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Section A - Multiple-choice questions
Question 1
The correct answer is A.

Question 2
The correct answer is A.

Looking at the answers, should group cos(x — y + z) as both cos[(x — y) + z] and cos[x — (y + 2)]
Using trigonometric identities:

cos[(x — y) + z] = cos(x — y) cos(y) — sin(x — y) sin(y), which is not a selectable answer.

cos[x — (y + z)] = cos(x) cos(y + z) + sin(x) sin(y + z), which is answer A.

Question 3
The correct answer is B.

1
J.Esin(Zx)\ll — cosx dx

= fsin(x)cos(x)\/l — cosx dx

, d )
Notice how all the answers have 1 — cosx, so let u = 1 — cosx, ﬁ =sin(x),1 —u = cos(x)

= f(l —wVu du
_ Juo.s U5 du
2

2
= §u1'5 - guz.s +c

2 2
= §(1 — cosx)1® — = (1 —cosx)*® +¢

Now ¢ could be zero, hence B is an anti-derivative.
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Question 4
The correct answer is A.

f(x) = tan™'(x)

fe) =7

2x

fl'x) = “GTT 12

Let £ (x) = f'(x)

1 2x
x2+1  (x2+1)?

(x2+1)? = -2x(x* + 1)
(x*+1) = -2«
xX*4+2x+1=0
(x+1)?2=0

When £ (x) = f"(x), x = —1

Question 5
The correct answer is C.

Using linear approximation with step size of -1, y(=2) = y(-1) — % (-1, %(—1) ~ 0.79

y(=2) = ¢c—0.79

Question 6
The correct answer is D.

Both D and E cannot be true.

Logically, 3 or more 2 dimensional vectors are dependant.

Alternatively,

%(—a+2b) =j and§(3a+b) =i

c=3a—2b

Hence a, b and ¢ are dependent, and so D is the correct answer.

Question 7
The correct answer is D.

Graph is of the form y = ax® + ¢, with a and ¢ as constants.
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Question 8
The correct answer is B.

d
(:iit)) = sec?(t) i + tan(t) sec?(t)j
3
()2
Question 9

The correct answer is A.

Question 10
The correct answer is D.

T

2
area = j 2cos™I(2x)dx =1
0

Question 11
The correct answer is A.

e —1 e +1
dx

e 41 e2x—1

4€2x
=—fe4x_1dx

du
Letu = e2¥ |, — = 2¢%*
dx

f 2
u 1
.[ .[

=log,(u+1)—log,(u—1)

u+1

= log, <—u— 1) +c

e?*+1
=10ge er—_l +c
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Question 12
The correct answer is C.

2
Let equation 1 be % +y* =1

Let equation 2 be xz—z +y=c

equation 1 - equation2:y? —y=1-c¢
yi-y+c—-1=0

Using the quadratic formula:

1+vV1l—4c+4

y= 2

For there to be real solutions for P,

1-4c+4=0

c<

NS

Question 13
The correct answer is C.

Question 14
The correct answer is E.

Question 15
The correct answer is E.

Visually, |z| is the distance from the origin to the point z. Using Pythagoras’s rule, distance = va? + b2.

Question 16
The correct answer is E.

The xz-plane has normal vector k. The angle, a, between k and p is given by:

kp= |E||p| cos(a)

Cc

va? + b2 + c2

The angle, 6, between the xz-plane and the vector p equals 90 — a.

cos(a) =

~a=90-20

Cc

va? + b2 + c?

cos(90 — 8) = sin(H)

~cos(90 —0) =

Hence 6 = sin~?! (4)
VvaZ+b?+c?
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Question 17
The correct answer is D.

(a+b)(c+d)=0,a.c+b.ctad+b.d=0(1)
(b+c)(a+d)=0,b.d+b.a+c.d+c.a=0(2)
1M-@:b.c—cd—b.a+ad=0
(c—a).(b—-d)=0
Sincec—a#0andb—-d+#0

¢ —aand b — d are perpendicular.

Question 18
The correct answer is A.

1,
@ =-2(x-3)3

1 (x —3)*
V' =—-——""+cC
2 2

v?=—(x—-3)*+2c
Atx=3++2,v=0,thusc = 2.
v2=4—(x-3)*

Maximum velocity occurs when (x — 3)* = 0,v = 2

Minimum displacement from O when v = 0,x = 3. To see this more clearly, rearrange the expression to
make x the subject:

(x—3)* =4 —v?
x =3+ /4 — 2

Question 19
The correct answer is B.
momentum
Velocity = ———
mass
Hence written in (i, j, k) form, the change in velocity is from (15, =5, 5) to (5,0, —5), where the
magnitude of each of these vectors is the speed.

V; = /152 + (=5)2 + 52 = V275 ~ 16.6

V, =+/52 + 02 + (=5)*2 = V50 =~ 7.1

V, —V; is closest to -10.
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Question 20
The correct answer is E.

1.3 =+/1.22 4+ 0.5?, hence it is a right angle triangle.

Thus = =12 ~ 0.42
Tc 0.5

Question 21
The correct answer is B.

z+Z=a+bi+ (a—bi)=2a

Question 22
The correct answer is D.

Let z = acis(b). Then iz = cis (g) x acis(b) = acis (b + g) which is (geometrically speaking) z rotated

90° around the origin.
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Section B - Short-answer questions
Marks allocated are indicated by a number in square brackets, for example, [1] indicates that the line is
worth one mark.

Question 1a

A
\ 4

k?v? N 2500 N

[1 mark for both arrows in correct direction and with correct values]

Question 1b i
a=2<=-"(2500-k%v?) [1]
m 1000
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Question 1bii
dv 1
—_ 2.,2
=7 1000(2500 k%v?)
dt 1000

dv 2500 — k2v?

1000

t = f—ZSOO—kzvz dv + c [1]

Use partial fractions:

1000 A B

2500 — k202 50 — kv | 50 + kv

A=B=10[1]

_f 10 d+f 10
50— T ) 50+ kv

t= —TlogeISO kv| + loge|50 +kv|+c
0 50+k
t= %loge _sotkz +c [1]

Whent=0,v=0:0 =1—kologe|1| +c

~c=0/[1]

50 +kv|
50 — kv

klge

th tk
50e10 — kvei0 = 50 + kv

tk tk
50 (610 - 1) = kv (1 + elo)

th
B 50(910—1) B 50(ar—1) [1]
v= (ﬁ ) T k(a+1)
k{ eT0+1
Question 1b iii
10k
Whent— 17—50 a =elk=c¢
_50(e—1)
 k(e+1)
_e1
k - e+1 [1]
Question 1c
t=£=wz225[1]
k e—1

k 1
_k: (can remove the absolute value since e > 0 for all a € R)
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Question 1d
_ 50(e+1) [1]

m e—1

Question 2a

area = fos (%xz + 1) dx + f56 3.5dx [1]

5

1
— 3 6
= [30x + x]o + [3.5x]2

1
=%x125+5+3.5x6—3.5><5
— 38
==

Question 2b
x*=10(y — 1) [1]

V= nf13'5 x%dy [1]

35
=10x (y — Ddy
1

y? 35
= 10m [— - y]
1

2
=10 357 3.5 1+1
R U
=20 _ 1357 2 4]
8 4
Question 2¢

W 4 minut
— = — m3/min
dt = tnute

- it will take =% x 2 = 125 minutes to fil [1]

During this time, the water level rises from 0 to 2.5 m.

Average rate at which water rises =

25m 2500 mm — l mm/s [1]

Question 2d i

v(h) =10 [*"

My + Ddy,0 < h <25[1]

125min  125%60 seconds
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Question 2d ii
1+h

2
V(h) = 10m [y? — y]

1

14+ 2h+ h? 1
=10n(—————h—=

2 2
_1op (@Rt 2k
I 2
= 10mh? [1]
Y = 20mh [1]
dh
@ = aall
= xZ=211
20mh 4 80h

Question 3a
Use long division or CAS calculator to find: P(z) = x® — x> + x* —x3 + x2 —x + 1 [1]

Thenread offvalues: A=C=E=G=1,B=D=F=-1[1]

Question 3b

Im(z)
A

Note that z = —1 due to the z + 1 term in P(z).
[2 for roots]
Question 3c

z7+1_
z+1

z7 = —1 = cis(—m) [1]

z = cis (%zm)n =-2,—-1,0,1,2,3 (note that n = —3 is excluded due to the z + 1 term in P(2)) [1]

z =cis (— 5771) , Cis (— STH) , Cis (— g) , Cis G) , Cis (STH) , Cis (57”) 1]
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Question 4a
f = 0 since the object is at rest [1]

Question 4b
Using resolution of forces:

Perpendicular to the plank: N — mg cos(30°) =0, so N = 21.22 N [1]

Parallel to the plank: f —mg sin(30°) = 0, so f = 12.25 N (which is less than the maximum possible
friction force, uN = 14.85 N) [1]

Question 4¢
Again, using resolution of forces:

Perpendicular to the plank: N = mg cos(40°) [1]
Net force is parallel to the plank:

ma = f —mg sin(40°)

ma = uN — mg sin(40°)

ma = 0.7 X 2.5 X 9.8 X cos(40°) — 2.5 x 9.8 X sin(40°)

a= —% = —1.04 m/s? (ie. acceleration down the plank) [1 mark, must include direction]

Question 4d
Use constant acceleration equation v = u? + 2as with u = 0, a = 1.04 m/s2, d = 3 m and v unknown:

v =+2x1.04 X 3 = 2.50 m/s? [1]
p=mv =25x%250=6.25kgm/s [1]

Question 4e
Use resolution of forces:

Perpendicular to plank:

normal reaction force — gravity component + pulling force component = 0

N — mg cos(40°) + 20 sin(30°) = 0 (30° is the angle between the plank and the pulling force)

N = 2.5 X 9.8 X cos(40°) — 20sin(30°) = 8.77 N [1]

Parallel to the plank, ignoring friction:

pulling force component — gravity component = 20 cos(30°) — mg sin(40°)

= 1.57 N up the plane [1]

Therefore, friction will act to oppose the motion of the box up the plane (ie. it will act down the plane)
frnax = UN = 0.7 x 8.77 N [1]

Since the maximum frictional force is greater than the resolved force, the net force is 0. [1]
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Question 4f
It will remain stationary. [1]

Question 5a
AC=c—a,BC=c—b,BA=a—->b|[2]

Question 5b
OM=2(b+¢),ON=>(a+c),OP=>(a+b) [2]

Question 5c i
We know that OM L BC and ON L AC. Hence OM.BC = 0 and ON.AC = 0. [1]

%(b+c).(c—b)=0

b.c—b.b+c.c—c.b=0
lc|? = |b|?

~ |c| = |b| since |c| > 0 and |b| > 0. [0.5]
1
E(a+c).(c—a) =0

ac—aa+cc—ca=0

lc|? = |al?

~ |c| = |a| since |c| > 0 and |a| > 0. [0.5]

~lal = |b| = |c| [1]

Question 5c ii

OP.BA=-(a+b).(a—b)=>(aa—ab+ab—b.b)==(al*-|b*) =>(lal*-|al*) = 0
~ OP L BA since OP and BA # 0. [1]

Question 5d
|ACI? =(c—a).(c—a)=c.c—a.c—a.c+a.a=|c|]?+|al?> —2|al|c|cosa = d? + d?> — 2d? cos a

= 2d?(1 —cosa) [1]

Similarly, |BC|? = 2d?(1 — cos 8) [1] and |BA|? = 2d?(1 — cosy) [1]
Hence,

|AC|? + |BC|? + |BA|? = 2d?*(1 —cosa + 1 —cos B + 1 — cosy)

= 2d*(3 — (cosa + cos B + cosy) [1]

Question 6a
xo = 1, yO = 1

=11y, = y(1L1) =y + hf () = 1+ 0.1 (25) = 1+ 0.1 x 1.5 = 115 [1]

2.2+1
2.1

X, =1.2,y, = y(1.2) = 1.15 + 0.1( ) =115+ 0.1 x 22 = 1302 [1]
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Question 6b
d_y _ 2x+1
dx - x+1

1
= | 2dx —
y f dx Jx+1dx+c

y =2x —loge|x + 1| + ¢ [1]
Whenx =1,y =1:
1=2-log,2+c
c=log,2—-1

Ly =2x—loge|x+ 1| +log,2—-1

2
=2x—-1+1 —|
y x +ogex_|_1

¥(12) = 24— 1+ log, (%) = 1.4 + log, () [1]

=2- ﬁ using partial fractions or any other suitable method
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