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

giving each term in simplest form.

)]
Given that
" _3 1
7)) -3
——=x||=-—=x| =|—-—-—x
4 2 4 2 4 2
(b) write down the value of n.
(e))
(c) Hence, or otherwise, find the first 3 terms of the binomial expansion, in ascending
powers of x, of
1 1 )
(— - —x) x| < =
4772 2
giving each term in simplest form.
3)
(a) We See thor the Win form (0+0x); wenard © momipuiate ek Gtan’,
=3 -3 3
1 .\ 2 -(1)‘(1_“)'3
(2} Y ") %
=3
= 8(1-2%) *
Get the from the formwa booklet:

nin-dn-2)

A+ =4 +nx+ " (;‘-':"-x‘-\- g

x3 +..., Range of validity 1x1<4

Substitute injo_the

~N|w

. .
i01-223 © = g1+ 3-2m 0 COCED (ggts FUDED) L]
: 3!

=81 +3x + 3. 4xz+(-'°7?z)-(-%‘,x;)+...)

2
= 8("1' 3)(4-!227( .'.s?s.xs*...)

= B424x+60a%¢190x ...

MR 0 R AR omm
P 7 4 3 2 9 A 0 2 3 2

YIHV SIHLENEILIIM LON Od V3vVy SIHLNEILIIM LION Od

VIHY SIHL NI ILIIM 1ON Od



DO NOTWRITE IN-THIS'AREA

DO NOTWRITE IN THIS AREA

DO:NOT WRITE IN THIS AREA

Question 1 continued

(by Use index rule x"-x" -x“b,
In this tore: -3 N
| 1 2
(1-22)-(3-2n) "« (§-2n)
ne 4t
n=2 ®1
(¢)

(b4 (ot (2

First expomd (#-é"):

Now rmuitiphy by the expansion {rom park ():

' ] 3 . e 3
(E-;xq-zx ) (84247(4-6% +140x°)

= (el Y6ox?)-Lx(8) - Ly Lot
‘6(8)* (6(1.4:\\*“ 60x*) 47((8) 4x(2.4x)+4x (8

MAa

| .

:.1_"'11-21— —l?."
- z‘x q—x 2% — 6x t+ 2X

o MR 00 R
P 7 4 3 2 9 A 0 3 3 2
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Question 1 continued
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Figure 1
Figure 1 shows a sketch of part of the curve C with equation
2’ —4xy+y’=13 >0

The point P lies on C and has x coordinate 2

(a) Find the y coordinate of P.

(b) Find ;1_)/ in terms of x and y.
X

The tangent to C at P crosses the x-axis at the point Q.

In2+5b
(c) Find the x coordinate of O, giving your answer in the form a

and d are integers to be found.

(0) Substifute x=2:
2™ - 40)y+yt=13
Sohve. for y:
4 - 89*\31=-l3
(52-83 -9420
(y - 9y +4)=0
yza o oysei W

As v20, y=a. &

P 7 4 3 2 9 A 0 6 3 2

cln2 +d

(2)

)

where a, b, ¢

3)
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Question 2 continued

(b) We owe awked to dliffevenkioke

2x-ixy 1 \,1='l3 & Implicit dif{erentiation:
%( (2% = 2%mx  ©1 When di(ferentiating y, multiply by %‘i
*nx - 4y = 4x89 + 249 .
]—»7_ Unx t‘rnyHu\jH =0 (MAA]

d = d
T fymmay
*Prodncc Rule:
9 (= uv' +uy 2 ¥nx - ‘f\j z ("m-?.\;\éﬂ
dx ax

2 Wy —43 = 4x:_“ -23‘1\1 (lleck oM %L 0n one fide
X %

dy _ L*Wx- 4y
E 4y- 23

(c) We ot Pownd € in (— P(2,Q)
Get the grodieonk of tancpes ok P by Substituring inb %\4.
X

dy _ 2 -40)
dx  4(1)-209

9 _ 436 grogionc m

dx -
Uee o (x = 'tocyk,thcequion of- the m"qw;
_q - [4n2-36 -
Y q (-10 )(x 2)
At Q,0k the X-axis,yz0. ., o-v(*"“;o“)(x-z)

l’\ewrrun%z to get x=...:

q0 = x-2
4Wn)-36
45
x= ) +2
An1-3y

M &= 2:: - Hn2-36 _ . Rewvite 2. on o.frackon wilh
- ni-1 . .
8 22 -18" in1he denominater

Al X< t\‘:\\: “33 - CoordAnake inthe v'\q\ut fovm.

7
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Question 2 continued
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8x -5
fx) = 2x-D)(Ex-3) :

(a) Express f(x) in partial fractions.

3)
(b) Hence find Jf (x)dx
3)
(c) Use the answer to part (b) to find the value of & for which
3k 1
J‘ f(x)dx = =In20
N 2
(3

(a) We ove osked o do Portial Fractions:
¥x-5 . A 4B
(2x-4x-3)  (x-1) (4:-3?
¥

Manpuiake this ts ger common denominater
3% -5 - A4x-3) + Blax-1)
(2x-14x-3) (2x-O4x-3)

Equate the numerators and Substitute in values in order to get A,B.
Bx-5= A(4x-3)+Bl2x-1)

choose values to substitute in so that brackets become 0, to make yourlife easier!

3 0
x=32 9 8.3 _5: p0)+B(2-2.1)
4 4 9 4
1'33
B=2 ; M1
x=Ll 2 8-12_-'5:,«(4-‘;_-;)*5,(3\
-1-.-A
A=t Al
oo &5 .1 2 Partial Fradsans
(x-4x-3) (x-1  4x-3) P
10

P 7 4 3 2 9 A 0 1 0 3 2
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Question 3 continued

- 1 2
(h) [ o0 dx -f(u.“ .,Mx_ndx M1

= Xnlax-1]+ 2-L nlax-3) +c [de: tnx +c
. /% 4 X
Reverse dhaan Rule: / A4
Mukkiply by the desivotive of the racker

=1 -1) + ) = il
z 2
it 3k
(c) “(x\ dx = f 1 X dx=luwam
k k(2x-1)  (Ax-3) 2

s [.L n(2x-1) + Ll.n(4x-3\]
2l 2 k

3k
- [‘E ln(Zx-i)(4x-3)] use \Oq law  natwbo = na-b
k

: 'Eu\(z(m-ﬂ(ﬂm— 3) - ‘;u\(‘zk--nuk-a\ Substitde 1 \imiss

= 3 g Bk-D(RK-3) gy Expand ¢ usp \oq \ow  lna-Unb =\n‘%
Z (-0 (4k-3)

(6k=-1) (12k-3)
equoke fo {(‘ﬂb
\ 74‘ (2-1) ( 4k-3)
20 (Bk-1)(12k-3) Solve this
(20-1) (4k-3)
20 (2k-1) (4k-3) = (6k-1)(12k-3)
20(8k%-10K+3)- (F2k & -30k +3)
160K - 200M +60 = F2k = 30k +3
88k®-130k253=6 A1 Sove quadrakic
(2k - 3) (44K - 19) =0
k=3 =19
z k o ddMma

Since x>, 0My k=2 1s tue Solukion for kAN
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Question 3 continued
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. Relative to a fixed origin O,

» the point 4 has position vector 4i+ 8j + k
» the point B has position vector 5i+ 6j + 3k
+ the point P has position vector 2i—2j + k

The straight line / passes through A4 and B.

(a) Find a vector equation for /.

The point C lies on / so that PC is perpendicular to /.

(b) Find the coordinates of C.

The point P’ is the reflection of P in the line /.

(c) Find the coordinates of P’

(d) Hence find ‘ﬁ)' )

(a) jor une
position Vector+ A

Wheve the position Vector is any poiat on the ine and
is 0 vector poraliol to the line,

Gexr

A% - 0B - 0A

]3]

3 1

{1

4

8

1

|
] M4

r= R + AAB
s 4 «al ! line L
1 "

giving your answer as a simplified surd.

P 7 4 3 2 9 A 0 1 4 3 2

2

C))

2

2
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Question 4 continued

. 4+
(b) P Ci int on L, ~.0C: ]
) foint C is the qenoral point on -0 ?*ziﬁ
Hence PC oc o\’
4“”‘ 14p —1
1*1r {] ['02"] &
Were Yok P is perpendiculor 4o L .. pexpendiculor to A%. Hence
Jo¢
- =3
PC-AB =0
24 (]
[\0'1? ‘1-21:=0

12 L
(2+)-2010-2) ¢ 2() =0

Qp-18-0 2 a:=2 m!
? Yadhiate ot:... t get the toardinades.

8 2(1‘ AaVM
110

{s)

:. coovdinates of C: (6,4,5) Al

(b) We need OF.

/h'ne \
/‘ F
0
ql
0F° is represented by the
- +*2 -5
oP’'= 534» 2 Pe = ["5’17':3’] = (:C] {rom (b), Pc and a=2.
i)
1 4
0
=|o
q

."._coordinaten of P’: Ci0,10,9)

o R0 O RN O
P 7 4 3 2 9 A 0 1 5 3 2
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Question 4 continued

()

Point P

"~ p-?; /u“e l

D
RN

PI
-3
Hence PP’ = 29C . 1PP'1= 21P0
or nitv (:
—ﬂ
et AE = [5].
| R
'A—é 1= 0-’- '('bt +C1
e = 2] > 1PC) = 1fa e 6%+ 42 A
le] v
4
H lﬁ
II;I;'|= 2x 2013 = 443 |B—,E'|¥mnd

Al
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Question 4 continued
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5. (i) Find
szexdx
“4)
(i) Use the substitution u = +/1 —3x to show that
27x >
dx =-2(1-3x)*(Ax+B) + k
V1 -3x
where 4 and B are integers to be found and £ is an arbitrary constant.
(6)
() [xte* dx Multiplicakion, -.use ©
¥ Integration by Povts:
j( vu dx = vu-J(uv'dz
~ Method 1 : Formuho
gxle" dx SDI table method
vex®d ov'zax
dx
w=eXef -u'=ze*
T x f x [ . N N
=% e -2/ x@Ddx  Mulplication .- By farh again
MiA1
us= x -J‘—I a0’ =1
vee* & | —y'ze®
= x‘e* - 2ve® + 2‘ e*dx
M1
zx'e" - 2xe™s 28" +¢ A1
~ Method T: S01
[x*e*dx:
SD1 - table
Sign | Diffeventiote| Inteqrate
+ P oyt~ e
- \s x x T X x x
- 1T Ix - e > [xe*dx=%"e —2xe +2e*+c M
~ )
+ 45 2 \\" e’
- 0 P o™ MAAIMY
.
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Question 5 continued

(i) To use the substitution u =+ 1-3x ,we meed to find dx=... and x-=..
To get dx, difteventiate u=(1-3x)*: :

\A:(l'?;t)I .
du _ 4 2 . . . -
— sl (1=3%) " —3 chain we: mulbply by the derivative
oz ply-by

of the brackes.

dw =3 -3

Also, W§R \L=\|l-%x D u'=1-3x to moke it eatiex:

du -3 -3
m z.(‘le) .
S d_“_ H i(u.l)'{ y
dx 2
du _ _3_
7"," 2w B
Ax=_-2—rd1
To get x=..., reary onpe:
Uy 1-3x
wi:1-3x
Ixs4-ul
o t-w!
p & s
Sulbstitute into the Tntegrotion:
"1’1‘! dx
11'31(\“’
} !-—“
s 2 ( 3 ’) (-E‘&du) M
" 3
l-u'l
= 21[ = i A %
&K
= 9% _2“'“’-) da
q
=-2 u[m‘ dw
T -6 ‘1-0.’ du
AL = 6[ ut-1dy we can easily integrate this

19
o R0 O Turn over
P 7 4 3 2 9 A 01 9 3 2
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Question 5 continued

(i) cont = sjf ut4dy

"
w
]
—
>
>

3 s

= 2(%- - -3 -3x)?

2220300 2 (243x) +k hence shown
Al
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Question 5 continued
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The temperature, §°C, of a car engine, f minutes after the engine is turned off, is
modelled by the differential equation

a6

- k(6 -15)
7 ( )

where k is a constant.

Given that the temperature of the car engine
* 15 85°C at the instant the engine is turned off
* 15 40°C exactly 10 minutes after the engine is turned off

(a) solve the differential equation to show that, according to the model

at + b
ct+d

where a, b, ¢ and d are integers to be found.

(b) Hence find, according to the model, the time taken for the temperature of the car
engine to reach 20 °C. Give your answer to the nearest minute.

(0 4. .y (p-15)"
x (
1 _ .
(AGR do = -k dt Sepaxore Variables

-2
Muiply ot/ [ (8:15) d0 = I—k e Tntegrate
sides by -1 ( k|

-(O-ISS' =-ktsc MY

We are thot at t=0,0=85:
'(35‘|Si‘= c
-l ¢ vaweode
30
M4
Also that t=40,6=40":
-1
-(40-15) = - -1
(40-15) = -k (10) S
-_1_ z=-lok- L

15

M k=Y ( K
3550 vaivne of

P 7 4 3 2 9 A 0 2 2 3 2

(7

2

O

YIHV SIHLENEILIIM LON Od V3HVY SIHLNIILIHM 1ON OQ

VIHY SIHL NI ILIIM 1ON Od



. DONOTWRITEINTHISAREA = =

- DONOTWRITEINTHISAREA =~

~
- | Question 6 continued
| (a) cont.
SI ik (z-4 A k=9 into tha int ted equakion:
1 3500 1.8 4.0
S Moke 6 brock: 6-15 3500
1= ;oo{(o-ﬁ) + ;o (6-15) Multiply by (8-15)
3500 = 9t (0-15) + 50(8-15) Mulkiply by 3500
3500° 946 - 135t +300-350  expand
9t0+500 =135t +4250  collect ou A terms ond side
(9t+50) = 135t +4 0 ouwk
o= 135t r4250 diu'ldg_bglﬁiiio)—
qt +50
A1
(b) 8=20
0= 135t +42%0 _ Solve for t
qt +50 i
M1
180t + 1000 = 135t + 4250
45% = 3150
t=32.22
otz 32 minukes A9
J
23
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Question 6 continued
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7. Use proof by contradiction to prove that J7 is irrational.

(You may assume that if & is an integer and k” is a multiple of 7 then & is a multiple of 7)

C))
Make an Assumption: We_wani our sSumption t» be theloppasite) of what
"Assume hat IF is o vational aumber® e 0 twyingt prove.
M1 In the Pvoof, we ave trying ticontradich tho@sSumplion

|

clg 8
13
I~
H
S
S
4
N
B2
S
3
3
s
oy
- ]
()
2
3

Henee a® is a moltple of 2, anodl - oLis alss & wwitiple o4 #.

a can heno be wnttem a4: a- ik

Gk
(RS

b= 49k°
b= 3k* M

Henee b? is a multple of 2, andl - b is alts o wwitiple of #.

So bith a and b ave multiplen of *, Which contradicls the fact that o.and b have mo
fattors in common_Hence it is provem by contradiction that {3 is irrational,

R0 0O R omm
P 7 4 3 2 9 A 0 2 6 3 2
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Question 7 continued
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=V

Figure 2

Figure 2 shows a sketch of part of the curve C with parametric equations

!
. —t== 1> 07
t ¥ t

The curve C intersects the x-axis at the point Q.

(a) Find the x coordinate of Q.

(1)
The line / is the normal to C at the point P as shown in Figure 2.
Given that 1 =2 at P
(b) write down the coordinates of P
(1)
(c) Using calculus, show that an equation of / is
3x+5y=15
3)
The region, R, shown shaded in Figure 2 is bounded by the curve C, the line / and the
X-axis.
(d) Using algebraic integration, find the exact volume of the solid of revolution formed
when the region R is rotated through 2z radians about the x-axis.
(7)
P 7 4 3 2 9 A 0 2 8 3 2
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DO NOTWRITE IN-THIS'AREA

DO NOTWRITE IN THIS AREA

DO:NOT WRITE IN THIS AREA

Question 8 continued
(a) At x-axit y=0,use this to get vadwe oft:
0=t-1
2
t =
t=21 > i1 sine t>0.%
Substitute into b into x=...:

Xs4+% D x=2 B

(b) Given +=2 ok P:
x=2+1-25 r-.?(1.5,1.5) B!

=2-1-1.
\dz.{1s

(c) % Powometnc plifferenhakion:

dy . G
d dx
* %
\j:t-% 'X."l“".lT
M*_**'\_ é_‘x;:i’-l
dt — 1t dt Tt
Subshitote :
dy %;f' 1w 4
— - > — =3
dx Hi’ 1-  dx
At P t=2, .. qradieat of tangent: | 5
LA ¥ s ¢
M'd—i- 12 = -_3—' =3 W
7 4
. minommal) = -
Uee to get the equarion of thae \ne
m=-3
o3
Y2 1.5 Y-1.5=- = (x-2.5) dm
X, 2.5 53-%:-37&-&%
B3xe5y= 15 hence shown
A1

o R0 0O R
P 7 4 3 2 9 A 0 2 9 3 2



Question 8 continued

'3'1*5\5-'-15

ly=5
L 3%+ 500)=15
3x215 x=5 @

L1l

¢ - S
“ q\z.s 5\

Area, A,— Parnwmetvic Integration, Volumes o Revolutiow
for avound the x-axis:
= Parametvic = ( Vﬂfgz adx i
ok

2
Limits in t: </=lelf '%')z'(i""z)df M1

s = 1
xz2 — t=| 2

x225—3t:2 =T ({z-2+£—l)~(1-11;)dt expand

fu

. 1¢3_3 .1
= mgt’ - + -3t}
[3 Ty

P 7 4 3 2 9 A 0 3 0 3 2
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Question 8 continued

— . it’ cone
~Volume of o cone;
V='nr1%
r=1.5 (py -|-vz=n-(|.;1’.33-_5
h=5-2522.5 (lx-P)
-qn.2.5
4 6
=45 5
24
\Iz_=1511 ﬂ_j
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:'gt\+15n
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Question 8 continued

(Total for Question 8 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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