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Linear Equations in Two Variables
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variables
linear equation in/with two o
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variables
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addition
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solution fi

B HEGRBEERHSGF Sentence Frames and Useful Sentences

O Simplify .

4]« Simplify the expression 3x + 5y — 4x + 2y.
{EEGZTE 3x+ 5y —4x+ 2y -
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® Decide whether is

4] - Decide whether the given ordered pair is a solution of the equation.

HETERBEE S R Hiez A% -

© Substitute  forxand __ for y ( ).

#4] : Substitute 1 for x and —3 for y in the equation, and see whether the equation is satisfied.

i’ 1LAA x> =3 fAAy » BEHEANERERAIL -

m [EEERE Explanation of Problems

o3 RAA =

Linear expressions and linear equations DT/ 48 — Tt —RAE — T —R HEAIARE
We have learned linear equations in one variable before, and now we will learn linear equations
in two variables. This means that we can use two variables to represent two unknown things and

describe their relationships.

For example, your mom goes shopping and buys two Cokes. You ask how much a Coke is, and
your mom says, “Well, two Cokes are NT$58.” Your brain works quickly, and you may have

52—8 = 29 for each Coke. Suppose I ask you to write an equation to describe the relationships

between quantity and price. In that case, you will use a variable, such as x, to represent the unit
price for a Coke. Two Cokes cost “2 times x.” Therefore, “two Cokes are NT$58” gives you the

equation “2x = 58.” This is a linear equation in one variable, as we learned before.

Your mom goes shopping again and buys three cups of coffee and two cupcakes. How much are
they? Now, we don’t have the price of one cup of coffee and one cupcake. We can use two
variables to represent their unit price, respectively, x for coffee and y for the cupcake. Three cups
of coffee will cost you “3 times x,” and two cupcakes are “2 times y.” Therefore, the total price
is 3x + 2y. If your mom paid NT$215 for coffees and cupcakes, then you can have the equation

3x + 2y =215.
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A polynomial is an algebraic expression made up of variables and coefficients, such as 3x + 2y,
—4m + 2n. In this expression, x, y, m, and n are variables while the number in front of the
variable is its coefficient. Also, the degree of each variable is 1, so the expression is called a
“linear expression.” 3x + 2y = 215 is a linear equation. The clear difference between an

expression and an equation is that an equation has an equal sign.

When an equation has two variables of degree one, written in the form of “ax + by =¢,” it is
called a linear equation in two variables. In this equation, x and y are the variables, and a and b

are the coefficients of x and y, respectively. Also, a, b and ¢ are all real numbers.

Operations, values of linear expression —JT—RAHVEE

When adding expressions, (aix + b1y + c1) + (axx + b2y + ¢2), we group the like terms together.
This means that we put all the x-terms together, all the y-terms together, and all the constants
together, like this: (a1x + axx) + (b1y + b2y) + (c1 + ¢2). We do simple math to combine the
like terms. So, (a1 + a2) is the coefficient of x, (b1 + b2) is the coefficient of y, and (c1 + ¢2) 1s

the constant.

Let’s try an example: (3x + 2y —5) + (x + 3y + 8). First, we put all the x-terms together in
parentheses (3x + x), put all the y-terms together in parentheses (2y + 3y), and all constants
together in parentheses ( — 5 + 8). We connect all parentheses with addition, and we get

(Bx +x) + (2y + 3y) + (— 5 + 8). Then, we do simple math to combine the like terms. 3x + x

equals 4x, 2y + 3y equals 5y, —5 + 8 equals 3. Finally, we get the answer 4x + 5y + 3.

The distributive property states a(m + n) = am + an, and a(m — n) = am — an. We multiply

(13 2"

each term in parentheses by the factor “a.” When subtracting an expression, like in
aix + b1y + c1 — (a2x + bay + ¢2), we can use the distributive property: multiplying each term
in parentheses by (—1). We get: aix + b1y + c1 — a2x — byy — c2, then combine the like terms to

get: (a1 — a2)x + (b1 — b2)y + (c1 — ¢2).

Let’s practice with 3x + 4y — (=7x + y — 3). We multiply —7x + y — 3 by (—1) and take away

the parentheses. We get: 3x + 4y + 7x — y + 3. Remember that a negative number times a
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negative number equals a positive number; a negative number times a positive number equals a
negative number. This is one of the most common mistakes that students make, so remember it

and do not make the same mistake!

When simplifying expressions, such as m(aix + b1y + c1) — n(axx + bay + ¢2), you need to apply
the distributive property two times. Multiply each term in the first parentheses by “m,” multiply
each term in the second parentheses by “—n,” and then combine the like terms.

Take: 2(x + 5y —4) — 3(3x —y + 1) as an example. Apply the distributive property, multiply
each term in the first parentheses by 2, and we have 2x + 10y — 8. Multiply each term in the
second parentheses by —3, and we get: —9x + 3y — 3. Then combine the like terms of

2x+ 10y — 8 and —9x + 3y — 3.

We get: 2x—9x)+ (10y+3y)+(—8—=3)=—-Tx+ 13y —11.

Solution to linear equations %I|=(EEfZ » HETRE B E B T —RXRFEANIE

Take the coffee and cupcake above as an example. If the equation is 3x + 2y = 215, decide
whether x = 45, y = 40 is the solution to this equation. We plug in the x value and y value into
the equation: so for 3 times 45 and 2 times 40, the sum is 215. The solution satisfies the equation.

We can also write the answer as (45, 40).

The solution of linear equations in two variables, ax + by = ¢, can be written in the form of an
ordered pair (x, y). When the x value is multiplied by a, and the y value is multiplied by b, the
sum of these two values will be c. If the equation isn’t true, which means the sum of these values

is not ¢, the ordered pair is not the solution.

CRES TR 22 S S REE T S



s
e
)k
i\4

I E R T A R T P S EMASEKBHEDRLD

w EEEENBEE s
BlE—

steH ¢ ARG T — AL
(337 ) Simplify the expression.
(Fp30) B =T —%A -
(1)4x+ 10y +3 — (=5x—"Ty) (2) 6(2m—n) + 3(—4n + 2m —1)

(1)

Teacher: We use the properties of operations to group like terms, and then we simplify.
First, we apply the distributive property. Multiply each term in (—5x — 7y) by (—1).
Remember that a negative number times a negative number equals a positive
number. You will have 4x + 10y + 3 + 5x + 7y.
Here are the steps:

4x+ 10y + 3 — (=5x =7y)

=4x + 10y + 3 + Sx + Ty ==eeeeemeeeenes Distributive property

=4x+5x+ 10y + Ty + 3 -eeveereenes Commutative property of addition
= (4x+5x) + (10y +7y) +3 ------ Group like terms.

= Qx4 17y + 3 ceeerrreeemmmmnnnnnnnnnn Combine like terms

When applying the distributive property, you have to multiply “each term” by the
factor, not just the first term. This is a common mistake made by students, so don’t
make the same mistake! Now, work on the next question.
)
Teacher: What is your first step?
Student: Apply the distributive property.
Teacher: Please write each step on the board.
Student: 6(2m —n) + 3(—4n+2m — 1)
=6(2m) — 6n + 3(—4n) + 3(2m) + 3(—=1) ------ Distributive property

= 12m —_ 6n —_ 12n + 6m - 3 ...................... Multiply.
=(12m + 6m) + (—6n — 12n) =3 --veeveereannns Group like terms.
=18m — 1872 — 3 »eccreracrnaccnnnaccncncnnnacannnaee Combine like terms.

Teacher: Great!
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K (=5x — 7y)FHVE—IAFLA(-1) - F5acE - BEGIE -
RIE > IR &5 E4x + 10y +3 + 5x + 7y -

AT

4x + 10y + 3 — (=5x = 7y)

=4x + 10y + 3 + 5x + 7y --eeveveeeens PANLES

= 4x + 5% + 10y + 7y + 3-eeereeeeanees NILERT Haf
= (4x + 5x) + (10y + 7y) + 3 ----eee-- [EFETE S 4E
= OX 4+ 17y + 3 oreerevrermrniiies [EEIE & OF

TECEF S BOEERs - FESR N —IREN S IRE » AN EERE I - ER2AELKE
JUHVSEER - B AR SCE RS |
BAE » BFEQYNE -

RN ARAYE 2 R R ?

B ER o ECE -

EEN KRR EETPER -

B4 6(2m—n) +3(—4n+2m—1)

= 6(2m) — 6n + 3(—4n) + 3(2m) + 3(—1) ---+---- SR

=12m —6n — 12n 4+ 6mMm — 3 --rererermrnnn e e L EH A

= (12m + 6m) + (=61 — 120) — 3 ++--verreeeeeaannes [EPETE S

= 1877 — 1870 — 3 w-renrmrmnenrmrmaermaeaaaeaeaaneaannans EPETE & O
E (R |

flRE_—
aREH | HIETHEEOEE S R R0V > W5 B84 B r— RO & A AME—# -
(L) Tell if the ordered pair (2, 6) is a solution to the linear equations below.

Equation 1: 2x — 3y = —11
Equation 2: 4x —y =2 =10

(H320) HEEEE (2, 6) B R iR -
HFRER 1 2x =3y = —11
FEH 24—y -2=0
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Teacher: Substitute 2 for x and 6 for y in each equation. If the equation is satisfied, then the
ordered pair is a solution for the equation. Try this question, and share your
answers.

Student 1: In equation 1, I got 4—18 = —14, which is not —11. So, the equation is not
satisfied. (2, 6) is not a solution for the first equation.

Student 2: In equation 2, I got 8—6—2 = 0. This is the same as the question. So, (2, 6) is a
solution for the second equation.

Teacher: Correct! I want to follow up. Is (2, 6) the ONLY solution to equation 2?

Student 1: I guess so. When you plug in the numbers, the equation gives you 0 as the answer.

Teacher: I understand. But I was asking for other possible answers, except (2, 6). Can you
substitute other numbers for x and y and still get 0 as the answer? Try to substitute
1 for x. What equation do you have now?

Student: 4—y—2=0.

Teacher: Find the value for y.

Student 2: 4—y—2=0, then y is 2.

Teacher: Correct. The equation is satisfied when x is 1 and y is 2. We will say that (1, 2) is
a solution to this equation. Are there any other solutions?

Student 3: That could be a lot. If I plug in a different number for x, I will get a different number
for y as a result. This action will form another solution. I may have not only integer
solutions but also fraction and decimal solutions. If I repeat this process again and
again, then I could have infinitely many solutions for this equation!

Teacher: I like your reasoning. That’s correct. (2, 6) is not the only solution to equation 2.

ZEW R 2 R Ax 0 6 Ay o MIRZFEFERIL - HREEE (MBI TR - s
EEEE - SR EMIEE

B4 RS FEE 4-18 = —14 > KRR —11 - FrLUEEDTIE=A AT -
It (2, 6}~ BT o

B Q)T FEF 8—6—2 =0 - ;SR B FURIEZE—1E - bl (2,6)%
6 _EITRE i -

EEN  IERE | EEIREE P 0 (2, 6) ZITIEINQ)HYME RN ?

B4 WEE - EMRAELETR - HERIVER 0 FREE 1% |

RN PR o (EEAERER T (2, 6) DUOMNEA A AEHYE 2 - IRERERF MBS UAXR]
y » MATRSEI0TE R 250 2 5K 1 QA » IRV TR R AR 2

B 4—p-2=0
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B 4-y-2=0 JEysiE2 -
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LA 2

B4 EZARS o RBGEA FETFRAx - WEREARyY - AMERREFEE
figt > FEAIREA T B NER - AR —E RIS AR - AR ] RE A R
2 ElfE |

- BREEIRIAERE > 28R - (2, ) NEITREAQ)HYME—E -

w EARE/  EE25EE
plE—

sl | ERE R A RIAIE S T — O
(L) The cost of a chocolate cake is $20 more than twice the cost of a cheesecake. The cost
of a cream-filled donut is $3 less than the cost of a cinnamon donut. The cost of a
cheesecake is m, and the cost of a cinnamon donut is n. If Mary bought two chocolate
cakes, one cheesecake, three cream-filled donuts, and five cinnamon donuts. How

much did she pay? Please show your answer in terms of m and n.

(tp0) Fy5e NERRHIEESIEA RS EREE RN 2 585 20 JT - PN R BIRYES2EE
AR EHEIESE (R R 3 JT - —(EABERAERZE m T > —(E A R E
f&& n ot - WHREE T 2 [Er5 5 DERS - | (EFLESERE > 3 [EY0h N et i
{E A REERHEH R > SE SRS 2058 2 Dlm Ml n (VP AR HEE -

Teacher: Mary bought a lot of cakes and donuts, and we are helping her to figure out the total
price. Let’s start with the chocolate cake and cheesecake. The cost of a cheesecake
is defined as m, and the cost of a chocolate cake is $20 more than twice the cost of
a cheesecake. Which one is more expensive?

Student: A chocolate cake is much more expensive than a cheesecake. A chocolate cake is
twice the cost of a cheesecake plus 20.

Teacher: Correct, “twice the cost of a cheesecake” means 2 times m. Can you describe
chocolate cake in terms of m?

Student: 2m + 20.
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Teacher: Yes. Now we move on to the donuts. The cost of a cinnamon donut is defined as n.
The cost of a cream-filled donut is $3 less than the cost of a cinnamon donut. Which
flavor is more expensive?

Student: A cinnamon donut.

Teacher: Correct. Can you describe the cost of a cream-filled donut in terms of n?

Student: Cream is cheaper. The cost is n — 3.

Teacher: Correct. Now we are going to list an expression to show the total items that Mary
bought.

Student: 2(2m +20) + m+ 3(n —3) + 5n.

Teacher: Indeed. Please combine like terms to simplify your expression.

Student: (4m+ m) + (3n+ 5n) + (40 —9) = 5m + 8n + 31.

Teacher: Good job. This is the answer in terms of m and n.

EAN . HSEEE TR ERAEHETE > RITRE G T RELE - BRI ERA
FEEERERALE - — (B ERIERER m ot —ESIEREERBILE
EI R 20 7T © W EHE ?

SR Ty DERIGERIERERES - W IEREE R ERE R AW & H L 20

ﬁ: °
LR IEHE > SRR ERRAIRI R AR 2 3R n o ARBEF] m A v T EREH(ERS
u/%?

A 2m+20 -

EHN 2 - BUERFTRESEHENE T - —(E s SRR ERS T Ry n oT o —(EY)
PN B AR R A (B AR Ee— (8 pu AR R (e 3 JT - TR—({E s & e 2

B NRERHEHE -

EHN : IEME o UREEF n 2R Y P B EHER B A (B RSS2

B4 Yymtbi(EE - EidEn -3 -

EHN - IEME o BAERMESIZORE RS RE T B VAR -

Ba o 22m+20)+m+3(n—3)+5n-

EHN %8s - SEEOFEBURILE -

B4 (dm+m)+Bn+5n)+(40—-9)=5m+8n+31-

EH . RYF - ERUEH m F n R ARV ZE -

9 ok s B = e ey
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(JL3Z ) A fraction becomes 3 when 1 is subtracted from the numerator. Find 3 possible

solutions for the original fraction.

(H130) H—5 BT % > 578 5 - MR =4 AR RE -

Teacher: There are a numerator and a denominator in a fraction. The numerator is the number
on the top. The denominator is the number on the bottom. We have two unknown

numbers. Use two variables for the equation.

Student: The fraction is x over y (;C—/ )

Teacher: - 1S the original fraction. 1 is subtracted from the numerator. Write the new fraction
¥

with variables.

x—1
Student: —
y

x—1

y

Teacher: Okay. We have an equation:

Student: I can see the answer. Just compare these two fractions.

The numerator part: x —1 =1, so x = 2. The denominator part: y = 3. So, the
.. .2
original fraction is >

Teacher: Good job. What about two other possible solutions?
Student: There’s no other solution. x — 1 = 1, so x can only be 2! This is the only answer.

Teacher: 1 . . . . . .1
; I8 the simplest form. Did you forget other fractions whose simplest form is 3

2 3 10
suchas =, =, or —?
6" 9 30

Student: Oh, yes. But in this case, there are infinitely many solutions. Can I pick three random
fractions?

. . . 1
Teacher: Yes, you can. But before you pick three random fractions that are equivalent to 3> I

would like you to simplify your equation first. It would be helpful when you look

for other solutions. Use cross multiplication to simplify it.

10 s s g e ey
B S HFEFRF TR EFRAETF



11

REF

Student:

Teacher:

Student:
Teacher:

Student:

Teacher:
Student:

Teacher:
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3 times (x — 1) =y times 1

3(x—1) =y

3x—3=y

This equation talks about the relationships between x and y. Now you can plug in
numbers for x and solve for y.

When x=1,y=3-3=0.

But, is this a correct solution?
The fraction is 0 Well, it is undefined. So, it is not a solution.

Good. Try another number.

When x is 3, y is 6. When x is 10, y is 27.

We usually use a table to organize the numbers. You can fill in the number for x first,
and then solve for y. We can show all the possible answers and cross out those that

don’t satisfy the equation. The table is like the one below.

2 N R E T CO
oo s e o]
undefined
. . . 2 3 4 10
Don’t forget to write your answers in the form of a fraction— e or >

YRS R RIS EREESY « 5y TR BN L7 S EHET A - BRIV
SRR - SRR AT TS, -

EES R -

BRI - TR 1 - ABBELHE -

1

ﬁmoﬁﬁﬁmﬁﬁ@ﬁ:%:g
RAEEET - ABEEIETES SO - T8y B — 1= 1 Fille = 20
SR y =3 « (L - A RS

S - FoAt i 1 =] BERI#EIE 2
REHME o x— 1 =1 FilIxHEER 2 | BRI YRR -

o

GER T XE Y S SR R

EEa
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ok 2HY o BB T o AR AR o Pon] DURE(E B = ©
C AL AR = [ § W8 A PRI B Imey R -

BRI ESIRHAMERHRARED - HRACUEIRAR-IEE -

D3RI (= 1) TRy IRLL

3r—1)=y
3x—3=y
E(EGFEATE A T Ay Z FEIERR G o BRAE IR AT DU Ak iy -

AT - BB -

Ex=3y=6-Ex=10>y=27-

Bl GERAET R - IR LURIE AXHVES - 28 F KRRy - FefTr] DAY
HATAE A RERYE R - MFRA & TR EZE - RIEU TR -

x | 1 2 | 3 | 4
vofo s e e

=2 1 S i 2 3 4 .10
AE s B E S EE— 375 % Eig >

st RIEEDY I e — RO - dEPE A RERYAE -

(FL3Z ) Given a two-digit-number, 4 is the tens digit, and B is the units digit. The sum of this

number and its reverse is 143. Write a linear equation and solve for all solutions.

(P30 ERFME > TIBTE A B EFE B > S B - FrieslfvHiEs

12

BAEER o 2Ry 143 » S T —JO05Re - WAk ArA ATRERE -

B AR R TR R R

BfF 25 Rl
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Teacher:

Student:
Teacher:
Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:
Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

FHTERNET P o EMAY
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Let me use a two-digit number to explain the relationship between the number and
its reverse. 46 is a two-digit number. 4 is the tens digit, and 6 is the units digit. The
value of this number is 10X the digit in the tens place + 1X the digit in the units
place =10 X 4 + 1 X 6 = 46. Its reverse is 64. The two digits are interchanged. So,
the value i1s 10 X 6 + 1 X 4 = 64. This question gives you AB as the two-digit
number. Which one is the tens digit? Which one is the units digit?

A 1is the tens digit, and B is the units digit.

Can you write the value of this number?

Is that 10 X A+1 X B =104 + B?

Yes. What about its reverse number?

BA. 10X B+ 1XA=10B+ A?

Yes. The sum of these two numbers is 143. Can you show the expression?

BA+ AB=143,24 + 2B =143, 4+ B="71.5? No way!

The sum of these two numbers is 143. A and B are “one-digit” numbers. We will
write (104+1B) + (10B+14) as the sum of these two numbers.

Can anyone follow up?

(104+1B) + (10B+14) =143, s0 114+11B=143.

11(4+B) =143, so A+B=13.

How many 4 and B fit this equation, 4 + B=13? Please note that 4 and B are
integers.

A=1,B=12; A=2, B=11...

Hold on. If 4 is 1, B is 12, what will be your two-digit number?

112?

Isn’t that a three-digit number? Please note that 4 and B are “one-digit” numbers.
Oh. A=4, B=9; A=5, B=8; A=6, B=7; A=7, B=6; A=8, B=5; A=9, B=4.
That’s all.

You can use this table to organize the answers.

A 4 5 6 7 8 9

B 9 8 7 6 5 4

Can you list the possible two—digit numbers?

The numbers can be 49, 58, 67, 76, 85, or 94.

Let’s double-check the answer. 49 plus its reverse, 94, equals 143. Can you check
other numbers?

58 + 85 =143, 67 + 76 = 143. They are all good.

CRES TR 22 S S REE T S
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Teacher: Great!

ER

B
- -
B
- -
B
- -
B

Eh

4
i
i
gk
4

B

Eh

B

ERi

B

i -

P — I A UK R — (E & A A E AT (L B R E % 2 IR RR % - 46 2 —(lH —
fir - Hep 4 208 6 28 - E{EEFHIE FH10 x-HAr#+1 x{Efir#
FER10 X 44+ 1 x 6 = 46 - 46HI{EHAI T BoE R R 64 - RIHLE F510 X
(B B+ 1 XTI EER1I0X 6 + 1 X 4 =64 -

#H H et ABE— {6 —Air % - WE—{EE T8 ? Wh— (&2 E A % ?

A% > Bi2EAr 8 -

TRAEES s (A E S 2

BEAREI0XA+1XxB=10A+B?

Y - B BEAEIRE ?

BA-10XB+1XA=10B+A?

= o SR EEFAIRIE 143 © FREEFIH FE = 2

BA+AB =143 2A+2B =143 > A+ B =71.5? RuJgE !

5 W RS FAIRIZ 143 - ARIBZ2—(@ " fir¥ o FrAFRAMT#F (104 + 1B) + (10B +
1A)FRBGEMEE TR - A AT LA T AL 2

: (10A+1B) + (10B + 14) = 143 > 114 + 11B = 143 -

11(A + B) =143 > FibJA+ B =13 -
B/ AFIBFFEEMETER > A+ B =132 FHEEAMBEEE -
A=1>B=12:A=2>B=11..
£% - WRAZL > BE12 > FiHEMPrsEkr —ir#g %/ ?
1122
SRR —E =8 T | XS A B 2—fir -
H-A=4>B=9:A=5B=8:A=6B=7:;A=7>B=6:A=8>B =
5;A=9>B=4-GiEttT o
IRALAERIEAFTHEZE -
A 4 5 6 7 8 9
B 9 8 7 6 5 4
REYI P A ] BERY WA fir 801 2
49 ~ 58 ~ 67 ~ 76 ~ 85 ~ 5,94 -
FeRERE - 49 1 B EAEA BEAETRAVE T 94 FL 143 -
TREE B R HA B G 2
58 + 85 = 143,67 + 76 = 143 » HL 2 IFHEAY -
ReF |

WY SR EERE TR P FERRF
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Solving System of Linear Equations
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B A/S Introduction

Ryl e RER > ERRUATHRVE ~ IIRCH AR - BT
fifgE—re—XOTREFUREVNR > BT UERTERZ S Qe T -

BLEETT
BRI —

M 3% Vocabulary

XIERERE AR ETENHE

B¥ hX B¥ X
system of linear equations | 7T — 2k solution of a system of | —JT—XIFIL 12
5l linear system JiRE= linear equations p=V: )4
substitution RAJEEL | elimination YIS
original equation JF4EHY T FEZL | revised equation SRR IR
coefficient HEY like terms [E$HTH
ordered pair 7SR &S] curly bracket RFEEN
least common multiple B/ VAR distributive property SrhiciE
1 R AR RS TR R
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HEGQRBEERATGF Sentence Frames and Useful Sentences

Solve for in

: Solve for y in equation 1.

e —RITREAH y -

Substitute for
Substitute —1 for x.

x FH =1 it -

Substitute for in

Substitute x + 2 for y in equation 2.
FRTREAAT Yy H o x+ 2 U

Subtract from

Subtract 5 from each side.

RIS -

Check the solution by substituting

Check that (0, 2) is a solution by substituting 0 for x and 2 for y in each of the

original equations.

R0, 2)/2—4llfi# > x =0 p =2 fCAMEFGEH G TER -

Use substitution

Use the substitution (method) to solve the linear system.
FRACH AR T — R TRE= -

the coefficients of

The coefficients of y are opposites.

y HIRE G R HHEC B -

BY B AR RS TR

RIBPFTHT 2 RIRT 7 EMASBERBHED D

Y
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O arrange like terms

#l4] © Arrange like terms in columns.

FEEATHYEHEGRY 2 -

©®© Use elimination

4] : Use the elimination (method) to solve the system of linear equations.

FINIRCOR R4 — e — X 5 fe -

©® Choose a method

#il4] : Choose a method to solve the system of linear equations. Explain your choice.

EE—(E AR TR > I H AR RA -

B [EEFERE Explanation of Problems

o3 iR =

We have learned one equation with two variables, such as x + 2y = 5 (read as x plus 2y equals
5). In this chapter, we will see two equations at a time, which have two variables. We usually use
a curly bracket to indicate that equations form a system. They are called the system of linear
equations. There can be more than two equations or more than two variables, but don’t worry,
we only deal with the easy linear systems in this chapter.

We will learn two different methods to solve the linear systems, one is substitution, and the other
is elimination. We will learn to determine whether the ordered pair is a solution of the system of

linear equations. Then we will apply the linear system in real-life questions.

R SR EERE TR E RSN
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(L) Solve the system of linear equations by substitution.

X+4y =236
Xx-2y=0

(FF30) DARACHE AR 4 -

Teacher: There are two equations and two variables in the linear system. We first solve one
of the equations for one of the variables. You can choose either one equation to start.
In order to communicate easily, we can label the linear system: the first equation as
Equationl, and the second equation as Equation 2.

Let’s start with Equation 1: x plus 4y equals 36. We solve for x, and x equals 36
minus 4y. We write x= 36 — 4y, and this is revised Equation 1.

Then we substitute 36 — 4y for x in Equation 2. We have 36 — 4y — 2y= 0, read as
36 minus 4y minus 2y equals 0. Then simplify, 36 minus 6y equals 0.

So, y is 6.

To find the value for x, substitute 6 for y in Equation 2. x minus 12 equals 0, so x
is 12. We can write the solution in an ordered pair (12, 6). The first number is the

solution for x, and the second number is the solution for y.

X= 36— 4y -reremreninennaas Revised equation 1

X =2y =0 -remremmmmnnnees Equation 2
(B6—4y)—2y =0 -weeveneee- Substitute 36 — 4y for x.
36— 6y=0 rreeeesseeecneniinis Simplify.

P=0 rerererenns Solve for y.
X—=2(6)=0 -rererereramanenne. Substitute 6 for y.

X =12 =0 ceeeerernrerarnnenenns Simplify.

X = 12 ceemrerrrrranaaaas Solve for x.

We have to check that (12, 6) is the solution in each of the original equations.

Substitute 12 for x and 6 for y in each equation. In Equation 1, 12 plus 24 is 36; in

18
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

EH

equation 2, 12 minus 12 is 0. Now, we solve the case.

We solve for x in Equation 1, and then substitute x in Equation 2. This method is
called substitution.

We isolate the x variable in Equation 1 as the first step. Now [ want you to think
about a question, can we isolate the x variable in Equation 2 as the first step?

Let me try. I will have x = 2y if I start with Equation 2. Should I substitute 2y for x
in the other equation?

Yes. So what will you have?

2y + 4y = 36. Simplify the equation, and y will be 6. Same answer!

Correct. If I ask you to choose which equation you want to start with when isolating
the x variable?

I am fine with either one. But I would start with Equation 2 in this question because
“x = 2y” is easier than “x = 36 — 4y” for the simplification later.

Smart choice.

B ITRE R E AR RN 8 Tl — TR ey — (BRI G - (F—
eITREABRAEER AT LA « By T (A - RS — R =UEC /() - B
TR IEEC R (2)

FeE T2 DBLE © x + 4y = 36 - TefffgHix > 155]x = 36 — 4y » 122 HH
B TREE(D) -

FEETTHE36 — 4y R ATTREXQ)HT x -

836 —4y — 2y = 0 > {LRHREER36 — 6y = 0 < FTLL > y=6 -

Ry THE] x BYE » T8 y RATTREZ(2) = 21255720 » BTl 12 » FeffTa]
LIRAEFE 12,008 EE o (B8R - 5 (B8 Ey g -

x = 36 — 4y .................. %g?ﬁﬁl\jjﬁ*i‘t(l)
X = 2y = 0o ()

(36 —4y) =2y =0 -ereeeeeee 136 — 4y ftA x
36— 6y =0 -ereeceeeeeeneeann (L5

P =6 eeeeeeeeeeneenen. B5ly (g

X =2(6) =0 -roeeeeeneeeeeees 6 HRAy
X=12=0 orerenrerneeaees (e

X = 12 -vcveememnnananananananaas %E‘cgu x {E

/At s (12,6) EEEBEFEGEITENIE - FEEETE T - R’ 12 1

P B AT R RS TR R H R

I
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A x> 6fAy - EHFEA(D)F > 12 4+ 24 =36 fEHFEAQ)F > 12 - 12=0-
B > BAMEREIEET -
HFETRENDERL x - AERIERAGERQ) S - ERETEARR BRI -

Eh . FAMTESAEITRER(D) TR EINILH R o B E IR S-S —(E R > M
DS — DL A2 = U(2) A x SR 2

B BEEEE - WRRETEAQBE - WGHFEx = 2y - WEZAES—E71E
TR x B Ry 2y 1 2

ERN B o ARSI ?

B4 2y +4y =36 - f{LHTER > BEly =6 - FRNEE !

ERN  IEHE o AIRIF(R - (RE B EWRE T AP AR I I R EE 7

R RWEE AL o (BAEEEEE T - WERGEAQBE - A x =2y” Tt
“x =36 — 4y "HEFH (L -

D RS -

plEE—

1%

s ¢ RS EEAREE SR TR - 5 EEAEMMAAHEE - REHEHELR

R
(L) Solve the system of linear equations by substitution.
3x-2y=12
y—x=60

(F30) PMRACH R AL 240

Teacher: Please solve the linear system with the substitution method. Which equation do you
want to start with? Or which variable do you want to solve first?

Student: Does it matter which to start with?

Teacher: Frankly speaking, the solution should be the same, if your works are all correct.
However, it would be easier to isolate the variable in the second equation. If I were
you, I would start with Equation 2.

Student: 1 can see that. There will be a fraction if I solve for x or y in Equation 1, right?

Teacher: Correct. It will be more complicated if we have a fraction in the equation.
Now you have chosen Equation 2, which variable do you want to solve first?

xory?

Student: 1 want to isolate y first. I will have “y equals 60 plus x.”

20 Ro B AT B RS TR RN 3
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Does it matter which variable to solve first?

Teacher: Well, in this equation, there’s no difference. We can solve either x or y first. The
coefficients for both variables are 1, so there’s no fraction when we isolate either
variable. Then what’s your next step?

Student: Should I solve for the other variable?

Teacher: Yes, that’s your next step. Substitute y in Equation 1. What will you have?

Student: 3x minus 2 times 60 plus x equals 12. The equation is 3x minus 120 minus 2x is 12.
(Calculating.) I have the answer for x, and it is 132.

Teacher: Good, then what’s next?

Student: Because y equals 60 plus x, y equals 192.

Teacher: Ok. Can you double-check the solution?

Student: Do I have to check two equations? Too much work...

Teacher: Well, if you are in a hurry, you don’t have time to check two equations.

Let me tell you how to do the one-shot check.
You have used the revised Equation 2 “y equals 60 plus x” to solve for y.

Teacher: Since Equation 1 has not been used to confirm the value of y yet, you can check the
solution in Equation 1. Substitute 132 for x and 192 for y in Equation 1.3 times 132

minus 2 times 192 equals 12. So your solution is correct.

RN FEHAAEBREERILTER - RPIEREMETEZCT TE ? 2=k R85k
SKUF{EAFIENE 2

B (eWbERRIG A R A 7

ERN SEEL > RERHETEELRE - BEEZE R RN - HE - 5 L (E TR
o RERRIEBIL G LA 5 - WRIENR - ERITREA(Q)FE -

B IR - RBAETTREA() T gy > & B (@ e ?

LRl gk o WMRGEAPE SR SRS EIIER -
IRAEIREERE T TREE(Q2) - ﬂﬁw%%ﬁﬂﬂ{%iﬁﬂ%&ﬂ)ﬁ ? xRy ?

B4 JIESALy - WGEEy = 60 +x” - JefE A ERME G AR A

Ehl : AEEEDTRERT TR - BT LU sy o W E AR KB REEE 1
RIEEAEIRILAEAT —(EAR A B AR AN G 78 - 3 AL AL ?

B BRMERL R S —(ER A 2

Eh ¥ BEBR N - TR THY - IRGHE T ?

B4 3x—-2x(60+x)=12 - FEHLZE3x —120—-2x =12 -
(FHEF) - HOKEXEET » 2132 -
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240 Wy =60+x filly =192 -
ERE Y o IREERRES ?
B4 WREBRERETES 2 SRARET ...
ERN I o SOSRREERERT » IRATRE e 22 A W E AR -
R ETMR AT R TR -
IREA R HE SR TEZN(2) y = 60 + x" A H y T -
R B RN AR A HERE y HU(E - FrDAe] DUE SRR (D TERE -
Afx =132,y = 192KATTRE (1) < 15513 X 132 — 2 x 192 = 12 - AL - R{
VB L IR -

plE=

st © AT R AR 2 AR - BERE R T G TE - AR E R

-fﬁ}

o

(FL3Z ) Solve the system of linear equations by addition.

4a-5b=8
2a+5b =10

(FR3Z) DAMIBGR AR i feal -

Teacher: Let’s start with the substitution first. No matter which equation you start with, no
matter which variable you want to solve first, you can see that a fraction will

represent each variable. The coefficients of a and b are not 1.

When it is not easy to isolate one variable, we can try a new method: The elimination
method. Add one of the equations to the other one, or add a multiple of one of the
equations to the other one. When we combine like terms, one variable will be
eliminated. We solve for the remaining variable, substitute the value into one of the

other equations, and then solve for the other variable.

Teacher: In the first step, we arrange the equations with like terms in columns. The equations

are already arranged, so we don’t need to revise the equations.

Next, we add Equation 1 to Equation 2 and combine like terms. Because the
coefficients for b are opposites, b will be eliminated. Negative 5b plus positive 5b

equals 0. You have 6a left on the left-hand side, and 18 on the right-hand side. The

22 B0 B AT RS TR
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“Eras

equation will be 6a equals 18. The value of a is 3. Then substitute 3 for a in Equation

1 and solve for b.

5b equals 4, and b is 0.8.

4a — 5b =8 seerrererarannenne Equation 1

DA+ 5h =10 rrmreaenrnne Equation 2

6 = 18 wrmrmrmrnrmrenrnrnnnn Add the equations.
A=3 eerereereneciniannan. Solve for a.

4(3) =5b = 8 -rererererunnnnes Substitute 3 for a.
D= 0.8 cormrrnrmrrarnrnaenrnnnn Solve for b.

Don’t forget to check the solution in the linear system. Substitute 3 for a and 0.8 for

b in the original equations. Therefore, (3, 0.8) is the solution.

Mt AR G - Em (e E AP dn - BRI AR E R EIE - R
SIS G R A S BHIFR 3 - el > aNIbHIREAE 1
EEFERNBEA BT SEANLES > FMTTLLER S5k  HEE - FE
B TR S —E 5T > B o —(E S AR BN E] S —
it o B EHFEEEER: > Hop—ERAIB G HOHRR o FAIEETR T HIARA
8 FREERA SRR T > AR S —EARAE -

F—F > B SRR G 20 B IR - e T A
DIAFTZEEUGER -

g WA IIEDFAERQ) S - SHFFEEE - EFVEmRT > b Ak
BN IEAMERAHAY > AL b O - —5b + 5b = 0« ZE{HIFR] N 6a » A5 {HIF
N18 - FFEA SR 6a = 18 - {FFla = 3 » ARFFBRATTREA() FHY a - MR
bo5b=4>13F]b=08"

4@ = 5b = Brrrereeeeeene )
DA A 5 = 10 weeereeeeenen FH952)

60 = 18 +-emrrennnmmnrnnnnnnns HEEE (1) + R Q)
e BElall

4(3) = 5b =8 rrureeenes ¥a = 3{EATEZ2)
h = (0.8 reereemrrrnnnnnnnrennns E5b{E.

AEZEE -’ a =3 b =08 CARGEHENT - FEI#%/(3,0.8) -

BY R EERE T RSP EFRRTE



| ORTIEFTHRY 2 A RT P o EMABEHBHESD

pI=EM
st | RN RECR FERYERE - BER A RIEA SR A ML T2 SR -

(FL3Z ) Solve the system of linear equations by addition or subtraction.

9a-3b=20
3a+6b=23

(FP3) DAMIBGR R AR 4l -

Teacher: This question is different from the last one. Do you see the difference?

Student: Coefficients?

Teacher: Coefficient is the key point! Sometimes you can add the original equations directly
because the coefficients of a variable are already opposites. In this question, we
need to multiply one or both equations by appropriate numbers to get opposite
coefficients.

Let’s target b. We can get the coefficients of b to be opposites by multiplying
Equation 1 by 2. The coefficient of b becomes negative 6. Then you add these two

equations, and —6b and +6b will be eliminated. Here are the works.

18a — 6D =40 -----mreneereee Revised Equation 1.

3a 4 6D =23 ceerrrannnnns Equation 2

D1 =63 senrermrmrmnmaenenenns Add the equations
S RALLLERTERLLTELERTEREELELEY Solve for a.

3(3) + 6b =23 -rerureranannns Substitute 3 for a.

6D = 14 weveeeenrararrnnnnns Simplify.

b= ; -------------------------- Solve for b.

Don’t forget to check the solution. Substitute 3 for a andg for b in Equation 1.

27 minus 7 equals 20. The order paired (3, g ) is the solution.

Teacher: Now, let’s try something different. If I multiply Equation 1 by 4 and multiply
Equation 2 by 2, what will I get?

Student: 36a — 12b = 80 and 6a + 12b =46

Teacher: Can I add these two equations to cross out b?

Student: Yes, you can. b will be eliminated.

Teacher: 42a =126, so a is 3. The answer is the same.

24 b v T b R s 1 .
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Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

RTIEERS 2 BTG E W EMABERBHREE DL

Which method do you think is easier? This one or the previous one.

The previous one. The number is smaller, and I need to operate multiplication once.
Because the coefficient of b, 6, is the least common multiple of 3 and 6; while the
coefficient 12 is the common multiple of 3 and 6. In the previous method, we
multiply a smaller number to get the least common multiple of 3 and 6. So you think
it’s easier.

Can we first eliminate a instead?

This is a good question. Let’s target a this time. How to make the coefficients of a
be opposites?

3 times 3 equals 9. But they are not opposites.

9 is the least common multiple of 3 and 9. We multiply Equation 2 by 3, and we will
get 9a + 18b = 69. When we have the same coefficients, we can use subtraction to
eliminate the variable. On the left-hand side of the equation, 9a minus 9a equals 0.

a is eliminated while -215 is left. On the right-hand side, you have 20 minus 69.

O — 3DH =20 weereremrarnaraenann Equation 1

9a + 18D = 69 ~-rerrerernarennnne Revised Equation 2

—3b— (18) =20 — 69 -------- Subtract the equations. (Equation 1 — Equation 2)
—21b = =49 --errrnnaas Simplify.

b= ; .............................. Solve for b.

. 7 . .
Substitute 3 for b in Equation 1. a equals 3. Same answers!

When the coefficients of a variable are opposites, we can add these equations to
eliminate the variable. When the coefficients of a variable are identical, we can use

subtraction.

We have learned substitution and elimination to solve the linear system. No matter
which method we apply, the main focus is to eliminate one variable and create a
linear equation with the other variable.

We solve for one variable first, and then plug the value in one of the other equations

to solve for the remaining variable.

L EERMEN E—EAE - IR TS ?
B (RE?
Ehl GBS | ARHER BRI ABELRM S - FrLla] LE R IRIGTT
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FEZUAHDN - RS TR EER—(E e (E TR =0k 2

JEASAE AR E -

P EHIMABEBEHEHAESD

BT P

HAILAARFIE, b Ry B - 8 G FE(D)AREL 20 FefTo] LU b AR -6
W% B E M EG AR —6b A1 +6b (FRILIBOHZ - LU &R #

184 — 6D = 40 «veveennmrennnenn MBI TFER(D).
3a+6b =23 - FHEF(2)

21@ = 63 errrrrenrrannineanns FifEE() + 75 (2)
@ =3 eeeeeeeeees SElafE
3(3) + 6b = 23 --rrureuraenns a =3t A

6D = 14 weeeeeeeeeeeea {EfEH

b= % .............................. B b 1Y

ST EEREZEIEME - Ka=3b=7 ﬁ)\ﬁk(l) 27=7=20"

PRASE (3.3) Rl -

EFE .

AL > BEMEEAA R E o RBGRETE(DALL 4 > FHEF(2)FEL 2 -

I ?

: 36a — 12b = 80f{16a + 12b = 46 -
Sk
B

I

BT DS A IS W E 5 - A AOH = b 2

AL e bEHOHE -

42a =126 > Nlta = 3 - ZFZAHM[E -

AR RASLER R 5 ? E—(EE S B ?
E—E5E - By o T AR X

R R ARFIEbHI (5 H6 - 23N R/ NAEERL  MAREL2ZE3M6H A & H - 7 E
—fEITET > FFIERI—(EE NE T AIG RIS TI6H B NA B L - AT LAIREE Ry

et AR S -

DOARERAPT AT EUSEEBRAR AR a U 7
e E R o BRI ARFI R a Ry B R » A0{T 3 aH (R BR RAR B 8 2

3x3 =9 HEMILAZRHELE -

95& 3TN A/ NAEEL - FTRETREZUR)FRLL3 » 155]9a + 18b = 69 - E{AE
MREIR > FefPTm] DASE FTRCELUHBRAR AR - FE TR 9aliR9aFE R0 -
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9a — 3b = 20 ---eeeeeeees JitE=(D)

9a + 18b = 69 ----e--e- R E HEA(2)
—3b — (18b) = 20 — 69 Wy =UHHEK

—21b = =49 -caaa 1EfES

b= % ........................ B DY

b = LR ATTER() i Ela = 3 > B A |

5
LRl ERABEVAB A R B > B AT LUR S L 5 R A AR DI DUBBREZARRIEL
EARFIEEIHBAREIR > BefP AT DA A RGA
BAEBRFIEG T (AR TAA AR T e - EemERED % - =
TR SORPR—(EARKME > ARG EA S —(EARAEA R T2 -
BT E SRt —EARAE > FHREEEERA S —ETREALORRERHIARRIEL -

w EARE/ EE25EE
plE—
seEH © AN [EEAS - KRR -

(F<3Z ) Hudson is going to the National Science Museum with his family. The price of each
adult admission is NT$70. Children with the ages of 4 to 12 pay the child admission,
NT$30. Children under the age of 4 will not be charged. There are no children under
4 in his family. If everyone goes to the museum, they will spend NT$390 in total. It’s
known that there are twice as many children as adults. How many adults and children
are going together?

(P30 METEARENIR A — [R5 B 2R HYIEE - YJRERIRASEEZE 70 JT > 4~12 5%
MIIZETE 30 7T > 4 s A MVZERPIR - th20¢F 4 5L THIZE - R E
{iEl sl B A HERYIRE - PIEACEAEITE 390 It - ERVNZABZARARIRE -
AMANBNZEFZ DN ?

Teacher: The first step is to assume the variables. Let’s use a for adults, and c for children.
How much do they spend on the adult admission tickets?

Student: They will spend 70a.

Teacher: Correct. How much do they spend on the child admission tickets?

Student: 30c.

Teacher: Now we can write the first equation with the information: the total admission fee is

27 — s a s = A & > >
B EFAREFRET R (B FR5F
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Student:

Teacher:

Teacher:

Student:
Teacher:
Student:
Teacher:
Student:
Teacher:
Student:
Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

TETEEFKT P % EEASEKBHEDL

390. Does anyone want to share your equation with us?

70a + 30c = 390.

Yes. Now we move on to the next information: There are twice as many children as
adults. The English idiom “as many as” means “the same quantity as”. We can tell
the relationship between adults and children. Children’s number equals 2 times

adults.

70a + 30¢c = 390
c=2a

We can write ¢ = 2a. The linear system is {
The next step is to solve the system of linear equations. Which method do you want
to apply? Substitution or elimination?

Because ¢ = 2a, [ want to try substitution first. I can replace ¢ with 2a.

It’s a good start. Can anyone give me the equation?

70a + 30(2a) = 390. Then simplify, I will have 130a = 390.

Then, what is the solution for a?

ais3.

What’s the next step?

Pluginc¢ =2a.So cis 6.

Can you verify your answer?

We can substitute a and ¢ in the equation 70a + 30c = 390. 70 times 3 plus 30 times
6 1s 390! Correct answer.

Good job. Does anyone have questions?

Can we simplify the equation 70a + 30c = 390 first? They all have “0.” Will they
affect the final answer?

Thanks for your question. What do other people think about it? Can we simplify
70a + 30c = 390 first?

Not sure.

Let’s try it together. We divide every coefficient by 10, and it means we cross out a
zero for all coefficients. We will have 7a + 3¢ = 39.

Let’s plug in a as 3 and b as 6 in this equation. What will you see?

7 times 3 plus 3 times 6 equals 39.

The values of a and c¢ also work in this simplified equation. If we simplify the
equation in the first, the answers are still the same. Some people prefer to simplify

first, because they want to deal with the smaller numbers.

EhN . EIREEEE - BPIER o AR - ¢ (ARHE -
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70a + 30c = 390 -
2t o BAERMTACE T —(E&ER © HE BTSRRI » J25EHHY as many
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The Coordinate Plane
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B A/S Introduction

L i — ST 0 6 AR EI{E M (number line)Fer—(ERAIRIE - RS
(ordered pair) 322 A F A4 B P i (coordinate plane) b-— (BB & - th 855 SIS F T |-
FY B AL AT — 5 — B 3 one-to-one correspondence) « 3 T AR &z afh I AHEE -5 (11 2
P (quadrant)_|- 5 (RS PR 6 TE ERA (o AL AL b-iet (graph) e R B -

B :@% Vocabulary

XIEREERNBIE TENFE

BF hX BF thX

rectangular coordinate plane | ELAIEFH | translation 2

x-axis x Bl quadrant %R

y-axis y Quadrant I B—RR

origin JJ=t - Quadrant II BERR

perpendicular FEH Quadrant I1I FE=ER

x-coordinate x Quadrant IV EEUULR

y-coordinate y graph gg’ ﬁégﬁ LA
ordered pair Lsga distance PR

%0 RIY B AT R HCE TR SR R 3
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B HEGRBEERATGF Sentence Frames and Useful Sentences

O Give the coordinates of

Give the coordinates of point O.

ATt O BEHIALEE -

G

® Graph in the coordinate plane.

Graph these ordered pairs in the coordinate plane.

AL AP BRI E -

G

©® Name the containing the

Name the quadrant containing the point.

i M % B E SR 2RI -

pIe] -

is called the

O The

The horizontal line is called the x-axis. The vertical line is called the y-axis.

pisg
ATV _E A e Ry x il o b Ry y o -

direction is to the of the origin on the

® The
on the y-axis.

x-axis and
The positive direction is to the right of the origin on the x-axis and upward on the

sy
y-axis.

x TR R y BT A EIFROR B IR -

-coordinate of is

® The
4] : The x-coordinate of a point P is 5. The y-coordinate of a point P is 4.

PHyx TRy S - PHY y AR Ry 4

31 L e b g = e et e .
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@ The coordinate of is

has coordinates

5] : The coordinate of a point Q is (6, 5). Or, a point O has coordinates (6, 5)
O YRR R(6, 5)

® If the x-coordinate is then move the point x units to
the

4]« First, locate the x-coordinate on the x-axis. If the x-coordinate is positive, then move the
point x units to the right. Then move up or down to locate the y-coordinate.
AR - (RSN EEIILE - S5F x AERVE - WRZIERY - ARG
g x BBAL > $ NREE y AIENE - RS R ERE) y B SRYATE T
By BAL -

© A point is in Quadrant __.

4] © A point D is in Quadrant V.
D BEFE IR -

B [EEFE#E Explanation of Problems

o3 iR =

We use an ordered pair of numbers, separated by a coma and expressed as (x, y) to locate a point
in the rectangular coordinate plane. The positive direction is to the right of the origin on the x-
axis and upward on the y-axis, and negative direction and vice versa.

Pl B AR R — R A AR VLR - R E B R e A E R A IER » RZ AR
B e

We divide the coordinate plane into four quadrants by x-axis and y-axis.

BAPIRF AT x il Ky b oy P OE SRR -

(5, —4) and (—4, 5) are coordinates that represent two different points.
BOAIR st B E. > S E(S, —4) (=4, 5) B iR E A ELER
B -

2 R VNN . = - o N
> R B AT R R TR R R
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Give the coordinates of the point P, O, R, and S.
AME P, O, R, S TUEL » B5H EMAYAAEE

We draw a vertical line and a horizon line through the point P. What is the
intersection of the perpendicular line and the x-axis?

The perpendicular line intersects the x-axis at 2.

Then we find that the x-coordinate of point P is 2. What is the intersection of the
horizontal line and the y-axis?

The horizontal line intersects the y-axis at 4. So, the y-coordinate of the point P is
4. Thus, the coordinates of the point P is (2, 4).

Good job. Then you could use the same method of drawing one horizontal and
perpendicular line through a given point to find its coordinates.

I find the coordinates of the point Q is (—4, 2), the point R is (—3, —1), and the point
Sis (3, —=2.5).

4 .P
3
Q

) 2
1

a -3 -2 - 0 1 2 3 4 5

R
L J -1
-2
S
(]

-3

Excellent, all the answers are correct. We can move to the next question now.

BAFIE P BEE — Rt E&RN— /KPR » st ESUN x SRR S8 7
St ELARED x BHAYSCRLE 2 -

Bt LABRFIHIEES P Y x A8y 2 o HKSPARAN y Bl SCRE A8 2
TRPAREL y Y SCRE 4 » NI - P ERHYAAEEE(2, 4) -

CER XY =2 L AN ES RS S 2 S N
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EHN  USET - REE IR AT LA R EIRRRY U505 » 145 ERIRE — KPRl — R B4R -

LI FIEHIAAAE -
R HIE T O BHVAEE (—4,2) R EHVAAEEE(-3, —1) S BEAYAATEE(3, —2.5)-

Eh KRBT WEE T - IR LIS ~—(EfE -

pIE_

st ¢ SRR AR AT A AR RSV E T AR x AAEE R v AARAY IR & KAt I EL
%ﬁﬁﬁ%é’] SR WS (m, n)RIZAE(n, m) AT REE URAFIHIRS -
(432 ) Graph these ordered pairs: (—1, 2), (2, —1), and (—1.5, =3).
(H30) fEAEEE AR SRR - (—=1,2) ~ (2, —1) ~ (=1.5,-3)

Teacher: Let’s graph the ordered pair (—1, 2) first. Please identify the x-coordinate and the y-
coordinate.

Student: The x-coordinate is —1, and the y-coordinate is 2.

Teacher: Correct. Since the x-coordinate is —1, to find the ordered pair (—1, 2), we start from
the origin and move to the left by one unit. Then, do you know which direction and
how many units you should move to locate the y-coordinate?

Student: Yes, I can do that. The y-coordinate is positive 2.

I will move up two units to find the y-coordinate.

Teacher: Please graph the following two ordered pairs: (2, —1) and (—1.5, —3).

Student: For the ordered pair (2, —1), I will move two units to the right from the origin to
locate the x-coordinate and move one unit downward to locate the y-coordinate.

Teacher: Excellent. Please compare the location of ordered pairs (—1, 2) and (2, —1). Do

those two points overlap, or are they in a different location?

Student: No, they are in different locations.

34 B SR EFRETREIP EEEg
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Teacher:

Student:

Teacher:

1 -
B
-

B
- -
B

4
B
Sk

TETEENET T s EMASEK2HE

The point (—1, 2) is in Quadrant II, but the point (2, —1) is in Quadrant I'V.

Yes, your observation is exact. We can conclude that the ordered pair (m, n) and (n,
m) represent two different points if 7 # n. Now please graph the last ordered pair.
For the ordered pair (—1.5, —3), I will move one and a half units to the left from the
origin to locate the x-coordinate and move 3 units downward to locate the
y-coordinate.

Good job.

ERAMARES (—1,2) EE | x AAREEA y AR o

xxPREE—1 0 y AAEEE

TEHE  (RIRy x AR —1 > BERE] (—1, 2) » FRPHEFRE RS 8 —(E AL - 28
% IRAIEEREE) 2L D(E AL T (A A REFRE] y AAENE 2

HIZE o y AAEUZIE 2 0 FrDAE) ARSI (E B B Er R E] y AL -

SR DU W (E AR AL B ¢ (2, —1) Ml (=1.5,=3) ¢

(2, —DHYEE » FORHE R G R B R (I BEA7 SR AR x AAEE - [ SRS E—{EEE AL
SRICEy AR

TR - BELEIR (-1, 2)F12, — DML E - EREEEEEBE BN AELE ?
MM ERALE o BE(—1, 2)rA5 508 - HEQ2, - DR E SRR -
B IRV ZSZ TERERY - BT DUS &SR > 205 (m, n)FI(n, m) RR{E R
[EHYEE > Rllm # n o BAFEEREH R ie—8E -

©(—15,-3) TR E) 15 BAAIRE] x AR o [ N REE) 3 (BB ALARIRE] »

-

G5 S

P EF AR TR RE TR

(== T}

EEa
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(237 ) There are four points 4, B, C, and D in the coordinate plane. The origin is O. If there
is a line L passing through the point (=3, 4) and perpendicular to the y-axis, which
one of the following four points would L pass through?

(FF30) [@ (PU) AyAERVE EAREE O 81 4~ B~ C~ DVUES - 5 —H& L
B (=3,4) H® ywhsEE > A L &) L?ﬂ“ﬂfﬁ—ﬂ‘—é ?

A4 BB (OC (DD 3

(108 FEF &= 7)

Teacher: Plot the point (=3, 4) in the plane first.

Student: I would start from the origin, moving 3 units to the left and moving 4 units upward.

Teacher: According to the question, L is perpendicular to the y-axis. What kind of line is L?
Vertical, or horizontal?

Student: L is a horizontal line through the point (=3, 4). I would draw a horizontal line
through the point and check which point the line would intersect at. After I draw L,
I find that L passes through (0, 4), which is the location of point D.

Teacher: Well Done. The answer is point D.

S AR LEHEE(=3,4) -

B RGN o EABEIBEE A o A L EAEEL -

EET REER ELEy B E - T AL G R (AR ? ST AR

B LERIEAY(-3 ONKTHS - RIS K PG mmaEy: - Rehs
SELET BN ETS - BoEL 2  BETHLEHATE(0, 4) > Ak B DBFFENIRLE -

B BURT - EREDES
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o

(J<3Z ) Name the quadrant or axis containing the point.

G2 @E-3)  OEL-DH @20

(P32 HIA R FE LTy AAENE— SR PR PN S — A A | 2
G2 @E-3)  OCEL-D @20

positive, and the y-coordinate is negative.

the y-coordinate is 0; therefore, it is on the x-axis.

Teacher: You did a good job. All the answers are correct.

F—EHR: (5,2) - x AAFERT y LR Y - NILEES IR -
BAEH R AR 73 BIEH— 2R

RE o yRRE  TERZRIR o Mg —(ER: > yAAFRER0 |
il
LRl ISR EEH T

3 B¢ AT R RS

Teacher: The x- and y-axis divide the coordinate plane into Quadrants I, II, III, and IV. In
Quadrant I, both x-coordinate and y-coordinate are positive. In Quadrant II, the x-
coordinate is negative, and the y-coordinate is negative. In Quadrant III, both x-

coordinate and y-coordinate are negative. In Quadrant IV, the x-coordinate is

For the first point (5, 2), both x-coordinate and y-coordinate are positive. Therefore,

it is in Quadrant I. Now name the quadrant containing the following points.
Student: For the second point (4, —3), the x-coordinate is positive, and the y-coordinate is

negative; therefore, it is in Quadrant IV. For the third point, the x-coordinate is

negative, and the y-coordinate is negative, it is in Quadrant III. For the last point,

ERN  x BiRD y BRI SRR — ~ B BENIERIURIR - RS —RR T o x4
TALY AT R Y - FES8 R IR x AR RS > y MR RIE - FEB =FRIRT
x ASHER y AMHEET R B o FESEIUGIRT o x AMERTE > y MRS -

B4 T (HEE (4, -3) 0 xAMERIE > yARIEREE > NILFEETIRIR o 55 =(E%85 » x4
R > BfEx

‘/};ﬂi‘[u' = :JL'.F%T
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(FLX) Go([EfH) is a game between two players, called Black and White. We played Go on a
plane grid of 19 horizontal and 19 vertical lines, called a board. The token used to play
in Go is known as stones. At any time in the game, each intersection on the board is in
one and only one of the following three states: (1) empty, (2) occupied by a black stone,

or (3) occupied by a white stone.

(A) If you draw the x-axis and y-axis in the graph below, and the coordinates of point C
is (2, 0) and the coordinates of point 4 is (0, 3), please follow the subsequent instructions.
(1) Give the coordinates of one intersection which is empty.

(2) Give the coordinates of one intersection which is occupied by a black stone.

(3) Give the coordinates of one intersection which is occupied by a white stone.

(o0 BIRE —(E e B 8 O TR AR - FRITE—(E 19 R/KSPERAT 19 iR
b ELCRAH RRAY PR BN EIE - S (EE S s A o (AR IO Ry
stones ° fERFEIAETT - AHAR ERVRHIE SR A LU = fiIReZ — « (D)Z=HY
QR TERE - SO TEE -

(AYAOSRARAE T 88t x Gl y &l > 36 H C BEHY y
AR R(2,0) > A BREVAATE (0, 3) > SEAE IR LA TS
TRHETT

(&G H— B ZE R 3 SCREAY LR

(2)%5 (B B TS IR AR SR AR

(345t —{E# B TS IRAIAC SRR AR X

Teacher: The empty intersections are (0, 0), (1, 2), (4, 0), etc. Find the coordinates of a black
stone that is on the axes.

Student: (1, 0).

Teacher: Correct. Find the coordinates of a white stone that is not on the axes.

Student: (2, 1).

Teacher: Great. Now we move to the next step to see when a stone will be captured.

38 % o b g e e e e s ,
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T ZEERETE(0,0), (1,2), (4,0)..... F o R —(EALFY AL EAY AR -
24 (1,0) -

ERN IERE o HRH—ER AR AR EAY AR

2E 2D

RN REF o BUERMTEAT —EPE - EETEEN MLk -

(L) (B) A position consists of an indication of the state of each intersection. In a given position,
the /iberty of a stone is an empty intersection adjacent to that stone or adjacent to a stone
which is connected to that stone. A player can remove from the board any stones of their
opponent's color that have no liberties. We say that the stones removed from the board
have been captured by the player.

Here are two examples in which the capture rule is applied.

(F132) (B) fifae e E s X EHRRERYE R - fERPERVE G T éﬁ*ﬁ?ﬁ%ﬁﬁ@ﬂ’ﬂ% H
A SRR, » B il DAt R MDA RV T T - B R
Pt - e T2 BT R T
DU SR E T4 691+ -

(LX) The diagrams below show the capture of a white stone by Black. Since the white stone
has a single liberty at a, if the black stone is placed at a, then the white stone has no
liberty left and will be captured and removed.

(30 MERDR TRITTHED T - B E T RAE —ERAE a L& WRET T a>
AIEFEULAR T BEdz (52) -

K4 4$&

Before Black plays After removal

(L) At the edge of the board and especially in the corners, stones have fewer liberties than
the one in the interior and are more easily captured. The white stone at the edge has only
one liberty left, and after the black stone is placed at 1, the white stone has no liberty

left and is removed. Please find the diagrams below.

3 BY R EERCE TR R
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(0 EHIBG U RIREAEE  HTHREENERY /D - HIEEEZH0Z
(J‘m) FERGHY R T — R - ERERUE | etk - AHEUAER Tk
° S R N HEAVEDR ©

o o,

o

Before Black plays After removal

(L) If the black stone “1” is at (4, 0), give the coordinates of the white stone that will be

captured after the black stone “1” is placed. Y

AR 1 MEREEPE, OMLE - AlgHiz
($2) By T8 R frr 2

:%—% X

(EF FEFHHIEVE https://en.wikipedia.org/wiki/Rules of Go)

Teacher: From the instruction above, we can tell all three white stones have no liberty left and
will all be captured after the black stone “1” is placed. Give the coordinates of the
white stones that are captured.

Student: (3, 0), (3, 1), and (4, 1).

Teacher: Excellent. There are more rules to learn about “Go.” If you are interested in this
game, you can use the following website as a reference or play with your friends

interested in this game.

AL EEEFERE RS BB 1 g NEER o A TERE TR B
FLEREIZ R o 5H4a Az Ay 5 12048 -

BE: (30,6 DMEG4D -

Ehl : JEEY - EEE SRR ERHRAITEEEE o UIRIREE (2SR - R
AT DA DA S Ry 2275 s RO UR 39 (A 6% R B By I A —#E B
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Erxll Zrx—RAEXANER
Graphs of Linear Equations in Two Variables

BT R E e T RE R T FE BRI

B A/S Introduction

Zon— KGR AHIE R E AR o EETE S M EA BT r] LU P — Ry 5 [ R A 5
IRAY B H AR AT P EAVE IRGRAY - I TR T IO A E 2 —HER
[ LA e & S st an e AR Pl B R AR R A EAR - 2R MEE T
HREAWEDR > AER SRR > HE - REQEREWE > ZERIEERE—
TR « B N2/ M a7 KPR Bl e 4Ry TR 20 R —oe— RO HEAEHVIEE -
BRARHEIIA T —2Oh e (4) EBRAE K ot — Ot BRHY R R - RA
EEIHVEG B SNBSS DERERTRE S AR SRR AR PR AR AL
e KRR, o P ARE ARSI T — RO B 1A% -

B :@% Vocabulary

XIEREERNBIE TENFE

E¥F th3Z E¥F th3
coordinate plane | ZAfEN[H vertical line $LEG
coordinate axis | AAfEH horizontal line K345

linear equation in/with two I .
quadrant IR , Z—RITER
variables

system of linear equations in .
intersection MR 8 Y , a R4
two variables

Hisr 1. —r—X 52 (linear equation in two unknowns) T35 1/ VESRFZ N H

linear equation in two variables °

41 I e e b g = a1 s ,
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B HEBRBIERAATF Sentence Frames and Useful Sentences
O plot in
fil4) = Plot the five ordered pairs in a coordinate plane.
s A () SR E L -
® There are infinitely many
4 - There are infinitely many solutions in a linear equation with two variables.
T RO R 4 AR -
® Itis a good idea to
4] - It is a good idea to find a third solution just to check.
M E =R R E S KA RN B ER
4] pass through
4] : The graph of a linear equation in two variables passes through the points, A and B.
B HSTEIE 8 A - B FHiES -
B RIEEFERE Explanation of Problems
3 iREA =
In the former section, we learned that there are infinitely many solutions in a linear equation with
two variables. In this section, we will discuss how to draw a graph of a linear equation in two
variables. A graph of a linear equation in two variables consists of all the points that are the
graphs of the solutions of the equation. Therefore, by plotting all the ordered pairs of the
solutions to the equation in two variables, we can recognize a pattern that these points are all on
the same line.
42 .- L et b P
Y AR R TR E R
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A linear equation is an equation with two variables whose graph is a line. To graph a linear
equation, you need to have at least two points. First, draw a linear equation in two variables by

plotting more points on the coordinate plane. Then read the pattern of these points carefully.

To draw the graph of any linear equation in two variables with the standard form Ax + By = C,
first, graph it by finding any two solutions (x;, y,) and (x,, y,). Then plot these two points. Last,

draw a line connecting them. It is convenient to use the two points where the graph crosses the

axes to determine the graph of the line.

» EEEENERE o8

=8 —

il - BRI A EERE AR - DR 2 HIHY BT T —
RITREAA IR0 - ZAlS B2 R T —ROTRE =AY AR R B & sl
SRR | P AV EIZ A E — B4R E -

(L) Find the solutions to the linear equation x 4+ 2y = 6 by choosing a couple of

values for x: —2, 0, 2, 4 and 6. Then plot these solutions on the coordinate plane.

(30) Het 2= x + 2y = 6 A AL &HAR - R e MR | -

X -2 0 2 4 6

y
(xy) . 3)

Teacher: We have learned how to find the solutions to a linear equation before. Please
calculate the corresponding y values and find the ordered pairs now. You have two
minutes.

Student: OK.

Teacher: Time’s up. Please check your answers and see if you got all of the answers correct.

X —2 0 2 4 6
y 4 3 2 1 0
(x,y) (—2,4) (0, 3) (2,2) (4,1) (6,0)

43 ok s B = e ey
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Teacher: Now, let’s plot the five ordered pairs on the coordinate plane. Tell me something
about the graphs of these points.
Student:  They are on the same line.

Teacher:  Yes, you can find that the graphs of these solutions lie on the same line. There are

many other solutions to the equation X + 2y = 6, such as (1, 2 %), 3, 1 %), and

(—1, 3 %). If you mark these graphs of the solutions on the same coordinate plane,

you will find that these points also lie on the same line. You can also find that the
y value is one unit down when x is two units right.

So, the equation X + 2y = 6 is called a linear equation because the graph is a line.

x4+ 2y =6

(—2.4)
(0.3) (2,2)

Zhl - BMLAATEEE B A — T — RO - 55 4E 2 ik FLaH B ey H -
B4 0 4F o
Rl R EE - BEIRMIE R S EP IR -

PN AR AR P i EAEH E To (R - 15 SRERY B A (TR AL 2
24 0 EfEER—RERLE -
ERN EHY o IR LA E A B AR [F — R ER b - e x + 2y = 638 H

MRS - B0 (1,25) ~ 3, 1) F1(~1,3) % -

44 L% s b 8 K sraT ey oy >
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W ARAE [E]—(E A AR S SRR [ET - (e 2837 5 seBEt fE [E— R &
s | o I 7R + 2y = GRUHE B -
YEFER > RETHEF E —RESR - 8

(7“)(0 : (2,2)

pIE_

s ¢ R T OGS A AHAR - RS AR AR S Rz T TE Y
ELAREE - NS A FEYRRHVE R AA — 0k - FrblZZE or— RO E Ay ElE
> H R EERIAHAR - ST T e R AL - MRS —RE S
SRR % ESREE T — RO REAAE - — s (ERER K AR
TR EE X fil(y = 0) Kz y il (x = O)HYAEE - [Fi > Tl r DAk S5 = A &
FiTe& Bl & 7 IR -

(J£3 ) Graph 2x — 3y = 6 on a coordinate plane.
(Hh30) EEEEYE > EHAFER 20— 3y = 6 WEE -

Teacher: From Example 1, we know that the graph of a linear equation in two variables is a
line. Since two different points determine a line, we can graph the line 2x — 3y =6
by finding two solutions first. Then we can plot them on the coordinate plane. Last,
let’s draw a line connecting these two points. Now, give me two solutions to this
linear equation.

Student: (3, 0) and (6, 2)

Teacher: Very good. But the most straightforward solutions are those where the line crosses
the x-axis (y = 0) and the y-axis (x = 0).

Here you can find the point (3, 0) where the line crosses the x-axis. What about the
point where the line crosses the y-axis?

Student: (0, —2)

45 B¢ B8 A8 58 TR D R
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Teacher:

Eh

B

R

B4

R

&

#

{E

BfF 25 Rl

Bi

Excellent! Let’s plot these points 1]
on a coordinate plane and draw a 8
line through them. 6
This line is the linear equation 4

graph 2x — 3y = 6., It is a good 2 %
idea to find a third solution just to (3,0

¢ N
Yo 8 & 4 2 0 / 4 6 8 10
check.

TepliE— > BMIAIE T — R AR B & —PRELR - BRI EA [F]H I8 AT 2L
PEH —RESR > FrAZEE L GEA2x — 3y = 68VEE - FFIa LU EIERY
A EIRIEEE - RSO P b - BEERE ] DA — R RS W (Y B
o BUE > SUETRH EE — IO R Y R (i -

(3, 0)#1(6,2) °

RAF - {HR T EAAR R S Bl (v = 0)ATy#h(x = 0)HYAHS -
TRESETR B E RO B A S VR (3,0) = ARFEERZ B AR Ly Sl A AYRETE 7

0,-2) -

R | s RSB P b W —REE EMAVES - ERESE
MR 2x — 3y = 6HVIEE o Beffm] AT — A AR BRaE 2 5 1A -
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plE=

st ¢ R EAREL x B~ y SHUSCEERE R T — ROTREHENE - YHIE L A
BE—5RIR - ZEISPERA ] y =0 20 x = 0 2R H B4R EL x il ~ p BlEVRCHRS < &
% ot — KGR AWETAR - B A A% 5 A Y A B8R i — 5= R -

(L) (a) Find the intersections where the line 3x + 4y = 12 crosses the x-axis and the y-axis.
(b) Graph the linear equation 3x + 4y = 12. Then determine which quadrant the linear

equation graph doesn’t pass through.
(tF30) (@) it =T —Z e 3x + 4y = 12 B x 8l ~ p SHAYSCREALAT -
(b) LR 3x + 4y = 12 AYEE - WHETILE A A —%2 R -

Teacher: Let’s find out the points where the graph of the equation crosses both of the axes.
First, let’s find the point where the line intersects with the y-axis by setting X = 0.
What is the value of y?

Student: The y-value is 3.

Teacher: Good. So what is the x-value when y = 0O (the intersection with x-axis)?

Student: Four. (x = 4)

Teacher: Great. By setting x =0 or y = 0, we get the points (4, 0) and (0, 3) where the line
3x + 4y = 12 crosses the x-axis and y-axis. And this is the answer to Part (a). We
can plot the points (4, 0) and (0, 3) on the coordinate plane. Then we can draw the
line that connects both points. Tell me which quadrant this line doesn’t pass through.

N

10

x4y = 12

2\
(4.0) N
10 8 6 -4 -2 0 2 4.6 8 10
-2
4

-8
Student: It does not pass through the third quadrant. (Quadrant III).
Teacher: Yes, you are right.

Zhl - B S R E SR BN (E AT S AR - Sty = 0 > FRHRZ E AR By i
2 - y [HRZ/D 7

47 b ma s . — s A & > =
B EFAREFRET R (B FR5F



B4 y=3-

T R o EEY = 0FF » x{HEZ/D ?

B x=4

EHN R -8k x= 050y = 0 FIDUSEIELR 3x + 4y =12 Bl x fiA y fhor mtHAS
/24, 0) 1 (0,3) - iEEME (a) FYEZE -
PN AT DR EAEH, (4,00 AT (0,3) FEL - ZM&E —(RRERER
BERY B4R - 1SR AT E SRR 2

B EAEEE =R -

EH BET !

pIEM

St ¢ ETEREHEE R (ax = o) RUKFER(by = oIIEITY - ZAN5 B AERE IR x= -2 1y
WAAHARE(—2, D)FI(=2, 3) » NMEAE A1 35 S R RO S R B4R - 7
HSEEETHREELGEN 4 =9 > BEABREER B/ -

FEIREV TR A B e e EE Sf(ax = )RR -8R (by = o)YIET -

(432 ) (a) Graph x = —2 on a coordinate plane.

(b) Graph 4y = 9 on a coordinate plane.

(30 EEEEEE EE YT EE -
(@)x=—2 (b)dy=9

Teacher: The equation x = —2 places no restriction on y. All points with x-coordinate —2 are
graphs of solutions. So, please find any two solutions to x = —2.

Student: (-2, 1) and (-2, 3)

Teacher: Good. Let’s plot these two points and draw a line connecting them. You can tell this
line is a vertical line. Now it’s your turn to draw the equation of the second part 4y =
9. You have three minutes.
(After three minutes)

Teacher: OK. Time is up. Are there any special parts of the graph?

Student: A horizontal line!
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Teacher: Yes, you are right! It’s a horizontal line perpendicular to the y-axis at (0, %). From

Example 4, we can tell that the graph of the equation ax = ¢ (a # 0) is a vertical line
that is perpendicular to the x-axis at

the point (2 , 0). And the graph of the

r=-2
5 equation by = ¢ (@ # 0) is a
horizontal line that is perpendicular
(72‘3) L ‘ m‘ QJ y= g . . C
_ iy - 4 to the y-axis at the point (0, Z)'
(—2.1) \ (4y = 9)
<—10 -8 -6 -4 2 0 2 4 6 8 10)

-6

Zhl . BEDTREHx = “2WCRIRE] y AVE WA xBEER -2 ARRRE T2
AIE - FrEA > BEHtx = —2AE B R A -

B4 (=2, DM(=23)

RN AR o SRR E M (ER G R E AR E o MRE - REREEMAVELR - (R
A LUE S RGUE — RS ELAR - BRI B —E7HE 4y = 9 HYEE -
/A =i -
(=5rs#i& ) 4FHY > BEEE] T - B AR AR 2

B FH KRR |

HAEN: REh | B RKEG - By isEE ERYE (O, Z) ° s > T LA - e
A ax = cla # OWEZ—FRINES > TEF x> BT (5,0);

HIER by = c(a # OWEIRE—FRKFR » TEy# > HEE (0,5 -
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pPlER

s ¢ OKIENP s R — B T —ROTRER - ERIER ax — 3y = 6 HIEP A%
(=3,2) > JI(=3, BN TR A -
KalBEAFER -3 M2 AATTER ax -3y =6 tf > HIA{SE] a HYE -
(L3 ) The graph of the linear equation ax — 3y = 6 passes through the point (-3, 2).

Find the value of a.

(30 B —KI7fEax — 3y = 6 > HEP#E#ER(-3,2) 5K a {H -

Teacher: The graph of the equation ax — 3y = 6 passes through (—3, 2). We can use —3 and
2 to substitute the values of x and y in the equation.
So, we get a X (—3) —3 x 2 =6 (a times negative three, then minus three times
two, and the value is equal to six.) Please find the value of a right now.
(After 30 seconds)

Teacher: What is the value of a?

Student: Negative four. (a = —4)

Teacher: Very good. Remember that the point in a line is also a solution to the equation. So,

we can find the value of a when we know the x and y values from the given

coordinates.

Efifi 0 JfExtax — 3y = 6MVEIAGE (-3, 2) IS (R - FPTRT LT -3F12/ L A5 iR
X FIYHIME © I - Feffii55la x (—3) =3 x 2 = 6 - H{EsEEHa «
(30 #18) al2%/b?

B a=-4
EHL - RE o BFRCE > R LAVER R TR VAR - RIS T O DU A LR AR R AR H &
afyfg -
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BIRE7N

st OKIEP @B A B ot — O HETE— R S e TR AR EE
F - BRAEN Yy = ax + ¢ - EEDIEBE A(-1, 0) 5 B(8, 6)iE °

5 A1, 005 B, 6 ATty = ax + ¢ o> T Egsaesn {§ _ 0 T ¢

) a 81 ¢ ZMH > BV R ERIY T — O =0 » 82 M R C BhERE
A QY NEPRIES e - Rtk 2 -

(JL3Z ) The graph of the linear equation y = ax + ¢ passes through the points 4(—1, 0) and
B(8, 6).
(a) Find the values of a and ¢.  (b) Find the value of k if (0, k) is also on this line.
(=30 ER T —RIGEH y =ax + ¢ » KBV A(—1, 0) 5 B(8, 6)FE: -
(@iKa~cZfE -
(b)UIEREL C(0, k)t AE R y = ax + c BT E > K kK EE %D -

Teacher: The graph of the equation y = ax + ¢ passes through 4(—1, 0) and B(8, 6). We can

use these values to replace x and y in the equation.

0=—-a+c
6=8a+c

Please find the values of a and ¢ of the equation system.

So, we get {

(After a few minutes)
Teacher: What are the values of a and c?

Student: aand c are both equal to two-thirds (a=c = %).
Teacher: Very good. So, the equation of the line isy = %x + % Then, we can use 0 and k as

the values of x and y in the equation 'y = %x + % The reason is that point C is on the
graph of the equation. Find the answer to Part (b) now.
Student: The value of k is % .

Teacher: Excellent.
Zhh . BRIER y=ax+c WEFZLE A(-1,0) 1 B(8,6) « A 0T LU AT
Y x Ay e

BRI IR {2 50 S s TR @ e 90 -
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(oriEi% )
EHi: a M ¢ BHD?

2
3

B a F ¢ HER
HH  IRHAF o L ERRITTIZRE y= S+ 5o 2 BAITATLEER 0 F0 & £

RO x R y {6 - IR C AEJTREABIY - - BUEEIE (b) IV -
Bk kR

EEf AAEEE

FiEE+

SREA © R T YT R B A SRR - R A T R B R SR - 3
BRI TR y = 2x » x + 2 = 8 WYBIL B TE R — SRR L -
BT DIHRRRER A (R TRZ A y = my AV BIEE0, 0) L5y Al TS — 712
SRERGAELR » VG A SRR R ELAR % R BRI I3 S BB (2, 3) - Hn R
BT 54 A B RE -t FT LU (R A Z R A AR « Bk R B 7t —
KOTRERAEI L X BFRIER = AP RISAESS - KB -

3
(L) (a) Graph the system of linear equations { Y =2%  and mark the coordinates of the

x+2y=28
intersection on the coordinate plane.

(b) Find the area of the triangular region, which is enclosed by the graphs of the two

. . 3 .
linear equations y = Sx o x+ 2y = 8 and the x-axis.

(30) (a) TERRAETE Loy B =t — 2052t y = 3x ~ x + 2y = 8 (Y - W43

78 WAk ELAR I SRR -
(b) KSR E TR AY B B x Bl Ryl = AP BRI A -

3
Teacher: To graph the system of linear equations { y=3x , we need to find two different

x+2y=28

solutions to each equation. For equation y = %x, we can use (0, 0) and (2, 3). In fact,
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Teacher:
Student:

Teacher:

Student:

EH

i -

FrT KT P % EETABEKEBHE DL

the graph of the linear equation with the type “y = mx” always passes through the
origin (0, 0). And we can choose (8, 0) and (0, 4) by setting x =0 or y = 0 for the
equation x + 2y = 8.

Now draw the graphs of the two I,

linear equations on the coordinate o
plane. Check whether you can solve \i 5
y=3
the system by graphing. (0,4) 2,3)
2
(0.0) (5.0)
-0 -8 -6 -4 =2 2 4 6 8 10 12

(After a few minutes)

Time’s up. Can you find the intersection point of the two lines from the graph?
Yes, they intersect at a point (2, 3).

Very good. Sometimes we can easily find the coordinates of the intersection point

from a graph. If the graph is not clear, we can use algebra to find it.

. 3 : . .
First, let’s use X (three over two x) to substitute y in the equation x + 2y = 8. Next,

we get x+2x%x = 8. Thenx+3x=8or4x=8.So,x=2and y = 3.

Now, let’s do part (b). From the graph, you can tell the base is 8 (from (0, 0) to (8,
0)) and that the height is 3. It’s because (2, 3) is the vertex of the triangle. So, what
is the area of the region formed by the two lines and the x-axis?
12.
=2x
PG T — XKL ITRE R { ‘s 2 E’].ﬁé AR EF E T (E TR =AY
=
RIER AR - RETALHE R y = gxmﬁmxﬁﬁﬁ (0,0) Fil (2.3) HFF

£ AR %y =mx” BRI UE G EE RS (0,0) -

S0 > B Al L x =0 2 y = 0 AAGE5FEF0 x + 2y =8 HYAE(S, 0) Al
0,4) -

BAEAE AR B BUIE R RRMETIEARIEY - BEED T LUEEP T
SR R A -

B BT R EERE TR E R
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(i 72857 #8) HFRIE] - IRMIBETEREIE th E BRI FRERAY SRS 2

SR EMTHERNES (2,3) -

ERL  AREF - AR ] SRR R P ER B SCREAYAAEE - AR B A AW - Fe
I PAEFREUTAIREIE -

Bt A %x R FREZ x+2y =8 HFHy y - FE A FITE]

x+2><§x =8 FEEx+3x=8;4x=8-HItx=2>y=3>-

LRl IRAE > BERMTETOE S - REF T - IRRIEUEH = APEER 8 (1 (0,0)
N 8,0) =k 3 EENR (2,3) &% APATEE - IR - SRR
I x Bl R EISR AV R %) 2

B 120

wEMGEE/ EEREEo
plE—

BREE ¢ T JOTRRMDRAR - AP A W AR B2, @) 0 B2, @) BB T ELAR
IR RI R 20 + 3y =7 /1 3x — 2y = b I9fi% -
Qo AR 2x + 3y =7 A5 a=1> FEQ, DA 3x— 2y =b JIEF]
b=4-# a+b=5>ZEZEC)-

(L) There are two lines intersecting at the point (2, a) on a coordinate plane. If the
equations of these lines are 2x + 3y = 7 and 3x — 2y = b, what is the value of a + 5?
(A)1 (B)—1 (C)5 (D)=5
(HF30) ERAAEEFE AW ESEN—RE (2, 0) » HRELRIY TR TR R
2x+3y=7-3x—2y=b> Htfa~ b HWE - Ka+b Z{HHT?
(A)1 (B)—1 (C)5 (D)-5
(106 FEHE55 5 H)

Teacher: Since (2, a) is the intersection point of the two lines, it is a solution to the two linear
equations. When using (2, a) to substitute (x, y) in both equations, we get
2X2 4+ 3Xa =7 and 3X2 — 2Xa = b. Simplify the two equations.

We get4 + 3a =7 and 6 — 2a = b. Now find a and b.

Student: a=1and b =4.

Teacher: You’re correct. From the first equation, we find that the value of a is 1.

54 1N B b E R s 1 m S
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Now let’s use “x =2 and y = 1” in the second equation. We get b = 4. So, what is
the answer to a + b?

Student: (C)5

Teacher: Good job!

EHL HY (2,0) BFRELRAYSE: - NI EE R EGRME TR - & BT/
FREAPEA (2, @) KUK () B JPIEE] 2x2+3xa=7 Hl
3x2=2xa=b- f{LERETEN -

WSS 4+3a=7 F1 6 —2a="b - BFEHL a F1 b HYH -

BUE: a=1>b=4-

D REF o BT T TSR] o BYES 1 -

BAERERMMES —ETREP A x=2 M y=1-THSE b=4-HFa+b

HIMEZEZ /D ?
B4 (0)5
ERN AR

plIEE—
st B T — IO Y B4R B BN T AR B/ KPRV ASRE > TR E Z SRR -

(F£3Z ) On a coordinate plane, the graph of a linear equation in two variables passes through
the points (—3, 0) and (0, —5). Determine which of the following equation graphs and
the linear equation graph intersect in the third quadrant.

(A)x—4=0 B)x+4=0 ©)y—-4=0 (D)y+4=0

(F32) AP EA—E ot — O ERWENE - LEE (-3, 0) ~ (0, —5) R
Bl o FEr L BN (5 R =R BT SR A S =52 7
(A)x—4=0 B)x+4=0 ©)y—-4=0 D)y+4=0

(105 FRHEg=5 11 )

Teacher: From the given information, the line passes through (—3, 0) and (0, —5). When we
plot the two points on a coordinate plane, this line goes through the second, third, and
fourth quadrants. Now, let’s draw the line of the first equation x — 4 = 0 Can you tell

what kind of graph the equation is?

Student: A vertical line.
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Teacher: Very good. On the coordinate plane, clearly, the graph of x — 4 = 0 intersects with
the given line in the fourth quadrant. Then, let’s draw the other vertical line of the
part (B) x + 4 = 0. In which quadrant is the intersection point?

Student: In the second quadrant. (Quadrant II)

Teacher: You are right. Now, who wants to draw the graphs of (C) and (D) on the board to find

the answer?

(After one student shows his/her work °
8
on the board.) @)+ 140 e\ ereay
* Cy—1=0
\(-3,0)
\—10 -8 6 4 \-2 0 2 1 6 8 10 12
-2
N (D)y+4=0
le \(0,-5)

Teacher: Excellent. You can see that both graphs of (C) and (D) are horizontal lines. Clearly,
the graph of choice (D) intersects with the given line in the third quadrant.

EhR . BRI EREA(=3, 0) M0, —5)Hik: o FEREEF i RS MR - FefIA
HEILREFEE T BREIURR -
BT BERMTENE —ETRE x — 4 =0 ETFIRELREGZ(E?
BT BIRECELR -
ERT 0 AR o FEEIESEE E o BEIR > x — 4 = 0 BT ELRT4A I ELARE BB PUSIRAHAL -
HAE SRS L EEB) x + 4 = 00y S —RES E 4R ML MHISCRE ALY WIRE SR 2
B ERE SRR -
LRl A o BAE - SERTDUERRR EE I BEHCOMI(D)RYEE ?
B (B AR B EE HEIE(CORI(D)RYE)
- ARAF - ATEUE HEESH(C D) E E 2 KR -
B > (DHEIPE ARV E RN E =5 -
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Eih EEAIT - IEECERED
Proportion, Direct Proportion and Inverse Proportion

IR EE T RER T EFE R

B A/S Introduction

REZEZ MR Ry BNSSEUE » BRI R O BSOS GEE - TR EEER
BT E T SEA RS

B Ta:b=c:d, BE0E  FOCARIA ~ &5 > BEENIA - SMNEZ Ty - IS HIE
antecedent, consequent I ¢ means, extremes ° {HZE | » FEFZENT AT {5 the first term, the
second term, the third term, and the fourth term 43 5{t3 a, b, ¢, d °

FOCRF R &S EERIERE » SESCHEZRT AT DU ratio A the value of the ratio ZRI& ! - (HE S
E > ratio tA] DIACFREL(E -

EEBIUEER T TR IESRIE S A NER R - Bl |

Means-extremes property of proportions: The product of the extremes equals the product of the
means.
For “a : b = ¢ : d”, the first and last terms of a proportion are called extremes (a and d). The

middle terms are the means (b and c¢).

B ;@5 Vocabulary

XIERIEIR N B ETER AR

BF hX EF hX
ratio Ek direct variation/proportion/ratio | IELL
value of a ratio tbE inverse variation/proportion KEE

constant of

proportion Ewl (BENFEE

variation/proportionality.

S7
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proportional i EE equivalent ratio FHEEMIEE
cross multiply A X AHFE relatively prime =N}
fraction T rational number B
fraction reduction | &J57 fraction expansion oy

the simplest form | H%f& complex fraction Ear

B HEBQREERAGF Sentence Frames and Useful Sentences

O Aratio

fl4](1) © A ratio is a comparison of two quantities.

"Eb ERI(EBE AL -

#14)(2) : Ratios can be used to compare two numbers.

"EE L ATDURZREEE R E R -

® The value of the ratio “a to b” (a: b) is

#l4)(1) : The value of the ratio “2 to 5 (2: 5) is the fraction “two over five” (%).

2EESWtLER RS2 = -
#4](2) : The value of the ratio “2 to 3” (2: 3) is the quotient when two is divided by three.
2 tb 3 HIEE{EE 2 FRDA 3 YRS -

©® Write/Find the ratio of to

flA)(1) © Write the ratio of “baking soda” to “salt”.
S INGRF TR RIBRHIEE -

#4](2) : Find the ratio of the length to the width.
o RATAEE -

8 B¢ B A R TR R



O Ais twice/ times + B

#4](1) : The amount of cold water in the recipe is % times the amount of soy sauce.

A . PN 5
B B KEREWERN S -

#i47(2) : The side length of the scale drawing is 5 times the actual side length of the computer
chip.
EEPIERE R B A A TSR S & -

©® Multiply / Divide by the same number.

#4)(1) : Multiply each part of the ratio by two.
RIEEAY B IEESEDL 2 -
#4)(2) - Divide the numerator and denominator of the fraction by 3.

TR o TR BEEIEREL 3

(6] is proportional to

fla)(1) = As you grow older, is your age proportional to your father’s age?
PEEFEI & - IRAVEFESCHISCHRRYAEACRICER BN 2
#14](2) - The number of square meters you paint is proportional to the number of minutes it

takes you.

(IR AR EA AR R R ] e EE ]

(7 and are in proportion.

#4](1) : The bases and heights of the two similar triangles are in proportion.

A=A R R = FERREE A -

Bi47(2) : Radius and circumference are in proportion.

FAENIE AR EE BT -
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© Tell whether

fla)(1)  Tell whether x and y show direct variation, inverse variation, or neither.
FIEr x My BIEEE ~ BEE - B E -

#4](2) : Tell whether x and y are proportional.
HEr x Hy ZAEREEST -

o varies directly/inversely with

#4)(1) : The time (in hours) for a group of workers to paint a wall varies inversely with the
number of workers.
— BN — S A A R ] B Y RS B -

#4)(2) : The amount of money Sue makes varies directly with the number of hours she works.

SRR BRI 4t TAEAVHF IR IELE -

© F:@ + 53 every/in/per

#4711 + You mix 0.25 cup of juice concentrate for every 2 cups of water to make 18 cups of
juice.
ITAEFRAKFALA 0.25 PRSI RGER - BEE 18 PRSI -

#l4](2) 1 can complete 57 push-ups in 3 minutes.
HHTLUE 3 3N 5E R 57 RS -

#14)(3) : The average speed of a metro car is 35 kilometers per hour.
FEEAY P R NEE 35 A H -
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B RIEEFERE Explanation of Problems

w EFEBNBEE os
BlE—
S - AR bEE e - FEERITE LAV — TR o B N - afTE LR
1B -
(F£37 ) Write the value of each ratio in simplest form.
(132) B NI EEAERE » I AR R
(a)2:3
(b)4:8
(©)0.5:2.5

W | =
AN |

(d)

. . . a
Teacher: Ratio “a to b” is the same as the fraction “a over b” ( 5 ). Therefore, the value of

.2
“two to three” is 3
What is the value of ratio of 4 : 8?

4
Student: 3 (four over eight)

. . 4 .
(Students might say “eight over four” because we refer to 3 as “/\ 732 1” in

Chinese. Teachers can remind students of the proper order to name a fraction in
English.)
4
Teacher: How to simplify 3 ?
Student: Divide the numerator and denominator both by 4. Then you will have the simplest
1

form -.
2

Teacher: What is the ratio of 0.5 : 2.5?
Student: We can divide each part of the ratio by 0.5 to get the equivalent ratio 1 : 5.

o]
Then, the value of the ratio is 5
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Teacher: Good job! If you find it difficult to work with decimals, you can convert them to
whole numbers by multiplying both terms by 10. This will give you the ratio of 5:
25, which is 1:5. For the last question, try to figure out how to write the value of the
ratio in simplest form with your classmates.
(At this moment, the teacher encourages students to discuss with their classmates.
She/he can walk around to scaffold students’ discussion. Let students share their

ideas.)

Student: It is £ (“one-third” over “five-sixths”). To simplify the complex fraction, we

Nl wfwl—

multiply both parts of the fraction by 6. Then we will have % .

Teacher: Any other suggestion to find the value of the ratio?
Student: I would like to multiply both parts of the ratio by 6 first. In this case, the ratio

becomes 2 : 5. The value of the ratio will be % .
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(3£ ) Find the missing value.

(30 FHHEENEEEA o -
(1)3:5=oO:10
2)3:(-5=o:11

5 4
®i=;

Teacher: For the first question, we can apply means-extremes property to find the missing
value. The product of the extremes equals the product of the means.
Therefore, 5 x O =3 X 10 (five times the blank equals three times ten)

0=2=6 (the blank is six)

(Teachers are suggested to ask students other ways of solving this question if the
time permits.)

Teacher: For the second question, we can apply means-extremes property to find the
missing value. The product of the extremes equals the product of the means.
Therefore, —5 X 0 = 3 X 11 (negative five times the blank equals three times

eleven)
o= i—i_ (the blank is thirty-three over negative five)

(Teachers are suggested to ask students the sign of each term if the time permits.)

Teacher: For the third question, we can apply cross-product property, then 5 X 9 =4 x 0.

o= —
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(L) The variables x and y vary directly, and y = 3 when x = —12.
(1) Write an equation that relates x and y.
(2) Then find y when x = 3.
(F30) g%y B x BIEEL - B x = —120F -y =3~
(1) 55t x B y fYRAfA=
() Ex=3 y=?

Teacher: Which equation can be used for direct variation?
Student: y = kx (y is equal to the product of & and x)
Teacher: If you replace x with —12, replace y with 3, what is the constant of variation?

Student: -ilz = _71 (negative one-fourth)
Teacher: So, what is the equation relating x and y?
Student: y = — ix (y equals the product of x and negative one-fourth)

Teacher: Now, we use this equation to solve for y when x equals 3.

Student: y = —i X3 = _73 (y equals the product of 3 and negative one-fourth, which is

negative three-fourths).
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Teacher:
Student:
Teacher:
Student:
Teacher:
Student:
Teacher:

Student:

The variables x and y vary inversely, and y = 3 when x = —12.
(1) Write an equation that relates x and y.

(2) Then find y when x = 3.

sy Bl x Sl e B x=—12 o y=3-

(1) FH x 8y BIEE AR

@) Ex=30y=

Which equation can be used for inverse variation?

xy = k (the product of x and y equals k)

If you replace x with —12, replace y with 3, what is the constant of variation?
—36 (negative thirty-six)

So, what is the equation relating x and y?

xy = =36 (the product of x and y equals negative thirty-six)

Now, we use this equation to solve for y when x equals 3.

3 X y = —36 (the product of 3 and y equals negative thirty-six).

y=-—12
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(FL3Z ) Which of the following shows direct variation?
(A) The weight of the green beans sold in a grocery store and its unit price.
(B) Mother’s age and his daughter’s age
(C) The area and the side length of a square

(D) The circumference and radius of a circle

(th=2) YRR AR S R IEELRE (4 2
(A) FESTHERSG EEENHE
(B) #5AEAYEERCATI LR
(©) IEHPHERMER
(D) EFPHVEERAFEL
(107 ik 2R R/ N2l 38)

Teacher: When two variables meet the equation y = kx and k is a constant, they are directly
proportional. Therefore, we need to figure out whether the variables in each choice
satisfy this equation.

Student: What does it mean by “unit price”?
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Teacher:

Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
Teacher:

Student:
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A unit price is a price for one item or one measurement, such as a cup, a kilogram.
Therefore, the unit price is constant. Do you think the weight of beans is in direct
variation with the unit price?

No. The unit price stays the same no matter what the weight is.

How about the other choices?

Choice B is in direct variation because as my age increases, my mom’s age increases.
Let’s imagine this situation. You are 13 years old, and your mom is 39 years old

now. Then we can list the ages as the following.

Your’ age (x) 13 14 15 16 17
Mom’s age (y) | 39 40 41 42 43

Do you think x and y are in direct variation?

No, because the values do not fit the equation y = 3x.

Now, let’s consider the Choice C. As the side length of a square increases, the area
increases as well. Do they show a direct variation?

It is a direct variation. If you assume the side length as x, then the area will be x°.
x?> = x - x. When the constant of variation & is x, the area and side length satisfy the
equation of direct variation.

Sorry, it is wrong. The constant of variation has to be a constant. In your reasoning,
the constant of variation is a variable. Therefore, Choice C does not show a direct
variation.

Then, the answer must be D.

Can you relate the two variables by applying the equation of direct variation?

If the radius is 7, the circumference will be 2nr. 2nr = 2n X r

It means the constant of variation is 2.

So, the circumference and radius of a circle show a direct variation.
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(JL3Z ) The following is a cake recipe. Suppose May has a hundred milliliters of milk at hand
and decides to increase the ingredients in the recipe to make a proportional recipe.

How many grams of flour are needed for making the cake in the new recipe?

egg 5 pieces
flour 60 grams
sugar 50 grams
milk 80 grams
salt 5 grams
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Teacher:
Student:

Teacher:

Student:

Teacher:
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What is the ratio of milk to flour according to the original recipe?

80 : 60 (eighty to sixty). We can simplify it to 4 : 3 (four to three).

If May wants to increase the number of ingredients proportionally and the ratio of
milk to flour stays the same, please list an equation to represent these conditions.
4:3=100:x

Let’s apply the means-extremes property.

300 = 4x. Then x = % =75 grams.

RIBIFAH &R AR LE 2% /) 2

80 : 60 o FAFI AT ARG LRy + 3

WIS NERREFZEE IS I et IV EE - HAYREE R EEBIPREF A > 555
HEEBIAAT IR -

4:3=100:x
EIMER T NTESEREERYMNESERE | IIHE -
300=4x°x=34ﬂ=75 B o
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(FL3 ) Weili would like to buy dumplings. The amount of money he has is enough for either
15 shrimp dumplings or 20 leek dumplings. After buying 9 shrimp dumplings, how

many leek dumplings can he buy with the remaining money?

(H30) BOTEVNZIESE/KER @ e ERRISRIGFEEnY 15 R = /Kax sk 20 FrdE3se/Kas
AIEEE - FEOLEE T 9 RiR(C/KEs » RIS RN AIEIE T AT 2/ ki dER

TKERX ?
(106 FEFEH5 15)

Teacher: First of all, how many shrimp dumplings can Weili buy after buying 9 shrimp
dumplings?

Student: 15 —9 = 6. Weili can buy six more shrimp dumplings.

Teacher: We need an equation to relate the shrimp dumplings with leek dumplings.
You can assume the unit price of a shrimp dumpling is x, the unit price of a leek
dumpling is y.

Student: According to the first sentence, the equation is 15x = 20y.

Teacher: Now, let’s rewrite this equation into equivalent ratios. What will be x to y?

Student: I have no idea.

Teacher: Let’s fill in the missing values of the equation i = E by transforming 15x = 20y.

20
Student: Iknow. ===
y 15

Teacher: How do you know?

Student: I find the answer by applying the cross-product property.

Teacher: “x over y” is equal to “twenty over fifteen.” It means the unit price of a shrimp and
a leek dumpling is “four to three.”

Teacher: That’s right. We can assume the unit price of a shrimp is 44, the unit price of a leek
dumpling is 3k.
If the remaining money is enough to buy 6 shrimp dumplings, it means that the
amount of money Weili leftis 6 X 4k = 24k.

Divide 24k by the unit price of a leek dumpling. %{ =38

Weili can buy 8 leek dumplings with the remaining money.
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Linear Inequalities in One Unknown

BT R E e T RE R T FE BRI

B A/S Introduction

fift—t—RAANF AT EFEERRE AEER CRBY - /NRER) - BRI R s A pe ]
R AR E RN BN - AR SR

VNN greater than

> KREER greater than or equal to (no less than)
< /N less than

< INSEREERR less than or equal to (no more than)

HR AR S B SR I e LR — T SO Y R RIE R T AT
RIS — (BB » FR S I « bl S g S el — (e
2 -

B % Vocabulary

XEFRER AR ETER AR

B¥ X 7 X
linear inequality | —XAZFEZ | number line G
one variable —JT least common multiple B/INAEEL
solve K symbol 557
greater than K> like terms [EIHTH
72
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less than IINFR no less than/no more than | KJABCEER/INABEET
combine =xiid graph ‘e lE/1E

flip/reverse File direction J3 1A

within TFeeee ~Z | intersection L

B HEQREERHAGF Sentence Frames and Useful Sentences

O Solve

fila) « Today we will talk about how to solve the linear inequalities with one variable.

SRR SR T — T — KA FER -

® Use similar patterns

#l4) : We will use similar patterns to solve these inequalities as we did for solving linear

equations.

BT e — ORI T A2 — e — A -

© Subtract from

14 © Subtract 2x from both sides.
W [ R 25 2x -

O Apply to

#i4) - We will learn to apply the distributive property and the commutative property to the next

questions.

B G BB e BRI SRR RE A Y 12 T 2RkAVEH

B

©® Instead of

4] : Instead of using equals in the linear equations, we use the following symbols.

E2 a1V N R AR S G = ve ol DR

7 R VNN . = 'z A < -
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® Kkeep in mind.

4] : Please keep that in mind as we solve inequalities.

B TR R AL (ER R -

® sharpen your skills

4]« Let’s do one more exercise of inequality to sharpen your skills.

PR MR T AR IR IR A AE

® reverse the direction/flip the direction

4] © Divide each side by —8 (negative eight) and reverse the direction of the inequality.

BB L PRIA(-8)IL S A F AT -

© be familiar with

4] : Let’s do some exercises to help you be familiar with these skills.

SR 2 AR R SRR T AR -

@® It was known that

4] : It was known that she bought 10 boxes of cupcakes and spent not more than 2500 NT.

74
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We will use similar patterns to solve these inequalities as we did for solving linear

equations. Instead of using equals in the linear equations, we use the following symbols:

> greater than

> greater than or equal to (no less than)
< less than

< less than or equal to (no more than)

Basically, the direction of the inequality symbols will not be changed if we add or subtract the
same number to both sides of the inequalities. Also, the symbols stay the same when we multiply
or divide both sides by a positive number. But symbols are flipped when we multiply or divide
by a negative number. The rules are listed below:

Ifa>b,thena+c>b+c.

Ifa>b,thena—c>b-c.

If a > b, then ac > bc (¢ > 0) or ac < be (¢ <0).

Ifa>b,thena+c>b+c(c>0)ora+c<b=+c(c<O0).

By the end of this section, you will be able to:
1. Add or subtract from both sides of the inequality.
2. Multiply or divide (positive or negative numbers) on both sides of the inequality.
3. Graph the solutions of the inequalities on the number line.
4. Apply and solve inequality skills in real-life problems.

Now let’s do some exercises to see whether you understand the concepts.

75 s s g e ey
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(32 ) Solve the inequality: 2x — 1 < 5.
() T RAFH  2x—1<5°

Teacher: As we just mentioned, we can add, subtract, multiply, or divide each side of the
inequality. But if we multiply or divide by a negative number, the direction of the
inequality symbol will be flipped. Please keep that in mind while we solve
inequalities.

The first question is, “two x minus one is less than or equal to five.” Use similar
ways as we did in solving linear equations. Add one to both sides.
2x—1+1 < 5+1
Combine the like terms and get “2x < 6.”
Finally, divide both sides by two, then we will get the result “x < 3.”
Is there any question?
Student: Nope.

Teacher: Ok! Great! Let’s see the second exercise.

T AP FHREI - FRPTRTLU R SRR FRE T R - 76 - B
5 (BRI PITELASER A — (B - RS FTIRAT E B - (BRI
SR -

F—EAR 2x — 1 <5 o FRBARIE RIS © FERTELL 1 -
2x—1+1 < 5+1
B FPEIR{ 3] 2x <6 -
Fette - WETHEEIIRDL 2 FRIHGESIv <3 -
IR ?
B
(R | BUERIACEBIE -
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(F32) Solve the inequality: A—l‘x + % > % _

(H30) BT —RAF -x+ >—o

Teacher: Example 2 is “one-fourth x plus two-thirds is greater than five-sixths.” If you do not
like the fractions, you can multiply both sides by the least common multiple to get
rid of the fractions. So, what is the LCM (least common multiple) of four, three, and
six?

Student: Twelve.

Teacher: Good.
Let’s multiply both sides by the 12, and then you’ll get “12( ix + %) > 12 2 ”?

(Read as: Twelve times the sum of one-fourth x and two-thirds is greater than
twelve times five-sixths.)

There’s no need to change the direction of the inequality since 12 is a positive
number.

Here we can use the distributive property to get 3x + 8 > 10.

Then subtract eight from both sides to get 3x > 2.

After dividing both sides by three, you will get the answer is x > % .

EAf 0 PIECREER Tx+:> 2 WRRREEGOE - (RELUEREE RN A

B WILUBE TR - 4~ 3/ 6 B/ NABEZEZ /) ?
BA 120

4 (R - SERDEETRLA 12 SRErEE 1205 +3) > 122  dipt 12 RIER - FikL

FREH R SRR -
BEE » FPTRTLARE FATTCASE] 3x + 8> 10 - 24k » IDBIELRL 8 135 3x > 2+
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(7)) Solve the inequality: —2(x + 2) < 10.
(P30 ffE—t—RKAE T —2(x +2) <10

Teacher: Ok, let’s see the next question “—2(x + 2) < 10 negative two times the sum of x
and two is less than or equal to ten.”
To undo the grouping symbol “( )” parenthesis, you need to apply the distributive
property first. Hence, you’ll get —2x — 4 < 10.
Next, move the like terms on the same side or you can think we add four on both
sides. So, you get —2x < 14.
The next step is to divide both sides by negative two. Remember that we’ve
emphasized that all the procedures are similar to the ways in solving linear equations
except when multiplying or dividing by a negative number. What do you need to do
when dividing both sides of an inequality by a negative number?

Student: Change the direction of the inequality symbol.

Teacher: Correct! Then can you tell me what you should change “less than or equal” when
dividing by a negative number?

Student: Greater than or equal.

Teacher: Bravo! Yes, just like Maria mentioned that the flipped direction of less than is greater

than. Please keep that in mind as you solve inequalities.

Rl AP N REE T -2(r+2) <10
JefE R D ECEERE A - 55 -2x — 4 <10 - 8 > REFUEE ER 2 >
HAETEAEREA L 4 - 1958 —2x < 14 -
PN B E PR A2 - BEEC(E - FMSERBAT A A (A AR AR B AR 1
HIERI AL > B T IREBRA BB BISN - ERRAF AT EE PR R
> IRAE AT ?

B EAEANRAITE -

LRl IERE | AMREE ST > AERRDAR BT - (R < DU ?
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(HL37) Solve the inequality: —4x + 21 < 3(2x — 3).
(F30) fE—Tt—KAERX  —4x+21<3(2x—3) -

Teacher: Let’s do one more inequality exercise to sharpen your skills. What should we do
first?

Student: Undo the parenthesis.

Teacher: Yes, undo the parenthesis by using the distributive property. So, you will get
—4x+21<6x—0.

Next, combine the like terms. Usually, we put x terms on the left side. So, we’ll get
—4x —6x < —9 — 21. (negative four x minus six x is less than or equal to negative
nine minus twenty-one.)

Next, the left side “—4x —6x” is “—10x” and the right side “—9 — 21 is “—30.”
We’ll get —10x < —30. Then divide both sides by “—10".

What will you get?

Student: x = 3.

Teacher: Great! Please flip the symbols. Let’s do some exercises together. And I like to choose
three volunteers to do these questions on the board. Who likes to try these questions
on the blackboard?

(Please choose three students to demonstrate their work on the blackboard.)

The rest of you, please do these questions in your class notebook within 10 minutes.
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Teacher:

Exercises:

()4x+3>—x+8
(2)3(—x+8) <dx+2

3)2(—=x+8) =3(x—9)+2

(10 minutes later...)

Ok, now let’s see the three questions on the board. The answers for (1) isx > 1,

2)x= —% ,and (3) x < 9. Who got all the questions right? (Teacher can see how

many students got the questions right and say something to encourage the students.)

Now, let’s talk about the next topic: solve the inequality and graph the solutions on

the number line. Let’s see example 5.

A TR R SRS AR - ESEE M 2
LY

Y MERECEACHRTESE - ALl (RERE] —4x+21 <6x—9 -

N SRR » BAPTEER T HBHELRE - s

—4x —6x < —9 — 21 o /LMY —4x —6x F-—10x > AHIEHY —9 — 21 F—30 -

HAFIEE] —10x < =30 - 281% - WIEHERLL —10 » BB ?

x = 3.

R | BRI - BRI S - R E =[R2SR

AREAR _EASERE - SRS A RN EAH0E SE TR ?
(BE=(r AR EAEE - )

HAMHIN - 554F 10 i AR B E S0 AR T 58 s L
SREE

(H4x+3>—x+8

(2)3(—x+8) S4x+2

() —2(—x+8) =23(x—-9) +2
(10 73 §#{%...)
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Teacher: First, time the LCM 6 on both sides to get rid of the fractions. So, you’ll get
2(—=2x+ 1) < 3(x — 4). Apply the distributive property, and then you’ll get —4x +
2<3x—12
Move the like terms together and get —4x — 3x < —12 — 2.

Next, simplify both sides and get —7x < —14.

If we divide both sides by —7, then the answer is x > 2.

Now, how do we graph the solutions?

First, draw a number line and find the position “two.”

Second, “x is greater than or equal to two” means that the solutions include the point
x =2 and all the points at the right side of 2.

xz2

 SEEE——

R B BWERMR/ NAREE 6 LUSETH - B 0 IRg15E]
2(=2x+ 1) < 3(x — 4) - PREFSE LR —4x+2<3x— 12 ¢
CrptEETEES] —4x — 3x < —12 =2 BFFEERIE > B8] —Tx < —14 -
WRFATEFREFEFRLA-T7 > REBEIEEEx =2, -
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xz2

w BARE/ EEE5EE o

S ¢ EEE D SFEAT T2 E G EER  SEA A IR R E R o R W
B > B8 H TSNS AR Z 1% - (RIS AT EERAVE PR - SRR
LR SOGEE N > T2 BRI - DUEEGERY TOUORNE -

BlE—

SRER  MREE 107 g EEE o ERTFEEMREICA income ~ 7 H cost KEF profit 7 B
1% o [EIHG S (7 12 R I FH R R A B0 S R B -

(F£3Z ) Nina plans to order cards for Mother’s Day from the Lake Printing Company. The
design fee is NT$1000 and the printing costs NT$5 per card. If Nina is going to sell
the card at the price of NT$15 each, then how many cards does she need to print and
sell them out to make the profit which exceeds 20% of the total expenses?

(A) 112 (B) 121 (C) 134 (D) 143

(32 ) B ey e (8 B SR E R A SR PERED R H 3=t
R SR TR R A Bl b R . | JCORSE
R » MR- DR 15 TEROIERENE - ZEAURE B 1000
PSSR » BB SRR R » A 8, oy pn/
B OBNS/VERR A AR SRR [
R 2 B 2 ?
(A) 112 (B) 121 (C) 134 (D) 143

(107 &+ 13
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Teacher: Assume that Nina needs to order x cards, then the total costs will be the design fee
1000 plus the printing fee 5x for x cards with 5 dollars each.
Cost =1000 + 5x.
And the income of selling x cards for 15 dollars each is equal to 15x.
Now, who knows the relationship between the cost, income, and profit?
Student: Profit is equal to the income minus the cost. Profit = Income — Cost.
Teacher: Great! Therefore, the profit is equal to 15x — (1000 + 5x).
Let’s convert the word expression “the profit is more than 20% of the total cost” to

the math inequality. We will get

15x — (1000 + 5x) > 0.2 (1000 + 5x)

The profit is more than 20% of the total cost.
Did you get it?

Student: Yes.

Teacher: Ok! Now let’s see how to solve this inequality.
First, simplify both sides and you’ll get 15x — 1000 — 5x > 0.2 X 1000 + 0.2 X 5x
by the distributive property.
Then you’ll get 10x — 1000 > 200 + x.
Subtract x from both sides, and then add 1000 on both sides.
You’ll get 9x > 1200 or x > 133.33 after dividing 9 on both sides.
Remember that the number of cards is an integer.
So, what’s the answer?

Student: (C) 134.

Teacher: Bravo! Please copy down the numbers of your homework questions on the

chalkboard. And hand in your homework tomorrow.

EHN . BELIEI AR AT x SRR SRR AR R 1000 JTHYRETENIEETE 5 Y
5x JCERIE: - pléAs= 1000 + 5x °
1 AR 15 TCAYER Y x kR 7 AYAZERY 15x T
HAE - AERIERAR ~ U AFIRE Z RIRYREA (% 2

B4 FEERBAIRERA -
JEH G | AL > FIEEERY 153 — (1000 + 5x) o FEHAPTEF " FPEEBRAHY 2 5L
] FER A ERN - RMTEEE]
15x — (1000 + 5x) > 0.2 (1000 + 5x)
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HIEEEIBAE R 20% © BEEERE ?

LR

EEN Y | BUERERTRE B Z T E(E A -
5 BB ERTE - &5E] 15x — 1000 — 5x > 0.2 X 1000 + 0.2 X 5x
SR1% » IREEE] 10x — 1000 > 200 + x
RERIRIEE x > /&R T _E 1000 -
REEE] 9x > 1200 » BCERFHAHIETERIL 9 12 - 155 x > 133.33
saLE  RRMNEE G SR - I BEEE?
B4 0 (0)134 -
ERN KFT ) EEESTERR o KRR AREIRGE » BHRAL -

BlE_

i+ A R B S WA A 2 B A E R RS AN BB R VIR
T FIRAVEE - N0 — (SRR A AR AR BT R A mI s I S - AT
AT AR T A T2 - M ABER B oK

(L) A-Hui bought two different kinds of cupcakes from the souvenir shop in Yilan. It was
known that she bought 10 boxes of cupcakes and spent not more than NT$2500. If she
distributed the cupcakes to her 75 colleagues, then every colleague could get at least

one cupcake. How much did A-Hui spend on these cupcakes?

(A)NT$2,150  (B)NT$2,250 (C)NTS$2,350 (D) NT$2,450

flavor Price/box
Dried Longan | NT$350 for 12 cupcakes/box
Kumquat NT$200 for 6 cupcakes/box

(HF30) ERIEANEEEERE TG B A&
HIEEZ - CAIMEEE 10 &k - {EEN
SRR 2500 JT - ERFERETES 75 AL
[H$ > G AR/DREER W& > AIfEES
DT EERE ?

(A)2,150 Tt (B)2,250 5T (C)2,350 7= (D) 2,450 7T
(108 FE=556 12 /)

— 618
& 1%200 T

84 % g g g = o ot s
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Teacher: As we know that A-Hui bought 10 boxes for two different kinds of cupcakes. Suppose
we assume x boxes for the dried longan flavor, then (10 — x) for the kumquat flavor.
The total price for the dried longan cakes will be 350 times x, and the price for the
kumquat cakes will be 200 times (10 — x).
According to the given information, the total amount that A-Hui spent was not greater
than 2500 NT.
Notice that “not greater than” means “less than or equal to.” Hence, we can get the
inequality: 350x + 200(10 —x) < 2500.
Also, according to the table, the numbers of cupcakes are different for both different
flavors. For the dried longan flavor, each box contains 12 cupcakes; however, there
are only 6 cupcakes in each box of kumquat flavor. Therefore, the total number of
cupcakes of the two different flavors will be
12x + 6(10 —x) =75
By the given condition, they could be distributed to 75 people, and each person could
get at least one cupcake.
Which inequality symbol does “at least” represent?

Student: “at least” means “greater than or equal to.”

Teacher: Yes, Great! Can you list the inequality for the total number of cupcakes?

Student: 12x + 6(10 —x) = 75

Teacher: Correct! Now, we get two inequalities, and the solutions need to satisfy both of them.
Let’s see the first one 350x + 200(10 — x) < 2500.
Apply the distributive property, and then you get
350x + 2000 — 200x < 2500.
Move the like terms together and get 150x < 500.
Next, divide both sides by 150 and get x < % or 1?0 .
Now, let’s go through the second one, “12x + 6(10 —x) > 75.”
Ok, now, who can answer this question and demonstrate the show-work on the board?

Student: I do!

Teacher: Very good. Please come over the blackboard and do it now. The rest of you, please

also solve this inequality by yourselves now. Three minutes.
(After three minutes...)
Ok. Time’s up. Let me see your work now. (Teachers please patrol the classroom and

check students’ work.) Mmmm... Most of you did a great job. So, Nina, please

CRES TR 22 S S REE T S
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explain your work.

Nina: I use a similar method as the former inequality.
From 12x + 6(10 — x) = 75, we will get 6x = 15 and x > % or % after dividing by

6.
Teacher: Excellent! Please give Nina a round of applause. After we get the solutions for both

inequalities, how do we graph the solutions?

. . 10 . . .
First, draw a number line and “x < T ” means all the points at the left side of the point
10 ) 10 1. .
3 - Please notice that 5 or 3 3 18 included.

5 1 . . 1
Second, “x > 5 or 25 ” means that the solutions include the point x = 25 and all the

points at the right side of 2% .

—

a
ALLlllLJ__ﬁlLA
]

54 -3 -2 14 0 14 2 3 4 5

Teacher: According to the graph, x is within the intersection of two rays, and also x is an
integer.
Check the number line, and you’ll see that only the integer three is qualified.
When x = 3, the total amount is 350x + 200(10 — x) which equals to
350 X 3 4+ 200 x 7 =1050 + 1400 = 2450 NT.

So, the answer 1s D.

il RPEMEE T 10 ATERE CRAER - A » ateEER . TR
(10 - x) & BERE -

FEEIEARLA SR ERS 2 350 DL x » S ATRREIIAR ISR 200 RLL(10 — ) -
FRASFRAGHITEE: » TRTEEH S AR B8 2500 7T « EH » TR AR W
R -

R » FRPTATLUEEIR S ¢ 350x +200(10 — x) < 2500 -

BT AN FR R AEEE R E R AR - S EEER - &
B 128 AT AR ER A 6 (8 - R - IR E Ik B 48
HEe 12x+6(10—x) =75 -

PRISEEE - BREANCG 75 [ > HUSE A D e s —(HEk -
B REHER B ?
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B4 12x+6(10—x) =75

EHN : IEME | BUE > FRFIEDSK R E AR (A -
SeEFE—ER %R 3500 4+ 200(10 — x) < 2500
o JE 4T BCERE-E] 350x + 2000 — 200x < 2500 o

EDHEETERISE] 150x < 500 - BRTEHER50 - 55 < 25> 49598 -

FEAERE  12x+6(10—x) =75 -
AR R E AR s — (A ?

BA4 T !

ERN IR - BUESS EAORHE - HeriEE: - 55E = NS EA T A AR -
(Zori#fg..) &7 > WefEE T - BAERREBRIRMIINESR -
(ERNMIFGERKRAE - eaE B AR ) 1L RE D S EME R - R

[F]E% Nina - 5H R — TRAVARE -

Nina :  FHYJT7ABAEAT—(EAZF AR -

120 +6(10 — ) > 75 Bt » FRIPUEE] 6x = 15+ S4EIRLL6 155 x = 2 B

X =

N |
o

ERL D OREFT | §5% Nina —{EERE - (EGRR A FHE 2 1% > M0 A ag Ry
&l 2

B R x < T REBIE T BB IR B AR - 5
T (537) REETE -

HR 0 x 23 (525) REMEEY = 25 (H8 R A RIS -

EH ISR  ERIREH RIS SEREE P 0 Hox B REBER  REBBRA
HEW 3 FFERIE - = 305 > GEBHE A 350x +200(10 —x) » B
350 X 34200 x 7 = 1050 + 1400 = 2450 J¢
FiFBL » B2 (D) - <

87 T 1LX f > - = ' e S $r > >
B EFAREFRET R (B FR5F



Y RIXETRT 2 EHT T o EMARERBHE R
e 1%

Bt AETEER
Data Display

IR EE T RER T FE BAILEEAD

B A/S Introduction

FIFATE - B SR e 2 R B A S R PSRBT &Y T - LA E - Ip 5 400K
SR EEEADS > (R IR MIBEAVRREE &S [(FRMIHER - EF 2 A HAVER R AEE
SEETEIFR A - A8 —Hi T R AR S E FRVAtETE R - RSB AEHY
[ R AR o IR -

B :@% Vocabulary

’-I-HEE TT%ﬁtﬁﬁE%ﬁﬂﬁ

BEF 3 B¥ P
bar chart two-way table
RAKE L=
(contingency table)
line graph 4R El column il
pie chart (circle graph) | BJZE row F|
frequency R bin i
histogram BHE bin width/class interval ZHEE
frequency table RE T categorical variable KE 1 SR
quantitative variable g
88
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B HEGRBEERTGF Sentence Frames and Useful Sentences

O® Drawa

f7l4) : Draw a bar graph.
EERARE -

® Rank the top three

##4] - Rank the top three celebrities you like the most.
I TS =B AR =S A -
® According to the bar graph , work out

4] © According to the bar graph on the right, work out how many people who take a bus to

school.
G RIRE - A 2%/ DA A FEE -
® How many Kkinds of are displayed?

#i4) : How many kinds of transportation students take to school are displayed in the bar
graph?
FE R APRIE] B3 H SRR B2 A By 5= 2

©® What kind of ?

4] - What kind of transportation do the fewest students use to take to school?
UPb— R A I BN ER AR A\ B ?

® Between which was there the greatest increase in ?

4] - Between which two years was there the greatest increase in the birth rate?

AR {1 - 2 1 B R B Bl L AR R = 2

® How many people surveyed ?

#%] : How many students surveyed have math scores between 60 and 70?
HZ/DEAERE T 60 535] 70 53 7

89 L e b g = e et e .
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B RIEEFERE Explanation of Problems

©8 RAEA

In daily life, we collect information that catches our attention and analyze the data to form some
conclusions. One way to analyze data is to draw graphs. Why do we draw graphs? It is because

graphs can easily help people understand information quickly.

e tiEl R Ae s A S DY TR SRR R -

Suppose we know what category or group this data belongs to, like gender or hair colors, we can
use a bar chart or pie chart to show the frequency or relative frequency of each category. For
example, we can do a survey during class, asking students, “What is your favorite food in the
night market?” Then we tally the counts of each type of food. After that, we will have a brief
picture of what kind of food teenagers like to eat in the night market.

Freg BB - B (EERHE R e — (R > 202 ] U —(E AR e E AN -
Hfe I RREZR G -

If data can be quantified, measured (with a unit), or ranked from least to greatest, we can show
the frequency or relative frequency in each bin. A bin is a part of the histogram and plays a role
in collecting data between the lower bound (inclusive) and the upper bound (exclusive). The
height of the bin shows the counts of data collected in this bin. The bin width or class interval is
the difference between the upper bound and lower bound. Usually, each bin has the same bin
width as the other one.

EiE(EERNE ] DAY - n] U/ NEIRHERFRY - AT E i H 40l BT B 2
I e
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(3237 ) A study done by volunteers in Taiwan reported the following numbers of animals
killed by motor vehicles in October, 2021.

turtledoves: 6 sparrows: 5  dogs: 4 pigeons: 2  cats: 3

a. Draw a bar graph that represents the data.

(th=0) 72 2021 F-H— (I EEE TETHIT ST EE > SM{ERS o iR sEHy
BEGGETATT -

PG o6& e SE 4B G283 &

a. @EUCRZ BRI RRE -
(2EER | BBt ERHE https:/roadkill.tw )

Teacher: A lot of animals died on the highway because they were killed by motor vehicles.
To prevent animals being killed, the Highway Bureau uses several ways such as
building fences along the roadsides and digging tunnels for them.

Student: I also feel very sorry for those poor animals.

Teacher: I am glad you sympathize with those little creatures. To know whether the
government’s methods work, we can track roadkill numbers.

Draw a table with two columns. The first column is the species of animals killed on

highways.

turtledoves

sparrows

dogs

pigeons

cats

Now, draw the table in your notebook.
Student: I’m done.
Teacher: Great. In the second column are the counts of the animal being killed. Fill in the

numbers now.

Student: My table looks like this. Is that correct?

o1 RY ol AT R S TR R
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3

turtledoves | 6
sparrows 5
dogs 4
pigeons 2
cats 3

Teacher: Excellent. We are ready to draw a bar graph using a grid. On the horizontal line, we
label the category of the animals. How many kinds of animals are displayed?

Student: Five.

Teacher: Correct. For the vertical axis, one unit represents one animal. From each animal
category, we will draw a bar with a height equal to its corresponding counts. Now,
carefully draw the bars for turtledoves, sparrows, dogs, pigeons, and cats.

Student: I am finished. Please check my bar graph. Does the width of the rectangle mean
anything?

Animals become roadkill

turtledoves sparrows dogs pigeons cats

=
o

nuumber of roadkill
O R N W B U1 OO NN 00 O

Animals

Teacher: Good question! In a bar graph, the width of the bar doesn’t represent anything in this
context. And each bar isn’t connected to the other bars. In the roadkill study, the

researcher also recorded the gender of each animal killed on the highway. The table

was displayed like this:

92 et g = o g sy
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Females | Males | Total
turtledoves | 3 3 6
sparrows 1 4 5
dogs 3 1 4
pigeons 0 2 2
cats 1 2 3
Total 8 12 20

This is a two-way table, which is also called a contingency table. Suppose we can
use two different characteristics to describe one group of subjects. In that case, we
can organize our data in a table like this. Use a row to show the species and a column
to show the gender. How many female sparrows died?

Student: One.

Teacher: How did you find that number?

Student: Idrew a horizontal line through sparrows and a vertical line through females. I found
the intersection point is 1.

Teacher: Awesome! You can read two-way tables now.

il RZBYSLES AR ERR R i UM STAY - RSS2SR Uk
BIVIEESE - PIAFERS IS RGN - SR EY 2 AR S -

B4 0 Rt R AL nl BB RN S
Zhl - BARSEIREERI S/ Ny o
BT RBUNHE LT AR S AR Tl DUSHERS R -

G EATEIERS - B E AR D HHESTAVEYIRES -

PENS
Zid)
e
P
BAE > fESERCA EE TSR -
B /T e
Ehl - REF o AR RE ARSIV E
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BN 6
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Gomn
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HYER - EBEIE %/ DIEENY) ?

FfE -

TERE © ERRHERYER 7 - —(ERAREE —& - [EEEEYIER] > HMEH

—{ES N HAREH I RGP - BE - (FAE TS ~ i ~ 19 - 81

FISEHI R AR

5
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2
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DOERGERR T SEEEHAVERE -

BT T RIFPHIREA (RS ?

R | ERARE T RIFPAEEAEERE MDA ETESE - Wad
EEERFE A R R A -

P fERSRRTTE T - WIE A BBk T BB QR EILTHVEIINMER] - &
SRR

MEPE | HEME | 4REK
BN 3 3 6
i 1 4 5
16 3 1 4
Gomn 0 2 2
3 1 2 3
AL 8 12 20
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(3L ) Extra questions:

I. What percentage of dogs killed on the highway were female?

II. What percentage of female animals killed on highways were cats?
(32) R HERE

(1) TEARE Bt - etk 5 2/ D E L ?

(2) AR ot sy - S5 %/ 0ot ?

Teacher: The question is, “What percentage of dogs killed on the highway were female?”.
First, underline the dogs and consider them as the major groups we focus on right
now. Make the number of dogs the denominator. Then count how many dogs are

female and make that number the numerator. What is the fraction?

. 3
Student: Is the fraction ¢ 2 79

3
Teacher: Good! Convert 2 to a percentage now.

Student: It is 50%. I can try to do Question b. First I find the total number of female animals
and make it the denominator.

Next, I count the number of female cats and place it in the numerator. So, the fraction
1 L
18 3’ which is 12.5%.

Teacher: Fantastic! Since you know how to find a percentage, you will learn how to solve this

problem if the question is different in any way.

i E(EREE AR DRIt M S 2D SR e B 0 B T, &
JER&R - R R BRI LS - IERRVREEFE S AEHER
%/ VSR - EEEBTFEFTT - BEESD?
3
6

B 22057
AT R | BT 2 B L -

Bt & 50% o
A LLESHEEQYINE - B IR FTEIEMEEIINVAEE - B EIESEE - 24
% STEEZ/VERSE > WERES T+ - Wit EESEE % Bl 12.5% -

Ef AT BEAAMRRIBE AR EE L o SR H S HIRAEARE] > IR ] DAERE
EEE -
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() b. Draw a pie chart.
(H30) bgBlEPHE -

Teacher: Frequency | Proportion
turtledoves | 6 6
20
sparrows 5
dogs 4
pigeons 2
cats 3
Total 20

There is another way to show this data. It’s called a pie chart. In a pie chart, we have
to find the proportion of each category first. Find the total number of the animals,

which is 20. To find the proportion of turtledoves, we use 6 divided by 20, which

is 26—0. Now I will leave the rest of the proportions of each animal for you to do.
: .5 : .4 .
Student: The proportion of sparrows is 0 The proportion of dogs is % The proportion of

2 3
pigeons is S The proportion of cats is S
Teacher: Next, multiply each of the proportions by 360° to find the central angle of the sector.
The central angle of the sector for turtledoves is % X 360° = 108°.

I will leave the rest of the central angles of the sector for you to do.

Student: Here are my calculations:
For sparrows: % X 360° = 90°
For dogs: 24—0 x 360° = 72°
For pigeons: % X 360° = 36°

For cats: % X 360° = 54°

Teacher: Well done. Use a compass to draw a circle and use a protractor to measure the angle
of 108°. Label this sector as turtledoves. Now I will check your progress.

Student: I have finished the sector of turtledoves.

96 s s g e ey
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Teacher:

Student:

Teacher:

Eh

Repeat the process to draw and label the other sectors. You can also check if the

sum of the measure of the angles is 360. Then you will know if there are any

mistakes in your calculations.

Here are my results.

Roadkill

S

\/ 4

m turtledoves ® sparrows ®mdogs m pigeons = cats

Terrific! Your pie chart is completed.

KE ELf

BN 6 6
20

83 5

16 4

a5 2

St 3

HEEL 20

A S EFORBEL BRI A > M T BPE - FEEIPE S FIAE
I H AT (S HIEE ST - T FTABIRvaRE > BT 20 - I HPEMS (G2 AGEY)

HILERI - BREET 6 BRbL 20 - S -
BUtE - RFAGHEHAMBWIILLE] -
RRAEHIELOIR & ¢ JEIELBIR o ASTHILLAIR © FHILLOIR o -

LT FHSEELEITR L 360° - SRHEI L R -
SRS - BEIBMINERS & x 360° = 108° » BEAArch. L faREBEI4A IR PTES -

S AR R AR

[ %x 360° = 90° ; Jo 5 %x 360° = 72° ; LETF-E %x 360° = 36° ; S5
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3 % 360° = 54°
20

ERN  RY - BEEHENEEE - HEASE18TAAR » MR R AR RPN -
BAAER N EBEERRSVEE -

B4 REKEERBHRET T -

EAN . EEEEEE - EHHEMREPAET - Rt s E A ERINE S K360° B
BRITgREE S AT R -

B4 T IRAVEESRAT ¢

Ehf OKEET | IRSERRIEPE T -

pIEE—
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(JL3 ) Assume this is the data of the ages of people who visited a museum, which are recorded
on a random day in September.
Age: 5,29, 41, 25, 26, 8, 38, 59, 72, 14, 15, 35, 7.
Draw a histogram that shows this data.
(F30) EaiE RN A HE—RSEEYEN TR -
BHEMT :5-29-41+-25-26~8~38~59-~72~14~15-35~7-
i = L 2 B Y BT ]

Teacher: If you are the curator of a museum, you might want to know which age group of
people visits your museum the most. From the numbers above, we can’t really
answer this question. One way to think about it is to collect the numbers from
different groups, or bins.

We can divide those ages into 8 bins like this:

0-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80.

The bin width is the difference between its upper bound and its lower bound.

We draw a table with two columns. Put those 8 bins in the left column and name
them the “Ages” column. Check which bin the age of the visitor belongs to and make
a tally. Check all the visitors and count the frequency in each bin. This table is called

a frequency table.

98 % o b g e e e e s ,
Y B AT R TR E T



CEN %7 ERT 2 HERT P S EMAYEREHEALDL
s

Ages Frequency
0-10 3
10-20 2
20-30 3
30-40 2
40-50 1
50-60 1
60-70 0
70-80 1

How many people fall into the 0-to-10-years-old bin?

Student: Let me count. One. Two. Three. There are three people.

Teacher: Correct. Write 3 next to the 0-to-10-year-old bin. I will leave the rest of the
frequencies for you to complete.

Student: I have a question. If the visitor is 40 years old, which bin will the data fall into? Is
that the 30-to-40 bin or 40-to-50 bin?

Teacher: 40-year-olds fall into the 40-50 bin because a bin collects numbers from the lower
bound, inclusively, to the upper bound, exclusively.

Student: Oh, I see. Thanks for explaining. I should complete this now.

Teacher: Great. Next, we will draw a histogram with a grid. On the horizontal axis, let’s label
0, 10, 20, 30, 40, 50, 60, 70, and 80. On the vertical axis, let’s label an appropriate
scale. Mark off 1, 2, 3, and 4. Draw a bar one by one. For the first bin, there are three
people in this bin, so we draw a bar with a width of 10 and a height of 3. Be careful.
When we draw a histogram, there is no space left between one bar and another bar.
It is your turn to finish the rest.

Student: Here is my histogram.

Age of visitors to museum

Frequency
N
|

0to10 10to 2020to 30 30to 40 40to 5050 to 60 60 to 70 70 to 80
age
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Teacher: Good job. Next, we can draw a line graph. Use the existing table and add one more

column. Calculate the midpoint in each bin.

Ages Midpoint | Frequency
0-10 5 3
10-20 15 2
20-30 25 3
30-40 35 2
40-50 45 1
50-60 55 1
60-70 65 0
70-80 75 1

Consider ages as x-axis and frequency as y-axis, and label the points (5, 3), (15, 2),
(25, 3), (35, 2), (45, 1), (55, 1), (65, 0), and (75, 1).
Student: Can we just draw a dot in the middle of the top of each bar?

Teacher: Yes, that will come to the same result. And the graph you see is called a line graph.

Ages of visitors to museum

frequency
N w

[N

Otol0 10to20 20to30 30to40 40to50 50to60 60to70 70to 80
Ages
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T e
0-10 3
10-20 2
20-30 3
30-40 2
40-50 1
50-60 1
60-70 0
70-80 1
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Ty PR | BE
0-10 5 3
10-20 15 2
20-30 25 3
30-40 35 2
40-50 45 1
50-60 55 1
60-70 65 0
70-80 75 1

TFEEER A Ry x Bl > SRRy y Bl MOATERCES (5, 3) > (15,2) (25, 3) ~ (35, 2)
(45,1) ~ (55,1) ~ (65,0) F1 (75,1) »
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(32 ) A city was divided into two regions: the southern and northern regions. The bar graph
displays the population of each region in that city from 2016 to 2018. Describe the
change in the total population in that city from 2016 to 2018.

(sr) ST B ~ AR o B (—) % 105 4] 107 A ey A I S
AR (—) HIER A A IR - 7 105 23] 107 SEAB (LS B T
Bllfa[E 2
(A) ZEBER (Increase.)
(B) ZFEH/V (Decrease.)
(C) Zethn » FFE) (Increase, then decrease.)
(D) Sl > FEhN (Decrease, then increase.)

3500
3000 7
2500 —
2000
1500 | H

1000 R H
0
South North

(108 FFEEFE55 2 )

Number of population(people)
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Teacher: This is a question from the Comprehensive Assessment Program for Junior High
School Students in 2019. First, let’s read this question.

Student: A city was divided into two regions: the southern and northern regions. The bar graph
displays the population of each region in that city from 2016 to 2018. Describe the
change in the total population in that city from 2016 to 2018.

Teacher: Thank you. Let’s find the total population in 2016. How many people were there in
the southern region and the northern region?

Student: There were about 1200 people in the southern region and 1000 people in the northern
region. The total is 2200.

Teacher: Correct. Now, find the city’s total population in 2017 and 2018.

Student: There were about 4400 people in 2017 and 5200 people in 2018.

Teacher: Let’s put the number in sequence. 2200, 4400, 5200. How would you describe this
pattern?

Student: The numbers get larger. The city’s total population increases from the year 2016 to
the year 2018.

Teacher: Well done.

EHR B 108 R EENEE - FEge—REH -

B Rty Ryrg - JERIE - &Ry 105 5] 107 Faz ki & Ay A\ OB E R IRE - R
BEHETZ VA R » 78 105 5] 107 FaVE LB & Mo ?

CRT C HEHEIER o FefMoeikE] 105 RV AL > EEAILE S HIE /DA ?

B4 EEKLA 1200 A > JEEFE 1000 A - FE3HF 2200 A -

RN 0 285 - BUE - HRE] 106 A1 107 RV AL ©

EAAE T 106 FEE KLY 4400 A 0 107 FEF 5200 A -

N PATRRECEHERE 0 2200 ~ 4400 ~ 5200 © B EEEE LAY ?

B B EOR > FWTTHIAE A CIGE 105 5] 107 F2F0E 0 -

EHN JEEY -
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(L2 ) Draw a line graph to illustrate the given data.

The average temperatures of 13 stations in Taiwan from 2010 to 2019
2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
23.87 | 23.3 | 23.71 [ 2391|2395 (243 |244 | 244 | 2422|2456 | °C

(RS0 AR N YIBERE I — (e[ -

57 13 {ERSRIEE 2010 F£2] 2019 FHYF95RMm -

2010 | 2011 | 2012 | 2013 |2014 | 2015|2016 | 2017 | 2018 |2019
23.87 | 23.3 |23.71 | 23.91 | 23.95 | 24.3 | 24.4 | 24.4 | 2422|2456 | °C

W

(BRI RS2 /5 https:/www.cwb.gov.tw/)

Teacher: Can you feel it getting hotter and hotter every year? It is said that if the average
temperatures rise by 1°C, the sea levels will rise by 2.3 meters. The radical climate
change is causing the extinction of many animals, like polar bears.

Student: Poor polar bears!

Teacher: If we don’t do anything to slow down the changes in the climate, human beings will
be like another species that loses their homes and becomes extinct. Let’s check the
data. From the data, you might not see the trend so easily. Let’s draw a line graph.
Take out your grid paper. Label the horizontal axis with the years listed on the table.

Student: Done.

Teacher: Choose a scale for the data. What is the least number and the greatest number?

Student: The least number is 23.87 and the greatest is 24.56.

Teacher: So, we can label the vertical axis in increments of 0.2 from 23.6 to 24.8. Now
consider the data in the table as ordered pairs: (2010, 23.87), (2011, 23.3), (2012,
23.71), and so on. What is the ordered pair for 2018?

Student: Itis (2018, 24.22).

Teacher: Right. Now plot these points on the set of coordinate axes. Use line segments to join

these points in order from the left to the right.

Student: Ok, please check my graph below.

104 % BT b B o s 1 .
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Teacher:

Student:

Teacher:

Student:

Teacher:

Average temperatures of 13 stations in
Taiwan

24.8
24.6
24.4
24.2
24
23.8
23.6
23.4
23.2
23
22.8
22.6
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Between which two years was there the greatest increase in temperature? From the
line graph, we can find which line segment is the steepest and rises to the right.

I would say either the line segment from 2011 to 2012 or the line segment from 2018
to 2019.

To confirm your results, find the differences in the temperature of the years you just
mentioned. Use “+” to show that the temperatures rise. Make a conclusion.

The difference between 2011 and 2012 is +0.41, and the difference between 2018
and 2019 is +0.34. So, the temperature increased the most from 2011 to 2012.
Wonderful. That is correct.

{RA EVE B AR EREL T 1 2 BERR RS B 1 5 JBEEstE -
2.3 AR o fRlwGI R E B E BT L BYIRAE - 5:IbRREE

A REAYIEARAE |

IR FAFTA PREUEAI TR OB S AL AR G R R R E AR
YifE—%% -

BMARBIREE - BEEEEGIERE » ~AE5EHENEE - RMTRE—R
PraviE o EHIRAVRRARAR - SRR Ry HAYES -

BT e

FRyig SR Eese —(EAE - v MEMEARETHIEZ D ?

B/ IME R 23.87 > FRA(H I 24.56

PRIt > B mT DARFEddi DL 0.2 ZIFS Ry B AR » 1 23.6 15251 24.8 « FRAE R H
BB (E 25 © (2010 > 23.87) » (2011 » 23.3) > (2012 5 23.71)......5%5% « Fj
2018 FHIHEE S /D ?
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Data Analysis

BT SR EEERER T EE AR

B A/S Introduction

Bg MRSt AY AR - BlH RS B SR - b —EEE - A E R E
A AR » BEEEE T > PP DL —AUFEAE (BE) ARERIEHRAY S TilEs - ARET
IOEHEE ~ AL BRI E -

B % Vocabulary

XIEREERNBIE TENFE

EF hX BF thX
mean Sty arithmetic mean Efir ety
average S mode FREL
median i 8 outlier BEEHE
total &R weighted JijiL; A
affect A minimum w/IME
maximum N EE combined By
center o0 represent K=
middle ] odd gL
even e
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B HEGRBEERTGF Sentence Frames and Useful Sentences

® The of a numerical data set is

#4](1) : The (arithmetic) mean of a numerical data set is the sum of the data divided by the

number of values.

() ~PHEEumE B RHRRIER LB R %L -

#452) : The median of a numerical data set is the middle number when the values of the

data set are put in order.

i B B RHMIIR A NIFFHES 12 1 R R A E -

#14)(3) - The mode of a numerical data set is the number that happens most often.

RBUE B R R R R HERAVEIE -

® Find the mean/median/mode

#4](1) : Find the median of the hourly wages.
e e Y i 8 o

#4)(2) - Find the mean heights without outliers.
WA SRR EN B S8 % -

® The median (of _ numbers) is the number.

#l43(1) : The median of these 40 numbers is the average of the 20" and 21%' numbers.

72 40 {HE I P AL EUEE 20 (EFIEE 21 {EEFHI S - o
#ig(2) « There are 103 numbers. The median is the 52" number. Fifty-two equals the

quantity one hundred three plus one divided by two ((103+1)).

58 103 (EEFHY P ALBUESE 52 (@8 - I+ 2FH 1030 1 IR EPREL 2 -

108
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O Arrange in ascending order.

fla)(1) « First, we arrange these numbers in ascending order.

Bt B E LR T R/ NEIRPE -

f14)(2) - When we make a stem and leaf plot, we usually arrange the leaves in each stem row

in ascending order.

BUFLLRIEN - (B0 e a8 L By oA R /N EAHR ] -

©® The (frequency) table below summarizes

#4)(1) : The table below summarizes Ming’s daily sleeping hours in a week.
R By NI — N AR AR -
#4)(2) : The table below summarizes the responses of 30 students in Class 701 from a survey

on their public service hours last month.

NREECE I 30 [HR A MG HE S REURHY_E(E H ARSI -

® What is the difference in ?

#l4](1) + According to the table for math scores, what is the difference in the means between
male and female students?
IR B TSR - AN AR R EE R R (] ?

#14](2) - What is the difference in the mean ages of the two groups?
B W I RERH I P R e 22 5 Ry T 2

® Compare to/with

#4](1) : Here is a table for math scores. Find the mean score and compare it with the median.
PR B P AE T R - PR PR Il B (i B R
#4)(2) - Compare the science scores of students who joined after-school activities to the

scores of those who did not. Which group’s scores are higher?

A 2N TEBIA R AR TR B2 AR H AR AR - (@bt ?

109 Lk e s g = o et e .
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(8 is affected by

#4](1) : The median is less affected by outliers.
P A ZHERHE R -

fl4)(2) - The mean is easily affected by outliers.
PHEEES 2R EE -

m [EREE#E Explanation of Problems

o3 iR =

A descriptive statistic is the foundation of data analysis. In this section, we will use a single value
to talk about the central tendency of the data. The mean, median, and mode are often used. If
outliers exist in the data, the median can show the data better than the mean value. The reason is
that the median is resistant.

w EEEENGEE o
plE—
st ¢ R SRR R SR T S A A A

(L) The table below summarizes the daily internet usage (hours) for the students in Class
702 on the weekend.
a.) What is the mean daily internet usage for the students in Class 702?
b.) What is the median daily internet usage for the students in Class 702?
c.) What is the mode of the daily internet usage for the students in Class 7027
d.) Compare the mean to the median. Is there any difference?
(F30) MRETE IIEAFRE H AR E (/NF) o
a) THETHEAS HIPE4ERREHEZE 2D ?
b) THETHIEAE AR AR RN P EE % ?
c) TR R H AR PR Ry R B R 2
d.) RPEET A B TR - EfTESAERER ?

Daily internet usage (hr.) | 2 3 4 5 6 7

Frequency 2 10 7 6 4 1

Ho B¢ AR R TR E R B
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Teacher: The mean of a numerical data set is the sum of the data divided by the number of
data values. Let’s list these numbers one by one. How many data values are here?

Student: 2+ 10+7+6+4+1=230

Teacher: What is the sum of the data?

Student: 2X24+3X104+4X7+5Xx6+6%x4+7x%x1=123

Teacher: Divide the sum by the number of data values. Then you will have the mean value.

Student: % = 4.1 (Read as: One hundred twenty-three divided by thirty is four point one.)

Teacher: Right! Finding the mean of a list of numbers with frequencies is the same as finding
the weighted mean. The weights act the same way as frequencies.
The number of data values is even. So, finding the median is the same as finding
the average of the two middle numbers. What is the position of the middle number?

Student: The average of the 15" and 16™ numbers.

Teacher: The data value of the first and second positions is 2. The data value of the third to
the twelfth positions is 3. What are the data values of the 15 and 16"numbers?

Student: They are both 4. So, the median is 4.

Teacher: From the table, which internet usage is the highest?

Student: Three. Because of 10 times.

Teacher: So, 3 is the mode of daily internet usage for the students in Class 702.
Let’s compare the mean and the median. Is there any difference?

Student: Four point one (4.1) is close to four. I think they are similar.

Teacher: Right. The mean is similar to the median because there’s no outlier in the data.

Ehl - BEFERIEIERE RV D BRI E o BRI HE R -
B/ VEIEE ?

B4 2410474644+ 1=30

RN - BUBEERIEZ /D ?

BE D 2x243x104+4x74+5x64+6x4+7x1=123

il SRR BB EEE - S USEREE -

A 123
30

ERN At T | S B R E AR R R IR R RO — By - HEERRY
TEAT ARG RE 5 -
BB EAVEE R - B PATRH tP i Bk F [R5 R T i By 9 1{E - R
ML EAEYRE ?
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3 /N - AR HER 10X
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(H30)

The averages of the math exams are respectively 71 for Class 701 and 74 for Class 702.

There are 29 students in Class 701. There are 28 students in Class 702. What is the
combined average of the students in the two classes?

(P30 EF—I0A 29 824 > BEEECHIRE R 71 71 B THEE 28 R84 B

112

Teacher:

Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

EEHCPRERE 74 07 o SAMERI(EIIR & OHER P2 2 /Doy ?

The mean of a numerical data set is the sum of the data divided by the number of
data values. Seventy-one is the sum of math grades divided by 29 students in Class
701. In this way, what is the sum of the math grades for Class 701?

71 x 29 = 2059

In the same way, what is the sum of math scores for Class 7027

74 x 28 = 2072.

2059 + 2072 = 4131

So, the total math grades of the two classes are 4131.

What is the total number of students in these two classes?

29+ 28 =57

There are 57 students in total.

What is the combined mean? Talk about it in detail.

Divide the total grades by the number of students.

4131 + 57 =72.47.
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Ehh . BEEREIEYEEEIB bR B ERES - S CE—DE 29 (1224
B EITE 71 IR TR R R AR 2/ DIE 2

B4 1 71 x 29 = 2059

TN FERE S 0 B T DIAVEER R SRR /) ?

B 74 x 28 = 2072.

R T 2059 +2072 = 4131 - (FL  EFEDTAR BRI AR By 4131 -
5 M EPEAR A2 AL SRR 2 /) 2

EL/E 1 29 428 = 57 o HEdA 57 4B

RN AR BHEIE & ORI E -
B EERRR DA A: N © 4131 + 57 = 72.47 47 -

plE=

st ¢ E RS EE H#J%ﬁ%ﬁ}@ SRS - AT LIRS LR B ROk IE T T
VAR BT R - MO R I e S (E R T i SRR -

(337 ) The table below sums up the monthly income of 68 employees in a company.
a.) Make a histogram. Talk about the shape of the histogram.
b.) What is the mean monthly income?
c.) In which interval does the median monthly income fall?
d.) Compare the mean and median. Talk about what results in the difference.

Monthly 20000- | 30000- | 40000- | 50000- | 60000- | 70000- | 80000- | S0000- | 100000- | 1100000-
income 30000 | 40000 | 50000 60000 | 70000 80000 | 90000 100000 | 1100000 | 1200000

frequency | 7 16 15 12 8 3 4 1 0 2

(P30 TR RHFAE 68 TETHIHUTA -
a.) BUE—(EE 5E - SKEEEFERIIR -
b) ELETHIH PR AZES D ?
c.) LAY AU A AE R E I E P 2
d.) EEBCPHEERIT AR - HERRNEREMZEEER -

Teacher: To scale the x-axis to be consistent with the intervals of the table, let x minimum
be 0, x maximum be 1,200,000, and x scale be 100,000.

The maximum frequency is 16. So, we can set the y-axis from 0 to 17. Anyone can

make a histogram on the board?

113 R* B AR ERE TR (EF ey
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Student: Me.

(After the student makes the histogram, the teacher reminds students to label the x-
axis and y-axis.)

Teacher: The shape of this histogram is called “skewed right.” It has a longer “tail” to the
right. To find the mean monthly income, we use the midpoint in each bin as the
representative monthly income in the interval. We then can find the weighted mean
according to its frequencies. What’s the expression of the weighted mean?

Student: (25000 X 7 + 35000 X 16 + 45000 X 15 + 55000 x 12 + 65000 X 8 +
75000 x 3 + 85000 x 4 + 95000 x 1 + 115000 x 2)/68

Teacher: The above expression is about 51176.47. So, the mean monthly income is around
51176.47. How do you find the interval where the median monthly income falls?

Student: The sample size is 68, and the middle two numbers are the 34" and 35" numbers.
Both of them fall in the interval of 40000 — 50000. So, the median falls in the
interval of 40,000 to 50,000.

Teacher: Let’s compare the mean and median. Which one is greater?

Student: The mean is greater than the median.

Teacher: Yes. For the right-skewed distribution, the mean is greater than the median. The
greater values will result in a great sum because there’s a tail on the right side of

the distribution. It also shows the resistance of the median. The median is less

affected by the outliers.

ERH Ry T x SELRARAIERA 2 < x B IME R 0~ x e RE Ry 1,200,000 ~ x S
£ 100,000 - HEEFATE 16 > HLIEE - FAFTa] LR v BlEeE R 0 2 17 - SR DUE
Mt g E TE 7

B4 0 ALl e
(BB H B - ERTHERESE AR x iR y il - )

Ehn . EMEETERIREE AR - EVEERE —ERVELE” - EIREIEE
HWA > B BT TRETE Rk FEIbmey HUA » 281% > FRAPT ] AR HLAE
IR EIIRE V8 - IR By R U (T 2

A 1 (25000 X 7 4+ 35000 X 16 + 45000 X 15 + 55000 X 12 4+ 65000 X 8 +
75000 x 3 + 85000 x 4 + 95000 x 1 + 115000 x 2)/68

Ehl - _EECREREYEL R 5117647 - AL PR AUAL R 51176.47 - {RANATHY,
S8 A W AR ER RS ?

B BARK/NR 68 0 tRREIREETUES 34 155 35 (HET - EfEYE(E 40000 —
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(L) There are four balls in a box. They are labeled as 1, 2, 3, and 4 respectively. Lily draws
balls in succession (with replacement). The table below records the result of the first
8 drawings. If each ball is equally going to be drawn and its labeled number is the
score, what are the answers to the following questions?
(a.) What is the average score of the first 8 drawings?
(b.) What is the probability to have the average score of the ten drawings between 2.2
and 2.4 inclusive? Show your work clearly. Show all the steps you take to reach your
solution

(P30 —fEFET- A 4 FHEEVER > i 4 FEEROT R RSRES 1~ 2~ 3~ 4> SHFIDIE
TAERET P FEER ELHUR Iy 5 2l HO S FHETHUEK 10 20 IREHRT 8 20
HUHHYEERAFR () ATl e

(=)

FUR|F2R | FIR|FAR | BSR|FOR | FTR|F8R | HOR(F 10k

1 3 4 4 2 1 4 1

B[RS
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Teacher: To find the average score of the first 8 drawings, we have to add up the scores first.

What are the total scores of the first 8 drawings?
Studentl: 1+3+4+4+2+1+4+1=20
Student2: Divide 20 by 8. Then we will have the average, 2.5.

Teacher: As for the second problem, let’s draw a tree diagram to show the result. For the
9'h drawing, we can have four branches, labeled as 1, 2, 3 and 4. Each of them has
four branches as the 10" drawing. So, there are 4 X 4 = 16 possible outcomes.
Assume the sum of the 9" and 10" drawings is x, we can have the inequality
22<(20+x)+10<24. Itmeans 22 <20+ x < 24.

In other words, 2 < x < 4.How do we relate the tree diagram to (b.)?

Student: We have to look for the branch with the sum between 2 and 4 inclusive.

Teacher: Exactly! What are the outcomes with the sum between 2 and 4 inclusive?

Student: (1, 1), (1,2),(1,3) and (2,1),(2,2) and (3, 1).

Teacher: What is the probability?

Student: Six out of sixteen. It is three-eighths.

EHT T BEHHAT\EVETE > I E NSRS S o B\ RIVEEE /D 2

BAELD 1434+44+44+2+14+4+1=20

B2 K520 FRELS - EREELEFEEE - MELE 2.5

R BN ERE - BEIRME - ERHRE R R R o IR LKEAEK - Tl
FAEVUMESSZ - 50123/ 4 - GESZEAUES L > E R+
BRY TEARSHIRE] - AL » A 4 X 4 = 16 (A REAVAE R - B S NLRIE T
HIFLE x > T ISR ER
22<(Q04x)+10<24
=22<204x<24

=2<x<4-
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(L) There are 36 students joining the basketball-shooting competition. The bar graph sums
up the number of shots made by the students. How many students make fewer than the

median shots?
(30 B () FHIE 36 A4S E SR ERKR R R E -
HIETERPIE A HZ/ D NIRCERREU NN 2 I 2 AR S BR B i 8 2

(A) 10
%
(B) 14 58 ailn
(C) 17 A6
g
(D) 18 3
: H
2 H
1
1H]
01 2 3 4 5 6
$E 3K 8 (F)
BE(x)

(109 R P& 13 )

Teacher: To find the median, we have to find the middle number. What is the middle number
among the 36 numbers?

Student: 36 + 2 = 18. The middle number is the average of the 18" and 19 numbers.

Teacher: Exactly. What are the 18" and 19" numbers?

Student: 2+3+5+4=14 and 2+3+5+4+6=20. So, both the 18" and 19"
numbers are 4.

Teacher: How many people made fewer than 4 shots?

Student: 2+ 3 + 5 + 4 = 14. Fourteen people made fewer than 3 shots.
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BSNEEER More to Explore

B X BE R4

AR

https://terms.naer.edu.tw/search/

HEE P BRERS

BB T E YRR R
https://video.cloud.edu.tw/video/co search.php?s=%E9%9B%99
%ESNAA%IE

Oak Teacher Hub

BISNEER R B EIR 0 bR T R RRHIE A 2R

https://teachers.thenational.academy/

CK-12

BN Fos BEIR 0 bR T BUERSEIE A H A
https://www.ck12.org/student/

Twinkl

BN R EEIR 0 bR T BEREEF MR E > & R
B R ERAINE

https://www.twinkl.com.tw/
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Khan Academy

A ARSI K R

https://www.khanacademy.org/

Open Textbook (Math)

B/ MR B A R E R
http://content.nroc.org/DevelopmentalMath.HTML5/Common
[toc/toc en.html

MATH is FUN

BISNEERER - A EER R Y Nk

https://www.mathsisfun.com/index.htm

PhET: Interactive Simulations

BIYNER LR > B #=CE RS - bR T EEEEE  BEAEA
i
https://phet.colorado.edu/

Eddie Woo YouTube Channel

BN
https://www.youtube.com/c/misterwootube
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https://math.ntnu.edu.tw/~jschen/index.php?menu=Teaching
Worksheets
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https://sites.google.com/view/ntseccompetition/%E5%B0%88%E
6%A5%ADY%E8%8B%B1%E6%96%87 %ES5%AD%B8%E7%BF%92%E
8%B3%87%E6%BA%90/%E7%IB%B8WEI%I7%ICHE6%95%II%E
6%9D%90?authuser=0
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