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1 The table below shows corresponding values of x and y for y = 1 :
x
The values of y are given to 4 significant figures.
X 05 | 1 i5: 1] 2 25

y| 05774 | 07071 | 0.7746 | 08165 | 0.8452

(a) Use the trapezium rule, with all the values of y in the table, to find an estimate for
2.5 —
1+ x
0.5

giving your answer to 3 significant figures.

%n 3)
a) ’{ruw.'élm R“k, :j J(I) dx = %'h[(ao +3n)+ a( 30 + Y 4...-}3,‘..)]
b
Iu % 3 Q.5 xu ‘Nw is h7 his 'Hﬂ O‘H'\BM
x} 0532§ 1 ISKF\ 2/.\25 WWVW@% X.
yi 05774 | 07071 | 0.7746 \ 08165 | 0.8452 hg s 0
\fv V. Y'l. ‘/3 "I-c
1.5
- f ‘ o dx T %7\0.5[(0.57211 +0.%452) + 2(0.70% + 0.37uc + 0.2\555_)0)
0.S
l.So0u%s..
1.5
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2.5
j ! / 9
(b) Using your answer to part (a), deduce an estimate for j 1 +x dx
X
0.5

1.5

b) From fort a.=J. {_x— ox = |.60

bsi 14X

0y

”\\3 IS 0 Oonstwd, 3 U can tale it cut the mlml

J‘ma;f r]’_ax=3j““

His % '}M.
05 we hal in po»t «
1.5
=) I9x.  dx = ¥3x 150 = L.§o O
14+ —
0.S
Given that

2:5
9x
J dx =4.535 to 4 significant figures

1+ x
0.5

(c) comment on the accuracy of your answer to part (b).

1.S
c) Eskmok fiom put b :f f:‘:{ dx % 4.50
[~

qm Occu facyy «\f the omwey in fork b s hbh,SEnce hso = u.535 ()

1

Soimal® reol
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. Relative to a fixed origin, points P, Q and R have position vectors p, q and r respectively.

Given that

e P, Qand R lie on a straight line

e (O lies one third of the way from P to R

show that
=1a+z)
1=z P
3)
> o =
R QR = 3 PR
-2 3(r-¢2) @
9 or-1= 3c-%p
Q
= f=r-5c+3p O
2 2= dre3yp
=? Zs "3‘
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3. (a) Given that

2log(4 — x) = log(x + 8)

show that
xX—-9x+8=0
3)
a.) Q.los(h- I.) = los (I-t?) |% laws:
1 a
=) h-x) = ?) © G- = |
l°3( ) los(x*- ) )ogb . °3(b)
- on
= (k-x) = x+¢3 © § log(e) = log(b) Hen a=b
2 J6-Fx+x ¢ x+€
=) X -9%x+¥ =0 as fepuied ©
(b) (i) Write down the roots of the equation
»—9x+8=0
(i1) State which of the roots in (b)(i) is not a solution of
2log(4 —x) = log(x + 8)
giving a reason for your answer.
(2)
b °.) Xx-9%x+%:=0 M A
2 (x-%)(x-1) =0 T -9
=27 %=1 ond x =% -7/,\4
/l'hese QR Ow (ooff. l°3 (@) iv only vad OQ" a>o0

bi;) Fov x=5, 2'03('-!'1) = 1'03 (lg-?) = llO\j (- LI) N hence % :=% s mot Vah‘(l
St Aoy Ch) camot be .©
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4. In the binomial expansion of

7 3
(a+ 2x) where a is a constant

the coefficient of x* is 15120

Find the value of a.

Formulo K™ term I:F (Jtc-s)h = (") I—kﬁn'u
K

- <?)(3a)“a3® - (?) 2“.0° = 15120
y 4

=) 5c0a’:= I15)20 ©

=) a =311s)20 = > =)
560

3)
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5. The curve with equation y =3 x 2" meets the curve with equation y= 15— 2" at the point P.

Find, using algebra, the exact x coordinate of P.

Y= 2.2 ond ¥:)5-2*" Find Point j‘ Infersection !
= 3.:15-2"" © x 37 - a3a%a':- 2% a
=  3.3'=|5-2*-2

Jr‘&x on both Sides

a*
=) = ]i =) atz )_5
a* S

los laws : In(@®) = bln ()
e (2 -3 0

both 5ides ¥ => “In(3%) = In(3) | ,
=) x-In9) = ln(3)'/ : (@) : Mark for working
=2 x=)n(3 ) mork fov Corrsct answer
In@)

N X coordnoke of P
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6. (a) Given that

MEAX'*‘B'F
x+2 x+2

xelR x# -2

find the values of the constants 4, B and C

3)

o) Partiol  Frackions :

x+%x-3 = Ax+ B« :.;.1

X+

X +8x-3 * Ax(x+a) + B(xea) +C

kb x=-& ,then (2)°¢ $6a)-3= Aka)(-a+a)« Blara)+c

% -|s=’C
b x=0, dhen -3=3B-IS => |d- 2B
= B=6
lb x=1,then 6= 3A+ 6(3)-1S
22 6= 3A+3
=) 334 =) A=t

——

" ——
>  A:),B:€ ond Ce-I5 @<IMKP’V we Ccomect

— —_— | men fo alt fwe Coimce

—
———
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(b) Hence, using algebraic integration, find the exact value of

°x® +8x-3
J.—dx

" x+2

giving your answer in the form a + bIln2 where a and b are integers to be found.
“4)

(4

6
b) from Posd a:fa1+8x-3h=j1*6-i da jzdx= x
x 2 X+1 2
0 ° ¢ . 1S JG dx = 6x
2 ] "' rods ‘_:
- [_:_ . Cx- ISi(xea)|@r "UES e T e - 1Sierd
Y P ()~ Cowest, integrahinn x+2
= (_6:'4- g(c)-lS]n(%))_ ( |Sln(2y .
a In(8) = In(2°) = 3-In(R)
§ Power ey lan

18 + 36 - 151n(3) + 5I(a) ©

Su-15(3In() « ISIn ()
§h - 30 (2) ©

n (1)

a+ bln(Z) => Q= Sh.
b: -

—
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VA
P
0 X
Figure 1
Figure 1 shows a sketch of the curve C with equation
ot o 0
Y= 2\/; nx x>
(a) Show that
dy _ 12x2+x—16Vx
dx 4x\/;
4)
- 1 o Y 1) . -
a) ¥= hx+x _Unx , Fd % Loy Differantiokion : d (n2)= L
L x| —
* Quotient Rule : If h(x)= f&x)
'L(hlnx)r-h-Lai Q 3G)
dx L S then  hitx) = f&-36)- fo- 9w
(8e)*
b h@) = hx'+x - {(1)= hete x> 5(1)= Fx + |
a& aﬁ - al\ll
3@ =ax - Y- ﬁ ®
2
= hiw = (@x+)(af) - Qs %)( 'JJ_;Z = o™+ ax'- l;—,’;,_ - ’:.'?. = 16x waallPo 1y e
(Q‘;)t @ hx Lx
Yoo 3 ne V2 \ _ _\
=> h'n= Bx L‘:x = 3x ot Az + o=

= Rx+x-16¥x - dy as fquim‘--@
hxdx &

LN
x

=) Moo IFe Lo o= x4 |
dx WX x Lix
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The point P, shown in Figure 1, is the minimum turning point on C

(b) Show that the x coordinate of P is a solution of

8

3)
b) Fom pod 0 dy- Beex-l6fz
dx hx{=

Our [t Skp B fo St gy -0. e x-160x =0
t 9

hx{=
= lix+x-16x=0 . [
= W*lx-16 =0 ®

= Y= lG = .0
=) ‘I_sn': ri
)a.
RN I‘.\l‘b: ——_&
3 v
2)3

D x-= (_;L_ﬁ s feguired- @

)
p—

2
" SR 0 i
X, . = ——L with x, =2
n+l 3 12 1

to find (i) the value of x, to 5 decimal places

(c) Use the iteration formula

(1) the x coordinate of P to 5 decimal places.

3)
c) /3
R LIRS NP

X2 = |.138935..
I = 1138 (5dp)0)

[\}

i) x:1. 15650 (O
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8. A curve C has equation y = f(x)

Given that

"o f'(x)=6x>+ax— 23 where a is a constant
Vo the y intercept of C'is —12
4 e (x+4) is a factor of f(x)

find, in simplest form, f(x)

(6)
\f'(x) = ze-u- ox - 23 ln‘-earaliov\.i J.Gatz dx = _x_3 = A’
3
) Qz\[' dx ox dx = ar
\f ) 5(1) 0, j 2
) f(x):JGxta-o.t-as dx -23 dx= -23x

- Constout of inlegrobiou.
}(x) = v ox-3x+C O
: 1 2 7~ Y intercept (Ywhen x=d
=2 X =c , f(o) = a(o) + 0-0 -23(0)+C = -2

o

= c=-ld @©
=) Jf(l) = i+ a_IL-QBJt-J&
2
D f xeb 5 o fado of f(x) fhen f(-l-c)=0
= 5(_ u)=0 = a(-u)3+ a(-u)’"_ 23(-4) -12a ©
o

=) 0 = -13F + %o +30 )
=z Qo= L3 =) a: g = @ =) ‘5'(1)"' dx *3"’.'231'1& @

—

8 —


Josh James

Josh James

Josh James

Josh James
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9. A quantity of ethanol was heated until it reached boiling point.

The temperature of the ethanol, #°C, at time 7 seconds after heating began, is modelled

by the equation

0= A — Be 00

where A4 and B are positive constants.

Given that
e the initial temperature of the ethanol was 18°C
e after 10 seconds the temperature of the ethanol was 44°C

(a) find a complete equation for the model, giving the values of 4 and B
to 3 significant figures.

a) @ - A_Be:o.o?t

-0.0%-0 o
e

t=0,0=1% = |3=A-Be
13 =A-B ©

E=10, 0 =kh = Lk: A-BeT Q@

A = B + l% A: BQ-O‘? +‘-ll-0 =9 B+l% = BQ-O.? +L'L'
=) B-Be>?= 2C
=> B(l1-e°7) = 26

B=5I1.€ =) B-= 26 = S).eq%...

l_e-o.?

=) A=851.6+18 =696=A

e

> O: 69.6-51.6e%M"0

> B

“4)

§l.e ®

—
——
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Ethanol has a boiling point of approximately 78 °C

(b) Use this information to evaluate the model.

@
) O= 63.6-51.6¢°°"

/ﬂﬁ Maximum Jempudwe, Q.Ccorolinj s Hhe Model , i3 €a.6 °C. @
=) A Meded s ol oppopliote Sice 6T6°C IS much lower than F8°C.(D
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10.

(a) Show that

cos34A=4cos’A—3cosA

wW$r A €))
\

Cos 3A = Cos(aA+A) Compourd  Argle_Formuta :
* Cos(xy) = Cosx Cosy - Sin‘sS’ma

We on um e Cowpound ot fomule With

x=3A ond y= A. Double Analﬁ. Formulo :
=) Cos3A = Cos 2A CosA - SinaASinA © * Cos A = QCos A -
= (Rcos*A-1) G - (@5inACEIA) SinA © * SindA = 2SinACosA
\-;)
= 2Cos’A - CosA - 38in ACosA + Sa’x+ Cosk = V.
= ACos’A-CosA - \a- Aws'A)CosA © =) ASin'x = A- Aox%e

ACos’A -CosA - 2CosA + aCos A

=) Cos3A

11}

WCos’A - 3CosA O ay required.

(b) Hence solve, for —90° < x < 180°, the equation

1 — cos3x = sin’x

(C))

I-Cosdx = Sin'x *  Sinxas Cos’x =)

e Part o : CosdA = MCos’A - 3CosA
=) |- Cos3x = |- Cos*x

ek Cosx = B
=7 \-('-!Coasac-3(‘osx) = |- Cos*x =) -hy+ry+d
-(uy-v-2)
2> 1-UCo’x + 3Cosx - | +Qos’x =0 => Co5'x + 3Csx - HCosx =0 O -\ly+3)(v-1)
=) C'osx(&s1+3-\icosix) =0
~
=> _C'lsi(hCosx-&s)\Cosx-l) =0 S| A
T 7L
2) Coox =0 hCosx+3=C Cosx-1=0 ©
x= 90° Coyx = ’-E- =) x=139° x=0
=-70 ©

=) Soluksas om : X = -90° 0% %° and 139°. O
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VA
>
0 X
P
Figure 2

Figure 2 shows a sketch of the graph with equation

y=2|x+4|-5

The vertex of the graph is at the point P, shown in Figure 2.

(a) Find the coordinates of P.

(2)
Pis ow tuming foind, So e Cun Teud R fuming foint from the Cousdion.
x = -k w 3:-5 =) P("l'l,'S)
0, ®
(b) Solve the equation
3x+40=2|x+4|-5
(2)
Opron | : 3x+h0 = &(x+v)-5
Ix+H0 = Ax+3 =) x=-37 =) 3(-37)+h0= Q\-372+4\-5
-7 # ¢l
=) x=-37 IS not o Volid Selwlion.
Ophion - : 2x+h0= -&(x+h)-S
2x+ U0 = -2Ax-3-5
5x = -53
x=-l0.6 ® =) Checlk Soluwbion %L:_I-Ll_ =) The Soludion i3 X = -10.6.
s —

®
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A line / has equation y = ax, where a is a constant.

Given that / intersects y = 2 ‘x .z 4] — 5 at least once,

(c) find the range of possible values of a, writing your answer in set notation.

V=ax

Fov a=2, ter will never R nfersection.

2 hr 002, theoe vl oy R ol leadt ot foint of
infersection. (O

3

yA

Yzox with fiut P(h,-5)

=) -S=-ha => a=:l2§
=2 Fw 0¢1.25 , thew wil R ot Jeast one point  of
infersecon. ©

22 St Notabion :  (-a,1.25|V (3,00) ©

—

=V
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12.
yA
R
0 x
Figure 3
The curve shown in Figure 3 has parametric equations
T
x = 6sint y = 5sin2t¢ 0<t<5
The region R, shown shaded in Figure 3, is bounded by the curve and the x-axis.
I,
(a) (1) Show that the area of R is given by J 60sinzcos* ¢ dt
0
3)
X2 t.
R= j Y(x) dx '-j u(e) dx  db W) = Y= SSin (2¢)
%1 \ ol X: 65t => dx = LCost
olt
L 2%
= | €Cost-Ssnat b ©
&, *Sin db = ASiat Cost
: ¥ 0Gst-Sn e
:' ta
%
= J 30 Cost - ASintCost ok = 60 Gs*tsmt ot O

[ t.
vi2
=) bL:=0 and t2° _'2_ => R =J COSintCos't db oS vequined. ®
5 —
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(11) Hence show, by algebraic integration, that the area of R is exactly 20

N2
Flom post & ezj 60-Sint-Cor't ol

Cos't = |-Sin ¢
/2 .
= COJ Sint(\-Sin't) ot

Q

N/

3

Snt db = -Cost + C
= 60

\[-&n’t dt = (o3t - 3Gos () +C
Sint ’S.l'\zt ot @

CO[O- %Co?t}ncg = Go

[‘éCoss ("‘l) --3 Coas(o)]
Q

2 R: 6o(0--%)

-
-

-
-

>R= J0 a5 repuind. 0

=V

Figure 4
Part of the curve is used to model the profile of a small dam, shown shaded in Figure 4.
Using the model and given that
®

x and y are in metres
[ ]

the vertical wall of the dam is 4.2 metres high
[ ]

there is a horizontal walkway of width MN along the top of the dam
(b) calculate the width of the walkway.

T’wﬁ )A\/
T|C
X = 65int , Y= Bindt =) When Y= L.a =5 h&=SSinat

®)
5 Sina: 230, 2 -50'(82) - bz 0utves
ond b= T-2xk, = M- 22 0HI865 = 1.0721 .. °

2 X.= GSin(0-u986s) = 2.8¢9 ond X

Widte of He path is going fe bR Xa- X,

65in(1.0721) = 5.289 ©

©
§.269- 2.869

A uom (O

o
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13. The function g is defined by

3In(x) -7

g(x)= n(x) - 2 % A

where k is a constant.

(a) Deduce the value of k.

‘When we haw o glnd-im , IR denominedor Connct egual O,

=) |ahx-a:=0

Inx = a
e = ot
x=e" ) k=e" o xte O
(b) Prove that
gix)>0

for all values of x in the domain of g.

Quokent. Kule : \s 9x) = h(—l) then 3'(1) = 5(&)“1)— fﬁ\)kix)
(he)*

lecut thet 9(x) = 3lhx-F =) ek }(x)= 3inx-7  then f(’:x)=

Ihe -3 h(x) = Inx-2 then Wl =
» g %(lnx-&) - %t'.\:’)lhx-?) = 2.lhx- %- uT""-r% =

1 =

(Inx-a) (Ihx-2)

I 109 I Y ®  *we Kknew that x>0
— * '(ln::.-&) iS Sqwmol

=) IR denominakr IS alweys  positive,
hen  g(x)>0. O

(1)

3)

'/x

(\n:x.- &)1
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(c) Find the range of values of a for which

lecatt, Hhot 3(:.)= dnx-*
lhx-a

ga>0
)

leb Inx=9, then g(x)= H-7 > 0.
V-

* Mathgly bon Sides by (Y-3)

=) 3.72>0. O
=) Y>3
= Inx > ¥/3
n  a»e®”

—

(vw. uhw\,o. x to o m»-)

* Y=g then g(x) nol defined Since  cleneminwler equat b O.

=2 yed
=2 In(e) ¢ 2
=y acer  =>

2
Ccace

and
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14. A circle C with radius r

e lies only in the 1st quadrant

e touches the x-axis and touches the y-axis

The line / has equation 2x +y =12

(a) Show that the x coordinates of the points of intersection of / with C satisfy

5x2+ (2r—48)x + (r* —24r+144)=0

3
9 ~ -
*Ahe  cente of the cirele 5 Shifted by v unids along S
the. X and Hn 3 o . %
" 314‘ Y- ‘ld ) ®
D C: (xer) s (40) = 1" L: w= 13-2x v’
D x-dx +_r" * \A""’o\v:, ~_f_" s_f'
YT G dry+r=0 O) Subshiwie  this !
1
D X+ (3-3x) - x - R-3x)+1* = 0
. )
2) X e H-WSR AUk - Arx- Ay + hrx syt 20
=) SI‘L{‘QSI, + Adrx 4({4'- kv + llcu)'s/o
D S+ (lhlo?)x s (- awe lkh) 0 0§ requived. ©
Given also that / is a tangent to C,
(b) find the two possible values of r, giving your answers as fully simplified surds.
)

disciminank

/(Mse»b =) b-hoc=0  Since ome  repecked foot.

fecatt ﬁo\m fort 0 Wwe hoaww that Sxi*(lv-h?);.\. (r"'—alw-c-lku):o

=S5, b M-US oand <= . Lhv<lkh

=) b‘- bac = O

< -6

) (dr-u8) - wxS(r-awsm) =0 @

=y L' -193v & a3oh - 9.0r1'* Wsov - 2880 = ©
=9 “Ic't-\- 1“7-8?020
) Y - IBr + 36200 Tuedredic -quwlo o=l =-l® C=3¢

D r= -bt ke = lstﬁ)‘-wms)@-_- 36l =) r= 1x3fF ©

o

. (=
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15. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.
A geometric series has common ratio » and first term a.
Given r#1 and a#0
(a) prove that
a(l - r")
=
“4)
wSanz a+arroarts-sar™ v @©
) F.Sn= OF+Qr + ar’s-+ar” ©

=) Sn-rSn= 2* QV-)-u.vz-» e Qr"" - Qv - qu'- BN o Ua

) Sa-rSn= O-ar" O(we Now womk fo reawange and Mmanpulae  Hhis fo gk
the vequired answev / preof)

=S Sh(l-r) = Q(l-{") =) Sn = Cl(\-v") as nvw'reo'..(D
-';(\.v) _l-t’

—

Given also that AT is four times S,

(b) find the exact value of r.

“)
Recatt thok = Sn= all-r7)
|-V
2) S..=le55
to
5 all-r®) = hall-r?) *©®
\-v |-y

2 1-r= h(l-f@? 2) [-r'® = h-ke®
D r°-br®+3:=0 then Job x=r® and x*:r'
D x-hx+3 =0
2 (x-3)(x-) =0
5 (r%-3)(r"-1)=0 (=1 2) =) (bt his Setudlon  i3gt vodid
\_/ Since hil).

nooo
v v
- -
]
«
w

= [y =) AR Oxact volue of r s rﬁﬁ@
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16. Use algebra to prove that the square of any natural number is either a multiple of 3 or
one more than a multiple of 3

4)
“ 3k +3k4l 3K+l (we can  expess nebwal  in Fhis foym)

3_& : K?)k)is qK‘L-'- 3*?;1(“— whith 1§ o multigle o; 3.

*~ B
\%D'-' (Bra)(3k +1) = I 2 Cr+)
=i{3k‘+ak)-_\ whith 3 ont moe than o multiple of 3.00

kel ¢ (3K+

3K+ : (3k+1)1=(3k+a)(3u+z) « 9K 41K +
© = 33K bk 1) * 1 whitk ;5 oko e mew than o mulfiple of 3.

D W how Shown thal e Spuart of any Nahl numbir i3 eithee O mumpre f 3
ov ok movt dhan a mukige of 3. ©
—————



