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1. The arithmetic series S is given by

S=2+5+8+11+........ + 254
Find
(a) the number of terms in the series,
(2)
(b) the sum of the series.
(2)
AB We can use the arithmetic sequence nth term formula to work this out
M= " +(n1)d
& (ommon difperence Arithmetic  Seauente :
- 8-5 gvﬁ B+ Cn’\\d
=5
SA54= 0 +(nA1) 2
LS54=" +%n-2
2194 = Hn-|
155 = 3n
n=§5 S no g teimy <85

=

b) Ag we know our nth term now, we can use the arithmetic sum of series formula

Sn=re (20 40
2 L J Sum 7] Botlmeti, Series -

o[22 4 (502 Sn=n (14 +n)d ]
2 L J

* Sum o} the series = LD8ED

=

N O —_
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r

2-5x°

giving each term in simplest form.

This expansion is to be used to find an approximation for 2.05"
(b) State the value of x that should be used.

(There is no need to carry out this calculation.)

2. (a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of

C))

(1)

O) We can uge the binomial series formula to work this out:

Binomial series

(@atb)y=a+ (711] a'b+ (ZJ av i+ ..+ (n) a" b’ +...+b" (neN)
o r

(2-50)= & +7C, ()7 (-5 +Ca O 5y 4 G0 > (-5

]

256 + § (%) (-5%) + 29 (64 (159) + 5 (31) [-125+°)

=196 -51200 + U400 - LLUppON°. .

=

b) Towork out the value of x we can equate A-9v and 205

A=-0-0)
=
\_ J
4
AL AU O R 0 —
P 7 9 5 9 1 A 0 4 3 2
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Figure 1

Figure 1 shows an open-topped container used for holding water.
The container is in the shape of a cuboid and is made of sheet metal.
The base of the container is a rectangle 3x metres by x metres.

The height of the container is y metres as shown in Figure 1.

Given that the capacity of the container is 120 m’

(a) show that the area 4m” of the sheet metal used to make the container is given by

A=Px2+g
x

where P and Q are positive constants to be found.

“4)
(b) Use calculus to find the value of x for which 4 has a stationary value, giving your
answer to 3 significant figures. ﬂ -0 €)
e 4)
(c) Find 2—2 and hence show that the value of x found in part (b) gives the minimum
N 1" ferivative
value of 4.
(2)
AXD We know the capacity (which is volume) = 120, so let’s form an equation for this
D xux
(20 - '51‘3
-4
@ Now let’s find the equation for the surface area (with no top)
Yuxn =
L Hmry) =
MR O 0
P 7 9 5 9 1 A 0 6 3 2
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Question 3 continued

L Jnots sides = 1wy = Lmy

" Tota\ awa = v Ly

=Yt + Py
(® As we have worked y (%of), we can substitute thig into our total surface area equation
( uo
nr
“ A= bt 4 320
®
whtte P=3 gnd
b)OThe stationary point is when the derivative =0 (=320
=
— J
4B =  tan be writkm as
dw 3204
L A= S5t %00
0 = bv — %2047
de V rwritn
4K =6y - 320
o n*

@ We can now equate the derivative to O and then solve for x
0= bn- 320

3|5 " Slabonay iat 57
=

—_ N0
P 7 9 5 9 1 A o 7 3 2
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Question 3 continued

L) We can differentiate our part b again to find the second derivative

dh =y - 320

d n*
)

b~ 3207
AR = p4byoy?

du® 2
bt bup
b

Sinte «>0, we @n say that both tems are positive:
dmﬂ 20

At Ly A mnimum

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

Given that, in a particular geometric series,
the sum of the first three terms is 70.2
the sum to infinity is 75

find, for this series,

(a) the common ratio,

4)
(b) the first term.
(2)
0-\@ Let’s form our equation for the sum of the first 3 terms
and
=a(\-r) O al\-r") |
\-r | —r
(@ And then our equation for sum to infinity
2= A ~ Sum_b Iy
- W S =
I-r
@ To find the common ratio, we can substitute in equation 2 into for |v]<\
equation | |
= ?5([-7'3) k A= filst Ctim
701 =15-75¢> * 0= lommon diff
7or’= L §
r=0y “ Common 1alio=0-u

10

R 2R —_
P 7 95 9 1 A 0 1 06 3 2

V3UY SIHLNI LM LON 03

b) To find the first term (a), we can just substitute our common ratio (r) into the sum to infinity equation 5

X 0%

oletotetets

to work out a
=
| -
. =yb " pigk tum =u5
=
. J§ *if;
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5. f(x)=3x"+ax’— 10x+ b
where a and b are constants.
Given that (3x — 4) is a factor of f(x),

(a) show that 16a + 9b = 56

Given further that when f(x) is divided by (x — 2) the remainder is b,

(b) find the value of a and the value of b.

(c) Hence, using algebra, fully factorise f(x).

() As(3x-4)is a factor of f(x), the x value will result in f(x)}=0

= put Lo — (20 +2b
~ lba +9b = 56

1MM.QWZ;;;

b) () We can set x=2 and substitute thig into our f(x) equation

()=h 4 1
J=5(0) ca(2) -0(2) th
- ha= -4
a = -l

@) Now substitute in a=-1 into [6a+9b=56

l6(-1) +9b =56
-6 «9b = 96
=72
b 8 L b=f
=

P 7 95 9 1 A o 1 2 3 2
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Question 5 continued
() (D Lets rewrite flx) with the correct values of a and b
lﬁm = AP U -1)w 48

@ Now we can factorise by taking (3x-4) out of the equation f(x)
£(n)=3> - 10w +&
= (A-4) (;%“ N ~L>
' factorise fwther
(WY (mA) l

" Fadors= ( Ym-t) (wrr) ()
ey

—
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A(-1,2)

0\‘\\

=V

Figure 2

The point 4 (-1, 2) and the point B (11, 6) both lie on a circle with centre P.
The point M is the midpoint of 4B.
Given that the line / passes through M and P, as shown in Figure 2,

(a) find an equation for /, giving your answer in the form y = mx + ¢, where m and ¢
are constants.

Given that P has coordinates (7, k), where k is a constant,

(b) find the value of £,

(c) find an equation for the circle.

o) (D First let’s find point M (which is the midpoint of points A and B)

Point M W (oordinate = —I + =5
i
gwowlinan: L+l =y
L

~ Pt m(54)

16

P 7 95 9 1 A 0 1 6 3 2
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- | Question 6 continued

® Aclinelie perpendicular to AB, we can find the gradient of AB and therefore the gradient of line |

= L+

N

0+ () (2 vadient

<= | - ;
- m-= cha%p_m(j

Cl’lange %
- bindimt o line L = negalive reciprotal
e

® We can now find the equation of the line using y=mx+c with point M

U= MU +C

He (-3)5 +C

b=-15+

Lo 19 Linel - y=-3%+\9

J =

| b) AcDoint Pic on line |, we can substitute in the x value of P into our equation of line [ which we

found above

Ping P <(? k) line L: 3=—3%Hq

o Wit P (3,2)  whee kR=-2
=

(,) (™ We need to first find the radius using Point P (which is the centre of the circle) and Point B

(which lies on the circle)

Radins  nsing %’chagpmsf
\

(e (=) + (Y

= §0

J

— | 00RN 1 AW Y RO O A
P 7 95 9 1 A @ 17 3 2 Turnover »
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Question 6 continued
(@) We can uge the equation of a circle equation now as we know the radiug and midpoint P

Point P (7,-2) ond v =80
(w-+)"+ (3-’1)L= 80 Cquation i a Circle:
(r-0)* + Ctj—b)"~—f‘

- Equation oy the (intle
(=" + (y4)"= 80
J /

. J

18
R 2R O —_
P 7 95 9 1 A 0 1 8 3 2
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7. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(i) The table below shows values of x and y, where y = log  (x +5), for x values
between —1 and 4

X -1 0 1 2 3 4

y=log, (x+5) | log, 4 | log,5 | log,6 | log,7 | log,8 | log 9

Using the trapezium rule with all the y values in the given table, show that
4
J. log, (x +5) dx ~ log, k
-1

where £ is an integer to be found.

&)

(i1) Find the value of a such that

2log, (5 —a) — logs(a +25) =1
(3)

DO We just need to substitute our y values into the trapezium rule formula

h,: Lt—!'-\) = |
5

G the will be 5 traperi ums
or 5 sbv‘\p;

.'._li(l)[ tloaq+1 (. )]

@ Now we just need to simplify and solve

.—._L 4
ya
= log 100§0 ~ = lpg 10080
s § 10050
20

AR R AR —_
P 7 95 9 1 A 0 2 0 3 2
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Question 7 continued

W) (D Use log laws to rewrite our equation

Mogs\LLB-a) - lags (a+25) =

[035(05_ )Y -1

Rewvitbtn as - Iogs

@ Remove the logarithm

0gs (at15) =

L)

logs ( ) -

(5-a)" -5':5
(A1) 1
(5-w) =5
(at15)

@N ow we can golve algebriacally to find the value of a

T (5-a) -5
(4t15)

(9-a)"= 5 (a+15)

L5- atat =

Sa+11L5

"™ -19% -0 >0
(a-20) (ar5)=0

Q=20 of A=

=5

() For any logarithm, log(x) i< only defined if x>0

" 10 the pink log:
H-a70
049

[ |

I e stiond log:

at2520
L a7-15
(ombined. :
“15< <D apowed. van
of Splutions

P 7 95 9 1 A o 2 1 3 2
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Question 7 continued
(®) Now we need to apply the check (-15<2<5) to our values of a

when (=20 X top big for range

whin =9 . pib the ange

J

22

[ |l
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(Total for Question 7 is 8 marks)

23
— | 0VRN 1 WA YO O OO A
P 7 95 9 1 A6 2 3 3 2 Turnover »




8. (i) A student states
“If x and y are irrational numbers, x # y, then xy is also irrational.”

Show, by counter example, that this statement is not always true.

(1)
(i1) Prove, using algebra, that for all odd integers n, the value of the expression
n+3n+2
is always even but never a multiple of 4
C))
1) To prove by counter example, we just have to find a value of x that does not follow what the student
says
\irattona) numbers = Surds
nd  whon L+ y
i %\3 d \ﬁ, X \R’
= Vb
= U whith ik a
mitona\ mumbey - The stabtment, s nob

alwa%& tiuwe

i) Lets call odd numbers ag 2k-+1 and then substitute thig into our given equation

S+ dnt
\
>+ +1

L= R ANRY AR 4+6

We can also rewrite thig ag the following to prove that we have an even value but not a multiple of 4
SR>+ 10RY £ 12k +b
= U [ LR®+5RY 4Dk 1) +o
G whith 15 o bt ot A multiple o L
Mence  povin
—

24
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VA &tﬂﬁma’j PDW"‘? hﬂd
M -0
ot M (Voy UB0-§)
R
0 16 P X
(2550)
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 with equation

The curve has a turning point at the point M, as shown in Figure 3.

(a) Using calculus, find the coordinates of M.

(5
The curve crosses the x-axis at the point P, as shown in Figure 3.

(b) Use algebra to find the x coordinate of P.
(2)

The finite region R, shown shaded in Figure 3, is bounded by the curve, the line
through M parallel to the x-axis and the line through P parallel to the y-axis.

(c) Use algebraic integration to find the area of R, giving your answer
to one decimal place.

)
0) O Reuwrite the equation of the curve and then differentiate
\j: ‘l‘\LL (_ 5" %"t)
5
= qur-q
E)
dy = 1§n-9 "
dn L
26
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Question 9 continued
@ M is the maximum point of the curve and therefore, is when jwq_ =0
len -4 w** =0 o
2L
Yo —qu " =0
36'\1 < q v s
MW < XM
T x
%‘h. 4
L= 1b
) Now we can simply subtitle our x value into the original equation of the curve to find y
y-400)"(5-Y16) =
7 5
g= kb0 &
- M=(1by Ubd-§)
=
| b) Point P ig when the curve crosses the x axis and therefore i when y=0
© 0= lbat (5-1n)
o)
0= lbw(5-V%)
L 5-ym =0
5=\
L= 9t
=39 " lobrdinate e P=3S
=
(,\’ Area of R = Area of rectangle - Area under curve
@ Let’s find the area of the rectangle
(X5 =16) % 41b0-§ = 233
5
- Retn o} rectangle = 10%%
J
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Question 9 continued

@ We can integrate the equation of the curve to find the area underneath it

5,
E K e
Y | 5
v
q%‘s _415 %‘H'L
3 B
= ’3%5 -ﬁ 1’?’1’ 15
%9 Jw

= (305)-18 )™ ) = [300)° -18 (16)™)
\ 15 L 15 J

- 6646 26~ 366(- 4028

AKU!‘\ = L§?

@ Area of R = Area of rectangle - Area under curve

u\y? 1 - 015

= 13- Hud

Region. W= 13127
—
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Question 9 continued
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(Total for Question 9 is 12 marks)
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10. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Show that

cosH(3tan6’+ 2 jzsin9+ 2 0+ —

tan & sin @ 2
4)

(b) Hence solve, for 0 < x < 2z, the equation

cosx(3tanx+ Z j:4sinx—5

tan x

giving your answers to 3 significant figures.
“4)
ll)@ Firet, let’s change all of our tan valueg into sin @

(o5 &
(0s B (5 T\ )

= Dsin O + Lot b
sinb
(1) Now we can can use the identity (05 = |- §in*8
dsing + LB
ano

Lonh + L
sin O

Rewvite a3
b + 9 -23n6
Sinb
<hnb + & —sin b
sin b6 b
=hame + 32— Aanb
sing

b+ 2
SinB
—
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Question 10 continued
b) @ We can rewrite the LHS as Sinit + 2. and then solve!

sin

dne+ 2 = Usmn-5

(xsinn)

sint (xsnm)

ant + 1L = Sanl Ygnn-9)
e+ = Ysinte- Do

S 0%t -Sann -1

@ Now we can factorige and solve for x in radians
(L -L)( Hsmu +1) =0
L=k or ==L

X

.
L= 0-3398..
= 0%0

0y the fnge W 0< < lir
winbion\ = L=T + 0-540 = 5 UL
winton L => A= UT -0 < 594>

[ |

o= 5 4f
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Question 10 continued

(Total for Question 10 is 8 marks)

TOTAL FOR PAPER IS 75 MARKS
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