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MARKING SCHEME
LEAVING CERTIFICATE EXAMINATION 2005

MATHEMATICS+HIGHER LEVEL £+ PAPER 1

GENERAL GUIDELINESFOR EXAMINERS + PAPER 1

1.  Penadlties of threetypes are applied to candidates’ work as follows:
Blunders - mathematical errors’omissions (-3)
Slips - numerical errors (-1)
Misreadings (provided task is not oversimplified) (-1).

Frequently occurring errors to which these penalties must be applied are listed in the scheme.
They arelabelled: B1, B2, B3,..., S1, S2,..., M1, M2,...etc. Theselistsare not exhaustive.

2. When awarding attempt marks, e.g. Att(3), note that
- any correct, relevant step in apart of a question merits at least the attempt mark for that
part
if deductions result in amark which islower than the attempt mark, then the attempt mark
must be awarded
amark between zero and the attempt mark is never awarded.

3. Worthlesswork is awarded zero marks. Some examples of such work are listed in the scheme
and they arelabelled asW1, W2,...€tc.

4.  Thephrase“hit or miss’ meansthat partial marks are not awarded — the candidate receives all
of the relevant marks or none.

5. Thephrase “and stops’ means that no more work is shown by the candidate.

6.  Specia notes relating to the marking of a particular part of a question are indicated by an
asterisk. These notes immediately follow the box containing the relevant solution.

7.  The sample solutions for each question are not intended to be exhaustive lists — there may be
other correct solutions. Any examiner unsure of the validity of the approach adopted by a
particular candidate to a particular question should contact his/her advising examiner.

8.  Unless otherwise indicated in the scheme, accept the best of two or more attempts — even
when attempts have been cancelled.

9. Thesameerror in the same section of aquestion is penalised once only.

10. Particular cases, verifications and answers derived from diagrams (unless requested) qualify
for attempt marks at most.

11. A serious blunder, omission or misreading results in the attempt mark at most.

12. Do not penalise the use of acommafor adecimal point, e.g. €5.50 may be written as €5,50.
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QUESTION 1

Part (a) 10 marks Att 3
Part (b) 20 (5, 15) marks Att (2,5)
Part (c) 20 (5, 5, 5, 5) marks Att (2,2,2,2)
Part (a) 10 marks Att 3
1(a) Solve the simultaneous equations:
X Y-
5 4
3x+Y =17
2
Part (a) 10 marks Att 3
1(a)
. X Yy ,
[ —- == 20 4x-5y=0
(i) = y
(ii) 3x+% =17  "10 30x+5y=170
34x =170
X=5
(i) 4xx5y=0
4(5) =by Xx=5
y=4 y=4
Blunders (-3)
B1 second variable not found.
Sips(-1)
S1 numerical.
S2 not changing sign in subtraction.
Attempts
Al no solution.
A2 correct solution by trial and error.
Worthless
W1 vauesfor xandy.
Part (b)(i) 5 marks Att 2
1(b)(i)
ExpressZ% +24+2¢ +2¢ intheform 2° , wherep,ql Z.
Part (b)(i) 5 marks Att 2
b)) 2t +2f+2h 42 =alt) = 2p}) = 2
Blunders (-3)
Bl indices.
Sips(-1)

S1  not elementsof Z.
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Part (b)(ii) 15 marks Att 5
1(b)(ii)
Let f(x)=ax®+bx®+cx+d.
Show that (x- t)isafactor of f(x)- f(t)
Part (b)(ii) 15 marks Att 5
1(b)(ii)
f(x)=ax® +bx? +cx+d
f(t)=at®+bt> +ct+d
f(x)- f(t)= a(x3 - t3)+ b(x2 - t2)+ c(x- t)
=a(x- t)(x2 +tx+t2)+ b(x- t)(x+t)+c(x- t)
= (x- t)alx® +tx+t2)+b(x+t) +|
or
1(b)(ii)

f(x)=ax® +bx? +cx+d
f(t)=at®+bt> +ct+d
f(x)- f(t)=ax®+bx®+cx - at®- bt? - ct

ax® +(at +b)x+ (at® +bt +c)
(x- t))ax3 +bx? +cx- at® - bt? - ct

ax® - atx?

(at +b)x

(at +b)x? - (at +b)x
(at? +bt+c)x- at®- bt?- ct
(at? +bt+c)x- at®- bt?- ct

* Acoept solution by division by (x- t) for full marks.

Blunders (-3)
B1 indices.
B2 factors

Sips (-1)

S1  numerical.
S2  not changing sign when subtracting in division.
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Part (c) 20(5, 5, 5, 5) marks Att (2,2, 2, 2)
1(c) (x- p)*isafactor of x°+qgx+r
Show that 27r? +4q® =0
Express the roots of 3x? +q = 0in terms of p.
Factor 5 marks Att 2
Values 5marks Att 2
Show 5 marks Att 2
Express 5 marks Att 2
X+2p
1(c) (Show) X% - 2px+ p? jx3 +OX+ T
x® - 2px® + p°x
2px% - peX+Ox+r
2px® - 4p*x+2p°
3p?x+qgx+r-2p*=0
Remainder must =0 since (x- p)’isafactor
2 3] —
(0% +alx+(r- 2p°)= (O)x+(0)
(i) : 3p*+qg=0 q=-3p’
(i) : r-2p*=0 r=2p°
\ 272 +4q? = 27(2p*f + (- 3p?f
=108p° - 108p°
=0
or
If (x- p)’isafactor of f(x),thenlet (x+ a)be other factor.
\ (x2 - 2px+ pz)(x+a): X3 +gx+r
X +(- 2p+a)x® +(p? - 2pajx+ p2(a) = x* +(0)x* + (g)x+r
Equating liketo like
(i) -2p+a=0 (i) p®-2pa=q (i) pPa=r
) a=2p q=p®- 2p(2p)=-3p? r = p*(2p)

27r% +4q° = 27(2 p3)2 +4(— 3p2)3
=108p° - 108p°
=0
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(Express) 3x*+g=0

3x*=-q
3x2 =-(- 3p?)
3x* =3p°®
X2 = p2
X=xp
Blunders (-3)
B1 indices.

B2 notliketolike.

B3 root from equation.

B4 r not found, having found g.

B5 roots from equation (in 2express® part).

Sips (-1)
S1  numerical.
S2  not changing sign in subtraction (division).

Attempts

Al remainder ! Oindivision.
A2 any attempt at division.
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QUESTION 2

Part (a) 10 marks Att 3
Part (b) 20 (5,5, 5, 5) marks Att (2,2,2,2)
Part (c) 20 (5, 5, 5, 5) marks Att (2, 2,2, 2)
Part (a) 10 marks Att 3
2(a) Solveforx: |[x-1<7,where xI R
Part (a) 10 marks Att 3
2(a) x-1<7
-7<x-1<7
\ -7<x-1 and X-1<7
-6<X x<8
\ -6<x<8
or
2(a) x-1<7
(x- 17 <(7)
X - 2x+1<49
x*- 2x- 48<0
Solve: x*- 2x- 48=0
(x+6)(x- 8)=0 \ /
X+6=0 or x-8=0 E\ 8
X=-6 X=8
+x° U-shaped:
f(x)<0 when - 6<x<8
or
2(a) x-1<7
(x- 1)° <49
x*- 2x- 48<0
(x- 8)(x+6)<0
casel: (x-8)>0 and (x+6)<0
x>8 and X<-6
not possible
case ll: (x-8)<0 and (x+6)>0
x<8 and X>-6
\ -6<x<8
Blunders (-3)
B1 upper limit.
B2 lower limit.

B3 expansionof (x- 1)°, onceonly.
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B4 inequality sign.

B5 indices.

B6 factorsonceonly.

B7 root formula, once only.
B8 deduction root from factor.
B9 incorrect range.

B10 answer not stated.

Sips (-1)
S1  numericd.

Attempts

Al oneinequality only.
A2 inequality signsignored.

Part (b) 20(5, 5, 5, 5) marks Att (2,2, 2, 2)

2(b) The cubic equation 4x® +10x” - 7x- 3= 0 has one integer root and two irrational roots.
Expressthe irrational roots in simplest surd form.

Test 5 marks Att 2
Linear Factor 5 marks Att 2
Other Factor 5 marks Att 2
Roots 5 marks Att 2
2(b) f(x)=4x* +10x* - 7x- 3

Integral root must be £1, +3
f(1):4+10- 7- 31 0
f(-1): 10
f(3):108+90- 21- 31 0
f(- 3):-108+90+21- 3=0

X =-3 isaroot (x +3) isafactor

4% - 2x- 1
x+3>4x3 +10x° - 7x- 3
4x3 +12x°
- 2x%- Tx
- 2% - BX

-Xx-3
-Xx-3

So, need to solve: 4x? - 2x-1=0

_2+/4+16 _2+420 _2+2J5 _1+.5

2(4) 8 8 4
1++45 1-5
4 ' 4

Irrational roots:

or
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2(b) Findsroot x =-3 asabove, and continues as follows:

x = -3 isaroot (x +3) isafactor
\ other factor :(4x2+ax-1)
\ (x+3)(4x2 +ax- 1) =4x% +10x* - 7x- 3
4x° +12x° +ax® +3ax- x- 3=4x> +10x* - 7x- 3
4x° +(a+12)x* +(3a- 1)x- 3=4x* +10x® - 7x- 3

Equating coefficients:

() a+12=10 and/or iy (Ba-1)=-7
a=-2 3a=-6
a=-2

f(x) = (x+3)ax? - 2x- 1)=0

+
Irrationa roots: 1‘4£ , as above.
Blunders (-3)
Bl indices.

B2 root formula, once only.
B3 notliketolike..
B4 deduction factor from root or no factor.

Sips (-1)

S1  numerical.

S2  not changing sign in subtraction (Division).
S3  roots not in simplest form, once only.

Part (c) 20 (5,5, 5, 5) marks Att (2,2,2,2)
2(c)(i)
x* +k?
Let f(x)= , where k and m are constantsand m* 0
X
(i) Showthat f(km)= f K
m

(i) aandbarereal numberssuchthat a* O,b* Oanda? b.

Show that if f(a) = f(b), then ab =k®.
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(i) f(km) 5 marks Att 2
f K 5marks Att 2
m
@) f(a)="~(b) 5 marks Att 2
ab 5marks Att 2
2(c)
x? +k*?
f(x)= , [ k, m constants]
mx
(i) showthat f(km)= f %
2 2
f(km):(km) +k? _K2(m? 2+1) k X (w2 +1)
m(km) k(m?) — m?
k(e 5 e e
m mk) — k  mk
k2(1+ m?)
k‘m j
k
— 1
Sy
k
f(km)=f —
=1 &
N a’ +k?
f =
(i fla)==———0
b? +k?
f =
(b) ==
a®+k> _b*+k?
fla)=flb =
(@)= 1(0) b
multiply across by mab:
bla? +k?)=alo? + k?)
a’b+bk* = ab® +ak?
a’b- ab® = ak”® - bh?
ab(a- b)=k?(a- b)
(a-b)r 0 ab =k?
Blunders (-3)
B1 indices
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QUESTION 3

Part (a) 10 (5, 5marks Att (2, 2)
Part (b) 20 (5, 10, 5) marks Att (2, 3,2)
Part (c) 20 (5, 5, 5, 5) marks Att (2, 2,2, 2)
Part (a) A’ 5 marks Att 2
Al 5 marks Att 2
1 0
3(a) Giventhat A= 0 .1 , show that A® = A",
Part (a) A’ 5 marks Att 2
Al 5 marks Att 2
1 0
3(a A=
(@) 0 -1
-1 — L = 1 O — (_ 1) = 1 O — 1 O — A
-1-0 0 1 0 1 0 -1

A® = AAA= AZA
.1 010
0-10 -1

01

AP=A2A=|. A= A=A’

or

A1 = A asabove, and:

Al = AAA
=ALAA
=IA
= A'l

or

Al = A asabove, and:

3

., 1 0
A° =
0 -1
_ @ ©r
0 (-1
10
0 -1
=A
Blunders (-3)

Bl formulainverse.

Sips (-1)

S1  eachincorrect e ement.

S2  numerical.
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Part (b) 20(5, 10, 5) marks Att (2,3, 2)
3(b) Solve the quadratic equation:
2iz> +(6+2i)z+(3- 6i)=0, wherei® =-1
Part (b) Valuesinformula 5 marks Att 2
Evaluate vb? - 4ac 10 marks Att 3
Roots 5 marks Att 2

3(b) Solve: 2iz?+(6+2i)z+(3- 6i)=0
- (6+2i)+(6+2)" - 4(2i)3- 6i)

2(2i)
- (6+2i)£~/36+24i +4i2 - 24i + 48i°
4
_-(6+2i)++/36- 52
4
_-(6+2)x+/-16
4
_ - (6+2i)+4i
4
_-6-2i+4 - 6- 2i- 4i
= or _
4i 4i
- 6+2i - 6- 6i
=— or :
4 4i
- 3+] -3-3
=— or :
2 2
-3+i i -3i+i? _-3-1_1+3
21: - X = = = =
20 i 2 -2 2
_-3-3 i _-3-3% 3-3 -3+3
Z, =% =——— = =
2 i 2 -2 2
Blunders (-3)
B1 indices.
B2 i.

B3 expansion (6+2i)?onceonly.
B4 root formula, once only

Sips (-1)
S1  numericd.
S2 i in denominator

Attempts

Al 3 marksfor +/a+hi and stops
A2 2 marksfor z=a+biand stops.
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Part (c) 20(5, 5, 5, 5) marks Att (2,2, 2, 2)

3(c) (i) z=cosg+ising.UseDeMoivre stheorem to show that

z" +in=2003nq ,fornl N.
z
4

(i) Expand z+1 and hence express cos*q interms of cos4g and cos2g.
z

Part (c) (i) in 5 marks Att 2
z
Value 5marks Att 2
(i) Expansion 5 marks Att 2
Express 5 marks Att 2
3(c)(i) Z=cosqg+ising
z" =cosng +isinng
ERe L =(cosg+ising)”
z" (cosg+ising)

=cos- ng)+isin(- ng)
=cosng - isinng

1 . g
2"+ =(cosng +isinng)+(cosng - isinng)
z
=2cosng
3(c)(ii) z+1=(cosc7+isinq)+(cosq+isinq)'l
z
=cosg+ising+cosg- ising
= 2cosq
4 L 4 1 4,1 2 4 3 1°
z+= =72+ 2+ 2= + z= + =
1 z 2 z z
(Zcosq)“=z“+4zz+6+4i2 +i4
2z
16c0s*g= 2+~ +4 2+2 +6
cos g= z ? Z ?

16cos® g = (2cos4q) + 42cos2g] + 6
16cos* g = 2cos4q +8cos2g + 6

cos' g = %[Zcos4q +8c0s2q + 6]

= %[cos4q +4co0s2g + 3]
Blunders (-3) Sips (-1)
Bl statement De Moivre, once only. S1  numerica
B2 application De Moivre.
B3 binomial expansion. Worthless
B4 i W1 not using De Moivre.
B5 answer not in required form. W2 not using 2hence® in part (ii).

B6 indices.
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QUESTION 4

Part (a) 10 marks Att 3
Part (b) 20 (5,5, 5, 5) marks Att (2,2,2,2)
Part (c) 20 (15, 5) marks Att (5, 2)
Part (a) 10 marks Att 3
4(a) Write the recurring decimal 0.636363%4 %2 as an infinite geometric series and hence as a
fraction.
Part (a) 10 marks Att 3
4(a) 0.63 = 0.636363Y4 Y4 YaYaYa
= 0.63+0.0063 + 0.000063 +..........
_ 63 63 63
= + + Fo
100 10000 1000000
63 1
\ =— r=——
100 100
_a
> = 1-r
_d ). e_7
1- 5 %) 9 11
Blunders (-3)
B1 indices.
B2 formulafor infinite series.
B3 incorrecta.

B4 incorrectr.
B5 not asinfinite series.

Sips (-1)
S1  numericd.

Attempts
Al correct answer with no work or by other method (i.e. not using geometric series).
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Part (b)(i) 10 (5, 5) Att (2,2)

4(b)(i) Thefirst three terms in the binomial expansion of (1+ kx)” are 1- 21x+189x?
Find the value of n and the value of k.

Part(b)(i) equations 5 marks Att 2
values 5 marks Att 2
4 (b)(i) (L+kd)" =1+ 2 (ix) + 2 (k) + o
=1+ (nk)x + n(nz; 1 X2 F v
=1+ (nk)x + il -21).k2 2 4 s
=1- 21X+ 189X .o
2
[il: nk=-21 [ii]: ”(”'Tl)'kzlsg
[l k= -2
n
[il n(n-1k>=378
2
sub.in:  n(n- 1) "2 a7
n
(n? - n)(441) = 378n?
441n? - 441n- 378n* =0
63n° - 44In=0
63n(n- 7)=0
n=0or n=7 \' n=7 k:_721:-3

n=7, k=-3

* Since must be integers, accept correct values by observation from nk = - 21, with verification.

Blunders (-3)
B1 errorsin binomia expansion, once only.

n
B2
r

B3 indices.

B4 notliketo like

B5 factors

B6 vauefrom factor.

B7 second value not found, having found first.

Sips (-1)
S1 numerical.
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Part (b) (ii) (5,5) marks Att (2, 2)

4 (b) (ii) A sequenceisdefined by u, = (2- n)2”'1.
Show that u,,, - 4u,,, +4u, =0, foralnl N.

Part (b) (ii) Termssimplified 5 marks Att 2
Show 5 marks Att 2

4 (b)(ii) u, =(2- n)2"*
Upy = [2- (n+1)20 = (1- n)2"
u,., = [2_ (n + 2)]2(n+2)—1 - (_ n)2n+1
Uy, - Ay, +4u, = (- n2m)- - n)2n|+4l2- n)2v?

=-n2™- (22f2"Ja- n)+22(2"*)2- n)
- n'2n+l _ 2n+2 + 2nl2n+l + 2'2n+1 _ nl2n+l
=DMl _ pn+2
=22™.22™ =0

or

4 (b)(ii) un=Q-mT4=?-nfﬂ=?-g@ﬂ

Uy, =[2- (n+ 22" =1 n)”
Uy, = [2- (n+ 222 = (- 2™ =-2n2"

Let a=2"

\ Upap - AUy +4U, =-2na- 4(1- n)a+4la- 22
-2na- 4a+4na+4a- 2na
0

Blunders (-3)
B1 indices.
B2 factors.

Sips (-1)
S1  numericd.

Attempts
Al must do some correct relevant work with indicesin 2show?®.
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Part (c)(i) 20(15, 5) marks Att (5, 2)

2 2
4(c) (i) Show that a;bE a ;b , Where aand b are real numbers.

(i) Thelengths of the sides of aright-angled triangle are a, b and ¢, where c is the length of
the hypotenuse.

Using the result from part (i), or otherwise, show that a+b £ 2.

Part (c)(i) 15 marks Att 5
Part (c) (ii) 5 marks Att 2
. a+b_ |a®+Db’
A(c)(I £
(©)() > \ >
2 2 2
case: (a+b) positive: U a;b g2 ;b
a® +2ab +b? p a® +b’
4 2
a’® +2ab+Db” £ 2a* +2b°
0£a®- 2ab+b?
0£ (a- b)?
True when (a+b) positive.
case: (a+b) negative: (a+b)<0 @+b) 0
2 2
a;bEJa ;b , since /x>0 aways.
True when (a+b) negative.
or
4(c)(i) (a-b)’3 0 foral a,bl R.

a’- 2ab+b*3 0
(a2 - 2ab+b?)+(a? +b?)2 (a2 +b?)
2a” +2b*3 a® +2ab+b?
2(a? +0?)2 (a+b)?
divide across by 4:
a’+b” , (a+b)’
2 4
a’+b?, a+b ’

2 2
/a2+b23 a+b 23 a+b
2 2 2
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N : atb . [a®+b*> _ | _ ¢
4(c)(ii) From (i) above, 5 £ 5 —\/; = Nk

a+b£ c
2 2
a+b£ 2
a+b£C\/§

Blunders (-3)

B1 indices

B2 inequality sign.

B3 deduction.

B4 aand b both positive.
B5 expansion (a- b)’.
B6 right angled triangle.

Sips (-1)
S1  numericd.

Worthless
W1 particular valuesfor a and b.
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QUESTION 5

Part (a) 15 (5, 5, 5) marks Att (2,2, 2)
Part (b) 15 (5, 5, 5) marks Att (2,2, 2)
Part (c) 20 (5, 5, 5, 5) marks Att (2, 2,2, 2)
Part (a) 15(5, 5, 5) marks Att (2,2, 2)
5(a) Solvefor x: ¥10- x =4- X
Part 5(a) Quadratic 5 marks Att 2
Factors 5 marks Att 2
Solution 5marks Att 2
5(a) v10- x =4- X
10- x=(4- x)?
10- x=16- 8x+ x*
0=x%-7x+6
0=(x- 12)(x- 6)
x-1=0 or x-6=0
x=1 X=6
Test: x=1 LHS: +10- x=410-1=49=3
R.H.S. 4- x=4-1=3 \ L.H.S=R.H.S.
X=6 LHS: +10- x=+10-6=+/4=2

R.H.S.:

4- x=4-6=-2

\ 6isnot asolution.

Ans: x=1.

\ L.HS! RH.S

Blunders (-3)
Bl indices.

B2 expansion (4- x)*onceonly.

B3 factors.

B4 root formulaonce only.
B5 deduction values from factors.

Sips (-1)
S1  numericd.
S2  excessvaue.

Attempts

Al x=1and no other works merits 2 marks.
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Part (b) 15(5, 5, 5) marks Att (2,2, 2)
5(b) Prove by induction that (3r-2)= 2(3n - 1)
r=1
Part (b) P(1) 5 marks Att 2
Assume S marks Att 2
Pk +1) 5 marks Att 2
5(b) (3r- 2)="(3n- 1)
=1 2
Test n=1:u, =3(1)- 2=1

n 1 1
—3n-1)==(3-1)==(2)=1
(- 1=26-1=()

\ Truefor n=1 P(1)

Assumetruefor n=k

ES P(K)

(k +1)
2

LS
2

To prove: Se = [3(k +1)- 1]

:%(k+l)(3k+2)

Proof: S =S tU
_k
2
_k
2
_3k*- k+6k+2
- 2
=%[3k2 +5k+2]

(3k- 1)+[3(k +1)- 2]

(3k - 1)+ (3k +1)

= %[(k +1)(3k + 2)] P(k +1)

So, P(k +1) true whenever P(k) true. Since P(1) true, then by induction P(n) true for all positive
integers n (nT N,n3 1).

Blunders (-3)
Bl indices.
B2 nt! 1(mustprove n=1 not enough to say truefor n=1)
B3 factors.

Sips(-1)
S1  numericd.
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Part (c)

20(5, 5, 5, 5)marks

Att (2,2,2,2)

5(c) (i) Show that Iol =log, a, wherea,b >0 and a,b* 1
(i)  Show that ! + 1 + ! + o + 1 = , where c>0,c?t 1.
log,c logsc log,c log,c log,Cc
Part (c) (i) 5 marks Att 2
(ii) logkc to a new base 5 marks Att 2
log(2.3.4...r) 5 marks Att 2
completion 5 marks Att 2
. log, a 1
5(c)(i log,a=—7F3—=
(©)) 98 = 100D ~ Tog. b
. , 1
5(c)(ii) From (i): log, 2=
log, C
. 1
Similarly log.3= , ,log.r =
log; C log, c
1 1 1 1
\ + + o +
log,c logsc log,c log,c
=log,2+log,3+log 4+....... +log, r
=log,(2.34.............. r)
=log,(r!)
_ 1
log,, c
or
s()(i)  log,c= 9w L1 _l109.2
log,2 log,c log, c
Similarly, —— =19913 ¢
logsc  log, €
1 1 1 1
\ + + o +
log,c logsc log,c log, c
- IOgr! 2+ Iogr!3+ Iogr!4+ ''''''''''' + Iogr!
log, ¢ log,c log,c log,,
_log, 2+log, 3+log, 4+.......... log,, r
log,, c
_log,(234.......r)
log,, Cc
_ log,(r)
Iogr!C
_ 1
log,,
or
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5(c)(ii) log, c = 0g,C

log,, C | _log,, €

IoglO , IOglO 3'
1 1 1
\ + + o +
log,c logsc log,c

_log,2 1093 109,04,

log,,c log,c logy,c

_log,, 2+10g,,3+10g,,4+...........

log,, C
log,,(2.34........r)
log,, C
_ logy(r)
|0910(C)
=log, r!
_ 1
_Iogr!c
Blunders (-3)
B1 loglaws.
B2 factorid.

B3 change of base.

Worthless
W1 no change of base.
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QUESTION 6

Part (a) 10 (5, 5marks -
Part (b) 20 marks -
Part (c) 20 (10, 5, 5) marks -

Note: The marking of Question 6 is not based on dlips, blunders and attempts. In the case of each
part, descriptions or typical examples of work meriting particular numbers of marks are given. The
mark awarded must be one of the marksindicated. For example, in part (a)(i), descriptions are

given for work meriting O, 2 or 5 marks. It istherefore not permissible to award, 1, 3 or 4 marks for
this part.

Part (a) 10 (5, 5) marks -
6 (a) Differentiate with respect to x

(i) 1+7%)° (ii) gnﬁ-g.
Part (a) (i) 5 marks -
6(a)(i) §¥= (1+7x)2.(7) = 21(L+ 7x).

5marks. correct derivativein any form. (e.g. middle step above is acceptable, asis expansion
followed by correct differentiation, unsimplified).

2marks: differentiates with one or more errors, provided at |east some aspect correct.

O marks. no correct differentiation done. (e.g. integrates or expands the given expression).

Part (a) (ii) 5 marks -

6@)(i)  y=sin’(z)

or

6(@)(ii) y=sin'()=sin"*[f(x)]

gl

or

6(@)(i) y=sinl() sny=
dy

= 25- x2
\/255—x2 >6
1 . _ _ 25- X2
— sny=— Cosy = 5
25- x?
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5marks.  correct derivative in terms of x, simplified or otherwise.

2marks. differentiates with at |east some aspect correct; failsto give answer in terms of x.

O marks:  no correct differentiation done. (e.g. integrates or rearranges the given expression, or
gives only the first step in the second method above)

Part (b) 20 marks

_1- cosx
1+cosx’

6 (b) Let

Show that% =t+t3, wheret = tan=>.
X

Part (b) 20 marks

.. 1- cosx u
6(b)(11) - 1+ cosx :V

dy _ (L+cosx)(sinx)- (1- cosx)(- sinx)
dx (1+ cosx)?
_ SiINX+SiNXCOoSX+SinX- SiNXCOSX
B (1+ cosx)?

2snXx
(1+ cosx)?
_ 2(2sincos3)
2
(2c0s? )
_ 4sinjcos;
4cos’ %
_sny 1
- 2
cos% cos’ %

= tan(sec” 3)
=tan(1+tan? %)
=t{1+1?)

=t+t°

or

X
2 tan;

. dy 2snx L+tan®%
6(b)(ii — = =
(o)1) dx (1+cosx)’ Lere

2x
1+tan 3

_4t
— 1+t2

(1+tz)+(1.tz)j2

1+t2

_ 4
f1+tzﬂﬁ|2

=t{1+1?)

=t+t°

or
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x
2tan5

. dy 2sinx L+tan?]
6(b)(ii) —= = :
dx (1+ cos X)2 [2 cos? %]2
B 4tan
(L+tan? %) 4cos? *.cos® X
_ 4t
sec’ X4 se(::l-zg . Seizg
=tsec’5)
=t{1+tan?%)
=t{1+1?)
=t+t°
or
6(b)(ii) _1-cosx _1- ;ﬁi _ (1+t2)- (1- t2)
- - 2 2 2
1+ cosx 1+i+§2 (1+t )+(1- t )
2% _ o 2
=— =t =t
y 5 y
dy dt
= (tan2) or L =pt—
y={tan3) ol ol
% = 2(tan ) (sec? x)4 =2t Tepc? X
= (tan%){1+ tan> ) =2t X 1+tan? X
=t(1+1?) =t{1+1?)
= t + ts - t + t3
20 marks: fully correct solution.
17 marks. correct expression for & in terms of t alone, but not simplified to required form or
X
solution with one or two non-critical errors, simplified fully.
[critical error = one that significantly alters the nature or complexity of the task].
14 marks. correct expression for d interms of x, simplified or
X
, ) d 1 2
correctly establishesthat y =t or that & :§(1+t )
X
7 marks.  correct or almost-correct expression for d in terms of x or
X
. dt .
correct expression for v in terms of x or
X
correct but unsimplified expression for y in terms of t or tan X
Omarks:  no relevant work.
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Part (c)

Part (c) (i)

20 (10, 5, 5) marks
10 marks

6 () Theequation of acurveis y=i,wherex1 1.

Xx-1

(i)  Show that the curve has no local maximum or local minimum point.
, X
6(c) (i) y=—o7
x-1
dy _ (x- 2)(1)- (x)a)
dx (x- 2)?
_X-1-x
(x- 17
-1
= 10
(x- 27
\ No loca max/local min
10 marks: Correct solution, including assertion that derivative * 0 or <0 or similar conclusion.
7 marks.  Correct derivative.
3 marks. Substantia error(s) in differentiation.
O marks:  No relevant work
Part (c) (ii) 5 marks
6 (c) (i)  Write down the equations of the asymptotes and hence sketch the curve.
6 (c) (ii)

Vertical asymptote: x+1=0 x=1
Horizontal asymptote:
y=X =1 @imxe ¥ y=1
x-1 1-1
5marks. Correct solution, (equations of both asymptotes, and sketch).
2marks:  One or two equations correct, or sketch of correct form.
O marks:  No significant work of merit.
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Part (c) (iii) 5 marks -

6 (c) (ili) Show that the curve isits own image under the symmetry in the point of intersection of
the asymptotes.

6(c) (i) S, (a) =b p: point of intersection of asymptotes = (1, 1).
a=(xy) b=(2-x2-y)

Test to seeif b(2- x,2- y) isoncurve y=——:

( ) x-1
2- X
2. y)= X
(2-y) 2 -1
2- X
2-y=2%
Y 1-x
2- X
2- — =
1-x Y
0 _21-x)- (2- %) _ - x
y 1-x 1-x
U y:TX:L (i.e. bisonthecurveif and only if ais.)
or

6 (c) (ili) p(1, 1): point of intersection of asymptotes

X . X
a X,—— lisoncurve y=——
x-1 Xx-1

S,(a)=b b[2- x2- %

x-1

Symmetry if b(2 - xxx—f)

y
(2- x) _2-X
(2- x)-1 1- x

5marks.  Fully correct solution.

2marks. Correctly findsimage of general point on the curve, or
Identifies general point on the curve in terms of one variable, or
Fully or partially works a particular case, or
Identifies (1, 1) asthe point of intersection of the asymptotes.

O marks.  no relevant work.
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QUESTION 7

Part (a) 10 marks Att 3
Part (b) 20 (5,5, 5, 5) marks Att (2,2, 2,2)
Part (c) 20 (5, 5, 5, 5) marks Att (2, 2,2, 2)
Part (a) 10 marks Att 3
7 Find from first principles the derivative of x* with respect to x.
Part (a) 10 marks Att 3
7(a) f(x) = x?
f(x+h)=(x+h)
f(x+h)- £(x)=(x +2nx+h?)- x2
f(x+h)- f(x)=2hx+h?
f(x+ hg- FX) _ oy iy
im f(x+h)- f(x) _ oy
h® 0 h
or
7(a) y =X’
y + Dy = (x+ Dx)?
Dy = (x+Dx)’ - x*
= X + 2xDx + Dx® - x?
= 2x.Dx + Dx?
=Y = 2%+ Dx
Dx
lim Dy_ 2X
Dx® 0 Dx
Blunders (-3)
Bl expansionof (a+b)? onceonly.
B2 indices.
B3 nolimit shown or implied, or no indication ® 0.
B4 xDx=Dx’
Worthless

W1 not from 1% principles.
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Part (b) (i) 10 (5, 5) marks

Att (2, 2)

7(b) (i) The parametric equations of a curve are:
X =8+Int?
y= In(2+t2), where t > 0.

Find ﬂ interms of t and calculateitsvalueat t = \/E.

dx
Part (b)(i) %ﬂ 5 marks Att 2
dt dt
value 5 marks Att 2
7 (b) (i) x=8+Int? y=In(2+t?),
X=8+2Int ﬂ= ! 5
dt 2+t
dx .1 2 2t
2=2=- ==
dt t ot 2+t?

Att=+2: t2=2 @_t _ £ _=2
dx 2+t*> 2+2 2

* £ (x) must be expressed as a function of t for second 5 marks.

Blunders (-3)

B1 differentiation.

B2 logs.

B3 indices

B4 definition of ﬂ
dx

B5 incorrect value or no vaue.

Attempts
Al erorindifferentiation formula

Worthless

W1 integration.
W2 no differentiation.
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Part (b) (ii) 10 (5, 5) marks Att (2, 2)

7 (b) (i) Find the slope of the tangent to the curve xy® + y = 6 at the point (1, 2). I
Part (b)(ii) Differentiation 5 marks Att 2
Slope 5 marks Att 2
7 (b) (i) xy*+y=6
dy , .o ,dy
X2y—+ +—==0
ydx Y dx
dy 2
—(2xy +1)=-
o 2y r)=-y
dy_ -y
dx 2xy+1
At p(L, 2) x=land y=2
= ﬂ = —- (2)2 = j
dx 2()2)+1 5

Blunders (-3)

B1 differentiation.

B2 indices.

B3 incorrect value of x or no value of x.
B4 incorrect value of y or novalueof y.

Sips (-1)
S1  numericd.

Attempts

Al errorindifferentiation formula
A2 d_ 2xyﬂ +y? b and uses all three dy terms.
dx dx dx dx

Part () 20 (5, 5, 5, 5) marks Att (2,2, 2, 2)

7(c) (i) Writedown aquadratic equation whoseroots are + Jk.

(i)  Hence use the Newton-Raphson method to show that the rule
_(u) +k

n+l 2Un

can be used to find increasingly accurate approximations for Jk.

(ili) Using the above rule and taking g as the first approximation for /3, find the third

approximation, as a fraction.
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Part (c) (i) 5 marks Att 2
(ii) Newton-Raphson 5 marks Att 2
Finish 5 marks Att 2
(iii) 5 marks Att 2
7(c) (i) Roots  ++k Equation: x*- k =0.
7(c)(ii) Equation: x?=k or x?- k=0, solet f(x)=x?- k.
\ f(u,)=u’-k
fu,)=2u,
f(u,)
Newton-Raphson: U, =U, - -
ap n+l fqun)
u’-k
= un -
2u,
_2u’?- (un2 - k)
2U,
u’+k
un+1 =
2u,

Hence the given rule is the Newton-Raphson method applied to f (x) = x? - k. Thusit can be used
with asuitableinitial value to find increasingly accurate approximations for Jk.

2
COEEES (=3 =1
B +3 92+3 21 7
u, = = =— =—
2(2) 3 12 4
L)k _GPe3_se3_ () o
o, ) 7 () 56
Blunders (-3)
Bl equation

B2 Newton-Raphson formula; apply once only to second 5 marksin (ii) or to 5 marksin (iii).
B3 differentiation.

B4 indices.

B5 k?t3.

B6 U,*? g,onceonly

B7 U, not found.

Sips (-1)
S1  numericd.
S2  not asfraction.

Misreadings (-1)
M1 takes@aboverule® in c(iii) to mean @Newton-Raphson method® and uses thisin (iii).
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QUESTION 8

Part (a) 10 (5, 5) marks Att (2, 2)
Part (b) 20 (10, 10) marks Att (3,3)
Part (c) 20 (10, 10) marks Att (3,3)
Part (a) 10 (5, 5) marks Att (2, 2)
8 (a) Find (i) (2+ x3)dx i)  e¥dx
Part (i) 5 marks Att 2
(i) 5 marks Att 2
4
8 () (i) (2+x3)dx=2x+X7+c
3x
i e¥dx = +c
(if) 3
* If ¢ shown once, then no penalty
Blunders (-3)
Bl integration.
B2 no‘c (Pendise 1% integration)
B3 indices.
Attempts
Al anything + c.
Worthless
W1 differentiation instead of integration.
Part (b) 20 (10, 10) marks Att (3, 3)
4
8 (b) (i) Evaluate —2X T gx.
X“+x+1
1
p
8
(ii) Evaluate sin®2gdg.
0
Part (b) (i) 10 marks Att 3
(i) 10 marks Att 3
4
: 2x+1
8(b)() X2+X+1dx Let u=x*+x+1
1 du _ ox 41
_ (2x +1)dx o =
(2 +x+1) du = (2x+L)dx
du
= — =lnu
u

=In(x? +x+1) ] =In(16+ 4+1)- In(L+1+1)

=In2—1 =In7
3
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P
8

8(b) (i) sin?2gdg. = %[q - sng]s [Tables page 42]
0
T4
_1 p_sSns _(0_ 0)
2 8 4
_1p 1
2 8 4
_p 1
16 8
or
L
8 . 1
sin?g ==(1- cos2
8(b) i) sin?2g dg g=5 (- cos20)
0 sinZZqZ%(l- cos4q)
= Z(L- cosdg)g
_1  sindg®
2 77 0
sin 4
:1 B- 8 _(O_ O) :1 B-l :ﬁ_}
2 8 4 2 8 4 16 8
Blunders (-3)
Bl integration.
B2 indices.
B3 limits.

B4 nolimits.

B5 incorrect order in applying limits.
B6 not calculating substituted limits.
B7 not changing limits.

B8 differentiation.

B9 trigformula.

Sips (-1)
S1  numerical.
S2 trigvalue.

Worthless

W1 differentiation instead of integration except where other work merits attempt.

Note: Incorrect substitution and unable to finish yields attempt at most.

Note: (-3) is maximum deduction when evaluating limits

Note: In 8(b)(ii), do not penalise 1% =11.25, etc.
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Part (c)(i) 10 marks Att 3
2
. 1
8(c) () Evaduate ——————dx.
L V3+2x- x?
Part (c)(i) 10 marks Att 3
2
80 () —t dx 342x- X2
V3+2x- %2 =4- (x*- 2x+1)
dx _ dx =(2)*- (x- 1
V3+2x- x5 422~ (x- 1)
du [Let u=x-1 du_y du = dx]
22 - u? dx
=sint Y
2
=sin(g) ;
=gn*t 1 ~sn?0) =2-0 =2
2 6 6
or
2 2
80 ()  —r dx 3+2x- X
V3+2x- X2 =4- [1- 2x+x?)
dx _ dx =(2)*- (- %°
V3+2x- x* 422 (1- x)?
- dw _ dw _ _
W [Let w=1- X &__1 - dw=dx]
=- Sin'l V_V
2
=- sn ()}
=- gnl-__gnl(()) =- l_o :E
6 6
Blunders (-3)
Bl integration

B2 completing square once only.
B3 limits
B4 nolimits

B5 incorrect order in applying limits
B6 not calculating substituted limits

B7 not changing limits.
B8 differentiation.

Sips (-1)
S1  numericd
S2  trigvalue.
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Worthless:
W1 no effort at completing square
W2 differentiation instead of integration except where other work merits attempt.

W3 puts u=3+2x- x*

Note: Incorrect substitution and unable to finish yields attempt at most.
Note: (-3) is maximum deduction when evaluating limits

Part (c) (ii) 10 marks Att 3
8(c) (ii) Useintegration methods to derive aformulafor the volume of acone.
Part (c)(ii) 10 marks Att 3

8 (c) (ii) Vol of cone, with height=h, and base-radius=r

Equation op: slope = % © through (0, 0) y= %(x)

h h oy 2 2 h
V = 2dx = Z dx = x%dx
5 7 .

P VR

"~ 3n? © 3n?
Blunders (-3)
Bl integration

B2 dlopeof line

B3 equation of line.

B4 volume formulaprovided it is quadratic
B5 limits

B6 no limits.

B7 incorrect order in applying limits.

B8 indices.

Sips (-1)
S1  numericd

Attempts
Al usesv=py

Worthless
W1 differentiation instead of integration.

Note: (-3) is maximum deduction when evaluating limits.

Page 35




MARKING SCHEME

LEAVING CERTIFICATE EXAMINATION 2005

MATHEMATICS+HIGHER LEVEL + PAPER 2

GENERAL GUIDELINES FOR EXAMINERS + PAPER 2

1.

10.

11.

12.

Penalties of three types are applied to candidates’ work as follows:
Blunders - mathematical errors’omissions (-3)
Slips - numerical errors (-1)
Misreadings (provided task is not oversimplified) (-1).

Frequently occurring errors to which these penalties must be applied are listed in the scheme.
They are labelled: B1, B2, B3,%, S1, S2,¥4, M1, M2 Yaetc. These lists are not exhaustive.

When awarding attempt marks, e.g. Att(3), note that

- any correct, relevant step in apart of aquestion merits at least the attempt mark for that
part
if deductions result in amark which islower than the attempt mark, then the attempt mark
must be awarded
amark between zero and the attempt mark is never awarded.

Worthless work is awarded zero marks. Some examples of such work are listed in the scheme
and they are labelled as W1, W2 Y4 etc.

The phrase 2hit or miss® means that partial marks are not awarded + the candidate receives all
of the relevant marks or none.

The phrase 2and stops® means that no more work is shown by the candidate.

Specia notes relating to the marking of a particular part of a question are indicated by an
asterisk. These notes immediately follow the box containing the relevant solution.

The sample solutions for each question are not intended to be exhaustive lists + there may be
other correct solutions. Any examiner unsure of the validity of the approach adopted by a
particular candidate to a particular question should contact his/her advising examiner.

Unless otherwise indicated in the scheme, accept the best of two or more attempts + even
when attempts have been cancelled.

The same error in the same section of a question is penalised once only.

Particular cases, verifications and answers derived from diagrams (unless requested) qualify
for attempt marks at most.

A serious blunder, omission or misreading results in the attempt mark at most.

Do not penalise the use of acommafor adecimal point, eg. 5.50 may bewrittenas 5,50.
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QUESTION 1

Part (a) 15 marks Att5
Part (b) 20 (5, 5, 10) marks Att (2, 2,3
Part (c) 15 (5, 5, 5) marks Att (2, 2, 2)
Part (a) 15 marks Att 5
1(a) S
Circles Sand K touch externally.
Circle Shas centre (8, 5) and radius 6. K

Circle K has centre (2, - 3).
Calculate the radius of K.

Radius of K 15 marks Att 5
1(a) S
a(8,5andb(2,- 3).
K
| ab|=/(8- 2% +(5+3) =+/36+64 =10.
But r +6=10. \ r(radiusK)=4.
Blunders (- 3)
B1 Error indistance formula
Sips(-1)
S1  Arithmetic error.
Attempts ( 5 marks)
Al Distance between centres.
A2 Correct condition for circles touching externally.
Part (b) 20 (5, 5, 10) marks Att (2, 2,3
Part (b) (i) 10 marks (5, 5) Att (2, 2)

1(b) (i)  Provethat the equation of the tangent to the circle x* + y* =r?
at the point (x,, y,) is xx +yy, =r2.

Slope of tangent 5 marks Att 2
Finish 5 marks Att 2
1(b) (i)
Equation of tangent T: y- y, =m(x- x,).
Slope of normal op:Y1—_0 =N
-0 X

\ Slopeof T at point p(x,, y,) =- el

1

(X' X:L) yyl'ylzz'xxl'l'xl

2 _
2 X“+y =r

- X

1

Equationof T: y- vy, =

X6+ Y =% Y
But (x,,y,)1 x> +y?=r? X2 +y’=r?
\ Equation of tangent T: xx, +yy, =r°,

or

Page 37




1b) () x*+y*=r? 2x+2y%:o dy_
X

Slope of tangent T at point p(Xl, yl) =

- X
Y1

Equationof T: y- vy, = (X- Xl) WY - y12 ='XX1+X12

06+ Yy =X Y,
But (x,,y,)T x*+y?=r? x2+y’=r2
\ Equation of tangent T: xx, +yy, =r?.

Blunders (- 3)

B1 Incorrect signin slope formula.
B2 Slopeformulainverted.

B3 Incorrect perpendicular slope.
B4 Error in differentiation.

B5 Failsto show that x12 + y12 =r2,

Sips(-1)
S1  Arithmetic error.

Attempts ( 2, 2 marks)

Al Correct slope of normal.

A2 Correct differentiation.

A3 Correct substitution into tangent formula and stops.

A4 Stopsat xx +Yy, =X +Y,".

Part (b) (ii) 10 marks Att 3

1 (b) (i) Hence, or otherwise, find the two values of b such that the line5x + by =169
isatangent to thecircle x* + y* =169.

Valuesof b 10 marks Att 3

1(b) (i) By part (i) the line 5x + by =169is atangent to the circle x* + y* =169
at the point (5, b).
But(5,b)T x*+y?=169  25+b? =1609.
b2=144 b==12.

or

1(b) (ii)) Perpendicular distance from centre of circle to tangent 5x + by =169 equals radius.

%5(0) +b(0) _ 169% =13 |- 169 =13V25+b?
V25+b

25+b% =13 25+ b2 =169 b%=144. \ b=+12.
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Blunders (- 3)

B1 Errorin solving for b other than dlip.
B2 Only one correct value of b given.
B3 Incorrect radius.

Sips(-1)

S1  Arithmetic error.

Attempts ( 3 marks)
Al (5, b) point of tangency.
A2 Perpendicular distance formulawith substitution.

Part () 15 marks (5, 5, 5) Att (2,2, 2)
1(c) A circle passes through the points (7, 2) and (7, 10).
Theline x =- 1 isatangent to the circle.
Find the equation of the circle.
Two equationsin g, fand c 5 marks Att 2
Valueof f 5marks Att 2
Finish 5 marks Att 2
1(c) Circle: x2+y2+29x+2fy+c:O.
(7,21 C 49+4+14g+4f +c=0 14g+4f +c=-53
(71001 C  49+100+14g+20f +c=0  14g+20f +c=-149
\ 16f=-96 f =-6.
x+1=0 isatangent.
\" Perpendicular distancefrom(- g,- f)tox+1=0equalsradius.
\ | 91+1 =Jg2+36-c g2-2g+1=g2+36-c 2g- c=-35.
But 14g+4f +c=-53 14g+c=-29. But2g- c=-35.
16g=-64.\ g=-4 and c=27.
\ Circle:x? + y2 - 8x- 12y +27 =0.
or
y value of centre 5 marks Att 2
‘Quadratic’ in x 5 marks Att 2
Finish 5 marks Att 2
1(c) a(7, 2) and b(7,10). \ Mid-point of [ab] is (7, 6).

Equation of mediator of chord [ab] isy = 6.
Centre point of circleis c(x, 6).
Asx = - 1lisatangent then point of tangency isd(- 1, 6).

led]® =[cd®  (x+1)% =(x- 7)* +16.

\ x?+2x+1=x?-14x+49+16 16x=64 x=4
\ Centreis(4,6)and radius=5

\ Equation of circleis(x- 4)2 +(y- 6)2 = 25.
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Blunders (- 3)

Bl
B2
B3
B4

Error in mid-point formula.

Error in perpendicular distance formula.
Error in radius formula

Circle equation formula error.

Sips(-1)

S1

Arithmetic error.

Attempts ( 2, 2, 2 marks)

Al
A2
A3
A4
A5
A6
A7
A8

Oneequationinf, gand c.
Mid-point of [ab].
Attempt at solving simultaneous equations.
ca, cb or cd found.
Distance from centre to tangent with substitution.
Attempt at solving quadratic for x.
Value of third unknown.
Length of radius.
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QUESTION 2

Part (a) 5 marks -
Part (b) 25 (10, 5, 10) marks -
Part (c) 20 (15, 5) marks -

Note: The marking of Question 2 is not based on dlips, blunders and attempts. In the case of each
part, descriptions or typical examples of work meriting particular numbers of marks are given.

The mark awarded must be one of the marksindicated. For example, in part (a) (i), descriptions are
given for work meriting 2, 4 or 5 marks. It istherefore not permissible to award, 1 or 3 marks for
this part.

Part (a) 5 marks -
2(a) Copy the parallelogram oabc into your answerbook. C b

Showing your work, construct the point d such that

® 1® 1® ® _ .

d ==—a+=Db- c, whereoistheorigin.

2 2 0 a

Point d 5 marks -
2(a) C b

* Accept any labelled parallelogram with vertices o, a, b, c.

5marks. point d shown in correct position in diagram. Point d need not be joined to origin.
] o ® ® 1 ® ® 1 ® ®
4 marks.  Correct work with one error or omission e.g. > atb or > a- c or > b- c

correctly on diagram.
o ® 1® ® ® ®
2marks:  One correct significant step e.g. 3 a or 3 b or - c or atb correctly shownon

diagram.
O marks:  No significant work of merit.

Part (b) 25 (10, 5, 10) marks -
Part (b) (i) 15 (10, 5) marks -

. ® ® ® ®, . . . . ®
2 (b) (i) p=3i+4 ). gistheunitvector inthedirection of p.

AN

. ® ® ® ®
(i) Expressgandq intermsof i and j.

Express(a 10 marks -
® ® @
. @ p_3i+4] 3@ 4e
2 (b)(i = =1+ ].
OX-9 ‘%‘ 9+16 5 5
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®
10 marks. Correct solution for q , simplified or otherwise.

®
p

o @

7marks: Calculates | p| correctly but does not give unit vector or writes —

®

o]

® ©
3i+4j byany number.

ai+b

Va? +b? |

O marks:  No significant work of merit.

® ®
3 marks.  Unit vector expressed as J

N

Expr&es(a 5 marks

2(b) (i)

®
q =- g(ﬂg@j , or equivalent from candidates q.

5marks.  Fully correct answer.
. " 4o 3a . . . ®
2maks. Gives q ZE I - < | assolution, or equivaent from candidates q.

O marks.  Any other answer.

Part (b) (ii) 10 marks

N ® _®. ® o .
2(b) (i) Expressi1li- 2 jintheform kq+lq ,wherek |1 R.

Express 10 marks
2 (b) (ii)
@ ® ® _®
kg+lq =11i-2).
® 4® ® 3® ® ®
k§i+ﬂj +|-ﬂi+§j =11i-2]j.
5 5 5 5
DS LTI T S
5 5 5 5
\ 3k- 4l =55 and 4k +3 =-10.
9k - 121 =165
16k +121 =-40
25k =125 \ k=5. But3(5)-4/=55 |=-10.

© ® o @
\ 11i- 2j=5q9-10q .

10 marks: Correct k and | found.
7 marks. Solves for k and/or for | with minor error(s).
3 marks: Oneequation in k and | allowing for minor error(s).
0 marks. No significant work of merit.
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Part (c) 20 marks (15, 5)
Part (c) (i) 15 marks

® ® @ ® ® ®
2(c) u=iI1+5jandv=41+4].
(i) Find cosbuov, where o isthe origin.

2(0) (i)

®I+5@j> 4®I+4@j>
4+20 24 3

cosbuov =

® ®

T+59 || 47+4

15 marks: cosbuov expressed as fraction of real numbers, simplified or otherwise.

® ® ® ®

10 marks: Correctly evaluates u.v and either |u| or |v| alowingfor minor error(s).

®

® ® ®
5marks: Correctly evaluates [u| or |v| or u.v.

O marks:  No significant work of merit.

Part (c) (ii) 5 marks

. ® ® ® .
2(c) (i) r =0-k)u+kv,whereki Randk? O.
Find the value of k for which [Buov =[Pvor|

200 () F=(-k T+57 +k 47+47 =@+36)7+(5- k).

4@?+4(? (1+ 3k)<?+(5- k)(?
cosbvor = =

3
Va2 L+ k)P +(5- k)2 V13
4+12k+20- 4k _ 3
4226 sk +10k2 13
J13(24+8k) = 124/24/26 - 4k +10k?
JA3(6 + 2K) = 32V 26 - 4k +10k>
568+ 312k + 52k ? = 468- 72k +180k>  128k?- 384=0
\ k?-3k=0 k-3=0ask?0 \ k=3

\

5marks.  Fully correct solution.
4 marks.  Complete solution with minor error(s).

3 marks: Correct or substantially correct equation in k (without i and j ).

® ®
2 marks. (FF) expressedin theforma i +b j , allowing for minor error(s).
Omarks: No significant work of merit.

Page 43




QUESTION 3

Part (a) 15 marks Att 5
Part (b) 20 (10, 5, 5) marks Att (3,2, 2)
Part (c) 15 (10, 5) marks Att (3, 2)
Part (a) 15 marks Att 5

3(a) Theline L,:3x- 2y+7=0 andtheline L, : 5x+ y+3 =0 intersect at the point p.
Find the equation of the line through p perpendicular to L,.

Equation of line 15 marks Att 5

3(a)
3x-2y+7=0 3x-2y=-7

5x+y+3=0 10x+2y=-6
13x=-13 x=-1\ y=2 p(-12)

L,:y=-5x-3 dopeL, =-5\ perpendicularslope:m:%.

Equation of line:y - 2:%(x+1) X- 5y+11=0.

or

3(a)
Requiredline: 3x- 2y +7+/(5x+y+3)=0.
\ x(3+5/)+y(/ - 2)+(7+3/)=0
Slope= 3+5/.
2-/
L,:y=-5x-3 dlopel, =-5.\ Slopeof requiredline:%.
3+5/ 1 isio5/=2-7 26/ =-13\ /=-1.
2-/ 5 2
\ 1x-§y+1—1:O Requiredline: x- 5y +11=0.
2 2 2
Blunders (- 3)

B1 Error in slope of L, other than dlip.
B2 Incorrect perpendicular slope.

Sips(-1)
S1  Arithmetic error.

Attempts ( 5 marks)

Al xory coordinate of point p.
A2 Correct slope of L.

A3 Correct perpendicular slope.
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Part (b) 20 (10, 5, 5) marks Att (3,2, 2)
Part (b) (i) 10 marks Att 3
3(b) (i) Theline K passesthrough the point (- 4, 6) and has slope m, where m> 0.
Write down the equation of K in terms of m.
Equation of K 10 marks Att 3
3(b) (i)
y- 6=m(x+4)
Blunders (- 3)
B1 Error in equation line formula.
Sips(-1)
S1  Arithmetic error.
Attempts ( 3 marks)
Al Equation of line with some substitution.
Part (b) (ii) 5 marks Att 2
3(b) (ii) Find, interms of m, the co-ordinates of the points where K intersects the axes.
Co-ordinates 5 marks Att 2
3 (b) (ii)
y-6=m(x+4) mx- y+6+4m=0.
Cutsx-axisat p(x,0). mx=-6- 4m x=20-4m p -6-4m’0.
m m

Cutsy-axisat q(0,y). y=6+4m q(O, 6+ 4m).

Blunders (- 3)
B1 Equation of axesincorrect.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Onecorrect coordinate.
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Part (b) (iii) 5 marks

Att 2

3 (b) (iii) Theareaof thetriangle formed by K, the x-axis and the y-axis is 54 square units.

Find the possible values of m.

Valuesof m 5 marks Att 2
(b) (iii)
Areatriangle opg = 54 square units.
. 1
Areatriangleopd = =[xy, - XpYi|
2 q(0, 6+4m)

1 - 6- 4m
\ =|(0)(0)- 6 +4m) = 54.
~(0)0)- > (+am

(6 + 4m)(6 + 4m) =108m

\ 16m? +48m+36=108m  16m?- 60m+36=0

4m?-15m+9=0  (4m- 3)(m- 3)=0.

\ m:§ or m=3.
4

(-4,6

/
- 6-4m
p

,0

Blunders (- 3)

B1 Errorintriangle areaformula.

B2 Error infactors or quadratic formula.
B3 Misuse of modulusin formula.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)

Al Triangle areaformulawith some substitution.
A2 Quadraticinm.
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Part (c) 15 (10, 5) marks Att (3, 2)

Part (c) (i) 10 marks Att 3

3(c) (i) f isthetransformation (x,y)® (x¢ y(), wherex(=3x- yand y(= x +2y.

(i) Provethat f maps every pair of parallel linesto apair of parallel lines.
Y ou may assume that f maps every lineto aline.

Prove 10marks Att 3

3(0)(i)

X( 3 -1 x x_121x(

y¢ 1 2 vy y 7-13 y¢
Let L have equation: ax+by+c=0,and M: ax+by+d =0.

\ f(L):%(- x¢+3y¢)+$(2x¢+y¢)+c:0 f(L): (- a+2b)x¢+ (3a+b)yd+ 7c =0

and f(M):%(- x¢+3y(1)+g(2x¢+ yd+d=0 f(L):(-a+2b)x¢+(3a+b)yt+7d =0

So, (L) f(M),since (- a+2b)(3a+b) = (3a+b)(-a+2b), [i.e ab, =a,b]

or

3(c) ()
L:y=mx+candM : y=mx+karetwo paralel lines.
X(=3x-Yy 2X(=6X- 2y

yl=x+2y yC=x+2y. \ 2xC¢+ yC=7x X= %(2x¢+ yﬂ).

But y¢= x+2y  ye= %(2x¢+ yd+2y  y= %( xC+ 3y,

\ f(L):%(- x¢+3yﬂ):$(2x¢+ y+c  f(L):- x¢+3ye= 2mx¢+ myt+ 7c.
1+2m 7c
\ f(L):(3- ¢=(1+2m)x¢+7 f(L): y¢= ¢+ :
(U mye=lisamperre 1(0): ye= L2 s T
. 1+2m 7k
larly f(M): y¢= ¢+ )
Similarly 1(M): y 3-mx 3-m

Both lines have sameslope, 1;& ,\ pardld.
-m

or

Let L and M pass through p and g respectively and bo}h bein the direction m.

\ L=p+tm ad M =qg+tm, wheetl R

\ f(L)="f(p+tm)="f(p)+tf(m) and f(M)=Tf(gq+tm)=f(q)+tf(m)

\ f(L)and f (M) areboth linesinthedirection of f(m), and hence are paralld.

* Note: second method above fails to deal with the case where L and M are vertical, or where
they have slope 3. Do not penalisethis.
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Blunders (- 3)

B1 Error in determining slope other than dlip.
B2 Incorrect matrix or matrix multiplication.
B3 Failureto establish image lines paraldl.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3 marks)

Al Expressing x or y in term of primes.
A2 correct matrix for f.

A3 Findsimage of oneline and stops.

Part (c) (ii) 5 marks Att 2
3(c) (ii) oabcisaparallelogram, where [ob] isadiagonal and o isthe origin.

Giventhat f(c)=(- 1,9), find the slope of ab.
Slope ab 5 marks Att 2

30 (i) f(c)=(19) x:%(2x¢+ v and y=%(- X6+ 3yd)

\ x=1and y=4 c(1,4)
Slopeoc=4  dopeab =4 asabispardlel tooc.

or

3 (o)(ii)
-1
3 -1 3 -1 -1 2 1 -1 7
Matrix f = :1 1
1 2 1 2 9 7-13 9 7 28

\ Slopeoc=4  dopeab =4.

or

3(0) (i) f(c)=(-19). x(=3x- yand y(=x+2y.
3x-y=-1 6x-2y=-2
X+2y=9 X+2y=9
7x=7 x=1andhencey=4.
\ ¢(1,4) andslopeoc = 4.
Butabisparalleltooc  slopeab = 4.

Blunders (- 3)

B1 Slopeoc and stops.

B2 Incorrect matrix.

B3 Incorrect matrix multiplication other than dlip.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Two simultaneous equations.
A2 Correct point ¢ and stops.
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QUESTION 4

Part (a) 10 marks Att 3
Part (b) 20 (10, 5, 5) marks Att (3,2, 2)
Part (c) 20 (10, 5, 5) marks Att (3,2, 2)
Part (a) 10 marks Att 3
4(a) Evaluate Ii®mos'24 .

* Accept correct answer without work. [f candidate’ s answer is correct, ignore the work.

Evaluate 10 marks Att 3
4 (a)
sind , ag
im3% i 42—y 3444
®0 3 ®0 3 ®0 4 3 3

im 1@ _ 140) _4cos0) _4

or  f(g)=sndgandg(q) =37. \ @0g( ) 9%0) 3 3

Blunders (- 3)
Bl sindg=4sing.
B2 Error in differentiation.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3 marks)
ALl Has 304

4q
A2 Correct differentiation.

in solution.

Part (b) 20 (10, 5, 5) marks Att (3,2, 2)

Part (b) (i) 10 marks Att 3

4(b) (i) Using cos2A =cos’A- sin®A, or otherwise,

prove cos’A = % (1+ cos2A).

Prove 10 marks Att 3

4 (b) (i)
cos2A = cos’A- sin® A=cos’A- (1 coszA)

\ 2c0s®’A=1+c0s2A  COS°A= % (1+ cos2A).
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Blunders (- 3)
B1 Error in cos2A formula
B2 Errorinsin®A formula.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3 marks)
Al Correct substitution for cos2A.
A2 SinA =1- cos?A.

Part (b) (ii) 10 (5, 5) marks Att (2, 2)
4 (b) (ii) Hence, or otherwise, solve the equation
1+ cos2x = cosx, where 0° £ x £ 360°.

Quadraticin Cosx 5 marks Att 2
Solution for x 5 marks Att 2
4 (b) (ii)

1+ COS2X = COSX 2C0S?X = COSX.

cosx(2cosx- 1)=0  cosx=0 or cosx = %

\ x=90°,270° or x=60°300° \ solution={60°,690°,270°,300°}.

Blunders (- 3)

B1 Incorrect substitution for 1+cos2x or cos2x.
B2 Error infactors.

B3 Eachincorrect solution or missing solution.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2, 2 marks)

Al cos2x =cos® X- sin? x.
A2 Correct factors.

A3 One correct solution.
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Part (c) 20 (10, 5, 5) marks Att (3,2, 2)

Part (c) (i) 15 (10, 5) marks Att (3, 2)

4(c) (i) S, isacircleof radius9 cmand S, isacircleof radius 3 cm.
S, and S, touch externally at f.
A common tangent touches S, at point a
and S, atb.

(i) Findthe areaof the quadrilateral abcd.
Give your answer in surd form.

Find ec 10 marks Att 3
Area quadrilateral abcd 5 marks Att 2
4(c) (i)

led® =|dd” - |dd®  |ed® =144- 36=108. \ |ed =108 =613, But |ed =|ab).
Areaof the quadrilateral abcd = %|ab|[}ad| +|bd]= % (6\/519 +3]=36v3 cm?.

or

4(c) (i)
Area of quadrilateral abcd = triangle dce + rectangle echa

= %(6)(6@)+ 3(6x/§) = 3643.

Blunders (- 3)
B1 Incorrect application of Pythagoras.
B2 Errorin areaformula.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3, 2 marks)

Al Correct lengthof dc or de.

A2 Areaof triangle dce or rectangle ecba correct.

A3 Areaformulafor trapezium abcd with some substitution.
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Part (c) (ii) 5 marks Att 2
4 (c) (i) Find the area of the shaded region, which is bounded

by [ab] and the minor arcs af and bf.
Area of shaded region 5 marks Att 2
4 (c) (i)

cogPedd = 1—62 :% [Dedd = 60°. \ [Bbcf| =30° +90° =120°.

Areaof sector adf :Erzqzi(Sl) b 2P

2 2 3 2
Area of sector bef =%r2q:%(9) % =3p.

\ Areaof shaded region =361/3- 2% 3p=36\/_- %

Blunders (- 3)

B1 Error in sector areaformula

B2 Findsareaof both sectors but fails to finish.
B3 Incorrect conversion from degree to radians.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al |Pedd =60° or [Pecd|=30° or [Dbcf|=120°

A2 cos;Dedc:E or sinbecd =£.
12 12
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QUESTION 5

Part (a) 15 marks Att 5
Part (b) 20 (15, 5) marks Att (5, 2)
Part (c) 15 (5, 5, 5) marks Att (2,2, 2)
Part (a) 15 marks Att 5
5(a) The area of an equilateral triangleis 4+/3 cm?.
Find the length of aside of the triangle.
Length of side 15 marks Att 5
5 (a) Areaof triangle =%abSinC,wherea:band|DC| :%.
1 ,..p 1 ,4/3
\ —a’sin=-—=4y3 —a"— =43
2 3 w3 2 2
\ a>=16 a=4. Lengthof side=4cm.
Blunders (- 3)
B1 Errorintriangle areaformula.
B2 Incorrect evaluation of sin60°.
B3 sin60°in decimal form.
Sips(-1)
S1  Arithmetic error.
Attempts ( 5 marks)
Al Triangle areaformulawith substitution.
Part (b) 20 (15, 5) marks Att (5, 2)
Part (b) (i) 15 marks Att 5
5(b) (i) Inthetrianglexyz, | Dxyz|=2band|Dxzy | = b.
| xy|=3and| xz| =5.
. - . . : S
(i) Usethisinformation to express sin2b6 inthe
form 2sinb, wherea, b N.
b z
Express 15 marks Att 5
5(i)
Sn2b _Snb - gin2b = 2sins.
5 3
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Blunders (- 3)
B1 Error in substitution into Sinerule.

Sips(-1)
S1  Arithmetic error.
Attempts ( 5 marks)

Al _3 or _5 .
sinb sin2b

Part (b) (ii) 5 marks Att 2
N . Jec R

5(b) (i) Henceexpress tanbin theformF, wherec,d| N.

Expresstanb 5 marks Att 2

5 (b) (ii)

sin2b:§sinb 2sinb cosbzgsinb.

V11

\ cossz tanb = ——.
6 5

Vi1 6

Blunders (- 3)

B1 Errorinsin2bformula

B2 Incorrect ratio of sidesfor cosb or tanb.
B3 Incorrect application of Pythagoras.

B4 cosb = g and stops.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Equationin b.
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Part (c) 15(5, 5, 5) marks Att (2,2, 2)

5(c) parsisavertica wall of height h on level ground. s
p isapoint on the ground in front of the wall.
The angle of elevation of r from pis g and
the angle of elevation of sfrompis2g.

| paf =3 pt|
Find q. h
Y
Tang or Tan2gin termsof h and x 5marks Att 2
Equation in tan3gor tan2q 5marks Att 2
Find g 5 marks Att 2
5(0)
h h
tang = — h =3xtang. Alsotan2g = — h = xtan2g.
X X
_ __2tang 2)_ _
\ 3xtang = xtan2g 3tang = — 3tfL- t<)=2t, wheret = tang.
1- tan“qg
\a-3=2a 3-t=0 t(3tz-1):O t2:§,t10.
1 p
\ t=tang=— =—.
q 73 q 6
Blunders (- 3)

B1 Incorrect ratio of sidesfor tan.
B2 Errorintan2g formula.

B3 Incorrect factors.

B4 Incorrect value forg.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2, 2, 2 marks)

Al Tangortan2g expressed asratio of sides.
A2 Tan2q expressed in terms of tang.

A3 Correct valuefor tanq.
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QUESTION 6

Part (a) 10 (5, 5) marks Att (-, 2)
Part (b) 25 (5,5, 5, 5, 5) marks Att (2,2,2,2,2)
Part (c) 15 (5, 5, 5) marks Att (2,2, 2)
Part (a) 10 (5, 5) marks Att (-, 2)
Part (a) (i) 5 marks Hit/Miss

(i)

6(a) (i) How many three-digit numbers can be formed from the digits 1, 2, 3, 4, 5, if

thethree digitsare al different

6(a) (i) Answer =°P; =5 4" 3=60.

Part (a) (ii)

5 marks Att 2

(ii)

6 (a) (i) How many three-digit numbers can be formed from the digits 1, 2, 3, 4, 5, if

the three digits are all the same?

| 6(a) (i) Answer =5"1"1=5.

Blunders (- 3)
Bl 551

Sips(-1)

S1  Arithmetic error.

Attempts ( 2 marks)

Al 555
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Part (b) 25 (5,5, 5, 5, 5) marks Att (2,2,2,2,2)
Part (b) (i) 20 (5,5, 5, 5) marks Att (2,2, 2, 2)
6(b) (i) Solvethedifference equation u,,, - 4u,,, - 8u, =0, where n3 0,

giventhat uy =0 and u; = 2.
Characteristic equation 5 marks Att 2
Characteristic roots 5 marks Att 2
Simultaneous equations 5 marks Att 2
Solution 5 marks Att 2
6 (b) (i)

Upto - 4Un4 - 8U, =0 x? - 4x- 8=0.

| o 4:V16+32 _4x48 4143 24943

2 2 2

uy =k(2+2v3)" +1(2- 243"

U, =0 k+l=0.1=-k.

up =2 k(2+2f)+|(2- 2/3)=

\ k(2+243)- kl2- 2v3)=2 2k +2Kk\3- 2k+2ky3=2

\ akfB=2 k= L =¥8 -8

23 6 6

\ %(2+2\/_) £(2 2J3)"

Blunders (- 3)

B1 Error in characteristic equation.
B2 Error in quadratic formula
B3 Incorrect use of initial conditions.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2, 2, 2, 2 marks)

Al Anequationinkand]l.
A2 Correct valuefor kor .
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Part (b) (ii) 5 marks Att 2

6 (b) (ii) Verify that your solution gives the correct value for u,.

Verify 5 marks Att 2

6 (b) (ii)
- 4u; - 8ug =0. Butu; =2 and ug =0.

\ u, =8+0=8.

Butu, =§(2+2\/§)2 : %(2- 2/3f :§(4+&/§+12- 4+8y3- 12)
:g(m\/é):s.\ Verified.

or
6 (b) (i)
3
by =B 23] - 2o 243
\ U :§(2+2\/§) : £(2- 2/3f.
:%(4+ 3+12- 4+8V3-12) u, =§(16\/§) u, =8.
Substituting u, =0, u; =2 and u, =8 into U, - 4U,4 - 8u,,
gives 8- 4(2)- 0=0. \ Veified.
Blunders (- 3)

B1 Errorincaculating u, other than dlip.
B2 Finds u, but failsto verify.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Correct valuefor u,

Page 58



Part (c) 15(5, 5, 5) marks Att (2, 2, 2)

Part (c) (i) 5 marks

Att 2

6(c) (i)  Ninecardsare numbered from 1to 9. Three cards are drawn at random
from the nine cards.
(i)  Find the probability that the card numbered 8 is not drawn.

Probability 5 marks

Att 2

6(c) (i)  Total outcomes (choose three cards from nine): 9C3 =84.

Outcomes of interest (choose three from the eight allowed): °C, = 56.

\ Probability:5—6:2.
84 3

or

6(c) (i)  (first card not 8) and (second card not 8) and (third card not 8)

Probability =2 - 8-2
98 7 3

Blunders (- 3)
B1 Incorrect number of possible outcomes.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Correct number of possible outcomes.
A2 Correct number of favourable outcomes.

Part (c) (ii) 5 marks

Att 2

6 (c) (i) Ninecardsare numbered from 1t0 9. Three cards are drawn at random
from the nine cards.
(i)  Find the probability that all three cards drawn have odd numbers.

Probability 5 marks

Att 2

6 (c) (i)  Outcomes of interest (choose three from the five odd-numbered): °C, = 10.

\ Probability = -0 =2
84 42

or

6 (c) (i)  (first card odd) and (second card odd) and (third card odd)

\ Probability =2 4300 _5
9 8 7 504 42

Blunders (- 3)
B1 Incorrect number of possible outcomes.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Correct number of possible outcomes.
A2 Correct number of favourable outcomes.
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Part (c) (iii) 5 marks Att 2
6 (c) (ili) Nine cards are numbered from 1t0 9. Three cards are drawn at random
from the nine cards.
(ii1) Find the probability that the sum of the numbers on the cards drawn
Is greater than the sum of the numbers on the cards not drawn.
Probability 5 marks Att 2

6 (c) (ili) Outcomes of interest:
Sum of all the cards numbered 1 to 9 is45.
\ Sum of three drawn cards must be 3 23, (i.e. more than half of total).
Sumof cards 7, 8,9 =24
Sum of cards 6, 8,9 =23
No other possibilities.
\ Only two possible favourable outcomes.

\ Probability = 2> =+ .
84

Blunders (- 3)
B1 Incorrect number of possible outcomes.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)

Al Correct number of favourable outcomes.

A2 Correct number of possible outcomes.

A3 Onecorrect element properly identified e.g. 9+8+7=24 > 21.
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QUESTION 7

Part (a) 10 (5, 5) marks Att (-, 2)
Part (b) 20 (5,5, 5, 5) marks Att (2,2, 2,2)
Part (c) 20 (5, 5, 5, 5) marks Att (2,2, -, 2)
Part (a) 10 (5, 5) marks Att (-, 2)
Part (a) (i) 5 marks Hit/Miss

7(a) (i) How many different groups of four can be selected from five boys and six girls?

7@ (i) Choosefour fromeleven answer = 11C4 = 330.

Part (a) (ii) 5 marks Att 2

7 (a) (i) How many of these groups consist of two boys and two girls?

7 (@) (i) Choosetwo from five and choose two from six ~ answer = 5C2’ 6C2 =10" 15=150.

Blunders (- 3)
Bl °C,+°C,.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al °C,or °C,.

Part (b) 20 (5, 5, 5, 5) marks Att (2,2, 2,2)
Part (b) (i) 5 marks Att 2

7(b) (i) There are sixteen discs in aboard-game: five blue, three green, six red and two yellow.
Four discs are chosen at random. What is the probability that

(i) thefour discsare blue

Part (b) (i) 5 marks Att 2

7(b) (i)  Total outcomes (choose four discs from sixteen): *°C, = 1820.

Outcomes of interest (choose four of the five blue): °C, =5.
\ Probability = 5 = i.
1820 364

or

7 (b) (i) (first blue) and (second blue) and (third blue) and (fourth blue)

\ Probabi“ty :i' i’ i’ Ezﬂzi.
16 15 14 13 43680 364

Blunders (- 3)
B1 Incorrect number of possible outcomes.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Correct number of possible outcomes.
A2 Correct number of favourable outcomes.
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Part (b) (ii) 5 marks Att 2

7 (b) (i) There are sixteen discs in a board-game: five blue, three green, six red and two yellow.
Four discs are chosen at random. What is the probability that

(i) thefour discs are the same colour

Probability 5 marks Att 2
Part (b) (ii) Outcomes of interest: (four blue or four red): °C,+°C, =5+ 15= 20.
\ Probability 20 —i
1820 91
or
7 (b) (ii) Probability = P(4 blue) + P(4 red)

5,4,3,2+ 6. 5. 4, 3 _120+360 _ 480 1

16 15 14 13 16 15 14 13 43680 43680 91'

Blunders (- 3)
B1 Incorrect number of possible outcomes.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)

Al Correct number of possible outcomes.
A2 Correct number of favourable outcomes.
A3 P (4red) correct.

Part (b) (iii) 5 marks Att 2

7 (b) (iii) There are sixteen discs in a board-game: five blue, three green, six red and two yellow.
Four discs are chosen at random. What is the probability that

(iii) al four discs are different in colour

Probability 5 marks Att 2

7 (b) (iii) Outcomes of interest:
one blue and one green and one red and one yellow: °C,” *C,” °C,” 2C, = 180.

\ Probability = 180 _ 3
1820 91
or
7 (b) (iii)  (first blue) and (second green) and (third red) and (fourth yellow) or any permutation;
\ Probability _5.3.6. 2. 41_=@:3.
16 15 14 13 43680 91
Blunders (- 3)

B1 Incorrect number of possible outcomes.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Correct number of possible outcomes.
A2 Correct number of favourable outcomes.
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Part (b) (iv) 5 marks Att 2

7 (b) (iv) There are sixteen discsin aboard-game: five blue, three green, six red and two yellow.
Four discs are chosen at random. What is the probability that

(iv) two of the discs are blue and two are not blue?

Probability 5 marks Att 2
7 (b) (iv) Of interest: (choose two of five blue and two of remaining eleven) °C,” *'C, = 550.
\ Probability =220 = 2>
1820 182
or

7 (b) (iv) (first blue) and (second blue) and (third not blue) and (fourth not blue), or any
permutation thereof;

\ Probability = > 4 11-10. 4 _ 52800 _ 55

16 15 14 13 212 174720 182"

Blunders (- 3)
B1 Incorrect number of possible outcomes.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)

Al Correct number of possible outcomes.
A2 Correct number of favourable outcomes.
A3 P (two blue) correct.

A4 P (two are not blue) correct.

Part (c) 20 (5, 5, 5, 5) marks Att (2, 2, -, 2)

Part (c) (i) 10 (5, 5) marks Att (2, 2)

7(c) ()  On 1st September 2003 the mean age of the first-year studentsin aschool is 12.4 years
and the standard deviation is 0.6 years. One year later al of these students have moved
into second year and no other students have joined them.

(i) State the mean and the standard deviation of the ages of these students
on 1st September 2004. Give areason for each answer.

Mean 5 marks Att 2
Standard deviation 5 marks Att 2

(© () Mean =13.4 years.
As al the students are one year older, the mean isincreased by one.

Standard deviation = 0.6 years.

The spread of agesin the group is still the same.

or
Asthey are each one year older and the mean isincreased by one, each deviation from
the mean is unchanged, and hence so is the standard deviation.
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Blunders (- 3)
B1 Reason for new mean not given or incorrect reason.
B2 Reason for new standard deviation not given or incorrect reason.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2, 2 marks)

Al Correct new mean.
A2 Correct new standard deviation.

Part (c) (ii) 5 marks Hit/Miss

7(c) (i) A new group of first-year students begin on 1st September 2004. This group
has asimilar age distribution and is of asimilar size to the first-year group of

September 2003.
(i) State the mean age of the combined group of the first-year and second-year
students on 1st September 2004.
Combined mean 5 marks Hit/Miss
Part (c) (ii)
Mean » 124+134 =12.9years.
Part (c) (iii) 5 marks Att 2

7 (c) (iii) State whether the standard deviation of the ages of this combined group isless than,
equal to, or greater than 0.6 years. Give areason for your answer.

State & reason 5 marks Att 2

7 (c) (ili) Standard deviation > 0.6 years. Thereisagreater spread of agesin the combined group
than in asingle year group. [or: Data more spread out.]

Blunders (- 3)
B1 Incorrect reason given.
B2 No reason given.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Statesgreater than 0.6 years.

[Aside: the actual value is approximately 0.8; thisisnot required.]
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QUESTION 8

Part (a) 15 marks Att 5
Part (b) 20 (10, 5, 5) marks Att (3,2, 2)
Part (c) 15 (5, 5, 5) marks Att (2,2, 2)
Part (a) 15 marks Att 5
8 (a) Use integration by partsto find x2Inxdx .

I ntegration by parts 15 marks Att 5
8 (a) x2Inxdx = uv-  vdu.

u =Inx du=£dx. dv = x%dx V= x2dx=%x3.
X
\ x2Inxdx=lx3Inx- 1x31dxzéx3lnx- Exzdx
3 3 X 3 3

== x3Inx - 1 x3 + constant.
3 9

Blunders (- 3)

B1 Incorrect differentiation or integration.
B2 Constant of integration omitted.

B3 Incorrect ‘parts formula.

Sips(-1)
S1  Arithmetic error.

Attempts ( 5 marks)

Al Correct assigning to parts formula
A2 Correct differentiation or integration.
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Part (b) 20 (10, 5, 5) marks Att (3,2, 2)
Part (b) (i) 10 marks Att 3
8(b) (i) Derivethe Maclaurin seriesfor f (x) = In(1+ x) up to and including the term

containing x°.
Maclaurin series 10 marks Att 3

2 3
8b) () f()=f(0)+ f<(0)x+ f €0)x N f ®0)x .
1 2 3
f(x) =In(l+x) f(0) =In1=0.
1 -1
fEx)=——=(1+x f €0) = 1.
€)== €©)

fax) =-121+x) 2 f®0) =- 1.

f dx) = 2(1+x) 3 f ®0) = 2.

\ f(x)=In(1+x)=0+x- 1x2 +£x3 - =X 1x2 +lx3 -

2 3 2 3
Blunders (- 3)
B1 Incorrect differentiation.
B2 Incorrect evaluation of (™ (0).
B3 Eachterm not derived.
B4 Error in Maclaurin series.
Sips(-1)
S1  Arithmetic error.
Attempts ( 3 marks)
Al Correct expansion of In(L+ x) given but not derived.
A2 £ (0) correct.
A3 Any one correct term derived.
Part (b) (ii) 5 marks Att 2
8 (b) (ii) Use those terms to find an approximation for Ini—(l).
Find approximation 5 marks Att 2
8 (b) (ii) InE:In 1+i _1 1 N 1 _300-15+1_ 286 _ 143.
10 10 10 200 3000 3000 3000 1500
Blunders (- 3)
B1 Error in simplification other than dlip.
Sips(-1)
S1  Arithmetic error.
Attempts ( 2 marks)
IV
10 10

A2 Correct value for x.
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Part (b) (iii) 5 marks Att 2

8 (b)(iii)  Write down the general term of the series f (x) and hence show that the series converges
for - 1<x<1.

General term/converges 5 marks Att 2
_ 1)n+1Xn (_ 1 n+2xn+1
b) (iii General term=u =(—. \ Uy =—"—
(b) (i) = =
n+2  n+l
limidel = C DX 1)X”‘:Limiti =X,
ne¥ | U n®¥‘ n+1 (_ 1)”+1X“‘ ne¥ | n+1 n® ¥ 1+1
n
Seriesconvergeswhen || <1 -1<x<1l.
Blunders (- 3)

B1 Incorrect power in general term.

B2 (- 1) omitted from general term.

B3 Errorin u,y.

B4 Error in evaluating limit other than dlip.
B5 Evaluateslimit as [X and stops.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2marks)

Al Power of x correct.

A2 Denominator correct.

A3 u,ycorrect, giventhat u,is not worthless.

A4 Correct substitution into ratio test and fails to finish.
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Part (c) 15(5, 5, 5) marks

Att (2, 2, 2)

8 (c) A cone hasradiusr cm, vertical height h cm and
slant height 1043 cm.

Find the value of h for which the volume is a maximum.

Volumeintermsof hor r 5marks Att 2
Correct differentiation 5marks Att 2
Valueof h 5marks Att 2
8(c)

h? +r2 =300 r2 =300- h?.

v =%p r2h :%p h(300- h?)

\ VvV =%p(300h- h3).

?j_\; = %p(BOO- 3h2) =0 for maximum volume.
\ 300- 3h* =0 h =10, (sinceh > 0).

d?v
dx?
\ h =10cm gives maximum volume.

= - 2ph < Ofor h =10.

. dV _ :
& <0, for h =10 cm not required.

Blunders (- 3)

B1 Incorrect application of Pythagoras.

B2 Error in differentiation.

B3 Error in solving for h or r, other than dlip.

Sips(-1)
S1  Arithmetic error.
S2  Correct valuefor r, but value of h not given.

Attempts (2, 2, 2 marks)

Al h?%+r? =300
A2 Some part of differentiation correct.

A3 i—\r/] =0, given that candidate’ s work is not worthless.
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QUESTION 9

Part (a) 10 marks Att 3
Part (b) 20 (10, 5, 5) marks Att (3,2, 2)
Part (c) 20 (10, 5, 5) marks Att (3,2, 2)
Part (a) 10 marks Att 3

9 (a) zisarandom variable with standard normal distribution. Find P (1< z<2).

9(a) P(l<z<2)=0.9772- 0.8413=0.1359.

Blunders (- 3)
Bl P(z£1)orP(z<2)incorrect.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3 marks)
Al P(z£1)orP(z < 2) correct.

Part (b) 20 (10, 5, 5) marks Att (3,2, 2)
Part (b) (i) 10 marks Att 3

9(b) (i) During amatch John takes a number of penalty shots. The shots are independent
of each other and his probability of scoring with each shot is g

(i)  Find the probability that John misses each of hisfirst four penalty shots.

Probability 10 marks Att 3
4 0 4
. . 1 1 a. 401 1
9(M)( Probability = = =— o "C, — = =—.
(b) () Y5 “6xs “5 5 625

Blunders (- 3)
B1 Error in binomial.
B2 Incorrect g.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3 marks)
Al Correctg.
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Part (b) (ii)

5 marks

Att 2

9 (b) (i) Find the probability that John scores exactly three of hisfirst four penalty shots.

Probability 5 marks Att 2
3
. - 4~ 1 256
9(b) (ii) Probability =*C, = = ===,
(b) (ii) Y=Ct © "%
Blunders (- 3)
B1 Errorinbinomial.
B2 Incorrect g.
Sips(-1)
S1  Arithmetic error.
Attempts ( 2 marks)
3
a2
5 5
Part (b) (iii) 5 marks Att 2
9 (b) (iii) If John takes ten penalty shots during the match, find the probability that he scores at
least eight of them.
Probability 5 marks Att 2
9 (b) (iii) P (scoresat least eight) = P(scores eight) + P(scores nine) + P(scores ten).
8 2 9 1 10 0
= lOCB ﬂ E + 10(:9 ﬂ E + 10 10 ﬂ E
5 5 5 5 5 5
_ 2949120 + 2621440 + 1048576 _ 6619136 (» 0.678).

9765625

9765625

Blunders (- 3)
B1 Errorinbinomial.
B2 Omitsone essential probability.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
A1l Findsone correct probability.

A2 Probability = P (scoring eight) + P (scoring nine) + P (scoring ten).
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Part (c) 20 (10, 5, 5) marks Att (3,2, 2)

9 (c) A survey was carried out to find the weekly rental costs of holiday apartmentsin certain
country. A random sample of 400 apartments was taken. The mean of the samplewas 320
and the standard deviation was 50.

Form a 95% confidence interval for the mean weekly rental costs of holiday apartmentsin

that country.
Correct standard error 10 marks Att 3
Correct confidenceinterval 5 marks Att 2
Final solution 5 marks Att 2
9(c) X = 320. =50. n = 400.
50
g =—==—=205.
*Jn 20

The 95% confidence interval is
[x- 1.96( ;) x+1.96( ;)]
=[320- 1.96(2.5),320+1.96(2.5)] = [ 315.10, 324.90]

Blunders (- 3)

B1 Error in standard error of mean.
B2 Error in confidence interval.
B3 Answer not simplified.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3, 2, 2 marks)

Al Standard error of mean with some substitution.
A2 Correct confidence with substitution.
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QUESTION 10

Part (a) 15 (10, 5) marks Att (3, 2)
Part (b) 20 (10, 10) marks Att (3, 3)
Part (c) 15 (5, 5, 5) marks Att (2,2, 2)
Part (a) 15 (10, 5) marks Att (3, 2)
10 (a)

Show that {0, 2, 4} forms a group under addition modulo 6. Y ou may assume associ ativity.

Show closure 10 marks Att 3
| dentity and inverses 5 marks Att 2
10 (a) (i)
+mods | O 2 4 Closed: No new element.
0| O 2 4 Identity = 0.
2] 2 4 (2) Inverses: 0'1:O, 2'1=4, 41=2
4] 4 0 \ Group.

Blunders (- 3)
B1 Identity not given.
B2 Inverses not stated.

Sips(-1)
S1  Arithmetic error.
S2  eachinverse not given.

Attempts ( 3, 2 marks)

Al Incomplete Cayley table or error in Cayley table.
A2 Ildentity given.

A3 Oneinversegiven.
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Part (b) 20 (10, 10) marks Att (3,3)
Part (b) (i) 10 marks Att 3
10 (b) (i
(b) (i) 4
R, and Sy, areelementsof D,, the dihedral group of asquare. o
L
(i) List the other elements of the group.
c
N
List elements 10 marks Att 3
10 (b) (i)
a d
R » Rigoe » Rozge s Sno St Sk
L
b C
M N
Blunders (- 3)
B1 Eachincorrect element.
B2 Each missing element.
Sips(-1)
S1  Arithmetic error.
Attempts ( 3 marks)
Al Onecorrect element.
Part (b) (ii) 10 marks Att 3
10 (b) (ii)
Find C(S,, ), the centralizer of S,, .
Find centralizer 10 marks Att 3
10 (b) (ii)
C(Su) =Ry Su+Sus Ry
Blunders (- 3)

B1 Eachincorrect element.
B2 Each missing element.

Sips(-1)
S1  Arithmetic error.

Attempts ( 3 marks)
Al Onecorrect element.
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Part (c) 15(5, 5, 5) marks
Part (c) (i) 5 marks

Att (2, 2, 2)
Att 2

10 (¢) A regular tetrahedron has twelve rotational symmetries.

These form a group under composition. a

The symmetries can be represented as permutations of

theverticesa, b, cand d.
abcd abocd )

X = , , isasubgroup
abcd b adc

of this tetrahedral group. b

(i)  Write down one other subgroup of order 2.

Subgroup of order two 5 marks

Att 2

. abcd abocd abcd abocd
10 (c) (i) , or ,
abcd docb a abcd cdab

* |f subgroup is not of order 2 then O marks.

Blunders (- 3)
B1 Incorrect element.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Onecorrect element.

Part (c) (ii) 5 marks

Att 2

10 (c) (ii)) Write down a subgroup of order 3.

Subgroup of order three 5 marks

Att 2

bcd abocd abocd

100 M bcd' acdb' adhb
or

vew 11TIITIINL
or

vew 11TIliiilE
or

bcd abocd awb
bcd bcad ¢cahbd

(@]
o

10 () (i)

* If subgroup is not of order 3 then 0 marks.
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Blunders (- 3)
B1 Eachincorrect element.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Onecorrect element.

Part (c) (iii) 5 marks Att 2

10 (c¢) (ii1) Write down the only subgroup of order four.

Subgroup of order four 5 marks Att 2

bcd abcd abecd abocd

10 (c) (iii , , :
() (i) bcd b adoc¢c docba c¢cdab

* |f subgroup is not of order 4 then 0 marks.

Blunders (- 3)
B1 Eachincorrect element.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al Onecorrect element.
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QUESTION 11

Part (a) 10 (5, 5) marks Att (2, 2)
Part (b) 20 (5,5, 5, 5) marks Att (2,2, 2,2)
Part (c) 20 (5, 5, 5, 5) marks Att (2, 2,2, 2)
Part (a) 10 (5, 5) marks Att (2, 2)

11(a) Find the equation of an €llipse with centre (0O, 0), eccentricity g and one focus at (10, 0).

Valueof a 5 marks Att 2
Finish 5 marks Att 2

11(a)  Focus=(10,0)=(ae,0)  ae=10.\ ga =10 a=12

b2=a2(1- e2) b? =144 1- 2 =144 1 b® =44,
36 36
2 2 2 2
\ X_+y_:1 X_+y_:]__
a2 b2 144 44

Blunders (- 3)
B1 Vauesfor aand b found but final equation not given.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2, 2 marks)
Al ae=10.

A2 Db®= az(l- ez)
A3  Correct value for b? and stops.
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Part (b)

20 (5,5, 5, 5) marks Att (2, 2,

2,2)

11 (b) fisasimilarity transformation having magnification ratio k.
A triangle abc is mapped onto atriangle abct under f.
Provethat | Dabc| =| Dabed.

Cosbabc 5 marks Att 2
Cosb ah(c( 5 marks Att 2
| p&i¢=k|pq 5 marks Att 2
Finish 5 marks Att 2
11 (b)
a al
f
/‘&
C b
b c(
I i e
Zabllbc
cosbabtt= |a<b¢2 +|b¢:¢2 - |a(b¢2
2a0fbet
But|a&¢=Klac|, |ab¢=kjab and |b&¢=Kbc| as f isasimilarity transformation.
\ cosba®e¢c¢= k2|ab|2 +k2|bc|2 - k2|ac|2 _|ab|2 +|bc|2 - |ac|2 =cosbabc
2k?|ab|od Zlal Jbd |
cosbabc = cosbabtt Pabc =|Pab&¢, as 0° £ [Pabc £180°.
(o] (o]

Blunders (- 3)

B1 Errorincosine formula
B2 Error in definition of similarity transformation.
B3 Failsto squarek.

B4 Reasonwhy |[Dabc| = [Dab&¢ not given.

Sips(-1)

S1  Arithmetic error.

Attempts ( 2, 2, 2, 2 marks)
Al Useof cosinerule.

A2 Cosb

ab(c( expressed in terms of sides of triangle abc.
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Part (c) 20 (5,5, 5, 5) marks

Part (c) (i) 5 marks

Att (2, 2,2, 2)

Att 2

11(c) (i) gisthetransformation (x,y)® (x¢ y() where x(=ax and y(=by anda>hb> 0.

(i) Cisthecircle x> + y?> =1. Show that g(C) isan ellipse.

Att 2

Show that g(C) isan dlipse 5 marks
( (
11 (c) (i) C:X2+y2=1. x(=ax and y¢=hy X:i and y=%.
a
x¢ y¢ , ,
\ g(C)=¥+ig—2=1.\ g(C)isan ellipse.

Blunders (- 3)
B1 Error in substitution.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2 marks)
Al xintermsof xtoryintermsof yc
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Part (c) (ii) 15(5, 5, 5) marks

Att (2, 2, 2)

11 (c) (ii) L and K are tangents at the end points of a diameter of the ellipse g(C).

Provethat L and K are parallel.

g mapping of g(C), D, L and K 5 marks Att 2
Showing g (L) or g %K)~ g (D) 5 marks Att 2
Provel and K are parallel 5 marks Att 2
11 (c) (ii)
K . g '(K)
9©) g gL c
. A

%

By g%, L, Kand D maponto g (L), g *(K) and g *(D) respectively.
But g }(L) is perpendicular to g (D) and g *(K) is perpendicular to g *(D),
astangent to circleis perpendicular to diameter at point of contact.

\ g (L) isparalé to g (K).
\ Lispardld toK, asparalelismisinvariant.

Blunders (- 3)

B1 Error in mapping or mapping circleto ellipse..
B2 Reasonwhy g *(L) or g *(K)* g *(D) not given.
B3 Reasonwhy L isparalé to K not given.

Sips(-1)
S1  Arithmetic error.

Attempts ( 2, 2, 2 marks)
Al One correct mapping.

A2 Statesg (L) or g Y(K) ~ g (D) without reason given.

A3 g (L) pardld to g }(K).
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BONUS MARKSFOR ANSWERING THROUGH IRISH
Bonus marks are applied separately to each paper asfollows:

If the mark achieved isless than 226, the bonus is 5% of the mark obtained, rounding down.
(e.g.198 marks” 5% =9.9 bonus=9 marks.)

If the mark awarded is 226 or above, the following table applies:

Marks obtained Bonus
226 + 231 11
232+ 238 10
239+ 245 9
246 + 251 8
252 + 258 7
259 + 265 6
266 + 271 5
272278 4
279+ 285 3
286 + 291 2
292 + 298 1
299 + 300 0
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