Educate.ie

MATHEMATICS SOLUTIONS

Sample Paper 1

Sample Paper 2

Sample Paper 3

Sample Paper 4

Sample Paper 5

Sample Paper 6

Sample Paper 7

Leaving Certificate
Higher Level

CONTENTS

Educate.ie Paper 1 SOIUtiONS .........ccocviiiiiniiiiiinicieeeeeeceece e 2
Educate.ie Paper 2 SOIUtIONS .........coovviriiiiiiiniiiicieccceeeeeeeeeeeeee 16
Educate.ie Paper 1 SOIUtIONS .......c.coooveiiiieiiiniiiiiiiiececceeeceeeeeeeee 26
Educate.ie Paper 2 SOIUtIONS .........coovveiiiiiiiiiiiiiciececceeeceeeeeeeeee 34
Educate.ie Paper 1 SOIUtiONS .........coccveriiiiiiiiiiiniiieccceeeceeeeeeeee 44
Educate.ie Paper 2 SOIUtIONS .......c.coovveriiiiiiiiiiiiciiececceeeeeeeeeeeeee 56
Educate.ie Paper 1 SOIUtiONS .........coocviiiiieiiiiiiiicniececcieeeceeceeeeeee 68
Educate.ie Paper 2 SOIUtIONS .......c.cooiiriiieniiniiiiciiececceeeeeeeeeeeeee 77
Educate.ie Paper 1 SOIUtiONS .........coocviiiiieiiiiiiiicniececcieeeceeceeeeeee 88
Educate.ie Paper 2 SOIUtIONS .......c.cooiiriiieniiniiiiciiececceeeeeeeeeeeeee 99
Educate.ie Paper 1 SOIUtionS .........coccveviiiiiiiiiiiiecieciecececeeceee 111
Educate.ie Paper 2 SOIUtIONS .........cocieriiiiiiniiiiiieicceceeceeeeeeeeee 122
Educate.ie Paper 1 SOIUtionS .........cocveriiiiiiniiiiiciecieceeeceeceee 133
Educate.ie Paper 2 SOIUtiONS .........cooveriiiiiiniiiiiieiececcceeeceeeeee 143

Educate.ie’s Leaving Certificate Higher Level Sample Paper Mathematics Solutions

are also available on www.educateplus.ie.

Higher Level, Educate.ie Sample Paper Solutions



SAMPLE PAPER 1: PAPER 1

QUESTION 1 (25 MARKS)

Question 1 (a)

T .. T
z=2<{CcOoS—+isin—
{ 6 6}

T
=2 == =30°
|z| ,argz <

w.

z=r(cosO +isinf)

|z|=r, argz =0

2 " ke

Re

v

Question 1 (b)
kz = 4{cos£+isin£} = |kz| =4, arghkz = T _30°
6 6 6
Question 1 (¢)
Write i as a complex number in polar form: i =0+1i = I(COSZ +isin EJ

[When you multiply complex numbers in polar

=iz=1 £+ 1 z 2 £+ 1 Z
WEIE= 1 C08 7 st 7 cos 6 st 6 [ form you add their arguments.]

T nw) .. (m ®
=24co8| —+— |+isin| —+—
({3 fon(32)

{ 2T .. 27:}
=2JcoS— +isin—
3 3

W =2, argw:z?ﬂ=120°

Multiplying by i rotates a complex number by 90° anticlockwise.
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Question 1 (d)

When you multiply complex numbers in polar form you add their arguments.

T .. T 2 .. 2
zw=2<{cos—+isin— 2<cos— +isin—
6 6 3

|ZW| =4, argzw = %T =150°

Question 1 (e)

T St .. 5&m
=4<cos—+isin—
3 } { 6 6}

12
z'?=2" {cos% +isin %} [r(cosB +isinB)]" = r"(cos nb +isin nb)

=2 {cos 12z +isin 12—”}
6 6

=2" {cos2m +isin27}

=2 {1+i(0)}=2"

QUESTION 2 (25 MARKS) [THEME: All about irrationals, root 2 and root 3]

Question 2 (a)

Draw a circle with centre (0, 0) through
the point (1, 1).

The radius of this circle is

r=(1-0) +(1-0)* =+/2.

{2 is the distance of (0, 0) to P on this scale.

Question 2 (b) (i)

(3 ++2)
= (B +232+(2)
=3+2J6+2

=5+26

Question 2 (b) (ii)
(3 -V2)3+2)
=3+J6-J6-2=1
Or (use the difference of 2 squares)
(V3-V2)3+42)
= (3) - (2)

=3-2=1

Higher Level,

2Ay

(De Moivre’s Theorem)

Question 2 (b) (iii)

V3+V2 - (B3+42) (3+442)

B2 (B-V2) (B+2)
5+2\/€ :5+2\/€

1
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Question 2 (¢) (i)

logﬁx+10gﬁ(x+4):4
logﬁ x(x+4)=4

x2+4x:(\/§)4:(2%)4:22=4

X +4x—4=0
. —4i\/(4)2—4(1)(—4) —4+16+16 —b+b* —4ac
= = X =
2(1) 2 2a
_ —412\/5 _ —4124\/5 _2i2f3

x>0=>x=2J2-2
Question 2 (c¢) (ii)

x*=2x>1

x2=2x-1>0
x> —=2x—1=0 [Solve the equality using the quadratic formula.]

D)= J(2)2 =4y (=1) _2+4+4

2(1) 2
+ +
2 2
Carry out the region test, or whatever test you use, to locate the regions that satisfy the inequality:
-1 0 3
< 1— \/5 < » 1+ \/E >
¥-2x-1>0 704w ar1s0 0 =241 2 2x-150
(=) =2(-1)~1 (0)* ~2(0) -1 (3)' -2(3)-1
=2>0 (True) =—1>0 (False) =2>0 (True)

SoLUTIONS: x<1—\/§, x>1+\/§, xeR
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QUESTION 3 (25 MARKS)
Question 3 (a) (i)

lim—2" —lim 2" —lim 2 :%

o 3n+4 op(3+L) w344

[You can use the technique shown for finding the
limit or you can find the limit by inspection.]

Question 3 (a) (ii) Question 3 (a) (iii)

imaf ) b St ) ! 1

pthid P e Y limr" =0, || <1 hm (2) =§lim2”=oo lim 7" = oo, |r|>1
=2x0=2

Question 3 (b) (i)

STEPS FOR PROOF BY INDUCTION

1. Prove result is true for some starting value of n € N.
2. Assume result is true for n = k.

3. Prove result is true for n = (k +1).

Terms of a geometric sequence: a, ar, ar’, ar’,.......... , ar'"”!
a(l-r")
1. Prove true forn=1: §, = = a [Therefore, true for n=1.]
—r
k1 a(l _”k)
2. Assume true for n = k: Assume S, =a+ar+............. +ar’ = BT
—r
1 rkJrl
3. Prove true forn =k + 1: Prove S, =a+ar+............. +ar'™ +ar’ ¥
r
Proof:
a(l—r"
(a+ar+.......... +ar* Y+ art = (1 ar"
—r

_a(-rY+art(-r) a-ar' +ar* —ar™
1-r I-r
B a(l_rk-H)

1-r

Therefore, assuming true for n = k means it is true for n = k + 1. So true for » = 1 and true for
n = k means it is true for n = k + 1. This implies it is true for all n e N.

Question 3 (b) (ii)
limSn:Iima(l_r) a lim(1- )_—(1 lim ") <1
n—»0 nswo | —p 1—pn—> 1— n—>0
= (1-0)=
1-r ( )= —r
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Question 3 (¢)

- 23 1
0.523=0.5232323....... =l+ 23 + 23 + e {a=—,r=—}
2 {1000 100 000 1000 100
L i
21—y
2w
1 23
=—4 —
2990
259
495
QUESTION 4 (25 MARKS)
Question 4 (a)
ko —6x? +bx—6=(x+1)(x=3)(kx +2) [A cubic equation equals a linear factor

3 5 PR by a linear factor by a linear factor.
k" —6x" +bx—6 = (x" —2x—-3)(kx+2) The coefficients of x in each linear factor
kx’ —6x* +bx—6 =k’ +2x* - 2kx* —4x—3kx -6 must multiply together to give k and the
Jor® — 6% + by — 6 = Jor + 2- 2k)x2 4 (—4-3k)x—6 constants in each linear factor must
multiply together to give —6.

Find k and 4 by lining up the

-6=2-2k b=-4-3k coefficients.]
2k =8 b=—4-3(4)=-16
k=4

(x+1D)(x—=3)(4x+2)=0
nx=-1,-1,3
Question 4 (b)

X, [Multiply across by (x + 1)*. This is a positive | Solve the equality:
x+1 value and so will not reverse the inequality. ] (x+1)(—x—2)=0

il(x+1)2>2(x+1)2 Lx=-2,-1
X+

x(x+1)=2(x+1)>>0
(x+D[x-2(x+1)]>0
(x+D[x—-2x-2]>0
(x+D[-x-2]>0

Carry out the region test, or whatever test you use, to locate the regions that satisfy the inequality:

-3 -3 0
< -2 < » —1 >
(x+1D)(=x-2)>0 (x+1)(=x-2)>0 (x+1)(=x-2)>0
(=2)(1) > 0 (False) (=3)(=1)>0 (True) (1)(-=2) > 0 (False)

SoLuTions: —2<x<-1, xeR
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QUESTION 5 (25 MARKS)

Question 5 (a)

F(x)=(x+2)*(5-2x) ¥V B

f'(x)=(x+ 2)*(-2)+(5-2x)2(x+2)'
=2(x+2)[-(x+2)+(5-2x)]
=2(x+2)[-x—-2+5-2x]
=2(x+2)[-3x+3]
=6(x+2)(1-x)

F7(x) = 64(x +2)(=1) + (1 - x)(D)} _ .
=6{—x—-2+1-x} A \
=6{-2x—-1}
=-6(2x+1)

F(x)=0= 6(x+2)(1—x)=0 TZJ FIND TURNING PoinTs (TP):

Sox=-2,1 Put d_ic) = f'(x) =0 and solve for x.

f"(=2) = —6(~3) =18 > 0 = Local Minimum (dzy

j < 0= Local Maximum
f"(1)=-6(3) =-18 > 0 = Local Maximum TP

2
(d Y j > (0 = Local Minimum
TP

F(x)=(x+2)*(5-2x)
f(=2)=(-2+2)(5-2(-2)) = 0 = A(-2, 0)is the local minimum.
S =1+2)*(5-2(1)=(9)(3)=27=> B(1, 27)is the local maximum.

Question 5 (b)

To rFIND POINT OF INFLECTION:

2
Put % = f"(x) =0 and solve for x. Ay

f"(x)=0=—12x-6=0
sx=-1
f(x)=(x+2)*(5-2x) C
fED=(3+2)(5-2(-9)

=(3)°(5+1)

OGRS y \

-.C(—%, %) is point of inflection.

v
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Question 5(c)

T ) =5 %
y—7=277(x+3)
y-T=Tx+
4y —54=54x+27
54x-4y+81=0

QUESTION 6 (25 MARKS)
Question 6 (a) (i)

Jsinz X dx
=1 I(l —cos2x)dx

=1 (x—3sin2x)+c

Question 6 (a) (ii)

In2

3e* dx

0

2xqIn2
=3le™1y
Z%(eZIHZ _60)
:%(eanZ _80)

=1(-D)

w o

Question 6 (a) (iii)

X +l=(x+D("—x+1)

dx

x+1
-[x+1

B J-(x+l)(x2 —x+1) i
- (x+1)
= I(xz —x+1)dx

3 2
=1x —$x"+x+c

Question 5 (d)
A= [ ((x+2)(5-2x))dx
= [ (@ +ax+4)5-20) aix

= [ (20" 32" +120+20)dx
4 3 2 0

= —2i—3i+12x +20x
3 2 .

= [—%x4 —x +6x% + 2Ox](j2

=0-{~3(-2)" =(-2)" + 6(-2)" +20(-2)}

= +8-8-24+40
=16

Question 6 (a) (iv)
J-9 X+ 1

= j ( x+—jdx
= L (x7 +x7)dx

3 1 9
=[3x*+2x7]

= (2(9)F +2(9)*} - 2 (1) +2(1)*}
=227 +23)-2()-2(1)

—18+6-2-2
_ 64
3
Question 6 (a) (v)
L]\/2—xdx
=J.12%de
0
Lt
_{2x22x}
In2
0
2 1) A0
—_ 22 _22
ln2{ j
-2 W2
In2
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Question 6 (b)
f'(x)=9x" —4x+5
f(x)= j F(x)dx = j (9x* —4x +5) dx

=3x"=2x*+5x+c¢

S=1

F() =31 =201y +51)+c=1
3-2+5+c=1

S.c=-5

s f(x)=3x" —2x" +5x-5

QUESTION 7 (50 MARKS)

Question 7 (a)

a 1s the initial amount of Carbon-14

Q:aeht

t=0:0=ae’=a [At ¢ = 0 years the amount of Carbon-14 present is a. After a half-life of
t=5730years:Q=1a 5730 years, the amount of Carbon-14 present will fall by a half of a.]

. b(5730
s ta=qae"m"

b(5730
%=e( )

In(2) = b(5730)
~In2=5730b

In2
h=-— %
(5730) y

Question 7 (b)
do

O=ae" = o abe”
t

d
[;31_4000 ) abef[;;’;())moo 7(51;132()}4000

In2
e —{5730)3000
= = =0.696
(de 7( In2 leOO 7( In2 )1000 ¢
—_— be 5730 e 5730
di a
t=1000
Question 7 (c) (i)
0 ,(51;1320]2000 [O divided by a (the initial amount) will give you the fraction
e =0.785="78.5% of Carbon-14 present at any time.]

Higher Level, Educate.ie Sample 1, Paper 1
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Question 7 (c¢) (ii)

Qo3

a

In(0.93) = —[ 122 |,
5730
= _w =600 years
In2
Question 7 (d) (i)
t(years) | 1000 | 2000 | 3000 | 4000 | 5000 | 6000
0 (mg) 3.54 3.14 2.78 2.47 2.18 1.94
In Q 1.26 1.14 1.02 0.90 0.78 0.66
Question 7 (d) (ii)
InQ
1.40
1.20
(2500, 1.08)
1.00
(4500, 0.84)
0.80
0.60
0.40
0.20
0 1000 2000 3000 4000 5000 6000
t (years)
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Question 7 (e)

0 = ae”

In O = In(ae™)
InO=Ina+In(e™)
InQ=bt+Ina (— y=mx+c)

b is the slope of the graph and In a is
the y-intercept.

_L08=084 10+ year™'
2500-4500
b=- In2 =-1.21x10" year
5730

Ina=138=a=¢"*=3.975mg

QUESTION 8 (50 MARKS)
Question 8 (a)
x=20000-100p

100p =20 000 —x
p=200-0.01x>0

.20 000 > x

x <20 000

Question 8 (b) (ii)

It costs €40 to produce one more phone
at any level of production.

Question 8 (¢) (ii)
R=200x-0.01x*>0
20 000x—x*>0
x(20 000—x)>0

Solve the equality:
x(20 000-x)=0
~.x=0,20 000

Sorution: 0<x<20 000

Question 7 (f)
0= ae”
0-0.050 = ae™
0+0.050 = ae™
0.950 = ae”
1.050 = ae™

0950 " _ )
1.050 €™

0.95
Sn) — |=b(, -t
n(l.OSj (1)

0.95 0.95
1n(105j 1n(105j
(tl _tz) = - :

= =827 years

b _(anj
5730

Question 8 (b) (i)
C =120 000+40x
dc

— =40 = constant
dx

Question 8 (¢) (i)

R=xxp

p=200-0.01x

- R=x(200-0.01x) = 200x — 0.01x"

Question 8 (d)
R =200x-0.01x>

dR =200-0.02x

dx

d—R=0:>200—0.02x:0

dx
200=0.02x

~.x=10 000

Ry, =200(10 000)—0.01(10 000)* =-€1 000 000

Higher Level, Educate.ie Sample 1, Paper 1
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Question 8 (e) (i)

X

R (€)

C (€)

0

0

120 000

4000

640 000

280 000

8000

960 000

440 000

12 000

960 000

600 000

16 000

640 000

760 000

20 000

0

920 000

Question 8 (e) (ii)

C (euro)
R (euro)

1 000 000

960 000 —» O

900 000

Profit ™.

Maxifum

800 000

700 000

0, 72q0

600 000

500 000

N/

440 000 — G

400 000

300 000

/\: 3

200 000

(780, 145000)

100 000

0

2000

o Profit

4000 6000

Loss

Question 8 (f) (See graph above)

Mathematics Leaving Certificate
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Question 8 (g)

R=C

200x —0.01x* =120 000 + 40x
x> =16 000x+12 000 000 =0

~(=16 000) % +/(~16 000)* —4(12 000 000) b+ b — dge
X = X =
2 2a
Sx=789,15 211

Breakeven points from graph: (780, 145 000), (15 200, 720 000)

Question 8 (h) (i)

CaLcuLus: P=R—-C =200x-0.01x" —120 000 —40x
=—-0.01x> +160x —120 000

£ =-0.02x+160
dx
d—P:0:>—O.02x+16O:0
dx

160=0.02x

.. x =8000

P, =-0.01(8000) +160(8000)—120 000 = €520 000

GraprH: The maximum profit is the greatest distance between the R and C graphs.

P,,.. =¥€960 000 — €440 000 = €520 000

Question 8 (h) (ii)

x =8,000

p=200-0.01x

- p=200-0.01(8000) =€120

Higher Level, Educate.ie Sample 1, Paper 1
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QUESTION 9 (50 MARKS)
Question 9 (a)
d

@ _
dt b

I d_p = kj dt [Separate the variables. ]
p

Inp=kt+c

Att=0, p=N:InN=0+c=>c=InN
Inp=kt+InN

Inp—InN =kt

In (3) =kt
N

Question 9 (b)

p=Ne

p=2N =2N = Ne”

2=¢"

In2 =3¢

t= lnT2 =0.231 days = 333 minutes

Question 9 (f)

p =1000&™
t=0: p=1000¢" =1000¢" =1000

[= % - p=1000e"% =1000e ~ 2700

[ = % . p=1000¢"%" =1000¢° =1000

1= % . p=1000¢™" =1000¢™" = 1000 379
e

t= 2?” . p=1000¢™%" =1000¢° = 1000

t= %" . p =1000e™% =1000e ~ 2700

Question 9 (¢)

fcosmxdxz#sinmx+c

Question 9 (d)
dp

— = mp Ccos mt
a7

jd?p:jmcosmtdt

m sin mt

Inp=
m

In p=sinmt+c
t=0,p=N:InN=sin0+c=c=InN
Inp=sinmt+InN

In (ﬁj = sin mt
N

sinmt
p = Ne

Question 9 (e)
p — Nesin3l
p=2N:2N = Ne™™
sin3t=1In2

t =1sin”'(In2) =0.255 days = 368 minutes

Mathematics Leaving Certificate



¢ (days) ) /4 b4 T 21 S
ays — — — — —
7 6 3 2 3 6
1000
p 1000 1000e 1000 1000 1000e
e
p 1000 2700 1000 370 1000 2700
4000 D
3000 Period
A /\ /'
2000
Range
1000
v
0 t(days)
n T s 2n Sn
6 3 2 3 6
Question 9 (f) (i)

Period = 2?71- = 2.1 days

This is the time for the population to return to its original value at any point in the cycle.

Question 9 (f) (ii)
Range = {m, 10006}
e

This represents the population in a cycle from its maximum to minimum values.

Higher Level, Educate.ie Sample 1, Paper 1
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SAMPLE PAPER 1: PAPER 2

QUESTION 1 (25 MARKS)

A(5, 10)
B(=3, 4)
C(-1,-2)
Question 1 (a)
A(Sa 10)3 B(_3a 4) A(Se 10)9 C(_le _2)
5-3 10+4 5-1 10-2
Mid-point =| ——, =(,7 Mid-point=| —, —— |=(2,
p (2 3 j (1, 7) p (2 3 j (
4-10 -6 3 4 -2-10 -12
m=—=_=_:>mL=__ m= :_=2:>mL=
-3-5 -8 4 -1-5 -6
k:(y=T)=—2%(x-1) I:(y-4)=-1(x-2)
3(yv-7)=—4(x-1) 204 =-1(x-2)
3y-21=-4x+4 2y—-8=—x+2
4x+3y-25=0 x+2y-10=0
Question 1 (b)
4x+3y—-25=0 [Solve the equations simultaneously for £ and / to find

X+2y-10=0(x—4) their point of intersection D.]

4x+3y-25=0
—4x-8y+40=0
-5y+15=0=y=3

x+2(3)-10=0
x+6-10=0
Sx=4

Circumcentre D(4, 3)

r=|AD|=(5-4)* +(10-3)* =\1+49 =50 = 52

Equation of circumcircle: (x—4)* +(y—3)> = (+/50)?
(x—4) +(y-3)>=50

Mathematics Leaving Certificate
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QUESTION 2 (25 MARKS)
Question 2 (a)
5:xX+y°-9=0

¥+’ =9
Centre (0, 0), =3

S, X +y —6y+8=0
Centre(_ga _f) = (07 3)

r=yg’+ P -c=1J0+9-8=41=1

J=0y + (k=3 =(r+1) = I’ + (k=3)* = (r +1)

J=0) +(k=0y =(r+3)= I* +k> = (r+3)*

(k=3 =k =(r+1)> = (r +3)°

(k=3+k)k-3-k)=(r+1+r+3)r+1-r-3)
2k-3)(-3)=2r+4)(-2)

—6k+9=—-4r-8

4r+17 =6k

Question 2 (b)

W +k* =(r+3)

dr+17=6k=r= 6k 17

2
Wk’ :(6k;17 +3)

T :(6k—17+12j2 :(6k—5j2
4 4

_(6k=5)"
16

W k?

a*—b* =(a—b)a+b)

16h* = (6k—5)* —16k* | a’ —b* =(a—b)(a+b)

164> = (6k — 5+ 4k )(6k — 5 — 4k)
164> = (10k - 5)(2k —5)
161 = 52k —1)(2k - 5)

Higher Level, Educate.ie Sample 1, Paper 2
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QUESTION 3 (25 MARKS)

Question 3 (a) (i) Question 3 (a) (ii)
tan 330°
N4 = tan(360° —30°)
,f, é% =—tan30°
1
B
Question 3 (b) (i)
b -90 -60 45 -30 0 30 45 60 90
y —00 -1.7 -1 -0.6 0 0.6 1 1.7 00
x° 105 120 135 150 180 210 225 240 270
y -3.7 -1.7 -1 -0.6 0 0.6 1 1.7 —00
e / /
4 / /
3 ] ]
2 // /
S A
1 - -
—-90°}——60 —‘3/0"‘ 30° 60° 90°—120° 1‘5/0(" 0’| 210° —240°f 270°
i =
7 = 7
/ = '
| = |
/ = /

Question 3 (b) (ii)

Yes, because each value of x only gives one value of y.

Question 3 (b) (iii)
Period = 180° (function repeats itself every 180°)

Range = [—o0, 0]

Question 3 (b) (iv)
tanx =~/3 = x = tan"'(+/3) = 60° T

Second quadrant: x = 180° — 60° = 120°
Fourth quadrant: x = 360° — 60° = 300°

v

S

60°

al»

Mathematics Leaving Certificate




QUESTION 4 (25 MARKS)

EmpiricAL RULE: In any normal distribution with
mean X and standard deviation o.

1. 68% of the data falls within 1o of the mean X.
2. 95% of the data falls within 20 of the mean X.
3. 99.7% of the data falls within 3o of the mean X.

Question 4 (a) (i)
Standard deviation = 4
Median = 10

Question 4 (b)

14
Question 4 (a) (ii)
w=10:2=0710 o | 22K

4 o
x:l4:z:ﬂzl

4
x=6:z:—6_10:—1

4

The standard normal distribution has a mean of 0 and standard deviation of 1 and has the same
shape and area distribution as the original normal distribution.

Question 4 (c¢) (i)

Question 4 (c¢) (ii)

T o

P(z<Z)=0.75
s 2=068=2"10
272 =x-10

. x=12.72 (Upper Quartile)

Question 4 (¢) (iii)

LQ=-Z
2=—0.68=""10
272=x-10

. x=7.28 (Lower Quartile)

Interquartile range = UQ — LQ =12.72 — 7.28 = 5.44

Higher Level, Educate.ie Sample 1, Paper 2 19



QUESTION 5 (25 MARKS)

9

Q119119 || x ||y

Question 5 (a)

() Median = ? =9

(i) Mode =9

X

x,9
(iii) Range cannot be worked out without knowing | ) 9,

9,9

the values of x and y.

Question 5 (b)
Mean =9

Therefore sum = 9%6=54
x+y=54-36=18

Possibilities for x and y:
X 1 2 3
y 17 16 15

OR

X 17 16 15
y

Greatest range = [1, 17]
R=17-1=16
Question 5 (¢)
R=x-y=6
S2x=24=x=12
Sy=06

20

Possibilities for arranging the
numbers in ascending order:

9,9,9,9,x,y
Y

o
O
o

)

b

-
-

© 0 ©
© o ©
© O \©
O = < O

> b

-

Mathematics Leaving Certificate



QUESTION 6 (25 MARKS)

B 8 cm F 4 cm C
2 — 1
4 cm
G
A 12 cm D
Question 6 (a) Question 6 (b)
|4D|=[BC[=12 cm Triangle FCD: A=1(4)(4)=8 cm’
|BF| = 2|FC| Triangle AFD: A=1(12)(4) =24 cm’
~.|BF|=8 cm, |[FC|=4 cm Parallelogram ABCD: 4= (12)(4) =48 cm’
Triangle BFA: A=48-8-24=16 cm’
Question 6 (¢)

|AF|" =47 +122 =16 +144 =160 = |4F| = /160 = 4/10
L(4\10)[BG| =16
4410

10
cm
5

~.|BG|=

QUESTION 7 (75 MARKS)
Question 7 (a) (i)

u=120

o=15

135=120+15=u+1lo EmpIrICAL RULE: 68% of young adults have a blood pressure
105=120-15=p—lo reading of between 105 mm of Hg and 135 mm of Hg.

Question 7 (a) (ii)

p =120
o=15
x1:116:21=M=—0.27
15
x2:123:zl:w20.2

Higher Level, Educate.ie Sample 1, Paper 2
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P = P(—0 to 0.2) — P(—o0 to —0.27)
= P(—0 to 0.2) - P(z>0.27)
= P(-0 t0 0.2)-{1-P(z<0.27)}
=0.5793-1+0.6064

=0.1857
From a sample of 100 people the number will be 100x0.1857 =18 or 19 people

Question 7 (b) Question 7 (¢)
i) P(S)=0.1 _P(HNYS)
(i) P(H|S)=0.4 PSTH)= P(H)
(iii) P(H|S)=0.2
Question 7 (d)
S//
\\
H P(SNH)=0.06
Start
H PS“nH)=0.18
s
H P(S°~H)=0.72
Question 7 (e) Question 7 (f)
P(H)=P(SNH)+P(S*NH) P(S| H) = P(SNH) _0.04_ o)
=0.04+0.18 P(H) 0.22
=0.22
Question 7 (g)

P(Having a stroke) =0.182

P(Not having a stroke) = 0.818

P(At least 2 out of 10 people will suffer a stroke)
=1- P(2 out of 10 people will suffer a stroke)
=1-{"C,(0.182)"(0.818)"" + '°C,(0.182)'(0.818)"}
=0.57

Mathematics Leaving Certificate



QUESTION 8 (75 MARKS)
Question 8 (a) (i)

4,163 160,-720"
<+«——100m »< X

Question 8 (a) (ii)

v

100 » a b

sin3.7°  sin16.3° sind _sinB
_ 100sin16.3°
sin3.7°

=434.92 m

sin20° = h 230 m
434.92 A
S h=43492sin20° =148.75~149 m

Question 8 (b)

~

= 330 230 m /\ 230 m

|FC|=230c0s45° =115v2 m

cos45°

4 50 4 50
230 m

Question 8 (¢) E

|[EC|= 149> +(11542)* =221 m

149 m

L C
11542 m

Higher Level, Educate.ie Sample 1, Paper 2 23
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Question 8 (d)

1157 +x* =221

x=+/221"-115" =188.7 m

221 m 221 m
X
115m il 115m
) 230m "
188.7 m 230 m 188.7 m
2(188.7)+230
Length of square = 2(188.7)+230 =12.15m

Mathematics Leaving Certificate




Question 8 (e)

4 4

Area of 4 triangles: b a ) b

A =4(3 xbase x height) = 2 x base x height u ; |2_x ______________

=2axi\4b’ —a’ =aV4b’ -a’ > 5 .

a
b b

Question 8 (f) (i)

Surface area: A= av4b* —a* =230,/4(221)* —230> =86 812 m’
Question 8 (f) (ii) 221 m 221 m
Area of a casing stone = (0.86 m)(0.86 m) = 0.7396 m? 188.7 m

86 812

Number of stones = 6z117 000 115m i 115m

A

v

230 m

Higher Level, Educate ie Sample 1, Paper 2
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SAMPLE PAPER 2: PAPER 1

QUESTION 1 (25 MARKS)
Question 1 (a)

log,(x+2)—log,x=0 | log, x = log, x
log. x log, b
log, (x+2)——22% —¢
log, 3

1og9(x+2)—1°g+x=0

2

log,(x+2)—2log,x=0 | log, (fj =log, x—log, y
Y

1og9¥:0
x

2
x; =9'=1 |a'=y<log, y=x

x+2=x

¥ —x-2=0

(x=2)(x+1)=0

x=2 [x=-11isnot allowed as x > 0.]

Question 1 (b) (i)
5
_ 5x4x3 10
3) 3x2xl1
5
SELL Y
2) 2x1
Question 1 (b) (ii)

5 5 5 5 5 5
+ 5 — 5 0+ 4 l+ 3 2+ 2 3+ 1 4+ 0.5
(p+9q) (ij q (ljp q (2}9 q [3}9 q (4}? q (Sjp q

= p5 +5p4q1 +10p3q2 +101)2q3 +5p1q4 +q5

Question 1 (b) (iii)
T, =10p’q* =10(0.6)*(0.4)* =0.3456

Mathematics Leaving Certificate



QUESTION 2 (25 MARKS)
Question 2 (a)

z=2+23i

2| =22 +(2V3)* =V4+12 =16 =4

z=r(cosO +isinf)

243

tan9273:\/§:>9:tan‘l(\/§):60° =3

T .. T
S.z=4]| cos—+isin—
( 3 3j

w=A+3+i
W =y(B) +(1)? =B+ =4=2

1 1 T
tanf =— =0 =tan'| — |=30° ==
V3 (ﬁj 6

T .. T
Sow=2| cos—+isin—
(oo +isn )
Question 2 (b) (i)
zw=4| cos—+isin— |2| cos—+isin—
3 3 6 6

T .. T
=8| cos—+isin—
[ 2 2J

=8(0+1)
=8i
Question 2 (¢) (i)

T .. T
4| cos —+isin—
_ [ 3 3) 5

z

w T .. T
2| cos —+isin—
( 6 6)

Iy .
:2(7+51J:\/§+1

Question 2 (c) (iii)

T .. T
=2| cos—+isin—
6 6

T

|z|=r, argz =0

A
Im

300 | | Re

v

(=)
—
.__l_:)_
(8]
N

Question 2 (b) {ii)

‘According to De Moivre’s theorem, when
two complex numbers are multiplied together,
the arguments are added and the moduli are
multiplied to form the new complex number.’

Question 2 (c) (ii)

‘According to De Moivre’s theorem, when two
complex numbers are divided, the arguments

j are subtracted and the moduli are divided to
form the new complex number.’

z

sin0)]" = r"(cos n@ +isin n@)| (De Moivre’s Theorem)

14 14
(—j =2" cos%ﬂ'sin%j [r(cosBO+i

w

S cosl4—ﬂ+isin14—n
6 6

2

=2" cos7?ﬂ+isin7?ﬂj:2l4[l+§ij=2l3(l+\/§i)

Higher Level, Educate.ie Sample 2, Paper 1
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QUESTION 3 (25 MARKS)
Question 3 (a)

100, 90, 81,......
a=100,r=0.9

Which term is equal to 50, half of its original
mass?

50 =100(0.9)""
0.5=0.9""
log,,(0.5) = (1~ 1)log,,(0.9)
n=19800) 5 5g qavs
log,,(0.9)

Seven days must elapse before it is less than
half its original mass.

QUESTION 4 (25 MARKS)
Question 4 (a)

Question 3 (b)
_108(1-()")

3

S

n

=162(1-(3)")

S :%—162

0 2 -
3
S —S. =0.05
162(1- (1)) ~162 = 0.05

162(2)" =0.05

3" =3240
nlog,, 3 =log,, 3240
_ log,, 3240 _ 7136
log,, 3

Eight terms must be added together so that
the sum differs from the sum to infinity by

less than 0.05.

Draw each of the straight line graphs by plotting their intercepts.

y =|x—1| = y==%(x-1)
y =x—1— Intercepts: (0, —1), (1, 0)
y =—x+1— Intercepts: (0, 1), (1, 0)

Point of intersection: (1, 0)

by

.9/

Question 4 (b)

Points of intersection: (-3, 4), (5, 4)
Question 4 (¢)

x<-3,x>5

Mathematics Leaving Certificate



QUESTION 5 (25 MARKS)

Question 5 (a)

Yes. Each value of y corresponds to only one value of x.
Question 5 (b)
f)=y=2"
log, y =log, 2"
log, v = xlog, 2 /
10g2 y —x - v

L f(x)=log, y=g(x)

g(x) is the inverse function of f'(x).
Reflect the curve for f'(x) by an axial

symmetry through the line y = x to get its
inverse function.

Question 5 (¢)
It is not injective because certain values of y ty .
correspond to two values of x. S(x)=2

Question 5 (d)
x=0=>y=2"=1 B
A0, 1)

0, ) eh(x)=>1=-(-1)’+a A
La=2 M X
h(x)=2—(x—1)

Question 5 (e)
Local maximum is at y = 2.

h(x)=2—(x—1)

" g(x) = log,x

X

»
»

v

h(x)

S 2=2—(x-1)
(x=1*=0
x—1=0
Sox=1

Local Maximum B(l, 2)
B(l,2)e f(x)?
fx)=2"

2=2" (True)

Higher Level, Educate.ie Sample 2, Paper 1 29
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QUESTION 6 (25 MARKS)
Question 6 (a)
J(x)=g(x)

5x—x"=x+3
0=x"—4x+3
0=(x—1)(x-3)

Lx=13

g()=1+3=4
g(3)=3+3=6

A, 4), B(3, 6)

f(x) g(x)

Question 6 (b)
4= ["(f ()~ g v
= f (=x*> +4x-3)dx

=[-1x +2x% - 3x]

Question 6 (¢)
C(0, 0), D(5, 0)

1 5
Average value = 0 L f(x)dx

=4 I;(Sx—xz)dx

={~103) +203)" -303)} — {-1 (1’ +2(1)" -3(1)}
=—9+18-9+1-2+3

nl—= = wu|=

4
3

QUESTION 7 (50 MARKS)

Question 7 (a) (i)
(40 — 2x) cm
X X
R -
(25 -2x) cm
x .............................................. x
X X

[=40-2x,b=25-2x,h=x

Question 7 (b) (i)

S =2(40-2x)x+2(25-2x)x+ (40 -2x)(25-2x)
=80x —4x” +50x —4x> +1000 —80x —50x + 4x
=1000 - 4x’

Mathematics Leaving Certificate

A~ -

ol

][V
o~

I3

5.2 .37
3x°—3x°]

5)° =15’} - {0}

125y = 25
6

3

Question 7 (a) (ii)

V' =(40-2x)(25-2x)x
= (1000 —80x — 50x +4x*)x
= (1000 —130x +4x°)x
=1000x —130x* +4x°

Question 7 (b) (ii)
600 =1000 — 4x°
4x* =400

x> =100

S.x=10 cm

v



Question 7 (¢)

V =4x’ —130x> +1000x
4x’ —130x> +1000x =1512
2x° —65x+500x-756=0
x=1:2(1)° - 65(1)+500(1)— 756 =319 # 0
x=2:2(2) —65(2)+500(2)-756 =0
Question 7 (d)

V =4x’ —130x> +1000x

. av
c;_V —12x2 —260x+1000 Maximum Volume: o =0
X

%:0:12x2—260x+1000=0

3x2—65x+250=0
(Bx-50)(x-5)=0

x=5,2cm [Ignore the second solution as it will cause one of the sides to be
negative. |

Vi, =4(5)° =130(5)* +1000(5) = 500 — 3250 + 5000 = 2250 cm’
[=40-2(5)=30cm, b=25-2(5)=15cm,h=5cm
Question 7 (e)

d_V:_(sz) —1* =5t +2250=0
dt £ +51-2250=0
V:—J.(2t+5)dt=—tz—51‘+c (t—45)(t+50)=0
V' =2250 when 1 =0:2250=c¢ S t=45s

SV =—1* =5t +2250

Question 7 () (i)

tands® =— = 1="_
h h

r=h

V=nr*h=Lrgr

Question 7 (f) (ii) h
V=1inr

v, dr dr 3 45°
— =ArX—=3=—=—3

dt dt dat nr

A=nr’

d—A:27rr><ﬂ:27rr><iz:é

dt dt nr

(%j _ 83 emss

at)._, 2
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QUESTION 8 (50 MARKS)
Question 8 (a)

M =log,, =log,,1=0

Question 8 (b)

M, =log,, A 8.3
s

M, =log,,

M, -M, =log,,

M, -83=log,, 4
M, =log,,4+8.3=8.9

Question 8 (d)
M, =59,4=4
Al

M, =log,, A 59y
S S

M,=65,4=A4,

M, =log,, A s
S A

. . . A, -
Fractional change in amplitude = ZT =—-1

6.5
:1&#-1:10“-1:298
XS

% change =298%
Question 8 (e)

6.5 =log,,

107
A

1074

L A=10%x10" =10*° =316 cm

106.5 —

Question 8 (f)
E=1.74x10"4%43) =2 7x10" J

Mathematics Leaving

Question 8 (¢)

M, =log,, % =83

M, =log,, % =4

A
M, - M, =log,, ?1

—log,,

N:k |—‘b; “ ||\)k

4.3 =log,, é><i =log,,
s A

2

'

oL =10* =19953
A

2

XI| | lines of sight and level distorted, objects thrown
up in air

Richter
Modified Mercalli Scale Magnitude

| Detected only by sensitive instruments -
1.5—
Felt by few persons at rest, especially on -
I | upper floors; delicately suspended objects 2 —
may swing. —
Felt noticeably indoors, but not always recognised -
I | I as earthquake; standing autos rock slightly, 25 I
vibration like passing truck. —
Felt indoors by many, outdoors by few, at night 3 —
IV some may awaken; dishes, windows, doors -
disturbed; autos rock noticeably —
Felt by most people; some breakage of dishes, : -
V windows, and plaster; disturbance of tall objects -
4 —
Felt by all, many frightened and run outdoors; —
VI falling plaster and chimneys; sand and mud -
ejected; drivers of autos disturbed 4 5 —
Everybody runs outdoors; damage to buildings -
VI I varies depending on quality of construction; 5 —]
noticed by drivers of autos -
Panel walls thrown out of frames; fall of walls, 5 5 —
Vl | | monuments, chimneys; sand and mud ejected; ° -
drivers of autos disturbed —
Buildings shifted off foundations, cracked, thrown 0 —
|X out of plumb; ground cracked; underground pipes -
broken P
oo
Most masonry and frame structures destroyed; —
X ground cracked, rails bent, landslides 7 1
Few structures remain standing; bridges destroyed, -
X| fissures in ground, pipes broken, landslides, 7 5 —]
rails bent . —
Damage total; waves seen on ground surface, 8 -

Certificate




QUESTION 9 (50 MARKS)

D [ C
7 r
r r
A [ B
Question 9 (a) Question 9 (e) (i)
P=2l+2nr A:s=ut=100=9.1¢
) S 1=10.99 s
Question 9 (b)
400 =2/ +2mr ,
200 = [ + 117 B:s:5t+0.56t2
(- ~.0.561* +5—100=0

Question 9 (¢)

2/(200—-17) 400
T T

Question 9 (d)

d4 400 4

L=

A=2rl= [—

dl T T

2

Z?

T

| —5E25+224

2x0.56

=9.62s

Question 9 (e) (ii)

B wins the race.

Question 9 (e) (iii)

9.1t = 5¢t+0.56¢°

0.56¢> —4.1t =0

1(0.56t-4.1)=0
41

t=——=732s
0.56

s=9.1¢ =9.1(7.32) = 66.6 m

Higher Level, Educate.ie Sample 2, Paper 1
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SAMPLE PAPER 2: PAPER 2

QUESTION 1 (25 MARKS)

Question 1 (a)
The diagonal bisects the area of a parallelogram. Find the area of triangle ABD and multiply the
answer by 2.

A1, 3) > (0, 0) A=Lxy, - x| B(4, 4}\ C(2, 8)
B4, 9-G.1 =134~ (-20) "
D(-1,7)—> (=2, 4) =%|12+2|
= 7 .
Area of parallelogram ABCD = 14 A(1, 3) D(=1,7)

NortE: The diagram in the question is a rough sketch showing the relative positions of the points.
A grid is drawn whenever we wish to display the absolute positions of the points.

Question 1 (b)

0(0, 0), D(5¢, 0), E(0, 5¢)
A
¥ Area [AODE|=1](0)(0) - (3 )t o) = 4[4 ¢’
B(0.8) 0(0, 0), 4(6, 0), B(0, 8)
Area [AOAB| = 1|(0)(0)— (6)(8) = 4[48|
Area |AODE| = 1 Area |AOAB]|
r | = 4x 448
8- x -
o > 2
0(0, 0) A(6, 0) e =24
c’ =144
= . l l
Intercepts of 2x + 3y =c¢: D(5¢, 0), E(0, 3¢) c=+J144 = +12

Mathematics Leaving Certificate



QUESTION 2 (25 MARKS)

Slope of t: m=—3

Circle s: Centre O3, 0), r=5
Equation of OQ: Point O(3, 0), m =23

3
4

y=0=3(x-3)
4y =3x-9
3x-4y-9=0

Find the point of intersection of lines ¢ and OQ.

m =

4x+3y+13=0(x3) y=-3:4x+3(-3)+13=0=4x=—4
3x—4y-9=0(x-4) sx=-1

Point of contact O(—1, —3)
12x+9y+39=0

—12x+16y+36=0
25y+75=0=>y=-3

The perpendicular line from O bisects the chord.
The distance from the centre to the chord is 3.

The chord passing through Q is called /.
l:mx—y+k=0
O-1,-3)el:-m+3+k=0=>k=m-3
l:mx—y+m-3=0

ax, +by +c|
d:| 1 1

Na’ +b°
d=3,(x, »)=0,0)
limx—y+m-3=0

3= |m(3) —O)+m- 3| [The perpendicular distance of the chord / from the centre O is 3.]

m* +1

3Nm + :|3m+m—3|
3Vm? +1=4m-3|
9m* +9=16m> —24m+9

Tm* —=24m =0
m(7Tm—24)=0
m=0, %

Higher Level, Educate ie Sample 2, Paper 2 35



QUESTION 3 (25 MARKS)

Question 3 (a)
sin30° = % = h=10sin30°=5m

Question 3 (b)

10
tan30° = Bl =x= SN 53 m A iy
X tan30° N

d=5J3-3=5.66m

Question 3 (¢)

tana = > = q =tan"' 2 ) 41.46°
5.66 5.66
Question 3 (d)

. 5
sinq =—
y

sin41.46° = é

y
5

T Sind1.46°
Length of ladder protruding beyond the top of the wall =10 — 7.55 =2.45 m

=7.55m

QUESTION 4 (25 MARKS)
Question 4 (a)

Condition: There are only two possible outcomes (success or failure) in each trial.
Condition: There is a fixed number of trials 7.

Condition: The probability of success p is fixed from trial to trial.

Condition: The trials are independent.

Condition: The binomial random variable is the number of successes in 7 trials.

Question 4 (b) (i)
P(Income < €32000) =1, P(Income >€32000) =4

P(x28)="Cy(3)* (D) +°C,(1) 3 + "Cy (1) (3)" = 0.055

Question 4 (b) (ii)
P(x>2)=1-P(None orl)=1-"C,(1)’ )" - "°C,()’(})' =0.99
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QUESTION 5 (25 MARKS)
Question 5 (a)

Life expectancy Number of Life expectancy Cumulative number
(years) countries (years) of countries
30-35 2 <35 2
35-40 3 <40 5
40-45 9 <45 14
45-50 12 <50 26
50-55 22 <55 48

55-60 (LQ) 46 <60 94
60-65 (M) 58 <65 152
65-70 50 <70 202
70-75 (UQ) 40 <75 242
75-80 32 <80 274
80-85 16 <85 290
290
Question 5 (b)

Number of countries = 290

Median class: 290(0.5) + 0.5 = 145.5 (Class 60—-65)

Upper quartile class: 290(0.75) + 0.75 = 218.25 (Class 70-75)
Lower quartile class: 290(0.25) + 0.25 = 72.75 (Class 55-60)

Median M = 145.5
60 58
é 50 [46]
=
§ 40
o (94) | (152)
€ 30
=]
z [22]
20
[12]
10 Bl
1 Bl
30 35 40 45 50 55 60 65 70 75 80 85
Life Expectancy (years)
Question 5 (¢) Question 5 (d)
145.5-94 Modal class: 60—65
M =60+ [Tj 5=0644 Shape: Skewed left
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QUESTION 6 (25 MARKS)
Question 6 (a)

Draw a line of length 7 cm with your ruler.

Open your compass to a radius of 7 cm using this line.
Placing the point of the compass on each end point of the
line draw arcs of radius 7 cm.

Draw lines from the end points of the line to the point of
intersection of the two arcs.

An equilateral triangle of side 7 cm has been constructed.

7 cm

Question 6 (b)
B

|BE| =107 +16” - 2(10)(16) cos 60° = 196 = |BE| = 14
|AD|" = 6% +16> —2(6)(16) cos 60° =196 = |AD| =14
.= |BE|=|4D)|

e

A 10 C 6 E

Question 6 (¢)
Triangles ACD and BCE are congruent (SAS). B

120° 120°
10 C
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QUESTION 7 (75 MARKS)

Question 7 (a) (i) Question 7 (a) (ii)
1001 €159000000000
R=—— GDP per capita = =£€34654
GDP pereap 4588252
R =10.1%, GDP = €159 billion,  =?
10.1= ﬂ
159
=201 billion
100
Question 7 (b)
11
(J
®
10 \
o
9
38
ch r'y ®
s 8 ® ®
O
E ®
=
1) L ) u
= 7 T
g .
g A4
= 6 o °
®
®
5
9
[
4
H Run=16-14 E
3
11 12 13 14 15 16 17
Investment to GDP ratio

Question 7 (¢) (i)

The data shows that the most effective way to reduce the unemployment rate is to increase
investment to GDP ratio.

Question 7 (c¢) (ii)

A. Linear,

B. Negative shape,
C. Very strong correlation
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Question 7 (d) Question 7 (e) (i)

Cas10 CALCULATOR (fx-85GT PLUYS) (14, 8.4), (16, 6.3)
Steps to find r: — 8.4-63 _
Press Mode. 14-16

Press 2: Stat
Press 2: A + Bx
Input your x and y values

Question 7 (e) (ii)
m=-1.1, (x;, y,)=(14, 8.4)

Press AC Button (y—-84)=-1.1(x—-14)
Press Shift followed by the Number 1 y-84=-1.1x+15.4
press 2 Res Llx+y-238=0
Press = Question 7 (e) (iii)
y=3:1.1x+(3)-23.8=0
r=-0.9767 189
Question 7 (f) (i)

The 11 year plot is misleading as the 64 year plot shows little correlation between the
unemployment rate and investment to GDP ratio. It is a prime example of someone using
statistics to support their own position.

guestlon 7(D) (i) From 1948 to Present
es

Unemployment Rate

Investment to GDP ratio
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QUESTION 8 (75 MARKS)

A D B

Question 8 (a) (i) Question 8 (a) (ii)
r.=16cm PO| = |PC| +|CQ| =7, +,
r,=9cm =16cm+9cm=25cm
Question 8 (b) (i) Question 8 (b) (ii)
tan(|ZAPQ)|) = 2—74
25
7 ~.|£4PQ|=tan™! (%)
. - = 73.74° =1.287 rads
2 2 Ag2
x*+7*=25 A=1r0=1(16)’(1.287)=164.7 cm’
x=+25-7" =24 cm
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Question 8 (¢) (i)

y:+(16-r) =(16+r)

Y =(16+r) -(16-r)

V' =(16+r+16-r)16+r—-16+7r)
y* =(32)(2r) = 64r

y=8Jr

Question 8 (d)
y+z=24
8r +6:/r =24

14r =24

Sk
14 7

144

r=—
49

Question 8 (e)

Question 8 (c¢) (ii)
Z2+00-rY=0+r)

22 =09+r)-0O-r)
Z2=00+r+9-r)9+r—9+r)
z* =(18)(2r) = 36r

z=6r

Area of trapezium ABOP: A=1(16+9)(24) =25(12) =300 cm’
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Question 8 (f)

Area of space between wheels
= Area of trapezium — Area of sector APC — Area of sector COB — Area of smallest wheel

Area of sector COB:

o =90°-73.74° =16.26°

|4CQB| =16.26" +90° =106.26° =1.855 rads
A=1r’0=1(9)°(1.855)=75.13 cm’

2
Area of space between wheels =300-164.7-75.13-x (%) ~33 cm’

33

2
7|16 +9° +(144j
49

% of air space to area of three wheels = x100% ~ 3%
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SAMPLE PAPER 3: PAPER 1

QUESTION 1 (25 MARKS)
Question 1 (a)

1V Rationalise the denominators by multiplying above and
(1 - ;j =2 below by the conjugate of the denominator.

1
s 1L 0V 12 _ 5,

x 1+42) 1-v2) 1-2
N L (V) 142 5,

. _
| | (1—V2) (++2) 1-2

Question 1 (b)
X 4+3x° +x-2=0
x=-2:(-2)+3(-2)*-2-2=0
. (x+2)is a factor
X3+ x =2 =(x+2)(x* +kx 1)
=X +(k+2)x*> +(2k —1)x—2 [Line up the coefficients.]
S3=k+2=k=1

X3+ x-2=(x+2)(x*+x-1)=0

x*+x—1=0 [Solve the quadratic equation.]

1P —4(1)(-1)

2(1)
1144 1245
2 2
—1+4/5
x=-2,
2
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QUESTION 2 (25 MARKS)
Question 2 (a)

log,(6x+1)—2=2log, x

X
log, (6x+1)—2log, x =2 Oga(yj og,x—log, y

6x+1
10g4();—jj:2 a=yslog, y=x
6x ;I—l _p
X
6x+1=16x"
16x> —6x—-1=0
(8x+1)(2x—1)=0 [x=—5 is not allowed as log,(—1) is not defined.]
x=1
Question 2 (b) (i) Question 2 (b) (ii) Question 2 (b) (iii)
F(%)=F(a)—F(b) F(lj:F(l)—F(x) F(yz):F[Z]:F(y)_F(lj
X i y
=0-F(x) = F(»)~[F()=F ()]
Fh=a=p =F @) = F()-0+F(»)
F()=F(a)-F(a)=0 Z2F(y)
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QUESTION 3 (25 MARKS)

Question 3 (a)

Three consecutive numbers: n — 1, n,n + 1
S=mn-1)"+n"+(n+1)>

=n" -2n+1+n*+n" +2n+l1

=3n" +2

3n*+2
3 =n"+

Question 3 (b)

W o

STEPS FOR PROOF BY INDUCTION

1. Prove result is true for some starting value of n e N.
2. Assume result is true for n = k.

3. Prove result is true for n = (k +1).

1. Prove true for n=1: n=1:7"+3(1)+8 =18 [Therefore, true for n = 1.]
2. Assume true for n = k: Assume n=Fk:7" +3k+8=9a, ac N

3. Prove true for n =k + 1: Prove 7""' +3(k+1)+8=9b, be N

Proof:

T 4 3(k+1)+8
=7(7")+3k+3+8
=709a-3k-8)+3k+11
=63a—-21k-56+3k+11

=63a-18k—45
=9[7a-2k-5]
=9h, be N

Therefore, assuming true for n = k means it is true for n = k£ + 1. So true for n = 1 and true for
n =k means it is true for n = k + 1. This implies it is true for all n e N.
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QUESTION 4 (25 MARKS)
Question 4 (a) (i) & (ii)

Question 4 (b) (i)

S=1{6,12, 18, 24,.....}

S, =13,6,9,12,..}

No. 9 is an element of S, but not an element of S.

Question 4 (b) (iii)

S=1{6,12, 18, 24,.....}

S, =1{12,24,36,48,...}

Yes, all elements of S, are elements of S.

Question 4 (¢)
z=—4J3 +4i

Question 4 (b) (ii)
S=1{6,12,18,24,....}

S, =19, 18,27, 36,...}

No. 9 is an element of S, but not an
element of S.

|2 = J(=43)* +4* = J48+16 =64 =8

|z|=r, argz =0 R

4 1
|tan 0| = ‘m‘ = ﬁ =tana, where « is the related angle in the first quadrant.

1 T
La=tan’'| — |=30°==
(5w

Second quadrant:0 =7 —% _n z=r(cosO +isin0)

6
-z =84 cos| 2E 4 2nm |+ isin| 2E+ 20w | = 8 cos| 2L ) ;
6 6 6
: sml2nm) . (Sm+12nm))
=84 cos R +isin — =21cos

W=

V4

n=0:z =24cos o +isin on
18 18
17y . (1%

n=1:z,=25cos| — [+isin| —
18 18

n=2:z;=24c0s 2n +isin 2n
18 18

St+12nm

. (5n+12nn)
sm| —
6
. (Sm+12nm
+iI1SImm| ——
18 18
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QUESTION 5 (25 MARKS)

Question 5 (a)

It is not injective because there is
more than one x value mapping on
to the same y value.

It is surjective because every y
value has a corresonding x value.

Question 5 (b)

Inx
fx)=y=—
X
Q_ x(1)—(nx)(1) I-Inx
dx x? x?
D _oo 1_12“=0
dx X
1-Inx=0
l=lInx=>x=e¢
lne 1
fley="2==
e e

TP: (e, lj
e

Question 5 (d)
a’ =b*

Ina” =Inb*
blna=alnb

_na_Inb

" a b
Question 5 (e) (i)

2 =g 12 _Ind
2 4
flo =12
X
In2
S ==
fa==22
~ f2)= f(4)=035
In2 In4

Calculator: —= = —_=0.3466
2 4

48

v

/ xl xZ x}

Question 5 (¢)

ﬂ _1-Inx
dx x?
d’y B xz(—i) —(I-Inx)(2x)
dx2 (x2)2
B —x—2x+2xlnx
X4
—3x+2xInx
= T
d’y —3e+2elne -3e+2e -—e
> = 7 = 2 = _4 =——< O
dx — e e e e
(e, — | 1s a local maximum
e
O.SAy
04
0.35
0.3 \\
0.2
\
\
0.1
xL
2 45 10 15 20 "
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Question 5 (e) (ii) 0.5

1y
10°=c" = In10 = Inc
10 ¢ 0.4
Inx
J00="C [N
N
n10 0.3
10)=——
/(10) 10
Inc
— 0.2
Cc)=——
fle)== i
L f10)= f(e)=>c~1.4 =
0.1
X
c=14 5 10 15 20 i
Question 5 (e) (iii) 0.5 55
The maximum value of /(x) as calculated in
part (b) is e.
cex2 0.4
03 / \\
0.2
\
\
0.1
x 'Y
e=2735 10 15 20 i
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QUESTION 6 (25 MARKS)
Question 6 (a)

A(=1,0) B3,0) |, x_

f(x)=ax’ +bx’ +cx+d
A(-1,0)e f(x): f(-D=a(-1)’ +b(~=1)* +c(-1)+d =0
S—a+b—c+d=0..(1)

B@3,0)e £(x): f(3)=aB3)’ +b(3)’ +c(3)+d =0
~.27a+9%+3c+d =0..(2)

C(0, —6) € £(x): £(0) = a(0)’ +b(0)* +c(0)+d =6
cd=—6

So—a+b—-c=6..(1)
227a+9h+3¢=6=9a+3b+c=2..(2)

f(x)=ax’ +bx’ +cx+d

f'(x)=3ax’ +2bx+c

A(~1, 0) is a turning point = f'(~1) =3a(~1)* +2b(-1)+c =0
~3a-2b+c=0..(3)

Mathematics Leaving Certificate
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Solve equations (1), (2) and (3) simultaneously.

9a+3b+c=2..(2)
3a-2b+c=0..(3)

M+2):8a+4b=8=2a+b=2...(4)
M+@3):2a-b=6.....(5)

S4a=8..(4)+(5)
sa=2

Substitute into equation (4):2(2)+b=2=>b=-2
Substitute into equation (1): -2—-2—-c=6=c=-10
S f(x)=2x"=2x*—10x-6

Question 6 (b)

f'(x)=6x"—4x-10

D is a turning point = f’(x)=0= 6x" —4x—-10=0
3x* =2x-5=0

Bx-5(x+1)=0

Sx=-1,23

>3

x-coordinate of D =3

Question 6 (d)
3
A= [ (g0~ f(x))dx
- I;(Zx—6—2x3 +2x% +10x + 6) dx
3
= j (2207 +2x +12x) iy

2t 2 1240
= -+ =+
4 3 2

0
:[—%x4 +2x° +6le3)
={-303)"+3(3)' +6(3)"} -0

_8
2

Question 6 (¢)
B(3, 0) and C(0, —6) € g(x)

Slopem=w=2
3-0

Equation of g(x):2x—y+k =0
B3,0)eg(x):6-0+k=0=k=-6
2x—y —-6=0

Equation of g(x): g(x)=y=2x-6

Higher Level, Educate.ie Sample 3, Paper 1
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QUESTION 7 (50 MARKS)
Question 7 (a)
F

1+
( 100)

Question 7 (c¢) (i)

200 —-=€133 million

(1.06)

pP=

The exploration company should sell in 2020
because you would need €133 million now to
make this money. However, the multinational
company is only offering you €120 million
now.

Question 7 (¢) (iii)
200
(1+0)
200 5
120 3

1+i:(§J
3

1

Si= (%j -1=0.076 =7.6%

120 =

(1+i) =

3 3 3 3 3

Question 7 (b)
50000

P= 6
(1.03)

=€41874

Question 7 (c¢) (ii)
200
(1.08)

The exploration company should take the
offer now because you would need €116.7
million now to make this money. However,
the multinational company is offering you
€120 million now.

P= =€116.7 million

Question 7 (d) (i)
P= 3 =€2.83billion
1.06
Question 7 (d) (ii)
Year Reduction in Billions
1 3
3
3 3
4 3
5 3
6 2
7 2
8 2
9 2
10 2

2 2 2 2 2

= + + + + + + + + +
1.06 1.06° 1.06° 1.06* 1.06° 1.06° 1.06" 1.06° 1.06° 1.06"

3 { 1 1 1 1 }
= + + -+ T+ riRa
1.06] 1.06 1.06> 1.06° 1.06

2 [ 1 1 1 1 }
- 1+ + =+ T+ m
1.06 1.06 1.06° 1.06° 1.06

( 3 2 j 1 1 1 1 }
= —+ = [ 1+ + ~+ -+ "
1.06 1.06 1.06 1.06© 1.06° 1.06

()]
)

3 2
= +
1.06 1.06°

=€18.9 billion
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QUESTION 8 (50 MARKS)

Pure silver is, of course, 100% pure silver.
Britannia silver contains 95.8% pure silver.
Sterling silver contains 92.5% pure silver.

Question 8 (a)

Pure silver: 14 g
Mass of coin=15g

Purity = E—g =93.3%
g

Question 8 (b)
Let x = Mass of Sterling silver 0.925x+0.925y =25.9
Let y = Mass of Britannia silver 0.925x+0.958y = 26.3224

Mass of ring = 28
& 8 0.033y=0.4224= y=128¢g

X+ y =28 (x0.925)

0.925x+0.958y =26.3224 . x=28-12.8=152¢
Question 8 (¢) Question 8 (d)
1T =31.1034768 g S=CxTxp
1 C=094
— T =lg
31.1034768 Fo_ 28 .o
40 31.1034768
— — T =40g¢g
31.1034768 p=9%26
S$=094x0.9%x26=%22
540 g=1286T
Question 8 (e)
5 Year Pure Silver High 48.48 Low 8.92
50.00 50.00
45.00 f/\\ 2 45.00
2 40.00 \ 40.00
2 35.00 - 35.00
E’ 30.00 MJ / W \\/\ 30.00
g 25.00 w 25.00
% 20.00 v PN 20.00
15.00 (= v”‘\ e 15.00
10.00 v 10.00
5.00 5.00
0.00 0.00
o~ o0 o] N (@) (=) (=) — i N N
S S () S o — — — : — —
: 5 : £ : 5 E & = 5 =
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Question 8 (e) (i) Question 8 (e) (ii)
S=CxTxp S=CxTxp
C=0.96 C=0.96
T 60 _1.93 T=1.93

31.1034768 p=827.50
p=3$12.50 S =0.96x1.93%x27.5=$50.95
S =0.96x1.93%x12.5=923.16

Question 8 (f)

Minimum value = $8.92
Maximum value = $48.48

% change = (48.48-8.92) 1 00% = 443 5%
8.92

Question 8 (g)
S=CxTxp 20 36 T=36x31.1034768=111.97
C=? 25
r=1 932 _ () 83-83.3%
5= $30 111.97
S =825 You thought you were not getting the full market value
25=Cx1x30 for pure silver. The scrap dealer was right.

25

S C=—=83.33%
30
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QUESTION 9 (50 MARKS)

Question 9 (a) (i)
16 ~—

V=lér=nr’h=>h=— N
r

Question 9 (a) (ii)
A=2mr" +2nrh h (mm)

=27r’ + 27”(%)

=2mr’ + 32_7r

,

Question 9 (a) (iii) Question 9 (a) (iv)

_ 2 -1
A=2nr +32nr A:27rr2+32—n-

p
d—A:O:>47rr—327rr’2 =0 o
u Ay =27(2)° +—== =81 +167 = 247 mm’
32 3 2
dnr———=0=r" =8
r

Sor=2mm
Question 9 (b) (i) Question 9 (b) (ii)
am _ 1=5:m=10e > =10¢* =6.065 mg
dt . LX)
J‘ = — J‘e—%t di Question 9 (b) (iii)

e —10e ™ +10e ™ =14.536
m=10e 7 +¢ " e e me

t=0,m=10:10=10"+c=¢=0

sm=10e mg

Question 9 (b) (iv)
2=10e"" +10e 0"
02=¢ (1+e7)

et = 92 012449
L
— LT =1n(0.12449)

. T =-101In(0.12449) = 20.835 hours
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SAMPLE PAPER 3: PAPER 2

QUESTION 1 (25 MARKS)

Question 1 (a)

s:(x=2)+(y+3)° =25 Centre (h, k), Radius r
Centre 0(2,—3),1’:\/%:5 (x=h)+(y—k)’ =r

Substitute 4 into s to see if it satisfies

Pass A through O by a central symmetry to find B.
the equation of the circle. A6, —6) = O(2, —3) = B(-2, 0)
A6, —6)es?
(6-2)" +(=6+3)’
=16+9
=25

Question 1 (b)

20 32)

—-6—-(-3) -3 3 i :
Slope of O4: m, = (-3) _2__2 Equation of #

6-2 4 4 m=2%, (x, »,) = A(6, - 6)

Slope of t: m, = 4 [Perpendicular slope] y+6=3(x-06)
3 3y+18=4x—24
1:4x-3y—-42=0

Question 1 (¢)

OC is divided in the ratio a:b = 1:2.
02, =3)= (%, ), C(x,, ,), A6, ~6)
Ratio: a:b=1:2

S 2(2)+1x,
2+l

Point dividing [PQ] ( bx, +ax, by, +ay,
in the ratio a:b b+a ~ b+a

—6=4+x,=18=x,=14

. C(14, —12)

Equation of second circle: Centre C(14, —12), r =10 | Centre (h, k), Radius r
(x=14)7 +(y+12)* =100 | (x—h)> +(y—k)* =+
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QUESTION 2 (25 MARKS)

Question 2 (a)

Draw a line AC.

On line AC mark out three arcs of equal
radius with a compass.

Draw the line FB.

Using a set square and ruler draw lines
EH and DG parallel to FB.

The line AB has been divided into three D
equal parts.

S
Qe
we

I I
Question 2 (b)
A C D B

A(-1,2)=(x, ), B5, —4)=(x,, y,), C="? D is the midpoint of BC:
Ratio: a:b=1:2 B(5, —4), C(1, 0)
2(-D)+1(5) -2+5 _
- =2 p=[2 22205 g

2+1 3 ) 2
C22)+1(-4) 4-4 _0
T2+ 3
=.C(1, 0)
Question 2 (¢)
0(2, 0) P(a, b)
¢y’ =3x Jio
P(a,b)yec=b*=3a 0(2, 0)
|PO|=+/10 e

A Jla=2)* +(b-0) =10
(a=2)+b*=10
(a—=2)+3a=10 0
a’—4a+4+3a-10=0

a—-a-6=0

(a+2)(a-3)=0

.'.az;Q/, 3

b*=3(3)=9=b=13

P(3,3), 0(3, -3)
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QUESTION 3 (25 MARKS)

A

12

12

A

<
<

v Vv
A

Question 3 (a)

The two highlighted triangles
are similar triangles.

12 h
4 4—r
h

3=

4-r
s 12-3r=h

A

v Vv

Question 3 (b)
V=rr’h=rr’(12-3r)=24rn
120* =37 =24
P —4r' +8=0

Mathematics Leaving Certificate

Question 3 (¢)
f(r)=r—4r +8
fH)=1-4+8+=0
f(2)=8-16+8=0
Sr=2

h=12-3r

L h=12-6=6



QUESTION 4 (25 MARKS)
Question 4 (a)

Graph A Graph B Graph C Graph D
Correlation 0.72 —-0.90 0.96 —0.42
Graph C B A D

GraPH A: Very tight clustering indicating 7 is close to 1 and a positive slope.

GrapH B: Mostly tight clustering indicating 7 is close enough to 1 and a negative slope.
GraprH C: Clustering is moderate indicating r is somewhere around 0.75 and a positive slope.
GrapH D: Weaker clustering indicating 7 is less than 0.5 and a negative slope.

Question 4 (b) (i) Question 4 (b) (ii)
Is P(z>z)=P(z<-z)? Yes

Question 4 (b) (iii)
P0)=0
P(—o<z<+0) =1
Question 4 (b) (iv)
P(z>z)=1-P(z<z)

4 3 o = ! T2 5 3 4 Question 4 (b) (V)
Pz>0)=05 P(z<0)=0.5

P(z>0)=0.5 P(z<0)=0.5
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QUESTION 5 (25 MARKS)

G: Germinate, NG: Not germinate
P(G)=0.6, P(NG)=0.4

Question 5 (a) (i)

P(G, G, G, G) =(0.6)(0.6)(0.6)(0.6) = (0.6)* = %
Question 5 (a) (ii) s o

P(G, NG, NG, NG) =(0.6)(0.4)(0.4)(0.4) x 5 = 5
Question 5 (a) (iii)

P(NG, NG, NG, NG) = (0.4)(0.4)(0.4)(0.4) = (0.4)* = %

Question 5 (b)

Independence is necessary to do the calculation in (a) as the probability would change
depending on whether or not the other seeds germinate. Independence may not be valid as the
growing conditions (temperature, moisture and soil type) may vary from seed to seed.

Question 5 (¢)
Expected value = xP(x) = 4(0.6) =2.4

Question 5 (d)

Null hypothesis H: P= 0.9

Alternative hypothesis H: P < 0.9
97

Sampl rtion= p=——
ample proportion = p 120

hl

True population proportion = Sample proportion = 1.96(Standard error of the proportion)

Standard error of the proportion = r-p)
n
: . 97 -5
True population proportion = — +1.96,[12%—120~ — 0 738, 0.879
120 120

Confidence interval: 0.738 < 0.879

There is evidence to support the gardener’s claim that less than 90% of the seeds germinate
because, based on the sample data, any values in the range 73.8% — 87.9% are possible values
for the proportion of seeds in the sample that germinate.

P =0.9 is not in the confidence interval. At the 5% significance level, we accept the alternative
hypothesis and agree that the gardener’s suspicions are well-founded.
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QUESTION 6 (25 MARKS)
Question 6 (a)
Given: Three parallel lines AB, CD and EF such that C is on AE and D is on BF with |[AC| = |CE].

/B

4|

|
T

To Prove: |BD| = |DF].
ConstrucTION: Draw a line GH through D parallel to AE such that G is on AB and H is on EF.

A\ 4

Y

A 4

A , | /B
G\X
\ Y
C R D
\ )
E > F x\H
| A

Proor: ACDG is a parallelogram = |AC|=|GD|=|CE|
CEHD is a parallelogram = |CE | = |DH |
~.|GD|=|DH|
Now triangle GDB and triangle FDH are congruent (ASA) because:
|£BGD|=|£FHD|= X [Alternate angles]
|£GDB|=|2FDH|=Y [Vertically opposite angles]
|GD| =|DH| [Already proved]
~.|BD|=|DF|
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Question 6 (b) /

n_ L

'/ 12

x+y=5=>y=5-x z+w=13 (Pythagoras) = z=13-w
*oy o oh 2y _26-% x_z
4 6 6 3 3 y o ow
S 3x=10-2x

2 13-w
5510 E:T:2w:39—3w:>5w:39
Sx=2,y=3 ) 39 26

aw=—,z="—

5 5
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QUESTION 7 (75 MARKS)
Question 7 (a)

1200 4

1100

0100 e et i it et i i s et s s o :

900

800

700 ®

600 ®

500 /

400 ® ®

Foreign Income (Billions of euro)

300

200 ®

100

0 100 200 300 400 500 600 700
Domestic Income (Billions of euro)

Question 7 (b)

Casio CALCULATOR (fx-85GT PLUS) r=0.6378
Steps to find r:

Press Mode.

Press 2: Stat

Press 2: 4 + Bx

Input your x and y values

Press AC Button

Press Shift followed by the Number 1
Press 5: Reg

Press 3: r

Press =
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Question 7 (¢)

150+170+180+200+250+ 260+ 280+ 320+ 600 + 260

=267

X =

10

5= 400+ 580+700+380+ 500+ 200+ 400+ 220+1200+ 600

=518

10
(%, 7) = (267, 518)

()?a .)_;) = (2677 518): (xza yz) = (600, 1000)

1000518
m=——0ro0 =14
600267

As the yearly domestic income increases the foreign yearly income increases.

Question 7 (d)
Outlier (600, 1200);

Possible answer: A boom for the economy due to a huge tourist influx and a huge increase in

computer/pharmaceutical exports due to the exchange rate of the euro.

Question 7 (e)

Remove (600, 1200) from the table and input the results again into your calculator. After

pressing the AC button do the following:
Question 7 (e) (i)

Casio CALCULATOR (fx-85GT PLUS)
Press Shift followed by the Number 1
Press 4: Var

Press 2: x

Press = [Write down the answer]
Press Shift followed by the Number 1
Press 4: Var

Press 3: ox

Press = [Write down the answer]

x =230
o, =54
Question 7 (e) (iii)

Casio CALCULATOR (fx-85GT PLUS)
Press Shift followed by the Number 1
Press 5: Reg

Press 3: r

Press = [ Write down the answer]

r=-0.5085

Question 7 (e) (ii)

Casio CALcULATOR (fx-85GT PLUS)
Press Shift followed by the Number 1
Press 4: Var

Press 3: y

Press = [ Write down the answer)
Press Shift followed by the Number 1
Press 4: Var

Press 3: oy

Press = [ Write down the answer)

(x—230)

» 42+[(—O.5085)l60}
Y 54

y =442 -1.51(x—230)
y=442-1.51x+347.3
y=—-1.51x+789.3

Question 7 (f) (ii)
Slope m =—1.5
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Question 7 (f) (iii)

1200

1100

1000

900

800 |-

700 e o

600 .

500 -

400 Ld PS

Foreign Income (Billions of euro)

300

200 ®

100

0 100 200 300 400 500 600 700
Domestic Income (Billions of euro)

Question 7 (f) (iv)

The slope is now negative, there is a negative moderate correlation. The difference is that as
domestic yearly income increases the foreign yearly income decreases.
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QUESTION 8 (50 MARKS)

Question 8 (a)
P =100+ 20cos6¢ P =100+ 20cos 61
Maximum value : cos 67 =1 Minimum value : cos 67 = —1
.. P=100+20(1) =120 mm Hg (SP) . P=100+20(-1)=80 mm Hg (DP)
Question 8 (b) (i)
£(s) o | X |z | T | T | @ | T | Tt | 2
12 6 4 3 12 2 12 3
P (mm Hg) 120 100 80 100 120 100 80 100 120
Question 8 (b) (ii)
T P (mm Hg)

120

110

100

90
80 1(s)
T I o T ST 4 in 21
12 6 4 3 12 2 7 3
b sm m in
18 18 18 18
Question 8 (b) (iii) Question 8 (b) (iv)
Range = [80, 120] Duration == s
. T 3
Period = 3 Number of beats per minute = 0 _180_4
i =z
3
Question 8 (¢) (i)
Draw a line through P =100 mm Hg and read off the times as shown above.
P=110mmHg == Tg 17 U
- mmue 18718 " 18 18
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Question 8 (c¢) (ii)
P=100+20cos6t =110
20cos 6t =10 S AQ/
- T|C
cos 6t =1 = 6t =cos ' (1) = 60° =3 %
T Tm . r In
== Z[F == =
61 373 [First quadrant] LT
S 11z Sz 1z
=33 [Fourth quadrant] TIRT
Question 8 (d)
P =100+20cos 6¢

Z_P — _203in6¢x6 = —120sin 6¢
t

ar =-120sin6(0)=0

dar ).,

d_P = _12051n6(£j = —120sin(2—nj =—-114 mm Hg
dr ), 15 5

ay —120sin6(£j — _120sin (6—”j ~70.5 mm Hg
dt ), . 5 5

ar :—120sin6(£j:—120sin2n:0 mm Heg

dr ). 3

QUESTION 9 (25 MARKS)

A: People with high blood pressure

B: High level of cholesterol A B
(a) People with high blood pressure and (@)
high level of cholesterol = 10

10
15 3
(b) P(High BP)=—==
(Hig ) 40 8
. 25 5
(¢) P(High level of cholesterol) = m = <

(d) P(High BP and high level of cholesterol) = 10_

o
S

(¢) P(High BP or high level of cholesterol) = 30 =%

=]

() P(Aor B) =%

P(A)+ P(B)—P(Aand B)=—+

o0 | W
o |
|
AW

N
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SAMPLE PAPER 4: PAPER 1

QUESTION 1 (25 MARKS)
Question 1 (a) (i)

z=-3-i=>z=-3+4i |z=a+bi=>Z=a-bi

Question 1 (a) (ii) OR
z=-3—-i=(z+3+i) is a factor Roots: =3 —i, =3 +1
z=-3+i=(z+3-i) is a factor Sum S =-6
S(z+3+i0)(z+3-0)=0 Product P =10

22 +3z—-iz+3z+9-3i+iz+3i—i’ =0 22=Sz+P=0

22 +6z4+49+1=0 20 +624+10=0
22 +62z+10=0

Question 1 (b)

If z is a root of the cubic equation, its conjugate is also a root. This is because the coefficients in
the cubic are all real. Therefore, z> +6z+10 =0 is a factor of the cubic equation.

az’ +22z° +bz+40 = (2> + 6z +10)(az +4)

az’ +22z° +bz+40 = az’ +(6a+4)z> + (10a +24)z + 40

n22=6a+4=a=3

10a+24=b=54=5h

232 42227 4542440 = (2 +62+10)3z+4)=0

z=-3—i,—3+i, —4
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QUESTION 2 (25 MARKS)
Question 2 (a)

ax by ¢z

Let =k

b-c - c—a a-b
ax=k(b—c)

by =k(c—a)
cz=k(a-b)
ax+by+cz=kb—kc+kc—ka+ka—-kb=0
Question 2 (b) (i)

X+V5x+19 =-1

VSx+19 =—(x+1)

5x+19=x"+2x+1

x*=3x-18=0

(x+3)(x-6)=0

x=-3,6

Check solutions:
x=-3:-3+/4=-3+2=-1
x=6:6+49 =6+7=13
ANS: x =-3

QUESTION 3 (25 MARKS)
Question 3 (a)

(1) +(2):9x+4z =43....(4)
(2)—(3):4x+22 =20...(5)(x—2)

Ox+4z=43
—8x—4z=-40

X =3

27+4z=43
4z=16=z=4

6—-y+12=20
SLy==2
ANSWER: (3, -2, 4)

Question 2 (b) (ii)

log, x + =17

log, x
(log, x)* —=7log, x+12=0
(log, x—3)(log, x—4)=0
~log,x=3=>x=2"=8

slog,x=4=x=2"=16

Question 3 (b)

2-3k)x* +(4—-k)x+2=0
No real roots: b* —4ac < 0
(4-k) -4(2-3k)(2)<0
16 -8k +k*> —16+24k <0

k> +16k <0
k(k+16)<0

k(k+16)=0=k=-16,0
ANS: —16 <k <0

Higher Level, Educate.ie Sample 4, Paper 1
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QUESTION 4 (25 MARKS)
Question 4 (a)

Li, g, 3

a=1,r=1

Soo:L: 1 :E
I-r 1-1 2

QUESTION 5 (25 MARKS)
Question 5 (a)

Question 4 (b)
a—d,a,a+d
a-d+a+a+d=3a=27=a=9

9-d,9,9+d
9-d)Y+9°+(9+d)” =293

81-18d +d’ +81+81+18d +d* =293
2d* =293-243

2d* =50

d’> =25

d =15 (Use either)

Numbers: 4, 9, 14

This is a bijective function as there is a perfect one to one correspondence between the x and y
values. A bijective function means it is both an injective and surjective function.

INJECTIVE FUNCTION

SURJECTIVE FUNCTION

BuEecTive FuncTION

Question 5 (b)

v

v

v

Ay

y=5x

v

This is a surjective function which means that every y value has at least one matching x value.
It is not injective as many y values have more than one corresponding x value.

InsECTIVE FUNCTION

SURIECTIVE FuNcTION

BuecTive FuncTION

X

v

Ay

N
[\
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Question 5 (¢)

This is an injective function which means that every y value has its own unique matching x value.

INJECTIVE FUNCTION

SURJECTIVE FuNCTION

BuecTivE FuNcTION

Question 5 (d)

v

X

X

Domain = {0, 1, 2, 3, 4, 5,....}

Range = {0, 1, 4, 9, 16,....... }

Every element in the domain matches to
a unique element in the range. There are
elements in the range that do not have a
matching element from the domain.

This is a bijective function as there is a perfect one to one correspondence between the x and y
values. A bijective function means it is both an injective and surjective function.

INJECTIVE FUNCTION

SURJECTIVE FUuNCTION

Buective FuncTioN

Question 5 (e)

v

v

v

Domain = {Positive real numbers}

Range = {Positive real numbers}

Every element in the domain matches to a
unique element in the range. Every element
in the range has a unique matching element
from the domain.

This is a surjective function which means that every y value has at least one matching x value.
It is not injective as many y values have more than one correspoding x value.

INJECTIVE FUNCTION

SURJECTIVE FUuNCTION

Buective FuncTion

Question 5 (f)

X

v

X

Domain = {All real numbers}

Range = {Positive real numbers}

Every element in the domain matches to at
least one element in the range. Some values
in the range match to two elements in the
range. For example, 22 and (-2)? both map
on to 4.

This is not a function because x values have two y values.

INJECTIVE FUNCTION

SURJECTIVE FUNCTION

Buective FuncTioN

X

v
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QUESTION 6 (25 MARKS)
Question 6 (a)

f(x) 1s continuous as there are no gaps.
g(x) 1s not continuous at there is a gap at x = 0.

Question 6 (b)
y=f(x)=-Ix’+Zx+3 R
()= —Ly4 L2
S ¢ Y=/
fl(x)=0=>-Ix+2=0
-14x+17=0
X=14 D
Question 6 (¢) 4 B\
y =g
y=f(x)=-Ix’+Zx+3
y=0=-Ix"+Zx+3d=0
7x*=17x-62=0
(7x-3D)(x+2)=0
x=-2,3
- A(=2,0), B(3, 0)
Question 6 (d)
(1,12) € f(x)? (4,3)€ f(x)?
f(x)==Ix*+x+3 f(x)==Ix*+Zx+3
FU)==20) + 20+ F@)==2(4) +L(@)+Y
=—1+1243=36=12 (True) =—F+3+3=3=3(True)
(1,12) € g(x)? (4,3)eg(x)?
12 12
g(x)=— gx)=—
X X
12 12
g(1)=T=12 (True) g(4)=1=3 (True)
Question 6 (e)

A= [ (S -g)dv

= Il4(—%x2 +%x+%—£j dx
X

=[-&xX +2x* +dx-12Inx];

= (@) +E @)+ 3@ ~12In(4)} — {~F () +F (1)’ +3 () ~121n(1)}

—_12In4~11.1
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QUESTION 7 (50 MARKS)

11.885 m S 64m—B

Question 7 (a)

Height of player + arm span above head = 1.85 m + 0.8 m =2.65 m
y=3.3-13t-4.9¢

t=0:y=33m

Height above base of racket = 3.3 —2.65=0.65m

Question 7 (b)

y=3.3-13t-4.9¢

y=0:49+13t-3.3=0

,_o13% J13* —4(4.9)(-3.3)*
2(4.9)

Question 7 (¢)

x="70¢

t=0.23:x=70(0.23)=16.1 m

Distance from baseline to far serve line = 11.885 m + 6.4 m = 18.285 m
Ballisinas 16.1 m < 18.285 m

Question 7 (d)

x =70t

x=11.885:11.885=70f=1=0.17 s

Question 7 (e)

y=33-13t-4.9¢
t=0.17s:y=3.3-13(0.17)—4.9(0.17)> =0.948 m

Yes, it will clear the net.

Question 7 (f) (i) Question 7 (f) (ii)

y=33-13t-4.9¢ x=Dbt
y=0914:0.914=33-13t-4.9¢ t=0.172:11.885=5(0.172) = b = 69.1
49> +13t-2.386=0

_13+ 2 _
. 134413 44.9)(2.386) _ o
2(4.9)

=0.23s

Higher Level, Educate.ie Sample 4, Paper 1 73



QUESTION 8 (50 MARKS)
Question 8 (a)

y=ab'

log,, y =log,,(ab")

log,, y =log,, a+log,, '
log,, y =log,, a+tlog,, b

Question 8 (b) (i)

¢t (Number of years after 2006) 1

y (Cost €)

500

610

720

890

1050

1540

log10 y

2.70

2.79

2.86

2.95

3.02

3.19

Question 8 (b) (ii)

log,, y
4.00

3.155—

3.00

2.875——> /
2.600—»

2.00

1.00

74
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Question 8 (¢)

y=mx+c

log,, y=tlog,,b+log,, a

c=log,a

2.6=log,,a=>a=10"° =398

m=1log,, b

Points on graph: (3,2.875), (6, 3.155)

3.155-2.875

m=————
6-3

0.093 =log,, b=>b=10""" =124

=0.093

Question 8 (d)
€398

Question 8 (e)

y=ab'
2200 =398x1.24"
22001 5y
398
2200
lo —— |=tlog,,1.24
1o ( 398 j 1o
log (2200)
10 ~rno
'.t:i:7.9z8 years
log,,1.24
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QUESTION 9 (50 MARKS)
Question 9 (a) (i)
h=1+x

Question 9 (a) (ii)
x4t =1

2
r=+1-x

Question 9 (b)
V=1imnr’h
=1in(1-x*)(1+x)

=in(l+x—x"+x7)

Question 9 (¢) Question 9 (d)
V=inl+x—x"—x") x=1
- —4
cjj—V:§n(1—2x—3x2)=0 h=ltx=3
X \/ 2 1)2 8 _ 2
r=Al-x = J1-(4)? = [E =22
3x° +2x-1=0 V=0 =5 =3
Bx-D(x+1)=0 tang_f_% 2 1 )
x=A,4 R
L COROEOPEE T 1
i ’ Y 9=tan‘l(L]z35°
2 h=%
o0
X
AI—
Question 9 (e) r= %\/E
av

Cone: — =-02cm’s™
d

t
Sphere: v _ +02 cm’s™
dt
V=nh®-Linh’

a _ 21ch — h?
dh

d_V:d_V ﬁ_(z h—1 h)—
dt  dh dt

dav 2, dh
(E)H} =0.2 =[27(0.3) - (0.3)"] o

dh | 0.2
Cdr [2m(0.3)=7(0.3)%]

=0.125 cms™
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SAMPLE PAPER 4: PAPER 2

QUESTION 1 (25 MARKS)
Question 1 (a)

x+y-3=0=>m =-1

2x+y-1=0=>m, =-2
~1-(-2) (—1+2) 1 tan@zi(u]
tan0:+ - - 1+mm
1+(-D-=2)) L1+2 ) 3 i

O =tan"'({)=18.4°

Question 1 (b)

6 =tan '3 = tanf =3
2x-y-8=0=>m, =2

34 m—2
\1+2m

231+ 2m)=(m—2) 234+ 2m)=—(m—-2)
3+6m=m—2 3+bm=—-m+2
Sm=-5 Tm=-1

m=-1 m=—1

Equations of line:
[Lrm=-1=x+y+k=0

4, -Dell=4-1+k=0=>k=-3
[:x+y-3=0

Lim=—1=x+Ty+k=0

4, -Del,=>4-T7+k=0=k=3
L:x+T7y+3=0
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QUESTION 2 (25 MARKS)

(-2,6)4

s1x*+y =2x-4y-20=0 Centre (h, k), Radius r

Centre (1, 2), =P 122420 =425 =5 | @=)' +(y=k) =r

Radius of new circle: 7 =3
Centre of new circle is midpoint of (1, 2) and (-2, 6).

-2

Centre:(_erl, gj— L, 4)
2 2

Equation of new circle: (x+1)*+(y—4)*=(3)°

X Hx+i+y’-8y+16=2

X'+ +x-8y+10=0
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QUESTION 3 (25 MARKS)

Question 3 (a)
The adjacent interior angles in a parallelogram add up to 180°.

Question 3 (b)

D=

cos(180° —0) = cos180° cos O —sin180° sin O
=(-=1)cosO —(0)sinO

=—cos0

Question 3 (¢)

0

180° -6

D X C D A
p>=h+k*—2khcos@....(1)

q> =h*+ k> —2khcos(180° —0)
q> =h*+ k> +2khcos0....(2)
Add equations (1) and (2):
Pt gt =20 42k

Higher Level, Educate .ie Sample 4, Paper 2
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QUESTION 4 (25 MARKS)

Height

Q=170  _ UQ = 180
Question 4 (a) p=175

(i) Median M =175 cm

(ii) Lower quartile (LQ) =170 cm

(iii) Interquartile range = 180 — 170 = 10 cm
Question 4 (b)

75% of students have a height less than 180 cm.

Question 4 (¢)
P(x<180)=0.75
P(z<£Z)=0.75=2z=0.675

x=180:z= Y"1 0675 = 180173
(e} O

180-175
O =——=
0.675

7.4 cm

Question 4 (d)

x:170:z:M=—0.675
7.4

x:180:z:M:0.675
7.4

P(170 < x <180)
= P(-0.675< z < 0.675)
= P(2<0.675)— P(z <—0.675)
= P(2<0.675)— {1 - P(z < 0.675)}
=2P(z<0.675)-1
=2(0.75)-1
=1.5-1
=0.5
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QUESTION 5 (25 MARKS)

X 1 2 3 4 5
P(x) 0.1 0.2 0.3 0.3 0.1

Question 5 (a) (i)
P(Atleast 3)=1-[P(1)+ P(2)]
=1-0.1-0.2=0.7

Or
P(3)+P4)+P(5)=03+03+0.1=0.7

Question 5 (a) (ii)
__ 2 XP() _9(0.1)+2(0.2)+3(0.3) +4(0.3) + 5(0.1)

X =3.1
>.P 0.1+0.2+0.3+0.3+0.1
Gender For Against Total
Male 58 85 143
Female 84 73 157
Total 142 158 300
Question 5 (b) (i)
P(Male and Against treaty) = & _
¢ Y 300 60
Question 5 (b) (ii)
P(Female or For treaty) = 81157 _ 43
300 60
Question 5 (b) (iii)
82
142 71
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QUESTION 6 (25 MARKS)
Question 6 (a)
A0, 0), B(1, 4), C(4,1)
A=3]xy, —x.p]
=M - (@)
=315

15
2

Question 6 (b)

_ |image Length| |04’ 3

~ |Object Length| |04] 2

a=3,b=1
O(-1, 3) =(x;, »,); A0, 0) = (x,, »,)

A,_£3(0)—1(—1) 3(0)—1(3)]_(1 _gj
B 3.1 7 3-1 ) \2° 2

a=3,b=1
O(=1,3)=(x;, »); B(l, 4) = (x,, »,)

B - (3(1) —1ED 3@~ 1(3)j _ (2’ 2)

3-1 3-1 2

a=3,b=1
O(-1,3)=(x,, »); C(4, D =(x,, y,)
C,=(3(4)—1(—1) 3(1)—1(3)j=(§ Oj

b

3-1 3-1 2
Question 6 (¢)
A = l’_é SN _6’_§j
22 2
B'=|2, 2}—)(—2,2J
2 22
C'= E,Oj—)(O, 0)
2
9 3 9 27
A=L|(-6)| = |-| -=|| —= ||=1|27-—|=
2 )(2j ( 2)( 2j‘ ’ 4

135
Area A'B'C" 8 )
Area ABC ( 15 j

i'EETE_RN:L_DEIs_ION_ _________ _i
i 5 |
x:axz x1’y:ayz Vi |
| a |
| |
| b |
| |
| 4, ) B(x,, y) Ctx,y) |
L o e e e e e e e e e |
G135 185
o4 8
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QUESTION 7 (50 MARKS)

Question 7 (a)

(i) Arandom variable is a function that associates a unique numerical value with every
outcome of an experiment. It may vary from trial to trial as the experiment is repeated.

(ii) DiscretE: EX. A coin is tossed five times. The random variable is the number of heads.
Its values can be 0, 1, 2, 3, 4, 5.

Conrtinvous: Ex. The temperature in a house during the day can take any positive or
negative value within a certain range.

(iii) Expected value u= Z xP(x) =Mean of a probability distribution.

Question 7 (b)
(i) A prime number is a whole positive integer (excluding 1) divisible by itself and 1 only.
.o Die 4
ii
(i) 2 4 5 6
1 2 3 4 5 6 7
2 3 4 5 6 7 8
|3 4 5 6 7 8 9
)
Slal 5| 6| 7] 8] 9| 10
5 6 7 8 9 10 11
6 7 8 9 10 11 12

(iii) Primes in table: 2, 3, 5,7, 11
Number of primes = 15

P(Sum that is a prime) = Number of primes __5
Number of numbers 36 12

(iv)  P(Sum that is not a prime) = Number of non-primes = 21 _T
Number of numbers 36 12

Question 7 (¢)

Outcome Not a Prime Sum Prime Sum

P = =z

Net income to Bob -3 3

xP() - 3
Question 7 (d)

() E=) xP(x)=—%+3

1
2

E =-50 c, on average Bob loses 50 ¢ per game.

(ii) Expected losses: 30x(—1)=—€15

Higher Level, Educate .ie Sample 4, Paper 2
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Question 7 (e)

AxLiSxy=1
3><12+12X—2

-21+5x=6
S5x=27
x=25—7:€5.40

QUESTION 8 (25 MARKS)

Question 8 (a)

P#) =3

P(Not 4) =4

P=1-{"C,()' " +"C 'R+ CE D"+ "C) @D+ C ) D)+ C ) )"
=1-0.898
=0.102
=10.2%

Question 8 (b)

A probability of 10.2% means that a fair die will give six or more 4s 10.2% of the time in 20
throws of a die. So there is nothing unusual about the die used in the casino. If the probability
of at least six 4s when a fair die was tossed 20 times was less that 5% then this probability is so
small that it hasn’t happened by chance and so the die is biased.

QUESTION 9 (75 MARKS)
Question 9 (a)

(i) Arhombus is a simple quadilateral whose sides are equal.
(ii) The angles in a quadrilateral add up to 360°. If each angle is equal, each angle will be 90°
and hence a square is the shape formed.

Question 9 (b)
(i) Perimeter P =2a +2b A
30 30
(i) Area of AADC =1(p)Liqg)=1 v
(DG =1p9 D <o 7 o 1007 B
Area of AABC =1(p)(3q)=1pgq
Area of ABCD =1 pg+1 pg=1=pq p

Area of AADC =1 absin6
Area of AABC =1 absin6 40 40
Area of ABCD = absin0
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Question 9 (¢)
Q)] |AC|2 =30% +40° —2(30)(40) cos 100°
~.|4C|=54 cm

sin(|£CAD|) _ sin100°

40 54
40sin100°
54
40sin100°
iy

(i)

sin(|£CAD|) =

|4CAD| =sin™ ( =46.8°
1|8D|
30
oo |BD)
..8in46.8° =——
60

|BD|=60sin46.8° =43.7 m

(i) sin(£CAD|)=

(iv) Area =(30)(40)sin100° =1182 cm’

Question 9 (d)

B 0 A O W
0CM1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Cl Ll oL 6 8 L 9 S 14 € 4 L S3HONI 0
\\|||H|\|||\\\|||||H\|||\|\\|||\\l\|||\H|||||\\\|||\|H|||H|\|||\\\|||||\H|||||\\||||\M||

\‘ [ | | H“H‘HH‘HH‘HH‘ [ [ | [ [ [ )
i o R
C 1 2aM3 4 s 6 7 & 9 10 1 12
F oz
n
= e
:—N
ce
-

Draw a line segment [4C] of length 10 cm.

Using a compass draw an arc of radius 10 cm with C as centre.

Using a set square place a rule perpendicular to 4C and move the ruler into position such that it
measures a chord of distance of 10 cm. Draw a line along the ruler in this position.
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Draw the kite ABCD.

Question 9 (e) (i)

Consider the right-angled triangle BEC:

a’Z:hZer—2
4
h? dZ_d_zzﬁ
4 4
he 3403,
4 2

C

Consider the right-angled triangle BEA:

x:d—h:d—ga’:d(l—ﬁJ:d[&]

2 2

2-3

d
tan(ZA4BD|) = ———~=

)
—>=2-\3)

2
~.|£4BD| = tan™' (2—3) =15°
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Question 9 (e) (ii)

d

4 1

sinf=2+=—=0=sin"'(4)=30°
d 2 )

|£4DC|=75°,

ZABC|=75",

Z£BAD|=150°,

ZBCD|=60°

Question 9 (f)
tan15° =tan(45° —30°)

_ tan45° —tan30°
1+ tan45° tan 30°

1———

__jxﬁ_ﬁ—l
j NERNCES

1+—=

NG)

_(3-D (f3-D_3-23+1
B+ (B-1)  3-1
4-23

3

)
=2-3
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SAMPLE PAPER 5: PAPER 1

QUESTION 1 (25 MARKS)
Question 1 (a)

Im
4 zZ=1z
iz 3
2
1
Re_
-4 3 2 -1 1 2 3 4
-1
-2
-3 i’z
2
1z
—4
Question 1 (b)
z=3+4i->m=%
iz=i(3+4i)=3i+4i’=—4+3i >m=-3
i’z=-13+4i)=-3-4i>m=4%
Pz=-i(3+4i)=-3i-4i’ =4-3i >m=-32
i‘z=13+4i)=3+4i>m=4%
Question 1 (¢)
Causes:

Multiplying a complex number z by:

an anti-clockwise rotation of 90° to z

an anti-clockwise rotation of 180° to z

an anti-clockwise rotation of 270° to z

an anti-clockwise rotation of 360° to z
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QUESTION 2 (25 MARKS)
Question 2 (a)
x’=2=2y"
3x=y+7=>y=3x-7

x> —2=2(3x—-7) [Replace y in the quadratic equation.]
x> —=2=2(9x" —42x +49)
x*—2=18x" —84x+98
0=17x"—84x+100
0=(017x-50)(x-2)

x=2,3
x=2:y=32)-7=6-7=-1
x=2:y=33)-7=2_7=1

17
Ans: (2, -1), (%2, &

17217
Question 2 (b)

x —hkx® —22x+56 = (x+4)(x* +ax +14) [A cubic is equal to a linear by a quadratic.]
X —kx* =22x+56=x" +(a+4)x’ + (4a+14)x+56

S22=4a+14=4a=-36=>a=-9
S—k=a+4=-k=-9+4=-5=k=5

X =5x7 =22x+56=(x+4)(x* - 9x+14)=0
(x+4)(x-2)(x-7)=0
x=-4217
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QUESTION 3 (25 MARKS)
Question 3 (a) (i)

b +b

f0=
b +b

fla)=3= =3
b +b =3b"—3b
4b™ = 2b"
4 b
2 b
s 2=b"

Question 3 (a) (ii)

b* + !

bZa +b72a B ﬁ

2a) = =
f( a) bZa _b—2a b2a B l

b2a

Question 3 (b)

logb\/7=1/loghx
log, X' = Jlog, x

1log, x = \/log, x [Square both sides.]

}(log, x)* =log, x
(log, x)* —4log, x=0
log, x(log, x—4)=0
~log, x=0=>x=b"=1

slog,x=4=x=b"

b* +1=17 [The roots add to 17.]

b =16
b=12
b=2asb>0
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QUESTION 4 (25 MARKS)
Question 4 (a)

STEPS FOR PROOF BY INDUCTION

1. Prove result is true for some starting value of n € N.
2. Assume result is true for n = k.

3. Prove result is true for n = (k +1).

1. Prove true for n = 7:7!=5040 [Therefore, true for n ="7.]
3" =2187
S>3

2. Assume true for n = k: Assume k! > 3*

3. Prove true for n =k + 1: Prove (k + 1)! > 3+*!
Proof:

(k+D!'=(k+1)k!
> (k+1)3*  [From step 2 where k! > 3/]
>3x 3k [(k+1)>3because k>7 = (k+1)=>8]
s (k+Dk!> 34
Therefore, assuming true for n = k means it is true for n = k + 1. So true for » = 7 and true for

n =k means it is true for n = k + 1. This implies it is true for all n =7, ne N.

Question 4 (b)

b, br*, br',.......... 5 _g :a(l—rZ”):b(l—rz”)
First term = », Common ratio = o l-r 1-7°
b(1—r*") a_ _ b
Sn=? A-r) (1+r)1-=7r)
b
a=—-
a, ar, ar’,........ 1+rb
First term = ¢, Common ratio = r (I+r)=—
a
a(l—r™)
Sw=—1 =l
a
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QUESTION 5 (25 MARKS)

Question 5 (a)

fx)y=a
LPef)=f(-D=a'=}
I 1

—=—=a=3
a

Question 5 (b) (i)

J(x)=3"

f(0)=3"=1

- B(0, 1)

Question 5 (b) (ii)

The function is not bijective as every y value does

not have a corresponding x value. For
example, y =—7 has no x value.

Question 5 (c) [Graph to right]

Question 5 (d)

d
yzax:—y:axxlna
dbx

y:3’“:>d—y:3"><ln3>0
dx

This is always increasing as In 3 > 0 and 3* > 0 for
all values of x.

dy

— =(In3)x3"

i (In3)

2

dx{ = (In3)* x3"
dzy

Points of inflection: ~-=0
dx

(In3)*x3* =0
3* =0 (No solutions)

There are no points of inflection.

r' s y
2
B
1
A
/ X
=2 =1 0 1 2
'y
fx)
2 V=X
B
1
A
] X
=2 =1 10 Ho
1)
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Question 5 (e)
y=3
y= B=3=%17

QUESTION 6 (25 MARKS)
Question 6 (a)

y=In(x+1)

dy _ 1

de x+1

Question 6 (b)

x+3  (x+1)+2 1+ 2

x+1 (x+1) x+1

Question 6 (d)

P hw=3
1742
B
1
A
,/ X
=D =1 0,11 2]
Question 6 (¢)
3x+3
U x+1
= 1+—2 dx
1 x+1
=[x+2In(x+D]
=(3+2In4)-(1+21In2)
=3+2In4-1-2In2
=2+2(In4-1n2)
=2+2In2
Average Value:imz:1+ln2

The function is not continuous. At x = —1 the function is not defined.
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QUESTION 7 (50 MARKS)

Question 7 (a) Question 7 (b)
~ 3000ke”* _ 3000ke”*
1+ keO.ZSI p 1+ keO.25t
0 0.25¢
£ 20:500 = 3000k§ _ 3000k 1233 3000(0.255
1+ ke 1+k 1+0.2e™
500(1+ k) = 3000k 1233(1+0.2¢"*") = 600"
500+500k = 3000« 1233+ 246.6¢"*" = 600e"*
500:2500k 1233 :353.460.2&
=299 0, 1233 _ oa
2500 353.4
h{@] - 0.25¢
353.4
RS 4ln( 1233 ] ~ 5 years
3534
Question 7 (¢) (i)
t (years) 0 2 4 6 8 10
)% 500 744 1057 1418 1789 2127

Question 7 (c¢) (ii)

p
2500 4

2000 V/////

1600 —>
1500

1000

500
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Question 7 (d) (i) Question 7 (d) (ii)
p = 1600 after seven years ~3000(0.2) 0257

1+(0.2)e"#" =1605

Question 7 (e)

~300000.2)"*" 600"
C14(02)e" T 140.28"
600e"*
JRIEEY B 600
1 026" 0.2+

0.25¢ 0.25¢
e e

Question 7 (f) (i)

limr" =0, r|>1

n—>0

Question 7 (f) (ii)

lim p =lim

t—0o0 11—

=3000

( 600 j_. 600 600 600

lim = =
~0.251 P
02+e 024 1 024 I 02+0

0.25¢ N
e

o0

Question 7 (g)

600
0.2+

% = —600(0.2 + ¢ °>) 2 (€% x (~0.25))

P = 600(0.2+¢ %)

150
= eO.ZSt(O 2_'_670.25;)2

dp 150
e ) I ~ 122 flowers/year
(dt ][=1 80.25 (0.2+e—0.25)2 y
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QUuESsTION 8 (50 MARKS)
Question 8 (a) (i)

A
(1.055)°

. _A A
First repayment: 1055 Second repayment: W’

Third repayment:
Question 8 (a) (ii)

A A A A A A
- + P 3t e st 6
1.055 (1.055)" (1.055)" (1.055)" (1.055)" (1.055)

Question 8 (a) (iii)

A A A A A A . . .
P= + >+ T+ o+ =+ = [This is a geometric series. ]
1.055 (1.055)° (1.055)" (1.055)" (1.055)" (1.055)
A 1

a= , V=
1.055 1.055

A 1
6 1- 6
_ a(l-r") _ 1.055 1.055

S
6 I-r 1_L
1.055
16455(1_101'556) 15 000(1_10155] 4
215000 == ~ = .055) _
o1 _ 1.055
1.055 1.055°
1.055x15 000[1—10155)
nA= S = €3002.68
1—
( 1.0556]
Question 8 (b) (i)
A A A 4
P=——— 4 ——+——— 4 . +——
A+ (+i) (1+0) )
Question 8 (b) (ii)
P= < Tt 4 >+ 4 Tt e, + 4 [This is a geometric series. ]
A+ (+i)  (+0) (+i)

A 1
a= , =
(1+17) (1+19)

A [1_ 1 ) A((Hi)’—lj A[(l+i)’—1j
¢ _p_al=r)_(+nl (+)')_ a+i ) LA+ ) _a@+i -1

‘ 1—r 1 (1+i-1 i i(1+i)
1_
(1+1) aﬂ)((lﬂ')j
i(1+7)
O ((+i) =)
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Question 8 (b) (iii)

i(1+i)
((1+5) -1)
6
=15 000x M =€3002.68
(1.055" -1)
Question 8 (¢) (i)

(1.055)" =1.0044717 =1+i
i=0.0044717 = 0.44717%

Question 8 (c¢) (ii)

i(1+i)
((A+i)' =1

72
15 000 x 0.0044717(1.0()74214717)
(1.0044717°° -1)

Question 8 (¢) (iii)
€3002.68x6—-€244.13x72 =€438.72

=€244.13
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QUESTION 9 (50 MARKS)

Question 9 (a) (i)
dN 0.006(10) 113
— =0.8e = 0.85 billions of barrels per year
dt t=10
Question 9 (a) (ii)
dN 0.006(20) 113
— =0.8e =0.90 billions of barrels per year
dt t=20
Question 9 (b)
d_N — 0'860.006[
dt
[dN =[0.8e"" it
_ 0.8 0060 | @eo‘oooz te
0.006 3
Boundary conditions: At =0, N=0.
N = ﬂeo.oom g
3
400 400
S 0=— e+c:>c:—T
N = ﬂ 00061 _ @ _ @ (eo.oosz -1
3 3 3
t=20:N= @(e(’mm‘” —1) =17billion
Question 9 (¢)
400

N =55: 3 — (" ~1)=55
60'006[=3X55+1=E
400 80

;1 13 =57.56 = 58 years
0.006 \ 80

Question 9 (d)

1 barrel =0.159 m®

10
4.714%10"° m? = 4714—XIO
0.159

=2.965x%x10" barrels
=296.5x10’ barrels
= 296.5 billion barrels

barrels

Question 9 (e)

N =296.5: 420( 0006 _1) = 296.5

oo _3x2965 2579

400 800
= ! In 2579 ~ 195 years
0.006 | 800
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SAMPLE PAPER 5: PAPER 2

QUESTION 1 (25 MARKS)
Question 1 (a)

ACADC ={C} A46,1) : B
AC:x—y—-4=0
DC:2x+y—-5=0 E

3x -9=0=>x=3
3-y-4=0=y=-1
~C@3, -1 |
: . D C
E is the midpoint of 4 and C
A(Sa 1): C(3s _1)
E=(ﬁ,ﬂ]=(4,0>

2 2
Question 1 (b) Question 1 (¢)
AC 1 BD [Diagonals of rhombus are perpendicular.] | DC DB ={D}
A5, 1), C(3, -1) DC:2x+y—-5=0

-1-1 = DB: -4=0
SlopeofAC:Q:—zzl ¥y
3-5 2 x —l=0=x=1

Slope of BD = -1 l+y-4=0=y=3
E:(ﬂ,ﬂ]:@’ 0) - D(, 3)

2 2
DB:m=-1, (x, ) =(4,0) D(1,3) > E(4,0)— B(7, -3)
y=0=-1(x-4)
y=—x+4
x+y—-4=0
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QUESTION 2 (25 MARKS)
Question 2 (a)

sxP Y —2x—4y+k=0
Centre O(1, 2), r=vI*+2* —k =~/5—k

OPQ is a right-angled triangle.

52+ (5-k)* =(J/10)?
25+5-k=10
k=20

Question 2 (b)
U(-2, 6), V(-3, -1), R(0, 0)

Slope ofRU:M:_zz_l
0-6 6 3

Slope of RV = 0-(3)_3
0—(-1) 1

—§x3:—1:>RUJ_RV

U(-2, 6)

02, 1)

R(0, 0)

o =3,-1)

Each angle in a semicircle is a right angle. Therefore [UV] is the diameter of the circle containing

points U, V and R.
U(_za 6)’ V(_35 _1)

2

-2-3 6-1
2

Midpoint of UV = Centre O(T -
=(=3,3) = k)
r =4OV =4 (3= (-2))* + (-1-6)’
1
2

J1+49 =150

Equation of circle : (x —h)* +(y—k)* =»*
(r+3) +(y=3)" =(350)°

X 4+5x+ 84y -5y+8 =2

X'+ +5x-5y=0

Or

Equation of circle: x* + y* +2gx+2 fy+¢ =0
R(0,0)ex’+y* +2gx+2fy+c=0=>¢c=0
(& -N=(4P=g=t f=—3
X+ +5x-5y=0

Or
W(x,y)

N

U(-2, 6) -

V=3, -1)

Slope of UW L Slope of UV

L 0-0 O+ _
T (x+2) (x+3)

Y =5y—6=—(x"+5x+6)
X+ +5x-5y=0
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QUESTION 3 (25 MARKS) B
Question 3 (a)

tan 60° = _h = |AC

|4C]

Question 3 (b)
Consider the right-angled triangle DBC.
h h h
tan30° = —— =|DC = =/3h

" tan30° (\/1_)
3

Consider the right-angled triangle ADC.
IDC[ =|AC|’ +|4D[

]’l 2
3h)? =| — | +24?
s (ﬁ] i

2
302 =" 4 576
3
2
&:576
3

ch= /57ZX3 =147 m
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QUESTION 4 (25 MARKS)
Question 4 (a)

Score f X fx CF
0-10 20 5 100 20
10-20 60 15 900 80
20-30 140 25 3500 220
30-40 200 35 7000 420
40-50 400 45 18 000 820
50-60 500 55 27 500 1320
60-70 430 65 27 950 1750
70-80 260 75 19 500 2010
80-90 140 85 11 900 2150
90-100 60 95 5700 2210
2210 122 050
Question 4 (a) (i) Question 4 (a) (ii)
Number of students = 2210 Mean 4 — 122 050 557
2210
Question 4 (b)
600
500
=
Q
S
3 400
o
o
3 300
O
g
Z
200
100
0 10 20 30 40 50 60 70 80 90 100
Test Score

The 1105™ student has the median score. This student lies in the 50—60 class interval.
_ (1105-820) " The median and mean are nearly the same |

Median x10+50=55.7
l as the distribution is close to normal. l
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Question 4 (c) (i)

o =185, p=552 EmpirIcAL RULE: In any normal distribution with
u+o=552+18.5=73.7 mean x and standard deviation o.
p—0=552-18.5=36.7 1. 68% of the data falls within 1o of the mean X.

2. 95% of the data falls within 20 of the mean Xx.

. .
68% of students scored within 1 5 ST 1 T i T L T T Sy TS A L 7,

standard deviation of the mean.

Question 4 (c¢) (ii)
New mean = 58.2
New standard deviation = 18.5 (The spread of scores remain unchanged.)

QUESTION 5 (25 MARKS)
Question 5 (a)

(i) Two events are said to be independent if one event does not affect the outcome of the
other.

(ii) IfA4 and B are independent events P(4A N B) = P(A4)x P(B)
(iii) If 4 and B are independent events P(B|A4) = P(B)
(iv) Forall events P(ANB)=P(A)xP(B| A)

Question 5 (b)
The events 4 and B are such that P(4) = 0.5, P(B) =0.7 and P(ANB)=0.3.

(i) P(AUB)=P(A)+P(B)—P(ANB)
=0.7+0.5-0.3
=0.9

P(AnB) 03 3

(i) P(4|B)= 2B 07

(iili) The events are not independent.

P(A|B)# P(A)
2#0.5

Higher Level, Educate.ie Sample 5, Paper 2
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QUESTION 6 (25 MARKS)
Question 6 (a)

_|EA|_1.5+4.5_£_4
B4l 1515

Question 6 (b)

|AF[ =8> +6°

~|4F|=10

_AF 10
|4C| |4C|

1.5

k

MV TeE 9 _ss
4
|BC|=+2.5"-1.5" =2

Area of triangle ABC: 4=1x1.5x2=1.5

Question 6 (¢)
1x]4C||BD|=1.5
1x2.5x|BD|=1.5

~.|BD| HERRY
2.5

|AD|=+1.5*-1.2* =0.9

QUESTION 7 (75 MARKS)
Question 7 (a)

Amount of claim x (€/year) 0 1000 5000 10 000
Probability 0.8 0.15 0.04 0.01

E =" xP(x)=0(0.8)+1000(0.15) +5000(0.04) + 10 000(0.01) = €450

Question 7 (b)
This is the average payout per claim per year for the company.

Question 7 (¢)
P(x>450)=0.15+0.04+0.01=0.2
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Question 7 (d)

Profit per car (€) M M —-500 M —4500 M —-9500
Probability 0.8 0.15 0.04 0.01

0.8M +0.15(M —500) +0.04(M —4500) +0.01(M —9500) = 200
0.8M +0.15M —75+0.04M —180+0.01M —95 =200

M —350=200

- M =€550

Question 7 (e) (i)

100

90

80

70

60

50

40

Number of claims in a year

30

20

10

0 1000 2000 3000 4000 5000 6000
Weight of car (kg)

There is a strong negative correlation between the number of claims per year and the weight of
the car.

Question 7 (e) (ii)
(2000, 53), (5000, 14)
m= _14-53 =-0.01
5000 -2000
Question 7 (e) (iii)

No. Maybe there are fewer heavier cars insured with this company or because the premium on
these vehicles is so high claims may not be made when minor damage is incurred.
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Question 7 (f) (i)

100

90

80 .

70 =

60

50 .

40 =

Number of claims in a year

20

)

10 .

0 10 20 30 40 50 60 70
Age in years

Outlier (18, 20), learners usually have an experienced driver with them.

Question 7 (f) (ii)

Strong negative correlation.

Question 7 (g)

According to this data, the insurance company could claim that its lowest risk is a person aged
69 years driving a car of weight 5800 kg and the highest risk is a person aged 21 years driving
a car of weight 1300 kg.
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QUESTION 8 (35 MARKS)
Question 8 (a)

7.8 cm

5 cm

A 8 cm C

Tell students to draw the base of the triangle up near the centre of the rectangle in order to leave
room below to draw the perpendicular bisectors.

Question 8 (b)
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Question 8 (¢)

Let |£4BC|=6

40% =257 +39% —2(25)(39)cos O
1950 cos @ =546

546 7

S.cosf=——=—
1950 25
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Question 8 (d)

25
24

7
The angle AOC at the centre standing on the arc AC is twice the angle ABC at the circle.

Apply the Cosine rule to triangle AOC: Alternative method:
40° =r* +r* = 2(r)(r)cos 20
1600 = 27° — 27 cos 20

1600 = 27°(1—cos 20)

1600 = 27*(1—cos” 0 +sin” 0)
800 = 7*(sin’ O +sin’ 0)

800 =2r*sin’ 0

2
400 =7 (ﬁj
25

_20%25 10,83 km

Apply the Cosine rule to trlangle AO0C:

' cos’ 0 =1(1+cos20) | i

: *.c0s20 =2cos’ 6 — 1.

1

:

1

1

:

1

! 40° = r* +7r° = 2(r)(r) cos 20
1 1600 = 277 —27” c0s 20

1

' 1600 = 27 (1-cos 260)

. 1600 =2r*(1-2cos’ 0 +1)
1600 =47 (1 cos’ )

:
1
1
1
1

400 = > x l—ﬁ :rz(ﬁj
625 625

400x 625
576

=20.83 km
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QUESTION 9 (40 MARKS)
Question 9 (a)

|BC| _|DE| LS5 275
|AB| |4D| 1.5+h 575+h
1.5(5.75+h) = 2.75(1.5+ h)
8.625+1.5h=4.125+2.75h
4.5=1.25h

L h=——=36cm

1.25 H

sinf = 1> :£:9=sin’1 L> =17.1°
1.5+3.6 5.1 5.1

Question 9 (b)
Height H =3.6+2(1.5)+2(2.75)=12.1 cm

Radius R :tan @ = % = R=12.1tan17.1° =3.72 cm

Question 9 (¢)
V=1igRH=17(3.72)’(12.1) =175 cm’

Question 9 (d)
’

3.6-r
(3.6—r)sinl7.1° =r
3.6sin17.1° —rsinl7.1° = r
3.6s5in17.1° =r+rsinl7.1°
3.6sin17.1° =r(1+sin17.1°)

. 3.6sin17.1°
(1+sin17.1°)

sinl7.1° =

=0.82 cm

Volume of empty space with two spheres:
V,=175-47(2.75) -4 7(1.5)* =73.75 cm’

Volume of empty space with three spheres:
V,=73.75-4m(0.82)’ =71.44 cm’

73.75-71.44
73.75

% decrease in empty space = x100% =3.13%
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SAMPLE PAPER 6: PAPER 1

QUESTION 1 (25 MARKS)

Question 1 (a)

AT =[1+(=D"][1+i"]

n=1:4T =[1+(=D)'|[1+i'1=[0][1+i]=0=T, =0

n=2:4T, =[1+(=D*][1+i*]=[2][1-1]=[2][0]=0=T, =0
n=3:4T, =[1+ (=1’ [1+]=[1-1][1-i]=[0][1-i]=0=T, =0
n=4:4T, =[1+ (=D 1+i*1=[1+1][1+1]=[2][2] =4 =T, =1

oS00 =25x0+25x0+25x0+25x1=25

Question 1 (b)

STEPS FOR PROOF BY INDUCTION

1. Prove result is true for some starting value of n € N.
2. Assume result is true for n = k.

3. Prove result is true for n = (k +1).

1. Prove true for n=1:7"—4' =74 =3 [Therefore, true for n = 1.]
2. Assume true for n=k:7" —4" =3a, aeN. .. 7" =3a+4".

3. Prove true for n=k+1: Prove 7""' —=4*"' =3p, b N
Proof:

7 4 =77 -4
=7(3a+4")—4""
=2la+7x4" -4+
=2la+4"(7-4"
=2la+4"(3)
=3(7a+4")
=3b

Therefore, assuming true for n = k means it is true for n = k + 1. So true for n = 1 and true for
n =k means it is true for n = k + 1. This implies it is true for all n e N.

Higher Level, Educate.ie Sample 6, Paper 1 111



112

QUESTION 2 (25 MARKS)
Question 2 (a)

(”J 53
Z =CO0S +isin =—+

ﬂ+4

Question 2 (b)
|Z| =5= |x+iy| =
ONEEET
X' +y’ =25

This is a circle with centre
(0, 0) and radius 5.

z+z =8
X+iy+x—iy=28

2x =8

Sx=4

This is a straight line.

ANB=1{4+3i, 4-3i}

S ]

Mm

—| N W B W
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QUESTION 3 (25 MARKS)
Question 3 (a)

S =3 1—(1] T,=8,-S,, T, _ Constant
3 T,

- =3(l_@nlj 71 . :2@ . :2@
e GUISCON PR ON

T n-2 g
1Y Py " 2(1j
=3—3(—) —3+3(—j 3
3 3
n n—1
:—3(lj +3(lj
3 3
n—1
o
3 3
n—1 n-1
G
3 3 3
Question 3 (b)
120°
2 32 2
a =b"+c” —2bccos A 3/—d 3/-2d
3/

(31’ =(Bl-d) + (31 -2d)* —2(3] - d)(3] —2d) cos 120°

91* =91° —6ld +d* +9I* —121d + 4d” - 2(=1)(91* —9Id + 2d”)
91* =91° —6ld + d* +91* —12Id + 4d” + 91> —91d + 2d”
0="7d"-27ld +18I°

0= (7d —61)(d-3I)

d:6—l,3l
7

3,308y 12y DY
7 7 777
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QUESTION 4 (25 MARKS)

Question 4 (a) Question 4 (b)
xiy=3: N 3 V', = Volume of small bucket
y 2 V, = Volume of large bucket
LY
T Ko 8 4
2 8 V. 6 3
x-y=8
3y
2 _,=8
> y
3y-2y=16
y=16
_340) oy
2

Question 4 (¢)

(x+a)(x+b)(x+c)

= (x+a)(x’ +bx +cx+bc)

=X +bx” +cx’ +bex + ax® + abx + acx + abc

=X’ +(a+b+c)x* +(ab+ac+bc)+abc

Question 4 (c) (i) Question 4 (c¢) (ii)

(x+D(x+2)(x+3) (x—=D(x=5)(x+7)

=X +(1+2+3)x* +(2+3+6)x+6 =X +(=1-5+7)x*+(5-7-35)x+35
=x’+6x° +11x+6 =x’+x>-37x+35
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QUESTION 5 (25 MARKS)

Question 5 (a)
y:f(x):3—1+1n(fj:2x1—1+1n(fj

X 2 2
ib—/:—-2x"2+———><l=——2?+l
dx (x 2 X X

2

Q:O:—%+l:0
dx x° X
—2+x=0
Sx=2

2 2
=f(2)==—1+In| = |=0
y=7(2) 5 (2j
Local minimum A(2, 0)
Question 5 (b) Question 5 (¢)
d 2 1 5 dy_ 2 1 _x-2
a——;+;——2x + X dx _x2 X x2
d’y 45 2 4 1 D0 250
_2—4x _lx == d P
dx X X X X
ny—o:»i_j;—o x—-2>0
e 2 2 nx>2,xeR
4-x=0
x=4
f(4):2—1+ln 4 =+-1+In2=m2-

4 2

Point of inflection B(4,In2 -1

Question 5 (d)
d__2.1

2
dx X x

(dy) 2 1 11
_— :——2—|——=———|——=
<), 4 4 8 4

n2-1)

0| —

p—

Equation of ¢ :m =, B(4,
x—-8y+k=0
4-8In2+4+k=0=k=8In2-8
Equation of 7: x—8y+8(In2-1)=0
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QUESTION 6 (25 MARKS)
Question 6 (a)

f(x)=5+4x—x’
f(x+h)=5+4(x+h)—(x+h)’
=5+4x+4h—x* —2hx—h*

f(x+h)— f(x)=5+4x+4h—x> —2hx—h> —5—4x+x’
=4h—2hx—h’

f(x+h) = f(x)  4h—2hx—h’
h - h

=4-2x—-h

Qzlim[f(x+h2_f(x)}:4—2x

dx h—0

Question 6 (b)

y=5+4x—x"
=—(x*—4x-5) dy
=—(x* —4x+4-9) £=4—2x
= ~(x=2)"-9)
=9—(x—2)

Local maximum: y =9, x =2

Question 6 (¢)

y=5+4x—x"

Local maximum: (2, 9)

Question 6 (d)

It is not injective because it is not strictly increasing or decreasing for all x € R. This means that
there are y values that correspond to more than one value of x.
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QUESTION 7 (50 MARKS)
Question 7 (a)

F=71.6F
C=3(F-32)=%(71.6-32)=22°C

Question 7 (¢)
0 =T, +(T,~T,)e ™"
0-T,=(T,~T,)e™"

1 (T,-T)
e (6-T)
ekt _ (To _Ta)

6-T)

kt =In L-1,
0-T,

Question 7 (d) (i)

t (hours) 0(°C)
0 37
t 27
t+1 26

T =20°C, T,=37°C
Question 7 (d) (iii)

0.154¢t =1n (1—7j
7

'.t=;ln H =5.76 h=5 h 46 mins
0.154 7

Time of death: 4:44 pm

Question 7 (b)

k=18h",t=0.5h,T,=96°C, T, =22°C

0 =T,+(T,~T,)e™"
=22+(96-22)e ¥ x52°C

Question 7 (d) (ii)

kt=1In 37_20):111(1—7)
27-20 7

k(t+l):1n(37_20j= n(gj
26-20 6

k(t+1)—kt:1n[1—7J—ln(l—7j
6 7

kt+k—kt:1n(£xlj
6 17

k= h{%j =0.154 h!

[a—y
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QUESTION 8 (50 MARKS)

Question 8 (a) (i)
x(m) | 96 | 64 | 32 0 32 64 96
y(@m) | 0 126 | 178 | 192 | 178 | 126 0
Question 8 (a) (ii)
y (m)
A
Pt 180 N
/ 160
/ 140 \\
/ 120 \
100
80
/ i \
/ i \
20
/ | oy
—100] =80[ =60] =40 =20 0 20 40[ 0] 80[ 100

Question 8

(b) (D

Maximum height = 192 m

x=50m,y

Question 8

=154 m

(b) (ii)

1ft=0.3048 m

1

0.3048
1

0.3048

% error :[

ft=1m

630-629.92126

630

x192ft =192 m =192 m =629.92126 ft

jxlOO% =0.0125%
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Question 8 (¢)

y(m

N 180 N

L \

140
// 120 \\

100

80

/ : \
/ : \
/ 20 \' i (ml

=100 =80 =60 =40| =20 0 20 40 60 80( 100

h=32m,y, =0m,y, =126 m,y, =178 m, y, =192 m, y, =178 m, y, = 126 m, y, =0 m
h
A:E[yl+yn+2(y2+y3+y4+ ................. +¥,)]

= %[(H 0+2(126+178+192+178+126)]
=25600 m’
Question 8 (d) (i) Question 8 (d) (ii)

2

x X e +et =2+x7
e :1+X+7

2
X

e > e e T =24 (507 =2+
S P ) M S 2 1521
2 y=231-19.57{e”" +e "}

2
—231-19.5742 4+
1521

=231-39.14-0.013x"
=191.86—0.013x"

et +ret =2+x"
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Question 8 (e)

y=191.86-0.013x"

y=0=191.86-0.013x" =0
191.86=0.013x"

o /191.86 <243 m
0.013

QUESTION 9 (50 MARKS)

Question 9 (a)

V' =340sin(1007¢)

PeriodP:Z—ﬂ::L s=0.02s
100r 50

Range R =[-340, 340]

Question 8 (f)
y=191.86—ax’

y=0:x= /191.86 _96
a

191.86

a

a= L6 _ 0.0208
9216

=9216

Question 9 (b)
Maximum voltage is 340 V.

Question 9 (¢)
t 0 0.005 | 0.01 [ 0.015| 0.02 | 0.025 | 0.03 | 0.035 | 0.04
1007t 0 XL T sm | 2 | 3m | 3¢ | Im | 4z
sin(1007¢) 0 1 0 -1 0 1 0 -1 0
340sin(1007¢) 0 340 0 -340 0 340 0 -340 0
V(V)
500
400
2SI [\
100
0 >
0.01 0.0 0,03 0.0 £(s)
N \ L/
1/ \ 1/
—0 v N
—400
=500
Y
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Question 9 (d)

— 0.02
V= ﬂ sin 1007t dt
0.02 Yo

340 [ —cos(1007r) |
0.02] 1007
34

=— 2—0 (cos(10072(0.02) — cos(1007(0))
/4

0

= _340 (cos(2m)—cos(0)) =0
2r

Question 9 (e)

V =340sin(1007¢)
dv

— =340x1007m cos(1007r¢) = 34 0007 cos(1007¢)
dav -1
= =34 0007t cos(100z(0)) =34 000z Vs
t=0
av 0
— =34 0007 cos(10072(0.005)) =34 000z cos(+ ) =0 Vs
dt t=0.005
av 0
— =34 0007 cos(1007(0.01)) =34 0007 cos(r) =—34 000z Vs
! t=0.01
Question 9 (f)

V = 340sin(10077)

P =340 sin (10077)
=115 600x1 (1-cos2007r¢?)
=57 800(1—cos 2007t)

Period V2 =-2% -1 _¢o1s

200z 100

=) 1

0.01
- j 57 800(1 - cos 20077) dt
0.01 Jo

=5780 OOO{t

_ sin(20077) } o
00z

0

=5 780 000{0.01_ Sln(2007r(0_01))}

2007
=5 780 000{0.01 _sm 2”}

00
=57 800 V?
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SAMPLE PAPER 6: PAPER 2

QUESTION 1 (25 MARKS)
Question 1 (a)

(x, 0) is a point on the x-axis.

3x—4(0)+5| |3x+5| d:'“’“ by, +|

V3 + 4 5 NS

5x-12(0)-1] _[5x—1

J5P 4122 13

Distance d, of (x, 0) to line k: d, =

Distance d, of (x, 0) to line /: d, =

Bx+35 |5x—1|
BRE

133x+5)=%5(5x-1)

39x+65=25x-5=14x=-70

Sx==5

or

39x+65=-25x+5 = 64x =—60

15
16

d=d,=

SoX=—

ANSWERS: (-5, 0), (-1, 0)

Question 1 (b)

_|42+30|
40 - 31| tan® =

il ol

_ |10 \4¢
tan6 = m, —m,

1+ mm,

tan0 =

1+ (=2)(— 4+6

4430 1

40-3¢ 2
2(41 +30) =1(40-3¢)
8¢+ 60 = 40— 3¢

|
)
2-(-3) |

It=-"20=¢t=-%2

or

2(4t +30) = —1(40 - 3¢)
8t+60=-40+3¢
5t=-100=1=-20
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QUESTION 2 (25 MARKS)

Question 2 (a) 3x+4y+1=0
r
s:x°+y +2x-8y-8=0 |
&
Centre O(—1, 4), r =+/(=1)> +4> +8 =+/25 =5 |
(O8]
<
Equation of tangents: 4x — 3y + k=0 +
=
I
|4(—1)—3(4)+k|=5 d=|ax1+by1+c| . r=5 o
J& +(-3) NP O(-1, 4)
|-4—-12+k| _s
J25
|-16+k|=25
—16+k =125
S k=-9,41

t:4x—3y+41=0,1:4x-3y-9=0

Question 2 (b)
The length of a side of the square is 10 units. A line parallel to 3x + 4y + 1 = 0 has the form
3x+4y+k=0.

Pick a point on the line 3x +4y + 1 =0.

3x+4y+1=0
(1, —1) is on this line. 4

S
=
|ax1+byl+c| |
d="_—L 1 o
Ja? +b? \1
P
d=10, (x,»)=(1,-1) g
r=>5 o r=>5
0= 3B(1)+4(-1)+ k| O(-1, 4)
V3 + 4
1o=P=4+A 3x+4y+ k=0
- =
50 = k-1
+50=k—1
- k=-49, 51

Equations: 3x +4y -49=0,3x+4y+51=0

Higher Level, Educate.ie Sample 6, Paper 2 123



QUESTION 3 (25 MARKS)
Question 3 (a)

a’ =b* +¢* —2bccos A,
b* =a* +¢* —2accos B,

¢t =a*+b*-2abcosC

Question 3 (b)
|BD| = |DC|

Question 3 (¢)

0,(180°—0)

B D C

Apply the Cosine rule to triangle ABD: 4> =3.5* + x> —2(3.5)(x)cos 0
Apply the Cosine rule to triangle ADC: 7% =3.5° + x* —2(3.5)(x) cos(180° — )

16=3.5"+x*—7xcosf
49=3.5%+x*+7xcosb
65=2(3.5%)+2x’

2

— 81 -2
X —42)6—2

~.|BC|=9
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QUESTION 4 (25 MARKS)
Question 4 (a)

95%

97.5%

-lo p lo

In any normal distribution with mean X and standard deviation o.

20 I 20 -30

1. 68% of the data falls within 1o of the mean X.
2. 95% of the data falls within 20 of the mean X.
3. 99.7% of the data falls within 30 of the mean Xx.

Question 4 (b)

u—20=24.8

u+2o =364

2u =61.2 = pu=30.6 years

30.6-20 =24.8
5.8=2c

..o =2.9 years

Question 4 (¢)

u=30.6 years

o =2.9 years

P(x>30)="?

x—u 30-30.6

x=30:z=
o 2.9

P(x>30)=P(z>-0.21)
=1-P(z<-0.21)
=1-P(z20.21)
=1-{l-P(z<0.21)}

= P(z<0.21)}

=0.5832

=58.32%

Higher Level, Educate.ie Sample 6, Paper 2
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QUESTION 5 (25 MARKS)
Question 5 (a)

Rainfall (x cm)

44 |30 |52 (50|21 0 0 | I.1] 32

Number of tourists (y thousands)

51 {79109 |40 |47 | 73|95 |87 ] 2.6

10
[ ]
9 L ]
~ 8 p
g |
§ 7
2. E8))
S s
~ 5 : .
4.35—
4
3
2
1 .
1 2 3 T 4 5  x(cm)
. 3.8
Question 5 (b)
_ 44+30+524+5.0+2.1+04+0+1.1+3.2
X = 9 =2.7
5o 5100+7900+900 + 4000+ 4700+ 7300 +9500 + 8700 + 2600 5633
9
Question 5 (¢) [See graph]
Question 5 (d) Question 5 (e)
(2.7, 5633), (0, 9000) For every increase of 1 cm in rainfall, there is a
decrease in 1247 tourists.
- 9000 —-5633 1247
0-2.7
Question 5 (f) Question 5 (g)

m=—-1247, (x,, y,) = (0, 9000)
3 =9000 = —1247(x - 0)
1247x+ y—9000 =0

126

(i)  Number of tourists = 4350
(i) x=3.8:1247(3.8)+y—9000=0
sy =4261

The student’s result is smaller by 89 or is
about 2% smaller (325 x100% = 2%).
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QUESTION 6 (25 MARKS)

L
C A

Consider triangle ADE. Let | ZDAE| = .

[4E] is a diameter. Therefore,
right angle).

~.|£DEA|=180° —90° — B =90° - 3

ZADE | =90°. (The angle at the circle standing on a diameter is a

|ZAED|+|£ABD|=180° (Opposite angles of a cyclic quadrilateral add up to 180°.)
-.|ZABD| = 180° - (90° - ) = 90° +

|¢DAE|=|ZADB|= B (Alternate angles)
“.|£DAB|=180° = B—(90° + B) =90° —23

" |£BAC|=90° - B—(90° -2pB) =B

..|£BAC|=|£DAE|=|£ADB| = B
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QUESTION 7 (50 MARKS)

Question 7 (a)
40
35
, 30
B
=)
= 25
G
]
g 20
=
=}
Z 15
10
5
70 74 78 94
Percentage success rate at the free-throw line
Percentage success Frequency f | Mid-interval Value x fx
70-74 6 72 432
74-78 18 76 1368
78-82 38 80 3040
82-86 18 84 1512
86-90 18 88 1584
90-94 2 92 184
100 8120
U= fo _ 8120 81.2
> f 100
Mean percentage success rate = 81.2%
Question 7 (b)
Percentage success | Cumulative frequency
<74 6
<78 24
<82 62 Median
<86 80
<90 98
<94 100
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6x1+18x1+38x=38(1—x)+18x1+18x1+2x1
24+38x=38-38x+38

76x =52

52 13
XxX=—=—

76 19
-.Median =77.5+ 3 x4 =80.2
Question 7 (¢)
()  Mean u=2812

Median = 80.2

% difference = 8121# x100% =1.23%

(i) It is approximately normal because the mean is approximately equal to the median.

(iii) & =475
Question 7 (d)
N u=8120=475 (i) w=81.2,0=4.75
P(z<£7Z)=09=2z=1.28 P(x<85)="
s XTH gy X812 w85 o XM 857812 ¢
o 4.75 o 4.75
5.x=87.3% P(z<0.8)=0.7881=78.8%

Question 7 (e)

Conditions for a Bernoulli Trial:

Condition: There are only two possible outcomes (success or failure) in each trial.
Condition: There is a fixed number of trials 7.

Condition: The probability of success p is fixed from trial to trial.

Condition: The trials are independent.

Condition: The binomial random variable is the number of successes in 7 trials.

Question 7 (f)
()  P(Success)=0.927
P(Failure) =0.073
P(Scores all five) = °C,(0.927)°(0.073)" = 0.685 = 68.5%

(i)  P(Scores three out of five) = °C;(0.927)*(0.073)* = 0.042 = 4.2%

(iii) He has two successes and two failures on the first four throws and he scores on the last.
P(Scores two out of first four and scores last) = *C,(0.927)*(0.073)*(0.927) = 0.025 = 2.5%
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QUESTION 8 (30 MARKS)
Question 8 (a)

True population proportion = Sample proportion = 1.96(Standard error of the proportion)

1—
Standard error of the proportion = p(—p)

Confidence interval
= [sample parameter — 1.96(standard error), sample parameter + 1.96(standard error)]

For about 95% of all samples the confidence interval covers the population values of the
parameter and for the other 5% it does not.

For a 99% confidence level, the confidence interval must be wider so that more samples cover
the population parameter.

Confidence interval
= [sample parameter — 2.576(standard error), sample parameter + 2.576(standard error)]

Question 8 (b)

Sample proportion p = — =

200 2
300 3

n=2300
10-D)

Population proportion = %i 1.96 =0.613, 0.72

Confidence interval = [0.613, 0.72]
For about 95% of all samples, the population proportion of all fifth years who believe the Junior
Certificate should be scrapped is between 61.3% and 72%.

Question 8 (¢)

Standard deviation of population o = 10 cm | - |
Mean of the sample X =173 cm ! H=X£1.96xX—= :
Number of the sample n = 50 S a

Population mean p = ? 10
u=173£1.96 x —=170.23, 175.77
J50

For about 95% of all samples, the population mean height of university students is between
170.23 cm and 175.77 cm.
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QUESTION 9 (70 MARKS)

Question 9 (a)

(i |0C|=10 cm
|OC|=|OD|+|DF|+|FE|+|EC]|
~10=3+a+b+5
a+b=2

(ii) Triangles OAF and CBF are similar because:
|£0AF|=|£FBC| (90° angles)
|£OFA| =|£BFC| (Vertically opposite)
~.|£4OF|=|£BCF|

iy |[BCI_|FCl_ s _b+s
|OA| |OF| 3 a+3
Sa+15=3b+15
Sa=3b

_sa
3
a+b=2

~b

a+5?a=2:>3a+5a:6

8a=6
S.a=0.75 cm

_,_5075)

=1.25cm

(iv) |A4B|=|A4F|+|FB|
AAOF :|OF[ =|0A[ +|AF|
2375 =37 +|4F|
|AF|=+3.75"-3* =2.25 cm
AFBC:|FC[ =|BC| +|FB[
625" =5 +|FB[
|FB|=/6.25 —5% =3.75 cm

~.|4B|=225+3.75=6 cm
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Question 9 (b)

@ E(@,5)
F(0, 6.25)
D(0, 7)
0(0, 10)

() ¢ :x*+(y-101°=9

¢, x*+y> =25

5
iii) tanf=——=
(itr) 3.75

W
()]

3
(iv) |£FCB|=180°-90° -0 =(90° —0)
~.|£BCP|=90"—(90° -6) =6

(v) Slope of BC =% y—4=-3(x-3)
Slope of tangent ¢ = —3 4y-16=-3x+9

Equation of : m=-3, (x, »,)=(3, 4) 3x+4y-25=0

Vi) ¢ :x*+(y-10) =9
25-4y

t:3x+4y-25=0=>x=

.‘.(25_4yj2+(y—10)2:9

3

625-200y+16)° .
9

625-200y+16y* +9)* —180y +900—-81=0

25y* 380y +1444=0

(5y—38)(5y-38)=0

_ 38

Ly=3
=BG 9

3 5
A(_9 38

5575

32 =20y +100-9=0

0D A(-3, %), BG, 4)
4B =J3+2) +(4-2)* =6
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SAMPLE PAPER 7: PAPER 1

QUESTION 1 (25 MARKS)
Question 1 (a) (i)

First 10 natural squares: 1, 4, 9,
Question 1 (a) (ii)

Consecutive numbers: n — 1, n

16, 25, 36, 49, 64, 81, 100

Consecutive squares: n°, (n+1)*
n—m-1=n*=n’>-2n+)=n"—n>+2n-1=2n-1

2n is always an even number
2n — 1 is always an odd number

Question 1 (b) (i) Question 1 (b) (ii)
12492 = 2X3X3 12422 432 = 32X
6

30 1+4+9 =2x7
1+4 =—

6 14 =14
5 =5
Question 1 (b) (iv)
P2 4344100 = A2 g 72385

Question 1 (c¢) (i)

2 _n(n+)(2n+D)
6

Question 1 (b) (iii)

12427 432 447 = 239

1+4+9+16 =%

30 =30

Question 1 (c¢) (ii)

SlOO -
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QUESTION 2 (25 MARKS)
Question 2 (a)
S =pn’+qn
S, =p(n=1)" +q(n-1)=pn’ ~2pn+p+qn-q
S-S =T =T =pn’+qn—pn° +2pn—p—qn+q
=2pn—p+q
T.=2pn+)—p+q
Lo=T,=2p(n+l)=p+q-2pn+p—q
=2pn+2p—p+q-2pn+p—q
=2 p = Common Difference

a=Ty=a=2p-p+q=p+q

d=T,-T,=2p

Question 2 (b) (i) Question 2 (b) (ii)

a, ar, ar’ Sy, =2450 = 25[2log, 1+ 491og, r] = 2450
log a, logar, log ar’ 0+49log, r =98

=loga, loga+logr, loga+2logr logyr=2

d =loga+logr—loga=Ilogr sr=3=9

a=loga

S, =4[2loga+(n—1)logr]
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QUESTION 3 (25 MARKS)
Question 3 (a)

2 =1

2 -1=0
(z-D)(Z"+z+1)=0

11— 4(1)(1) —12J-3 _ —1+43i

2(1) 2 2

1 J§i 1 JEi

Question 3 (b)

1 3

We——
2 2

, 1 B 3@ 1 B

4 2 4 2 2
1 2

w1443
2 (1-43)
(=143 (=1-4/3i)
2243
1-3;°
B NEY
=
“1-3i
= =w

2

1 3.1 3.

Roots: w, l=—— i, —— i
w2 2 2 2
1430 —1-+3i
m S: +

Su
2 2

=-1

Product P:w ><l =1
w

P =Sz+P=0
22— (-D)z+1=0

Lz 4z+1=0
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QUESTION 4 (25 MARKS)
Using the lining up method, a cubic equals a quadratic by a linear.

X +3px° +3gx+r=(x"— px+q)(x+1)

X +3px° +3gx+r=x"+1x" — px* — ptx+gx+qt
X +3px° +3gx+r=x"+(t—p)x’> +(q— pt)x+qt
Question 4 (a)

Lining up the coefficients gives you three equations. Replace ¢ from equation (1) in the other
equations.

3p=t—p...»(1) 3g=q—pt....(2) r=qt.....(3)

4p = 39=q-p(4p) r=q(4p)
2q=—4p° r=4pq
q=-2p".(0)

Question 4 (b)
Result (i) is proved under equation (2).
To prove result (ii) replace ¢ under equation (3).

r=4pq :4p(—2p2) = —8p3...(ii)

Question 4 (¢)

X +3px” +3gx+r=(x"— px+q)(x+4p)

=x +3px2 +3qx+r:(x2 —px—2p2)(x+4p)=(x—2p)(x+p)(x+4p)=0
Sx=—4p,—p,2p

Mathematics Leaving Certificate



QUESTION 5 (25 MARKS)

Question 5 (a) Question 5 (b)
J'()=y=ax’+bx+c Local minimum at x = 3 as b _ 0 and the
0, 6) € £'(x) = a(0)* +b(0)+c =6 dx
=6 slope is positive.
. _ dy
(1, 0) e £'(x) = a(l)’ +b(1)+6=0 Local maximum at x =1 as e 0 and the

ca+b=—6..(1)

3, 0) e f'(x) = aB3)’ +b(3)+6=0

~.9a+3b=-6
3a+b=-2...(2)

(2)-(1):2a=4=a=2
(2)+b=—6...1)= b=—8

() =y=2x"-8x+6

Question 5 (¢)
f'(x)=y=2x"-8x+6
f"(x)=4x-8
f"(x)=0=4x-8=0

SLx=2

Question 5 (d)
& =2x"—8x+6
dx

y=2x"-4x"+6x+c
x=0,y=0=¢=0
Ly=f(x)=2x—4x* +6x

slope is negative.

A%

A%

1\/3 »
D
Question 5 (e)

f(x)=2x—4x* +6x
F3)=2(3) -4(3)* +6(3)=18-36+18=0

Local minimum: (3, 0)

S =3(1) =41 +6(1) =3 —4+6=3

Local maximum: (1, $

f()=2(2) ~4Q2) +6(2) = £ -16+12=4

Point of inflection: (2, %

Higher Level, Educate.ie Sample 7, Paper 1
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QUESTION 6 (25 MARKS)

Question 6 (a) x=1
32 3x
=—-"—+4
4 ¥ 2
x:4:¥—@+4:2—6+4=0
4 2
Question 6 (b)
X 1 1.5 2 2.5 3 3.5
y 34.5 15.97 9.00 5.37 3.06 1.36

A =0—;{34.5+0+2(15.97+9+5.37+3.06+1.36)} =26.005

Question 6 (¢)

A= [ -3x+4)ds

(3% 3y !
= ——+4x

-1 4

1

(32 34 4 [ 32 30
4 4 1

4
=—8-12+16+32+3—4
=9 =2475

Question 6 (d)

26.005-24.75

% error =( YRT

]xlOO% ~ 5%

138
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QUESTION 7 (50 MARKS)
Question 7 (a)

P=€60 000, =5 years, i =0.065 | 4P i(1+1)" |
A=60 OOOM= €14 438.07 : - _(_ljrf):tl_ :
(1.065)° -1
Question 7 (b)
Payment # Fixed Payment Interest Debt Payment Balance

0 €60 000
1 €14 438.07 €3900 €10 538.07 €49 461.93
2 €14 438.07 €3215.03 €11 223.04 €38 238.89
3 €14 438.07 €2485.53 €11 952.54 €26 286.35
4 €14 438.07 €1708.61 €12 729.46 €13 556.89
5 €14 438.07 €881.20 €13 556.87 0

CALCULATION FOR YEAR 1
Payment Number 1: €14 438.07
Interest: €60 000x0.065 =€3900
Debt Payment: €14 438.07 —€3900.00 =<€10 538.07
Balance: €60000—-€10538.07 =€49461.93
Question 7 (c) (i)

5000 ! F

P= ~=€351593 ' P=
(1.045) !

Question 7 (c¢) (ii)

250 250 250 250 250 250 250

P=250+

1 1 1 1 1

+ + + + + +
1.045" 1.045% 1.045° 1.045" 1.045° 1.045° 1.045’

1 1

P:250(1+

8
1.045
S P=250 —= |=€1723.18

L
1.045

Question 7 (¢) (iii)
Minimum price = €3515.93 + €1723.18 =€5239.11

+ + + + -+ +
1.045" 1.045* 1.045° 1.045% 1.045° 1.045° 1.045

Minimum price bonds can be offered is €5239 to the nearest euro.

Higher Level, Educate.ie Sample 7, Paper 1
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QUESTION 8 (50 MARKS)

Question 8 (a) (i)

x+y=15....(1)(x0.4)
04x+0.25y=03%x15=0.4x+0.25y=4.5...(2)

0.4x+04y =6
0.4x+0.25y=4.5
0.15y=15=y=101

x+10=15=x=51

Question 8 (a) (ii)
There is 4.5 1 of acid in 15 I of the solution (15x0.3 =4.5).
When 1 1 of water is added, there is now 16 1 of solution.

Concentration of acid in solution = % x100% =28.125%

Question 8 (b)
pH value [H"] pH =-log, [H"]
Acidic <7 >107 | PH=T
~T=-log,[H"]
Alkaline > 7 <107 N .
—7=log,[H"]
Neutral =7 = 10_7 10—7 — [H+]
Question 8 (¢) (i)

Apple juice: [H]=0.00028 moles per litre
pH = —log,,[H"] = -log,,(0.00028) = 3.55 < 7 (Acidic)

Ammonia: [H"]=1.32x10" moles per litre
pH =—log, [H"']=-log,,(1.32x107") =8.88 > 7 (Alkaline)

Question 8 (c¢) (ii)

Distilled water: pH =7 = [H " ]=10"" moles per litre
pH =3.22

~.3.22=—log,,[H"]

-3.22=log,,[H"]

1072 = [H']

- [H"]=6x10"" moles/litre

140 Mathematics Leaving Certificate



Question 8 (d) (i)
pH values: 2.0, 2.5, 3.0, 3.5, 4.0, 4.5. Or pH values: 2.0, 2.5, 3.0,.......
After five hours the pH value is 4.5. a=2.d=05.n=6

T =a+(n-1)d=2+50.5)=4.5

Question 8 (d) (ii)
Arithmetic sequence: 2, 2.5, 3, 3.5,....
Geometric sequence: 107,107,107, ......

10—2.5

a=107,r= =107

02
10—8.7 — 10—2 (1 0—0.5)n—1
10—6.7 — 10—0.5n+0.5

—6.7=-0.5n+0.5
0.5n=0.5+6.7=7.2
7.2

-.n=——=14.4 hours
0.5
Therefore, the pH value is 8.7 after 13.4 hours.

QUESTION 9 (50 MARKS)
Question 9 (a)

Period = 2—” = Lmin =0.01min
2007

Range =[-107x, 107]

Question 9 (b)
¢ (minutes) 0 0.0025 | 0.005 | 0.0075 0.01 0.0125 | 0.015 | 0.0175 0.02
2007t 0 z T 3 2r o RY/4 n 4r
2 2 2 2
sin(2007¢) 0 1 0 -1 0 1 0 -1 0
107 sin(2007¢) 0 107 0 —107 0 107 0 -10x 0
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tr (litres/minute)
107 M- M

8n
6m
4r
2n

0 0.005 0.01 0.015 0.0 (minutes)

Question 9 (¢)

(i) Breathing in: 0 s —0.0025 s, 0.0075 s —0.0125s,0.0175s—-0.02 s
(ii) Breathing out: 0.0025 s —0.0075 s, 0.0125 s —0.0175 s
(iii) Maximum values: 0.0025 s, 0.0125 s

Question 9 (d) Question 9 (e)
= 0. 2

c;_lt/ 107 sin(20071) V =-0.05 ;:os( 00mz)+3

, V. = j (—0.05 cos(2007¢) + 3) dt
_[dV =107 jsm(zoo:n) dt ©0.01-0

0.01
V=297 os200m) +c = [ s1n(2007rt)}
2007 0
V =-0.05c0s(2007¢) + ¢ 0l300.01 2007(0.01)) =0
£=0,V =2.95:2.95=—0.05c0os(2007(0)) + ¢ - ( )_ Sm( 7(0.00)=
2.95=-0.05+c
=3- s1n(27r)

sc=3 2007
V' =-0.05co0s(2007z¢) +3 =3 litres
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SAMPLE PAPER 7: PAPER 2

QUESTION 1 (25 MARKS)

Question 1 (a) A(=5, 8)
A(-5, 8) = (0, 0) Area =1|xy, — x|
B3, —8) — (8, —16)
C(6,2)— (11, - 6)
Area =1 [8(=6)—11(—16)| = 1|-48+176| = 1[128| = 64

C(6, 2) B(3,-8)

A

D(-2, 18) A(=5, 8)
B@3, —8) > C(6, 2)

A(-5, 8) > D(-2, 18)

A

6(6, 2) B(3, -8)
Question 1 (b)

Equation of BC: B(3, —8), C(6, 2)

2—(-8) 10

=20 1) =G -8) [y =y =m0
y=(-8)=4(x-3)
3y+24=10x-30

10x-3y—-54=0
D(-2, 18) . A(-5,8)
g |a)c1 + by, +c|
Na' +b’
d

g 10(-2)-3(18) - 54 _ 128

J07 (=32 V109 .

€(6,2) B(3,-8)
B(3, -8), C(6, 2)
Area = Base x Height
Base:|CB| = /(6 -3)" +(2~(-8))" =109

128
Area =+/109 x =128
/109

OR
Area of parallelogram ABCD = 2(Area of triangle ABC)
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Question 1 (¢)

D(-2, 18) ) A(=5, 8)
0
(6, 2) ) B(3,-8)
8-2 6
Slope of AC: m) = ———=——
-5-6 11

Slope of BD: m, = li-'_i ?

i_l_%
tanf =+
[1+mlm2] 1+(—11)(26)

.'.Q:tanl( 5 j 50.5°
+(=D(E)

_‘c\

144
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QUESTION 2 (25 MARKS)

Question 2 (a)
Line & makes an angle of 45° with the positive x-axis. The 4(2,6)

slope of k is the tan of the angle the line makes with the
positive x-axis. 135°

tan45° =1=m, (x,, y,)= A2, 6) | Y=y =m(x—x,) A5

x
y—6=1(x-2) k 0
y—6=x-2
k:x—y+4=0

v

Question 2 (b)
x+y-1=0=>y=1-x
O(x, y)=(x, 1-x)
P(-1,2)
Area=12x—(1-x)(-1)|=7 | Area =1|xy, —x,y|
s|2x+1-x| =14
|x+1]=14

x+1==14
Lx=13, A5 (x>0)
y=l-x=-12

-.0(13, -12)

Question 2 (¢)
The midpoint of [PQ] is the centre of the circle. Call it R.
P(_L 2): Q(139 _12)

R :(—1+13 2-12

56

P(_la 2)’ R(69 _5)

r=|PR|=J(6+1) +(-5-2) =\/49+49 =72

Equation of circle: 0(13,-12)
(e )+ (y— k) =7

(x—6)* +(y+5)* =98

P(-1,2)
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QUESTION 3 (25 MARKS)

Question 3 (a)

1 Adjacent ‘/
COSX=4+——==—""-"— S A

J5 Hypotenuse TIC 5 y=2
The angle x is located in the \/
first and fourth quadrants. X N
tan x = 22 (First and fourth quadrants) 1
tanzx:lthj‘ I+)” = (5)

—tan” x Yy =5-1=4
tanx=2:tan2x = (2) ——i 2

. _ 22 3 y =
tanx =-2:tan2x = 2(_2)2 :ﬂ

1-(-2)" 3
Question 3 (b) (i)
sin3x=0 cos2x=0
! C T|C

3x=0+2nm, t+2nw,ne’

_2m oz 2m
3 °3
T 27 dr  Sw
x:()’_a_,ﬂa s T
3°°3 3 3
Question 3 (b) (ii)
y =sin3xcos2x
T mw 2w 3m St 4n  Sm
X=V, — =y — Ty, — s~/ ——
4 3 3 4 4 3 3

p= % (Third root)
q = (Sixth root)

r= STE (Seventh root)

146

b

r

4

2x=£+2n7r, 3—7T+2n7r, ner
2 2

T RY/4

X =—+nn,—+nn,ner
4 4

yo & 3 Sm In
47 47 47 4

Ay
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QUESTION 4 (25 MARKS)

A spinner has nine equal segments numbered 1, 2, 3, 4, 5, 6, 7, 8 and 9 (Nine numbers)
Blue: 2, 3, 6, 8, 9 (Five numbers)

Red: 1, 4, 5, 7 (Four numbers)

E is the event that the pointer lands on an even number.

E: 2,4, 6,8 (Four numbers)

R is the event that the pointer lands on a red colour.

Question 4 (a)

Number of even numbers 4

P(E)= —
Number of numbers 9
Question 4 (b)
P(R) = Number of red colours _ ﬂ
Number of numbers 9
Question 4 (¢)
3 9
E R

P(EUR)=P(E)+P(R)—-P(ENR)
ENR=1{4}
P(EuR)zi+i—l:Z
99 9 9
Question 4 (d)
P(RNE)

P(R|E)= PE)

O | —
X
N No)
Il
NG

ol |ol—

Question 4 (e)
P(ENR) _

P(E|R)= PR

O | —
X
A|O
Il
NG

ol |ol—

Question 4 (f)
(i) Yes, because P(E) = P(R),
(ii) No: #3%
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QUESTION 5 (25 MARKS)
Question 5 (a)

1000 / .
900 /’

800

O

700 /

600

500

400 /
300

C

Cumulative frequency

),

200 /
1009 ;
/ 1Q Range

0 1000 2000 T 3000 T 4000 5000 6000

10" percentile Median Weight (grams)

Median = 3400 g
Interquartile range = 3670 — 3060 = 610 g

Question 5 (b)
Range of weights below the 10™ percentile = 0-2600 g

Question 5 (¢) (i)
A. n=12, P(Need special care) =0.15, P(Do not need special care) = 0.85,
P(2 need special care) = °C,(0.15)*(0.85)"" =0.2924

B. P(More than two need special care) =1— P(Two or one or none need special care)
=1-{0.2924 + *C,(0.15)'(0.85)" + "*C,(0.15)°(0.85)"*}
=0.2641

Question 5 (c¢) (ii)
E=100x0.2641=26.41 occasions
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QUESTION 6 (25 MARKS)

Question 6 (a) (i)

|4DEA| = |LBEC | (Vertically opposite)
|£EAD|=|ZCBE| (Standing on same arc)
..|£ADE|=|2BCE|

Question 6 (a) (ii)
|4E| _|BE|
IDE| ~ |EC|
~.|4E||EC|=|BE||DE]| r

Question 6A (b)
Fallam| =l G| !
3x4=(r-2)(r+2)
12=r>-4 G
16=r?
sr=4
H

QUESTION 7 (45 MARKS)

Question 7 (a)
(i) The distribution is normal.
95%
(i) p+20=108.6 2
u—20=974
2u =206=>u=103 g

\

- S~
103+20 =108.6 >0=28¢ 97.4¢ i 108.6 g Weight in grams

Question 7 (b) Question 7 (¢)
u=103g 0=28¢ P(x<100)=0.001
P(x<100)="? P(x<-7)=0.001
leo():Z:)c—u:100—103:_1.07 P(z>7)=0.001

o 2.8 P(z<Z)=0.999
P(x<100)=P(z<-1.07) z=3.08=—z=-30.8
=P(Z>1.07) 100—x
—1-P(z<1.07) —3.08=—
=1-0.8577 ~.x=108.624 ¢
=0.1423
=14.23%
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Question 7 (d)

P(Less than advertised weight) =0.1423

P(Notless than advertised weight) = 0.8577

P(At least one weighs less than advertised weight)

= P(One or more weighs less than advertised weight)
=1- P(None with less than advertised weight)
=1-"C,(0.1423)°(0.8577)

=0.536

=53.6%

QUESTION 8 (40 MARKS)

Question 8 (a)

The parameter in this question is the mean glass thickness, p.

Null hypothesis H: j+ = 0.954 cm

Alternative hypothesis H,: 11 # 0.954 cm

(This is called a two-tailed test as the glass should not be too thick or too thin.)

Question 8 (b)

Mean 1= 0.954 cm r------- .

Mean of sample x =0.96 cm : 5= X—g o z:w:0.46
Standard deviation o = 0.13 cm | o), (OBJ

Number of sample n =100 ! In | J100

z= ") b - = = - - 4

Question 8 (¢)
p =2P(z>0.46)
=2{0.5-(0.6772—0.5)}
=2{1-0.6772}
=0.6456 > 0.05 [0.05 = 5% level of significance]

Therefore, the probability of the null hypothesis is very, very strong. We accept the null
hypothesis.

Question 8 (d)

The glass company does not have sufficient evidence to conclude it is not meeting the
specifications. The difference between the sample mean and the actual mean is not large enough
to attribute to anything but sampling error.
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QUESTION 9 (65 MARKS)

Question 9 (a) (i) Question 9 (a) (ii)
ax, + by, + | Equation of circle:
Na’ +b° x>+ —20x-20y+196 =0

Centre =(—g, — f)=(10, 10)

r=yg’+ 2 —c=100+100—-196 =/4 =2

Question 9 (b)

(0, 0)

Slope of tangent = m.
Equation of tangent #: mx—y+k =0

0,0 et =k=0

Equation of tangent #: mx—y =0

mx—y=0, (x,, y,)=(10,10), d =2 m’ +1=25(m 1y’

2_|m(10)_(10)| m* +1=25m> —50m +25
- \/m 24m* —50m+24=0

12m* =25m+12=0

2m’ +1=10{m—1|
(4m—3)(3m—4)=0

Nm*+1= 5|m — l|
Question 9 (¢)
2= 1032 c0s45° = 1082 x —— = 10 km

2
1
—10+/25in45° =102 x—— =10 km
g NG
. M(10, 10)
Question 9 (d)

The ships travelling from O are moving along tangents to the circle with centre M(10, 10) of
radius 2 km. This is analogous to the previous circle. You know the slopes of these two tangents.
Bearing of Ships 4 and B:

tana =m=3 tanf=m=1*

sa=tan"(3)=36.87° N of E . B=tan”'($)=53.13° N of E
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Question 9 (e)
Distances travelled by 4 and B:

S
V=—>>8=VX{
t

v, =40 km/h,7=2h v, =30km/h,t=2h
s =40x2 =80 km s=30x2 =60 km
Question 9 (f)

m=3,m =3

_1
24
Question 9 (g) )5 .
tan @ :l: cos@ :%
24 2
i _
24
0]
0
60 km 80 km
/

1> = 60> +80> — 2(60)(80) cos O
1= /60 +80> —2(60)(80)(%) =28 km
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