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. Given that a, b and c are‘integers greater than 0 such that

e ¢=3a+1

* atb+c=15
prove, by exhaustion, that the product abc is always a multiple of 4
You may use the table below to illustrate your answer.
3)
You may not need to use all rows of this table.
a b c abc
1 10 4 A0
2 6 3 34
3 y 10 60
4 o2 13 X
G does noY Sa\'i\(’y Condi Hans.
S Given 3
A+ b+cCc =21S == b=\Ss-3-C

C =235 +1
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we coan Use +He {wo eaquations to Ffind all

possible  values of 3 b, c

() tet a=1 ¢ (2) ler 5 =2

Cz=3(4)+1 = 4 cza()el = 2
b = 1S —4-1 =10 b=\5'—?—1=6
(A)Jg"_a --3 -» noie - ‘P \,ou "‘ w‘“‘
a> A‘ b weilh & n’eaﬁ'\_VQt
C=3(3)+1 = whi nt SNy e
= —10—-3 = ondiki ¢ d 3 -
q,'“em°h . ) g5
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Question 1 continued

abec = 40 = 4 (10)

24 = 4(21)

pl ger )
o
. 8
[ g
()}

(Total for Question 1 is 3 marks)
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( )

. recursive sequenca

. . Ster . .
2. Asequence u,,u,, u,, ... is defined by Pd»“ﬂ ( P'“S&‘M m a decwmm

h
u13ﬁ on o rishl- 3’\\!‘!5
o

s | e next jerm on
We \ef+)

(a) Find the value of u,, the value of u, and the value of u,

3)
(b) Find the value of end

L

100
hzur/

Sum =
(&S s#arﬁng value

terms : U, +U el

(2)
(a] m. . E L ) [i E E .
U . =2-4 —» Notice how
Nn4+q :
‘Lr\ iS 1 wmore “han n
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| _repeat Memselves eNeny 3 +erms.
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Question 2 continued

ThereGore e Series is periodic and vawes

34+ 2 4+ -4 43%2 4-4 4
! 3 1 3 ]

o® o W

P

= JL:L@il 0 " -
. 3ierms Lerm .

S 33 repeat

(Total for Question 2 is 5 marks)
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3. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Solve, for 0 < € < 360° the equation
2tanf + 3sinf =0

giving your answers, as appropriate, to one decimal place.

)
(b) Hence, or otherwise, find the smallest positive solution of

2tan (2x + 40°) + 3sin(2x + 40°) = 0

giving your answer to one decimal place.
(2)
(a) 2tan6 + 3ISMO = 0 — {anb = Swmo

- Cos o
[ cosé ;l

. 28nB + 35inBCcoSO =0  (take cemmon facker) =

~ sin®( 242cos®) = 0

sn® =0 or 24+43¢c050 =0 . 0<O<30°

() sine=0

ON UNIT (1RCLE 2

9qo0°

] S8 20 a» 3
7~ T\ . points 3
< 360
‘ 0° =0
.0 = 1%°
0 = 260° X not included wn

230° e given range.
(@ 2+3cos06=0
Cosb = -4
3 [-]
0 =_arcc_os( -2 \} = 131.%
S S
G )&
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Question 3 continued

ON UNIT CI1RCLE ¢

80

= 121.8°
0= 360°- 131.8° = 223.2°

both have

360° Same values
for cos®

S0 both arve
_ Soluven s

121.8°

290°

got & = 0,131.8° 228.2°, 260° ]

(b)

So: ©=2%+40°

2tan 22 +40°) +3Sin (22 +40) = O

2tan (06) + 3sm(8Y) =0

. 998.2%22440 —> s 223.:-40 = 94.4°
2%0° = 29 +40 —» 2 = 3606-40 _ 3o0°
B

U]

Smapest Value = 45.9°

(Total for Question 3 is 7 marks)
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4. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.
fx)=4x +ax’—29%x + b
where a and b are constants.
Given that (2x + 1) is a factor of f(x),

(a) show that

a+4b=-56
(2)
Given also that when f(x) is divided by (x —2) the remainder is —25
(b) find a second simplified equation linking a and b.
(2)
(c) Hence, using algebra and showing your working,
(1) find the value of @ and the value of b,
(i1) fully factorise f(x).
)
(a) @ Ser +the factor eq_ua\ o 0 ¢
2241 =0
y RS
>
@ Subtituwte % = -/, into £(x)=0 2
Ax®+ axt —-293% 4b =0
3 2 -
4(..‘_) a a(-_"._) - 29 "‘E) +b =0
LT La+24 4, b=0
¢ B <& A
\
—a+b =-14 ]
[ 4 x4
+ 406 =50
(b) USE | REMAINDER THeOREM :
i _ﬂ_\. quokient + /crnaindie 3
(-
Hhan #(u) remainder
8
N O S A
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Question 4 continued

so: if (x-2) gwes remaindevr = -25

Yan £(1y= - 25

Substitute . -2

42%% + 3t -29% +b = -25

WMo f(x)=-25 2

4(2)3+3(2)2-29(2) 4+ b = -2§

\_

32 + 43 -8 +b = -21F
v

493 4 b =

(c)(1) SoLVE SIMULTANEOUSLY t

43 +o=1

46 0=
e%-\-lbb =2-924
=1Sb = 295

b=-=1F5

-
-

METHOD 1 : elimination |

( 8 +4b = -S0)x4 |

=

(i) F() = 4%3 +4%>-29% - |

Uuse algebraic division 4o feoctorise <

Ox+1 1493 +4x2-2q%-\S

(1) Divide first derm of dividand by Ffirsk tesm

of diwvisor % Axt . Ixt first teem of quatien-
2%

22t

_d% +4%xt-)%%~\S
CmmC 0V 0 0 A A A
P 7 4 3 1 9 A 0 9 3 2
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Question 4 continued

(2) Mmulnply ouwtr and ) weire under o

il

29 +1 \47:.3 +42%2-2%% - |§
43> + L

(2) Subtract then brmg down next term 2

2t

2 +1 3. 2-2%% -IS

-(A%* +22?) |
2% -29%

(4') Divide First term of expresSion by  first ter™

of diviser T_2X" - 5 _, peyyewermopoquetients | S

22

2T + 2

2%+1 | 423 +4Ax2_2q% IS

(4% + L)

22®-292

{ém;@mmuriu_undmﬁ

e axt i

2%+ 1 | 49 + 4A%2-2%% ~|S

-(4%3 + 1x?)

. 2xr*-292

2.2.""4-7:.

(ﬁjsuhﬁaf.uh_nlbnm down next term 2
+ 2

x

2%+ | + 2_ -

-(42&’ + 1x?)

222 —-292
i oY

) v

- 30% —\S

| VAVSIHINIILEMIONOG
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uestion 4 continued

1) Divide Pirt derm of expresSion by fHirst dermn
of diivisor ¥ -20X = —|5 —» next dermof guatient

L
x* ™1t +2 —-IS

+ 1 344%2.2%2% - |S
- l&t’ + 2x?) !
222 292
-!2;"-& x )
=-30% -\S

(8) Multiply out and write undere

a2z i

2%*] | 4% + 4x2-28% - IS
(423 + 1x?)
2%t -292
~{ 12-,1 +Xx)
- 30% -\
-30x—-1S

‘.
(9) Subtrac 21T + 2 =IS

2241 | 423 + 42%2-2%% -|S
-(Ax3 + 2x?)

292 -29%

~22r+x)
- =\<

- (- 33'32-\5‘\

)

S0 : 42 4 4%-29% IS = (2%41)(2x 4%-15)
= (27-“'1)(9.x.-§)(:¢.+3)

(o) = (24122 -S) (243 )

(Total for Question 4 is 9 marks)
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(1) Solve

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

Solutions relying entirely on calculator technology are not acceptable.

giving the answer to 3 decimal places.

2

(i1) Find the exact value of b such that

(iy Use +he rule ¢

4 +3log,b =1log,5b
C))

¥ _a

amgx

o~

d |03 38 = loa 0 (-tav.e |Oq O-F both

sides).

3 2= loeg10

1095 1eg3

a=Jlog o - 3.863 (3 d.p)

log 3

A
+ 3la = loq_ &

iR

4= loqu'b = Squ?rﬁ

[ Recal ru\es of Iog‘arwhms S

. loailb) + log_(C) = log (bxc)

| loq, (B) = leg () = log ‘%‘)

log Eb-log b =4 ReCALL )
S r loq-7t.=-b"

“

log,, 3':‘ \,

[*a® = %

| VAVSIHINIILEMIONOG
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Question 5 continued

S¥K = 24 log of a negarive
b {71 is not passibe |

S;-.:g‘\ —‘b'—'@ S
b

|

b= [S or Ads
3\ |

ALTERNATIVE SOLuTION o

I1£ 4% = 31

an |og, B\ = 4
33

S0 : 44 3|°31lo= log, Sk

"2
log, 214 3l°3 b= logagb

|og$31 < lt!ga'la3 = logagb =0

- log, (312 63) < o
SL /o

N
Slbﬁ.; 20
S¥
81 b* - 1
5
pr=| & .~ b=\|5S
&1 g\

(Total for Question 5 is 6 marks)
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Area

3, 1.52)

2 (6,2.74)

] (9,3.12) (12, 3.08)
A 4 3 Yq N¢

Figure 1

A river is being studied.
At one particular place, the river is 15m wide.

The depth, y metres, of the river is measured at a point x metres from one side of
the river.

Figure 1 shows a plot of the cross-section of the river and the coordinate values (x, )

(a) Use the trapezium rule with all the y values given in Figure 1 to estimate the

cross-sectional area of the river. d.‘ saance
+Ame

The water in the river is modelled as flowing at a constant speed of 1.5ms™ across the
whole of the cross-section.

(©)

(b) Use the model and the answer to part (a) to estimate the volume of water flowing
through this section of the river each minute, giving your answer in m’ to

2 significant figures. 6
0s @)

Assuming the model,

(c) state, giving a reason for your answer, whether your answer for part (b) is an
overestimate or an underestimate of the true volume of water flowing through this
section of the river each minute.

B \ B
A=th ...y!-“l + Y, + Yy, + )+y‘_l

D
]
—~

\ N a9
" UT‘- '. [ ] [ ] .

LV N

3 / -
2\

14
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Question 6 continued -
(b) Voume - ar_ea.éﬁaﬂa@ x 60S
INn one Min time (s)

ared ¥ speed x 60

= 3LAg x-S x go= 2824.2
= 2800 m® (1s.f)

() w is an underestimate , since the CRLCWLATED
Cross - sechond\ area (using frypezium rulk) is
eSS 4han Ame. actudl cross- sechonal area .

Tis i1s because 4he area of +ha irapezid
Are  Smaller fagn e cssS-Sechional aved.

» X

ces £(x)

3 missed
area ~

(Total for Question 6 is 6 marks)
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Figure 2

Figure 2 shows a sketch of

+ the circle C with centre X (4, —3)/ m(
5

55
 the line / with equation y = Ex -—

2

Given that / is the tangent to C at the point N,

(a) show that an equation for the straight line passing through X anc@s

2x+5y+7=0

(b) Hence find
(1) the coordinates of N,

(i) an equation for C.

(a) equation = =-@)L+ &

line XN iS @ radius of C_  and
at ponr N- Therefore , line. XN and
accordung o ciccle theorems.

[ ] - - l
Sso:  m. . =

P 7 4 3 1 9 A 0 1 6 3 2
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IS @ tangent

are perpendicular
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1 The 9 asked £Hr 4he anwecr in e form:
: =f-2L -+ 45
: %%—L—jg =

( )

Question 7 continued

Plug n (4, -2) 4o find C

-3 = =2 (4_)+C. —_— C =
=

=3
[

YUs =2 2 -_%
d S c

—» ax 4oy * C So-

Hing. XN i L
-2 x—q' - S'z sS
s S 2 2
\_/
2 - 26\
o
x = 9
\"_2 i(‘l\,—is- - "S'
N 2 _:_

J
17
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Question 7 continued

go : coofds , = (‘I,. -S)

(iv) £q. of circle

(2 - %

-—

Cenive

FIND R 3

18
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Question 7 continued

(Total for Question 7 is 8 marks)
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8. In a large theatre there are n rows of seats, where » is a constant.

The number of seats in the first row is @, where a is a constant. 'Em 1 ( 9 ‘\
In each subsequent row there are 4 more seats than in the previous row so that

+ in the 2nd row there are (a + 4) seats L@rm 2 (a’_)

* in the 3rd row there are (a + 8) seats .‘.em 3 ( a%)

* the number of seats in each row form an arithmetic sequence

Given that the total number of seats in the first 10 rows is 360
9 sum w to 3,°360
2)

(a) find the value of a.

Sum

Given also that the total number of seats in the n rows is 2146

(b) show that (. Sum U’P to = 2146

n+8n—1073=0

(2)
(c) Hence
(1) state the number of rows of seats in the theatre,
(i1) find the maximum number of seats in any one row.
3)

©

g = 10 - -
[ 2

)
°
it

0

L x (S(2a + -:_,qu:&@o) x 's

: 20+ 236" 272

3 =13 )i

20
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Question 8 continued

(Total for Question 8 is 7 marks)
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| A= j:( %xz- ‘\ﬁﬂs)d-x.

P(9, 40)

=V

Figure 3

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 3 shows a sketch of part of the curve C with equation

y:§x2—9\/;+13 x>0

(a) Find, using calculus, the range of values of x for which y'is increasing.

“4)
The point P lies on C and has coordinates (9, 40). d—y > o
ol
The line / is the tangent to C at the point P.
The finite region R, shown shaded in Figure 3, is bounded by the curve C, the line /,
the x-axis and the y-axis.
(b) Find, using calculus, the exact area of R. NOoTEe !. ®
° S
(3| whan <o, yis decreasing
/Y s
d .
Whan EEE >0, Y S increading
O cnd  dy rdx S
24
AR AT
P 7 4 3 1 9 A 0 2 4 3 2
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Question 9 continued

.
213

V= 2o qu .
) 3

DIFFERENTIATION

DO NOTWRITE INTHIS AREA

DO NOTWRITE IN THIS AREA s

) R0 R A
P 7 4 3 1 9 A 0 2 5 3 2
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Question 9 continued

ReMNeMBeR !

n+\

px_n dx = %

-

ne

3(24)) (‘2 ) (0+1) o
= 113 b % 2 L 13% e
& I
=2 (ay3 n -
q L
s - T = \\»

- First, Find gth  of bagse

Xp = x-mtercapy of L

H ° = “C
m = dd v point P2
dxz =!_1
dy = 49) 9 (q) = a\
ke 3 2 "2
SN
0-40= 2! (x -9)
2 ]
-40 = 21, _ |84 » 2% = 109
2 2 2\
. J
26

R0 R A 0
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Question 9 continued

So : engiv  of base = A- 104 0
2\ 2)
M;%M = g? = 40

so n"l ¢ = !F%)(qo)_ | OO
“ 2 2\

"

so i, = \\'1--—1_(:%= e:"'-l-

AN , C

(Total for Question 9 is 12 marks)
555\ y
27
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10. (i) (a) Find, in ascending powers of x, the 2nd, 3rd and 5th terms of the binomial
expansion of

(3 +2x)°

For a particular value of x, these three terms form consecutive terms in a
geometric series.

(b) Find this value of x.

(i1) In a different geometric series,

- thefirsttermis sin’0 @y S Sln"g
+ the commonratiois 2cosd = L¢cosS O

S =%

(a) Show that s

8
* the sum to infinity is z

5cos°0—16cosf+3=0

(b) Hence find the exact value of the 2nd term in the series.

&)

3

(&)

&)

| VAUVSHINIILEMIONOG

C = n! n: power of binemial

(n=-ytt (Posivion of +erm) -1

o dnd term = ‘e (3)° x)' [ c. s awaysen

= 6(243)(2)% = 2416 %

QJM&A'—"-_‘Q (:'._)"-:2'2-1)t

= 6! 7 2 . 2

(6=2)12L"

Cp SHh term = cm_em“
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Question 10 continued

= _ 6! (et = 2602

T

n \ W :

2916 x , 4260x%, 2160%*
q, q, a'.'o

Common ravio (r) = a4y

ah_-!
ra 9q - 4d3

- _Sin%@

g .
s 1= 2ce%©
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Question 10 continued

g A-Coste
SX 1- 2¢os50

A S
8(l-2cos0) = Sﬂ“-e)

R-1bcoSO = § - scosle

C

Scos?@ - +7 =

OOOOOOECOO000C

o Q, RIS xf; < ,<7'~* R //:,
Q} k‘ \, \ ,‘» /|
o’zﬁ/ SRR RARIAK

0’/(0’ %
e

0$ %

(») S$cos20 ~lbcos® *3 = 0
F RISE : - 0s6—-3):0
cos@ = _! gr__&?e =3
S
»reject as
range of Yy=cws8
S -1g Yy <
secord teyxm = ar &Y
= arc
= 8\n*@ X 2c0s6
= (4 -cos>@)x 2¢os 0
g,‘! - y B | - 48
§ .Y ) ) é S') 12€
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Question 10 continued
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Question 10 continued

(Total for Question 10 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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