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SECTION 1 Ty

2a
Question 1 Answer C \

f:[-a,2a) >R, f(x)=a-x
f(-a)=2a included —a 0 \22
f (2a)=—a not included -a

The range is (—a,2a]

Question 2 Answer B Ty
f:(—0,a]oR, f (x)=x?+2bx
f(x)=x* +2bx:(x+b)2 —b?

The quadratic has a turning point at x =-b X

For the inverse function to exist, 0 ’

the function must be one-one, we must —

restrict the domain, to be less than —b,
so a<-b or a+b<0

Question 3 Answer C
|k —x| < 2k k=X =|x—K|
—2k <k —x < 2k alternatively |x—k| < 2k

-3k <—x<k —2k < x—k <2k
—k < x<3k -k <x<3k

Question 4 Answer B

f'(x)<0 for |x<a thatis —a<x<a 0

f'(x)>0 for|x|>athatis X>a or x<-a +

f'(-a)=0and f'(a)=0 - a
the signs of the gradient are shown. + 0

the graph of f has stationary points at
both x =+a. A local maximum at x=-a

and a local minimum at x=a.
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Question 5 Answer D

X)]=g(x) so that o(lj_u[f u)]=g(u) and h(x)=x

%[f (h(X))]Z%[f (x%)] tet u=x*

d d du d
= f(u)]:E f (u) &_2 ™ f(u)]=2xg(u)=2xg(x*)
Question 6 Answer B

f(x)= Jxg (x) using the product rule

(x)= 9 (x) (V% ]+ VX S [a (x)]

9(x)
=5 J‘JMF 9'(x)
' ( ) ’ - ’
f'(4)=—=++409'(4) substitute 4)=8and g'(4)=-1
()2JZ+J_9() g(4) 9'(4)
=§+2><‘1
4
=0
Question 7 Answer E N
f:(-m7) >R, f(x)=sin(x) and y
g(x)=|x|. 11
f(9(x)= f(|X|)=Si”(|X|)
g(f(x))=f(sin(x))=lsin(x)| (
now both have a domain of (-7, 7) ‘” X
and a range of [0,1].
The graphs are the same.
leggf(g(x)):o and leggg(f(x)):o
f(g(x)) and g(f(x)) are both continuous at x=0.
But there isa cusp at x=0.
Both f(g(x))andg( f(x)) are not differentiable at x=0
© Kilbaha Multimedia Publishing http://kilbaha.com.au
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Question 8 Answer E
f: y=x"-4
f': x=y"-4

Yy’ =Xx+4

y=+Jx+4

since the dom f =R~ =ran f ™ we must take the negative sign.

since the ran f =(—4,00)=dom ™, sothat f~:(—4,0) >R, ffl(x):—«/x+4

Question 9 Answer A
(3,—4) lies on the graph of the function y = f (x), so that f (3)=—4
5

(—5,2) lies on the graph of the function y =g (x), so that g(-5)=2

g(x)=—f(-x-2)-2
g(-5)=—f(5-2)-2=—f(3)-2=4-2=2

Alternatively take the point (3,—4), reflect in the x-axis, —f ()it becomes, (3,4),
reflect in the y-axis —f (—x) it becomes, (—3,4) translate 2 units down parallel to the y-
axis, —f (—x)—2it becomes (—3,2), translate 2 units to the left parallel to the x-axis

—f (—(x+ 2))—2 it becomes (-5, 2). These transformations are —f (—(x+ 2))—2

Question 10 Answer C
(431 (x))dx=2

[4x]; 3] f (x)dx =2
12-4-3 f (x)dx =2

83 f(x)dx=2

3 f(x)dx=6

f f(x)dx=2 = _[: f(x)dx=-2
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Question 11 Answer E
Since f (x)= x> +bx* +c’x = x(x2 +bx+cz) crosses the x-axis only once at the origin,

the quadratic factor has no real roots, hence its discriminant A =b*—4c? <0, so that
2

b? <4c? or b—z < 4 since both b and c are non-zero positive constants then 0 < b <2.
c c

Now f ’(x) =3x’ + 2bx +c” and there are two stationary points, so this discriminant

2
A= (Zb)2 —4x3c® >0 sothat 4b? >12¢” or b—z >3, since both b and ¢ are non-zero
C

positive constants then 9 > \/§ so overall we require \/§ < 9 <2
c c

Question 12 Answer B

gradient ﬂ: 6cos(iJ integrating y = jGCOS[Ej dx =183in(lj+c . Tofind c, use
dx 3 3 3
x=% when y =0, so that 0:185in(%j+c = ¢=-9. Thecurveis

y =18sin (gj —9. This crosses the y-axis when x =0 so that y=-9.

Question 13 Answer A

y= x(x+a) crosses the x-axis at x=—a and x=0. 2
3

0 a
A le(x+a) X=-2<

a 3
AZ:j0 x(x+a)dx=5% A,
3 3 N
The total area is A:S%+ —% =a’ _ai\“ 0 a4

Define )‘{x}=x {x+a} Done

0 -a 3
_;{X) dx T

a 5 a3
Jof(x] dx z
6 6
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This page must be counted in surveys by Copyright Agency Limited (CAL)
http://copyright.com.au


http://kilbaha.com.au/
http://copyright.com.au/

Mathematical Methods CAS Trial Exam 2 2015 Solutions Section 1 Page 8

Question 14 Answer E
y-4 1 y'—4 1

Image curve y' = 4—L = - = =
X'-3 2 x'—3 2 3-x

!

The original curve is y:l so that y:T_A' = Yy =2y+4 and
X

. . X' -1 0f|x 3
x=3-X = X =—x+3,inmatrix form = +
y' 0 2||y| |4

Question 15 Answer D EERER K 2015 MC <
h(t)=68-67cos (f—;] . The average height Define h(1)-68-67 COS(%] pere
— _ 5 27.3294
over t=3.75and t=5 j ) a
375
5 ot 5-3.75
J (68—67 005(15)) dt |
815 =27.33
5-3.75
Question 16 Answer D
The graph y=e 3cos (gj crosses the x-axis Define glx)=e > 'COS(%}
X p solve(z(x)-0.1) MEACY TV
when cos(gjzo = x:3(2n—1)E 2
The graph has turning points when solve(i(a&)%ﬂx} x=@
ﬂ:o = x:3(4n—1)£
dx 4
Question 17 Answer A \ /

(6]

y=f(x)=Z(x-2) +1 < '
x [o]l1]2]3]4 T

f(x)] 3|31

Nojw
w
N[
(3]
=
o
(=

L=3+24143 1310 ' AN
2 72 oy
R:§+l+§+3+2:§:12.5 \ /
2 2 2 2 N /

i AN
A:J (l(x—2)2+1jdx:105, [

o\ 2 6

o

Sothat L<A<R 2 0 ER
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Question 18 Answer C

Pr(A)= ﬁ and Pr(B)= % since A and B are independent events

(A)pr(e) - 22

Pr(ANB)="Pr
A A IBEE <2015MC <
p pilp 2 =
Bl po | popfp | P A ey R
4 4 4 4 e
5 poble 1-2 B =
4
factor %—%—Jp_ﬂ *
F l V

R Y )
)
Pr(A'NB') :%(\/6—1)( p—4) alternatively A’ and B’ are independant

-2 )= (p-1)(p-4)

((ANB) f (p p\/_] alternatively  Pr(A'NB')=

Pr(ANE") =Pr(A )Pr( &) =(1-p |

Question 19 Answer D

The graph is left skewed so 0.5< p<1
p=0.7 is the most likely value.

binomPdf(10,0.7,5)

binomPdf(10,0.7,7)

binomPdf(10,0.7,8)

0.1029
0.2668

0.2335

X £Bi(n=10,p=0.7)

Pr(X =5)~0.1,Pr(X =7)~0.27,Pr(X =8)~0.23 |

Question 20 Answer A
XLBi(n,p), Pr(X=x)= pqu

oIt -

@ 1) p? (1-p)"* = ”(n—zl()fé;_ o)

http://kilbaha.com.au
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Question 21 Answer A

ZEN(u=0,0°=1)
Pr(0<Z<a)=A

Pr(0<Z <b)=B,where b>a
Pr ( Pr(a<Z<b)

Z<b|Z>a)= Pr(z > a)

_Pr(Z<b)-Pr(zZ<a)
~ 05-Pr(0<Z<a)
B-A
0.5-A

Question 22 Answer B

E(X)=Y xPr(X =x)=0x(1-p)+Ax p:Ang

E(X?)=YX"Pr(X =x)=0"x(1-p)+A’x p

Var (X) = E(X?)~(E(X))’

A% 2 _ A2 _ A2p2 eqi B 2
A°p (A p) Ap—Ap solve({ng,{a,p}] a=2 andp—;
AZ 2 1_
_pep(1-p)-AP(=p) 8 |
9

solving the equations for A and p (or use CAS)
16(1-p) 8

9p 9
2(1-p)=p
2-2p=p
3p=2
p=—= so A=2

END OF SECTION 1 SUGGESTED ANSWERS
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SECTION 2
Question 1
2
a. R(t)= 2004/t cos [%)
R(3)= 2003 cos(g] ~ 24.5 cars/hr

b. Z—T:O =1=1.697 at t=17

R(1.697) ~ 231.1 cars/hr

C. total number of cars isjo3 R(t)dt =502 cars

d. correct graph, shape, scale, restricted domain, end-point
AR H H
250 (1.7,231.1)
//—0\
200
150

100 /

(3.0,24.5) t
0 1 2 »
€. R(t)=150 = t=t,=0.564 , t=t, =2.547
t 2.547
R(t)dt R(t)dt
ﬁz'[“ () = I°-564 (®) =203.7 cars/hr

t,—t,  2.547-0.564
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- ____________________________________________________|

f2 Done
Define r(f}=200- t - cos|—||0=t=2
6 |
#3) 24.5041
B t=16972
FAY solve(;(_r(f]_}=0,f]
#(1.6972) 231.0996
3 5021446
#(e) ar
0
A salve(r(f)=150,) £=0.5641 or r=2.5475
£2:=2.5475 2.5475
£1:=0.5641 0.5641
12 203 6555
r(e) de
t1
t2-t1
Define /7 {x}=r[x} Done
K2015 Q1 <=
£1()=r(x)
50 0,245)
X
! 4
=50
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Question 2
ai. y=x° %: px**at P(1,1), p>1
X
dy
when x=1 == =m, =p, tangent y-1=p(x—1)
x=1
T y=px+1-p Al
i atR, y=0, O0=px+1-p :>xR:p—_1
P
. p-1
so coordinates of Rare | ——,0 Al
Y
— —(p-1
iii. area C :Ebase X height:1 1_p_1 ><1:1 M
2 2 p 2 p
c-1 Al
2p
iv. B=.|.lx'°dx—C=.|.lx"dx—i Al
0 0 2p
1 Ca
2 B=| ——xP*| ——
p+1 o 2P
_ 11 Al
p+1 2p
vi.  solving d—B:—%+%:O M1
do (p+1)° 2p
= (p+1)’ =2p?
p>+2p+1=2p?
p’-2p+1=2
(p-1)"=2
p—lziﬁ but p>1
p=1+2 Al
b.i.  normal m, _ 1 equation of the normal y—1:—£(x—1) M1
P p
y—_£+1+£—p_+1_i
Y p PP
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il. atQ, x=0, yQ:p—+1
p
ats, y=0, 0=P™ Xy _pi1
p p
so coordinates Q[O,p—ﬂj , S(p+10) Al
p
' 1 x
i A:J(p—Jr———xpjdx Al
oL PP
: +1)x X2 pa T
. A{M_X__X_} AL
P 2p p+l]
acptt t 1, 1 1
p 2p p+l p+1 2p
. dA 1 1 . .
solving —=——5-—=0 asinauvi.
dp (p+1)” 2p
= p =1++/2, it is a minimum ('since a.vi. was a maximum ) Al
Define f{x}=xp Done =
tangentLine Hx)x 1} p x—p+1
Define f(x}=p- x—p+1 Done
solve{f(x)=0,x} . p-1
r
1 ) 2L 2
b= Of{x} dx—;[wl p+l 2p
df1 1] o
dplp+l 2p| 5 pz {:;+1)2
solve - =0p|p=1 p=J2 +1
2p7 (p+1)?
no1ma1Lineb‘{x},x, l} E_i
r P
Define n(x}=£—i Done
P P
A 10 P+l
r
solve{:n (x}=0,x} x=p+1
a-=J ()] axip>1 1 zm
4]
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Question 3

a. Total 20 pens
8x7x5 14

Pr(oneof each color) = 3Ix————— ==
20x19x18 57

b. Let R be Lilly uses red pen, and B be Lilly uses a blue pen
B—->R=06 = B—>B=04and R->R=03 =R-—>B=07

i. Pr(red three times) = Pr(RBRR)+Pr(RRBR)+Pr(RRRB)

=0.7x0.6x0.3+0.3x0.7x0.6+0.3°x0.7
=0.315

R B

i, R [0.3 06][1] [0.447
B |07 04||0| |0553
red pen on Thursday 0.447

OR  Pr(RXXR)=Pr(RRRR)+Pr(RBRR)+Pr(RRBR)+Pr(RBBR)
= 0.3°+0.7x0.6x0.3+0.3x0.7x0.6+0.7x0.4x0.6 = 0.447

- 0.3 0.6]°[1] [0.4615
' 0.7 04| |0| |05385
long run probability of red is 0.4615, probability of blue 0.5385
long run, more likely to use blue

C.i. Since the total area under the curve is equal to one.
40 ot
aJ oS (—j dt=1
0 80

{2 -
%Ta(sin(%j—sin(o)j =1

80a Vid
—=1 = a=—
Vs 80
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ii. Since % ~ 0.039, correct graph scales, restricted domain Al
T
0.05¢1
0.04+¢
0.0371
0.02
0.01
t
0 10 20 30 40
r (% it
iii. Pr(T <30)=—| cos (—j dt =0.9239 Al
80 J, 80
z (© it
iv. E(T)=— tcos(—] dt
80 J, 80
40(7 -2
= L) minutes Al
v
. T N 7t 1
V. the median m, satisfies — cos[—j dt== Al
80 J, 80 2
solving gives m=13.33minutes Al
d. XEIN(u=?,0"=?)
Pr(X >2600)=0.001 = 2209=# _1 3346 M1
(o2
Pr(X <1800)=0328 = 1200"H _ 0 4454 A2
(o2
solving £ =2000.2 , c=449.4
the mean is 2000 metres, the standard deviation is 449 metres. Al
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€. Y £N(u=2500,0° =300°)
Pr(Y >3000) =0.04779

ZLBi(n=3,p=0.04779)
Pr(z >1)=1-Pr(Z =0)
=1-(1-0.04779)’

=0.1366 Al
it D =
Definej{f}=a- cos ks one
80
40 80-a
j{_f) dr ™
0
80-a T
solve =la a=—
b4 20
] (¢ T Done
Defineﬂ_f)=a- cos|—|la=— and 0=£40
|80/ 80
30 09239
Ad ar
0
0 40- (m-2)
(¢ Ad)ac n
0
m . m=13.3333
A solve j{f} di=—m
0 2
invNom(1-0.091,0,1) 1.3346
invNorm(0.328,0,1) -0.4454
(2600~ 1800-u ©=2000.1798 and o=449 4382
solve| ——" =1 3346 and ———=-0.4454 {0}
a a
norm Cdf(3000, =, 2500, 300) 0.04779
binomCdf(3,0.04779,1,3) 0.13663
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Question 4

a.l.

C.i.

© Kilbaha Multimedia Publishing

sz%;(9h+32), Ah=-0.1

V=%@W+%M

av. = T .
E = g(l8h + 32) = Z(gh +16) ﬁ[v‘(fr])lfrﬂ 254

1) 41 m

8
when h=1 d_V:25_7T =
dh 4

oAV V%5 1 2
dh  Ah dh 4 10 40
Volume decreases by 5?” m?®
dv Mr | Mx

—=-k so V=-kt+c when t=0,V=— =¢
dt 8 8
) . A1r
four hours is 240 minutes, when t =240,V =0 = 0=-240k +?
41 A1
= k =

240k = —— =—
8 1920
d_V =sin ﬁ
dt 4

;
V:ﬂ: sin ﬁ dt solving
8 . 4

T =23.24 minutes.

dv av
o evh, S ="(9n+16
dt cvh dh 4( " )

dh_dhdv _ —dch
dt dv dt 7(9h+16)

dt N ﬂ(gh +16) solve)

dh N

0
T:18O:—15J1gﬂligadh
), W

| 0 |
180" 9 h+l6 ah
=— | ——— dhrc
4c J}:_
\ 1 |

197
C=——
360
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Question 5
2
i. Let f4(x) :%—9x+1013 at the point H, x =220
2
f4(220)= 2;8 —9x220+1013=1
Let f1(x)=ax’+bx+c , atA, x=0, f1(0)=c=1
so that H(220,1) and A(0,1) Al

2

i, Let f2(x)=%—4x+163 and f2'(x)=2—’;—4

2
at C, x =60, f2(60):%—4x60+163:13 and f2'(60):2—8—4:—1

since the join is smooth, f1(60)=13 and f1'(60)=-1
f1(x)=ax’+bx+1and f1'(x)=2ax+b

£1(60)=13 = 13=3600a+60b+1 (1) 3600a+60b =12
f1(60)=—1 = (2) —1=120+b

solving equations (1) and (2) gives a:—% , bz%

2
i fl(x):—%+%+1 fl’(x):—%+%:0 — x=35

2
at Bwhen x=35, f1(35):—£+7x35+1:25E so B
50 5 2

n n

35,25—

3

n

1

v, Let f3(x):Rsin(Mj+k and fsf(x)zﬁcos{wj

2
at E, x=100, f2(100):128

since the join is smooth, f3(100)=13 and f3'(100)=1

f3(100) =Rsin(0)+k =13 =k =13
and f3’(100):%cos(0):%:1 — Rr=n

at F, when x =150 it is a maximum, so that f3'(150)=0,

f3'(150):%cos(5077q=0 but cos[%jzo S0 50%:%

= n=100 and R:@
T

100

~4x100+163=13 and {2/(100)="""~4=1
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V. f3(x):1oosin[”(xl;;00)j+l3

at F when x=150 , f3(150)=@+13 o) F(lSO,@Hs)

T T
the vertical distance BF is @+13— 25%
T
pr =120 _2 Al
T 2
-/ — — —  — — — — ]

2 Done

Define flx)=2—-9- x+1013

50

#4(220) 1
2 Done

X
Define f2(x)=>——4 x+163
40

#2(s0) 13
d (o -1
—(72(x) J=60
dx
Define f1(c)=a x2+b x+1 Done
r1(60)-13 3600 a+60 b+1=13
2 {so(e)Jemt 120" a+b
dx
solve(3600° a+60 b+1=13 and 120° a+b=-1,{a,b }) -1 7
g=— and b=—
50 5
) 1 2 -1 7 Done
Defmef?(_x}=a-x +b x+1|g=— and b=—
5
solve(i[.ff(x}.#o,x] x=35
L)
71(35) 51
2
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71(25) 51
2
Defineﬁ(x}=r' sin(n. (x—lOO] ]+k Done
72(100) 13
d (0 1
—(26)re-100
A £3(100)=12 k=13
i di{:ﬁ(x]:}bﬁloo rr
d (= 50- 7
A E[ﬁ’{x}}b@lso COS - ST
(50-11: b ) n=100
solve =—n
Define /36— sin = (- 100) I]+13 Done
e 100
#3(150) 00 .,
100, 51 00 2
s 2 s 2
END OF SECTION 2 SUGGESTED ANSWERS
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