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1999 Mathemitical Methods CATs 2 and 3 Solutions

1999 Mathematical Methods CAT 2

Suggested Answers and Solutions

Part I (Multiple-choice) Answers

1. B i E 1A 4 E 5C
6. E 7. C 8. D 9 A 10. B
11. D 12. B 13. D 14 A 15. D
16. A 17. E 18. D 19.A 20 C
21.D 2. B 3 E 24 A 25. B
26. D 27. C 28. CorE 29.B 30. C
31. E 32 A 3.8
Question1 [B]
Y Pe(x=x)=1
S0 k+4k+9%k+16k =1
30k =1
1
¥*3
Question 2 [E]
Binomial Variable n = 6, p = 0.9
Let X be the number of “cures” amongst patients.
X~Bifn p} X~Bi{609 Pr(X=x)=°%C;090
Pr(X = 3)
=1-[Pe{X = 0)+Pr(X = 1) + Pr(X = 2)]
=1-[01% + *ci01%09 4+ °Cy 014097 ]
" Question3 [A]
Note Binomial Variable p=02 n=10 4=08
W = Mean = np Yariance = npg
u=10x02 Var =2x08
=2 =16

Question4  [E] from diagrams given.

Question 5 [C] A2)

-1 1

From diagram [C} is incorrect.

Note that Pr(Z < -1} = Pr(Z > 1). Other options A, B, D
and E correctly describe a standard normal
distribution.

Question 6 [E]

W o=100 o=8

110 - ﬂoow

Pr{X > 110) = uuAN > g

= _UAN > m%u

= iu > wu
= Pr(Z > 125)
—1-Pr{Z < 125)
=1-089u4

= 0.1056

100 108 110
¥
M H+6
Note that from above diagram shaded area could not
be answers A, Bor C
Quegtion 7 [C]
p = 0.6 population propertion

Sample ofNDO = n
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Question 8 [D]

Notea >0
Note as graph has y-intercept 0, not 4, we eliminate
C (Y=ae)

Question 3 [A]

_ A
Y=1+8
Vertical Asymptote at r=-1 = B=1
So graph is of form y = HM i
Substitute (0, -1) 1= %
A= -1
| -1
- Ruleis y = 1
Question 10 [B]
Note same scale on BOTH axes
¥
|
i
g
N
20 N\ -
|
H _ - N

3
f
|
!
|
|
|
|
|
T
-
T
|
|

jury
L]

— y=f)
——-y='w

Question 11 D)

Note: derived function does not exist at both

1 =1and x =-1. The derivative will not exist when the
function is net “smooth” and continuous. At both these
points we are unable to draw a tangent to the graph.

Question 12 [B]
HAHV = NE.:+a.: -3
= No.—u « Mo,— -3
7 %2017 _3
¥

L}

‘@MI 3
10718 -3
\. = -1.9282

f(o)

™~
¥

i

A_ 2 x m-j -3
~2.9989

Range from graph is {-3, =}

Altematively,
the constant -3 translates the asymptote down
the (0.1x + 0.1} power will dilate and translate the
graph parallel to the x-axis (doesn’t affect the range)
Question 13 [D)

Dilation from y-axis by scale factor of 2 causes

wnmmbkle_ummnw

. n . . -
A translation of 5 to left in x direction causes
n 1

=si =sine| x+ X
w.lm.:mlrlm.:mha+mw

A translation of 2 units downwards in the y-direction
causes

tuﬂ:W?+mu.¢qup:WT +.m:|~
or wummnT.mT.fm:l 2

Question 14 [A]

We cannot draw a tangent to fatx =0 or x = 2. So at
these points there will be no derivative. Also if
O<x<2 fix)=0

Question 15 [D]

fix) = x(x* - 3x - 9) of form fix) = uv

whereu = x and v=x2-3x-9
du dv
m_luwl._ m_MINHIw
. _dv du
f(x) S AU ProoucT RULE

imu?uT.TN |un|£x~
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Question 16 [A] .
_ cos3t M
¥= 5] o:oasmﬂﬂ
where t = cos 3!
du .
T ~3sin 3t
dv
2 v _
and v = t2, ot 2t
pdu_ du
nl._\ _.dt dr QUOTIENT RULE
dt vl
dy 2 Alm__n miw»T (cos3t)2t
@ - 1]

dy -3t sin 3¢ - 2tcos 3t

a 7
Question 17 [E]

1
¥ H_GMnﬁMu %n_own:s\—.oa:nm

Chain Rule n_|w n|w X du

dx  du  dx
dlog, u h ~H
= x| - —
du x2
=1, 4.1
- T u &N
1
=X X| —-—
()
=1
- x
1
Check: y= _omaﬁmu
NOT REQUIRED = log 1~ log, x
BY EXAMINERS =0-log, x
4y __1
dr = x

Question 18 [D]

0
L]

b
~

Y
dy
dx

L}
-t
i
T
—
-
X
~
i
-

Question 19 [A]

3
y = m“ﬂ -x% - 15x
1 P .
3> 0 .. “Positive” cubic shape
dy _ 5
it -2x-15

Local maximum if x¥2-2x-15=0
(x+H{x-5=0
x=-3or5

From shape x = -3 for local maximum

Note that a quick alternative would be to substitute

3
r=-3,0135into y = kqlnw — 15x to see which

gives the greatest y-value or to check the sign of the
derivative. A graphing calculator could also be used.

w

e X2
3 % 15x

E
=
I

2
¥y =x uthl_m

3
o010

H
1 AMiﬂaﬂmon

3| 3(3-3-15)<0

m A%Llawna

Question 20 [C]

f(x) = 2sin2x - 4¢72* flo}=2
fix) = [(2sin2x - 4e72 Jax

X

=—cos2r+2e % & ¢

Butf(0)=2, so 2 =-1+2+¢
Lo 2=l+¢ c=1

Sof(x)=2e"2" —cos2x+1

-3 |AM -3- _.mu = -3-9) = 27 maximum y-value
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Question 21 [D}
&

Shaded area = ._.T‘? - x) - 2x(x - 6)}dx
0
6

= :mk —x? 212, —Nuvn‘x
Q

[
= :_ma - SJ&
1]

HTHNUHJM
=9x36-6°
=108

Question 22 [B]

flx) =x* —4x
Fix) = 4x> -4
Stationary point f'(x} = 0
4x? -4 =0
¥-1=0
=1
x =1

As coefficient of x? > 0 we have an “arms up” quartic

function: C

Thus the stationary point must be a minimum.

Alternatively, use a graphics caleulator to graph
y=xt_4x

Question 23 [E]
We must sum two separate areas namely for0<x <a

and foresx<bh

b
Shaded area = .::i - g(x))dx + rmg - f(a))dx

a

Question 24 [A]

asin{bx + c)

= nsi L

= asinb{x + wu

2n

b

Period =7 sLh=2
a=2

Amplitude =2
From shapea=-2

So y=-2sin{2x+¢)

period =

- _7si L}
V= Nwﬁn?.‘.mu

Extending the diagram the graph would “start” at
o
12

n

=— =

about

rln
-
oA

Question 25 {B]
fx)=2cos(3x+xw) -1

Amplitude =2 Period = Nlun
Range 2-1=y=<2-1
-3<yx51
or [-3. 1}
Question 26 [D]
NnOwANHH_ =2
cos(2x) u%
2x = &.7n 9% 157
444" &
. - X 7R 9% 15%
"B'8 88

Sum of solutions = W?ﬂ +7R + 91 +15x)

32r
8
in
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Question 27 [C]
bsinax = 2 cos{ax)

tan ax n!&M
b
. _E m_ A7
Substitute x = g tan ralalera
V7
But tan T =1 = %
it

sa=1,b=Zisasolution

Note we cannot independentty solve for g and b,

'r

tan Hma. =g aswe have one equation in two

unknowns. We must use elimination testing the given
values in the multiple cheice options.
Question 28 [C] or [El
fix) = psin{2x) + g where p> 0.
Range -p+g9< f(x)Sp+gq
If f(x) > O for all the values of x
~p+gqg>0
q>p or p<q
<. § > 2p also correct

Question 29 [B]

abe>0

P(x) = T.u + nvﬁk b} z-c)® =0
Null Factor Law

2 4a=0 Mo real selution rmowamv =0
x-b=0 One solutionx = & wm ©

2 distinct real
{r-c)* =0 Onesolutionx = ¢ solutions

Question 30 [C]
(px+4)° = (px)° + °Culpx)* (4) + 5Ca(p) () + ..

Coefficient of x> = *Cyx uw x 16

= ;c_uw
So 160p> = 4320
Pt =2
p=3

Question 31 [E]
1

fxy=15-1
Interchange the roles of x and y. For the inverse
un@_“muu
x+1 uw_.ﬂm
._\+~u%
¥ n|~+a“H
) uuﬂlum Dom R\-1}

Question 32 [A]
a>0 and x>0
loge x® -2 =2log, 5

logs x* - 2log, 5 =2
2

log,| == | =2
Ea 57
2
1 _x
T =%
x? = 2542
x = 5a
Check: LHS = log,x% - 2
= log, Awmauv -2
= log, 25+ loga? - 2
= log, 5° = 2log,a-2
= 2log, 5 = RHS check
Question 33 [B]
4%x10%F =9
2x IM
10x =3
9
—Omu_a NI =2x
x |W_o 3
=3 E10 Fy
91
¥ =logip
42
3
X H_OWEﬁMu
Check: LHS = 4 % 10%®

= & x10280(%)

= 4 x 1080 (%)

an

4
9
RHS check

u
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Part II (Short answer questions)
Solutions

Question 1
{a) Period =8 {(b) Amplitude =1
Question 2

Let X be the distance Antonio can throw the ball.
L=80m o=3m

X~ Ny, a?)
X ~ N(80, 39)

PriX>d)=025 _ z=
L PeX<d)=075 |
From inverse normal tables corresponding z value is
0.6745

0.6745 mnw.mm

d-80 = 20235
d = B2.0235
d =82

ts population proportion and p represents

the samigle proportion.
n=
p=
pt2
=075 005 \mr
Se 07<p<08
Question 4

- (a) Expand 3x(2r - 5)3

ax{(22)® - 3(220)*(5) + 3(22)(5)" - 5°)

mw?wu - 60x% +150x - :..mv

24x* —180x% + 450x? - 375x

Question 4 {cont)

) P(x) = «*

x -2 is a factor

+2xt vax-2
. P(2) =0

224202 +22-2 =0

8+8+28-2 =0

14+2a =10
a =+~7
Check: P(x} = x?+2xt +7x-2
NOT REQUIRED
BY EXAMINERS
0 = Remainder
check
Question 5
2
i
403} l_ncclumunﬂ. t € (0,35)
(a) V(0) =1000
v(10} =1000 - 250 - 1
= 749
Average rate of
change of volume = E
over first ten minutes 1
749 -1000 _ ey em®/min
10
2
®) V(1) =1000-25t-—, O<t<35
100
t
V() =-25-—
0 -
V{10) = instantaneous rate of change of volume
whent = 10
10
V{1 = 25-—
(10) =

-252 em®/min
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Question 6 )
(@ Y y=—12
2
' {(x+1)
| Note this is not
12 a hyperbola but
1 a TRUNCUS
' shape.
= X
1
1
1
1
“
1
tep
P
Area = \*. 12 3 dx
olx+1)

-12

=—+12
p+1)
or = 12
?+:

(b} Area=6.. 6=-—2 .12
{p+1)

12

pel = °

p+l =2

p=t
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