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1  PureMathematics 1
1.2 Functions
Candidates should ko able to:

s undarstand the terms function, domain,
range, one-oae tunction, Inverse fundtion and
compasttion of functions

»  [dentify the range of a given function in simple
carsiers, and find the compoasition of Dao given
tunctions

o dletermine whether of nol a given function 15
one-one, and find the inverse of 3 one-one
function in simpla cases

»  Mlustrate in graphical tarms the relation betwesan
a ce-crs T ithon and (15 Inmverse

s uridarstand and usa the transformations of the
graph of ¥ = £x) ghven by
Y=flxjsay-fx+a),
¥ = af(x), ¥ = Haxe) and simple combinations of
these,

Motes and cacamples

ap angeof f:x -—-% for x = 1 and

rangeof g:x -3 + | for x € B. Including the
condition that 2 compasate fanctian 21 can only be
fiormied when the range of £ 1s within the domaln of 2

e Mnding the mverse of
hexo (21 37 -4 for x {—%.

Sketches should indlude an Indication of the mimor
liney =x

Including use of the termes “transiation’, 'reflection’
and “stretch’ In describing transformations. Questions
may Imvolve algebraic or trigonometric functions, or
oithier praphs with given teatunes

Videos for understanding:

https://www.youtube.com/watch?v=abB9rWbOdUw

https://www.youtube.com/watch?v=BBh7rnWuo3E&lIist=PLjK0O50gbQMRIgGtgRPePpD5f11DvGrTYu
&index=2

https://www.youtube.com/watch?v=KyOQhC8ctxc

https://www.facebook.com/groups/hbdumerkhan/
youtube.com/c/Megalecture/
+92 336 7801123
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A ' looks at the relationship between two sets of numbers.

Consider the mapping =2+ 1

We can input a set of numbers, for example {-2, -1, 1, 3, 6}. | The input set is called the

The output set can be obtained by applying the operation
to each number in the input set,
eg input=-2, output =-2x 2+ 1=-3, The output set is called the

The output set for a domain of -2, -1, 1, 3,6} is {-3, -1, 3, 7, 13].

We say that each number is a (&) of that set. x & means
that x is a member of the set of all the real numbers.

r flx

A G ) WES—

A is defined as a2 mapping where every element of the domain -] ——
{x-values) is mapped onto exactly one element of the range [y-values). 1 4——— 3

The diagram on the right shows an example of a function. d g I

-—= FA—» 113
We can write this function in two different ways: domain man
) B
flx)=2x+1 ol frar—s 241

W Sy [-1|'|'.'||'|.¢. Fopto dx + 1.

frx— 2x+ 1 o & 1
: i B every element in the domain is mapped onto exactly one element
e T | in the range and every element in the range is mapped onto exactly
4] e = ( one elernent in the domain, we say the function is a

fumcticon.

g If every element in the domain is mapped onto exactly one element
in the range, but some elements in the range arise from more than
one element in the domain, we say the function is a

3 -
g - function.
domak il
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- i
txb— alx =10

I
x I
A LS =}
i : .
| e This is not a function, because it is one-to-many. Some elements in
- the domain are mapped onto more than one element in the range.
26— |
=
domain rarga

When vou combine two or more functions you get a

Consider the functions flx) =22 + 1, x € [R and glx) = x - 1, x € [K and the subsat
of numbers {1, 2, 3,4, 5].

If we apply function f to this set of numbers we get {2, 5, 10, 17, 26].

If wee apply function g to this new set of numbers we get {1. 4, 9, 16, 25}

If wee apply £ first and then g we write this combined function as gf.

The composite function gilx) means apply st followed by g,

Consider the same set of numbers {1, 2, 3, 4, 5} and the functions
fl:.n:l—_n-'-l- 1 amd E:J'.: = X 1.

If we apply function g to this set of numbers we get {0, 1, 2, 3, 4}

If we apply function f to this new set of numbers we get {1, 2, 5, 10, 17} Mote: fg willl only exist
- 5 5 : it the range of g is
If we apply g first and then f, we write this combined function a=s fg. :nnlai-m:?iifhisll-l e
- - a domain of £, In general,
The composite function fglx) means apply g first followed by 6 fif=) = gilx)
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5).

Consider the function Hx) = 27 4 1 with domain {1, 2, 3, 4,
The range of this set of numbers is {2, 5, 10, 17, 26}.

The
given result of £, The inverse funetion is written as £-'(x) and maps
the range {2, 5, 10, 17, 26} hack onto the domain {1, 2, 3.4, 5.

provides structured evidence that leads toa

' square the number add 1 f{x)
f-1{x) square Toot subtract | i
When fix) = x* + 1, with domain {1, 2, 3. 4, 5. Note: -
f1{x} = a1 We do not write £ -'z] = £ + x =1 as all the numbsars
in the domain ane FIDE"I"J'E‘.

eg when flx) =2, x=2-1=1

e.g when flx) = 26, x = 26-1 =5

£-) = + =1 would ot be a function as for
avery value of x = 1 we would get more than cne

value of £-'[x).

We often have to resinci the domain so fhat the
function isa one-to-one.

We can draw the graph of any inverse
function f'{x) by reflecting f{x) in the

line y = x. We canonly find the inverse function ({x) if flx)is a
one-to-one fundlion,
i F
{ri=2 + L.YE Brz=0 o [
= i F *1% H."
ol J A
S pex § #
44 d 34 -'f _."'l'
3' ¥ -".l.l. = l';. .-"'..
/ L ¥ i FHy) =
E i & I-l_
¥ ’ I oA e
g 543219 123 4 5"
£ 1
14 &
. . S Jad
’ Flgj=f-1,0¢c B =1 ]
= T T T L .'r -31
Ay 2 a2 4 s /sl
/

Here are some steps we will use to find the inverse function £'(x) given flx).
1. Lethx)=y
Change x to yand y to x.

Rearrange to get y in terms of x.

= =R

Write in the correct form,
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Yom can transfornm the graph of a function by moving it horizonially or vertically
This | ¥ ¥l is called a i
fix + a) is a horizontal translation of —a.

i) + 2 38 3 vertical translation of .

g T 22l e Note: We can write y = fx), y = fix + 3)
and y = flxh + 3 for these graphs.

You can transtorm the graph of a function by the graph in one of the axes.

—f{x) is a reflection in the a-axis.
fi —x) is a reflection in the y.axis.

i} -] fi-u

You can transform the graph of a function by stretching
] Nole: af(v) means multiply all tha

{or compressing) the graph horizontally or vertically.
E a graj ’ G yvalues by awhie the c-values stay

af(x) is a stretch with factor a in the y-direction. the same.
- ; i T 4 : flaxh meane divide all tha cvalues by 2
fi ) is a stretch with factor = in the a-direction. :
' ) a ' while the y-values stay the same.
i) Al 2
¥ }T 7
J ] J 2 !
=
] e i 0 A .
b
13-
4 A
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Domain and range

It a function maps x onto f{x), then the values of x is the domain of the function
and the corresponding values of f{x] is the range of the function.

Functions

A function is defined as a mapping where every element of the domain (set x) is mapped
onto exactly one element of the range (set y].

If every element in the domain is mapped onto exactly one element in the range we say
the function is a one-to-one function.

If every element in the domain is mapped onto exactly one element in the range, but some
elements in the range arise from more than cne element in the domain‘we say the function is
2 many-to-one function.

We say that each member of a set is an element of that set,

x & [ means that x is a member of all the real numbers,
Composite functions

The compaosite function fg(x) means apply g first fallowed by £

The composite function gf(x) means apply { first followed by B
Inverse functions

The inverse function of f, written as £™(x), maps the range back onto the domain.
The steps for ﬁ[ulil:lg, the inverse function -4 x) given fix) are:

. Letfix) =

4. Change x to yand y to.x.

3. Rearrange to get y in terms of x.

4, Write in the correct form.

The domain of £ ' §s always the same as the range of f.

The range of f is always the same as the domain of f.

ff ~'{x) and f~'f{x) are always the same as x.

The graph of f-"(x) is the reflection of the graph of f{x) in the line y = x.

It f{x) = £~ '(x), then we say f{x) is a self-inverse function. If f is self-inverse, then Hix) = &,

Transformations

We can transform the graph of a function by moving it horizontally or vertically. This
transformation is called a translation.

t(x + a) is a horizontal translation of —a.

f(x) + @ is a vertical translation of a.
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1 Functions f and g are defined by

fx—=3x+2 xR

goxrdr—12, xeR
Solve the equation flx)y= =fx). [4]
SP2O0VP12
2 The fimction fis defined, forx & B by £ x = x° + ax + b, where a and b are constants.
(a) Itis giventhata=06and b=-8. SP20PL11
Find the range of f. [3]

(b} It1s grven instead that @ = 5 and that the roots of the equation fix) = 0 are k and —2k, where ki1s a
constant.

Find the values of b and &

[31
() Show that if the equation f{x + a) = a has no real roots then a = 4{b —a). [3]
3  The function f is defined by f{x) = 2+ 12x-3forxeR M1
(i) Express ~2xY + 12x — 3 in the form -2x+ f:]3 + b, where a and b are constants. [2]
(ii) State the greatest value of f{x). [1]
The function g is defined by g{x)=2x + Sforx e R
(fii) Find the values of x for which gf(x)+1 = 0. [3]
4 The function fis defined by fix) =2 -3cosx for0 £ x £ 2m.
(i) State the range of . M/T19/11/9 [2]
(ii) Sketch the graph of y = f{x). [2]
The function g is defined by g(x) = 2 — 3cosx for 0 x £ p, where p is a constant.
(iii}) State the largest value of p for which g has an inverse. [1]
{iv) For this value of p, find an expression for g_:lj.t' . 2]
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5 Functions f and g are defined by

M/J19/12/7

2x +
x—17

f:x+—3x—2, xelR,
3

g X >

xeR, x= 1.

(i) Obtain expressions for f~1(x) and g~!(x), stating the value of x for which g~'(x) is not defined.
(4]

(ii) Solve the equation fg(x) =

[VpS)

[3]

48
=T-71 for 3« x = 7. The function 2 is defined by 2{x) = 2x - 4 for
a<x< b, where aand b are constants.

6  The function f is defined by fix)

(i} Find the greaest value of @ and the least value of & which will permit the formation of the
composite function of. ] [2]
M/T19/13/4
It is now given that the conditions for the formation of gf are satisfied.
(iiy Find an expression for gfi{x).

[1]

ifiiy Find an expression for igl']': (X).

2]

v MiT19/13/9

= T —

The function T : x +—s v 5in? 2x + g is defined for 0 < x < =, whene p and g are positive constants. The
diagram shows the sraph of ¥ = fi{x).

(i} Imterms of p and g. state the range of . [2]

(ii} State the number of solutions of the follow ing equations.

(a) fix)=p+qg [1]

(b fixl=g [1]

(©) fx)=2%p+gq

[1]
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(iii} For the case where p= 3 and g = 2, solve the equation fix) = 4, showing all necessary working.
[5]

7 The function [ is defined by fix) = X —4x+BfrxeR
) i MIT19/13/1
(i} Express v~ —4x 4+ 8 in the form (x — a)” + b. [2]

(ii) Hence find the set of values of x for which f{x) < 9, giving your answer in exact form. [3]

8  The function f is defined by f(x) = —

a < x < b, where a and b are constants.

for 3 < x < 7. The function g is defined by g(x) = 2Zx — 4 for

(i) Find the greatest value of @ and the least value of b which will permit the formation of the

composite function gef. 2
P & M/T19/13/4 [21

[t is now given that the conditions for the formation of gf are satisfied.

(ii) Find an expression for gf(x). [1]
(iii) Find an expression for (g’f}l_1 (x). [2]
vl 1 |'r _.l|l
Q ii) Express 12 —4x + 7 in the form (x +a) +b. M19n2/8 2]

w -

The function f is defined by fix) = 1 —4x+7 forx < k, where k is a constant.

(i} State the largest value of k for which f is a decreasing function. [1]
W

The value of k is now given to be 1.

(iii} Find an expression for f~'{x) and state the domain of i1, [3]
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io (&) The one-one function fis defined by  (x) = {x — 3 — 1 forx < a, whem a is a constant.

{i) State the greatest possible value of a. [1]

(ii} Itis given thata takes this greatest possible valee. State the range of T and find an e xpression
for £ "{x). [3]

(b} The function g is defined by g{x) = (x — .“1;-: fior x = 0.

(i} Show that pg(2x) can be expressed in the form {2y — .'1‘,'-'1 L b(2x—3)° + c.where b and ¢ are
constants to be found. [2]

(i} Hence expand oof2x) completely ., simplifving vour answer. [4]
11 The function f is defined by f: x = 2x* - 12v + T forx e R. Q/N18/12/9
(i} Express 23" — 12x +7 in the form 2ix + a)? + b, where a and b are constants. 2]
(ii) State the range of f. [1]
The function g is defined by g : x +» 2x* — 12x +7 forx < k.
(iii) State the largest value of k for which g has an inverse. [1]
(ivd) Given that g has an inverse, find an expression for g"{:-r_:n. [3]
12 Functions f and g are defined by
f:x—2—3cosxy forl<x<2n,
grxes %x for0l=s x=2m
ii} Solve the equation fg(x) = 1. Q/N18/12/4 [3]
(ii} Sketch the graph of v = fix). [3]
13 (i) Express 2x2 —12x + 11 in the form a(x + b)2 + ¢, where a. b and ¢ are constants. [3]
0/nl8/13/11
The function f is defined by f(x) = 2v> — 12x + 11 forx < k.
(ii) State the largest value of the constant k for which f is a one-one function. [1]
[4]

(iii) For this value of & find an expression for £ (x) and state the domain of £l

The function g is defined by g(x) =x + 3 forx < p.

(iv) With k now taking the value 1, find the largest value of the constant p which allows the composite

function fg to be formed, and find an expression for fg(x) whenever this composite function
exists. [3]
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14 The function f is defined by f(x) = x” + 2x~ —4x + 7 for x = —2. Determine, showing all necessary
working, whether f is an increasing function, a decreasing function or neither. [4]

O/N18/13/2

15 Functions f and g are defined for x € R by

f:x— %_\'— 2,

M/J18/11/9
grx—>44+x— %.\'2.
(i) Find the points of intersection of the graphs of y = f(x) and y = g(x). [3]

(ii) Find the set of values of x for which f(x) > g(x). 2]
(iii) Find an expression for fg(x) and deduce the range of fg. [4]
The function h is defined by h: x = 4 + x — %_\'3 for x = k.

(iv) Find the smallest value of & for which h has an inverse. 2]

16 The function f is such that f(x) = @ + beosx for 0= x < 2m [tis given that 1'[%4'[] = 5and f(x) = 11.

(i} Find the values of the constants a and b. L [3]

(ii) Find the set of values of £ for which the equation f{x) = & has no solution. [3]

17 The function f is defined by f: x 7 - 2~ 12x forx =R

' - - 7 . 7
ii) Express 7 — 2x* — 12x in the form a — 2(x + &), where a and b are constants. 2]
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Marking Scheme

MAES
L @F% 1 |Bl
i) =43+ )12 1 |Bl
Equate (1) and gflx) expressions, x = I |MA
4
o) [Far-8=(e-1T ) |BIBL | Bifu(r+3Blfu-lT
OR OR
kt=(=sr=-3=3y=-1 Bl fory=-3 Bl fory=-17
Range ffy) 17 1 BIFT | FT; followng fhrough visible method
3
2(b) [.1'-L'][.1'-Ek]=05x1+5.1'-b=0 l M Realises the link between roots and the equation
k=3 1 Al | Comparing coefficients of
b=-2=-5 | Al
L
Xe) [.‘l"l'ﬂ]]'ﬂ(.l"l'ﬂ]‘l'b:d 1 MI* | Replaces x'by v+ o' m 2 terms
Uses - dae, 9’ - 404" + b-0) | (DML | Anyuse of dscriminat
<db-a) | |Al |G
E
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3(1) __;1-1._3)3“5 (1=-3.b=1) B1B1 | Orseenasa=-13. b=15B1 for each value
i
) | (fx) )15 BI | FT for (<) thewr “b” Don't accept (3,15) alone
1
) | gfl) =220 +12x-3)+ S =4t + My -6+5 Bl
gflx)+1=0— -4+ 24x=0 M1
x=0or6 Al | Forms and attempts to solve a quadratic
Both answers given.
3
) -1t €Sorf-, 3] (may useyorfmsteadof ) BLBL |1 <f(1)¢Sor -1 <r ¢S ar(-13) o [5-1] Bl ofp
]
Question Answer Marks . Guidance
4(11) *B1 | Start and end at —ve y, symmetrical, centre +ve.
g(x)= 2-3cosx for0<xgp DB1 | Shape all ok. Curves not lines. One cycle [0.2r]
Flattens at each end.
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4(i1) | (greatest vale of p=) 7 Bl
1
4v) | x=2-3cosy = cosx =42 -) MI'| Attempt at cosr the subject. Use of cos™
4 42-x o Al | Must be a function of x,
g (x)=cos e (may use 'y =)
.
i ) ] Bl
(1] Ef— (1'}) = T_+' o8
3
2343 Iy=2re3 o xiv—d}=ps3 M1 | Comect method to obtamx =, (ory =, 1f
¥= —1 -lp=dr=3—=xly-2)=y+3 mterchanged) but condone +/— sizn emors
) + 5 ) Al | Must be mn terms of ;
(g ) ery)= l 3-:ue|t:g +11 e e
=2 L Tx-1 )
x 72 only Bl | FT for value of x from thewr denonunator =0
4
(i) 3(u43) T Bl
(f(x)=) ~2(=3)
-1 3
IBx+2T=13x -1 or 3{dx+ 11} =Tz -1 M1 7
f x-Bor i+ 1)=76 1) Comect method from thewr 2= — leadmg toa
(5x=-40) 3
linear equation and collect like terms. Condone
omission of 2(x-1.
Alternative method for question (i)
! 13 Bl
Fi(=)==
(£ ; ) 5
x+3 13 _ M1 . ; 13 .
] =?—: 2+ 3= 130 -1) (= x=—40) Caorrect method from £1X)= thew 7 leading to
-
linear equation and collect like terms.
x=-8 Al
3
6i(1) 1<E(x)<pHg BIB1 | Bl each inequality - allow two separate statements
Aceept <, (g.p*q).[g.p ]
Condone y or x or £ place of f(y)
1
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6(11 a)2 B1 ¥
) (a) Allow E x
4 4
b) 3 B1 ]
®) Allow 0. —: T
(©4 Bl Allow EEEE
§8 8 8
3
(i) 2 M1

.2 .2 .
s 2x+2=4 - sm 3'\:_4 s01

Al | OR Implied by at least one correct value for x. Allow sin™ form

=TSl

7
Sin2x=(=)0.816(5). Allow sinl\':(i}\[; or 2x=sin" (%)
3

(2x=) at least two of 0.955(3). 2.18(6). 4.09(7) . 5.32(8) Al | Can be implied by cotresponding values of x below
Allow for at least two of 0.304r, 0.6967. 1.30(4)m, 1.69(6)x
OR at least two of 54.7(4). 125.2(6)°, 234.7(4)°. 305.2(6)°

(x=)0.478. 1.09. 2.05. 2.66. Al1A1 | Allow 0.1527. 0.348x, 0.6527. 0.848x
SC Al for 2 or 3 correct,
SC Al forall of 27.4°, 62.6° 117.4°, 152.6°

2
Sinl\'=i% —x=0.365.1.21,1.94.2.78 scores SC M1AOAOA]

3
5
7(1) _[1 -7 }3} [+4] B1 DB1 | 2nd B1 dependent on 2 inside bracket
3
7(1) (x- 2:]] <5 = —5<x-2 andlor x=2<y5 MI | Alloweg x-2<+5.x— 2=1y3 and decimal equivalents forJ

For M1, ft from their(1). Also allow V13 instead of 5 for clear sli]l

1 f5exe? +‘/§ AlA1 | Al for each mnequality — allow two separate statements but there uI st
be 2 inequalities for x. Non-hence methods, if completely correct,
score SC 1/3. Condone <

3]
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8(1) Max(a) 15 § Bl | Allowa=80r a<8
Min(b) 1s 24 Bl | Allow b=240r =24
2 | SCB1 for 8 and 24 seen
8(ii 4y Bl| [ 43)
@) gfix)= > 4 or gfix)= 100 4x 21 il |4 is insufficient
x-1 x-1 Lx-1)
Apply ISW
1
8(111) 96 . 96 . 96 M1 | FT from their(ii) provided (ii) involves algebraic fraction.
J=H_4_”_4=E_>l_l=m Allow sign errors
a, Al
(ef) 1I[ x) 5 +1 OR 100+x . Must be a function of x. Apply ISW
’ S ox+4 x+4
7
. - 1 2 21
9(1) [(x-27T+[3] B1 DBI | 20d B1 dependent on 2 in 1st bracket
1
9(11) | Largestkis2 Accept k<2 BI | Must be 1n terms of
|
91 |1'={J.'—2):+3 = x-2=(z)y-3 M
=7 (x)=2-yx-3 forx>4 AlBl
3
9(iv) 2 2 Bl | Either form
gflx) = — =—
¥ -4x+7-10 (x-2) +2
Since f(x)>4=> gf(x)<2/3 (or since x <letc) MIAI | 2/3 i answer mmplies M1 www
range of gf(x) 15 0 < gfix)( < 2/3) Bl | Accept0<y<2/3,(0,23) but0 <x <2315
SCMI1A1BO
4
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10(a)(1) [Greatest value of a 1s] 3 B1 | Must be in terms of a. Allow a <3 . Allow a < 3
1
10(a)(11) Range 1s y = —1 Bl | Ft on their a. Accept any equivalent notation
y=(x- 3]3 —1-s(x _3}3 —1+ysx=3(2) hsy M1 | Order of operations correct. Allow sign errors
f1(x)=3-41+x cao Al
3
10 1 r 2 2 Bl
O g0 <[ (2x-3) -3]
(2x-3)* —6(2x-3)" +9 B1
2
100 | [16x* 962" +216x" — 216x +81]+[ (2427 + 72x-54) +9] B4,3,2,1,0
16x* —96x° +192x" —144x +36
4
11(1) 2125+ 7= 2(x=3) -11 Bl B1 | Mark full expression if present: B1 for 2(x — 3)* and B1
) for—11.
If no clear expression award a =—3 and b=—11.
.
11(11) Range (of f or ¥) > ‘theirr —11° BIFT | FT for their ‘5" or start again. Condone =,

Do NOT acceptx = or =

1
11111, k=) —“their a” also allow v or k 3 BIFT . . . iy
@) *=) cira”aksoallow vor k< FT for their “a” or start again using $=0.
dx
Do NOT accept x = 3.
1

11(w) y= 2[.‘(—3:]] ~11 —y+11=2(r=3)F M1 | Isolating their (x — 3)° condone — 11.

y+11

=(x-3)
(y+11) y+11 DML | Other operations in correct order. allow + at this stage.
x=3 | | or 3— Condone — 3.
411 Al | needs “—. x and y could be interchanged at the start.
@wory)=3- 42|
| 2 )
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felx)=2- 3(305{%1’)

Bl

Correct fg

3—3c05(%x)= 1- cos{%x) = % — ‘ %.\' ‘ = cos'l‘ rha?r% ;

Ml

M1 for correct order of operations to solve their fg(x) =1 as
far as using mverse cos expect 1.23, (or 70.5 ) condone x=.

47 \
x=2.46 awrt or TH{O.?SWWITJ

Al

One solution only in the given range, 1gnore answers oufside
the range.
Angwer in degrees A0.

Alternative:
Solve fly)=1—y=123— %x:l.li BIMI

—xr=2464A1

12(if)

Bl

One cycle of £ cos curve, evidence of turning at the ends
required at this stage. Can be a poor curve but not an mve
“V. If horizontal axis 1s not labelled mark everything to ff
right of the vertical axis. If axis 1s clearly labelled mark 0
2m.

Bl

Start and finish at roughly the same negative y value.
Significantly more above the x axis than below or correct
range mmplied by labels .

Bl

Fully correct. Curves not lines.
Must be a reasonable curve clearly tuming at both ends.
Labels not required but must be appropriate if present.

https://www.facebook.com/groups/hbdumerkhan/

youtube.com/c/Megalecture/
+92 336 7801123




For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com
AS FUNCTIONSMATHS P11
COMPILED BY :MUSTAFA ASIF

13(1) 2] I:t:c— 3 |3} [-7] BIBIBI
3
13(11) Largest value of k15 3. Allow (k=) 3. Bl | Allow & <3 butnot x <3 as final answer.
1
13(111) y=2( _\._3}3 —7 5 (x-3 ]3 —%(y+7) or with x/ transposed M1 | Ft their a. b. c. Order of operations correct. Allow sign errors
y=3+ |l,',2( v+7) Allow 3 + 3 or 3 — or with x4 transposed DML | Ft their a, b. e. Order of operations correct. Allow sign errors
£ (x)=3— fra(x+7) Al
(Domain is x) = their—7 B1FT | Allow other forms for interval but if variable appears must be x
4
13(1v) x+3<1 Allowx+3=1 Ml | Allow x+3<k
largest pis —2 . Allow (p =) -2 Al | Allow p<-2 butnot x < —2 as final answer.
fo(x)=f(x+3)=2x" -7 cao Bl
3
14 f'(x)=3x" +4x-4 Bl

Factors or crit. values or sub any 2 values (x=-2) ito f'(x) sot

MI | Expect (x+2)(3x~2) or-2, % or any 2 subs

(excluding x =-2).

For 2<x<¥%, f'(x) <0;for x>%, f'(x) =0soi Allow <2

M1 | Or at least 1 specific value (= -2) in each interval giving opp

signs
Or f(%)=0and f'(%)=0 (1e. gradient changes signatx= %)

Neither www

Al | Must have “Neither’

ALT 1 At least 3 values of f(x)

Ml |eg f0)=7.61)=6.62)=15

At least 3 correct values of f{x)

Al

At least 3 correct values of f(x) spanning x = 3:

Al

Shows a decreasing and then increasing pattern. Neither www

Al | Or similar wording. Must have ‘Neither’

ALT? f’(,\;} =3t edy—4=3(x+ );{']: _1% B1B1 | Do not condone sign errors
. 16 M1
f'(x) 2-—
3
f'(x) <0 for some values and > 0 for other values. Neither www Al | Or similar wording. Must have ‘Neither’
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15 ¥
frxm —=2, gix=d+x-—-—
2 2
15(1) o ox M1 | Equates and forms 3 term quadratic
d+x—-—===2 — ¥'-x-12=0
2 2
— (4,0) and (-3.-3.9) Al Al [ Al For both x values or a correct pair. Al all
Trial and improvement, B3 all correct or BO
3
15(1) fix) = glx) forx>4 x<-3 El, Bl | Bl for each part. Loses a mark for  or .
-
15(1i1) T : ¥ 2 El | CAQ, any comrect form
fo)=2+ = - -2(==-I)
b 2 4 2 4
1 . dv 1 2x M1 Al | Completes the square or uses calculus. First Al iff for
e, ——(x—1y-1) or —=———=0 —=x =1 leted f
4 dr 2 4 X or completed square Iorm
1 1 Al 1 1
—y=- — Rangeoffg g —, CAOQ.OEeg y<—. [-om —)efc
4 4 4 4
4
15(v Caleulos or completing square on 'h’ — x=1 M1 b
(&) S May use a sketch or —
k=1 (accept k =1) Al | Complete method. CAQ
el
16(1) a+¥:b=75 B1 | Alternatively these marks can be awarded when %2 and —1 apfljpr
after @ or b has been eliminated.
a-b=11 Bl
—a=Tandb=-4 B1
[3]
16(1i) a+ b or their a + their b (3) B1 | Not enough to be seen in a table of values — must be selected)|
Graph from their values can get both marks.
a — b or their a — their b (11). B1 | Note: Use of b’ — 4ac scores 0/3
—k<=3.k=>11 B1 | Both inequalities correct. Allow combined statement as long
correct inequalities if taken separately.
Both answers correet from T & I or guesswork 3/3 otherwise §|3
3
17(1) 25=2(x+3) Bl Bl | Mark expression if present: Bl for 25 and B1 for — 2{x + 3}~
If no expression award a =25 Bl and b =3 B1.
-
17(i) (—3. 25) BIFT | FT from answers to (1) or by calculus
1
17(1i1) | (k)= S alsoallowxork=—3 BIFT | FT from answer to (i) or (i) NOT x=-3
1
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17(iv)

EITHER

y=25 x4 3P — Ax+ 3P=23—y

‘ML

Makes their sqmared term containing x the subject or equival
with x4 interchanged first. Condone emrors with +/- signs.

it

x+3=(E)f2(25— ) DMI1 | Divide by =2 and then square root allow =
OR
y=T-2—1x =2+ 12x +y—T7 (=0) "Ml | Rearranging equation of the curve.
DM | Correct use of their “a, b and ¢’ in quadratic fornmla
Allow just + in place of +.
Al

15w if substituting x =— 3

+ gets AQ. Must now be a function of x. Allow y =
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