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1. The cubic equation

bz-3  4-%
2x =3x>+5x+7=0
a.< =
has roots a, £ and y. z c=%

Without solving the equation, determine the exact value of
(i) @ +p+y

3
(i1) %+%+%
3
(iti) (5—a)(5-5)5~7)
3)
A+ +F = -6 =23
x 2
xR +RY +Bx =S =5 ()
[§ 1 a. 2—
x5 = -9 --7
(i) consgn(enl\g CDK-F'/Q-FB)Z
(o+B+ ¥ )= K2+ g%+ 1 + 2B + 28) +208
2 x%+p 4T e (x+g+8)5~ 2(xf+£¥ +5x)
(2 -2(2) 0
2 ) A |
= - Il o)
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G) 3,3 .3 = 260+ 3¥+308 - 3(xB+Y +Ix)
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Question 1 continued

| (i (5-xX5-£Y5-3) expard tnple brockeks
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 9 marks)
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the z-axis is represented by the matrix

cos) —sinf 0
sinf cosf O
0 0 1

Given that the matrix M, where

bay

_ Ty
2 2

M- LB
2 2

0o 0 1

represents a rotation through a° anticlockwise about the z-axis with respect to the

right-hand rule,

(a) determine the value of a.

(b) Hence determine the smallest possible positive integer value of £ for which M =1

The 3 x3 matrix N represents a reflection in the plane with equation y =0

(c) Write down the matrix N.

The point 4 has coordinates (-2, 4, 3)

[ With respect to the right-hand rule, a rotation through 6° anticlockwise about ]

The point B is the image of the point 4 under the transformation represented by

matrix M followed by the transformation represented by matrix N.

(d) Show that the coordinates of B are (2 + /3, 24/3 —1,3)

Given that O is the origin,

(e) show that, to 3 significant figures, the size of angle AOB is 66.9°

(f) Hence determine the area of triangle AOB, giving your answer to
3 significant figures.

o) coso¢=~\_@ AND sw= -_2’,
2

0y

(2)

(1)

2

2

2

V3HVY SIHL NI ILIHM 1ON Od

YIHV SIHLNIZLIHM LON Od

a=150, 210 x= 210,330

V3HVY SIHLNI 3LIYM LON Od
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o= 210 ® ko ook
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Question 2 continued

b) K rokakions of 210° shoudd be a mulh,ple of %60
'er ,N\k=I 0!

210=71x3x5x7F
260=7%5x2*x5

DONOTWRITEINTHISAREA

S0_equire 1523 = (2 ko reacl amulbiple of 260
k=17 @

Q) [ 0O O
N: o -f o) ()
o o 1

d) M thea N 2 maknx NM O

i 6 o\/-3/2 /z O\ /-@2/. i/ O)
NM=(0 -t ol -l/2 I3/2 O | =] /2 @3/ O
Lo o 1/\ o o | \o o 1/

/-3/2 /2 o\-2\ [J3+2
NMA=[ 2 B/, o] Yl=[202-1]0)
\o o (A2 3

o) A=("Z| R-[V3 +2 .
- [ 203 -} cosAOR. 2°2
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5 \ 3 1a /] o]
(-2 [J3 +2]
[ Q) (23 -1]=[+603 O
\3/\ 3 cosAOR = | +603
29

J22+Y%e3t = [79
| (@ 2 (27 -0 3 =g
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 10 marks)
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3. (a) Use the standard results for summations to show that, for all positive integers n,

\/oq//\ ;\,\\ 05 3_\\:

(1) = Lnln s 1)+ 2) (an + 1)

r=1

QN

e
s
where a and b are integers to be determined. g\
@) =
(b) Hence show that, for all positive integers £, E\
Z 1 e
D (r+1) = <k (3k +1)( 4k + Bk + C) B
r=k+1 3 m
>\
where 4, B and C are integers to be determined. S 3
3

(c) Hence, using algebra and making your method clear, determine the value of &
for which

3k

25 72 (r+1) =192 (3k +1)

A A O 3)
o) 7 rtren) =27 r3ax® = L at(na)) 24— (n+)(2n+1) ©
r=1 r=1 Y . .
/

- i“(n+')[8n(n+l)+2(7n+l) ¢ Lockor ok

(2 ‘O nlax)
12

n

Y\(H—H)[%n"— rtn+2

—

1Z

N

[ n(n+ 1) netX 3n«l) ©

12
2k Ik K
W 2. = 2. - 57 = 1 (3k) 3k« %k+2)%k+1)
r=k+1 r=\ r=1 1z

- " k (k+1(k+2) 3k+1) ()
2
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- | Question 3 continued
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N
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\
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Question 3 continued

12

P 7 4 0 6 9 A 0 1 2 3 2

OO

o
&
x5

%5
&
x5

%5
&
poos

5
3RS
255
&%
boss vz
9>

ot tetotototetetete!
RIS
RIS
RRRRIIIIILLKS

¢
<55
&’

et
%S

%
%
X ;:‘;
5

0% %%

2% %

SRXSM
SRR

000009000 %000 0% 0
030%%% %% v
RIS
ISR

9
0
(0.0 00000000,
SRR
O 00000090,

IS
XX KKK
KKK KX
(00,000,
R8BS
S5,

.Y
0% %
Dose%0%
Joss & Js

<X
NS

%
o5

%
XK
o%

GG

potetototototototoroseseseses

2959593 ety
ooteh Vot e b
oSetetoreds
0RERTRRD

dtetoete%!
LR
o20teteloete%e%

ol ot tetetetetese!

(%
0908
295959

OO
RS
030!
XX
5

0
%
4@@%
55
35S

6%
o208
5
oS etotetotetetotetotetetote!

X8
RRRRRKKS

o%
%% %%
SRR

X
55
X5
35
3RS

PO 4
00029 9208
-

o
S
QX 5

X
X%



PhysicsAndMathsTutor.com

2

%
35
doss

2 M

0
bo%es
R
2
o0’

850 coconcec
.~ DONOTV
St

XX
0%

o96%% %%
0902090002090 %0%6%9%4%%
Jototetotototoretet s te’

oY
o9e%
o5
%
%

0.0....
0.0‘0.0
Satosetets

S8
S

¢
%
5

9.0
SRKL
35555
XS

w&&%&
RRRKKS

%%
%%
0% %
‘ﬁ%

o%

%
0%
0ed%

o5
3353

Y088

XXX
B
AR

XX
0“0

0.0 0%

RREXK
o
%!

D

o
%
RRRKKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
BO%8 V' 008

0 00009999,
$9:0.0.0,9.9.9.9.9, XX
e

2NN
CXIHK I I K
SRR

0>
%!
J
*
039

ol

RN
ORI
3 %

A
000

oo%%
D
3

OO0
S8
oSoteteteted
RKEL
SRR

oo
LY

X XXX

SRS

P6%6%%!

XX
335
X XK
XX

XS
8%

% ﬁ%&
o

Question 3 continued

(Total for Question 3 is 10 marks)
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1 -2 -7 4 -2 1 Tk-4 S
A—[s k 2] B—[—IO 30 -19 2
11 4 3-k -1 6-k g\
3
where k is a constant. %\
(a) Determine the value of the constant ¢ for which gi
AB=(3k+0)I g
@ >
(b) Hence determine the value of & for which A™' does not exist. :";
) 553
Given that A" does exist, i
(c) write down A" in terms of k.
ey
(d) Use the answer to part (c) to solve the simultaneous equations
—x—-2y—-T7z=10
3x +ky+2z=3
X+ y+4z=1
giving the values of x, y and z in simplest form in terms of .
3)
&) _considerng kap -left entry:
-1(4k-2) -2(-10) -*#(3-k)=3k-c @
-Ok +2 +20 -21 + 7k = 2k +c
k+l = Zk+cC
c=1 QO
b) ABR=(%k+1)T
£ 2k+1=0,00 k‘—'—?' Q
L
14
VDAY A 0 "o
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Question 4 continued
Q) AR=(2k+)T
AAB = (sk+VA™ T
B=(zk+) A
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 8 marks)
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5. Given that on an Argand diagram the locus of points defined by ‘z +5-121|=101s
a circle,

(a) write down,
(1) the coordinates of the centre of this circle,

(i1) the radius of this circle.

(b) Show, by shading on an Argand diagram, the set of points defined by

|z+5-12i| < 10

(c) For the set of points defined in part (b), determine the maximum value of ‘z‘

The set of points 4 is defined by
A={z:0<arg(z+5-20i) <} N {z:|z+5 - 12i] < 10}

(d) Determine the area of the region defined by A4, giving your answer to
3 significant figures.

) |2 -(-5+12J[=10

2

(1)

3

C)

® ®

centre (-9, l?_)\‘,/ cadllos 10

I/)\ Im

l MOY IZ—I

®©

N

A
%

y,

N

N/
/)
/

\\2.%

3
/

y7)
NE

© 0 ©

) Max (2] =/S?2* +[0 =22
M\

[\

N

N

1
+—
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>4
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Question 5 continued

d) 0 ¢ acq(z-(-5+200)) €T S4=20

<~ Tm
M=

7/ ///////. N
[IITT//77/ 77 A\ «=20

—

[ 4
/ <19\
\ cwle)

N
/ K

pouks of inkersection of arcle (2+5)°+ (y _12)%=100
and Yy=70: stlo 1a 4=20

(x+5)"+ £*=(00
(x+s) = 3}

| _cosine rde ko find B:

cosd = [0°+10°-12% -0.29 ()
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 10 marks)
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6. The drainage system for a sports field consists of underground pipes. s
This situation is modelled with respect to a fixed origin O. ‘o
According to the model, %
 the surface of the sports field is a plane with equation z = 0 : g :

* the pipes are straight lines ‘ g :
 one of the pipes, P,, passes through the points 4(3, 4, -2) and B(-2, -8, -3) "E"

a different pipe, P,, has equation x 1 =2= 3 = Z7 ! g '

2 4 -2 T
 the units are metres : E %
(a) Determine a vector equation of the line representing the pipe P, >
2) e
(b) Determine the coordinates of the point at which the pipe P, meets the surface of the 55
playing field, according to the model. s
(2) s
Determine, according to the model, :
(c) the acute angle between pipes P, and P,, giving your answer in degrees to 55
3 significant figures,
3) 3
(d) the shortest distance between pipes P, and P, /%/
®
o) direchon yector AA = 3 \ _ [ -2 _ / s | ® §/
4 { - Y = { 12 ;§/
[ 2\ [~ \ -1 \ -3 Lt :3
2 - /\
c=[8)0fa]o .
\—-2_} \ i
b) wont nterseckan of £ wnbh 220 S
S - - —_ 39w 08

= S
127 Q) g
[ R 4 92(c) [ 12 g

o r elJ) k) -
f:/u.+2(12) =[ 23 5
L o) ) \ o/ g\

5%,
5\
coordinokes are ( 12, 2%, O) 0 =

o= %
z
. ) };ﬁ;‘,,i:l

22
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Question 6 continued

< [ [ 2\

E- ) Vector eguokion of sz f=/3 \ +/M/q \

o -1/ 72

=

z

e ocwke angle betwean wo 182, -

E

;f OLE o 'Qz where. o, and b, ore tue

2 lo,f b, ] direckton veockors of £he (tnes

B

- b2 S\ b,=[2

- 2 7

e J \-2

/ [ =\ ) o\ —

| AN Jareiat et = ir0 J2reyrerr =1y
=

| cwsB= 560 5 0-233° (30 0
Z | 210+48-7=56 () To /9

d\ mehemi Dmnl— on P /3+5A
[ 41z )

\ -2+ )

%Pnam,( pmn!— on f'?_ / L2
3+ 4 m

\~l-2Zm

| Metrod.: find general veckor bekween fand 4, , beaseb b
MMMM@W@M_U&
[ 3+5) = (1+2) [S)-2m+2)

“lusiny - (2stp) | ={2)-tpel | O
\~Z+)«—( = ZM) \ A 42 - |

_ DONOTWRITEINTHISAREA  DONOTWRITEINTI
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Question 6 continued

setting pegpendicdar ko P

[ S -Z/uu—z‘ /5\

| 12\ -+t e[ 12 ] =Y

R+Z,M~l \:

5(5)-2m +2) + 120120 -yp +1) + (X +2pm-1) =

[70) ~Sbpm=-21

Se(f(:m,zj.) per,l)mol(m)\ar{ﬂ P,,b :

[ Sh-2mez) [2) i

Ly -dust |ff4 =0 U

A +lm -1 } \“‘Z

2(5)-2m +2) + YI2)-Yym+ )+ (X +2p-1) =

SEN -2Yu =-10 @

000000000000 %%
4 e, 0
X-STH

R
34}
o

Y A
X

solve (1) and (@ simolknineously

0929
S

S
7‘0: X

\=7/1g  m=131/25 (0

OO

SIHENFIEMIONOQ: s
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N
¢

N3
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Question 6 continued

(Total for Question 6 is 12 marks)
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7. (1) Prove by induction that, for all positive integers n, %\\
n \
— r(r + 1) n+l1 %
5) =
2/\
(i1) Prove by induction that, for all positive integers 7, g:}#/-;;§
2n+4 2n \3\
f(n)=3""-2 S
\M\
is divisible by 5 \g\
(1) *Base case n=1 o
L | ! | 5 =
LH.S. 2 ‘f(ra-l‘ i 1L A\ - — RHSl 1) - T >
r=y o I{7) A e < 53558
. S8
LAS=RHS - £re for n=1 () o
* Assume Enve for n=k so
K 1 K
f" c(r+1) = k+1 @
= ) {
* for n=k+(:
Kkl ! K | |
7/(_. r(rt) i o N
=1\ =y - (KA K+2Z)
f.‘\
- k. V. k(k+2)+1 - K*+2k+|
K| (kX k+2) (k1 k+2) (k1) k+2)
. ~
(k+1) -kt U S0 frue for n=k+|
(ka1 fk42) |+
r N\= =K+
= S
\ )

NN O O O arom
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| Question 7 continued
In+Yy 2%
(i f(n)=3% -2
+Y4 2
 Bose cose P(1)= 3" -2 =715 = 145(5) , duside by 5.
s0 trve for =] (©
~ Assume Erve for N=k,
ZktY 2k~
Fley=-32 -27
« consider FCk+!)
Lkl 44— 20e+)
F(K”) = 2 -
Tktb—— 2+
BN
= 3™ - 7(1)
- 4 (3" -9(2%)+5(2) @
= 9L(k)+5(25) O
which s dinside by S
o frue for n=k Ehen i+ has been shown ko be
trve for N=k+|. Siace 1k 15 frue for n= [, 1f s true
for aM positve Inkegers . (1)
J
27
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 10 marks)
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D ¢ B C B
E A A
R
0 ) X
Figure 1 Figure 2

Figure 1 shows the central vertical cross-section, OABCDEQ, of the design for a solid
glass ornament.

Figure 2 shows the finite region, R, which is bounded by the y-axis, the horizontal line
CB, the vertical line B4, and the curve AO.

The ornament is formed by rotating the region R through 360° about the y-axis.

The curve A0 is modelled by the equation

x=k'+ \Jy 0<y<4
where £ is a constant.
The point 4 has coordinates (0.4, 4) and the point B has coordinates (0.4, 4.5)
The units are centimetres.

(a) Determine the value of k according to this model.

(b) Use algebraic integration to determine the exact volume of glass that would be
required to make the ornament, according to the model.

(c) State a limitation of the model.
When the ornament was manufactured, 9cm’ of glass was required.

(d) Use this information and your answer to part (b) to evaluate the model, explaining
your reasoning.

P 7 4 06 6 9 A 0 3 0 3 2
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| Question 8 continued
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Q) svoin x=0.4, %:LI.'

0.4=kx Y +J4
lbk =0.4-2
k=-0.1(Q)

rulmder DS V= tx0.4%x0.S
= 2r/25

curve: A= kyt +(y

(~¥4
xt= k4 +2kg +y O
J J
Ll o
V= | (k%Y +2ka v g )dy ©
J J Jd 7 J

v
)

\]
]
a7,
¢<
+
-

N
<
N
>
| —
<
~

-1/ 256 _ 258 | g\ -0 ©
\12s 35 |
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Question 8 continued

Paon 9

cm3 (0

%
% %
(950 « 1%

5y
S5
BosoeTio%
298 1 5 193
8 30508

(Total for Question 8 is 11 marks)
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TOTAL FOR CORE PURE MATHEMATICS IS 80 MARKS






