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Chapter 14 Functions and their graphs

I. Rectangular Coordinate System

14.1 Planerectangular coordinate system

We know that,on a straight line, if we fix thegan, the positive
direction and the calibration of unit length, theae have a number
axis (or number line). If we mark any point on thismber axis, we
know its position by reading the real number frdme talibration.
This real number is called the coordinate of thimtpon the number
axis. Correspondingly, if we mark a point on a plahow can we
describe the position of the point on the plane?

If we ask people to drill a hole on a rectangyttate at a
positionM in the diagram 14-1, we can specify that the ®lat a
distance 30 mm from the left side and 20 mm froeklbttom. This
specifies the exact postion of the hde Thus, we have shown that,
on a plane, the position of a point can be spetibg two real
numbers.
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On a plane, we draw two linexx' andyy', perpendicular to
each other and crossing at the common pOirftiagram 14-2). In
general, xX' is the horizontal line, called thg-axis, with the
direction to the right side oD taken to be the positive direction;
while yy'is the vertical line called thg-axis, with the direction
aboveO taken to be the positive direction. Usually bdile x-axis
andy-axis have the same calibration of unit length.rBibte x-axis
andy-axis are called coordinate ax€3.is called theorigin. In this
manner, the origin, together with the two perpeuldic coordinate
axes, constitute glane rectangular coordinate system. For
simplicity we called it acoordinate system, and the plane on which
we have established the coordinate system is c#iledoor dinate
plane.

The x-axis and they-axis divide the coordinate plane into 4
sectionsxOy ~ yOx -~ XOy' ~ yOx » which are respectively called
the first quadrant, the second quadrant, the thuddrant and the
fourth quadrant. The boundaries of each quadranthex-axis and
they-axis, but the poins on theaxis and thegraxis do not belong to
any of the quadrants.

After we have established y
the coordinate system on a plane, 4
then any point on the plane can 3
be uniquely associated with an
ordered pair of real numbers. 3 O M
For example, for the poitM (in
diagram 14-3), draw a line @ ___|4
throughM perpendicular to the !
x-axis and note that the foot of !
the perpendicular lineM, cuts 1 © !
the x-axis at the coordinate 3.  -1f---4,
Draw another line througtM
perpendicular to thg-axis and
note that the foot of the perpendicular liMé, cuts they-axis at the

coordinate 2. In this manner, there is a set ofrdinates 3, 2

Diagram 14-3
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corresponding to the poiM. Here, 3 is the horizontal coordinate of
M, and 2 is the vertical coordinate . Combined together, these
two coordinates give the plane coordinates of tbatpM and are
written succinctly asvi(3, 2). It should be noted that the horizontal
coordinate is always written before the verticabrctinate, and the
two numbers are separated by a comma. That is, pthee
coordinates of poiny is an ordered pair of real numbers (called an
ordered real number pair). In diagram 14-3, the@leoordinates of
pointN are (2, 3), written succincly &2, 3). From the diagram, we
observe that M and N are two different points adbordinate plane,
and their coordinates (3, 2) and (2, 3) are theesavo real numbers
in different orders. Therefore the order is impotta specifying the
coordinates of points on the rectangular coordip&ire.

As an exercise, try to figure out the coordinatépoint P and
pointQ in diagram 14-3.

In the converse, given any pair of ordered reahlners, there is
a point on the coordinate plane corresponding. tBat example, for
the ordered pair of real numbers (-3, -2), we aawdh line from the
point -3 on thex-axis perpendicular to it, and draw another lirgarfr
the point -2 on thg-axis perpendicular to it. The two perpendicular
lines crossed af and its coordinates are (-3, -2). Similarly, the
ordered pairs of real numbers (3, 2), (2B), (-2, 0), (0, 0)
correspond to pointB, C, y
D, O (refer diagram A
14-4).

From the above: we P -
can conclude that any
poin M on a coordinate 14
plane corresponds to an 3 D (2,0) JO(0,0)
ordered pair of real” |
numbers ; on the other |
hand, any ordered pair of |
real numbers corresponds ¢ - - _____ )
to a point M on the A(-3,-2)
coordinate plane.

-
C(2.5,-1)

Diagram 14-4
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Practice
1. Write down the }:
coordinates of points 8 | -
A B,CD,EF,G,H, 74
O as read from the B 6 A
diagram. o 5 - o
4 -
2. Mark the following 3 -
points on the rectangular 2
corrdinate plane: 1A
H o) E
A3, 6),B(-1.5, 3.5), +—e—1—t SRR S H S E
C(_4,_1), D(2,_3), —6_5 -4 -3-2 __11_ 1 2 3 4 5 6
E(3, 0),F(-2, 0), —2
G(0, 5),H(0,-4). Bl
c -4 9
o —5-
_6_
=7 oD
(No. 1)

[Example 1] In a rectangular coordinate system,
(1) what are the common characteristics oh{soon
thex-axis?
(2) what are the common characteristics ohfsoon
they-axis?

Solution (1) Look at diagram 14-5, take any pokhbn thex-axis,
and drop a perpendicular line to thaxis, the foot of
the perpendicular line always falls on the ©/@(0,0).
That means, thecoordinate oP is 0. In other words,

they-coordinate of all points on theaxis is 0.
(2) Similarly, thex-coordinate of all points on theaxis
is 0.
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y
A A
5 4
42 C
P 3 A
. > X
0 2 4
1 4
A 1 1 1 B 1 :
of 1 2 3 45
Diagram 14-5 Diagram 14-6

[ Example 2] In Diagram 14-6, given that the length of the sides
a squardBCD is 4, find the coordinates of the 4
vertices.

Solution The coordinates of the four vertices are,
A0, 0),B(4, 0),C(4, 4),D(0, 4).

Practice

1. In example 2, write down the coordinates of the -pothts of
the sides of the square.

2. Given that the length of theide of a square is 4, its diagor
intersect at the origin, and its sides are parati¢herectangula
coordinate axes, find the coordinates of the vestic

3. Given that the coordinates of poiRtare (5, 3), what are th
coordinates of the points, symmetricRawith respect to (ifhe
x-axis, (ii) they-axis and (iii) the origin.

4. Draw a circle with the point (3, 0) as its centted with a adius
of 5. Write down the coordinates of the points mersetion
between the circle and the two axes.
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14.2 Distance between two points

On a rectangular coordinate plane, we use coat@hn to
indicate the position of a point. Now we shall stuww to use the
coordinates of two points to calculate the distabe¢éween two
points.

1. Distance between two points on the same number axis

Diagram 14-7 is a number ax5, B, C, D are points on the axis.
Their coordinates are 7, 23,—7 respectively. Let us see whether
we can determine the distance between two pointthemumber
axis basing on the value of their coordinates.

D C @) B A
| 4 | | | d | | 4 | d | | | | 4 | >
-8 7 6 5-4-3-2-1012 3 45 6 7 8
Diagram 14-7

From diagram 14-7 we can see, from line segm@Ai©A, OB,
that BA = OA-OB. Substituting the valueQA = 7, OB = 2,
thereforedBA=7-2. But 7 and 2 are the coordinates of poiatsnd
B on the number axis. That means,the length of degmentBA is
equal to the coordinate of poiAtminus the coordinate of poil.
We know that, 7—-2=|7- 2§ |2 7. Using absolute value notation,
we can say that the length of line segmést (also means the
distance between poidtandB) is equal to the absolute value of the
difference of the coordinates AfandB. Similarly

CB=0B+CO=2+3=|2- 3)f | 3)y 2|
DC=DO-CO=7-3=|C7)-Ef|€3)F £ 7)

In general, on a number axis, the distance betvwasg/ two
points, is equal to the absolute value of the ubffiee of the
coordinates of these two points. If the coordinatethe two point#

and B are x, and x; respectively, then, the distance between
and B can be determined by the following formula

AB =[Xg =X, |

-192 -



Practice

1. In diagrams (1) to (6) (ehccalibration on the number axis i
unit length)- fill in the table for the length oAB:

o A " A O i
1) (2
A B O o B A
©)) (4)
B O A B A O -
) (6)
(No. 1)
Diagram X, Xg Xg = X, Lerféh of
1)
2)
3)
(4)
(5) 2 5 =7 7
(6)

2. On the number axis, the coordinates of poi&tB, C andD arg
-5, 7, -2, 3 respectively. What is the distanceb@)weenA and
B, (ii) betweenB andC, (iii) betweenC andD, (iv) betweenC

andA?

2. Distance between any two pointson a coor dinate plane

Let B(x,Y,), B(X,Y,)be anytwo points on a coordinate
plane (diagram14-8), fron®, andP, draw lines EM, and P,M,
perpendicular to the-axis, cutting the-axis at M, (x;, 0), M, (X,,
0). Then from B and P, draw lines EN, and B,N,
perpendicular to thg-axis, cutting the-axis at N,(0, vy;), N, (O,
Y, ). The straight linesP,N, and P,M, intersect at poind.
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Because A\ PQP, is a y
A
right-angled triangle, applying N ----- P
pythagoras’ theorem, we get /
AP = PQ*+QP; :

. M M
RQ=MM, =[x, x| .'1/ o X
QP2=N1N2=|y2_y1| A i

2 _ 2 R N, Q
RP =X —x [+ |y2_ylr
= (X2 a Xl)z + (y2 a y1)2 Diagram 14-8

Hence we obtain the following formula to compute the
distance between two points P (X,,y,) andP,(X,,y,) on the

rectangular coordinate plane:

PP = \/(Xz - X1)2 +(Y,— yl)z

[Example1] Find the distance between the two poifg -3, 5),
R, 2).
Solution x, =-3, y,=5; x,=1, y,=2.
Substituting the values into the distance foanule get
RP, =[L-(-3)F +(2-5) =/ #+ (-3} = E

BN G
Qo B

28 ' 20
Diagram 14-9 Diagram 14-10

o>

15
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[ Example 2] Diagram 14-9 shows a specification of some spare

parts (unless specified otherwise, all measunésne
used in this book are in mm). A rectangular
coordinate system is established as in diagih0l
Find the distance betweérandB and the distance
betweerB andC (accurate to 0.01mm)
Solution The coordinates of the respectivee pointsfgfe 0),

B(28, 26),C(48,-15).

Substituting the coordinates of the points thi® distance

formula, we get

AB =./(28- OF + (26~ 0f =/ 1460- 38.21
BC =./(48- 28 + (- 15~ 26 =/ 208% 45.€

That is, the distance betwearmandB is 38.21 mm, and the
distancet betweeR andC is45.62 mme

Practice
1. Find the distance between the two points in eat¢hefollowing:
(1) R(-1,0)-R(20): (2 R(0,6) K0,-2);
(3) A(-2,0)-B(-4,3); 4) A2,-5)-C(2,3);
(5) M(-3,8)N(-1,-2); (6) 0O(0, 0): P(2,-3) -

2. Refer to diagram. Given that the y
coordinates fo the points are 4
A(-20, 50),B(40, 0),C(-40, 0), @
find the distance between each two

points (accurate to 0.01 mm).

3. Ship Ais stationed at 50 km East /N
and 30 km North of a port. Ship B{X_¢c/ B/T” X
Is stationed at 17 km East and 26 k}v\/\\ij
South of the same port. Establish a

suitable plane coordinate system and
use it to determine the distance between A and B.

(No. 2)
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Exercise 3

. Plot the points whose-coordinates are-4, -3, -2, -1, 0, 1,

2, 3, 4, while theiy-coordinates are given by the function= x*.
Connect these points by a smooth curve.

. Refer to the diagram on the right. y
In the diagramOA=8, OB=6.
Find the coordinates of points B A
B.
: : . 120
(1) Given that poinP(x, y) lies 45°

in the first quadrant, what
are the signs of the values O|
of X, y? (No. 2)

(2) Given that poinQ(x, y) lies in the third quadrant, what are
the signs of the values gfy?

. In the first quadrant, there is a line bisecting #ngle between

the x-axis andy-axis. For any point on the line bisector, what is
the relationship between itecoordinate and itg-coordinate?
How about the line bisector in the second quadrant?

. The length of a side of a rhombus is 5, and thgtleof one of

the diagonals is 6. If the two diagonals form #axis and the
y-axis of the rectangular coordinate system, what #re
coordinates of the 4 vertices (Note: there are tsets of
answers)?

. Given a poinP(a, b), what is the coordinates of points symmetric

to P with respect to (i) the--axis (ii) the y-axis and (iii) the
origin.

. The coordinates of poin#s andB on a number axis are, and

Xz . Find the distance betweed and B with regard to the
following values of x, and X;.

(1) x,=8, X3 =6; (2) x,=2
() %x,=-3, % =0; (4) X, =0,



8. Find the length of the sides of the triangle forrbgdhe pointd,
B and below, and determine whether the triangle is asdsles
triangle, an equilateral triangle, or a right-amigieangles.

(1) A(-3,0),B(3, 0),C(0,3V3);

(2) A(-4, 3),B(2,-5), C(0, 6);

(3) A, 1),B(2,-2),C(2.5, 0.5); y

(4) A3, 0),B(6, 4),C(-1, 3). 4

9. Refer to the diagram on the right.
Calculate the distance between th
centres of the three holes, given th
their coordinates areA( -10, 30),
B(30, 0),C(-40, 0). (No. 9)

II. Functions

14.3 Functions
1. Constantsand variables

Let us study the following examples:

(1) A train runs at a speed of 60 km/h. The distes(km)
traveled by the train is related to the titjle) taken by the function
s=60

(2) The ared (cnf) of a circle is related to its radius(cm)
by the functiorA = 7r?

In example (1), when we use the functiesF 60 to calculate
the distance traveled by the train at differentations of time, we
notice that both the values bfands may change, but the value of
speed is always the same. In example (2) when wee the

functionA=7ir?to calculate the area of a circle for differentgtrs
of the radius, we notice that both the values ahdA may change
but the value of 7 is always the same.
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In the calculation, any element which can chatmydifferent
values is called a variable, such as the elemérthaur,skm,r cm,
A cnt in the above examples. On other hand, any elemvaose
value remains changed is called a constant, sutheaslements of
60 km/h and 7. The classification of which element is a constant
and which element is a variable depends on theuroistance and
purpose of calculation. We can see that in exaniple when the
spped is fixed, the speed is a constant, whiledie@nce and the
time are variables. On the other hand, when the tgixed, time is
a constant while the speed and distance are vesiabl

2. Functions

In example (1) above, the variable of timemust take a
non-negative value (positive real number or zdfo).each value df
there is a unique value af corresponding to it. Examples are as
follows:

t (hr) 1 1.5 2 2.5 3

s (km) 60 90 120 150 180

Similarly, in example (2), the radiusmust be a positive real
number. For each value aof, there is a unique value oA
corresponding to it.

This kind of relationship between variables isyveommon in
practice, such as in agriculture production and scientific
experiment. Some specific examples are as follows:

(3) The water storage of a certain reservoireiated to the
depth of water in the reservoir, with measuremeat®rded in the
following table:

Depth of wateh

0| 5| 10| 15| 20| 25 30 3t
(m)

Water storag€)

(10 m?) 0 20| 40| 90| 16Q 275 |437.9 650

-198 -



Having obtained this table, we can tell the waterage for any
value of the depth of watéx selected from the first row of the table.
When the value of the depth of water is selectieeret is a unique
value of water capacityQ) corresponding to it. For example: if
h =20(m), then Q =160(10'm® : h=30(m), Q =437.5(10'm").

(4) Diagram 14-11 is a daily temperature graphtetbby an
automatic temperature recorder of a weather station

T(°C)
A

1 II 1 1 1 1 1 1 1 1 : t h
0] 2 4 6 81012141618202224 ")

Diagram 14-11

The graph reflects the relationship between théemperature
variable T (°C) and the time variablé (h). Having obtained this
graph, we can tell the air temperature at any sadeiime of the day.
For any value of timé between 0 and 24, there is a unique value of
air termperatureT corresponding to it. For exampld:=4 (h),
T=1.8(°C); t=14(h), T=11.8(°C).

In a changing environment involving two variableandy, if
for each value ok taken from a set of values,, there is a uniqueevalu
of y corresponding to it, thepis afunction of x, andx is called the
independent variable. For example, distanaas a function of time;
area of a circleA is a function of radius; water storageQ is a
function of depth of watdnm, air temperaturd is a function of time.

We observe that, botl80t and 7r® are algebraic expression
with one alphabet as variable. In general, the evafithis kind of
single variable algebraic expression is dependmghe value of the
independent variable. It is possible to use difie@phabet for the
independent variable so long as the representatigkes sense and
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does not cause confusion to the study. For eachevalf the
independent variable, the expression has a uniqaduev
corresponding to it. Hence every expression invigvonly one
alphabet is a function of the alphabet. For example2 is a

function of x, is a function ofu, is a function oft,

1 1
1-u? Jt2-5

[Example1l] Find the domain of possible values of the
independent variabjein the following function:
(1) y=2x+3; (2) y=-3¢;
1
(3)y=—x_1; (4) y=+/x-2.

Solution (1) For x to take the value of any real number, the
function 2x+3 has meaning. Therefore the domain
of possible values of the independent variatxtan be
any number in the real number set.

(2) For x to take the value of any real number, the

function -3x* has meaning. Therefore, the domain

of possible values of the independent variatan be
any number in the real number set.

etc..

(3) When x =1, the function il is not meaningful;
X_

whenx £1, the function il has meaning.

X_
Therefore the domain of possible values of
independent variabbecan be any number other than 1
in the real number set.

(4) When x< 2, the function/x-2 is not meaningful;
when x=2, the function/x—-2 has meaning.
Therefore the domain of possible values of the

independent variabbecan be any real number greater
than or equal to 2.
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Note: In the functionA= 7r*, from an algebraic point of view,can
be any real number. But from a practical point awy r
being the length of the radius of a circle, canyotdke
positive real number value (greater than 0). Timplies that
when considering the domain of possible values hof t
independent variable, we have to take into conatder the
practical situation to ensure that the result ismiegful.

[ Example 2] In example 1, whenx =2, what is the corresponding

value ofy.

Analysis. Since x=2 is within the domain of possible valuesxpf
we can substituta = 2 in the function to calculate the
value ofy.

Solution (1) y=2x2+3=7,

(2) y=-3x2=-12;
1

3 =——=1;

3) vy 221

(4) y=+2-2=0.

When the independent variable takes on a valubirwithe
domain of possible values, say=a, then there is a unique value of
the function corresponding to it, which we call finaction value at
x=a. Example 2 requires us to find the function vadtiex=2.

Practice
1. (Mental) Identify which are variables and which are contga
the following equation?
(1) Distance formula under constant verlocgy vt , wherev
is the velocityt is time ands is distance covered,;

(2) Volume of sphere formuld =gﬂr3, wherer is the radiu

andV is the volume of the sphere;
(3) The internal angle of an n-side regylatygon is given b
this formula:
_(n-2)180C
a= e
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Practice
2. Find the doman of possible values of the independamablex
in the following funtion:

_x-1 __ 3.
(1) y=— @) y=-—7

- _ _E- :—1
(3) y=-Vx-5; @ y=m =

3. In Problem 2 above, find the value of each of th&cfions
(i) when x=9; (ii)) when x=30.

14.4 Different waysto represent a function
There are three common ways to represent a mcti

1. Analytical method which uses an equation to show how a
dependent variable can be determined from the valtiean
independent variable. This equation is called thedyaical functional
expression (or analytical relationship equationhbraviated as

analytical formula, For examples=60, A=m?, y=Jx-2,

Vzﬂnr"‘, s= ! z= !

—, —— etc..
3 1-u t2 -

ol

2. Tabular method which uses a table to show the value of
an independent variable and the corresponding valtiethe
dependent variable of a function. In section 1&@&mple (3) is a
tabular method of writing the function of water rsige in terms of
the depth of water in the reservoir. Similar exassplare
mathematical tables like the square table, thersgueot table, and
the logarithmic table.

3. Graphical method which treats the independent variakle
and the dependent variable as an ordered pair and plots the
corresponding point on the rectangular coordinatang By
connecting all the points together to form a gragble, function is
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depicted Thus the graphical method representsaifumby showing
how the dependent variable is related to the ina@@et variable on
the rectangular coordinate plane. The weather ahaetction 14.3 is
an example.

When the analytical expression of a functionnewn, we can
draw a graph of this function by applying the fallag three steps,
namely (i) tabuling the values, (ii) plotting theipts, (iii) connecting
the points using one or more smooth curves (whmckude stragith
lines). This method is called sketching the graphich may be an
approximation only. To get a closer approximatiae, shall have to
tabulate more point values and draw the graph rinoeéy.

[Example1l] Draw the graph of the functiory = :—é X2,

Solution 1. Tabulate the values. Pick certain values fodm its
doman, calculate the corresponding values of the
dependent variable, and tabulate the data ifotine
of a table, as follows:

X 1 -4 -3 |-2| -1 |0| 1 2 3 4 |-
1
y=§x3 -1 -8 [-3.38/-1|-0.13] 0 |0.23] 1 [3.38 8
2. Plot the points on the y
rectangular coordinate plane.
3. Connect the points by a
smooth curve to form a graph
for the function y BN X
8 0
(Diagram 14-12).
Diagram 1-12
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— Practice
1. Write an analytic expression for the following ftioa:

(1) It is known that for every 100 m rise initaltle h (km), the
air temperature drops by 6. Write the functionto
expressT (°C) in terms oth (km);

(2) Afactory has a stock of 1500 T of coal. #ihe functiorto
express the number of days the stock will last in terms
the daily average usageol of coal.

2. Fill in the tablefor the water storage correspogdothe deapt
of water in the reservoir:

Depthof | 5| 15 | 15 | 20| 25
water (m)
Water storage
(10*m°)
Water storage (ffn°)
60C
500
40C
30C
20C
10C -
0 5 1IC 1I5 2IC 2I5 3IC D'epth of wate (m)
(No. 2)
3. Draw a graph for the following function:
(1) y=x; (2) y=x+1.
Exercise 4

1. Based on the following procedural steps of finding value ofy
from x, develope a function to represent the relatioy iof terms
of x:

!

(1) |Inputx |— | x3|—> | -1 Outputy

+1| —» |Outputy

!

(2) (Inputx [— | -2/ —> | x3

- 204 -



2. Find the domain of possible valuesxdh the following function:

(1) y:3X2—5X+\/—3; (2) y:2XX_+21;
(5) y=+/2x-5; 6) y=x+Jx+2:
(7) X+2

y_x2+5x+6'

3. For the functiony = x*—3x+ 4, fill up the following table for

the corresponding values yf
X -2 | -1 0 1 1% 2 3 4
y
. 2x+1 . .
4. For the functiony= > find the value of the function
X_

when x=3, -4, 0, —%, J2 respectively. Whenx =a*+3,
what is the value of?

5. For the functiony=2x*-5x+ 3, what are the values of the

function when x=0 and 2 respectively. What value »fwill
cause the value of the function to become 0?

6. At 0°C, the volume of a copper is 1000 trRor each1°C rise
in temperature, the volume of the sphere will iasee by 0.051
cm®. Write the function of volum& in terms of temperatur€ ,
Use the function to find the volume of the spheréemw
temperature is increased @00 C.

7. For an isosceles triangle, write a function ofapex angley in
terms of theébase angle . Find the domain of possible values of
X.
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8. Given thatx andy are related by the following equation. Write
the function ofy in terms ofx:
(1) 2x+4y=12; (2) xy=15;

@ CoArI=-6 @) x=p
©) ¥=4x (y201 (6 y-2x=0.

9. For the functiony=ax+b (wherea, b are constants). When
x=1, y=7.Whenx=2, y=16. Find the values d andb.

10.The length of a spring and its attached weightabelated in the
following table:

x(kg)| 0 | 2| 2| 3| 4| 5| 6| 7| 8

y(cm)| 12 | 12,5 13 | 13.5] 14 | 145 15 | 15.5 16

Assuming thay is related tox by the function y=ax+b(a and

b are constants), Use any two pairs of values int#ide to
calculate the valus @ andb. Use other two pairs of data to see
if the same result can be obtained.

11.The following table records the temperature atedéht hours on
a certain day:

Time(hr) | 0| 2| 4|6 |8|10(12|14|16|18|20|22|24

Te”("f,’gr)at“re—z -3|-4/0|4|7|9|10/85 7|35 1|-1

Plot a graph of time and temperature based on tiaes
recorded in the table.

12. The following graph shows the average daily temipegaof a
certain month. Based on this graph, find the foifgy:
(1) The highest and the lowest average daily teatps in the
month;
(2) The biggest amplitude of change of averageydail
temperature in the month.
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Daily temperature C)

204
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144
12
10
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6
4
2_
0

T | T | T | T | T | T | T | T » Day
2161101141181 22126130

4 8 12 16 20 24 28

(No. 12)

13. Draw a graph for the following function:
(1) y=4x; (2) y=3x+1;
(3) y=-2x*; (4) y=2x*-1.

I11. Directly Proportional Function and
Inversely Proportional Function

145 Directly Proportional function and itsgraph
1. Directly proportional function

Let us study the following examples:
(1) To apply fertilizer to a field, each acredfiefd will require
1.5 kg of fertilizer. The function showing the rédaship of weight
of fertilizery (kg) required in terms of the area of the figl(hcres).
is
y=1.5x.
(2) The density of copper is 8.9 gftrThe function between
the weight of coppeW (g) in terms of its volum¥ (cnr) is
W=8.9v.
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In example (1), the relationship of variableglivided by X,

namely Y Is a constant. Similarly, in example (2), the tielaship
X

of Wdivided byV is also a constant. In mathematics, this relakigns
is called directly proportional. Here we call fuiocis like y=1.5x,

W =8.9%v directly proportional functions.

In general, function likey =kx (k is a constant not equal to
zero) is called directlproportional function (variablesy andx are
directly proportional). The constatis called the scale factor of
variablesy andx . In arithmetick is restricted to a positive number.
Now we can extend the concept for k to take anyzem number,
positive or negative. Once the value of the scatgof k is known,
the directly proportional function is specified.

[ Example 1] The circumferenc€ of a circle is directly
proportional to its radius. It is known that when
r=2 cm, C=12.56 cm.

(1) Find the function C in terms of
(2) Find the circumference of the circle whadius
is 3.5.

Solution (1) AsC andr are directly proportional, we have
C=kr.
Substitutingr =2, C=12.56 into the equation, we
have
12.56= Xk
k=6.28
C=6.28
(2) Whenr =3.5,
C=6.28x 3.5= 21.9.

2. Directly proportional function and itsgraph
Let us plot the graph of the functigr 2x.
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From the domain of possible valuesxppick some values of,
calculate the corresponding value yffor each value of, and
tabulate the result as follows:

X -2 -1 0 1 2
y | | 4| 2|0

For each pair of values in the table, we can thletpoint on the
rectangular coordinate system. Connect the poaggsther to form a
graph. We note that the graph of the functigrs 2x is a straight
line passing through, inter alia, the poi@®, 0), andA(1, 2). (refer
diagram 14-13).

y _ y
A y =2x y=-3X A

4 1 14

3 13

2 - 412

19/1 2 2-1\11 2
1-1 -1\ !
1-2 24 \i
4-3 34 -
44 —4-

Diagram 14-13 Diagram 14-14

Similarly, the graph of =-3x is also a straight line passing

through the point®(0, 0) andB(1,-3) (referdiagram 14-14).

In general, directly proportion functioy = kx is a straight line
passing through the poin®0, 0) andA(1, k). From now on we can
describe the directly proportional functiog=kx as the straight
liney =kx.

Because the graph of a straight line can be mated by two
points, when plotingt the straight ling =kx, we do not need to

mark more than two points. Usually we shall usetif pointsO(0,
0) andA(1, k) for convenience.

- 209 -

[ Example 2] On the same rectangular coordinate plane, draw the
graphs of the following functions:

1
=2X, Y=X, Y==X.
y y y 5

Solution BecauseO(0, 0), A(1, 2) are on the straight ling = 2x,

we can plot these two points and connect them siyagght
line. This straight line is the graph of the funaty = 2x.

Similarly, the straight line passing througk0, 0) andB(1,
1) is the graph of the functiory =x.The straight line

passing throughO(0, 0), C(l,%) is the graph for the

function y:%x (refer diagram 14-15).

y=-3x ¥

Diagram 14-15 Diagram 14-16

[ Example 3] On the same rectangular coordinate plane, draw the
graphs of the following functions:

1
=-3X, Y=—-X, Yy=—=X.
y y y 4

Solution The straight line passing through the poi®®, 0) amd
A(1,-3) is the graph for the functiony=-3x. The
straight line passing througb(0, 0), B(2,-2) is the graph
for the function y = —-x. The straight line passing through

0O(0, 0), C(4,-1) is the graph for the functiory:—%x
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(refer diagram 14-16).

From diagram 14-14 and diagram 14-15 we obas#rae
directly proportional function y=kx has the following
characteristics:

When k >0, thegraph y=kx isastraight linelyinginside
thefirst and third quadrants. y increases as x increases.

When k<0 , the graph y=kx is a straight line lying
inside the second and the fourth quadrants. y decreases as x
increases.

Practice

1. (Mental) Given thatx is an independent variable, whiofi the
following function is a directly proportional funoh? \Which
one is not a directly proportional function? Why?

1) y=-8x; (2 y=_—f; (3) y=8x%; (4) y=8x+1.

2. Is the function of the area of circle in terms itsf radius &
directly proportional function?

3. Given that variabley and x are directly proportional. When
x=2, y=15. Find the scale factor betwegrandx and writg

down the function of in terms ofx.

4. In the same rectangular coordinate plane, dravgtaghsof the
following functions:

—Zx y——gx y—§x y——éx
3 3 2 2

14.6 Inversely proportional function and itsgraph
1. Inverdly proportional function

Let us study the following examples:
(1) The area of a rectangle is 12%cnThe function between
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the basey (cm) and heightx (cm) is governed by the following
equation
12
y:;n
(2) To run a distance of 25 km, the function lestw the time
requiredt (hour) and the average speedkm/ hour) is governed by
the following equation
25

t v
In example (1), the product of the two variableand x is a
constant (equal to 12). Similarly, in example (g product of the
two variablest andv is also a constant. In arithmatic, we describte
the two variables as inversely proportional. Here aescribe the

: 12 25 . . :
functions y=—, t=— as inversely proportional functions.
X %

. K, .
In general, the functiony =— (k is a constant not equal to zero)
X

is called annversely proportional function (we say thay andx are
inversely proportional). In arithmatics,k can only be a poisitive
number. Here we can extend the concepkfty take any non-zero
numbers, positive or negative numbers. WHens known, the
inversely proportional function is fully specified.

[ Example 1] Given that the volume of a cylinder is unchanged,
and that when the height=12.5cm, its base area
S=20cn?.
(1) Find the function o&in terms ofh;
(2) When h=5cm, find its base area

Solution (1) If the volume of the cylinder does not change
base area and its heidhtare inversely proporational.
Therefore



Substitutingh=12.5, S=20 into the equation, we
get
20=_X_
12.5
k =250

Answer: the function is S:Z—EO

(2) When h=5cm,

S= 250_ 2_550= 50(cn)

Answer : when height is 5cm, the base area is 50cm

2. Graph of inversely proportional function

[ Example 2] Draw of graph of inversely proportional functionss
-5 andy = = :
X X
Solution The domain of possible values of x consists ohafi-zero
real numbers. Pick some non-zerp valuesxtofFor each
value ofx, calculate the corresponding valueyofTabulate
the results in the following table :

X[|=6| 5| -4 |-3|-2|-1/1|2|3|4|5
yl—-|-1]-1.2/-1.5-2|-3|-6|6|3|2|1.51.21

Regard each pair data as the coordinates of pomthe
rectangular coordinate plane. Plot the points ammuhect
the points in the first quadrant together. Thisegione part
of the graph. Then connect the points in the thuddrant.

This gives another part of the graph. These towtspar

together form the graph of the functioy=§ (refer
X

diagram14-17).
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Applying the same method, we can draw the grdpine

function y = ) (refer diagram 14-18).
X

T T T

O |Frwb oo

Diagram 14-17 Diagram 14-18

In general, the graph of an inversely proportiohaction

y:E (k#0) is called ahyperbola, which consists of two
X

Separ ate parts.
From diagram 14-17 and diagram 14-18, we canladacthat
inversely proportional function y:E has the following
X

characteristics:

(1) When k>0, the graph consists of two separate parts,
one part lies in the first quadrant and the iother part
liesin thethird quadrant. In each quadrant, y decreases
as x increases;, when k <0 the graph consists of two
separate parts, one part liesin the second and the other
part lies in the fourth quadrant. In each quadrant, y
INcreases as X INcreases.

(2) Both parts will approach to but will never touch the x
axisand they axis.
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Practice
(Mental) In the following questions, are the two variables
inversely proportional? Why?

(1) Consider the variable of the distance tredend the
variable of the uniform velocity, when an objgetvels
for a fixed period of time under uniform vlogity

(2) Consider the varible of the uniform velodityd the
varible of the traveling time, when an object tiawvever &
fixed distance.

Given that thaty and x are inversely proporti@ and tha

whenx=3, y=7. Find the following:

(1) the function oy in terms ofx;
(2) the value oy when x= 2?1% ;

(3) the value ok when y=3.

3. In the same rectangular coordinate plane, diiagv following
graphs:
5 -5
y=—, y=—.
X X
Exercise 5

1.

In each of the following questions, classify whettiee variables
are (i) directly proportional (ii) inverselyggostional
(i) not proprotioanl

(1) given that the length of the base line of argle is
unchanged, consider the variable of area andahable
of height;

(2) given that the area of a triangle is unchangedsider the
varibable of the length of its base line anduheable of
its height;

(3) given that the weight of an object is unchahgensider
the variable of its volume and the variabletsfdensity;
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(4) given that the volume of an object is unchahgensider
the variable of its weight and the variabletsfdensity;

(5) the age and weight of a person;

(6) given that the divisor in a division calcutatiis unchanged,
consider the variable of the dividend and thealde of the
quotient;

(7) given that the dividend in a divison calcwatis
unchanged, consider the variable of the divesat the
variable of the quotient;

(8) x+3 andx;

(9) given that xy =18, consider the variable gfand the
variable ofx;

(10) given thatx+y =18, consider the variable gfand the

variable ofx.

. Given thaty and x are directly proportional and that when

x=8,y =6, find the corresponding values\of
(i) when x=3 and (ii) when x=-9.

. Given thaty and x* are directly proportional and that when

x=2,y =16, find the following:
(1) the value oy when x=-4;
(2) the value ok when y=64.

. In the same rectangular coordinate plane, drawgthphs of the

following functions:

3 5
=—X, =——X, :2.5X, =-0.6x.
y ) y 5 y y

. Given that a and b*> are inversely proportional and that

whenb=4, a=5, find the value of a wherb :g.

. The area of a rectangle is 24%rits length is< cm.

(1) Find the widthy;

(2) Write the function of the width in terms of tlength of the
rectangle. Write down the domain of possible valokes
length. Draw the graph of the function.
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7. In the same rectangular coordinate plane, drawgtaphs of the
following functions:

xy=1, xy=-1, xy—-2=0, xy+2=0.

8. It is known that (i) y=y,+y,, (i) y,, and x are directly
proportional, (iii) y,and x* are inversely proportional, (iv)
when x=2 and also whenx =3, the value of is equal to 19.
Find the function foy in terms ofx.

9. It is known that (i) y=y,+Yy,, (ii) y,and x are directly
proportional, (iii) y,andx are inversely proportional, (iii) when
x=1land y=4, (iv)when x=2,y=5.

10.Find the value of y wherx=4.

IV. The graph of a function of first degree

14.7 Function of first degree

Let us study the following examples:

(1) Having left statio for 4 km, a car continues in the same
direction and travels at a speed of 40 km/hourtfbours. Aftert
hours, the car is at a distance efkm from stationA, and the
distances km can be represented by the following function

s=40t + 4.

(2) At the start of the drilling process, the gask of an
excavator has 40 kg of fuel. The escavator burkg @f fuel for each
hour in operation. After t hours in operation, theount of fuel
remaining in the gas tar® (kg) can be represented by the following
function

Q=40-a=-a+ 4C
The two functions above are in the form gpf=kx+b(k # 0).
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In general, function of the forny=kx+b is called afirst
degree function of x. Herex is a variablek andb are constants, and
k#0.

If b=0, then the functioy = kx+bbecomey =kx, which is a
diriectly proportional function studied above. Téire a directly
proportional is only a special case of the genfarstldegree function
of the variable.

[Example] A car travels at an average speedwf km/minute
from stationA via stationB to stationC. It is known
that, 9 minutes after passing through staBpthe car
is at 10 km from statioA, After another 15 minutes,
the car is at 20 km from statidn What distance is
the car from statioA after another 30 minutes?

Solution Let the distance between statighandB be s, km. After
leaving statiorB for t minutes, the distancekm of the car
from stationA can be represented by tfeemula known in
Physics as

S=Vt+s,.
Substituting the two known values &f=10 at t=9 and

of s=20 at t=24 to the formula, we get
10=9v, +5,
{20: 24/, + s,
We obtain two simultaneous equations of the fiegjrde in
two unknowns.
Solving the simultaneous equations, we get
2

vV, =—, =4,
073 %
s:gt+4

3

When t =54, s:§><54+ 4= 40(km).

Answer: At 54 minutes after leaving stati@) the car is 40 km from
stationA.
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In the above example

(i) We first establish the relationship ®&s represented by the
function s=vt+s,, where v,, s, are unknown
coefficients.

(i) Then based on two sets of known values teatl0 at

t=9 andthats=20 at t =24, we obtainedy, =§,

S =4.

This method allows us to establish the functiomgissome
unknown coefficients and then solve this equatioasing on some
given conditions. This method is calleshdeter mined coefficient
method. This method of solving problem is a common tegbai
used in mathematics

Practice
Given that y—3 and x are inversely proportional and thather
X=2, y=17.

(1) Write down the function forin terms of;

(2) When x=4, what is the value of;
(3) When y=4, what is the value of

14.8 Graph of first degree functions
Let us draw the graph of the functioylzgx+4, and compare

it with the graph of the functiony = g X.

As usual, we pick a few values ferand fill up the following
table:

X 2 -1 0 1 2
2 4 2 2 4
y:_x —_ - 0 — —
3 3 3 3 3
y:gx+4 _ﬂ+4 _Z+4 4 2+4 ﬂ+4
3 3 3 3 3
-219-

The graph is drawn in diagram 14-19

Diagram 14-19
We can observe that, for each value »f the function

y:§x+4 is greater than the functiony=§x by 4 units.

Therefore, the straight Iiney:%x can be moved upwards by 4
units to form the graph of the functioy=§x+4. So we know that
the first degree functiony:§x+4 is parallel to the straight line
yz%x and passes throught the point (0, 4)

In general, the graph of the first degree functip=kx+b is
parallel to the straight liney = kx and passes through the pointigp,
Therefore, we call the graph of the funcitonkx+b a straight
liney=kx+b.

The straight liney =kx+b cuts they-axis at the poinB(0, b).
Here b is called the intercept of straight ling=kx+b with the
y-axis or called in shorthe y-inter cept.
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A first degree function y=kx+b has the following
characteristics:

When k>0, y increases as x increases;, when k<0, y
decreases as x increases.

We know that the position of a straight line d@ndetermined
by any two points on the line. So, to draw the grap y=kx+b,
we shall first need to find any two points on thee) then we can
draw a line passes through these two points to themgraph.

[ Example 1] Draw the straight liney = % X+2.

Solution First calculate two
points on the line. Y
When x=0, y=2;
wheny =0, x=-4.
Next, draw a straight
line passes through the
pointA(O, 2) and the
pointB(—4, 0). This is
the required line Diagram 14-20
(diagram14-20).

[ Example 2] A spring is in its original length of 12 cm whereth
is no load of weight attached to it. It can garoad
no more than 15 kg. For every load of 1 kg ities,

its length would increase b% cm. Write the

function of the length of the spring(cm) in terms
of the load of weight it carries,(kg). Draw a graph
of the function.

Analysis: As a load of every 1 kg added to the spring,I¢émgth of
the spring is increased b%cm. Therefore a load ofkg

-221 -

added to the spring will increase the length of ¢hang
by %xcm. Because the original length of the spring is 12
cm, when a load of weightkgis attached to it, the length

of the spring become%% x+12j cm.

Solution With the above analysis, we know that the funcfmmy in

terms ofx is
y=%x+12 (0<x<15).

(The inequality of 0< x<15 inside the bracket shows the

domain of possible values wi)
Let us draw the liney :%x+12 (0< x<15).

When x=0,y=12; when x=15, yzlgé.

Plot the two pointsA(0, 12) and B(15,19%) on the
rectangular coordinate plane., Connect the pdiraadB.

(Think for a while: why don't we extend the line labth
ends beyond the poingsandB?).

AB is the required graph (refer diagram 14-21).

(cm)
y
20 B
15
10HA
5

1 1 1 1 > (kg)
(@] X
5 10 15 20

Diagram 14-21
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Practice

In the same rectangular coordinage platraw the graphs of tf
following functions, and compare them with theaph of thg

straight liney = % X.

1 1
1) y==x+4: 2) y=—x-2.
1)y . 2) y :

(1) Given that a first degree functiop=kx+2 has the
value 4 atx =5, find the value ok;

(2) Given that the straight lingg =kx+2 passes througtine
pointP(5, 4), draw this line.

1.

Exercise 6
It is known that if pressure remains the same rétetionship of
the volume of a gas and its temperature is givethbyfunction

V, =V, +0.003%t, whereV, is the volume of the gas at
temperaturet °C, V,is the volume of the gas at temperature
0°C. Now we have a certain amount of the gas with quies
kept unchanged. AD°C, the volume of the gas is 100 L. Find
the following:

(1) The volume of gas aB0O°C.

(2) At what temperature will the volume of the gg@Eome
101 L.

It is known thaty = P+ z, whereP is a constant, ardis directly
proportional tax. Whenx=2,y=1. When x=3, y=-1.

(1) Write down the function of y in terms xif

(2) Find the value of when x=0;

(3) Find the value ot when y=0.
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. Given that y+b is directly proportional tox+a (wherea and

b are constants).,

(i) Prove thay is a first degree function af

(i)  Whenx=3, y=5.Whenx=2, y=2.Writeyas a
function ofx.

. From experiment, it is known that the volume ofohlal is

approximately a first degree function with its teergture. AThe
volume of a certain amount of alcohol GrCis 5.250 L. Its

volume at 40°C is 5.481 L. Find the volume of the alcohol at
10°Cand the volume of the alchol &0°C.

. Sound travels in air at a speedvdin/second) which is related to

the air temperatue (°C) by the functionv=331+ 0.6t . Draw

the graph of this function. From the graph, fineé tspeed of
sound (i) whent =-5°Cand (ii) when t =15°C.

. (1) Given that a first degree functiop=kx+b has the value

of 9 wherx = -4, and has the voalue of 3 when=6.
Find the values df andb;

(2) Given that the straight lingy =kx+b passes through the
point (-4, 9) and the point (6, 3), find the valueskandb.
Draw the straight line.

. (1) Inthe same rectangular coordinate plane, dinevgraphs

of the following lines:
y=2x+3, y=2x-3, y=-x+3, y=-x-3.
(2) Do these four lines from a parallelogram? Why?

. (1) Inthe same coordinate plane, draw the graphseo

function y=3x-2 and the functiony =2x+ 3;
(2) From these graphs, find the valuex@it which the
function y=3x—-2 and the functiony =2x+ 3 have the

same value;
(3) In a similar manner, draw graphs to solve tipgagion
6Xx+3=4x- 7.
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9. If the graph y=kx+bfalls in the quadrants specified below,
sketch the graph and identify the sign&ahdb.
(1) in the first, second and third quadrants;
(2) inthe first second and fourth quadrants;
(3) inthe first, third and fourth quadrants;
(4) inthe second, third, and fourth quadrants.

10.Draw the graph of the function=3x+12. From the graph:

(1) find the corresponding values yfwhen x=-2, -1,

NP

respectively.

(2) find the corresponding values»ohen y=3, 9, -3
respectively.

(3) find the coordinates of the two points where ginaph cuts
thex-axis and theg-axis, and also the distance between
these two points;

(4) solve the equatior8x+12= 0;

(5) solve the inequality3x+12> 0;

(6) ifyhas avalue betweer6< y< 6, find the domain of
possible values of

V. Graph of function of second degree

14.9 Function of second degree

Let us study the following examples:

(1) The side of a squarexs(cm), then its areq is related to
its sidex by this function

y =X (cn)

(2) A factory produces 50 sets of TV in the fisbnth. Its
production rate increases from month to month steady rate x(%).
The production in the third monthis related tax by the following
function

y =50(1+x},
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That is,
y =50x* + 100+ 5C.

In the above function, the independent variatih@as the highest
power of 2. The function with a general form= ax® + bx + ¢c(where

a, b, ¢ are constants, and#0) is called afunction of second
degree.

Practice

1. Arectangular wooden plank measuassm long and cm wide.
If both the length and the width are shortenedloyn. find the
function that relates the area of the plgriknt) tox (cm).

2. The height of a cylindeh (cm) is of constant value. The
circumference of the circular baseGs(cm). Find the function
which expresses the volume of the cylintfefcn?) in terms of
the circumference of the circular baseCofcm).

14.10 Characteristic of graph of function y =ax?

Let us first study the characteristics of somec#fr graphs of
second degree functions. After that, we shall sthe@ycharacteristics
of second degree functions in general.

[ Example 1] Draw the graphs of the functign= x> and of the
function y=-x°.
Solution From the domain of possible valuesxpbick some values

for x, calculate the corresponding values for functi@nd
fill in the following table:

1 1 1 1
il o =12 1| == = 1=
X 2 > 1 2 0 > 1 > 2
4 4 4 4
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Regard each pair of data as the coordinates ofgpomthe
rectangular corrdinate plane and plot the pointsreth
Connect these points smoothly, and it will form tdraph

of the functiony = x* (refer diagram14-22).

y , y
A y =X A
= 7 O _
. I I I I I I > X
y .
— O 7
y=-x
Diagram 14-22 Diagram 14-23

In a similar maner, draw the graph of functyon—x>
(refer diagram 14-23).

[ Example 2] Draw the graphs for the functi(yn=%x2 and the
function y=2x.

Solution We first draw the graph for the functigr:%xz. From the

domain of possible values of pick some values fox,
calculate the corresponding values for the functicend
fill in the following table:

x []-4]-3]-2

y=x’|--| 8 | 4= | 2

NIFR|

=
|
N

- 227 -

Regard each pair of the data J oy=2x
as a point on the rectangul
coordinate plane, and plot
the points there. Connect the
points by a smooth line, and
it will form the graph of the

function y:%x2 (Refer

diagram 14-24).

In a similar manner, draw the  DPiagram 14-24

graph of the functiony = 2x* (refer diagram 14-24).

The graph of functiony = ax® is like the trajectory of an object

being thrown into the air and fell back to the grauThe shape of
the trajectory is called jparabola (though it is turned upside down).
The parabola is symmetric on both sides of thaxis. The line of
symmtry (in this case, it is thg axig is called thesymmtry line.
The point of intersection between the parabolataedsymmtry line
is called thevertex. In this particular case, the vertex of the
parabolaisthe origin.

From the diagrams 14-22, 14-23, 14-24, we obseratesecond
degree function of the formy=ax®> has the following
characteristics:

(1) thevertex of parabolay=ax” istheorigin, and the
symmtry lineisthey- axis.

(2) when a>0,theparabola y=ax* liesabovethex axis
(vertex ison thex axis). Itsmonth opens upward, and
extends upward to infinitely;
when a<0,theparabola y=ax* liesbelow the x axis
(vertex ison the x axis). Itsmouth opens downward,
and extends downward to infinity.
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(3 When a>0, on theleft sideof the symmetric axis, y Solution From the domain of possible valuesxppick somevalues

decreases as x increases; on theright side of the of x, calculate the corresponding values of the functions
symmetric axis, y increases as x increases. Function y is and fill in the following table:
at itsminimum when x =0. X |-6|-5|-4|-3|-2|-1|{0|1|2]|3]|"-
When a<0, on the left side of the symmetric axis, y 1, 1 1 1 1
increases as x increases, on the right side of the y=§x 4E 2 3 0 3 2 45...
symmetric axis, y decreases as X increases. Function y is 1 1 1 1 1
at tismaximum when x =0. y==(x+3)? [-|4=| 2| = |0 | = |2 4=
2 2 2 2 2
Practice y:l(x+3)2_2 .ol 0 L. -2 L 0 o1
1. In the same rectangular coordinate plane, dravgtaghs of the 2 2 2 2 2
following functions and compare their positions: Plot the points and connect them to obtain thetwdefer
2 2 diagram 14-25).
(1) y=§x2: 2) y=->x".

3 y=t(x+3y y
2. The area of a circle is given by the forrmuka= 7ir>, wherer 2
is the radius, and is the area. Take the valuerds 3.14. 1
(1) Forr=3,5, 2.5 (cm), respectively, find the y=§X2
corresponding values of the area of the circle;
(2) Draw the graph of the functiod=7r?(0<r < 8);
(3) From the diagramfind the corresponding values of
radius when A= 20, 40, 60 (crf) respectively.

1 2
=—(x+3)" -2
y 2( )

1411 Characteristic of graph of function :
y= ax’+bx +c Diagram 14-25

From the diagrams, we observe that,
[ Example 1] In the same coordinate plane, draw the graphseof th

following functions () if the graph of the functiom:%x2 is moved to the left by
1
y ZEXZ 3 units, it becomes the graph ofy :%(x+3)2.
1 2 iy 1 . .
y =§(x+3) (i) if the graph of y =§(x+3)2 is moved down by 2 units,
1
YZE(X+3)2‘2 it becomes the graph oy:%(x+3)2—2.
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(iii) Because%(x+3)2 - 2:—;x2+ 3x+—§, so it is the graph of

=1y iax+.
2 2
From this we conclude that, the graph of function
y:%x2+3x+g and of function y:%x2 have the same shape,
except that they are located at different positionghe rectangular

coordinate plane. Obviously, the functiony:%x2 +3x+g
:%(x+3)2 —2 is smallest whenx=-3 and the smallest value is

-2 . Therefore, the parabolyaz%x2+3x+—2 has a vertex at

(-3,-2), and the symmetry line passes througt8,-2) and is
parallel to they axis Thse symmtry linds the linex = -3.2

In general, the graph of functiog = ax* +bx+c has the same

shape as the graph of function=ax*, only that it is located at
different position in the rectangular coordinatend. Because
y=ax’+bx+c

_ (2 b cj
—a| XX +=x+=
a a
2 2
:a{x2+2. b x+(£) _(ﬁ) +E}
2a 2a 2a a

_ ( bjz 4ac - b?
=al x+— | +

2a 4a

2 T Straight linex = -3 | : means a straight line made up of all points with
x-coordinates equal to -3. The line is paralleh®yt -axis. In general,  straight

line x=h ; means a straight line parallel to §xaxis and cutting the x-axis at
h.
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The graph can be obtained by moving the graptyefax’:

() when 2£ >0, move the graph ofy =ax® to the left by
a

b o
— units;
2a

(i)  when 2£ <0, move the graph ofy =ax* to the right by
a

units;
2a

)
(iii) when 4aiab >0, move the graph ofy =ax* up by

4ac-b?
4a
4ac-b’
4a

units;

(iv) when <0, move the graph ofy =ax®* down by

4ac -b?
4a

units.

We further note the following points:
(1) The graph of functiony =ax®* +bx+c is a parabola, and

_ K2
the vertex is located at the poi6t—£, 4ac-b

2a 4a

J , the symmetry

lineis x= —23 which is parallel ty axis.
a

(2) when a>0, the parabolay =ax®>+bx+c has its mouth
opened upward. Its vertex is the minimum poin. $emva >0 and
X= —23 , Y has the minimum value, which is

a

_dac-b*
min 4a
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— 2 H
(3) when a<o, the parabo!ay—ax +b>$+c has its mouth Solution Infunctiony:—lxz—Sx—g =-1, b=-3, c=—§,
opened downward. Its vertex is the maximum poin. @ten 2 2 2 2
b : I therefore
a<0and x=-—,y has the maximum value, which is )
2a _b__, 4ac-b p
_dac-b’ 2a 4da '
Yimax = da Another approach is to use the completing squarthaode
Summing up the above, &econd degree function for —Xx2—3x—>, then the function can be re-grouped
y=ax?+bx +c hasthefollowing characteristics: _ 2
(1) the vertex of the parabolay=ax*+bx+c is located at Into 1 1 1
—p? == (X’ +6Xx+5)=—=[(x+ 3 - 4]=—= (x+ 3 + 2.
(—3, 4ac-b j.Thesymmtrylineisthestraight Y 2( ) 2[( ) ] 2( )
2a 4a 1., 5 .
Therefore parabolg=-=x"-3x—-—= has symmtry line
linex =-—. 2 2
. 2a o x=-3 and vertex €3, 2).
(2) (i) when a>0,thegraph opensupward infinitely; From the domain of possible values of x, pick saaleies
(i) when a<0,thegraph opensdownward infinitely. of x, calculate the corresponding values of the funcéind
(3) (i) when a>0,ontheleft sideof thesymmtry line, y obtain the following table:
d_ecreas&asx increases; on the_rlght_sde_o_f the, x| ] 6] 51-a]=3]2]-11o0
y increases as x increases; function y is minimum 1 1 1 1
__ b . - : y | |22l 0 |1=| 2 [1=]| 0 |-2=
when x = 2a and its minimum valueis 2 2 2 2
a
4ac - b? Plot the points and connect them to obtain thetg(eefer

ta diagram 14-26).

(i) when a<0, ontheleft sideof the symmtry line,
yincreases as x increases, on theright side of the
symmetric axis, y decreases as x increases;

. . . b .
function y is maximum when x:—2— and its
a

. . 4dac-b°
maximum valueis .
4a
[ Example 2] Fnd the symmtry line and vertex of the parabola

y= —% X —3x—g and draw the graph. Diagram 14-26
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[ Example 3] For the second degree function= 2x* —8x + 1, find
its maximum or minimum value.
Solution y=2x*-8x+1=2k*— &+ 4y 8 E %- 2D)-
Becausea=2>0, thereforey has a minimum value.
When x=2,

ymin = _7 .

Practice
1. Use allocation method to re-write the following étion in the
form of y=a(x+h)*>+k. Find the symmtry line, the vertex and
identify whether the graph opens upward or downward
(1) y=x*-2x-3; (2) y=x*+6x+10;
(3) y=2x*-3x+4; (4) y=-2x*-5x+7,;

(5) y=3x*+2x; (6) y:gx—2—3x2.

2. Draw draw the graph of the following function:
(1) y=-x"-2x; (2) y=1-3¢;

1
(3) y=-2x>+8x-8; (4) y=§x2+3x+g.

3. (1) Find the values of the functigre 2(x—3Ywhen x=1, 2,

2.5, 2.9, 3, 3.1, 3.5, 4, 5 respectively. Atietr of these
points, the value of the function is the smaHe&/hatis the
smallest value of the function?

(2) Find the values of the functiory =4 - (x+ 2)° when
x=-5, -4, -3, -2, -1, 0, 1 respectively. At which of
these points, the value of the function is thedatg What i$
the largest value of the function?

4. Find the maximum or the minimum of the followingnfition:

(1) y=x*-2x+4; (2) y=-x*+3x;
(3) S=1-2-t%; (4) u=2V3+4v -5;
(5) V=-3t"+4t; (6) y=x(8-x);
(7) h=100- §2; (8) y=(x-2)(2x+1).
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1.

Exercise 7

(1) Let the flow speed beem/minute, find the function which
relates the volume of water(m®) flowing through a pipe
and the diametdd (m) of the pipe;

(2) the length of a side of a square is 3. If gregth of the side
is increased by, then its area is increased ayFind the
function which relateg andx.

2. Draw the graph of the functiory = x*and from the graph find

the following:
(1) when x=2, 2.4, -1.7 respectively, fomd the
corresponding values gf(accurate to 0.1);
(2) when x=1.2, (-2.3F respectively, find the
corresponding values gf(accurate to 0.1);
(3) when y=2, 5.8 respectively, find the corresponding
values ofk (accurate to 0.1);

(4) when y= J3, 8 respectively, find the
corresponding values &f(accurate to 0.1).

For a second degree functionxnits value is 4 whenx=0; its

value is 3 whenx=1; its value is 6 whenx=2. Find this
function.

A parabolay =ax’ +bx+c passes through the three points

A(0, 1),B(1, 3),C(-1, 1). Find the value od, b, c and draw the
graph of this parabola.

i :1 2 :—§ 24 = 2+1
For the functions y 4x , Y 2x 2, y=X 2x ,
y=3x*—4x+1.
(1) Draw their graphs.
(2) Find their symmtry line, the coordinate of thertex and
the opening direction.
(3) From the graph, what values fill enable the value of
the function

- 236 -



() to be greater than zero; (ii) to be less tharo;
(iif) to be equal to zero.

VI. Simultaneous Linear and Quadratic Inequalities
In one variable

14.12 Simultaneouslinear inequalitiesin onevariable

We have learnt linear inequality in one varaldéobe. Now we
move on to study simultaneous linear inequaliesni@ variable.

A number of linear inequalities in one variablpemting
together constitute a group of simultaneous lineagualities in one
variable. Each of the constituent inequality h@ssolution set. A
solution set common to all the solution sets of twastituent
inequalities is the solution set of the group ohdtaneous linear
inqualities.

[ Example 1] Solve this set of inequalities
2X=1>x+1
X+8<4x-1

Solution The solution set of inequalitx—1>x+1 is x>2.
The solution set of inequalitx+8< 4x-1 is x> 3.
Therefore the solution set for this group of dilgneous
inequalities isx > 3.
Graphical representation of the solution set iswshan
diagram 14-27.

2 2L ’
2

Diagram 14-27 Diagram 14-28
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[ Example 2] Solve this group of inequalities
5x—2> 3(x+ 1)
1x—ls 7—§x
2 2

Solution The solution set for the inequalitx—2> 3(x+ 1) is

x>21.
2

The solution set for inequalit%x—ls 7——2x IS x<4.
Therefore the solution set for this group of digneous
inequalities isZ% <x< 4.

Graphical representation of this solution set isvah in
diagram 14-28.

[ Example 3] Solve this group of simultaneous inequalities
2X+3<5
{3x— 2> 4
Solution The solution set for the inequalRyx+3< 5 is x<1.
The solution set for the inequalityx—2> 4 is x> 2.
From this we know that there is no common solution
both solution sets. In other words, there is no loemthat

can satisfy both inequalities. Therefore the sotutset is
an empty set.

From the above, we know that the solution sea tgroup of
simultaneous linear inequalities in one variabls thee four different
situation .

Let a<b, then:

1. for the group of simultaneous inequalities
X>a
{x>b
The solution set isx > b (refer diagram14-29);
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K}( NX

a b a b
Diagram 14-29 Diagram 14-30

2. for the group of simultaneous inequalities
x<a
{x<b
The solution set isx < a(refer diagram14-30);

3. for the group of simultaneous inequalities
X>a
{x<b
The solution set isa < x <b (refer diagram14-31);

.

a b
Diagram 14-31

4. for the group of simultaneous inequalities
Xx<a
x>b

The solution set is empty.

Practice
Solve the following inequality group. If the solui set is nof
empty, draw it on the number axis:

xX>-4 x>-5 x<7
a){x<2 @){X>_3 6>{X<_1

x<0 2x-1>0 -3x<0
) {x>3 ®) {4—x>0 ©) {4x+7>0

|
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14.13 Inequality of theform |x|<a, |x|>a (a>0)
and its solution

Find the solution set fofx|<a, |[x|>a (a>0).

Example, solve| x |< 2.

From the definition of absolute value we know thiat|< 2
can be re-writem as a group of the following simuoéous

inequalities:
x=0
1
{X<2 @)
or
x<0
2
{_X<2 (2)

The solution set for group (1) iI8< x< 2.

The solution set for (2) is=2< x<0.

Therefore the solution set fofx|<2 is —-2<x<2 (refer
diagram14-32).

From diagram14-32, we know that the solution set|x |< 2
are the points within 2 units from the origin (ept¢he boundary
points).

X \ 1 1 11 1 »/: X
-2 (0] 2 -3 @] 3
Diagram 14-32 Diagram 14-33
Solve the inequality x |> 3.

The inequality can be split into a group of thaldwing
simultaneous inequalities:

x=0
1
{X>3 @)
or
x<0
2
{_X>3 (2)
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The solution set for group (1)xs> 3.

The solution set for group (2)Xs< -3.

Therefore the solution set fofx|> 3 is x>3or x<-3(refer
diagram14-33).

From diagram 14-33, we know that the solutionfget|x |> 3
are the points more than 3 units from the origircépt the two
boundary points).

In general, the solution set for inequality |<a(a>0) is

—a<x<a (refer diagrm 14-34).; the solution set for inddgya
|x|>a(a>0)is x>a orx<-a (refer diagram 14-35).

-a @) a -a -6 a
Diagram 14-34 Diagram 14-35

[ Example 1] Solve the inequality| 3x |< &.
Solution From the previous example we know that
-8<3x< 8.
Dividing both sides by 3, we get

—22<x< 23.
3 3

The solution set is—2§ < X< 2%.

[ Example 2] Solve the inequality] x—5|< 8.
Solution From the previous example, we know that
-8<x-5<8.
Subtract 9 from both sides, we get
-3<x<13.
The solution set is—3< x<13.

[ Example 3] Solve the inequality] x+ 9 |< 8€.

Solution From the previous example, we know that
-86< x+ 9< 8€.
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Subtract 9 from both sides, we get
-95< x< 77.
The solution set is-95< x< 77.

[ Example 4] Solve the inequality] x—3|> 5.
Solution From the previous example, we know that
X—3>5 or x-3<-5.
That is
X>8 or x<-2.
The solution setisx>8 or x<-2.

[ Example 5] Solve the inequality] x+ 6 |> 5%.
Solution From the previous example, we know that
X+6=>53 or x+6<-53.
In other words
X=47 or x<-59,
Therefore the solution set is>47 or x<-59.

Practice

1. Solve the following inequalities. If the solutioatss non empty,
draw the solution set on the number axis:

(1) Ix]<4; 2) [x]|> 4.
2. Solve the following inequalities:

1 1
1) [x+4p 9 2) =+Xx<=;
(1) |x+4p @ x‘ >
20 1
3) |2-x|= & 4) [x——=|<=.
3 | | 4) 313

14.14 Quadratic inequality in onevarable

If an inequality consists of one variable and highest degree
of the variable is twothen the inequality is called quadratic
inequality in onevarable. Its general form is

ax’+bx+c>0 or ax’*+bx+c<0 (az0).
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We shall use our knowledge of the graph of secdegree
function to discuss the solution to quadratic iredify in one varable.

For example, for the second degree funcfierk’ —x-6, we

shall find
(1) what values ot will resultin y=0;

(2) what values ot will resultin y>0;
(3) what alues of will resultin y<0.

Draw the graph of parabolg = x*—x-6. As seen in diagram
14-36 the graph and the axis intercept at €2, 0) and at (3, 0).
These two points divide theaxis into 3 sections. From the graph
(refer diagram 14-36), we can answer the three tmunss posted
above:

(1) when x=-2, or x=3, y
y:O’ A .,

(2) when x<-2, or x>3, y=X"-Xx-6
y>0; i

(3) when -2<x<3, y<0. i

So parabola y=x*-x-6 y>0 \
intercepts thex axis at two points, -2\ O
which are the real roots of the
equation x*-x-6=0 . Equation
has two real roots (unequal real roots)
X =-2, X =3. In this case, the o
solution set of the inequality i
x> -x-6>0 is

X<-2,0r x>3;
The solution set for the inequality’> -=x-6<0 is
—-2<x<3.

In general, for the second degree functienax® +bx + ¢ (a >0),
we construct another a function (called the disgrant) with
formula A =b? -4ac and calculate its value

Diagram 14-36
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1.

2.

y>0\ /y>0
> X

if A>0, then the parabolay = ax* +bx+c andx axis
have two interception points (refer diagram 14-3He two
intersection points are the real roots @’ +bx+c =0,
which we denote byx, and x, (X <X,). Then the

solution set to the inequalitgx® +bx+c¢>0 is
X< X, 0r X>X,;

The solution set to the inequaligx® +bx+c<0 is
X < X< X,.

XLY y<0 X, g y>0 y>0

Ol X =X
Diagram 14-38

Diagram 14-37

if A=0, y=ax®+bx+cand thex axis have only one
interception point (refer diagram14-38), That metiues
equation ax’ +bx+c=0 has two equal roots,

X =X, = —23. Then the solution set for the inequality
a

ax’ +bx+c>0 consists of all real numbers not equal to

—2£ and the solution set to the inequaligx® +bx+c<0
a

is empty. y
if A<O0, then the parabola 4
y = ax® +bx+cand thex axis
have no interception point

(refer diagram 14-39). That
means the equation >0

ax’ +bx+c=0 has no real 5 > X

Diagram 14-39
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root. Then the solution set of the inequaliéx® +bx+c>0
consist of all real numbers, and the solution $#t®
inequality ax®+bx+c<0 is an empty set.

If the coefficient of the second degree variaBlaegative (that
is a<0), we can transpose all the terms to the other sfd&he
inequality sign, in which ase the coefficient oeteecond degree
variable will become positive (that isa becomes the coeffient,
and —a>0). Then we can use the above method to find thatisal
set.

[ Example 1] Solve the inequality(x+4)(x-1)< 0.
Solution In the expansion of(x+4)(x-1), it is noted that the

coefficient ot the second degree variable is pasitso the
shape of the graph opens upward infinitely. Itisoaoted
that the roots of(x+4)(x—-1)= 0 are

x=-4, x,=1.
Therefore the solution set is
-4<x<1.

[ Example 2] Solve the inequality2x® — 3x— 2> 0.
Solution BecauseA =b’-4ac>0, there are two roots in the
equation. Solving the equatioBx” - 3x— 2= 0, the roots

are
1
=-2, x =2.

Therefore the solution of the equality is

x<—1 or x>2.
2

[ Example 3] Solve the inequality-3x* + 6x> 2.
Solution Transpoing all terms to the right side, we can rigenthe
inequality as
3x* - 6x+ 2< Q.
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Becaus& >0, there are two real roots in the equation.
Solving the equation3x” — 6x+ 2= 0, the roots are

J3 3
=1-—, X, =1+—.
% 3 % 3
Therefore the solution set of the inequality is
V3 NE

1-—<x<1l+—.
3 3

[ Example 4] Solve the inequality4x® — 4x + 1> Q.
Solution BecauseA =0, there are two equal roots in the equation.
Solving the equatiordx® — 4x+ 1= 0, the two equal roots
are

2l
X =% >

Therefore the solution set of the inequalitgny real

number not equal te;—.

[ Example 5] Solve the inequality-x* + 2x-3> 0.
Solution Multiplying both sides by-1, we get
x* - 2x+3< 0.

Because A<0Q, there is no real root in the equation
x* —2x+3=0. Hence the solution set of’ -2x+3<0
Is empty. So the solution set of the original irsdy
-x?+2x-3> 0 is empty.

[ Example 6] What value ofnwould enable the equation

x> —(m+2)x+4=0 to have real roots?

Solution The discriminant of the equatioA =b® —4ac is
[-(M+2)]” -4x1x4=m*+ 4m- 12.
We know that, if the discriminant is greater tloairequal to
zero, then the equation has real roots.
Solving the equatiorm® +4m-12= 0, we get m=2or
m=-6;
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Hence, we know that fom® +4m-12> (, it is required
that m<-6 or m>2.

Therefore whenm< -6 orm= 2, the original equation
has real roots.

Practice
1. Solve the following inequality:

(1) (x+2)(x-3)>0; (2) x(x-2)<0;

(3) 3x°-7x+2<0; (4) 4x*+4x+1< (Q;

(5) —6x°-x+2<0; (6) x(x-1)<x(2x-3)+ 2

1 1

(7) x*+10= 6x+1; (8) x2—4§x+5§s 0.

2. What value(s) ok would enable the functiorny = x* —4x+1 to

take on the value of:
(1) zero? (2) a positive number?3) a negative number

3. What value(s) of would enable the function of/x* +x-12
to be meaningful?

4. What value(s) ok would enable the following equation to hé
real roots?

e

X? +2x-11=k (3-x)

Exercise 8
1. Solve the following simultaneous inequalities:
) 5x+ 6> 4x _ @) X=3(x-2)z 4
15- < 10~ &’ I 2 -1
5 < X_+1 Xx+2>0
@3) 2. 5. 4) Ix-4>o0.
2X—1<i1 «—6<0
5 2
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. Solve the following simultaneous inequalities:

o [

(3) |x-6Kk 0.00;

57 @ 10ckZ;

4) 3<|8-x|.

. Solve the following simultaneous inequalities:

(1) 4x°-4x>15; (2) 14- 4 =2 x;

(3) x(x+2)<x(3-x)+1.

. What values oz would enable the following functions to take

on values which are (i) greater than zero? (iQuatto zero?
(i) less than zero?

(2) y=x*-14x+ 45;
(4) y=-x*+4x-4.

(1) y=25-x
(3) y=x*+6x+10;

. Find the domain of possible values »ffor the following

function:
W y=r=: @) y=Vx -4
(3) y=+x+2Jx-2; (4) y=+-x*+2x-1.

(1) What value(s) om would enable the following equation to
have different real roots?
x* +2(m-1)x+ 3In’ = 11
(2) What value(s) o (m# 0) would enable the following
eqguation to have real roots?
mx* —(1-m)x+m=0

. Prove thatthe following equation will have real roots for any

value ofk
x> —(k+1)x+k=0.

. What value(s) ofk would enablethe following simultaneous

equations to have a real number solution?
x> +y*=16
Xx—y=Kk
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Chapter Summary

I. This chapter teaches about functions and gra@mnd
covers the following topics: (i) plane rectangutamordinate system
and distance between two points, (ii) concept apfasentation of
functions, (iii) directly proportional functionspversely proportional
functions, (iv) first degree functions and secorefjrée functions,
their graphs and characteristics, (v) linear indiguan one variable
(unknown), quadratic inequalities in one variahhel @heir solution
methods.

II. In plane rectangular coordinate system, eyant on the
plane corresponds to a pair of real numbers. Tlsese one-to-one
correspondence between a point on a plane anddamneor pair of

real numbers. If we leB(x,y,), B(X,,Y,) be two points on a
coordinate plane, then the distance between poifit@indP, is
given by the formula

RPR, = \/(Xz_ X1)2 +(Y,— YJ)2

lll. Observing objects in the world, the motioh all objects
can be classified in two different states, namelselatively static
state and a relatively dynamic state. In algebh@ two states
correspond to the concept of an unknown value baiognstant or a
variable. Whether an unknown is a constant or abkr depends on
the circumstance, When circumstance changes, the stff an
unknown being a constant or a variable may intergha

IV. Not all variables change independently. Saraeable may
change interactively with other variable. The ifmgationship
between variables may be depicted by a functioe. flihctions tells
how the change of one variable may affect the valuéhe other
variable. There are different ways to representirectfon, the most
common ones being the analytical method, the tabukthod and
the graphical method.

V. The first degree functiory = kx+b(k #0) is the simplest
function. Whenb =0, the first degree function becomes a directly
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proportional funcitory =kx/ Its shape and characteristics are as
follows:

First degree functiony =kx+b(k #0)

b=0 b#0
(function becomegy = kx)

k>0 k<O k>0 k<O

I/ Q b>0 b>0

/I ’\ b<0 b<0

VI. The graph of inversely proportional functiyn:FE(k £0)
X

[
»

contists of two separate curves.

VII.The shape of second degree functenax® + bx+c(a# 0)
is a parabola, symmetric on both sides of the sysnhme x = —2%1 :

2
with (_E 4ac—b

2a’  4a
case a>0 (also 3 situations for the case<0):

j as its vertex. There are 3 situations for the

, b ,
() whenx< B y decreases (increases far<0) as the
a
value ofx increases;
. b - .
(i) when x= o5 y has a minimum value (maximum value
a

_ 2
for a<0) of dac—b ;
da

(i) when X>_2%1’ y increases (decreases far<0 ) as the

value ofx increases
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VIIl.The following table tabulates a comparistetween a
general second degree function, a quadratic equatione variable
and a quadratic inequality in one variable undéeint values of
the discriminant:

Discriminant

A b — dac A>0 A=0 A<0

y y y

Graph of Second
degree function
y=ax’ +bx+c X O [%

(a>0)

» X
O|X1:X2 Ol

Roots of Quadratic Two unequal roots| Tyo equal

Equatl(_)nblln one _ —bx+/b*-4ac roots No real
variable X, , = > b root
ax’ +bx+c=0 a X=X =m0
(a#0) (% <x) a
> All real
= 2
g ax“+bx+c>0 X< X% 0rX> X, numbers nbot r,lo\llrr:(ta;alr
o (a>0) equal to —— | MUMBers
e 2a
O
IS
©
B a2 +bx+c<0
S <X<X Empty set | Empty set
S (a>0) X 2 pty pty

IX. The solution set of a group of simultaneousedar
inequalities in one variable is the solution semowmn to all the
solutions of the constituent inequalities.
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X. When a>0,
() the solutionsetofixka is —a<x<a;

(i) the solution setoffx|>a is x>a, or x<-a.

Revision Exercise 14

. On a rectangular coordinate plane,

(1) For any point in the first quadrant, what ig sign of itsx
coordinate and what is the sign ofytsoordinate?

(2) For any point in the fourth quadrant, whaths sign of itsx
coordinate and what is the sign ofytsoordinate?

(3) If they coordinate of a point is negative andxtsoordinate
is positive, which quadrant does the point lie in?

(4) If they coordinate and thg coordinate of a point are both
negative, which quadrant does the point lie in?

. If R(0, 2), P,(8,-4), R(5-8), P,(-3,-2) are the four

vertices of a quadrilateral, (i) is it a parallei@m? (i) is it a
rectengle? (iii) draw this quadrilateral on the hoate plane.

. The VWolume of a cylindrical cone is given by thernfoula

V :%mzh, whereV is the volumer is the radius of the circular

base andh is its height.
(1) whenr is constant, what is the relationship betw&emdh?
(2) whenh is constant, what is the relationship betw&eand
the area of the bage(whereA= 7r?)?
(3) whenV is constant, what is the relationship betwéeand
h?
(4) whenV is constant, is the relationship betweenand h
inversely proportional, and why?
(5) when r =1, draw the graph that show the change of value
of Vin relation toh.
(6) whenV =6, draw the graph that shows the change of value
of Ain relation toh.
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4. The volume of wate€(L) that flows out of a pipe in relation to

time t (second) is given by the functio@ =kt, wherek is a
constant.
(1) what is the relationship betwe®andt?

(2) It is known that in 5 seconds of time, the vo&iof water
that flows out is 120 L. Find the value of the scictork;

(3) Using the result in (2), find the volume of emathat flows
out of the pipe in 8.5 seconds;

(4) Also using the result in (2), find the time vagd for 320 L
of water to flow out from the pipe.

(1) If x andy are directly proportionaly and z are directly
proportional, then what is the relationship betweandz?

(2) If x andy are inversely proportionay, and z are inversely
proportional, then what is the relationship betweandz?

(3) If x andy are directly proportionaly and z are inversely
proportional, then what is the relationship betweandz?

Given two functionsy, =kx+b,, vy, =k,x+b,.

(1) If k =k, and b #b,, what is the relationship between the
graphs of these two functions?

(2) If k #k, and b =b,, what is the relationship between the
graphs of these two functions?

(3) If k =k, and b =bh,, what is the relationship between the
graphs of these two functions?

If the coordinates of pointsx(,y,), (X,,Y,) satisfy the function
y =kx+b, find the function.

Given a function y =3x—-15.

(1) Draw the graph of this function.

(2) From the graph, find the valuexfwhen the function is
(i)  greater than zero;
(i) less than zero;
(i) equal to zero.
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(3) From the above results, is it possible to \aerithe
relationship between the following:
() afirst degree function;
(i)  alinear equation in one varable, and;
(i) alinear inequality in one varable?

9. From the graph ofy =2x-3, find the following:

(1) when y=2, what is the value of?

(2) when x<0, what is the range of valuesysf
(3) when y>3, what is the domain of values x5

(4) when y<5, what is the domain of values x#

10. Find the parabola that passes through the thresso&(0, 1),
B(-1, 1) andC(1,-1), with the symmetry line parallel to the
axis Also find its vertex and symmetry line.

11. Given the symmetry line is parallel to theaxis, and that the
parabola has vertex at (2, 3), and passes thrdwgpdint (3, 1),
it is required to find the parabola.

12. Find the maximum or minimum of the following furami, and
find the corresponding value of the independenitbée.

(L) y=2x'+5, (2) y=(x-37-2;
(3) y=ax®*-bx (discussion recommended);
4) y=(@+x)(b-x).

13.Solve x from the inequality ax+b>cx+d (discussion
recommended).

14.Solve the following simultaneous inequalities:
x+1 X+ 2 3+x<4+ X
1-—<2-——
1) 2 3 (2) 15x-3<4x-1

X(x=1)= (x+3)(x—3) 7+2x> 6+ X

15. Solvex from the inequality (discussion recommended)
Q) [x-al<b; (2) |[x—a|>b.
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16. Solve the simultaneous inequalities
X(X* +1) = (x+1)(X* - x+ 1)
1-2x> 3(x—9)

17. Solve the inequality0 < x* - x— 2< 4.

This chapter is translated to English by courtelsylo Hyman Lam
and reviewed by courtesy of Mr SIN Wing Sang Edward
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