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consolidate concepts learnt and to assess their learning after each chapter. A Teacher's Resource, to offer support and advice, is also available. Cambridge IGCSE and 0 Level Additional Mathematics How to use this book Chapter- each chapter begins with a set of learning objectives to explain what you will learn in this chapter. Chapter 2
Simultaneous equations and quadratics This section will show you how to: B solve simultaneous equations in two unknowns by elimination or substitution Bl find the maximum and minimum values of a quadratic function B sketch graphs of quadratic functions and find their range for a given domain B sketch graphs of the function y | = f{:c)t where
ffx) is quadratic and solve associated equations Wl determine the numberof roots of a quadratic equation and the related conditions for a line to intersect, be a tangent or not intersect a given curve W solve quadratic equations for real roots and find the solution set for quadratic inequalities™ Recap - check that you are familiar with the introductory
skills required for the chapter. You should already know how to solve linear inequalities. Two examples are shown below. Solve 2(x - 5) < 9 2*¥ - 10 < 9 2x < 19 expand brackets Solve 5 - 3x ™ 17 add 10 to both sides -3x divide both sides by 2 12 subtract 5 fiom both sides divide both sides by -3 X « -4 X < 9.5 Class Discussion - additional activities to be
done in the classroom for enrichment. CLASS DISCUSSION Solve each of these three pairs ofsimultaneous equations. 8x + =7 Sx+by =-9 Sx + y = 10 2)1 = 15 -6x 2*+ 5 = .3)1 10 -6)= -4x Discuss your answers with your classmates. Discuss what the graphs would be like for each pair of equations. Worked Example - detailed step-by-step approaches
to help students solve problems. Find the value of; 11! ® 5! Answers g 8! 8x7x6x/x"x"x")0 si ~x/x/x/yl =8x7x6 = 336 b ill = HxlOx9xXx/x"x/xy”~>0x"yl 813! /x /x"x.7"x/x/xix/ X 3X 2X 1 990 6 = 165 Note - quick suggestions to remind you about key facts and highlight important points. o logic Note:30 can also be written as Ig 30 or log30.
Challenge-challenge yourself with tougher questions that stretch your skills CHALLENGEQ 6 This design is made from 1 blue circle, 4 orange circles and 16 green circles. The circles touch each other. Given that the radius of each green circle is 1 unit,find the exact radius of a the orange circles, b the blue circle. Summary- at the end of each chapter
to review what you have learnt. Summary One radian (b)is the size of the angle subtended at the centre of a circle, radius r, by an arc of length r. When 9is measured in radians: W the length of arc AB = rO m the area of sector AOB = -AO. 2 Cambridge IGCSE and 0 Level Additional Mathematics Examination questions - exam-style questions for you to
test your knowledge and understanding at the end of each chapter. Examination questions Worked example The function f is such that f(x) = 4x™ + ax + b, where a and b are constants. It is given that 2* - 1 is a factor of f(x) and that when f(*) is divided by x + 2 the remainder is 20. Find the remainder when f(x) is divided by x - 1. [6] Cat?tbridge
IGCSE Addiiumal Mathematics 0606 Paper 11 Q2 Nov 2011 Answer f(x) = 4x'- 8x™ + ax + b If 2x - 1 is a factor, then f j= a + 26 = 3 *d) Remainder = 20 when divided by x + 2, means that f(-2)= 20. 4(-2)" - 8(-2f + a(-2)+ 6 = 20 -32- 32- 2a + A = 20 -2a + b = 84 (2) From (1) a = 3- 26. Substituting in (2), gives; -2(3- 26)+6 = 84 -6 + 46 + 6 = 84 56 =
90 6 = 18 So a = —33,6 = 18. Remainder when f(x) = 4x'- 8x”™ - 33x + 18 is divided by (x - I) is f(I). Remainder = 4(1)' - 8(1)'~ - 33(1)+ 18 = 4-8-33+ 18 = -19 Activity-for you to apply your theoretical knowledge to a practical task. ACTIVITY Use graphing software to confirm that: * y = cos X + 1 is a translation of y = cos x by the vector ™ ¢ y = cos X
+ 2 is a translation of y = cos x by the vector fo) * y = cosx -3 is a translation of y = cosx by the vector ™ and ¢ y = tan x + 1 is a translation of y = tan x by the vector y = tan x - 2 is a translation of y = tan x by the vector fol -9 i H 'HEE HHE Chapter 1 Functions This section will show you how to: understand and use the terms: function, domain,
range (image set), one-one function, inverse function and composition of functions use the notation f(*) = 2x~ -f5, f: x i-> 5x- 3, f~"(x) and " (x) understand the relationship between y = f(x) and y = |f(x)| solve graphically or algebraically equations of the type \ax + b\ = ¢ and \ax + b\ = cx + d explain in words why a given function is a function or why
it does not have an inverse find the inverse of a one-one function and form composite functions use sketch graphs to show the relationship between a function and its inverse. I Cambridge IGCSE and 0 Level Additional Mathematics 1.1 Mappings Input Output 1 2 2 3 34 4 5 is called a mapping diagram. The rule connecting the input and output values
can be written algebraically as: X X + 1. This is read as 'x is mapped to x+ T. x+ 1 The mapping can be represented graphically by plotting values of x + 1 against values of x. The diagram shows that for one input value there isjust one output value. It is called a one-one mapping. The table below shows one-one, many-one and X one-many mappings.
one-many many-one : y/x o X For one input value there isjust one output For two input values there is one output For one input value there are two output value. value. values. Exercise 1.1 Determine whether each of these mappings is one-one, many-one or one-many. 1 X 1-~ X -1-I1 X€ 2 xi-"x™ + 5xelR3 X 1|-> x" x4 X i-> 2*xe R5X 6 x1-°x™ + 1
xeR, x708xe R, XS:01 —XGx>0X127xGR, x>0XGXXXI—> + X Chapter 1: Functions 1.2 Definition of a function A function is a rule that maps each x value to just one y value for a defined set of input values. This means that mappings that are either x -1- 1 where x e IR, is a one-one function. , . ~f:x"™-»x"-1 xelR It can be written as X -I-1 is
read as 'the function fis such that x is mapped to x -I- T) f(x) represents the output values for the function f. So when f(x) = x -t-1, f(2) =2-1-1 = 3. The set of input values for a function is called the domain of the function. The set of output values for a function is called the range (or image set) of the function. WORKED EXAMPLE 1 f(x) =2x-1 x€IR,-
1~x”~3 a Write down the domain of the function f. b Sketch the graph of the function f. ¢ Write dowm the range of the function f. Answers a The domain is —1 ~ x © 3. b The graph of y = 2x — 1 has gradient 2 and a y-intercept of-1. When X = -1, y = 2(-])- 1 = -3 When x = 3,y = 2(3)-1=5 f(x) (3,5) x-2 d X i-> X" 1.4 Modulus functions The modulus of a
number is the magnitude of the number without a sign attached. The modulus of 4 is written 141. |4|= 4and|-4|= 4 It is important to note that the modulus of any number (positive or negative) is always a positive number. The modulus of a number is also called the absolute value. Cambridge IGCSE and 0 Level Additional Mathematics The modulus of
x, written as ] x|, is defined as: * Xif X >01Ix| =< 0ifX=0L-Xif X < 0 CLASS DISCUSSION Ali says that these are all rules for absolute values: 1-Jc +7|=|xl +\"\ Ix;)/|=|x| X \A\ |x| I/T r|"~|/=x" Discuss each of these statements with your classmates and decide if they are: Always true Sometimes true Never true You must justify your decisions. The
statement 1 x| = fe,where k ~ 0, means that x = or x = -k. This property is used to solve equations that involve modulus functions. So, if you are solving equations of the form \ ax + b\ k, you solve the equations ax + b = k and ax + b = -k If you are solving harder equations of the form \ax + b\ = cx + d, you solve the equations ax + b = cx + d and ax +
b =-{cx + d). When solving these more complicated equations you must always check your answers to make sure that they satisfy the original equation. Chapter 1: Functions WORKED EXAMPLE 5 Solve. a |2x +1| =5 b |[4x-3| cdIX - 3| = 2x-10 Answers 14x-31=Xa |2x +1| =52x+1 =-54x-3=X2x=42x=-63x=3X=2X=—3X=12x+1=
5 or CHECK:!12x2+ 1| =5 /and 12x-3 + 1| = .5/4x-3=-X5x=3X=0.6 CHECK: 14X 0,6 - 3| = 0.6/ and |4 X 1-3| = 1/ Solution is: x = -3 or 2. Solutionis: x = 0.6 or 1. ¢ |[x~-10| =6x"-10=60rIX-3|=2x0orX .2x" =16 X=%#4X-3=2x10=-6 or X — 3 = —2x X = -3 x2=4 3x = 3 X=1 X = +£2 CHECK: I(-4f - 10| = 6/, CHECK: 1-3- 3| 2 X -3 and
11-3!'=2X1/|(-2f-10]= 6/,|/(2)"~-10|=6/ X Solution is: X = 1. and|(4f-10|= 6/ Solution is: x = -4, -2, 2 or 4. Exercise 1.4 1 Solve a |3x:-2] = 10X -1 *-57-2x1X4-12x12=4=4i12x-5|=X5Solve 2x-53x4-2=8aX4-3d|3x-5|=x4-232x4-7=142c16-5x1=2=6dgb12x4-9]=5=214-X4-1ex4-|x-5|=8X4-12=3X4-4f9 —11 — x| =
2x Solve aIX-1| =3dIx”~ —5x|=Xgl2x”4-1|=3xb [x"4-]|=10c4-XI=2-Xe [x™-4]|=x4-2 fx™ — 3j =X 4- 3 h |2x"-3x|=4-x1 " 7x 4- 6] = 6 X' 4 Solve each of the following pairs of simultaneous equations a3i = x4-4 j' =|x"~-16| b3i = x 3! =|3x-2x"| C3i=3x)) =|2x"-5| Cambridge IGCSE and 0 Level Additional Mathematics 1.5 Graphs of y
=|f(x)| where f(x)is linear Consider drawing the graph of 3) =|x|. V First draw the graph of 31 = %. II 0 X/ You then reflect in the x-axis the part of the line that is below the x-axis. X I WORKED EXAMPLE 6 Sketch the graph of 3; = graph meets the axes. -x-1 2 ,showing the coordinates of the points where the Answers y First sketch the graph of V ~ ~
The line has gradient — and a 31-intercept of -1. ~ O H H BV-'iSv' ' You then reflect in the x-axis the part of the line that is below the x-axis. Xy > ,.---'2 X Chapter 1: Functions y= 2x + 1 In Worked example 5 you saw that there were two answers, x = —3 or x = 2, to the equation|2x + 1| — 5. These can also be found graphically by finding the x-
coordinates of the points of intersection of the graphs of y =|2x + 11 and y = 5 as shown. y=5 In the same worked example you also saw that there was only one answer, x = 1, to the equation|x - 31 = 2x. ~U-31 This can also be found graphically by finding the x-coordinates of the points of intersection of the graphs of y =|x — 3| and y = 2x as shown.
Exercise 1.5 1 Sketch the graphs of each of the following functions showing the coordinates of the points where the graph meets the axes.ay =[x+ 1| e y=—X+32 . by=I12x-3|cy=15xley=110-2xI-fy 6 1 X 3 2 a Complete the table of values fory =]1x-21 + 3; X-2y-I06"'1 2 34 4 b Draw the graph of y =|x — 2|+ 3 for -2 ™ x ™ 4. Draw the
graphs of each of the following functions, ay =|x|+1dy = Ix-3|+ 1. by =|x|-3 c y = 2-Ix| e y =|2x + 6|-3 Given that each of these functions is defined for the domain -3 « find the range of a f:xi-»5-2x b g:xh-»15-2x1 ¢ h;xt-"5-12x|, 4, Cambridge IGCSE and 0 Level Additional Mathematics 5 f: X i-> 3- 2x for g:xi->(3-2x| for h : X'i-» 3-1 2x I for-1x4 -1 =€ x
4 Find the range of each function. 6 a Sketch the graph of 3; =|2x + 41 for -6 < x < 2, showing the coordinates of the points where the graph meets the axes, b On the same diagram, sketch the graph of 31 = x + 5. ¢ Solve the equation|2x + 41 = x + 5. 7 A function f is defined by f(x) =|2x - 6|- 3, for -1 ©~ x ~ 8. a Sketch the graph of31 = f(x). b State
the range off. ¢ Solve the equation f(x) = 2. 8 a Sketch the graph of 3; = 13x - 41 for - 2 < x < 5, showing the coordinates of the points where the graph meets the axes, b On the same diagram, sketch the graph of 3; = 2x. C Solve the equation 2x = 13x - 41. I CHALLENGEQ 9 a Sketch the graph of f(x)=|x + 2 +1 x - 21. b Use your graph to solve the
equation|x+2|+|x-2|= 6. 1.6 Inverse functions The inverse of a function f(x) is the function that undoes what f(x) has done. The inverse of the function f(x) is written as f~Hx). The domain of f~"(x) is the range of f(x). The range off~"(x) is the domain off(x). It is important to remember that not every function f-Hx) has an inverse. An inverse function f-
~(x) can exist if, and only if, the function f(x) is a one-one mapping. You should already know how to find the inverse function ofsome simple one-one mappings. The steps to find the inverse of the function f(x) = 5x - 2 are: Step 1: Write the function as 31 = > y = 5x - 2 Step 2: Interchange the x and y variables. - B*- X = 5y - 2 Step 3: Rearrange to
make y the subject. »y= f-"x) X + 2 X + 2 Chapter !: Functions CLASS DISCUSSION Discuss the function f(x)= for xe R. Does the function f have an inverse? Explain your answer. How could you change the domain off so that f(x) = does have an inverse? WORKED EXAMPLE 7 f(x)= Vx + 1 — 5 for X -1 a Find an expression for f~'(x). b Solve the
equation f~'(x) = f(35). Answers a f(x) = -v/x + 1 — 5 for X ~-1 Step 1: Write the function as 31 = Step 2: Interchange the x and y variables. y =yjx +1-5X =yjy +1- 5 X + 5 = *Jy +I Step 3; Rearrange to make y the subject. (x + 5)2 =3+ 13 =(x+5)2 -1 f-'xX)=(x +5)2-1 b f(35)= >/35Tr-5 =1 (x+ 5)2-1 =1 (x+5)2=2X+5=%£"]2X =—-5+V2
»: = -5 4+ \/2 or X = —5 — y/2 The range off is f(x) © -5 so the domain off~' is x & -5. Hence the only solution of f~"(x) = f(35) is x = -5 + >/2. Exercise 1.6 1 f(x)=(x + 5)” - 7 for X 5= -5. Find an expression for f~'(x). 0 2 f(x)=y. ~2, ™~ ~ 0- Find an expression for f~"(x). 3 f(x)=(2x - 3) +1 for x ©~ 1—.Find an expression for f~"(x). 4 f(x) = 8- Vv - 3 for x
~ 3. Find an expression for f~"(x). Cambridge IGCSE and 0 Level Additional Mathematics 5 f:xh->5x-3forx>0 for x # 2 2- X Express and in terms of x. 6 f : X -> (x + 2)” - 5 for X > -2 a Find an expression for f~"(x). b Solve the equation f ~(x) = 3. 7 f(x) = (x - 4)”™ + 5 for x > 4 a Find an expression for f~"(x). ,, 8 g(x) = 2x + 3 b Solve the equation f
~(x) = £(0) - for X > 1 X —1 a Find an expression for g~~"(x). b Solve the equation g (x) = 5. 9 f(x)= ™+ 2 for xelR g(x)= x” - 2x for xeR a Findf"H" «)- © Solve fg(x) = f"H»:)- 10 f(x) = x™ + 2 for xelR g(x) = 2x + 3 for xe K Solve the equation gf(x) = g~"(17). 2x + 8 g : Xi-> -—for X > -5for X ~ 2 11 f: X i-> X -2 Solve the equation f(x) = g~"(x). 12
f(x) = 3x - 24 for x 5= 0. Write down the range off ©~ 13f:xi-"x + 6 forx>0 Express x 14 f: X g;xi-">/x forx>0 x”™ -6 in terms off and g. 3- 2x for 0 < X ©~ 5 g:xi->13-2x] for0"~x=s5 h:xi-»3-|2x| for0~x=s5 State which of the functions f, g and h has an inverse. 15 f(x) = x™ + 2 for X ©~ 0 g(x) = 5x - 4 for x ©~ 0 a Write down the domain off~~ b Write down
the range of g ~ 16 The functions f and g are defined,for x e IR, by f:X Sx - k, where A is a positive constant 5x-14 where x ¢g;X -1. X +1 a Find expressions for f~" and g"~ b Find the value of k for which f*'(5) = 6. ¢ Simplify g"~g('c)- Chapter 1: Functions 17 f : X h-» for xgR ¢:xi-"x-8 for x g IR Express each of the following as a composite function,
using only f, g,f~" and/org"™; a X © (x- 8)3 b xi-"x~+8 ¢ xh-»x3—8 1 d X i-> (x + 8)3 1.7 The graph of a function and its inverse In Worked example 1 you considered the function f(x) = 2x- 1 xg R, —1 ~ X ~ 3. The domain off was -1 ™ x < 3 and the range off was -3 ~ f(x) ~ 5. X+1 The inverse function is f - The domain off Ms -3 ~ x ©~ 5 and the
range off-1Ms -1 f'(x) ©~ 3. Drawing f and f © on the same graph gives; (3,5); b=; (-1,-3) Q The graphs offand "~ are reflections of each other in the line y= X. Note; This is true for all one-one functions and their inverse functions. This is because; ff"~(x) = x = {~~f(x). Some functions are called self-inverse functions because f and its inverse f © are the
same. If f(x) = — for X 5!: 0, then f~'(") = ~ for x # 0. X X So f(x) = — for X * 0 is an example of a self-inverse function. X When a function f is self-inverse, the graph off will be symmetrical about the line y = X. Cambridge IGCSE and 0 Level Additional Mathematics WORKED EXAMPLE 8 f(x) = (x - 2)™, 2 X © 5. On the same axes, sketch the graphs of
31 = f(x) and 3 = f'(x), showing clearly the points where the curves meet the coordinate axes. Answers - This part of the expression is a square so it will always y~Ux-tf be > 0. The smallest value it can be is 0. This occurs when X = 2. i When X =5,jy=9.'T10-1)y"10-1:1ii1 } R1-8-////9 Reflectfiny=1h1-6 m2filhl'ij/—r'al/!,-!-/
1\/hi-iil..L.i4y01j\I—\5181/'qJl|lo!12!i!1510” CLASS DISCUSSION Sundeep says that the diagram shows the graph of y CL y™~"f (X) the function f(x:) = x" for x> 0, together with its inverse f function y=f~"(x). Is Sundeep correct? Explain your answer. v= " r'(x) ...1 04 . 5 ©~ Chapter 1: Functions Exercise 1.7 1 On a copy of the
grid, draw the graph ft B o of the inverse of the function f. 4 f0 Afi (> 01 f1 X (Q 4 -fi- y 2 On a copy of the grid, draw the graph (j of the inverse of the functiong.4gOhC)o > fl © -4 -fi- f(x) = + 3, X © 0. On the same axes, sketch the graphs of y = f(x) and y = f~'(x), showing the coordinates of any points where the curves meet the coordinate
axes. g(x)= 2* for X € K On the same axes, sketch the graphs of y = g(x) and y = g"”(x), showing the coordinates of any points where the curves meet the coordinate axes. g(x)= x~ — 1 for X ~ 0. Sketch, on a single diagram, the graphs of y = g(x) and y = g~\x), showing the coordinates of any points where the curves meet the coordinate axes. f(x) =
4x - 2 for -1 ~ X ~ 3. Sketch, on a single diagram, the graphs of y = f(x) and y = f~Hx), showing the coordinates of any points where the lines meet the coordinate axes. The function f is defined by f: x i-» 3-(x + 1)” for x ©~ -1. a Explain why f has an inverse, b Find an expression for f~' in terms of x. C On the same axes, sketch the graphs of y = f(x)
and y = f~"(x), showing the coordinates of any points where the curves meet the coordinate axes. Cambridge IGCSE and 0 Level Additional Mathematics CHALLENGEQ 8 2% + 7 — for X ™ z X—2 a Find in terms of x. I : X i-> b Explain what this implies about the symmetry of the graph of y = f(x). Summary I Functions A function is a rule that maps
each x-value tojust one y-value for a defined set of input values. Mappings that are either J I many-one are called functions. The set of input values for a function is called the domain of the function. The set of output values for a function is called the range (or image set) of the function. Modulus function The modulus of x, written as| x|, is defined as: X
ifx>0 0 if X = 0 -X if X < 0 Composite functions fg(x) means the function g acts on x first, then f acts on the result, £~ (x) means ff(x). Inverse functions The inverse of a function f(x) is the function that undoes what f(x) has done. The inverse of the function f(x) is written as "~ (x). The domain off~"(x) is the range off(x). The range off"x) is the domain
of f(x). An inverse function f~'(x) can exist if, and only if, the function f(x) is a one-one mapping. The graphs off and f~~ are reflections of each other in the line y = x. Examination questions Worked example The functions f and g are defined by 9V f(x) = for X > 0, X +1 g(x) = Vx + 1 for X > -1. a Find fg(8). [2] b Find an expression for f (x), giving your
answer in the form ax where a, b and c are ix + c integers to be found. " C Find an expression for g~'(x), stating its domain and range. [3] [4] Cambridge IGCSE Additional Mathematics 0606 Paper 21 Q12i,ii,iii fun 2014 Answers a g(8) = =3 2x fg(8) = f(3) substitute 3 forxin c +1 2(3) 3+ 1 = 1.5 b f°C"v) = ff(x) 2x =f 2x substitute X +1 2x for x in X
+1 X +12xX +1 2x +1 X +1 simplify 4x X+1 3x +1 multiply numerator and denominator by x + 1 X +14x 3x +1 a =4, & = 3 and ¢ = 1 Cambridge IGCSE and 0 Level Additional Mathematics g(x:) = yjx + 1 for X > -1 Step 1: Write the function as }) = y = y/x + 1 Step 2: Interchange the x and y variables. X = yjy + I Step 3: Rearrange to make y the
subject. X" =) + 1y =x'" B 1 g The range of g is g(x) > 0 so the domain of g Ms x > 0. The domain of g is x > -1 so the range of g~'is x > -1. Exercise 1.8 Exam Exercise 1 Solve the equation 14x - 5[ = 21. [3] Cambridge IGCSE Additional Mathematics 0606 Paper 21 QI Nov 2011 a Sketch the graph of = 13 + 5x|, showing the coordinates of the
points where your graph meets the coordinate axes. [2] b Solve the equation 13 + 5x|= 2. [2] Cambridge IGCSE Additional Mathematics 0606 Paper 11 Qli,ii Nov 2012 a Sketch the graph of y = 12x - 51, showing the coordinates of the points where the graph [2] meets the coordinate axes. y 0 X b Solve 12x - 51 = 3. [2] Cambridge IGCSE Additional
Mathematics 0606 Paper 11 Qli,iiJun 2012 4 A function fis such that f(x) = 3x~ - 1 for -10 ~ x 8. a Find the range of f. [3] b Write down a suitable domain for ffor which f~'exists. [1] Cambridge IGCSE Additional Mathematics 0606 Paper 11 Q12ai,ii Nov 2013 Chapter 1: Functions 5 The functions f and g are defined for real values of x by f(x)= ylx- \ - 3
for X > 1, g(x)= x-2 for X >2. 2x — 3 a Findgf(37). [2] b Find an expression for f''(x). C Find an expression for g"'(x). [2] [2] Cambridge IGCSE Additional Mathematics 0606 Paper 21 Q4 Noxi 2014 6 A function g is such that g(»;) = 1 for 1 X ©~ 3. 2x - 1 a Find the range of g. [1] b Findg"'"~(x). C Write down the domain of g"~")d Solve g™ (x) = 3. [2] [1]
[3] Cambridge IGCSE Additional Mathematics 0606 Paper II Q9i-iv Nov 2012 7 a The functions f and g are defined, forx e R, by f: X H-> 2x + 3 g:X x'-~ - 1. Find fg(4). [2] b The functions h and k are defined, for x > 0, by h : X i-> X + 4 k : X h-> yfx. Express each of the following in terms of hand k. ii X Vx + 4 [1] X X +8 [1] X x™ - 4 [2] Cambridge
IGCSE Additional Mathematics 0606 Paper 21 Q5a,bi,ii,iii Nov 2011 8 The function f is defined by f(x) = 2- \IxA-b for -5 ©~ x < 0. i Write down the range of f. ii Find f~n") and state its domain and range. [2] [4] 4 The function g is defined by g(x) = — for -5 ~ x < -1. iii Solve fg(x) = 0. [3] Camimdge IGCSE Additional Mathematics 0606 Paper 11 Q6Jun
2016 Cambridge IGCSE and 0 Level Additional Mathematics 9 a The function f is such that f(x) = 2x” - 8x + 5. i Show that f(x) = 2{x + a)™ + b, where a and b are to be found. [2] ii Hence, or otherwise, write down a suitable domain for f so that "~ exists, [1] b The functions g and h are defined respectively by g(x) =iii + 4, X ~ 0, h(x) =4x-25,X "~
0, Write down the range of g and of h"”~ On a copy of the axes below sketch the graphs of y = g(x) and of y = g~"(x), showing [2] the coordinates of any points where the curves meet the coordinate axes. [3] }' 1 D O iii Find the value of xfor which gh(x) = 85. [4] Cambridge IGCSE Additional Mathematics 0606 Paper II Q1 lai,ii,bi,ii,iiiJun 2011 10 i On
the axes below, sketch the graphs of y = 2-xand y = 13 + 2x|. [4] y 9- 6 ii Solve 13 + 2x|=2 W O 6 ~ [3] Cambridge IGCSE Additional Mathematics 0606 Paper 12 Q4 Mar 2016 Chapter 2 Simultaneous equations and quadratics This section will show you how to: m solve simultaneous equations in two unknowns by elimination or substitution W find
the maximum and minimum values of a quadratic function m sketch graphs of quadratic functions and find their range for a given domain W sketch graphs of the function y ==|f(jc)| where f(x) is quadratic and solve associated equations B determine the number of roots of a quadratic equation and the related conditions for a line to intersect, be a
tangent or not intersect a given curve W solve quadratic equations for real roots and find the solution set for quadratic inequalities. Cambridge IGCSE and 0 Level Additional Mathematics RECAP(simultaneous equations) You shouki alieady know how lo use a graphical method or an algebraic method to soh'e simultaneous equations where both
equations are linear. To solve siniultaneous linear equations algebraically you should know both the elimination method and the substitution method. Substitution method Elimination method Solve 5x + 2y = 25 2x-y =1-(1) Solve -(2) 5*:4+ 2y = 25 2*- y = 1 Make y the subject of equation (2). Multiply (2) by 2. 5x + 2y = 25 4*- 2y =2y = 2ac — 1
Substitute for y in equation (1). 5x + 2(2x-1)= 25 Add the equations to eliminate y. 9x - 2 = 25 9x = 27 9x = 27 *= 3 X =3 Substitute for *in equation (2). 6- y = 1 y =5 Substitute for a:in equation (2). 6- y = 1 y=5 Solution is X = 3, y = 5. Solution is * = 3, y = 5. CLASS DISCUSSION Solve each of these three pairs of simultaneous equations. Sx + 3y = 7
3x + 5y =-9 Sx + y = 10 2x + 5 = 3y 2y = 15- 6a; 10-6y = -4a: Discuss your answers with your classmates. Discuss what the graphs would be like for each pair of equations. -(1) "(2) Chapter 2: Simultaneous equations and quadratics « RECAP(quadratic equations) You should already know how to use a graphical method or an algebraic method to solve
quadratic equations. To solve quadratic equadons algebraically you should know the factorisation metlK)d, the quadratic formula method and the completing the square method. Factorisation method Solve Quadratic formula method - 4x - 12 = 0. Solve Factorise: - 4x -12 = 0. Identify a, b and ¢ (5C- 6)(x + 2)=0a =\b = —4 and ¢ = -12. Use the
formula: x-6 = 0 or *: + 2= 0 Solution is -b+*4b”™ x = 6 or * = -2. * 4ac X = 2a Substitute for a, b and c. 4 * V(-4f -4 X1 X(-12) Completing the square method Solve 2x1 x™ -4x-12 = 0. Complete the square. 4+ (*:-2f-4-12= 0 (*-2)™ = 16 2 4 £8 X = Square root both sides. 2 X-2 = ¥4 448X =x — 2 =4 or *:-2 = —4 Solutionis X =6 or X =-2.4-8 or X =
2 2 Solution is x = 6 or x = -2. CLASS DISCUSSION Solve each of these quadratic equations. -8x+ 15 =0 x™ + 2x+4=0 + 4x + 4=0 Discuss your answeis with your classmates. Discuss what the graphs would be like for each of the functions y = - 8x+15,y ™ + 4x+4 and y = + 2x + 4. 2.1 Simultaneous equations(one linear and one non-linear) x+1 In
this section you will learn how to solve simultaneous equations where one equation is linear and the second equation is not linear. The diagram shows the graphs of y = x +1 (-2,-1) and y = x” - 5. The coordinates of the points ofintersection of the two graphs are (-2,-1) and (3, 4). y = x~ + 5 Cambridge IGCSE and 0 Level Additional Mathematics We
say that x = —2, y = —1 and x = 3, y = 4 are the solutions of the simultaneous equationsy = x +1 and y = x~ - 5. X Oh t or The solutions can also be found algebraically: II 00y = X +1 (1) y = x™ - 5 (2) Substitute for y from (1) into (2): x + 1 = x”-5 rearrange - X -6 = 0 factorise (x + 2)(x-3)= 0 X = -2 or X = 3 Substituting x =-2 into (1) givesy =-2 + 1
= -1. Substituting x = 3 into (1) gives y = 3+ 1 = 4. The solutions are: x = -2,y = -1 and x = 3, y = 4. WORKED EXAMPLE 1 J Solve the simultaneous equations. 2x + 2y = 7 Answers 2x + 2y = 7 ~(1) — 4y”™ = 8 From , X = 7-"2y j Substitute for x in expand brackets 49 28y + 4y~ 4/- 8 ! mulliph liolh sides by4 4 1 49- 28y + 4y”™ -16y”~ = 32 rearrange'
faciorise 12y2 + 28y -17 = 0 (63> + 17)(23i-1)=01v = —2 —ory = — 1 5 Substituting y = -2 — into 1. Substituting 7 ~ g gives X = D —. gives X = 3. 5 The solutions are: x =6 — 1 '~ ~ 6 ~""* = ~'7=2"' 3 Chapter 2: Simultaneous equations and quadratics Exercise 2.1 Solve the following simultaneous equations. 1 y=9y =X —62 3x~ —xy = 0 3y
=4x-567X+2y=7y=2x102x+y=7y=2x+2811x"+y " =10Xy=22x2 372 xy=6x2+3xy=10X4+y=194x2+y2=25y=X+65y=X—1xy=2X+y=312y2=4x2x+y=411X+y=41413y=3x163+X+xy=0xy=1218 x-)(y+2)=152x+ 5y =8X-2y4y2-3x2 jx2+y2=102x2+ 3" =117 1511 19 Calculate the
coordinates of the points where the line y — 1 — 2x cuts the CM 1 curve = 2. M( 20 The sum of two numbers x and )) is 11. The product of the two numbers is 21.25. a Write down two equations in OC x and y. 00 II IT b Solve your equations to find the possible values of x and y. + + 21 The sum of the areasC”lof two squares is 818cm”. M( The sum of
the perimeters is 160cm. Find the lengths of the sides of the squares. 22 The line y = 2-2x cuts the curve - y™ = 5 at the points A and B. o Find the length of the line AB. II 23 Theoeline 2x + 5y = 1 meets the curve x™ + 5xy - 4y™ +10 = 0 at the + points A and B. Find the coordinates of the midpoint of AB. 24 The line y = x - 10 intersects the curve x™
+ + 4x + 6y - 40 = 0 at the points A and B. Find the length of the line AB. 25 The straight line y = 2x - 2 intersects the curve x™ - y = 5 at the points A and B. Given that A lies below the x-axis and the point P lies on AB such that AP:PB=3: I, find the coordinates of P. 26 The line x - 2y = 2 intersects the curve x + y~ = 10 at two points A and B. Find the
equation of the perpendicular bisector of the line Ai5. Cambridge IGCSE and 0 Level Additional Mathematics 2.2 Naximum and minimum values of a quadratic function The general equation of a quadratic function is f( x) = ax™ + bx + ¢ ,where «, b and c are constants and ai”~Q. The graph of the function y = asc + bx + c is, called a parabola. The
orientation of the parabola depends on the ™ rr* « r 2 value of a, the coefficient of xl rrr If a > 0, the curve has a minimum point which occurs at the lowest point of the curve. If « < 0, the curve has a maximum point which , occurs at the highest point of the curve. The maximum and minimum points can also be called turning points or stationary
points. Every parabola has a line of symmetry that passes through the maximum or minimum point. WORKED EXAMPLE 2 f(x)= x"-3x-4 xe IR Find the axis crossing points for the graph of y - f(x). Sketch the graph of y = f(x) and use the symmetry of the curve to find the coordinates of the minimum point. State the range of the function f(x). Answers a
y =x"-3x-4 When X =0,y =-4. Wheny =0, X? - 3x-4 =0 (x+ 1)(x- 4)= 0 X = -I or X =4 Axes crossing points are: (0,-4),(-1,0) and (4,0). b The line of symmetry cuts the x-axis midway between -I and 4. ] X = 1.5 y= x” -3x-4 So the line of symmetry is x = 1.5 When X = 1.5, y = (1.5)2- 3(1.5)- 4. y =-6.25. Minimum point = (1.5, -6.25). -1\ 0 -T ¢ The range
is f(x) ™ -6.25. k X Chapter 2: Simultaneous equations and quadratics Completing the square If you expand the expressions (x + d)”™ and (x - df you obtain the results: (x + d)”™ = x~ + 2 0. The smallest value it can be is 0. This occurs when x = I. The minimum value of the expression is 2x0 + 3 = 3 and this minimum occurs when x = 1. So the function
y = 2x- - 4x + 5 will have a minimum point at the point (1,3). When X = 0, y = 5. The graph of y - 2x- - 4x + 5 can now be sketched: y = 2x” - 4x + 5 The line of symmetry is x = 1. The range is y ™ 3. The general rule is: For a quadratic function f(x) = ax”™ + bx+ c that is written in the form f(x) = a(x- h)™ + k, I if a > 0, the minimum point is {h, k) " ifa
< 0, the maximum point is {h, k). Chapter 2: Simultaneous equations and quadratics WORKED EXAMPLE 4 f(x)= 2 + 8x — 2x” x: e R a Find the value of a, the value of 6 and the value of cfor which [(x)= a - 1>(x + cf. b Write down the coordinates of the maximum point on the curve y = f(*). ¢ Sketch the graph of 31 = f(x), showing the coordinates of
the points where the graph intersects the xand 31-axes. d State the range of the function f(x). Answersa 2 + 8x-2x™ =a-b{x+¢)™ 2 4+ 8x-2x" =a-6(x"™ + 2cx + ) 2+ 8x - 2x™ = a — bx”™ - 2bcx - bc™ Comparing coefficients of x”, coefficients of x and the constant gives: -2 = -b (1) 8 = -2bc (2) 2 = a-bc”™ (3) Substituting 6 = 2 in equation (2) gives
¢ = —2. Substituting b = 2 and ¢ = -2 in equation (3) gives a = 10. So a = 10,6 = 2 and ¢ = -2. v = 10-2(x-2) This part of the expression is a square so it will always be ~ 0. The smallest value it can be is 0. This occurs ~ " ¢hen X = 2. The maximum value of the expression isl0-2x0=10 and this maximum occurs when X = 2. So the function y = 2+ 8x -
2x” will have maximum point at the point (2, 10). cy 2+ 8x - 2x™ When X =0,y = 2. Wheny =0, y=2 + 8x- 2x' 10- 2(x-2)" =02(x-2)" =10 (x-2)" =5X-2=4V5X =2+ yfbX =2 —y/50or X = 2+ Vs (x =-0.236 or X = 4.24 to 3 sf). Axes crossing points are: (0, 2),(2- y/E, O) and (2+ y/E, o). d The range is f(x) 10. 2 + yj5 Cambridge IGCSE and 0
Level Additional Mathematics Exercise 2.2 1 Use the symmetry of each quadratic function to find the maximum or minimum points. Sketch each graph,showing all axis crossing points, ay=-bx-& dy=x"+3x-28by=-x20cy =x"+4x-21 ey=+4x + 1 fy = 15 + 2x - 2 Express each of the following in the form {x —m)”~ + n.ax™ — 8xb x™ —
I0xcx™ —b5xdx™ —3xex™ +4xfx™ + 7xgx™ + 9x h x~ + 3x 3 Express each of the following in the form (x - m)”~ + n.ax™ —8x+ 15bx™ —10x —5cx™ -fix +2dx” —3x+4ex™ +fix +5fx™ + fix + 9gx”™ +4x-17 hx™ + 5x + fi 4 Express each of the following in the form a(x-p)™ + q. a2x2 +3be2x2 +4j;G+1f2x2-12x+ 1 ~ 3x2
_i2x+52x2 7 g2x2 3775 3d2x2-3x+ 23j(.2_ ~ 05 Express each of the following in the form m-{x- nf. a fix — x2 b 10x — x2 ¢ 3x — x2 d 8x — x2 d 7 + 3x - x2 6 Express each of the following in the form a-{x + b)\2. a 5- 2x - x2 b 8- 4x - x2 ¢ 10 - 5x - x2 7 Express each of the following in the form a - pi~x + a 9- fix - 2x2y 4j(; 2x2 ~ 7 gx -
2x2 .2 + 5x - 3x2 8 a Express 4x2 + 2x + 5 in the form a{x + b) + c, where a, b and c are constants. b Does the function y = 4x2 ~ 2x + 5 meet the x-axis? Explain your answer. 9 f(x)= 2x2 - 8x + 1 a Express 2x2 4.y form a(x + b”™ + ¢, where a and b are integers. b Find the coordinates of the stationary point on the graph of y = f(x). 10 f(x)=x2 - X -
5 for x6 R a Find the smallest value off(x) and the corresponding value of x. b Hence write down a suitable domain for f(x) in order that f~H") exists. 11 f(x)= 5 - 7x - 2x2 y-Qj. g (R a Write f(x) in the form p-2{x- q”, where p and q are constants to be found. b Write down the range of the function f(x). Chapter 2: Simultaneous equations and quadratics
12 f(x:) = 14 + 6jc - for xG IR a Express 14 + 6x - 2x” in the form a + b{x + ¢)”, where a, b and c are constants. b Write down the coordinates of the stationary point on the graph ofy = f(x). ¢ Sketch the graph of y = f(x). 13 f(x) =7 + 5x-for 0 ~ X ™ 7 a Express 7 + 5x - x” in the form a -(x + , where a, and b are constants. b Find the coordinates of
the turning point of the function f(x), stating whether it is a maximum or minimum point. ¢ Find the range off. d State, giving a reason, whether or not f has an inverse. 14 The function f is such that f(x) = 2x”™ -8x + 3. a Write f(x) in the form 2(x + of + b, where a, and "are constants to be found. b Write down a suitable domain for f so that f exists. 15
f(x)= 4x™ + 6x -8 where x ™ m Find the smallest value of m for which f has an inverse. 16 f(x)= 1 + 4x - x” for X ™ 2 a Express 1 + 4x - x” in the form a-{x-\-bf, where a and b are constants to be found. b Find the coordinates of the turning point of the function f(x), stating whether it is a maximum or minimum point. ¢ Explain why f(x) has an inverse
and find an expression for f~'(x) in terms of x. Cambridge IGCSE and 0 Level Additional Mathematics 2.3 Graphs of y =|fM|where f(x) is quadratic To sketch the graph of the modulus function y =|ax”™ + bx + c\, you must: ° first sketch the graph of y = ax"”™ + bx + c ¢ reflect in the x-axis the part of the curve y - ax™ + bx + c that is below the x-axis.
WORKED EXAMPLE 5 Sketch the graph ofy =|x"-2x-3| Answers First sketch the graph of y = x" - 2x -3. When X = 0, y = -3. OG 1 So the y-intercept is -3. Wheny = 0, CM tT(x" -2x-3 =011l (x + 1)(x-3)= 0 X = -1 or X = 3. So the x-intercepts are -1 and 3. The x-coordinate of the minimum point = -1+ 3 =1. The y-coordinate of the minimum point =
1)~-2(1)-3 = -4. The minimum point is (1,-4). \ ~ -i\o -3 (1.-4) Now reflect in the x-axis the part of the curve y = x™ - 2x - 3 that is below the x-axis. (1,4) \ y= \x"--2x- 3| /\ © -1\ O / 3 Chapter 2: Simultaneous equations and quadratics A sketch of the function )> =|«:™ 4+ 4x - 12| is shown below. 7\ (-2,16) \/ /Y -6 O Now consider using this graph to find
the number of solutions of the equation I + 4x - I2] = A where 0. y = \x"™ + 4:x- 12\ J = 20 IX™ + 4x- 121 = 20 has 2 solutions (-2,16) > 0. Answers 1 Sketch the graph of 31 =x~-3x — 4. When 3 =0,x" —3x-4=0\"/"1/+ H\Il x + 1)(x-4)=0X = -1 or X = 4. -i\o X So the x-axis crossing points are -1 and 4. For x™ — 3x - 4 > 0 you need to find
the range of values of x for which the curve is positive (above the x-axis). The solution is x < -1 and x > 4. Solve 2x2 15 Answers y y= 2x” + X- 15 Rearranging: 2x2 ~j(. i5~q Sketch the graph of 3 = 2x2 ~ 15\ /4+ When 3 =0, 2x2 -1-X - 15 = 0 (2x-5)(x + 3)= 0 -3\ X = 2.5 or X = -3. So the x-axis crossing points are -3 and 2.5. 0 /2.5 \ For 2x2 ~ 15
~ Q yQy need to find the range of values of x for which the curve is either zero or negative (below the x-axis). The solution is -3 ™ x © 2.5. Exercise 2.4 1 Solve.a (x + 3)(x-4)>0b dx(x —5) < 0 x-5)x-D"0c x-3)x+ 7)"0e 2x+ DN(x-4) <0 fB-x)x+1D"0g (2x + 3)(x-5) < 0h {x-bf*Qi(x-3)" 0Solve.ax""™ +5x-14<0dx2+2x-48>0bx™ +X
-6 7 0cx2-9x+2070e2x2-X-15"0f5x2 ™ 4.4 > Q X Chapter 2: Simultaneous equations and quadratics 3 Solve.a 12x <x2 +35<18-3x¢cx(3-2x)"1e(x+3)(1-x) <X-145x" +4x < 3(x + 2) (4x + 3)(3x — 1) < 2x(x + 3) Find the set of values of x for whichax™ -llx + 24 <0and2x + 3 <13bx"-4x "~ 12and4x-3>1cx(2x-1) <1
and 7-2x <6dx2-3x-10<0and x”™ -10x + 21 < 0ex™+x-2>0and x™ -2x-3 7 0.Solve.al x™ +2x-2|<13b1x"-8x+ 61 <6 C CHALLENGE Q 6 Find the range of values of x for which < 0. 3x”™ - 2x -8 2.5 Roots of quadratic equations The answers to an equation are called the roots of the equation. Consider solving the following three
quadratic equations using the -b = yjb'™ — 4ac formulax =2ax™ +2x-8=0_-2*x~+6x+9=0-4X1X(-8)-6 £ X--2+-v/36 X = 2 or X = -4 2 distinct roots 2x1 -2+*>/0 X =2 -2 £ V22-4X1 X6 X =2x12x1 X=x"+2x+6=0-4X1X9-2+V-20X=22X=-1orX = -1 no solution 2 equal roots The part of the quadratic formula underneath
the square root sign is called the discriminant. discriminant = b~ — 4ac 0 roots Cambridge IGCSE and 0 Level Additional Mathematics The sign (positive, zero or negative) of the discriminant tells you how many roots there are for a particular quadratic equation. 6™ -4ac Nature of roots >0 2 real distinct roots =0 2 real equal roots 0, the minimum
point is {h, k) ii if a < 0, the maximum point is {h, k). Chapter 2: Simultaneous equations and quadratics Quadratic equation {ax”™+ bx+c=0)and corresponding curve(y =ax”™+ bx+c) Nature of roots of Shape of curve y - ax™ + + c ax™ + bx + c- 0 X >0 or 2 real distinct roots The curve cuts the x-axis at 2 distinct points. or = 0 2 real equal roots The
curse touches the x-axis at 1 point. or 0 2 real distinct roots 2 distinct points of intersection = 0 2 real equal roots 1 point of intersection (line is a tangent) y -1=0. b Use your answer to part a to solve the equation 4(2*)™ + 3(2*) -1=0. Answers a 43™ + 3y - 1 = 0 factorise (43-1) (3+1) =043-1 =0or3+1 =01o0or3 =—11 3 =— b 4(2%¥)"™ + 3(2*%)-1 =0
2" =i-or2* =-14 2 comparing with 4y + 3y — 1 = 0 gives y = 2* replace — with 2"" ' 4 2% = 2"~ or 2* =-1 X 2 Solving 2=2, gives x = - 2. There is no solution to 2* =: -1, since 2* > 0 for all real values of x. The solution is x = -2. Cambridge IGCSE and 0 Level Additional Mathematics Exercise 3.2 1 Solve each of the following equations, a 52>: = 57x-i
b 47*+1=43"-2 ,9x+5 d =3 2 Solve each of the following equations. a 2"~" =322n+1d3g5=27n+1 c2""" =128b47"-256in-1 3n+2e2'f2~4h57"-16 =11 128 125 3 Solve each of the following equations. 4.3 37*-1 = 27*a 2*¥ = 4- 3x+4 d 3*=9*"" e 4 ¢ 53"-7 = 252" 04x+12 =87 5-3x 1 h4 252" +1 = 1253""+21i ,x+ 1 j bx"
+ 3 =252" 12" *"'~~.8% =0 k 3*'"~ = 27' 1 H 4 Solve each of the following equations. 00 a 2"*x4*"~'=64 b 27°*"""~ x 8*'~ = 128 ¢ (27™"*)(4"*"~")= 8 d 3*"'x9"~-*= — 27 5 Solve each of the following equations. ~Sx 272x ,2x+ 1 4* b 2?- X gO-X gx+3 ix+ 4 8~ 64 272x d 4I* 32*+1 36-x- 9X+3 6 Solve each of the following equations. a 3"*x2* = — b
27* X 5% = 8000 ¢ 527x4* = 18 1 1000 7 Solve each of the following pairs of simultaneous equations. a 4* 4-21" = 16 b 27* = 9(37) 32*x9> = 27 ¢ 125* 4-51'= 25 2*4-81'= 1 8 a Solve the equation - 7y- 4 = 0. b Use your answer to part a to solve the equation 2(2*)2 - 7(2*)-4= 0. 2 9 a Solve the equation 4y = 15 + 7y. b Use your answer to part a to
solve the equation 4(9*) = 15 + 7(3*). 3 10 a Solve the equation 3y = 8 + y. © ~ b Use your answer to part a to solve the equation 3x2 = 8 + 3x 2. Chapters: Indices and Surds 33 Surds A surd is an irrational number of the form that is not a perfect square. , ~/5 and where n is a positive integer are all surds. ©/9 is not a surd because V9 = V?= 3. I— 1
— I— ~ Other examples of surds are 2+ \5, V7 - V2 and 3 —5~~- When an answer is given using a surd, it is an exact answer. CLASS DISCUSSION The frog can only hop onto lily pads that contain surds. It is allowed to move along a row (west or v.., I east) or a column (north or south) but is not allowed to move diagonally. Find the route that the frog
must take to catch the fly. . You can collect like terms together. 6™/~ " + 3Vir = 9-Jn and 5>/7 - 277 = 3>/7 WORKED EXAMPLE 6 Simplify 4(5 - ~/3) - 2(57™3 - 1)Answers 4(5 - V3) - 2(5V3 - 1) expand the brackets = 20-4a/3-10\/3+2 = 22 -14V3 collect like terms ¢ 1I'+V25~! .l » \ , .~ 1 Cambridge IGCSE and 0 Level Additional Mathematics Exercise
3.3 1 Simplify. a 3>/5 + 7V5 b 3VT0 + 2VT0 ¢ 8~ "~TT+"~/TT A 3>/5 + 7V3 B 2>/5-3Nf3 C 2>/3 - >/5 b ¢ 2A+3B d 6°3-V3 2 Simplify. 3 A+B A-C d 5A + 2B - C 3 The first 4 terms of a sequence are 2 + 3V7 2 + 57/7 2 + 7V7 2 + 97/7. a Write down the 6th term of this sequence, b Find the sum of the first 5 terms of this sequence. C Write down an
expression for the nth term of this sequence. 4 a Find the exact length of AB. ~ b Find the exact perimeter of the triangle. CHALLENGEQ 5 The number in the rectangle on the side of the triangle is the sum of the numbers at the adjacent vertices. 17-10 a/2 Find the value of x, the value of yand the value ofz. CHALLENGE Q 6 This design is made from
1 blue circle, 4 orange circles and 16 green circles. The circles touch each other. Given that the radius of each green circle is 1 unit, find the exact radius of a the orange circles, b the blue circle. 3.4 Multiplication,division and simplificatlonof surds You can multiply surds using the rule; \[ax "lb = 4ab WORKED EXAMPLE 7 Simplify. a VSxVb b (V8)' c
2V5X3V3 Answers a V3 X >/5 =V3"=VT5 b (Vs)™ = VS X VS = VM = 8 Note: ¢ 2a/5 X 3V3 = 6VI15 Expand and simplify. a (4-V3)™ b (V3 + 5>/2)(V2+V3) Answers a (4-V3)' scpiars rrxeans multiply by itself =(4-V3)(4-V3) I xp ind the brackets = 16-4V3-4V3+ 3 I lifeetmtis = 19-8V3 b (V3 + 5V2)(V2 + V3) = V6 + 3+ 10 + 5V6 expand the braGkets
eelleet Eke terms = 13 + 6a/6 V98 can be simplified using the multiplication rule. -M = V49x2 = V49 X V2 = 7V2 1 Cambridge IGCSE and 0 Level Additional Mathematics at WORKED EXAMPLE 9 1 II 00| Simplify X X - V12 Answers 1 V75->/12 75= 25 X 3and 12 =4 x 3 X = 5 and a/4 = 2 = 5x7/3-2x a/3 collect like terms = 3a/3 You can divide surds
using the rule: *\/a a b WORKED EXAMPLE 10 Simplify Nfn" Answers 4(5 - ©/3)- 2(5V3 - 1) =20-4>/3-10a/3+2 Exercise 3.4 Simplify. b e (VII)" a/2 X a/”~ fc a/5 X a/6 d g 3a/2 x5a/3 h 7a/5 x2V7 Simplify. a/112 " V28 A[i2 ® a/108 . V5a/~ Ua/~ Dca/T2a/T7Ua/3ff]Ja/T5V3a/" 2a/TTg1# Vm a/6 9a/” a/Ana/~ 1a/1201 3a/5 a/” Simplify.aa/8bef
la/l2cga/~ja/90 km a/44 na/1250a/T8 a/117 d a/™ h a/321a/99 P a/200 Chapters: Indices and Surds g [o r VSOOO + "5y V"x"/53 2V ~lw X ~flO ©/8x VS w VS X ~/6 1 joK | oo Simplify. ab a/12 + a/3ca/™ + 3a/5dV™+ 2V3 e a/~-2V8fa/125 + a/~ gV45-a/5ha/~-5a/5ia/l75-a/™ + a/” ka/200 - 2VI8 + a/72 I 5a/"- 3a/63 - a/7 n 5a/T2-
37/48 + 0a/™ + a/8-a/98 + jm V™ + 2V”™ + 4a/45 5 Expand and simplify. a ~/2(3+7/2) b >/3(2V3 + a/T2) c a/2(5-2V2) d ~/3(™/"™ + 5) e ~/3(~/3-1) £ ~/5(2VE + ~/7) g (/2 + D(V2-]) h (V3+5)(™/3-1)i(2 +a/5)(2V5 + 1)j(3->/2)(83+V2) k(4 +V3)4->f3)I (1 +a/5)(1-Vs)m (4 + 27/3)(4 -2V3) n (V7 + ~/B)™/7 + 27/5) o (3 + 27/2)(B + 27/2) 6
Expand and simplify. (2 + V5)' b (5-°/3)"' (4 + 5V3)~ d (~/2 + ~/3)”™ 7 A rectangle has sides of length (2 + ©/8) cm and (7- >/2) cm. Find the area of the rectangle. Express yourloo answer in the form a + b" 12, where a and b are integers. 8 a Find+the value of AC'”~. b Find the value of tan x. Write your answer in the form where a and b are integers, ¢
Find the area of the triangle. Write your answer in the form 5V2 where p and q are integers. 9 A cuboid has a square base. The sides of the square are of length (1 + V2)cm. The height of the cuboid is (S - V2)cm. Find the volume of the cuboid. Express your answer in the form a+ b~ }2, where a and b are integers. Cambridge IGCSE and 0 Level
Additional Mathematics % CHALLENGEQ 10 Find the exact value of y2 +V3 - ~2 - Vs. (Hint:let x = V2 + VS - V2- VS and then square both sides of the equation.) CHALLENGE Q 11 a Given that a/6'-4”™ = Va - Vfe, find the value of a and the value of b. b Given that "~23-676-472 = Vc + Vrf, find the value of /3)(2- V3) = 4-2V3 + 8\f3-12 = -8 + 6V3 4(2
+ V3)(2-V" B8 + 6™/3 cos 6 = cos 6 W (2 + >i3)(2-N13) = 2'-(V3)2 =1 divide numerator and denominator by 2 4 -4 + 3V3 Exercise 3.7 Exam exercise 1 Solve 2'~'"""" = ©~ 64 [4] Cambridge IGCSE Additional Mathematics 0606 Paper 21 Qlla Jun 2014 2 Solve the simultaneous equations, 4* ~ 256> = 1024 32"~ X 9~ = 243 [5] 362y-5" 02"-1 3 Solve the
equation 03, Cambridge IGCSE Additional Mathematics 0606 Paper 21 Q5 Nov 2013 [4] 210"~ ®' Cambridge IGCSE Additional Mathematics 0606 Paper 21 Q5b Jun 2012 4 Integers a and b are such that [a + corresponding values of b. + a - ftVs = 51. Find the possible values of a and the [0] Cambridge IGCSE Additional Mathematics 0606 Paper 21
Q9 Nov 2014 5 Without using a calculator, express 0(1 + "n/s)" ~ in the form a + 6”3, where a and b are integers to be found. [4] Cambridge IGCSE Additional Mathematics 0606 Paper 21 Q2Jun 2014 6 Do not use a calculator in this question. (4V5 _2)'~ . rExpress — in the form pMb + g, where j&and "~are integers. [4] Cambridge ICCSE Additional
Mathematics 0606 Paper 21 Q2 Nov 2013 7 Do not use a calculator in any part of this question. a i Show that 3V5-27/2 is a square root of 53- 12V1”™. [1] ii State the other square root of 53- 12”°10. b Express in the form a + Z>>/6, where a and b are integers to be found. [1] [4] Cambridge IGCSE Additional Mathematics 0606 Paper 11 Q7a,hi,ii Nov
2012 8 Calculators must not be used in this question. B V5-2 V5-1 The diagram shows a triangle ABC in which angle A = 90°. Sides AB and AC are V5 - 2 and V5 + 1 respectively. Find tan B in the form a + &V5, where a and b are integers. [3] Cambridge IGCSE Additional Mathematics 0606 Paper 11 Q7iJun 2013 9 Given that ©~ = p"q C, find the
values of a, b, and c. [3] p~q”~r Cambridge IGCSE Additional Mathematics 0606 Paper 12 Q2 Mar 2016 10 Do not use a calculator in this question. 1 + 3V3 XI 6 + 2V3 5-V3 The diagram shows two parallelograms that are similar. The base and height, in centimetres, of each parallelogram is shown. Given that x, the height of the smaller parallelogram,
ic P + IS ~ find the value of each of the integers p and q. [5] Cambridge IGCSE Additional Mathematics 0606 Paper 22 Q6 Mar 2016 Chapter 4 Factors and polynomials This section will show you how to: Bl use the remainder and factor theorems M find factors of polynomials M solve cubic equations. Chapter 4: Factors and polynomials 4.1
Adding,subtracting and multiplying polynomials A polynomial is a an expression of the form + ... + Cq where: * X is a variable * n is a non-negative integer ¢ the coefficients ¢ are constants is called the leading coefficient and 0 * Uq is called the constant term. The highest power of x in the polynomial is called the degree of the polynomial. You already
know the special names for polynomials of degree 1, 2 and 3. These are shown in the table below together with the special name for a polynomial of degree 4. Polynomial expression ax + b, Degree Name 1 linear 2 quadratic 3 cubic 4 quartica ~"0ax™ + bx + c,a "0 ax™ -1-bx'* + CX + d, ax™ + bx™ + cx™ WM¥ dx + e, a 70 a ™ d The next example is
a recap on how to add, subtract and multiply polynomials. WORKED EXAMPLE 1 If P(x) = a - 5 and Q(x) = x® + 2x - 1, find an expression for P(x) + Q(x), b P(x)-Q(x), ¢ 2Q(x), d Answers a P (x) + Q (x) = 2x® - 6x™ - 5 + x™ + 2x -1 collect like terms = 3x® — 6x™ +2x — 6 b P (x) - Q (x) = (2x' - 6x2 _5) + 2x-1) remove brackets = 2x® -6x2 5 "3 _
2x + 1 collect like terms = X® - 6x2 - 2x -4 ¢ 2Q(x) = 2(x3 + 2x-1) = 2x™ + 4x -2 d P(x)Q(x) = (2x® — 6x2 s){x" +2x— 1) =2x"" (x® +2x —1) — 6x2 ~ 2x — 1) - 5 (x™ + 2x - 1) = 2x® + 4x™ - 2x' — 6x”™ — 12x® + 6x2 573 =2x® - 6x® + 4x™ - 19x® + 6x2 _jg~™ ~ 5 ~g P(x)Q(x). Cambridge IGCSE and 0 Level Additional Mathematics CLASS
DISCUSSION P(x) is a polynomial of degree p and Q(x) is a polynomial of degree g, where p> . Discuss with your classmates what the degree of each of the following polynomials is; P(™) + Q(x) 2P(x) Q(x) + 5 -3Q(x) P2{x) [Q(™)]' P(x)Q(x) QPW Q(x) - P(x) Exercise 4.1 1 If P(x)= 3x'™ + - 1 and Q(x)= 2x”™ + + 1, find an expression for a P(x)+ Q(x) b
3P(x)+ Q(x) ¢ P(x)-2Q(x) d P(x)Q(x). 2 Find the following products, a (2x-1)(4x"~+X + 2) ¢ (3x™ + 2x-5)x"~ +e x™ -5x + 2)™ + 4) b (x3 + 2x'™ -1)(3x + 2) d (x + 2)'~(3x3 ™ ~ f {Sx-If 3 Simplify each of the following, a 2x - 3)(x + 2)+(x + D(x-1) b Bx + )™ +5x + 2)-(x" -4x+ 2)(x+3)c (2x3 + ~ + 3" _4) +2)(x3-x2 + 5x +2)4 Iff(x) = 2x" -X
-4 and g(x) = x™ + 5x + 2,find an expression for a f(x)+ »g(x) b [f(x)]”™ ¢ f~(x) d gf(x). Chapter 4: Factors and polynomials 4.2 Division of polynomials To be able to divide a polynomial by another polynomial you first need to remember how to do long division with numbers. The steps for calculating 5508 17 are: 324 1 7)5508 51 i Divide 55 by 17 3 X
17-51403 4 68 68 55-51 =4, bring down the 0 from the next column Divide 40 by 17, 2 x 17 = 34 40- 34 = 6, bring down the 8 from the next column Divide 68 by 17, 4x 17 = 68 0 68 - 68 = 0 5508 -17 = 324 So dividend divisor quotient The same process can be applied to the division of polynomials. WORKED EXAMPLE 2 1 Divide x'- 5x™ + 8x -4
by x-2. Answers Step 1: X? X - 2) - 5x”™ + 8x - 4 x”- 2x” i divide the first term of the polynomial hjx,x™ ~x - multiply (x - 2) byx2, x~{x -2)= x® -2x2 subtract, (x® — 5x2) ~"3 ~x'") =-3x2 —Sx? + 8x bring down the 8x from the next column Step 2:Repeat the process x™ - 3x X - 2) -5x™ + 8x - 4 x™-2x" -3x" + 8x —3x” + 6x divide -3x2 ,, 2x-4 ~ —
3727 x = —3x multiply(x — 2) by—3x, —3x(x — 2)= —3x2 ~ subtract,(-3x2 + (—3x2 + _2x bring down the -4 from the next column Step 3:Repeat the process x™ - 3x + 2 X - 2)x™ -5x™ + 8x - 4 x3-2x2 -3x2 + 8™ —3x2 2x-4 2x-4 0 divide 2x by x; 2x -r x = 2 multiply (X — 2) by 2, 2(x — 2) = 2x — 4 subtract,(2x — 4) — (2x — 4) =0 So (x® - 5x2 gjc -
4)-5-(x - 2)= x2 - 3x + 2. ] Cambridge IGCSE and 0 Level Additional Mathematics r WORKED EXAMPLE 3 Divide 2x" - x + 51 by x + 3. There are no x2 terms in 2x” -x + 51 so we write it as 2x3 ™2 _+ 5] Answers Step 1: 2x2 x +3)2x3+0x2- 52 2r + 6x2 1 -6x2 _~ divide the first term of the polynomial by x, 2x3 ©~ = 2x2 multiply (x + 3) by 2x2, 2x2(x
+ 3)= 2x3 g" 2 subtract, (2x3 © ~ 572" =-6x2 bring down the -x from the next column Step 2; Repeat the process 2x2 07 x +3)2x3+ 0x2- x+51 2x3+ 6x2 -6x2 ~ —6x2 - 18x ' [7x+51 divide -6x2 —6x2 ~ = —6x multiply (x + 3) by-6x,-6x(x + 3)=-6x2 subtract, (-6x2- x)-(-6x2 _jg~~ = 17x bring down the 51 from the next column Step 3: Repeat the
process x2 - 6x+ 17 X + 3)2x3+072 52 2x3™ —6x2 _Jgjj. 17x+51 17x+51 1 H 0 divide I7x by .x, I7x ™ x = 17 multiply (x + 3) by 17, 17(x + 3) = 17x + 51 subtract,(17x + 51)-(I7x + 51) =0 DL So (2x3 _j(. + 5~ ~ 1 3) 2x~ - 6x +17. Exercise 4.2 Simplify each of the following, a (x'""® + 3x”™ - 46x -48)"(x + 1) ¢ (x™ - 20x2 + 100x - 125)-(x - 5) e (x'™
—3x2 32733~ _*77bdfx™ —x2-3x + 2)-5-(x — 2) (x3-3x-2)J-(x-2) (x3 +2x2 97 ig)”™ (;c + 2) Simplify each of the following. a (3x™ + 8x2 ~ 3™ _2) (x + 2) ¢ (3x3 - 11x2 + 20)-(x - 2) bd (6x3 +11x2 -3x-2)-5-(3x + 1) (3x3 2172 + 4~ 28)-(x - 7) Chapter 4: Factors and polynomials 3 Simplify. ~ - Sx™ —4x +42x3 + 972+ 25baX-1X
+5 7~ x3 - 14x - 15 5%~ — 50% + 8 '3x2 +i2x-2 x2 — 3x — 5 4 a Divide x~ — 1 by (x + 1). b Divide x™ -8 by (x - 2). 4.3 The factor theorem In Worked example 2 you found that x - 2 divided exactly into (x3 - 5x2 4j (x3-5x2 + g~ 47~ ~ 2)=x2 - 3x + 2 This can also be written as: (x3 - 5x2 ~ gj~ 47~  2)(x2 - 3x + 2) If a polynomial P(x) is divided
exactly by a linear factor x - ¢ to give the polynomial Q(x), then P(x)=(x - c)Q(x). Substituting x = c into this formula gives P(c)= 0. Hence: Iffor a polynomial P(x), P(c) =0 then x - c is a factor of P(x). This is known as the factor theorem. For example, when x = 2, 4x3 - 8x2 - X + 2 = 4(2)3 _ g(2)2 - 2+ 2- 32-32- 2+ 2 = 0. Therefore x - 2 is a factor of 4x3 _
~ ~2. The factor theorem can be extended to: Iffor a polynomial P(x), = O then ax-b is a factor of P(x). For example, when x = —, 4x3-2x2+ 8x-4 = 4|"ij Therefore 2x - I is a factor of 4x3 - 2x2 + gjj, 4 Cambridge IGCSE and 0 Level Additional Mathematics CLASS DISCUSSION Discuss with your classmates which of the following expressions are
exactly divisible by *- 2. - X -2 2x” - 2x™ + 5X” -4x - 3 X® -4x™ + 8x-8 x™ -8 3x” - 8x -8 + Sx” -2x -5 dx”™ -10x”™ - 18 x™ + X + 10 - 4x - 4 WORKED EXAMPLE 4 Show that X - 3 is a factor of — 6x™ + llx — 6 by a algebraic division b the factor theorem. Answers a Divide - 6x”™ + llx -l6 —by X- 3. 3x + 2X-3) x”™ - 6x™ + llIx - 6 X? — 3x™ -3x2 + 117
-3x2 ~ 2x- 6 2x- 6 0 The remainder = 0, so x - 3 is a factor of x™ - 6x2 + b Let f(x) = x™~ — 6x2 + 5-6.1iff(3) = 0,then x — 3 is a factor. f(3) = (3)®-6(3"™ + 11(3)-6 = 27-54 + 33-6 = 0 So X - 3 is a factor of x™-6x2 +11x-6. Chapter 4: Factors and polynomials WORKED EXAMPLE 5 2x”™ + x — \ is a factor of 2x” - x™ + ax + b. Find the value of a and the
value of b. Answers Let f(x:) = — x™ + ax + b. If 2x™ + jc - 1 =(2*- I)(x: + 1) is a factor off(x), then 2x - 1 and AS + 1 are also factors off(*). Using the factor theorem f = 0 and f(-1)= 0. f(])= 0 gives 2(1)) =01 1 +-+i=0«.ev4 4 2 a = -2b "(1) f(-1)= 0 gives 2(-if -(-if + a(-1)+ b =0 -2--a + b = 0 a = b-3 -(2) (2)= (1) gives b-3 = -2b 5b = 3 b=1] Substituting in
(9) gives a =-2. So a =-2,6 = 1. Exercise 4.3 1 Use the factor theorem to show: a AC -4 is a factor of b AC + 1 is a factor of - 6x + 8 -Sx -2 ¢ x-2 is a factor of bac”™ - 17ac”™ + 28 d 3ac + 1 is a factor of +1 - 3x - 2. 2 Find the value of a in each of the following, a X + 1 is a factor of 6x™ + 27x™ + ax + 8. bX + 7isafactorof x™ - 5x™ -6x + a.c 2x + 3isa
factor of 4x”™ + ax”™ + 29x + 30. 3 X - 2 is a factor of x™ + ax”™ + bx - 4. Express b in terms of a. 4 Find the value of a and the value of b in each of the following, a x™ + 3x - 10 is a factor of x™ + ax™ + 6x + 30. b 2x”™ - 1 Ix + 5 is a factor of ax”™ - 17x”™ + bx- 15. ¢ 4x”™ - 4x - 15 is a factor of 4x”™ + ax”™ + 6x + 30. Cambridge IGCSE and 0 Level
Additional Mathematics 5 It is given that -5x +6 and x™ - 6%~ + 1Ix + a have a common factor. Find the possible value of a. 6 X - 2 is a common factor of 3x”™ -{a - b)x -8 and -(a + b)x + 30. Find the value of a and the value of b. 7 3c -3 and 2jc - 1 are factors of 2*” - px”™ - 2gx + . a Find the value of p and the value of q. b Explain why x + 3 is also a
factor of the expression. 8 X + a is a factor of x™ + 8x”™ + Aax - 3a. a Show that - 4a”™ + 3a = 0. b Find the possible values of a. 4.4 Cubic expressions and equations Consider factorising x™ - 5x™ + 8x - 4 completely. In Worked example 2 you found that (x™ - 5x” + 8x - 4)-s-(x - 2)= X" - 3x + 2. This can be rev/ritten as: x™~ — 5x™ + 8x -4 =(x - 2)(x™ —
3x + 2). Factorising completely gives: x” - 5x™ + 8x -4 =(x - 2)(x - 2)(x - 1). Hence if you know one factor of a cubic expression it is possible to then factorise the expression completely. The next example illustrates three different methods for doing this. WORKED EXAMPLEG Factorise — 3x”™ — 13x +15 completely. Answers Let f(x)= — 3x™ — 13x
+15. The positive and negative factors of 15 are +1, +3, =5 and *15. f(1) =(@{f -3 X(if -13 X (1)+15 = 0 So X - 1 is a factor off(x). The other factors can be found by any of the following methods. Method 1 (by trial and error) f(x)=x" - 3x™ - 13x +15 f(1)= (1)® - 3 X (1)'- 13 X (1)+ 15 = 0 So X - 1 is a factor off(x). f(-3)= (-3)~ -3 X (-3)" -13 X (-3)+15 =0
So X + 3 is a factor off(x). f(5)= (5)" -3 X (5)” -13 X(5)+15 = 0 So X -5 is a factor off(x). Hence f(x)=(x - 1)(x - 5)(x + 3) Chapter 4: Factors and polynomials Method 2 (by long division) )?— 2x-15 X -)x~-3x2- 137415 —2}P — ISx -2}P + 2x —15x+ 15 —15x+ 15 0 f(x) = (x - D(x™ -2x- 15) = (x - 1)(x — 5){x + 3) Method 3 (by equating coefficients) Since x
— 1 is afactor, x™ — 3x™ — 13x + 15 can be written as: X~ — 5x” - 13x +15 =(x - 1)(ax”™ + bx + c) coefficient of constant term is -15, so c =-15is 1, so a since -1 X -15 = 15 since 1x1 =1 x”™ - 5x” - 13x + 15 =(x - )(x™ + bx-15) expand and collect like terms x™ - 3x™ - 13x +15 = x~ +(6 - Dx”™ +{-b - 15)x + 15 Equating coefficients of x~: 6-1 =-3 b =
2 fx)=x-1)E"-2x-15) = (x-1D)Ex-5)(x + 3) WORKED EXAMPLE 7 Solve 2x'- 3x2 - I8x - 8 = 0. Answers Let f(x) = 2x® - 3x2 g The positive and negative factors of8 are +1,+2,+4 and 8. f(-2)= 2(-2)® - 3 X (-2)" -18 X(-2)-8 = 0 So X + 2 is a factor off(x). 2x”™ - 3x2 _jgjj _ g _ coefficient of + 2)(ax2 + 6x + c) is 2, so « = 2 constant term is -8, so ¢ =
-4 since 1x2=2since 2 X -4 = -8 2x™ - 3x2 _jgjl- g _(j+2)(2x2 +2x3 372 igjj _g=2x3 + 4" + 4)jj2 +(2fc _4)x 8 expand and collect like terms Cambridge IGCSE and 0 Level Additional Mathematics Equating coefficients of 6 + 4 =-3b = -7 f(x)=(x + 2)(2x2 _7;,; 4) =(x + 2)(2x + 1)(x - 4) Hence (x + 2)(2x + )(x-4)=0.1SoX =-20orX = -
~orX = 4. 2' WORKED EXAMPLE 8 Solve 2x™ + 7x2 - 2x - 1 = 0. Answers Let f(x)= 2x™ + 7x2 2x - 1. The positive and negative factors of-1 are +1. f(-1)= 2(-D® + 7 X (-1)2 -2 X (-1)-1 0 f(1)=2(1)" + 7X (1)2-2X (1)- 1 0 So X - 1 and x+1 are not factors off(x). By inspection, ~ 1 = 0. So 2x - 1 is a factor of: 2x® + 7x2 - 2x - 1 =(2x - )(ax2 + 6x + C)
coefficient of is 2, so « = 1 constant term is -1, so ¢ = 1 since 2x1=2 since -1 X 1 = -1 2x'+ 7x2 2x-1 =(2x - 1)(x2 + 6x + 1) 2x® + 7x2 - 2x -1 = 2x'+ {2b - )x2 +(2-6)x - 1 Equating coefficients of x~: 2b-1 = 7b=4 So 2x™ + 7x2 2x-1=2x-1)x2 +4x+1).1-4+xV42-4X1X1X=—0orX212x1-4+x273X=—o0orX=22x="orx =-2+ >/3 orx =
-2->/3 Chapter 4: Factors and polynomials Not all cubic expressions can be factorised into 3 linear factors. Consider the cubic expression x® + - 36. Let f(x)=x" + x™ - 36. f(3)= (3)' +(3)' - 36 = 0 So X - 3 is a factor of f(x). x™ + x™ - 36 =(x - 3)(ax”™ + bx W¥ c) coefficient of is 1, so ct = 1 since 1x1 = 1 constant term is —36, so - 12 since -3 X 12 = -36
XN+ x7-36=(x—3)x" +bx+ 12)x™ +x7-36 = x™+{b- 3)x2 + (12 - 3b)x - 36 Equating coefficients of x™: ft -3 =1ft =4 Sox™ + x~ — 36 = (x — 3)(x™ + 4x + 12) (Note: x™ + 4x + 12 cannot be factorised into two further linear factors, since the discriminant < 0.) Exercise 4.4 1 a Show that x-1 is a factor of 2x®-x"-2x + 1. b Hence factorise
2x® - x” - 2x + 1 completely. 2 Factorise these cubic expressions completely. 3 a x™ + 2x™ - 3x-10b x™ +4x2 ¢ 2x-"-9x" -18xd x™ — 8x2 e 2x™-13x2+17x + 12 f3x® + 2x2 Y"x+ 6e4x® -8x2 "~ h2x”™ + 3x2 32" + 15 2 j4 Solve the following equations. a X® — 3x2 33" +35=0bx3-6x2 +1llIx-6 =0 c 3x3+17x2+18X-8 = 0d 2x3 +
3;c2-17x+ 12 =0e 2x3-3x2-llx + 6 =0f2x3 ~ g4x3 + 12x2 + 5x-6 =0h 2x3 372 29x + 60 = 0 — 5x - 4 = 0 Solve the following equations. Express roots in the form a * b-Jc, where necessary.a + 5x24x2 =0b x-'x3 + 8x2 ~ y2x-9c + 2x2 7x * 2 = 0 d 2x3 ©~ 372 Solve the equation 2x3 ~ g™2 - 14" - 9 = 0. Express roots in the form a * ftVc
, where necessary. 0 17x + 12 = 0 Cambridge IGCSE and 0 Level Additional Mathematics Solve the equation + 8x™ + 12x = 9. Write your answers correct to 2 decimal places where necessary, a Show that X - 2 is a factor of x™ - x” -x-2. b Hence show that x”~-x"-x-2 = 0 has only one real root and state W X the value of this root. 8 f(x) is a cubic
polynomial where the coefficient of is 1. Find f(x) when the roots off(x) = 0 are a -2, 1 and 5 b -5,-2 and 4 c -3,0 and 2. 9 f(x) is a cubic polynomial where the coefficient of x" is 2. Find f(x) when the roots of f(x) = 0 are a —0.5, 2and 4 b 0.5, 1 and 2 ¢ —1.5, 1 and 5. 10 f(x) is a cubic polynomial where the coefficient of x™ is 1. The roots of f(x) = 0 are -
3,1 + ~2 and 1 - V2. Express f(x) as a cubic polynomial in x with integer coefficients. 11 f(x) is a cubic polynomial where the coefficient of x'~ is 2. The roots off(x) =0 are ~,2+ y/S and 2- ~/3. Express f(x) as a cubic polynomial in x with integer coefficients. 12 2x + 3 is a factor of 2x”™ +[a”™ + D)x”™ - 3x™ +(1 - a™)x + 3. a Show that 4a”™ - 9¢ (c"0), |ax
+Z»|”c (c>0) and |ax +6|=s|cx + d| W solve cubic inequalities in the form k{x -a){x- b){x — ¢)” d graphically B sketch the graphs of cubic polynomials and their moduli, when given in factorised form M use substitution to form and solve quadratic equations. Cambridge IGCSE and O Level Additional Mathematics 5.1 Solving equations of the type \
ax+ b\ = \cx+ d\ CLASS DISCUSSION Using the fact that \p\ = and| =q” you can say that: p”~-q” =\pf-\qf Using the difference of two squares then gives: p'-?'=(|p|-1?1)(1/'14+1?]) Using the statement above, explain how these three important results can be obtained: (The symbol O means 'is equivalent to'.) m ¢ 1/'hkl « \p\
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