x+ 1)*. The curve passes through the point (4, 10).

(i) Find the equation of the curve. [4]

(i) Find f ydx and hence evaluate J:'s ydx. [5]

May Jun 2014 Code 22
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Paper 2 : ADDITIONAL MATHEMATICS Integration

d
10 A curve is such that Ey = 6x° — 8x + 3.

(D) Show that the curve has no stationary points. [2]

Given that the curve passes through the point P(2, 10),

(i) find the equation of the tangent to the curve at the point P, [2]

(iii) find the equation of the curve. 4]

May Jun 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Integration

dy _

Y____ kK
dx V(x2+21)3’

show that where £ is a constant to be found. [5]

11 () Giventhat y= _\/%i"
x

10

. 6 6

(i) Hence find [—-—wdx and evaluate J ———dx. [3]
VG2 +21) » VG2 +21)P

May Jun 2014 Code 23
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Paper 2 : ADDITIONAL MATHEMATICS Integration

2

: dy Jox
12 (i) Given that =2 ,showthat —===——-—= where kis a constant to be found. 3
® AT A I Ty Bl
(i) Hence find J‘(:Z_:CT)ZC{?C [2]
Oct Nov 2014 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Integration

13 The diagram below shows part of the curve y = 3x— 14 + % cutting the x-axis at the points P and 0.
x

y 3

=3y _ 14 +32
y=3x 14+x2

(iii) State the x-coordinates of P and 0. 1]

(iv) Find j(3x - 14+ g)dx and hence determine the area of the shaded region, [4]
2

Oct Nov 2014 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Integration

14 (a) (i) Find Je“”dx. f2]
(i) Hence evaluate F ¥ 3dy (2]

25 )

o X

(b) (i) Find f cos [E]dx (2]

i) H luate [ © cos|* |dx.
(i) Hence evaluate J; cos[3]dx [2]

2

(¢) Find f (4 x) de. [4]

May Jun 2015 Code 21

More Notes and Topical Past Pé%’ers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Integration

15 y‘ y=x+10
sl
y=x"—6x+10
A
1 -
0 C x

The graph of y= %% — 6x+ 10 cuts the y-axis at 4. The graphs of y = x}—6x+10 and y=x+10
cut one another at 4 and B. The line BC is perpendicular to the x-axis. Calculate the area of the shaded
region enclosed by the curve and the line AB, showing all your working. (8]

May Jun 2015 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Integration

16 (i) Given that%(ez‘f):focez“x’,state the value of k. [1]

Paper 2 - Oct Nov 2015 Code 23

(i) Using your result from part (), find | 3xe?~'dx. 12]

(iii) Hence find the area enclosed by the curve y = 3xe? _"2, the x-axis and the lines x = 1 and
x=v2. ' [2]

2
(iv)  Find the cnardinates of the statinnarv noints on the enrve v = 1y ™ r41
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

1 Aparticle moves in a straight line so that, zs after passing through a fixed point O, its velocity,
vms~l,is givenby v=2r—11 + ti . Find the acceleration of the particle when it is at

+1
instantaneous rest, (7]

May Jun 2012 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

2 A particle travels in a straight line so that, ¢ s after passing through a fixed point O, its
displacement, s m, from O is given by 5 = 2 — 10¢+ 10In(l + £), where £> 0.

(i} Find the distance travelled in the twelfth second. [2]
(ii) Find the value of # when the particle is at instantaneous rest. [5]
(iii) Find the acceleration of the particle when =9, [3]

Oct Nov 2012 Code 21
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Paper 2 - ADDITIONAL MATHEMATICS Kinematics

3 Anparticle travels in a straight line so that, /s after passing through a fixed point 0, its velocity,
vems™, is given by v = 4e? — 24y,

(1) Find the velocity of the particle as it passes through O. (1]
(ii) Find the distance travelled by the particle in the third second. [4]

(iii) Find an expression for the acceleration of the particle and hence find the stationary value of
the velocity. [5]

Qct Nov 2012 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

4  The acceleration, @ ms-2, of a particle, 7 s after passing through a fixed point O, is given by

a=4-2t, for t > 0. The particle, which moves in a straight line, passes through O with a
velocity of 12ms-1.

(i) Find the value of  when the particle comes to instantaneous rest. [5]

(i) Find the distance from O of the particle when it comes to instantaneous rest. [3]

Qct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

yms ! a

16} -------

a
.

20 24 s

thl-—mrmaaa 2

0

The velocity-time graph represents the motion of a particle moving in a straight line.

(i) Find the acceleration during the first 5 seconds. (1]
(i) Find the length of time for which the particle is travelling with constant velocity. I1]
(iii) Find the total distance travelled by the particle. [3]

May Jun 2013 Code 21,23.
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

6  Aparticle travels in a straight line so that, 7s after passing through a fixed point O, its velocity,
vmsL, is given by v= 3 + 6sin2s.

(i) Find the velocity of the particle when ¢ = % [1]
(iiy Find the acceleration of the particle when ¢ = 2. [3]

The particle first comes to instantaneous rest at the point P.

(fiiy Find the distance OP. [5]

QOct Nov 2013 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

7 Aparticle moving in a straight line passes through a fixed point O. The displacement, x metres, of the
particle, ¢ seconds after it passes through O, is given by x = 7+ 2sin*.

() Find an expression for the velocity, vms™", at time 1. [2]

When the particle is first at instantaneous rest, find

(i) the vaiue of 4, (2]

(if) its displacement and acceleration. [31

Oct Nov 2014 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

8 A particle moving in a straight line passes through a fixed point O. The displacement, x metres, of the
particle, ¢ seconds after it passes through O, is givenby x = 5¢—3cos2¢+ 3.

(1) Find expressions for the velocity and acceleration of the particle after ¢ seconds. [3]

(i) Find the maximum velocity of the particle and the value of ¢ at which this first ocours. [3]

(iii) Find the value of 7 when the velocity of the particle is first equal to 2ms™! and its acceleration at
this time. [3]

QOct Nov 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

9  Aparticle P is projected from the origin O so that it moves in a straight line. At time ¢ seconds after
projection, the velocity of the particle, v ms™!, is given by v =2/ — 147+ 12.

(i) Find the time at which P first comes to instantaneous rest. [2]
(i) Find an expression for the displacement of P from O at time ¢ seconds. [3]
(iii) Find the acceleration of P when r= 3. [2]

May Jun 2015 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

10 A particle is moving in a straight line such that its velocity, v ms™., { seconds after passing a

fixed point Ois v=e¢*—6e > —1.
(0 Find an expression for the displacement, s m, from O of the particle after 7 seconds. [3]
Paper 2 - Oct Nov 2015 Code 21,22
(ii) Using the substitution # = e”, or otherwise, find the time when the particle is at rest. [3]
(i) Find the acceleration at this time. [2]
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Paper 2 ADDITIONAL MATHEMATICS Kinematics

11 The velocity, v ms ™, of a particle travelling in a straight line, 7 seconds after passing through a fixed

. . 10
oint O, is given by v = .

P g Y @2+9?
(i) Find the acceleration of the particle when #= 3. [3]
Paper 2 - Oct Nov 2015 Code 23
(ii} Explain why the particle never comes to rest. 11
(iii) Find an expression for the displacement of the particle from O after time ¢s. 3]
(iv) Find the distance travelled by the particle between t=3 and ¢ = 8. (2]
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Paper 2

ADDITIONAL MATHEMATICS Vector

Relative to an origin O, the position vectors of the points A and B are 2i — 3j and 11i + 42
respectively.

(2]

—
(f) Write down an expression for AB.

The point C lies on AB such that AC = %E
(i) Find the length of OC. [4]

— — —_—
The point D lies on -OA such that DC is parallel to OB,
[2]

(it} Find the position vector of D.

May Jun 2012 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS Vector

2 The points X, ¥ and Z are such that XY =3YZ. The position vectors of X and Z, relative to an

4 20
origin O, are (_27) and (_7) respectively. Find the unit vector in the direction oF. £5]

Oct Nov 2012 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Vector

3 The position vectors of the points 4 and B, relative to an origin O, are 4i — 21j and 22i — 30j
respectively. The point C lies on 4B such that AB = 34C.

(i} Find the position vector of C relative to O. [4]

(ii) Find the unit vector in the direction ocC. 12]

May Jun 2013 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Vector

0 N B

In the diagram OA =2a and OF = 5b. The point M is the midpoint of OA and the point N lies on OB
such that ON:NB = 3:2,

(i) Find an expression for the vector MB in terms of a and b, [2]

The point P lies on AN such that AP = AAN.

(if) Find an expression for the vector AP in terms of A,aandb, [2]

212
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Paper 2 ADDITIONAL MATHEMATICS Vector

(iii} Find an expression for the vector MP interms of A, a and b. [2]

{iv) Given that M, P and B are collinear, find the value of A. | 4]

May Jun 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Vector

3a

b
7

0 b

P

In the diagram OP = b, P_Q- = a and OR = 3a. The lines OQ and PR intersect at X.

(i) Given that OX = uO_Q, eXpress OX in terms of i,aandb, [1]
(i) Given that RX = ARP, express OX interms of 4, 2 and b. 2]
(iii) Hence find the value of g and of A and state the value of the ratio % [3]

Oct Nov 2014 Code 23
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Paper 2 ADDITIONAL MATHEMATICS Vector

6 (a) The four points O, 4, B and C are such that
Od=5a, O0B=15b, OC=24b-3a.

Show that B lies on the line AC. [3]

(b) Relative to an origin O, the position vector of the point Pis i—4j and the position vector of the
point Qis 3i+7j. Find

@ 120l [2]

(ii) the unit vector in the direction P_Q: [1]

(iif) the position vector of A, the mid-point of PQ. [2]
May Jun 2015 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Relative Velocity

1. 0}y, .
1 Inthis question ( 0) is a unit vector due east and (1 ) is a unit vector due north. At 1200 a

16
coastguard, at point O, observes a ship with position vector (1 2) km relative to O. The ship is
moving at a steady speed of 10kmh™' on a bearing of 330°.

=5
(i) Find the value of p such that (p ) kmh™! represents the velocity of the ship. [2]

(ii) Write down, in terms of ¢, the position vector of the ship, relative to O, ¢ hours after 1200.

(2]
(iii) Find the time when the ship is due north of O. [2]
(iv) Find the distance of the ship from O at this time. [2]

QOct Nov 2012 Code 21
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Paper 2 ADDITIONAL MATHEMATICS Relative Velocity

2 Aplane, whose speed in still air is 420kmh™!, travels directly from 4 to B, a distance of
1000km. The bearing of B from 4 is 230° and there is a wind of 80kmh™! from the east.

(i) Find the bearing on which the plane was steered. 4]

(if) Find the time taken for the journey. [4]

Qct Nov 2012 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Relative Velocity

3 Aplane, whose speed in still air is 240kmh!, flies directly from 4 to B, where B is 500km from
A on a bearing of 032°. There is a constant wind of 50kmh~! blowing from the west.

() Find the bearing on which the plane is steered. [4]

(ii) Find, to the nearest minute, the time taken for the flight. [4]

May Jun 2013 Code 21,23
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Paper 2 ADDITIONAL MATHEMATICS - Relative Velocity

|

1.8ms!

LN

70m

The diagram shows a river with parallel banks. The river is 40m wide and is flowing with a
speed of 1.8ms™1. A canoe travels in a straight line from a point P on one bank to a point Q on
the opposite bank 70 m downstream from P. Given that the canoe takes 12s to travel from P to O,
calculate the speed of the canoe in still water and the angle to the bank that the canoe was steered.

(8]

Oct Nov 2013 Code 21,22
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Paper 2 ADDITIONAL MATHEMATICS Relative Velocity

5 Inthis question i is a unit vector due east and j is a unit vector due north.

Attime = 0 boat 4 leaves the origin O and travels with velocity (2i + 4j)kmh™. Also at time t=0
boat B leaves the point with position vector (—21i + 22j)km and travels with velocity
(5i+ 3j) kmh1,

(i) Write down the position vectors of boats 4 and B after ¢ hours. [2]
(i) Show that 4 and B are 25km apart when £=2. 3]
(iii) Find the length of time for which 4 and B are less than 25km apart. [5]
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Paper 2 . ADDITIONAL MATHEMATICS Relative Velocity

6  Ariver, which is 80m wide, flows at 2ms™! between parallel, straight banks. A man wants to row his
boat straight across the river and land on the other bank directly opposite his starting point. He is able
to row his boat in still water at 3ms™. Find

(i) the direction in which he must row his boat, 2]

(ii) the time it takes him to cross the river. [3]

May Jun 2015 Code 22
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Paper 2 ADDITIONAL MATHEMATICS Relative Velocity

5y [—10 6
7  Relative to an origin O, points 4, B and C have position vectors ( 4), ( ) 2) and (_ 1 8) respectively. All

distances are measured in kilometres. A man drives at a constant speed directly from A4 to B in 20 minutes.

(i) Calculate the speed in kmh™! at which the man drives from 4 to B. [3]

He now drives directly from B to C at the same speed.

(i) Find how long it takes him to drive from B to C. (3]

Paper 2- Oct Nov 2015 Code 21,22

222
More Notes and Topical Past Papers at https://IGCSEexamguru.com



Paper 2 ADDITIONAL MATHEMATICS Relative Velocity

8  Aplane that can travel at 250 kmh™ in still air sets off on a bearing of 070°. A wind with speed wkmh™!
from the south blows the plane off course so that the plane actually travels on a bearing of 060°.

Find, in kmh™!, the resultant speed ¥ of the plane and the windspeed w. [5]

Paper 2 - Oct Nov 2015 Code 23
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