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1. (a) Find the first four terms, in ascending powers of x, of the binomial expansion of

I
(t + ax)'

giving each term in simPlest form'

1

(b) Explain how you could use ,: j in the expansion to find an approximation for

There is no need to carry out the calculation'

(3)

T:v)

(2)

-.t-_ , '€
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2. By taking logarithms of both sides, solve the equation

43n-1 - 52ro

giving the value ofp to one decimal place'

1.. S-
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Relative to a fixed origin O

o point Ahas position vector 2i + 5i - 6k

. point B has position vector 3i - 3i - 4k

o point C has position vector 2i - l6i + 4k

-->
(a) Find AB

ch

L)
.--::-

(2)

(2)
(b) Show that quadril aterul OABC is a ttapezium, giving reasons for your answer'

=-3 *$) = t2+ *-Si-6S

-ffi-;
l*S t

a
l}!

Iq,L

La .d3

--r -z-t*tso;#.5-rca'a-r< 
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4. The function f is defined bY

3x-7
f(x): -----;

AL
xeR.,x+2

(a) Find f-'(7)

ax+b
(b) Show that ff(x) : # where a and b ate integers to be found.

(2\

(3)

.+ 3.?* ::1

\ e 2sc --1,/-----*-----**- r rut:r" - "'-----+ 4
._....................................................t_Jr_

*--t"\*:f
4:'-**-----------r-)---*--

-x.:-k-

2 (**a*)
;lc * ?*
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Question 4 continued

$<--.....: -3

_ . -(RlAl f9r Q_ggptiq*tl4 i9 5 marks)

9
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6. (a) Express sinx * Zcosx in the form Rsin(x * a) where R and a are constants, R > 0

and o ao.L
2

Give the exact value of R and give the value of a in radians to 3 decimal places'
(3)

The temper ature, Toc, inside a room on a given day is modelled by the equation

o:5 *,^(#- 3) . ,*"(i:-3) o <t <24

where / is the number of hours after midnight'

Using the equation of the model and your answer to part (a)'

(b)deducethemaximumtemperatureoftheroomduringthisday,

(c) find the time of day when the maximum temperature occurs, giving your answer to

the nearest minute.

[L -s-.o
\ * (lt.^t. ,J- **' ldcs;,.f c4

(1)

(3)

'S *n >c *- 2 c-*'" ':o-

ft-op{-#-r I

---s*-x--

s :1 ;>{-f

; si*.--* i

*:2-c:+:*ls--*=t5

-r.utc*a. -€-..=--- 
s

S t-r
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Question 6 continued
\. (3 

- 
--S*\-n--5c"---r. :. cdr_&J{- 

=l[_s*r*l\r-t/

:i {-'b ?
rz

I
t

12-

*i 1 + .-1ir...:-{.1*:-t.{3:}

, (kja-l_&r_Qtl"eglies { rs Z |I|q.ks)
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(-2,13)

Figure L

Figure 1 shows a sketch of a curve c with equation y : f(x) and a straight line /'

The curve Cmeets I atthe points (-2,13) and (0,25) as shown'

The shaded region rR is bounded by c and / as shown in Figure 1.

Given that

o f(x) is a quadratic function in x

. (-2,13) is the minimum turning point of y: f (x)

use inequalities to define R.

["tt-*-.--L---
Z-s-r> 12- /

4a-a --€*----+:--:----=- -:! -b- -

(s)

'--::---*ri,S---.1-- t 3--
n.-i A.

*gf*g,:*-"**= t-=r**
(-2,r3\' ._/_

\*"4-z{*-""\*-*

- /. - t- ,2- O<' ('\:3t-7
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Question 7 continued

-- \ 
^*- a. .* \.t=1 fb- €*

6-:'c- 1-* 2s
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8. A new smartphone was released by a company.

The company monitored the total number of phones sold, n, at time / days after the

phone was released.

The company observed that, during this time,

the rate of increase of n was proportional to n

Use this information to write down a suitable equation for n in terms of /'

(You do not need to evaluate any unlcnown constants in your equation.)
(2)

-r,.rrLre-c
A -- r**rd' *Ja.--- s*- -p-:".s {ta-v*-- E *r:sh*xbs-
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9.

n/t \,.'l
Figure 2

Figure 2 shows a sketch of the curve c with equation y: f(x) where

f(x): 4(x' - z)e-t" xe R

(a) Show that f'(x) : 8(2 + x - x')e-u
(3)

(b) Hence find, in simplest form, the exact coordinates of the stationary points of C'

The function g and the function h are defined by

(3)

g(x) :2f (x) x e R.

h(x):2f(x)-3 x)0

(c) Find (i) the range of

(ii) the range of

O

h
(3)

*2 - ?.rq"
a:

-A '-n
---*-*r*---- --------^-r -

v:" --- -a-Te
rA-
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Question 9 continued

o t-f- --1a..lL'*-t*
r\ -25<-Kq-

t-
CJ €- =i)c- {- Jq j* 2-

^.- hs*
-7 r.f-s

'*- {}: i)c- -r- r{ 12-

t -,p* * e)e-e *"--!l-:- --a
:,s ? *f*-- *f- .{* = -.i -

o strekA

\ '<--, 2-
', 7r 

- 
\6-e-

t3-.e-r* "{:rqi.n s \*Siq
3 *.'.,t**)

CSr(ft^'-n

diat-* - u-a- *&--..J.t* ?? (}

Z tr61-a$lLfz.-rccbre .r

€-r*t?i rrr..e{*

-t

** <-C'rrfldtz "
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Question 9 continued

-A *Z- i s \A

'/A 'T/": 

-----" 

{ -
flrl -lI\-- 

--**"t3!*

(Total for Question 9 is 9 marks)
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10. (a) Use the substitution x: Lt'+ I to show that

r'o 3 d-x f' 6 du

J, 1.:1p;6= ),,12*2,1

where p andq are positive constants to be found'

(b) Hence, using algebraic integration, show that

(4)

['o '* = rna
J, ('-t)(3+2Jx-t)

where a is a rational constant to be found'
(6)

L,L
{_,

_3.-.7q--€:=w-*dqq"

K*-rJ"+ c.-.: **tr*ea:*!{sg*

26
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Question 10 continued

Po.rbi*-l F.o.S\s r

Lr L.Sf .{,_L.._,

d-,

"?t.-\-6-ft: >* F-l

: tr"t c:t

'{

tnlV"re-r.e c- -= 3l-
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11.

B

r
s{ -s
Figure 3

\
\

(t s,o

{)circte C, has equation *' + f: 100 ( * \ 

2" 
r €' \f k;

f,.jcircte Crhasequation (x-15)'?+f :40o en.rttr'a { r s, *}

The circles meet at points A and B as shown in Figure 3'

(a) Show that angle AOB:0.635 radians to 3 significant figures, where O is the origin'
(4)

The region shown shaded in Figure 3 is bounded by C, and C,

(b) Find the perimeter of the shaded region, giving your answer to one decimal place' 
(4)

-3O 's- :2' 2-3 5-

;}s--&*-**: "'5

-.-.*-1 
!a
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Question 11 continued

c,*[ e, E R-S

F. -C3*:-:3 I 
*1 5_6 -

-:= :5*6. --!{: -RS--6- :L{*: 1-

€-..:=*----: Jq"<.

1.c>32*:lc?-63*1- u

\ .a:K?-Jqr,iZ-
*" ,,S-: Z-ff*-q-cr -t{--E? 6:--l i :

* "{-**-* :o *q- ?<-cq-.F?,-{-

.- ct*,* ':.=
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L2.Inthisquestionyoumustshowallstagesofyourworking.
Solutions relying entirely on calculator technology are not acceptable.

(a) Showthat

cosecd-sin0=cosdcot0

(b) Hence, or otherwise, solve for 0 < x < 180"

0 + (180n)" ne Z

cosecx - sinx: cosxcot(3x - 50')

.1,-- .#q: €L \-t C-,s;:s g

*9 trr, t?.

€]sCi Lc 5(*r

(3)

-G$;--:*S-{--€

(rz1 
';

€:,*- s-- q- := q ..-: .......s..\..*....-€?
t' S t-r e:r

I\ ............

-{ ---:- --'s*.**3G----- }-$-"*-U*X -;
g r-rt €i

*

_" \_*-*
'.b^\ -

2-- .t(*.r s (= .-- i*.=,.r'i3 )s-qryj,fJ----:-Sl-t-I:€ -*--E-Ge 
---s:a9Ls' /' ' I*{-€qr&L?€si-*--*.-.*a-*q:-t""*q R +=_t-S{ (-G:

\

--;;; cr:'s Po;=s*&;qa(- ryi

{*-d-

5 q.eb-:1

---*\. ./r r

{'}

I
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Question 12 continued

-'-L -o =- cot*-Ca.--t

'x-f it S*
Q- a;ls €*tqq

* s*t:}.b€ *-- 3 6 c" :. 3;r*
l+-t o '? 2^{=

:\d r_ a Cl$*o .=,;bs(J,-o-
C)d-.i" o*{}c

- . - rr -r .*;bLrf' -S*,i.*1-trr*. r"rl^q-"- :g^] ?q ()
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13. A sequence of numbers a1, a2, ar, ... is defined by

Or-r:fuP neN

whereftisaconstant.

Given that

o the sequence is a periodic sequence oforder 3

o ar:2

(a) showthat

tt + k-2:0

(b) For this sequence explain why k + I

(c) Find the value of

(3)

(1)

80

\",
r=l

(3)

\ "--\gt ) . -g{-n..-*'- z- '

&ef

e{ipA-.{-*-*kctrl*e*s-x*"*fi, "q*te':*S-

38
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Question 13 continued

? ( Ja*rl

e=

-__1sI!- baf'*,rs tj"r,*r-*- -Ss1,111eJ.---*S 
.;, *ffi* 

-
&]-

'\ 4'_ r- , L {--r. 5-
/ <-.g

aAkS -:::S
rr

3

ii
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14. A large spherical balloon is deflating.

At time / seconds the balloon has radius rcm and volume zcm3

The volume of the balloon is modelled as decreasing at a constant rate'

(a) Using this model, show that ''. C-

where ft is a positive constant.

Given that

o the initial radius of the balloon is 40cm

o after 5 seconds the radius of the balloon is 20cm

o the volume of the balloon continues to decrease at a constant rate until the

balloon is emPtY

(b) solve the differential equation to find a complete equation linking r andt'

(c) Find the limitation on the values of r for which the equation in part (b) is valid.

ri ,l
V A{t -"ci.)t€.-,\

r'+*\.rL-

drk
dt 12

(3)

(s)

(2)

6i

tui

\$ .;

tr-*I:-*
sE- tr"*"-**-".-*

- 
*,uhe,'q* ?t Cfl$*c.'- 3 

-r;ql'{/l .$trcryt
<L

r,4-Tf

42
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Question 14 continued

(- rt- \"{)

'i:- =- g r -:- 2-c

ear s b..

C}f

( h*-b t- {;

k<>C' <: .:sL rryoo b:s f-:2c;

H ! { -a_ €: {e _T ,L 6 Lf Crgc:

\ \ e.-.c.::] *:- {* { L+c-;o c'
t ./ (-"t--e,+' := _E+ sx:,"g17a!\_

6 Lt- L{-' c,

qi,*t t 2e€
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15. The curve C has equation

x'tany:9 0<y< n

2

(a) Showthat

dy_
d.r

-18x
xa+81

,:412:7

(4)

(3)
..-:\:*r

d;

I

-(;
t3

t:*,*'
-e- - .*L

";*.:s*--

r*.+g F,r.$,\v\e €) 3:wg:s-** f*a*\-e

d.;
cl-x.-

(b) Prove that C has a point of inflection at

1z
\

c#rcru{ffi

46
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Question 15 continued

yj---a !r-*s:

rt f{- ro.\
--\-e.<_ t" t* :Li--)

I4;:-4 s"-\3
'J\"-r*q"!

!

r ' J-- -i=i*- Ft 
* 

- rlrc.rrug--91 *) :.'-rl--j c>.::-" j .:11:\€-51-1E",-r.
'l-

r{:ca

Lt-)
1 

^f,1i)t J-
(i-.

-D-.L - = 
2*-l

Ilillliltllllilll Iililtil] il] il]tiltlliltlilttill ltil illtill
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16. Prove by contradiction that there are no positive integers p and q such that

4f - q' :25
(4)

_fu^=-= --Hc-**- * * s,.*,"'t e t*.*u;t* 
-t'

--b!1-=C. -,-eu=- **a5{3-F-*tdq-sssla--
--bh*' 

-{-z.b#*%) 
e 2*s

5^

eL{*:-""-
L-6; *t -*-.= *. 

1 . {il- 
--.') =- 2.S- (-: 

_4^P --:: C4- =-..-'

50
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