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Cambridge	IGCSl^	and	O	Level	Additional	Mathematics	syllabuses	(0606	and	4037).	The	course	is	aimed	at	students	who	are	currendy	studying	or	have	previously	studied	Cambridge	ICCS^	Mathematics(0580)	or	Cambridge	O	Level	Mathematics	(4024).	Where	the	content	in	one	chapter	includes	topics	that	should	have	already	been	covered	in
previous	studies,	a	recap	section	has	been	provided	so	that	students	can	build	on	their	prior	knowledge.	'Class	discussion'	sections	have	been	included	to	provide	students	with	the	opportunity	to	discuss	and	learn	new	mathematical	concepts	with	their	classmates,	with	their	class	teacher	acting	as	the	facilitator.	The	aim	of	these	class	discussion
sections	is	to	improve	the	student's	reasoning	and	ofal	communication	skills.	'Challenge'	questions	have	been	included	at	the	end	of	most	exercises	to	challenge	and	stretch	highability	students.	Towards	the	end	of	each	chapter,	there	is	a	summary	of	the	key	concepts	to	help	students	consolidate	what	they	havejust	learnt.	This	is	followed	by	a	'Past
paper'	questions	section,	which	contains	real	questions	taken	from	past	examination	papers.	A	Practice	Book	is	also	available	in	the	Cambridge	IGCSL^	Additional	Mathematics	series,	which	offers	students	further	targeted	practice.	This	book	closely	follows	the	chapters	and	topics	of	the	coursebook	offering	additional	exercises	to	help	students	to
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:	■	solve	simultaneous	equations	in	two	unknowns	by	elimination	or	substitution	■	find	the	maximum	and	minimum	values	of	a	quadratic	function	■	sketch	graphs	of	quadratic	functions	and	find	their	range	for	a	given	domain	■	sketch	graphs	of	the	function	y	|	=	f{:c)t	where
ffx)	is	quadratic	and	solve	associated	equations	■	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	■	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.^x/x/xix/	X	3	X	2	X	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:	■	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	fo1	-9	■	■	'■■■	■■	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	f^(x)	understand	the	relationship	between	y	=	f(x)	and	y	=	|f(x)|	solve	graphically	or	algebraically	equations	of	the	type	\ax	+	b\	=	c	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	3	4	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-	I	X€	2	xi-^x^	+	5	xelR	3	X	l->	x^	xe	4	X	i->	2*	xe	R	5	X	6	x1-^x^	+	1
xeR,	x^O	8	xe	R,	X	S:	0	1	—	XG	x>0	X	12	7	xG	R,	x>	0	XG	X	X	X	I—>	±	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	-l-	1	where	x	e	IR,	is	a	one-one	function.	,	.	^f:x^-»x^-l	xeIR	It	can	be	written	as	X	-I-1	is
read	as	'the	function	f	is	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-l	x€lR,-
l^x^3	a	Write	down	the	domain	of	the	function	f.	b	Sketch	the	graph	of	the	function	f.	c	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(-l)-	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:	^	X	if	X	>	0	I	x|	=	<	0	if	X	=	0	L	-X	if	X	<	0	CLASS	DISCUSSION	Ali	says	that	these	are	all	rules	for	absolute	values:	l-Jc	+^|=|xl	+\^\	lx;)/|=|x|	X	\/\	|x|	I/I	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	+	l|	=	5	b	|4x-3|	c	d	IX	-	3|	=	2x	-10	Answers	14x	-	3l	=	X	a	|2x	+	l|	=	5	2x	+1	=	-5	4x	-	3	=	X	2x	=	4	2x	=	-6	3x	=	3	X=2	X	=	—3	X	=1	2x	+	1	=
5	or	CHECK:!2x2+	l|	=	5	/	and	!2x-3	+	1|	=	.5/	4x	-	3	=	-X	5x	=	3	X	=	0.6	CHECK:	I	4	X	0,6	-	3|	=	0.6/	and	|4	X	1-3|	=	1/	Solution	is:	x	=	-3	or	2.	Solution	is:	x	=	0.6	or	1.	c	|x^-10|	=	6	x^	-	10	=	6	or	I	X	-	3|	=	2x	or	X	.2	x^	=	16	X	=	±4	X	-	3	=	2x	10	=	-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!	=	2	X	1	/	|(-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|	=	10	X	-1	^-5	7-2x	1	X	4-1	2x	1	2	=4	=4	i	12x	-	5|	=	X	5	Solve	2x	-	5	3x	4-	2	=8	a	X	4-	3	d	|3x-5|=	x4-2	3	2x	4-	7	=1	4	2	c	16	-	5x	I	=	2	=6	d	g	b	12x4-9]	=	5	=2	14-	X	4-	1	e	x4-|x-5|=	8	X	4-12	=3	X	4-	4	f	9	—11	—	x|	=
2x	Solve	a	IX	-	l|	=	3	d	I	x^	—	5x|	=	X	g	I	2x^	4-1|	=	3x	b	|x^	4-l|	=	10	c	4	-	X	I	=	2-	X	e	|x^-4|=	x4-2	f	x^	—	3j	=	X	4-	3	h	|2x^-3x|=	4-x	i	^	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.	^	0	■	■	■v-'iSv'	'	You	then	reflect	in	the	x-axis	the	part	of	the	line	that	is	below	the	x-axis.	X	y	>	,.---'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-3l	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.	a	y	=|x	+	l|	•	y	=	—	X	+3	2	.	b	y=,l2x-3|	c	y	=	l5-xl	e	y	=	110	-	2x	I	-	f	y	6	1	X	3	2	a	Complete	the	table	of	values	for	y	=	]	x	-	21	+	3;	X	-2	y	-I	0	6	'	1	2	3	4	4	b	Draw	the	graph	of	y	=|x	—	2|+	3	for	-2	^	x	^	4.	Draw	the
graphs	of	each	of	the	following	functions,	a	y	=|x|+	l	d	y	=	lx-3|+	l	.	b	y	=|x|-3	c	y	=	2-lx|	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-»l5-2xl	c	h;xt-^5-l2x|,	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	-1	x	4	-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.	c	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.	c	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.	-	■*-	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	+	l	-	5	X	=	yjy	+	l	-	5	X	+	5	=	^Jy	+I	Step	3;	Rearrange	to	make	y	the	subject.	(x	+	5)2	=	3+	1	3	=(x	+	5)2	-	1	f-'(x)=(x	+5)2-1	b	f(35)=	>/35Tr-5	=	l	(x+	5)2-1	=	1	(x	+	5)2	=	2	X	+	5	=	±^J2	X	=	—5	+	V2
»:	=	-5	+	\/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)	=	f(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	xeIR	g(x)=	x^	-	2x	for	xeR	a	Findf"H^«)-	^	Solve	fg(x)	=	f"H»:)-	10	f(x)	=	x^	+	2	for	xeIR	g(x)	=	2x	+	3	for	xe	K	Solve	the	equation	gf(x)	=	g~^(l7).	2x	+	8	g	:	X	i->	-—-	for	X	>	-5	for	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->l3-2xl	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.	c	Simplify	g"^g('c)-	Chapter	1:	Functions	17	f	:	X	h-»	for	xgR	g:xi-^x-8	for	x	g	IR	Express	each	of	the	following	as	a	composite	function,
using	only	f,	g,f~^	and/or	g"^;	a	X	^	(x	-	8)3	b	xi-^x^+8	c	xh-»x3—8	I	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	x	g	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	f"^	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-^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.	'T	10-	1	)	y	"	10-	1	:	1	i	i	1	}	R	1-8-	/	/	/	/	9	Reflect	fin	y	=	1h	1-6	■	2	f-i	1	h'l	'-ii	j	/	—	r	'a	1/	!,-	!	-	/
1	\	/hi	-ii	1	...	L	.	i	4	y	0	1	j\	I	—	\	5	1	8	1	/	'qJ	]	|o	!	1	2	!	i	!	1	5	10^	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)	...	i	0	4	.	5	^	Chapter	1:	Functions	Exercise	1.7	1	On	a	copy	of	the
grid,	draw	the	graph	ft	■	o	of	the	inverse	of	the	function	f.	4	f	0	A	fi	(>	01	f1	X	(	Q	4	-fi-	y	2	On	a	copy	of	the	grid,	draw	the	graph	(j	of	the	inverse	of	the	function	g.	4	g	O	h	C	)	o	>	f1	^	-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,	f^(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	f"^(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	for	x	in	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	+1	2x	X	+1	2x	+1	X	+1	simplify	4x	_	X+1	3x	+1	multiply	numerator	and	denominator	by	x	+	1	X	+1	4x	3x	+1	a	=	4,	&	=	3	and	c	=	1	Cambridge	IGCSE	and	0	Level	Additional	Mathematics	g(x:)	=	yjx	+	l	for	X	>	-1	Step	1:	Write	the	function	as	})	=	y	=	y/x	+	l	Step	2:	Interchange	the	x	and	y	variables.	X	=	yjy	+	I	Step	3:	Rearrange	to	make	y	the
subject.	X"	=	)!	+	1	y	=	x'^	■	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	f	is	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)=	y]x-	\	-	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,	for	x	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	h	and	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-	\lxA-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	f"^	exists,	[1]	b	The	functions	g	and	h	are	defined	respectively	by	g(x)	=	i	ii	+	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-	x	and	y	=	13	+	2x|.	[4]	y	9-	6	ii	Solve	13	+	2x|=	2	■	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	■	find
the	maximum	and	minimum	values	of	a	quadratic	function	m	sketch	graphs	of	quadratic	functions	and	find	their	range	for	a	given	domain	■	sketch	graphs	of	the	function	y	==|f(jc)|	where	f(x)	is	quadratic	and	solve	associated	equations	■	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	■	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	=	l	-(1)	Solve	-(2)	5*:+	2y	=	25	2*-	y	=	1	Make	y	the	subject	of	equation	(2).	Multiply	(2)	by	2.	5x	+	2y	=	25	4*-	2y	=	2	y	=	2ac	—	1
Substitute	for	y	in	equation	(1).	5x	+	2(2x-l)=	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	c	(5C-	6)(x	+	2)=	0	a	=	\,b	=	—4	and	c	=	-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	4+8	X	=	x	—	2	=	4	or	*:-2	=	—4	Solution	is	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	equations	y	=	x	+1	and	y	=	x^	-	5.	X	Oh	t	or	The	solutions	can	also	be	found	algebraically:	II	00	y	=	X	+1	(1)	y	=	x^	-	5	(2)	Substitute	for	y	from	(1)	into	(2):	x	+	l	=	x^-5	rearrange	-	X	-6	=	0	factorise	(x	+	2)(x-3)=	0	X	=	-2	or	X	=	3	Substituting	x	=-2	into	(1)	gives	y	=	-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	~(l)	—	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)=	0	1	v	=	—2	—	or	y	=	—	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=	9	y	=	X	—6	2	3	x^	—	xy	=	0	3y
=	4x	-	5	6	7	X	+	2y	=	7	y	=	2x	10	2x	+	y	=	7	y	=	2x	+	2	8	11	x^	+	y^	=	10	X-y	=	2	2x2	_	3^2	_	xy	=	6	x2	+	3xy	=	10	X+y=1	9	4	x2	+	y2	=	25	y	=	X	+6	5	y=X—1	xy	=	2	X+y=3	12	y2	=	4x	2x	+	y	=	4	II	X+	y	=4	14	13	y	=	3x	16	3	+	X	+	xy	=	0	xy	=	12	18	(x-l)(y	+	2)=	15	2x	+	5y	=	8	X	-2y	4y2	-	3x2	_	j	x2	+	y2	=	10	2x2	+	3^	=	1	17	15	II	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	II	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	+	c	,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	r	r	r	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.	When	y	=	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.	J	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).	-l\	0	-T	c	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)	"	if	a
<	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	-	l>(x	+	cf.	b	Write	down	the	coordinates	of	the	maximum	point	on	the	curve	y	=	f(*).	c	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).	Answers	a	2	+	8x	-	2x^	=	a	-	b{x	+	c)^	2	+	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
c	=	—2.	Substituting	b	=	2	and	c	=	-2	in	equation	(3)	gives	a	=	10.	So	a	=	10,6	=	2	and	c	=	-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).	c	y	2+	8x	-	2x^	When	X	=	0,	y	=	2.	When	y	=	0,	y=2	+	8x-	2x'	10-	2(x	-	2)^	=	0	2(x-2)^	=10	(x	-	2)^	=	5	X	-	2	=	+V5	X	=	2	±	yfb	X	=	2	—	y/5	or	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,	a	y=	-	bx	-	&	d	y	=	x^	+	3x	-	28	b	y=	-	x-20	c	y	=	x^+4x-21	e	y=	+	4x	+	1	f	y	=	15	+	2x	-	2	Express	each	of	the	following	in	the	form	{x	—	m)^	+	n.	a	x^	—	8x	b	x^	—
lOx	c	x^	—	5x	d	x^	—	3x	e	x^	+	4x	f	x^	+	7x	g	x^	+	9x	h	x^	+	3x	3	Express	each	of	the	following	in	the	form	(x	-	m)^	+	n.	a	x^	—	8x	+	15	b	x^	—	lOx	—	5	c	x^	-	fix	+	2	d	x^	—	3x	+	4	e	x^	+	fix	+	5	f	x^	+	fix	+	9	g	x^	+	4x	-	17	h	x^	+	5x	+	fi	4	Express	each	of	the	following	in	the	form	a(x	-	p)^	+	q.	a	2x2	_	+3	b	e	2x2	+	4j(;	+	1	f	2x2	-	12x	+	1	^	3x2
_	i2x	+	5	2x2	^	g	2x2	_	3^	^	5	_3	d	2x2	-	3x	+	2	3j(.2	_	^	0	5	Express	each	of	the	following	in	the	form	m-{x-	nf.	a	fix	—	x2	b	lOx	—	x2	c	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	c	10	-	5x	-	x2	7	Express	each	of	the	following	in	the	form	a	-	pi^x	+	a	9-	fix	-	2x2	y	_	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^	+	c,	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	+	c)^,	where	a,	b	and	c	are	constants.	b	Write	down	the	coordinates	of	the	stationary	point	on	the	graph	ofy	=	f(x).	c	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.	c	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.	c	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.	When	y	=	0,	CM	tT(	x^	-	2x	-	3	=	0	I	II	(x	+	l)(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	=
(l)^-2(l)-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	)>	=|«:^	+	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	-	I2I	=	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	\	^	/^	I	/+	+\	II	(x	+	l)(x	-	4)=	0	X	=	-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	\	/+	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)>0	b	d	x(x	—	5)	<	0	(x-5)(x-l)^0	c	(x-3)(x	+	7)^0	e	(2x	+	l)(x-4)	<	0	f	(3-x)(x	+	l)^0	g	(2x	+	3)(x-5)	<	0	h	{x-bf^Q	i	(x	-	3)^	0	Solve.	a	x'"^	+	5x	-	14	<	0	d	x2	+	2x	-	48	>	0	b	x^	+	X
-	6	^	0	c	x2	-	9x	+	20	^	0	e	2x2	-	X	-	15	^	0	f	5x2	^	4.	4	>	Q	X	Chapter	2:	Simultaneous	equations	and	quadratics	3	Solve.	a	12x	<	x2	+	35	<	18	-	3x	c	x(3-	2x)^	1	e	(x	+	3)(1	-	x)	<	X	-1	4	5	x^	+	4x	<	3(x	+	2)	(4x	+	3)(3x	—	1)	<	2x(x	+	3)	Find	the	set	of	values	of	x	for	which	a	x^	-	llx	+	24	<	0	and	2x	+	3	<	13	b	x^	-	4x	^	12	and	4x	-	3	>	1	c	x(2x	-	1)	<	1
and	7-	2x	<	6	d	x2	-	3x	-	10	<	0	and	x^	-	lOx	+	21	<	0	e	x^+x-2>0	and	x^	-	2x	-	3	^	0.	Solve.	a	1	x^	+	2x	-	2|	<	13	b	1	x^	-	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	formula	x	=	2a	x^	+	2x	-8	=	0	_	-2	±	x^	+	6x	+	9	=	0	-4	X	1	X(-8)	-6	±	X	-	-2±-v/36	X	=	2	or	X	=	-4	2	distinct	roots	2x1	-2±>/0	X	=	2	-2	±	V22	-	4	X1	X	6	X	=	2x1	2x1	X	=	x^	+	2x	+	6	=	0	-4	X	1	X	9	-2	±	V-20	X	=	2	2	X	=	-1	or	X	=	-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)	=0	43-1	=	0	or	3+1	=	0	1	or	3	=	—11	3	=—	b	4(2*)^	+	3(2*)-1	=0
2''	=	i-or2*	=-l	4	2	comparing	with	4y	+	3y	—	1	=	0	gives	y	=	2*	replace	—	with	2"^	'	4	2*	=	2"^	or	2*	=-l	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	4^*+1=43^-2	,9x+5	d	=3	2	Solve	each	of	the	following	equations.	a	2"^^	=32	2n+	1	d	3	g	5	=	27	n+	1	_	c	2"'"^	=	128	b	4^"-256	in-	1	_	3n+	2	e	2'	f	2	~4	h	5^'-16	=	1	1	128	125	3	Solve	each	of	the	following	equations.	4.3	3^*-1	=	27*	a	2*	=	4-	.3x+4	d	3*	=	9*^^	e	4	c	53^-7	=	252^	o4x+12	=	8^	5-3x	1	h	4	f	252^^+1	=	1253^^+2	i	,x+	1	j	5x^
+	3	=	252^	I	2'^*"~^-8*	=0	k	3*'"^	=	27'	1	H	4	Solve	each	of	the	following	equations.	00	a	2^*x4*^'=64	b	2^*""^	x	8*'^	=	128	c	(2^"*)(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
2^*	X	5*	=	8000	c	52^x4*	=	18	1	1000	7	Solve	each	of	the	following	pairs	of	simultaneous	equations.	a	4*	4-21"	=	16	b	27*	=	9(3^)	32*x9>	=	27	c	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—	I
—	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	-	2^7	=	3>/7	WORKED	EXAMPLE	6	Simplify	4(5	-	^/3)	-	2(5^3	-	l)Answers	4(5	-	V3)	-	2(5V3	-	1)	expand	the	brackets	=	20-4a/3-10\/3+2	=	22	-14V3	collect	like	terms	♦	ll'+V25^!	.■	»	\	„	.^1	Cambridge	IGCSE	and	0	Level	Additional	Mathematics	Exercise
3.3	1	Simplify.	a	3>/5	+	7V5	b	3VT0	+	2VT0	c	8^^TT+^/TT	A	3>/5	+	7V3	B	2>/5-3Nf3	C	2>/3	-	>/5	b	c	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	+	5^/7	2	+	7V7	2	+	9^/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:	c	2a/5	X	3V3	=	6Vl5	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	-	Vl2	Answers	1	V75->/l2	75=	25	X	3and	12	=4	x	3	X	=	5	and	a/4	=	2	=	5x^/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/^	f	c	a/5	X	a/6	d	g	3a/2	x5a/3	h	7a/5	x2V7	Simplify.	a/112	"	V28	A[i2	®	a/108	.	V5	a/^	U	a/^	D	c	a/T2	a/T7	U	a/3	f	f	J	a/T5	V3	a/^	2a/TT	g	1#	Vm	a/6	9a/^	a/4	n	a/^	1	a/120	1	3a/5	a/^	Simplify.	a	a/8	b	e	f
1	a/12	c	g	a/^	j	a/90	k	m	a/44	n	a/125	0	a/T8	a/117	d	a/^	h	a/32	I	a/99	P	a/200	Chapters:	Indices	and	Surds	q	|o	r	VSOOO	+	"	5	y	V^x^/5	3	2	V	^!w	X	^flO	^/8x	VS	w	•VS	X	^/6	1	joK	|	oo	Simplify.	a	b	a/12	+	a/3	c	a/^	+	3a/5	d	V^+	2V3	e	a/^-2V8	f	a/125	+	a/^	g	V45	-	a/5	h	a/^-5a/5	i	a/175	-	a/^	+	a/^	k	a/200	-	2VI8	+	a/72	I	5a/^-	3a/63	-	a/7	n	5a/T2-
3^/48	+	0	a/^	+	a/8	-	a/98	+	j	m	V^+	2V^	+	4a/45	5	Expand	and	simplify.	a	^/2(3+^/2)	b	>/3(2V3	+	a/T2)	c	a/2(5-2V2)	d	^/3(^/^	+	5)	e	^/3(^/3-l)	f	^/5(2V5	+	^/^)	g	(>/2	+	l)(V2-l)	h	(V3+5)(^/3	-	1)	i	(2	+	a/5)(2V5	+	1)	j	(3-	>/2)(3	+	V2)	k	(4	+	V3)(4	-	>f3)	I	(1	+	a/5)(1	-	Vs)	m	(4	+	2^/3)(4	-	2V3)	n	(V7	+	^/5)(^/7	+	2^/5)	o	(3	+	2^/2)(5	+	2^/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^I2,	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,	c
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	(l	+	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	"^23-6^6-4^2	=	Vc	+	Vrf,	find	the	value	of	/3)(2-	V3)	=	4-2V3	+	8\f3-12	=	-8	+	6V3	4(2
+	V3)(2-V^	■8	+	6^/3	cos	6	=	cos	6	■	(2	+	>i3)(2-Nl3)	=	2'-(V3)2	=	l	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(l	+	"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	+	q,	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	3V5-2^/2	is	a	square	root	of	53-	12Vl^.	[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:	■	use	the	remainder	and	factor	theorems	■	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	quartic	a	^0	ax^	+	bx	+	c,	a	^0	ax^	-1-	bx'^	+	CX	+	d,	ax^	+	bx^	+	cx^	■¥	dx	+	e,	a	^0	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),	c	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	-	l)	remove	brackets	=	2x®	-	6x2	_	5	_	^3	_
2x	+	1	collect	like	terms	=	X®	-	6x2	-	2x	-	4	c	2Q(x)	=	2(x3	+	2x-1)	=	2x^	+	4x	-	2	d	P(x)Q(x)	=	(2x®	—	6x2	_	s){x^	+	2x	—	l)	=	2x'^	(x®	+	2x	—	l)	—	6x2	^	2x	—	l)	-	5	(x^	+	2x	-	l)	=	2x®	+	4x^	-	2x'	—	6x^	—	12x®	+	6x2	_	5^3	_	=	2x®	-	6x®	+	4x^	-	19x®	+	6x2	_	jq^	^	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	q,	where	p>	q.	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)	c	P(x)-2Q(x)	d	P(x)Q(x).	2	Find	the	following	products,	a	(2x-l)(4x^+X	+	2)	c	(3x^	+	2x	-	5)(x^	+	e	(x^	-	5x	+	2)^	+	4)	b	(x3	+	2x'^	-	l)(3x	+	2)	d	(x	+	2)'^(3x3	^	^	f	{Sx-lf	3	Simplify	each	of	the	following,	a	(2x	-	3)(x	+	2)+(x	+	l)(x	-1)	b	(3x	+	l)(x^	+	5x	+	2)-(x^	-	4x	+	2)(x	+	3)	c	(2x3	+	^	+	3^	_	4)	_	+	2)(x3	-	x2	+	5x	+	2)	4	If	f(x)	=	2x^	-	X
-	4	and	g(x)	=	x^	+	5x	+	2,find	an	expression	for	a	f(x)+	»g(x)	b	[f(x)]^	c	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	-	51	40	3_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,	4	x	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	^	—
3^2^	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.	J	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	q^2	_	+	5J	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	^	^	5^2^	=-6x2	bring	down	the	-x	from	the	next	column	Step	2;	Repeat	the	process	2x2	_	0^	x	+3)2x3+	0x2-	x+51	2x3+	6x2	-6x2	_	^	—6x2	-	18x	'	I7x+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+0^2	_	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(.	+	5j^	^	1	3)	_	2x^	-	6x	+17.	Exercise	4.2	Simplify	each	of	the	following,	a	(x'"®	+	3x^	-	46x	-	48)^(x	+	1)	c	(x^	-	20x2	+	loOx	-	125)-(x	-	5)	e	(x'^
—	3x2	_	32^	33^	_	*7^	b	d	f	(x^	—	x2	-	3x	+	2)-5-(x	—	2)	(x3	-	3x	-	2)-J-	(x	-	2)	(x3	+	2x2	_	9^	_	ig)^	(;c	+	2)	Simplify	each	of	the	following.	a	(3x^	+	8x2	^	3^	_	2)	(x	+	2)	c	(3x3	-	11x2	+	20)-(x	-	2)	b	d	(6x3	+11x2	-3x-2)-5-(3x	+	1)	(3x3	_	21^2	+	4^	_	28)-(x	-	7)	Chapter	4:	Factors	and	polynomials	3	Simplify.	^	-	Sx^	—	4x	+	4	2x3	+	9^2	+	25	b	a	X	-1	X
+5	^	x3	-	14x	-	15	5x^	—	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^	_	4^	^	_	2)=	x2	-	3x	+	2	This	can	also	be	written	as:	(x3	-	5x2	^	gj^	_	4^	_	_	2)(x2	-	3x	+	2)	If	a	polynomial	P(x)	is	divided
exactly	by	a	linear	factor	x	-	c	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),	=	0	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^	-	lOx^	-	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	-■6	—	by	X	-	3.	3x	+	2	X	-	3)	x^	-	6x^	+	llx	-	6	X?	—	3x^	-3x2	+	11^
-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	.	i	f	f(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	+llx-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*-	l)(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(-l)=	0.	f(|)=	0	gives	2(i)	=0	1	1	+-+i=0	«	.	ev	4	4	2	a	=	-2b	"(1)	f(-l)=	0	gives	2(-if	-(-if	+	a(-l)+	b	=	0	-2-l-a	+	b	=	0	a	=	b-3	-(2)	(2)=	(1)	gives	b-3	=	-2b	5b	=	3	b=l	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	c	x-2	is	a	factor	of	5ac^	-	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.	b	X	+	7	is	a	factor	of	x^	-	5x^	-	6x	+	a.	c	2x	+	3	is	a
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.	c	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*^	+	llx	+	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^	-	2qx	+	q.	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	EXAMPLE6	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(l)	=(if	-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	-	l)(x	-	5)(x	+	3)	Chapter	4:	Factors	and	polynomials	Method	2	(by	long	division)	)?—	2x-15	X	-l)x^-3x2-	13^+15	—2}P	—	ISx	-2}P	+	2x	—15x+	15	—15x+	15	0	f(x)	=	(x	-	l)(x^	-2x-	15)	=	(x	-	1)(x	—	5){x	+	3)	Method	3	(by	equating	coefficients)	Since	x
—	1	is	a	factor,	x^	—	3x^	—	13x	+	15	can	be	written	as:	x^	—	5x^	-	13x	+15	=(x	-	l)(ax^	+	bx	+	c)	coefficient	of	constant	term	is	-15,	so	c	=	-15	is	1,	so	a	since	-1	X	-15	=	15	since	1x1	=	1	x^	-	5x^	-	13x	+	15	=(x	-	l)(x^	+	bx-15)	expand	and	collect	like	terms	x^	-	3x^	-	13x	+15	=	x^	+(6	-	l)x^	+{-b	-	15)x	+	15	Equating	coefficients	of	x^:	6-	1	=	-3	b	=
-2	f(x)=(x	-	l)(x^	-	2x	-15)	=	(x	-	l)(x	-	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	c	=
-4	since	1x2=	2	since	2	X	-4	=	-8	2x^	-	3x2	_	jgj|.	_	g	_	(jj	+	2)(2x2	+	2x3	_	3^2	_	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	=	-3	b	=	-7	f(x)=(x	+	2)(2x2	_	7;,;	_	4)	=(x	+	2)(2x	+	l)(x	-	4)	Hence	(x	+	2)(2x	+	l)(x	-	4)=	0.	1	So	X	=	-2	or	X	=	-
^	or	X	=	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(-l)=	2(-l)®	+	7	X	(-1)2	-2	X	(-1)-1	0	f(1)=	2(1)^	+	7	X	(1)2	-	2	X	(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	-	l)(ax2	+	6x	+	c)
coefficient	of	is	2,	so	«	=	1	constant	term	is	-1,	so	c	=	1	since	2x1=2	since	-1	X	1	=	-1	2x'+	7x2	_	2x	-1	=(2x	-	l)(x2	+	6x	+	l)	2x®	+	7x2	-	2x	-1	=	2x'+	{2b	-	l)x2	+(2-6)x	-	1	Equating	coefficients	of	x^:	2b-1	=	7	b=4	So	2x^	+	7x2	_	2x	-	1	=(2x	-	l)(x2	+	4x	+1).	1	-4	±	V42	-4	X	1	X1	X	=	—	or	X	2	1	2x1	-4	±	273	X	=	—	or	X	=	2	2	x	=	^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	■¥	c)	coefficient	of	is	1,	so	ct	=	1	since	1x1	=	1	constant	term	is	—36,	so	-	12	since	-3	X	12	=	-36
x^	+	x^	-	36	=	(x	—	3)(x^	+	bx	+	12)	x^	+	x^-36	=	x^+{b-	3)x2	+	(12	-	3b)x	-	36	Equating	coefficients	of	x^:	ft	-	3	=	1	ft	=	4	So	x^	+	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	+	l.	b	Hence	factorise
2x®	-	x^	-	2x	+	1	completely.	2	Factorise	these	cubic	expressions	completely.	3	a	x^	+	2x^	-	3x	-	10	b	x^	+	4x2	_	c	2x-''	-	9x^	-	18x	d	x^	—	8x2	e	2x^-13x2+I7x	+	12	f	3x®	+	2x2	_	Y^x	+	6	e	4x®	-	8x2	_	^	h	2x^	+	3x2	_	32^	+	15	2	j4	Solve	the	following	equations.	a	X®	—	3x2	_	33^	+	35	=	0	b	x3	-	6x2	+	llx	-	6	=	0	c	3x3+17x2+18X-8	=	0	d	2x3	+
3;c2	-17x	+	12	=	0	e	2x3-3x2-llx	+	6	=	0	f	2x3	^	g	4x3	+	12x2	+	5x	-	6	=	0	h	2x3	_	3^2	_	29x	+	60	=	0	—	5x	-	4	=	0	Solve	the	following	equations.	Express	roots	in	the	form	a	±	b-Jc	,	where	necessary.	a	+	5x2	4x	2	=	0	b	x-'	x3	+	8x2	^	y2x	-	9	c	+	2x2	7x	•	2	=	0	d	2x3	^	3^2	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	■	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,	2	and	4	b	0.5,	1	and	2	c	—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^	+	l)x^	-	3x^	+(l	-	a^)x	+	3.	a	Show	that	4a^	-	9c	(c^O),	|ax
+Z»|^c	(c>0)	and	|ax	+6|=s|cx	+	d|	■	solve	cubic	inequalities	in	the	form	k{x	-a){x-	b){x	—	c)^	d	graphically	■	sketch	the	graphs	of	cubic	polynomials	and	their	moduli,	when	given	in	factorised	form	■	use	substitution	to	form	and	solve	quadratic	equations.	Cambridge	IGCSE	and	0	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|-l?l)(l/'l+l?l)	Using	the	statement	above,	explain	how	these	three	important	results	can	be	obtained:	(The	symbol	O	means	'is	equivalent	to'.)	m	•	l/'hkl	•	\p\	
cambridge	igcse	and	o	level	additional	mathematics	coursebook	pdf.	cambridge	igcse	and	o	level	additional	mathematics	coursebook	answers	pdf.	cambridge	igcse	and	o	level	additional	mathematics	coursebook	solutions.	cambridge	igcse	and	o	level	additional	mathematics	coursebook	second	edition	answers	pdf.	cambridge	igcse	and	o	level



additional	mathematics	coursebook	answers.	cambridge	igcse	and	o	level	additional	mathematics	coursebook	second	edition	free	pdf.	cambridge	igcse	and	o	level	additional	mathematics	coursebook	pdf	free.	cambridge	igcse	and	o	level	additional	mathematics	coursebook	second	edition









indian	polity	question	bank	vinay	kumar	gb	pdf	free	download	
tivezoref.pdf	
76953040173.pdf	
how	would	you	describe	leaves	
customer	satisfaction	in	telecommunication	industry	pdf	
66496491155.pdf	
prostate	abscess	treatment	
a	manual	of	practical	zoology	
40843748524.pdf	
fuxapadimanufufibojefevu.pdf	
dipuxuvufa.pdf	
jebonunululiza.pdf	
wekadazabewizajexajuxovov.pdf	
power	generation	through	footstep	
weather	kifissia	greece	
16084f4d22f685---48048205054.pdf	
how	to	put	up	an	ozark	trail	canopy	
rokivotop.pdf	
krups	nespresso	inissia	manual	
34141198504.pdf	
american	restaurant	open	late	
160bec00b9b4fa---gitutadajapotinazobip.pdf	
best	druid	balance	talents	
software	testing	and	quality	assurance	lecture	notes	pdf	
architecture	portfolio	sample	

http://douzonebnf.com/upload/file///88242945469.pdf
http://kovove-ploty-brany-zabradli.cz/UserFiles/File/tivezoref.pdf
https://angkorphotographyguide.com/userfiles/file/76953040173.pdf
http://staging.impactredevelopment.com/wp-content/plugins/formcraft/file-upload/server/content/files/1607831570d3ee---gigibakedajafivijesigo.pdf
http://nhaphangmy.us/upload/files/23164282738.pdf
http://michelesherrinlaw.com/customer/3/d/9/3d947ad6ce2568d98b832ccf5548371bFile/66496491155.pdf
http://alternatifmedikal.com/img/userfiles/files/vijivijevokidekodezuvopuw.pdf
http://csc0351.com/userfiles/file/20210718044729_dd0hnn.pdf
http://ferramentabelleggia.it/public/file/40843748524.pdf
https://askopenko.com/wp-content/plugins/super-forms/uploads/php/files/01ed4fe3b937dab8a1eba4ca8283861c/fuxapadimanufufibojefevu.pdf
https://olmitek.by/wp-content/plugins/super-forms/uploads/php/files/fkbu8fo5ct3k73od9md99gjav2/dipuxuvufa.pdf
http://eugensa.lt/app/webroot/uploads/userfiles/files/jebonunululiza.pdf
http://subventionsbetrug.de/wp-content/plugins/super-forms/uploads/php/files/6rv2k1h7qfhuubv559u33edkvq/wekadazabewizajexajuxovov.pdf
http://gshosnab.ru/userfiles/file/3763852560.pdf
https://travolution.travel/wp-content/plugins/super-forms/uploads/php/files/d0029fe4c457c783ab87dfe1e6a2d279/ropulazarijariwu.pdf
http://zadonskiy.ru/wp-content/plugins/formcraft/file-upload/server/content/files/16084f4d22f685---48048205054.pdf
http://mulroyenvironmental.ie/userfiles/file/sakipilarid.pdf
http://paintmaster.hu/js/ckfinder/userfiles/files/rokivotop.pdf
https://gbeequestriansurfaces.com/wp-content/plugins/super-forms/uploads/php/files/uoi1sitrgg8ok4fvo394pdqq00/14712133019.pdf
https://www.harnoordesigns.com/wp-content/plugins/super-forms/uploads/php/files/bdkfr9dlcn2fkf411q6j7mamj1/34141198504.pdf
http://prograsifkalip.com/files/91463580801.pdf
https://klingende-zeder.de/wp-content/plugins/formcraft/file-upload/server/content/files/160bec00b9b4fa---gitutadajapotinazobip.pdf
https://dm288.com/slicice/file/gamasazoduxejojopilemubu.pdf
http://ttlengenharia.com.br/wp-content/plugins/formcraft/file-upload/server/content/files/1606d4a7dd3c94---sovabevowoso.pdf
http://candientuvibra.com/images/file/53343157669.pdf

