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Section 11

Question 11 (a)

Criteria Marks
¢ Provides correct solution 2
* Finds the correct relationship betweencos2x and sinZx , or equivalent 1
merit
Sample answer:
Jsin2 xdx
1
=—|[1-cos2xdx
2
1 sin2x
= —(x - J +C
2 2
Question 11 (b)
Criteria Marks
¢ Provides correct solution 2
* Attempts to use the correct slopes in an appropriate formula, or equivalent 1
merit

Sample answer:

m1=2 m2=—3

tanf = =y
1+m1m2
14+2x(=3)
_| 3
-5
=1

. acute angle =45° or %
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Question 11 (c¢)

Criteria Marks
* Provides correct solution 3
* Identifies both important values, or equivalent merit 2
* Identifies —3 as an important value, or equivalent merit 1
Sample answer:
4 >1
x+3
2 4 2
(x+3)" x >(x+3)x1, (x#-3)
(x+3)
4(x+3)2(x +3)°
02 (x+3)*—4(x+3)
0>2(x+3)(x+3-4)
0=2(x+3)(x-1
=-3<x<1
Question 11 (d)
Criteria Marks
* Provides correct solution 2
* Finds A, or equivalent merit 1

Sample answer:
5cosx—12sinx

Acos(x+ o) = Acosxcosa — Asinxsino

s Acosa =5
Asino =12
A:m tana:%
=13 o =1.176005207...

5cosx —12sinx =13cos(x +1.176005207...)
or

12
5cosx —12sinx = 13cos(x +tan~! (?D
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Question 11 (e)

Criteria Marks
* Provides correct solution 3
* Finds a correct expression for the integral, or equivalent merit 2
* Correctly attempts substitution, or equivalent merit 1

Sample answer:

Let

u=2x-1

du
dx

when x=1, u=1
x=2,u=3

2
"

J

1
3
"

4
S

X

l(u+1)
2\ u?

lnu—l}

u

(lnS—l

_ 3In3+2

12

— = _dx
Qx—1)?

1

-—du

1

3)_(

lnl—l

1

—=2:>dx=ldu
2

)
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Question 11 (f) (i)
Criteria Marks
¢ Provides correct solution 1
Sample answer:
P(x)=x> —kx®+5x+12
Since x—3is a factor, then P(3)=0
(P —k(B)?+53)+12=0
27-9k+15+12=0
9k =54
k=6
Question 11 (f) (ii)
Criteria Marks
¢ Provides correct solution 2
 Identifies quadratic factor, or equivalent merit 1

Sample answer:

Using k=6 P(x)=x>—6x>+5x+12.
By long division

x> —3x—4
x—3>x3—6x2+5x+12

x> —3x?

—3x2 +5x
—3x% +9x
—4x+12
—4x+12
A Px)=(x-3)(x2-3x-4)
=(x-3)x-Dx+1)

-.zeros are 3, 4, —1
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Question 12 (a)
B
NOT TO
SCALE
A
(0]
100%y
X
30°
C D
Question 12 (a) (i)
Criteria Marks
* Provides correct answer 1

Sample answer:

ZACB+ ZACD =90° (Angle in a semi-circle is a right angle)
ZACB+30°=90°
- ZACB =60°

Question 12 (a) (ii)

Criteria Marks
* Provides correct answer 1
Sample answer:
ZADX = ZACD (angle between tangent and chord = angle in the alternate segment)

=30°
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Question 12 (a) (iii)
Criteria Marks
e Provides correct solution 2
* Makes some progress towards correct solution 1

Sample answer:

ZCDY + £YCD =100° (£LBYC, exterior £ of ACDY)

S ZLCDY =70°

ZCAB=ZCDB (Angles standing on same chord at the circumference are equal)

s ZCAB=170°
Question 12 (b) (i)
Criteria Marks
¢ Provides correct solution 1

Sample answer:
PQ:(p+q)x—2y—2apqg=0
At the focus x =0, y=a
= (p+q)0-2(a)—2apg=0
s —2a=2apq
= pg=-—1
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Question 12 (b) (ii)
Criteria Marks
¢ Provides correct coordinates 2
* Identifies the value of p, or equivalent merit 1
Sample answer:
P(8a, 16a), ..8a=2ap
p=4
1 )
g=-— (from (i)
p
.
" q 1
1 1)?
ctnr-(f-1) o)
Q(aq aq) (a 2 a 2
_ (_ﬁ i)
2716
Question 12 (c¢) (i)
Criteria Marks
¢ Provides correct solution 1

Sample answer:

In AMOA,
tan15° = L
OA
cotls5® = O—A
h

OA = hcotl5°
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Question 12 (c) (ii)

Criteria

Marks

¢ Provides correct solution

» Uses Pythagoras’ theorem, or equivalent merit

Sample answer:

In AMOB,
tan13° = L
OB
cotl3° = %
h
OB = hcot13°
In AOAB,

OB? = 0A? + AB?
h2cot?13° = h2cot?15° + 200072
h2(cot?13 = cot?15) = 20002

) 20002

~ cot?13°—cot?15°

=827561.0914...

h=910
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Question 12 (d) (i)

Criteria Marks

¢ Provides correct solution 1

Sample answer:

200

160

Using cosine rule: a’ =b>+c? = 2bccos A
160% = r2 +r? = 2r.r.cos@
160% = 22 = 2r%cos0

. 160% =272 (1 - cos6)

Question 12 (d) (ii)
Criteria Marks
¢ Provides correct solution 2
* Observes 200 = r@, or equivalent merit 1

Sample answer:

Using / =r0
200=r0
200
r=——
0

2
160% = 2(?) (1-cos®)

160262 = 2(200)* (1 - cosB)
892 =25—-25c0s0
. 80% +25c0s60-25=0

~10-
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Question 12 (d) (iii)

Criteria Marks
¢ Provides correct solution 2
e Finds derivative of 8% +25c0s6 —25 , or equivalent merit 1

Sample answer:

6,=n  Letf()=86%+25c0s6-25
£(6) =166 - 25sin8
0
62 = 91 - f/( 1)
/(8)

_ 87* +25cosm—25

16(rr) — 25sinm
8% =50

167
=2.565514...

=2.57 (two decimal places)

—11 -
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Question 13 (a) (i)
Criteria Marks
» Provides correct values 1
Sample answer:
x=3o0orx=7
Question 13 (a) (ii)
Criteria Marks
e Provides correct answer 1
Sample answer:
Max speed when v2 =11
~.Max speed = JII ms™
Question 13 (a) (iii)
Criteria Marks
¢ Provides correct solution 3
* Deduces the values of two of a, c, n, or equivalent merit 2
* Writes down the value of ¢, or equivalent merit 1

Sample answer:

c=5 (particle oscillates about x = 5)
a=2 (amplitude is 5—3 or 7-95)
v2 =n? (22 —(x- 5)2)

v2 =11 when x=5

11=4n>
Lol
4
R
T2
(n>0)

—12 -
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Question 13 (b) (i)
Criteria Marks
¢ Provides correct solution 2
- 18 ) )
¢ Identifies 5 or equivalent merit 1

Sample answer:

18
(2)( + 3—) = a0x18 + a1x16 + a2x14 +...
X
18 0 18 I 718 2
_ (zx)lg(ij ; (2x)”(i) ; (2x)16(i) o
0 3x 1 3x 2 3x

18 1
. _ 16
..az—(ZJZ 3—2

=1114112
Question 13 (b) (ii)
Criteria Marks
e Provides correct solution 2
* Identifies correct term, or equivalent merit 1

Sample answer:

18 k
(o< (2)

18-k -k 0

For constant term, x X T =X
= 18-2k=0
k=9
. C(18) (1Y
. constant term/term independent of x is ( 9 j.2 (g)

— 13-
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Question 13 (c)
Criteria Marks
* Provides correct proof 3
* Verifies initial case and attempts to use inductive assumption, ’
or equivalent merit
* Verifies the identity for the initial case, or equivalent merit 1

Sample answer:

Whenn=1, RHS=1- !
1+

ST N
21 2

Statement true for n =1.

Assume the result is true for n = k
3 k

ie assume —+—+—+...+ =1- to be true.
21 31 41 (k+1)! (k+1)!
Prove true forn =k +1
1 23 k k+1 1
ie —+—+-—+...+ + =1-
21 31 41 (k+1)! (k+1+1)! (k+1+1)
LHS =1 ! ka1 (from assumption)

- -
(k+D! (k+2)!
_1_(k+2)—(k+1)
(k +2)!
1
- = RHS
(k +2)!
Hence the result is proven by mathematical induction.

_ 14—
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Question 13 (d) (i)
Criteria Marks
* Provides correct proof 2
« Correctly differentiates cos™'x, or equivalent merit 1
Sample answer:
F(x)=cos ' (x)+cos™ (—x)
-1 -1 -1 1
S (x)=——+-1. = +
N JI—(x? A1=x? J1=x?
=0
S~ f(x)=0
- f(x) is constant
Question 13 (d) (ii)
Criteria Marks
* Provides correct solution 1

Sample answer:

Substitute any suitable value, eg x =0
7(0)=cos™'(0)+ cos™1(0)
:5+_
L fx)=r
scos t ) +cosH-x)=7

ie cos ' (=x) = —cos H(x)

15 -
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Question 14 (a) (i)

Criteria Marks
* Provides correct solution 2
* Finds correct time when y = 0, or equivalent merit 1

Sample answer:
When y=0

0 = Visinf — %gﬂ

1
O0=t¢lVsinO——gt
( 2g)

2Vsin@
t=0 or t=
8
Range: x =Vtcos@ when = 2Vsind
8
_ V(ZVstjCOSe
8
B 2V2sinfcosO
8
B V2sin20

=—— " (sin20 =2sinfcos0)
8

—16-
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Question 14 (a) (ii)

Criteria Marks
* Provides a correct angle to the horizontal 2
* Provides x and y, or equivalent merit 1

Sample answer:

dx

— =Vcos6
dt
dy
—Vsm@ t
di &
. dy _Vsinf—gt
T dx VcosO
When 9—— and t = —
fg
2V
Vsin— -
a3 (ﬁgj
dx Veos™
yoV3 v
__ 2 B
v.L
2
ﬂ 1

Let o be the angle between the curve and the positive direction of the x-axis at that time.

1
sotano = ——=
3

Szt " .
= o= 3 from positive x-axis

Question 14 (a) (iii)

Criteria

Marks

¢ Provides correct solution

Sample answer:

Since o is obtuse, the projectile is travelling downwards (or is descending).

—17 -
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Question 14 (b) (i)
Criteria Marks
¢ Provides correct solution 3
e Writes v2 asa perfect square, or equivalent merit 2
1
d (2 V2 j 1
* Attempts to use T, or equivalent merit

X

Sample answer:

¥=x-1 t=0,x=0,v=1
i(lvzjzx—l

dx\2

l\/Zzlxz—x+C1
2 2

1222)62—2x+2C1

Atx=0,v=1 1=0-0+2C,

2C, =1
v =x2=2x+1
vi=(x-1)°
Lv=x(x-1)
Now v=1 when x=0 so
1=—(0-1)
ie take negative case
sv=—(x-1)
Lv=1—-x

— 18-
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Question 14 (b) (ii)
Criteria Marks
* Provides correct expression 2
* Attempts to integrate a correct expression for ? , or equivalent merit 1
X
Sample answer:
v=1-x
dx =1-x
dt
Jdr_ 1
Tdx 1-x
t=-In(l-x)+C,
Whent=0 x=0
Gy =0
st=—In(1-x)
—t=1n(1-x)
el=1-x
ax=1-e'
Question 14 (b) (iii)
Criteria Marks
* Provides correct solution 1

Sample answer:

x=1-¢"1

Ast— oo, et >0
=x—1-0
=1

. limiting position is x =1

—19-
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Question 14 (c¢) (i)

Criteria Marks

* Provides correct explanation 1

Sample answer:

To get a prize in 7 games, A must win 4 of the first 6 games and then win the 7.

(g
20

Question 14 (c) (ii)

Criteria Marks

* Provides correct expression 1

Sample answer:

A can get a prize by winning in 5 games or 6 games or 7 games.
4 4 5 5 6 6

o=y o) (5 GG G)
4)0\2) \2 4)0\2)\2 4)0\2)\2
HORHGENG!
4 )\2 4)\2 4)\2

—20-
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Question 14 (c) (iii)

merit

Criteria Marks
* Provides correct proof 2
o1 .
* Recognises that the probability that A wins the prize is 5 or equivalent 1

Sample answer:

A can win in n + 1 games or (n + 2) games or (n + 3) games ... or 2n games.

AT

1
But probability that A eventually wins is 5

22n+1

Equating these expressions and multiplying by gives

n n+1 n+2 2n
( )2”+( J2"—1+( )2"‘2+...+( ]
n n n n

21—
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Mapping Grid
Section I
Question Marks Content Syllabus outcomes
1 1 16.2E PE3
2 1 14.2E HE3
3 1 2.9E PE3
4 1 18.1E PE3
5 1 10.5E H5, HE7
6 1 15.2E HE4
7 1 15.5E HE4
8 1 8.1,8.2,13.4,13.5E HE7
9 1 14.4E HE3
10 1 13.7 H5
Section II
Question Marks Content Syllabus outcomes
11 (a) 2 13.6E HE6
11 (b) 2 6.6E P4
11 (c) 3 1.4E PE2, PE3
11 (d) 2 5.9E P4
11 (e) 3 11.5E HE6
11 (f) (@) 1 16.2E PE3
11 (f) (ii) 2 16.2E PE2, PE3
12 (a) (i) 1 2.8,2.10 PE3
12 (a) (ii) 1 2.8,2.10 PE3
12 (a) (iii) 2 2.8,2.10 PE2, PE3
12 (b) (i) 1 9.6E PE3, PE4
12 (b) (ii) 2 9.6E PE3, PE4
12 (¢) (1) 1 5.6E PE6
12 (c) (ii) 2 5.6E H5
12.(d) ) 1 5.5 P4
12 (d) (ii) 2 13.1 H5
12 (d) (iii) 2 16.4E HE7
13 (a) (1) 1 14.4E HE3
13 (a) (ii) 1 14.4E HE3
13 (a) (iii) 3 14.4E HE3
13 (b) (i) 2 17.3E HE7
13 (b) (ii) 2 17.3E HE7
13 (¢) 3 7.4E HE2
13 (d) (i) 2 10.1, 10.2, 15.5E HE4

22—
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Question Marks Content Syllabus outcomes
13 (d) (ii) 1 154E HE4

14 (a) (1) 2 14.3E HE3

14 (a) (ii) 2 14.3E HE3

14 (a) (iii) 1 14.3E HE3

14 (b) (1) 3 14.3E HES

14 (b) (ii) 2 14.3E HES

14 (b) (iii) 1 14.2E H3, H4, HE7
14 (c) (1) 1 17.1E, 17.3E, 18.1E, 18.2E HE3

14 (c) (ii) 1 17.1E, 17.3E, 18.1E, 18.2E HE3

14 (c) (iii) 2 17.1E, 17.3E, 18.1E, 18.2E HE3

_23_
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