NOT TO BE USED AS AN ASSESSMENT TASK - SOLUTIONS PROVIDED
STAGE 2 MATHEMATICAL METHODS

SKILLS AND APPLICATIONS TASK 3 — MATRICES TEST

1. Consider the following matrices:

1 3

1 -3
P -1 -2 y 3
2y g 2x2 2x2 Ix} x|

Evaluate, if possible (otherwise explain why not):
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_ The evidence provided in

_ . =1 11" ’ question 1 is indicative of
N YRR VOSSN AN RSO IV R N U N S B - . oedes e e Ll A . basic knowledge of the
e S S S O S NN S S B s 4 41 . - operation of multiplication
SRS SR NN N A S P U R Y A A O S SO O WO A N N of matrices.

R O O SR B S |

-

e. The order of X in BXA so it can be multiplied (1)
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2. Show all headings and matrix labels in the following question
A canteen sells the following foods over the course of a week.
The matrix of food sold is given by matrix Q:

G M T W T F

postie 1216 244 220 232 226
pie |145 130 152 121 113

. Yxs
Pizza |83 102 78 75 94
HotDog |12 14 8 13 18
The selling price of the foods is given by matrix 5:
5z Pastie Pie Pizza Hot Dc:g "
$ [s220  s180 $1.70 $3207 ‘¥
The cost price to make the foods is given by matrix C:
(= Pastie Pie Pizza Hot Dog o
$0.60 $0.50 $1.10 $1.80
a. Describe the element in position (4,2) in Q (1)
Tl nbek | leotbed bfl ok doge] shidt o Tksdtcl | |
Loy Ty o _Tw e S py Tusday
:_ __} __il_ - 1 fi e T ‘1, [ PR — - |
% ek i 1l -
711 1 ST
b. Calculate many Pizzas were eaten for the week (1)
DT HEES ] AREN
!_ i ..l.. s { |
LB phatac e Baden [olad | e u@eb{ AEEE R
lV/ j,....'_.._..-. - Al .J..-,.,..;._,:}. o S - I .[ . ._..%..1:_._ .. ‘
c. Caleulate [1 1 1 1][Q] and interpret Thursday’s result (2)
NERIEARNESRINRENNENNREND
[ 4o | 4ho | 89 | Wi | usi] I 1AL
| Mok pere MY ool (ke | Al goodt oeld oL
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/ Use matrix methods to calculate the total cost of the food (2)

EAN NN AR
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T T i Tt T Tt Communication of
i _ - 4 e T SO A O A Y SO S Mathematical Information
B UV G O T N O T Y O O O O O O The evidence provided in
. O S - R L question 2 is illustrative of
r N 1 ) mostly accurate use of
appropriate notation,

R R Bt e s et s EOut ¥ S R B representations, and
SR USSP S N SO SN NS VO NS O U U R USSR T U OO S T S terminology.

U A U O U O A O O O O O O
gad LTI
0 5 O % 8 o v I 9 i 3 T A - 1A
: ERNNE Ll A bl

LTI AT INENERNRERNS
f.  Hence, calculate the weekly profit from the food (1)
i N oL HENE
.F
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3. Consider the network diagram below:

0 H0—0
S

a. Draw up a connectivity matrix R to describe the network above

(headings in alphabetical order) (2)
SO— - e
- W - - — Jo— e .E_ -
-t !
| B — S N PO O PO KR S S U S N P Y -
b= SN . — S - ] ] - - -
b. Calculate R? )

e “Q_’ 1 Ss__c. g') (_Fh N ___ S —
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¢.  What do the following entries tell you about the network?
i. R%43? (1)
[} - E
W) 211 [Trhs wow [towt bu® 12 weis [ Yo (.
v
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ii. R?pq? (1)
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d. Describe what happens to anything arriving at F ? (1)

T

back el duede leavel | |

e. What is the minimum number of stages it takes to travel from B to D? (1)
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f. Calculate the matrix: Q=R+R*R*.

What is the meaning of Q (4 ? (2)
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4. Itis known that tennis players, Ace (4), Best (B), Champion (C), Dux (D) and Excel (E)
have played each other before, with the results being:
A has defeated B, Cand D
B has defeated D
C has defeated B
D has defeated C and E

E has defeated A, B and C

a. Draw a network diagram to illustrate the results of these contests (2)
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b. Show the victories as a results matrix R with the players listed .
alphabetically N )
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c. Calculate the Supremacy Matrix: S =:‘?+-:—:‘i‘1 (1)
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e. List the supremacy vector and rank the players in descending order (2)
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5. Jordan processes insurance claims and he flies between the three major cities: Chicago,
New York and Boston. The city that Jordan will be in tomorrow depends only on which
city he is in today. His movements between cities are represented mathematically by

the following matrix T":

(tomorrow)
C N
i1
C 6 2
{today) T= N |+ =
oaay) 1= 6 6
B |, 5
L 6

For example, if Jordan was in New York todgy, the probability that he will be in Boston

.2
tomorrow is 3

a. Assign the three probabilities to the diagram below (1)

1
6
: b. Interpret the values of T 5,1 2.2) (3,3 (1)
t
/ These vty Sow fud ere 'y o 7 prabab bt
Yout Sowe | ) -
ol Yoo otk 1. 7 ciby e Jpllovnd chaw
= - ~ U J J
c. Explain the meaning of the zero in the matrix T (1)

Mﬂ\&i L (e o D? WA Clhucago donp v feey)

A

oD Loy dxbrag
U C J
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T2 represents the matrix of the probabilities that if Jordan is in a particular
city today, he will be in Chicago, New York and Boston in two days time.

d. Determine the matrix T? | (1)
el felwlel L T T T T T T T T
(' "‘ ‘4 . PR DR D —_— i s
Ll wieielyl o Ll L I A
18143 Le] L L - {/
R O O O O O 1O O O O O O .
e. The entry for travelling from Boston to Chicago in Matrix T is different
from matrix T. Explain why. (1)

Becavse s shouws blw,,pfobqbnnts o Dt
Al [¥] ]

LA ftu(aﬂﬂ WA 2 OIOLAAUT_ e tvistencd fﬁ) /
f letus ‘l—in,-p.
J

The row matrix X, fepresents the probability that he is in Chicago, New York
and Boston on Thursday.

c N B

11
X,=|= =
3R

f. Fi trix X, if X; = X, T and explain where and when he is
- Ifty 6 be. (2)

‘ 5(.‘.__'. S ....d....._.. 3 - - S SR U N R - A...‘,___ Y T .
. J, - b 4 ':)3 0.

X
B0 O O O O .r./
- b | T % — __. el —) e, gt Ik

—P"‘W‘l Ny r,;._;gz-‘/ Ao 1€ ‘wevu{ el 1A CLMCO\Gro A1
5071 (et wi i i | New'York
L 6T Cace] WO fwill g (nBesian. | 1]
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h.
i. Inwhich city is Jordan likely to be on Monday? (1)
News York
ii. What is the probability that Jordan will be processing insurance
claims in that city on Monday (1)
- } 507 clummce
iii. Inwhich city is Jordan likely to be in one months time? . (1)

/ _ News York 4 qg/ Chevnce

6. Fillin the missing element and algebraically calculate the steady state

fmatrixB 8 (02 08 ‘)
of matrix BifB=
0.6
‘-—'L - - - . - .
Mathematical Knowledge
""" ' T TTTTT U 17T and Skills and Their
- RSN S S S A RN [P I o W F g U, I— P - App”cation
doebd el e e e e No attempt to find a correct
solution to a complex
1 DL ja question by the use of
appropriate mathematical
T B 7 algorithms and techniques is
S U, VO U SO S . N S N S - - evident.
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-
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7. The ‘36'ers’ is Adelaide’s long serving NBL basketball team. To create a good team
image, a local snack food company, Sporting Munchies, has produced three
healthy bar products to be sold in the NBL matches and local basketball stadium:s.

There has been a rapid increase in business and you have been assigned to
calculate the weekly raw material requirements, costs of production, selling price
of products and ordering of raw materials,

You have been supplied with the following information:

‘Sporting Munchies’ produces three different snack bars, using different
proportions of the following ingredients: sultanas, a pricots, sugar, sesame seeds
and butter,

To make one batch of each health food requires:

‘Slam Dunks’

3 units of sultanas

2 units of apricots

2 units of sugar

4 units of sesame seeds
2 units of butter

‘Three Pointers’

4 units of sultanas

2 units of apricots

3 units of sugar -

1 unit of sesame seeds
5 units of butter

‘Time Outs’

2 units of sultanas

3 units of apricots

2 units of sesame seeds
1 unit of butter

a. Represent the above information in the form of a single 3x 5 matrix A (3)
S S ST L T T TITTITT '
. _Yp_ A _..2' s O SR TN S A A A o /

L T O e T T T I T A
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During the basketball season the normal weekly order is 15 batches of Slam Dunks,
12 batches of Three Pointers and 9 batches of Time Outs.

b. Represent the normal weekly order in the form of a matrix B (2)
BEREENERE I IR NSRRI 1
IO 01 L 25 T A A A -
E. s S - - - - S - - i N - L —

/ N i
cedeid de e S T N Y WU O A S : L.
R LT BENEERRNRS

Each bar is made differently and involves the following labour, which costs the

company $8.00 per unit.
Slam Dunks 3 units of labour per batch
Three Pointers 5 units of labour per batch
Time Outs 4 units of labour per batch
c¢. Represent this information in the form of a column matrix (2)
TIREIT TR BT LT L L Ll L
EEN R O A 1 I I A
IR 3 Y O 5 o 0 I
The costs of raw materials are as follows:
Sultanas $4 per unit
Apricots $6 per unit
Sugar $2 per unit
Sesame Seeds $3 per unit
Butter S5 per unit .
~ d. Represent this information in the form of a matrix (2)
_ e ,,:_ S
ANERNON il L
4 A6 N . Lot ;
sl Lo ] N
51 5 ]
HRREAE NENE
i
]
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Calculate the following using matrix methods:

e. The total raw material requirements for one week’s production during
the basketball season (2)

TR = ] e R T T T T L T
...... , Sof o [ Mg 1360 | | | i B
L. o | 72 s L i 1
efse il [ 1] NN
s KON N2l I L L
N B 75 (60 | 45 i :
- — . ___p.... -f. | [0 DN J - . - - - - - . —
T e
f.  The costs of producing one batch of each bar (2) Mathematical
Knowledge and
T T 1T T T T T T Skills and Their
s T P S Y YO O A R N 1 I Y O 0 A I O Application
NORNETRECO RN in parts ) 0 ¢
i 11 _L,w; 1L L there is evidence of
i _ 3 1 1 T - =1 knowled'ge of
il b e - fm _‘_a. appropriately
- o —bd e L - o representing data in
....... - -4 B e e LTy Supvy R S A . et [ A o v mas - matrix form.
I EEEEEN ) A0 L] However, there is
............... ) 1 no evidence in later
_ T 7 11 -1 parts to support the
e - B . ) . . SR P S U O N T A J application of
] e e e L mathematical
B B R 2 knowledge and
skills to answer
HENERE questions in the
i - 1 S context of this
R o] (- S R . . — I RPN M S .

guestion.

g. The total costs for the weeks order - ()
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prere g
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- e e T Tl S ——
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Scientists are studying the changes in the number of female frogs living along a
creek bed. They are currently feeling the effects of a virus.

o The females are dying after 3 years..

o The stages of the frogs development are tadpoles,
frogteens and adults

* Females less than a year old are immature and cannot
reproduce.

e Onlya % of these frogs reach the age of one.

¢ Frogteens produce an average of 1.2 female
tadpoles in that year.

e Only %af frogteens reach adulthoold because of the virus

¢ Adult frogs produce on average, two female tadpoles in that
year

¢ Very few frogs reach the age of three, those that do are past the
point of producing tadpoles

a. Using the information above complete the matrix below (3)
: Fa Y
R
[* Z 12 L\T
/ o7 0 0|F
" 3L 0 |A
Z
The number of Tadpoles, Frogteens and Adult frogs at the time of the
study are represented by:
20| T
0=|80|F
20| A
b. FindPOandexplainwhatthisgives‘- . (2)
| L L | |
e R
Vel | - waiMlnere Ué Todpeled 8( JLei Wi aviek
odo[¥ e | gloduted koA L[ Weduglel | [ ||
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¢. Find P?0 and explain what this gives
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d. FindP%0andP°0
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e. Calculate the percentage increase of decrease of frogs along the creek

oA

LA L B

bed between year two and three

4
=i

2084 g

i

creek as time goes on?

f. What do you think is likely to happen with the frog population along the

T i pooolation will dececse ol Yhen

1ACrEOe-

g. [Iffrogteens now produce on average, four females tadpoles, explore what

happens to the frog population as time goes on?

: i H ;
T

—
M
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Additional comments
A review of the student’s response provides evidence of:

Mathematical Knowledge and Skills and Their Application

e generally competent knowledge of content and understanding of concepts and relationships
due to some inconsistiencies being evident. Questions 2, 3, and 4 are mostly complete and
accurate but this is not reflected in later questions

e mostly correct solutions to routine questions which required the use of mathematical algorithms
and techniques (implemented electronically where appropriate)

e generally accurate application of knowledge and skills to answer questions set in applied and
theoretical contexts.

Communication of Mathematical Information

e appropriate communication that supports the development of some logical arguments according
to the context of the question

e mostly accurate use of appropriate notation (e.g. naming of matrices, including Rz, X;, and

P3O), representations (e.g. matrix form, network diagrams), and terminology (e.g. probability).
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Mathematical Knowledge and

Skills and Their Application

PERFORMANCE STANDARDS FOR STAGE 2 MATHEMATICAL METHODS

Mathematical Modelling and Problem-
solving

Communication of
Mathematical Information

Comprehensive knowledge of content and
understanding of concepts and
relationships.

Appropriate selection and use of
mathematical algorithms and techniques
(implemented electronically where
appropriate) to find efficient solutions to
complex questions.

Highly effective and accurate application
of knowledge and skills to answer
questions set in applied and theoretical
contexts.

Development and effective application of mathematical
models.

Complete, concise, and accurate solutions to
mathematical problems set in applied and theoretical
contexts.

Concise interpretation of the mathematical results in the
context of the problem.

In-depth understanding of the reasonableness and
possible limitations of the interpreted results, and
recognition of assumptions made.

Development and testing of reasonable conjectures.

Highly effective communication of
mathematical ideas and reasoning to
develop logical arguments.

Proficient and accurate use of
appropriate notation, representations,
and terminology.

Some depth of knowledge of content and
understanding of concepts and
relationships.

Use of mathematical algorithms and
techniques (implemented electronically
where appropriate) to find some correct
solutions to complex questions.

Accurate application of knowledge and
skills to answer questions set in applied
and theoretical contexts.

Attempted development and appropriate application of
mathematical models.

Mostly accurate and complete solutions to mathematical
problems set in applied and theoretical contexts.
Complete interpretation of the mathematical results in the
context of the problem.

Some depth of understanding of the reasonableness and
possible limitations of the interpreted results, and
recognition of assumptions made.

Development and testing of some reasonable
conjectures.

Effective communication of
mathematical ideas and reasoning to
develop mostly logical arguments.

Mostly accurate use of appropriate
notation, representations, and
terminology.

Generally competent knowledge of
content and understanding of concepts
and relationships.

Use of mathematical algorithms and
techniques (implemented electronically
where appropriate) to find mostly correct
solutions to routine questions.

Generally accurate application of
knowledge and skills to answer questions
set in applied and theoretical contexts

Appropriate application of mathematical models.

Some accurate and generally complete solutions to
mathematical problems set in applied and theoretical
contexts.

Generally appropriate interpretation of the mathematical
results in the context of the problem.

Some understanding of the reasonableness and possible
limitations of the interpreted results and some recognition
of assumptions made.

Development and testing of one or more reasonable
conjectures.

Appropriate communication of
mathematical ideas and reasoning to
develop some logical arguments.

Use of generally appropriate
notation, representations, and
terminology, with some inaccuracies.

Basic knowledge of content and some
understanding of concepts and
relationships.

Some use of mathematical algorithms and
techniques implemented electronically
where appropriate) to find some correct
solutions to routine questions.

Sometimes accurate application of

knowledge and skills to answer questions
set in applied or theoretical contexts.

Application of a mathematical model, with partial
effectiveness.

Partly accurate and generally incomplete solutions to
mathematical problems set in applied or theoretical
contexts.

Attempted interpretation of the mathematical results in the
context of the problem.

Some awareness of the reasonableness and possible
limitations of the interpreted results.

Attempted development or testing a reasonable
conjecture.

Some appropriate communication of
mathematical ideas and reasoning.

Some attempt to use appropriate
notation, representations, and
terminology, with occasional
accuracy.

Limited knowledge of content.

Attempted use of mathematical algorithms
and techniques (implemented
electronically where appropriate) to find
limited correct solutions to routine
questions.

Attempted application of knowledge and
skills to answer questions set in applied or
theoretical contexts, with limited
effectiveness.

Attempted development of a basic mathematical model.

Attempted development of the mathematical results for
problems set in familiar contexts.

Limited attempt at interpretation of the mathematical
results in the context of the problem.

Limited awareness of the reasonableness and possible
limitations of the results.

Limited attempt to develop or test a conjecture.

Attempted communication of
emerging mathematical ideas and
reasoning.

Limited attempt to use appropriate
notation, representations, or
terminology, and with limited
accuracy.
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