10 Imnequalities and Linear Programming

10A Linear inequalities in one unknown
10A.1 HKCEEMA 1989 1-2

Consider x+1> -;—(3x+ 2).

(a) Solve the inequality.

(b) In addition, if —4 < x <4, find the range of x.
10A.2 HKCEEMA 1995 I-1(a)

Solve the inequality 3x+1>7.

10A.3 HKCEEMA 1999-1 3
Find the range of values of x which satisfy both 3x—~4>2 (x 1) and x <6.

10A.4 HKCEE MA 2000—-Y-35

11—-2x
Solve — 5 < 1 and represent the solution in the figure.

5 —4 -3 -2 -1 0 1 2 3 4 5

" "

10A.S HKCEEMA 2002-1 7
(a) Solve the inequality 3x+6 2> 4+x.
(b) Find all integers which satisfy both the inequalities 3x+6 > 4++x and 2x—5 < 0.

10A.6 HKCEEMA 2003 I-2

Find the range of values of x which satisfy both ?’_—45"

>2 xand x+8>0.

10A.7 HKCEE MA 2005 1-4

Solve the inequality _—3}22 >x-=5.

+1

Also write down all integers which satisfy both the inequalities :3—4): >x Sand 2 ¥12>0.

10A.8 HKCEE MA 2006 -1-2
x+25
(a) Solve the inequality x+1< — .

6
(b) Write down the greatest integer satisfying the inequality x+1 < x_+625 5

10A.9 HKCEEMA 2008 I-2

X . l4x
(a) Solve the inequality < >2 x+7.
14
(b) Write down the least integer satisfying the inequality Tx >2x+7.

81
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10A.10 HKCEE MA 2010—-1-2

20x 22
(2) Solve the inequality ’%— <3

(b) Write down the greatest integer satisfying the inequality in (a).

10A.11 HKDSEMA 2012 1-6

4x+6
(a) Find the range of values of x which satisfy both i:

10A.12 HKDSE MA 2013 -1-35

19 -7
(a) Solve the inequality g 3_x > 23 —-5x.

>2(x 3) and 2x—10< 10.

(b) How many positive integers satisfy both the inequalities in (a)?

19-7
(b) Find all integers satisfying both the inequalities 3—{ >2 3-5x and 18 2x2>0.

10A.13 HKDSEMA 2015 -5

(a) Find the range of values of x whichsatisfy both

(b) Write down the least integer which satisfies both inequalities in (a).

10A.14 HKDSE MA 2016-1-6

Consider the compound inequality x+6 <6(x+11) or x
(a) Solve (*).

(b) Write down the greatest negative integer satisfying ().

10A.15 HKDSEMA 2017 I-5

(@) Find the range of values of x which satisfy both 7(x—2) <

(b) How many integers satisfy both inequalities in (a)?

10A.16 HKDSEMA 2018 -1 6

< 5 e

11x+8

X <2(x+2) and 4x 13> 0.

and 6 x<5.

3—
(a) Find the range of values of x which satisfy both 2 * >2x+7 and x+8>0.

(b) Write down the greatest integer satisfying both inequalities in (a).

10A.17 HKDSEMA 2019 —I—-6

(a) Solve the inequality e 26§ 2(3x—1).

(b) Find the number of integers satisfying both inequalities

10A.18 HKDSEMA 2020 I 6

Consider the compound inequality
T=x re
3 x>T or 5+x>4 OTOOPIN ) 8

(2  Soive (*).

(b)  White down the greatest negative integer satisfying (*) .
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7x+26 <2

(3x—1) and 45 5x>0.

(4 marks)



10B Quadratic inequalities in one unknown
10B.1 HKCEE MA 1982(1/2/3) 1-3
Solve 2x* —x < 36.

10B.2 HKCEEMA 1988 -1 3
Solve the inequality 2x? > 5x.

10B.3 HKCEEMA 1990-1-4
(a) Solve the following inequalities:
G 6x+12>2x-3,
) (2—-x)(x+3)>0.
(b) Using (), find the values of x which satisfy both 6x+1>2x—3 and (2—x)(x+3) >0.

10B4 HKCEEMA1993-1-4
Solve the ineguality x*>—~x—2 <O0.
Hence solve the inequality (y—100)>— (y —100) —2 < 0.

10B.5 HKCEEMA 1996 —1-5

5
Solve (i) 512”— >4; (i) 2—6x+8<0.

Hence write down the range of values of x which satisfy both the inequalities in (i) and (ii).

10B.6 HKCEE MA 1997 1-4

Solve (i) 2x~17>0, (i) x* —16x+63 > 0.
Hence write down the range of values of x which satisfy both the inequalities in (i) and (ii).

10B.7 HKCEE MA 2001-1 4

Solve x2+x—6>0 and represent the solution in the figure.

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

10B.8 HKCEE AM 1985-1-~3
Solve the inequality x2 —ax—4 <0, where ais real.

If, among the possible values of x satisfying the above inequality, the greatest is 4, find the least.

10B.Y HKCEE AM 1986 1 7

Solve x > ; +2 for each of the following cases:
@ x>0
by x<0.

10B.10 (HKCEE AM 1994 —1-1)

2
Solve the mequality —(xit?_p >1 for each of the following cases:
(@ x>2;
(b) x<2.

10. INEQUALITIES AND LINEAR PROGRAMMING

10B.11 HKCEE AM 1995 -1-4

5
Solve the inequality x X > 4 for each of the following cases:

(@ x>0;
(b) x<0.

10B.12 (HKCEE AM 1996 -1 - 3)

2x—3
Solve the inequality il <1 for each of the following cases:
(a) x> —1;
(h) x< ~1.

10B.13 HKCEE AM 1998 -1 6(a)
Solve x2~6x—16>0.

10B.14 (HKCEE AM 1999 -1 2)

Solve the inequality x_l > 2 for each of the following cases:
x—

(@ x>1;
b) x< 1.

10B.15 (HKCEE AM2000 I 1)

.1 .
Solve the inequality . >1 for each of the following cases:

(@ x>0;
@) x<0.

10B.16 HKCEE AM 20113

Solve the following inequalities:

@ 5x-3>2x+9;

(b) x(x—8)<20;

(€) 5x=3>2x+9 or x(x—8) < 20.

84



10C Problems leading to guadratic inequalities in one unknown
10C.1 HKCEEMA 1983(B) I 14 (Continued from 6C.3.)

« and B are the roots of the quadratic equation x> 2mx+n =0, where 7 and » are real numbers.
(a) Find,in terms of nzand n,
@ (m—a)+(m-B),
@) (m-—c)(m—p).
(b) Find, in terms of m and n, the quadratic equation having rootsm ¢ and m—f3.
(c) If n=4, find the range of values of m such that the equation 32 2mx+n=0 has real roots.

10C.2 HKCEEMA 1985(A/B) 1 13 (Continued fram 7C.1.)
In the figure, ABC is an equilateral triangle. AB=2. D, E, F are points A
on AB, BC, CA respectively such that AD = BE = CF =x. x
(2) By using the cosine formula or otherwise, express DE? in terms of x. D
(b) Show that the areaof ADEF = ‘/Ti (322 —6x+4).
Hence, by using the method of completing the square, find the value
of x such that the area of ADEF is smallest. F
(c) If the area of ADEF < ﬁ find the range of the values of Y
=73 » ge x. B x E C
10C.3 HKCEEMA 1987(B)-1 14 (Continued from 8C.4.)

Given p =y+z, wherey varies directly as x, z varies inversely as x and x is positive. When x =2, p=7;
whenx=3, p=8.

(a) Find p when x=4.
(b) Find the range of values of x such that p is less than 13.

10C.4 HKCEEMA1992 1 6
Find the range of values of k so that the quadratic equation x%+2kx-+ (k4-6) =0 has two distinct real roots.

10C.5 HKCEE MA 2003 -1-10 (Continued from 8C.14.)

The speed of a solar powered toy can is V cm/s and the length of its solar panel is L cm, where 5 <L < 25.
V is a function of L. It is kmown that V is the sum of two parts, one part varies as L and the other part varies
as thesquare of L. When L=10, V =30 and when L =15, V =75.

(a) Express V in terms of L.
(b) Find the range of values of L when V > 30.

10C6 HKCEE MA 2004 -1-10 (Continued from 8C.15.)

It is known that y is the sum of two parts, one part varies as x and the other part varies as the square of x.
When x=3, y=3 and when x=4, y=12.

(a) Express yin terms of x.
(b) Ifxis aninteger and y < 42, find all possible value(s) of x.

10C.7 HKCEE AM 1983 -1-1
Determine the range of values of A for which the equation »* +4x+2+ A(2x+1) =0 has no real roots.

10. INEQUALITIES AND LINEAR PROGRAMMING

10C8 HKCEEAM 1988 -1-3

Let f(x) = ¥ +4mx+4m-+15, where m is a constant. Find the discriminant of the equation f(x) = 0.
Hence, or otherwise, find the range of values of m so that f(x) >0 for all real values of x.

10C.9 HKCEE AM 1988 -1-10
Let f(x)=x?+2x 1 and g(x) = —x*+2kx **>+6 (where kis a constant.)
(a) Suppose the graph of y = f(x) cuts the x-axis at the points P and Q, and the graph of y = g(x) cuts
the x axis at the points R and S.
(i) Find the lengths of PQ and RS.

(ii) Find, in terms of k, the x-coordinate of the mid-point of RS.
If the mid points of PQ and RS coincide with each other, find the value of k.

(b) If the graphs of y = f(x) and y = g(x) intersect at only one point, find the possible values of k; and
for each value of %, find the point of intersection.

(c) Find the range of values of ksuch that f(x) > g(x) forany real value of x.

(Continued from 7B.10.)

10C.10 HKCEE AM 1991 -1-7 (Continued from 6C.17.)

P, g and k are real numbers satisfying the following conditions: phgek=2,
pq+gk+kp=1.
(a) Express pq in terms of k.
(b) Find a quadratic equation, with coefficients in terms of k, whose roots are p and g.
Hence find the range of possible values of k.

10C.11 HKCEE AM 1991 —-1-9

Let f(x)=x*+2x 2 and gx)=-~2c 12x 23.

(2) Express g(x) in the form a(x+ )% +c, where a, b and ¢ are real constants.
Hence show that g(x) <O for all real values of x.

(b) Letk;and k (ky > ko) be the two values of k such that the equation f(x)+kg(x) =0 has equal roots.
(i) Findkj andk;.
(i) Show that f(x)+k g(x) <0 and f(x)+kag{x) >0 for all real values of x.

(c) Using (a) and (b), or otherwise, find the greatest and least values of &‘2
Lt

(Continued from 7B.11.)

10C.12 HKCEE AM 195-I-1
Let f(x) =x2+4(1 m)x+2m 5, where misa constant. Find the discriminant of the equation f(x) =0.
Hence find the range of values of m so that f(x) > 0 for all real values of x.

10C13 (HKCEEAM 1995 1 10) [Difficult]
Let f(x) = 122 +2px —q and g(x) = 12x® +2gx—p, where p, g are distinct real numbers. «, J§ are the
roots of the equation f(x) =0 and ¢, 7 are the roots of the equation g(x) =0.

(a) Using the fact that f( o) =g(c), find the value of . Hence show that p+g¢=3.

(b) Express B and ¥ interms of p.

(Continued from 6C.20.)

(c) Suppose —-215 <Bi+yi< %
(i) Find the range of possible values of p.
(ii) Furthermore, if p > g, writedown the possible integral values of p and g.



10C.14 (HKCEEAM 1996 1 8)

The graph of y =x?— (k—2)x+k+1 intersects the x-axis at two distinct points (,0) and (8,0), where k
is real,

(a) Find the range of possible values of k.

(b) Furthermore,if —5 < @+ f8 <5, find the range of possible values of k.

10C.15 (HKCEE AM 1997 -1 8)

Let o and f3 be the roots of the equation x%+ (k4 2)x+2(k—1) =0, where kis real.
(a) Show that & and B are real and distinct.
(b) If the difference between « and B is larger than 3, find the range of possible values of k.

10C16 HKCEEAM 1990-1-4

Let f(x) 2x2+2(k—4)x+k, where kisreal.

(a) Find the discriminant of the equation f(x) =0.

() If the graph of y= f(x) lies above the x axis for all values of x, find the range of possible values of k.

10C.17 HKCEE AM2005 -5
Find the range of values of k such that x> —x — 1> k{x—2) for all real values of x.

10C.18 HKCEE AM 2006 -4
If k®+x+k >0 for all real values of x, where k 7 0, find the range of possible values of k.

10C.19 HKCEE AM 2008 -4 e

The graph of y =k> x+9k lies below the x axis, where k 3 0
(see the figure). Find the range of possible values of k. y=lo? —x+9%k

10C20 HKCEEAM2010-4
Itis giventhat (k 1)x*+kx+k> 0 for all real values of x. Find the range of possible values of k.
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10. INEQUALITIES AND LINEAR PROGRAMMING

10D Linear programming (with given region)
10D.1 HKCEE MA 1984(A/B)-1 8

In the figure, & :2y =3, € :3x—2y =0. The line &
passes through (0, 10) and (10,0). (0,10)

(a) Find the equation of £3.

(b) Find the coordinates of the points A, B and C.

() In the figure, the shaded region, including the
boundary, is determined by three inequalities.
‘Write down these inequalities.

(d) (x,y)isanypoint inthe shadedregion, including the

Yy

boundary, and P =x+ 2y —5. Find the maximum

and minimum values of P.

10D.2 HKCEEMA 1988 -1_-12

In the figure, L; is the line x =3 and L is the line

=ru

y=4. Lj isthe line passing through the points (3,0) and

(0,4).

(@) Find the equation of L3 in the form ax+by = ¢,

where a. b and c are integers.

(b) Write down the three constraints which determine

the shaded region, including the boundary.

(c) Let P=x+4y. If (x,y) is any point satisfying all

the constraints in (b), find the greatest and the least

s
e cdsREihEsy

values of P.

i

BF

(d) If one more constraint 2x ~3y +3 < 0 is added,

shade in the figure the new region satisfying all the

four constraints.

For any point (x,y) lying in the new region, find the

AXrT i

least value of P defined in (c).

S




10D.3 HKCEEMA1990 1 5

In the figure, the shaded region ABCDE is bounded by the five given lines £y, &3, &3, & and £s. The line
£:x+4y=0 passes through the origin O.

Let P=x+4y 2, where(x,y) is any pointin the shaded region including the boundary. Find the greatest
and the least values of P. y

This diagram is drawn to scale.

10D4 HKCEEMA 191-1-8 y i

In the figure, L; is the line x =4, L; is the line = :

passing through the point (0,2) with slope 1, and

L3 is the line passing through the points (5,0) and :

(0,5). AN <

(a) Find the equations of L, and Ls. N i R

(b) Write down the three inequalities which de- : ;

termine the shaded region, including the X :

boundary. esE |

(c) Suppose P =x+2y~3 and (x,y) is any et -

point satisfying all the inequalities in (b). ; iy

(i) Find the point (x,y) at which P is a min- s NG
imum. What is this minimum value of 7 =

(i) If P>7, by adding a suitable straight =

line to the figure, find the range of pos- i = e

sible values of x. ; S ke

N

-4--:""!: T HNLa

10. INEQUALITIES AND LINEAR PROGRAMMING

10D.5 HKCEE MA 1992-1-3
In this question, working steps are not required and you need to given the answers only.

In the figure, the shaded region, including the boundary, is determined by three inequalities.

(a) Write down the three inequalities.

(b) How many points (x,y), where x and y are both integers, satisfy the three inequalities in (a)?
YET—1 1= F I ) I

=L, x
10

1 i
0 1 2 3 45 6 78 9

10D.6 HKCEEMA1993 1 1(d)
In this question, working steps are not required and you need to give the answers only.

Inthe figure, find a point (x,y) in the shaded region (including the boundary) at whichthe value of x+2y is
(i) greatest,

(ii) least.

What are these greatest and least values?




10. INEQUALITIES AND LINEAR PROGRAMMING

10D.7 HKCEEMA 1995-1-12 10D8 HKCEEMA 19961 9
A box of Brand X chocolates costs $25 and contains 20 chocolates, A box of Brand Y chocolates costs In the figure, Z is the region (including the boundary) bounded
$37.50 and contains 40 chocolates. by the three straight lines
Mrs. Chiu wants to spend not more than $300 to buy at Jeast 240 chocolates for her students. She wants to Ly :3x+2y-7=0,
buy at least 3 boxes of each brand of chocolates but not more than 10 boxes altogether. Lp:3x=5y+7=0
(a) If Mrs. Chiu buys x boxes of Brand X chocolates and y boxes of Brand Y chocolates, then x, y are and L3:2x~y—=7=0.
integers such that x> 3 and y > 3. Write down the inequalities in terms of x and y which say Ly and L; intersect at A(1,2). L, and L; intersect at B(6, 5).
(i) the total number of chocolates is at least 240; (a) Find the coordinates of C at which L and L3 intersect. /
(i) the total cost is not more than $300; () Write down the three inequalities which define the region 2. _<—
(iii) the total number of boxes is not more than 10. (c) Find the maximum value of 2x—2y— 7. where (x,y) is any
(b) The points representing the ordered pairs (x,y) satisfying all the constraints in (a) are contained in the pointin the region Z2.
shaded region in the graph below. List all these ordered pairs (x, y).
(¢) Find the least amount Mrs. Chiu has to pay in buying chocolates for her students,

(d) Mrs. Chiu goes toa shop to buy the chocolates. She finds that she can get a free gift for every purchase
of $300. In order to get the free gift, she decides to spend exactly $300 on buying the chocotates. Find
() allpossible combinations (x,y) of the numbers of boxes of Brand X and Brand Y chocolates, and
(ii) the greatest number of chocolates
Mrs. Chiu can buy.
y ~ a3 ittt > 458 xrd d el & 403 y'
B i S R e R 10D.9 HKCEEMA 200217
: e T R 2L = (a) The figure shows two straight lines L; and Zp. L cuts the coordinate axes at the points (5k,0) and
: c et e e e (0,9%) while L, cuts the coordinate axes at the points (12k,0) and {0,5k), where kis a positive integer.
3 et S Find the equations of L; and Ly.
—{- T o : (b) A factory has two production lines A and B. Line A requires 45 man-hours to produce an article and the
Hi s : production of each article discharges S0 units of pollutants. To produce the same article, line B required
£ > fBaasea rrds 25 man hours and discharges 120 units of pollutants. The profit yielded by each article produced by the
T st gen production line A is $3000 and the profit yielded by each article produced by the production line B is
b T : $2000.
LT () The factory has 225 man hours available and N
it e the total amount of pollutants discharged i
ENCE T e must not exceed 600 units. Let the number
S Eope: fRSsrrey of articles produced by the production lines
e H NGNS R A and B be x and y respectively. Write down (0,9%)
eeEEEn T A e 3 ERaEE the appropriate inequalities and by putting
AANEATa D : k=1 in the figure, find the greatest possible
NG e profit of the factory. (0,5%) -
3 A (ii) Suppose now the factory has 450 man hours ?
i s e RTINS available and the total amount of pollutants
FEIEIE HEEE T A G discharged must not exceed 1200 units.
R T e e S T IR I N Using the figure, find the greatest possible
: e e g Sesu ares S e e T X 11 s
e R e e e e s P 0 6x,0) (130)
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10. INEQUALITIES AND LINEAR PROGRAMMING

10D.10 HKCEEMA 20091 16 10E Linear programming (without given region)

(a) In the figure, the straight lines L; and L are perpendicular to each other. The equations of the straight 10E1 HKCEE MA 1980(1/1%/3) 1 12
lines L3 and Lyg are x =8 and y = 10 respectively. It is given that L; and L intersect at the point . i i
(12,24) while L, and L; intersect atthe point (8, 16). An airline company has a small passenger plane with a luggage capacity of 720 kg, and a floor area of 60 m?
(i) Find the equations of L) and L,. for installing passenger seats. An economy class seat takes up 1 m? of floor area while a first class seat

takes up 1.5 m2. The company requires that the number of first class seats should not exceed the number of
economy class seats. An economy class passenger cannot carry more than 10 kg of luggage while a first-
class passenger cannot carry more than 30 kg of luggage.

(ii) In the figure, the shaded region (including the boundary) represents the solution of a system of

inequalities. Write down the system of inequalities.
(b) There are two kinds of dining tables placed in

a restaurant: square tables and round tables. The profit from selling a first class ticket is double that from selling an economy-class ticket. If all tickets

The manager of the restaurant wants to place are sold out in every flight, find graphically how many economy-class seats and how many first class seats

at least 8 square tables and 10 round tables. should be installed to give the company the maximum profit.

Moreover, the number of round fables placed (Letx be the number of economy-class seats installed, y be the number of first-class seats installed.)

is not more than 2 times that of the square

tables placed. Each square table occupies a

floor area of 4m? and each round tables occu-

pies a floor area of 8 m2. The floor area occu

pied by the dining tables in the restaurant is at

most 240m?2. On a certain day, the profits on

a square table and a round table at $4000 and

$6000 respectively.

The manager claims that the total profit on the

dining tables can exceed $230000 that day. :

Do you agree? Explain your answer. o 1 : B AR i

A1

RERENE
EEREAE

112

Jd-4-41.

ENRENWN

L)L
{+
8-
]

AT

10D.11 HKDSE MA 2014—1-18 i

(a) In the figure, the equation of the straight line L is 6x+ 7y =900 and the x intercept of the straight ; Hﬁ
line L5 is 180. L; and L, intersect at the point {45,90). The shaded region (including the boundary) 4 SO I
represents the solution of a system of inequalities, Find the system of inequalities. e e

(b) A factory produces two types of wardrobes, X and Y. ¥ RO O
Each wardrobe X requires 6 man-hours for assembly ;
and 2 man-hours for packing while each wardrobe ¥
requires 7 man-hours for assembly and 3 man hours
for packing. In a certain month, the factory has 900
man hours available for assembly and 360 man hours
available for packing. The profits for producing a
wardrobe X and a wardrobe Y are $440 and $665 re
spectively. A worker claims that the total profit can
exceed $80 000 that month. Do you agree? Explain
your answer.

f

L

Ee




10E.2 HKCEE MA 1981¢1/2/3) I1-8

An association plans to build a hostel with x single rooms and y doutle rooms satisfying the following
conditions:

(1) The hostel will accommodate at least 48 persons.

(2) Each single room will occupy an area of 10 m2, each double room will occupy an area of 15 m? and
the total available floer area for the rooms is 450 m2.

(3) The number of double rooms should not exceed the number of single rooms.

If the profits on a single room and a double room are $300 and $400 per month respectively, find graphically
the values of x and y so that the total profit will be a maximum.
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10. INEQUALITIES AND LINEAR PROGRAMMING

10E.3 HKCEE MA 1983(A/B) I 12
(a) On the graph paper provided below, draw the following straight lines:
y=2x x+y=30, 2x+3y=120.
(b) Onthe same graph paper, shade the region that satisfies all the following inequalities:
=0,
y < 2x1
x+y 2 30,
2x+3y < 120.
(c) Itis given that P =3x+2y. Under the constraints given by the inequalities in (b),
(1) find the maximum and minimum values of P, and
(ii) find the maximum and minimum values of P if there is the additional constraint x < 45.

SO

NEShE

307* T

20

0 20 30 20 50 60 70
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10E4 HKCEE MA 1986(A/B) -1 11
(@) () Onthegraph paper provided, draw the following straight lines:
x+y=40, x+3y=060, Tx+2y= 140.
(ii) On the same graph, paper, shade the region that satisfies all the following constraints:
x20, y>0, x+y=40, x+3y>60, 7x+2y>140.
(b) A company has two workshops A and B. Workshop A produces 1 cabinet, 1 table and 7 chairs each
day. Workshop B produces 1 cabinet, 3 tables and 2 chairs each day. The company gets an order
for 40 cabinets, 60 tables and 140 chairs. The expenditures to operate Workshop A and Workshop B
are respectively $1000 and $2000 each day. Use the result of (a)(ii) to find the number of days each
workshop should operate to meet the order if the total expenditure in operating the workshops is to be
kept to a minimum.
(Denote the number of days that Workshops A and B should operate by xand y respectively.)
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10. INEQUALITIES AND LINEAR PROGRAMMING

10E5 HKCEE MA 1987(A/B)-1 12

A factory produces three products A, B and C from two materials M and N.

Each tonne of M produces 4000 pieces of A, 20000 pieces of B and 6000 pieces of C.
Each tonne of N produces 6000 pieces of A, 5000 pieces of B and 3000 pieces of C.

The factory has received an order for 24000 pieces of A, 60 000 pieces of B and 24000 pieces of C. The
costs of M and N are respectively $4000 and $3000 per tonne. By following the steps below, determine the
least cost of the materials used so as the meet the order.
(a) Suppose x tonnes of M and y tonnes of N were used. By considering the requirement of A, B and C of
the order, five constraints could be obtained. Three of them are:
x>0, y=>0, 4000x+6000y >24000.
Writedown the other two constraints on x and y.
(b) Onthe graph paper provided, draw and shade the region which satisfies the five constraints in (a).
(c) Express the cost of materials in terms of x and y.
Hence use the graph in (b) to find the least cost of materials used to meet the order.
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10E6 HKCEEMA 1980114
(a) In the figure, draw and shade the region that satisfies the following inequalities:

y= 20
2x y> 40
x +y< 100

(b) The vitamin content and the cost of three types of food X, Y and Z are shown in the following table:
Food X FoodY FoodZ2

Vitamin A (units/kg) 400 600 400
Vitamin B (units/kg) 800 200 400
Cost (dolars/kg) 6 5 4

A man wants to produce 100 kg of a mixture by mixing these three types of focd. Let the amount of
food X, food Y and food Z used by x, y and z kilograms respectively.

(i) Express zin termos of x and y.

(ii) Express the cost of the mixture in terins of x and y.

(iii) Suppose the mixture must contain at least 44 000 units of vitamin A and 48 000 units of vitamin B.

y> 20
Showthat {2x —y > 40
x +y <100

(iv) Using the result in (a), determnine the values of x, y and zso that the cost is the least.
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10. INEQUALITIES AND LINEAR PROGRAMMING

10E7 HKCEEMA1904-1-11

(a) Draw the following straight lines on the graph paper provided:
x+y=10, x+4+2y=12, 2x=3y.

(b) Mr. Chan intends to employ a contractor to build a rectangular

flower bed ABCD with length AB equal to x metres and width

BC equal to y metres. This project includes building a wall of

length x metres along the side AB and fences along the other

three sides as shown in the figure. ¢

Mr. Chan wishes to have the total length of the four sides of the flower bed not less than 20 metres, and

he also adds the condition that twice the length of the flower bed should not less than three times its

width. However, no contractor will build the fences if their total length is less than 12 metres.

(i) Wiite down all the above constraints for x and y.

(ii) Mr. Chan has to pay the contractor $500 per metre for building the wall and $300 per metre for
building the fences. Find the length and width of the flower bed so that the total payment for
building the wall and fences is the minimum.

Find also the minimum total payment.
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10E.8 HKCEEMA 1998 118

Miss Chan makes cookies and cakes for a school fair. The ingredients needed to make a tray of cookies and

atray of cakes are shown in the table. - Flour ugar{Egas’
2

10

Miss Chan has 4.48kg of flour, 4.32kg of sugar and 100 eggs,

from which she makes x trays of cookies and y trays of cakes.

(a) Write down the inequalities that represent the constraints on x and y. Let £ be the region of points
representing ordered pairs (x,y) which satisfy these inequalities. Draw and shade the region £ in the
figure below.

(b) The profit from selling a tray of cooldies is $90, and that from selling a tray of cakes is $120. If x and y
are integers, find the maximum possible profit.
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10. INEQUALITIES AND LINEAR PROGRAMMING

10E.9 HKCEE MA 2000115

A company produces two brands, A and B, of mixed nuts by putting peanuts and almonds together. A packet
of brand A mixed nuts contains 40 g of peanuts and 10 g of almonds. A packet of brand B mixed nuts conteins
30 g of peanuts and 25 g of almonds. The company has 2400 kg of peanuts, 1200 kg of almonds and 70 carton
boxes. Each carton box can pack 1000 brand A packets or 800 brand B packets.

The profits generated by a box of brand A mixed nuts and a box of brand B mixed nuts are $800 and $1000
respectively. Suppose x boxes of brand A mixed nuts and y boxes of brand B mixed nuts are produced.

(a) Using the graph paper provided, find x and y so that the profit is the greatest.

(b) If the number of boxes of brand B mixed nuts is to be smaller than the number of boxes of brand A
mixed nuts, find the greatest profit.
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10E10 HKCEE MA 2001 -1-

1<x<9,
(a) InFigure (1),shade the region that representsthe solution to the following constraints: { 0<y<9,
Sx—2y>185.
(b} A restaurant has 90 tables. Figure (2) shows its floor plan where a circle represents a table. Each table
is assigned a 2 digit number from 10to 99. A rectangular coordinate system is introduced to the floor
plan such that the table numbered 10x + y is located at (x,y) where x is the tens digit and y is the units
digit of the table number. The table numbered 42 has been marked in the figure as an illustration.
The restaurant is partitioned into two areas, one smoking and one non smoking. Only those tables with
the digits of the table numbers satisfying the constraints in (a) are in the smoking area.
() InFigure (2), shade all the circles which represent the tables in the smoking area.
(i) [Probability]
Two tables are randomly selected, one after another and without replacement from the 90 tables.
Find the probability that
(1) the first selected table is in the smoking area;
(2) ofthetwo selected tables, one isin the smoking area, and the other is in the non smoking area
and its number is a multiple of 3.
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10 Inequalities and Linear Programming

10A Linear inequalities in one unknown

10A.1 HKCEEMA1989-]=2

(@ 5x+5>3x+2 = x> 3 = x>:i:3

3
(b) 5 <x<4

10A.2 HKCEE MA 1995-1-1(a)
x+127 = x>6 = x>2

10A.3 HKCEEMA 1999 -1-3

3x~4>2(x~1) = 3x-4>2x 2 = x>2
‘And’ withx< 6: 2<x<6

10A.4 HKCEEMA 2000-1-5
11-2x<5 = 2x>6 = x>3

Fao

-5-4-3-2-10 12 3 4 5

10AS HKCEEMA 2002 -1-7
@ Ix+624+x = u>-2 = x>-1

b) 2x-5<0 = x<;

*, ‘And": 1€x<

(ST

106 HKCEEMAZ03- 122

375‘!22—1 = 3~5x>8~4x = x<~5

x+8>0 = x> -8
s And: -8<x< 5§

10A.7 HKCEEMA 2005-1-4
—=3x+1>4x-20 = 7x<2] = x<3

4120 = xZ-Tl

. ‘And': :2—1—$x<3

10A.8 HKCEE MA 2006=-1-2
@ 6x+6<x+25 = 5x<19 = x<g
® 3

10A.9 HKCEEMA2008-7-2
(@) 14x2> 10x+35 = 4x>35 = xE%S-
® 9

10A.10 HKCEE MA 2010-1-2

(a) 9x-2<21x = 8x<22 = 15%
®) 2

10A.11 HKDSEMAZ012-1-6

24
(a) ‘k—+6->2(x 3) = 4x+6>14xr—42 = x< —

5
2 10<10 = x<10
| 24
‘And’: x<?
®) 4 (1.2,3and4)

10A12 HKDSEMA2013-1-5
@ Lg;—73>23—s:: = 19-7x>O-15r = x>§

® 18 2:r>0 = x<9
.+ Integers satisfying both: 7,8 and 9

10A.13 HKDSEMA 2015—-1-5

7-3.
® ~3 T <2(x42) = 7-3x<10x4+20 = x> -1

4x-13>0 = x>-13

13 4
, ‘And. x> —

i ’ 4
®) 4

(10434 HXDSEMAZIG=1-§

@ x+6<6(x+11) = x>=12
S0 x> —-12

() —1

10A.15 HKDSEMAZ0I7 15

@ 76 st

6 x<5 = x>1
*, ‘And: 1 <x<5§
(b) 4 (.3.4and5)

= 2lx ©2<1x+8 = x<S

|
10A.16 HKDSEMA 2018 —1—-6
—11

@) 3—-_-f->?.x+7 = 3-x>4x+14 = x< —

x4+820 = x>-8 T g
-, *And": -ssx<‘T

® -3

10A.17 HKDSEMA2019-1-6
@ 7‘+2652(3x 1) = 7x+26<24x 8 = x22
(®) 455520 = x<9
|- tAnd: 2<x<9
. 8(2.3,4,5,6,7,8,9)
10A13 HKDSEMA200-1-6

= 3—x>—7;' or S+x>4
6-2x>T-x or x>
{ x<=1 or x>=1
i Therefore, x can bo any real pumbers exeept —1.
b |2

10B Quadratic inequalities in one unknown
10B.1 HKCEE MA 1982(1/2/3)~1-3
22 x-36<0
(x=9)(x+4) <0 = 4<x<2~

10B2 HKCEE MA 1988 ~[-~3
225520
2(2%=5)>0 = x<0orx2

(IR

10B.3 HKCEEMA 1990—-1-4

(@) () 6x+122¢=3 = dx> 4 = x>-1
() 2 x)(x+3)>0 = -3<x<2

® 1<x<2

10B4 HKCEEMA 1993-1-4
¥ x 2<0 = (x+1)(x 2)<0 = -1<x<2
Hence, 1<y-100<2 = 9<y<102

10B.5 HKCEEMA1996-1-35
(i) x+5>8 = x>3

(i) (x 2)(x—4)<0 = 2<x<4
Hence, 3 <x<4

10B.6 HKCEEMA 1997 1 _4
17
N x>17 = x>T

() (x 9(x 7)>0 = x<7orx>9
Hence, x>9

10B.7 HKCEEMAZ200[_1_4
P+x=6>0 = (x+3)(x 2)>0 = ¥<—-3orx>2

1 )

—$dgd 2 10 1 23 45

10B.8 HKCEEAM 198 ~1-3
a Ja¥+16
2

a+Va +16
= 2
=4 = @+16=(8~a) = a=3
= Lcas(pcsﬂ:levn]ueofx=-(3i-— “f i+16_ 1

Pax—450 =

. a+VaT+16

10B9 HKCEE AM 1986~1-7
(a) x>3+2 = 2534

= £=2=3>0 = x< -forx>3
x>0
.x>3

(b) x>%+2 = X <3+2
= 2-2-3<0 = -1<x<3
cx<0
. =1<x<0

10B.10 (HKCEE AM 1994 -1~ 1)
@ ’—E"#l?_l = WwH2Bx 2 W x4
T x>2
Jox2 =4 ‘and' x>2 = x>2
)
® J—Z:+q)>1 = 242812 =» x<$-4
x<2
o x< 4 ‘and’ x<2 = x<-4

108.11 HKCEEAMI0S-1=4
Solve the inequality x— §> 4 for each of the following cases:

(a) x—§>4 = A-5>4
= P=dx=5>0 = x<
x>0
L x>5
(b) x-§>4 = 2 S5<ax

= 2-4x 5<0 = -1<x<5§
% x<0
| =-1<x<0

10B.12 (HKCEE AM 1996 —1--3)
2x—3
— —3<
(a) 7T <] = %x-3<x+1 = x<4
> |
1<x<4
® Z3<1 5 %-3>x41 = 224
x41 -
wx< -]
.~ No solution

10B.13 HKCEE AM 1998 - —6(a)
P$—6x-16>0 = (x 8)(x+2)>0 = x<-2 orx>8

1orx>5

10B.14 (HKCEE AM 1999-1-2)

(@ ;{-T>2 = x>2x=1) = x<2
X x>l
xl<x<2

(®) x—l->2 2 x<2x=1) = x>2
o x|
.. No solution

10B.15 (HKCEE AM 2000 ~1-1)
Solve the inequality ‘l-rz 1 for each of the following cases:

(2) l>l = 12x = x<£1
x
x>0
. 0<xg1

(b) £21 = 1<y = x21
e <
. No solution
10B.26 HKCEE AM201] -3
Solve the following inequalities:
(@) 5x-=3>2x+9 = 3x>12 = x>4
(®) x(x-8) $20 = P-8x-20<0 = -2<x<10
(© ‘Or: x>-2

310



10C Problems leading to quadratic inequalities
in one unknown

10C1 HKCEE MA 1983(B)-1 14

@) (m—a)+(m B)=2m (a+Pf)=2n-(2m)=0

Gi) (m a)im B)=m?—~(a+B)m+ap
=m? —(2m)m+(n)=n m®
(b) By (a), the equation is
(sum) xfproduct) =0
2O+ (n—m?)=0 = L+n m* =0
©) © 2mx+4=0
Realrools = A>0
(2mP —4(4) >0
24 = m<-2o0rm22

10C.2 HKCEE MA 1985(A/B) ~1-13

(2) DE*=BD*+8E* 2.BD-BEcos/B
=(2 1) 2+2-H x) (x)cos60”
=32 = bx+4

(b) Area of ADEF = %DE-DE;QDSO

1 V3
=5(3.tz 6x+4) %

= ?—(3:2 6x+4)

(e )

= &(x’ 2x+1 +%)

£<£

10C.3 HKCEE MA 1987(B) ~1~14

@ U!p=¢x-§-§.
{7=2a+’§’ = da+b=14 {,,2
=

a=3¢+’§’ = 9a+b=24 b=6
2 p=2x+§.
6 19
Whenx=4, p= 2(4)+E)-.-T
®»  w+S<n

X
22 +6<13x (. givenx>0)
22 13x46<0 = 3<x<6

10C.4 HKCEEMA1992-1-6
A>0
(2P +4(k+6)>0
(k+2)(k+3) >0 = k<=3ork>~2

311

| @ ® Forf(x),{

10C.5  HKCEE MA 2003--1-10
(&) LetV = hL +kL%.
30 = 10A + 100k h=~1
{75=m.+225¢ {k=0.4
() 0422 L>30
22 5L-15020 = Ls',:5 or £210
Since 5 < L < 25, the solution is 10 <L <25.
10C.6 HKCEEMA 2004-1-10

= V=042

(a) Letys=jx+ke.
3=3h+% h=-5 a2
{12=4h+16k {k=z P pedriets

) 22 -5x<42 = 23-5¢ 42<0 = —z<x<6

- Possiblevalues of xare 3, 2, 1,0.1,2,3,4and5.

10C.7 HKCEE AM 198311

Ctde+2+A2x4+1)=0 = X +2(2+A)r+(24+1) =0
No real roots = A<O
42+ 4(2+1) <0
A43442<0 = 2<A< 1

10C.8 HKCEE AM 1988135
A (4m)? 4(4m+15) =160 16m+60
I f(x) >Corallrealx, A<0
4(4m? 4m+15)<0
5

(2m+3)(2m 5)<0 = —3<m<-

2 2
10C9 HKCEE AM 1988-1-10
Sum of ris= 2
Prod of rts = —1
Sumofrts =2k
For (). {Prodofm=k= 6
PQ = Diffierenceaf rts of f(x
=V =4 0=
RS = Difference of rts of g(x)

@) Midptof RS = (s““';"",o) = (k,0)

If this is also the mid-point of PO, k= _2--1.

’(b) {"f(") = R242xml= L +Ux—B+6

(&)
22 4+2(1=kpx+i2 T7=0 ... (%)
A=0
41 K2 8 7 =0
k242%k=15=0 = k=-50r3
For k = —5, (s) becomes 2224 12x+18 =0
2(x+3) 2=0
xm 3
= Intersection={ 3,( 3P+2( 3)-1)=( 3,2)
For k=3, (*) becomes 2> —4x+2=0
2(x=- )2 =0

X =
= Intersection=(1,#+2(1) 1)=(1,2)
(© ) >g(x)
23 42(1=K)x+i2 7>0
I this is true forall real x, A<O
B+2 1550
k<=5ork>3

10C.10 HKCEE AM 1991-1-7
(a) From the first equation, p+¢=2 &
Fr onthe secondequation, pg+k{p+¢) =1

=(k+1)?

(b) Sumofroots =p+g=2—~k
Product of roots = (k+1)2

. Required equation: 2 — (2= Bx+(k+1)>=0

Hence, A0
(k 2)2 4(k+1)2>0

344k <O = -—Biskso

10C.11 HKCEE AM 1991 ~1-9

@) gx)=-22 12x 23= 2(.\2+6x+9 9)-25

==2(x+3)*~5
£-5<0
) f(x)+kglx) =

(2+2x 2)+k( 2¢ 12x 23)=0
(1=2k0242(1 6k)x (2+23%) =
Equalts = A=0
4(1-6k)2+4(1  2K)(24+23K) =0
10k 7k=3=0

k-luﬁ

-3
" Iu=!.kz=ﬁ

(i) flx)+hig(x)
=(C+2x~2) (22+12x+423)
= 2-10x 25= (x+5) 20
F(x) +kag(x)
=P+ 2)+ (2x1+12x+23)

=3(x1+7 49) 8(x+7) >0

3 6 i
© fE+ke(x)<0
;((:)S 8(x)
g-(;%z—l (- 8 <by(@)
. Leastvalue= 1

(attained when f(x}+kig(x)=0 < x= 5)
Sflx) +hs(é0

f(x)z—x(XJ

) i’

x(X) 3
% Gmes(value——o

. 7\? 7
(attained when x+z =0 & x=7)

10C.12 HKCEE AM1995-1-1

A=(1 mP 42m~5)=m* 10m+2i

If f(x) >0 forallrea 1xA<0

m* 10m+21<0
(m=3)m=7) <0= 3<m<7

10C.13 (HKCEE AM 1995 ~1~10)
(@ fle) =g(a)
12024+2pa g=120*+2gqa-p
20(p—gT= {p—gJ (. p,lqmdisﬁnct)

® a+f= 2 = p="L.l
373%
©® B+7r= (ﬂwr(ﬁhﬁrw*)

-()[5-2+1 2(2+)+5]
-3(5 §+3)

p° 3p+10>0
1<p<4
=-1<p<4
{Allrealncs ’
(@) p=3 and g=0
p=2andg=1 (sincep+g=3)

10C.14 (HKCEE AM 1996 -1~ 8)

The graph of y=x%— (k—2)x+k+1 intersectsthe x-axis at
two distinctpoins (@, 0) and (8,0), where k is real .
(a) Two distinctroots = A >0
(k=22 4(k+1)>0
R-8>0 = k<Oor k>8
®) —5<a+5<5 = 5<k 2<5 = 3<k<7
. ‘And™  3<k<0

1015 (HKCEE AM 1997-1-8)
@) A=(k+2)? 8(k—1)=k* 4k+12=(k~2) +8
>8>0
.. The rootsar ereal and distinct.
®) a+f= (k+2)
ap= Z(k 1)
(@ BP>32
(a+B)=-4a,8>9
(k+2)2-8k=1) >9
(k 22+8>9
(k=22>1 = k 2< lork=2>1
= k<lork>3

10C.16 HKCEE AM 1999-1-4

Let f{x) =2342(k 4)x+k wherek isreal
() A=4(k 4)* 8k=4F —40k+64

(b) Nointersectionwithx-axis = A<O0

4k 10k+16) <0
k 2)(k-8)<0 = 2<k<8

312



10C.17 HKCEE AM 2005 -5

2 ox 1>k(x-2) = £- (l+lc)x+(2k—l)>0

If this is true for all real x, A<O

(1+k2-4(2k-1) <0
B—6k+5<0 = 1<k<5

10C.18  HKCEE AM 2006 —4
If kx®+x+k >0 is true for all real x,

A<0 and k>0
12-4 <0
k’>-l- = k<-——l orlc>]—
3 2 2
k> 1
2
10C.19 HKCEE AM 2008 -4
A<0
(~1)*=4(1) (%) <0
1-36k2 < ol .
kz>—33 = k<T
10C20 HKCEE AM 2010-4
k=1>0 and A<0
B-dk(k 1)<0
U4k >0 =

o k>é(mjeued)

k<O or k>

wil s

313

10D Linear programming (with given region)
10D.1 HKCEE MA 1984(A/B) -1-8

y 0 _10-0

(a) (Two-pt form) t;:x—?a=6—l—o = y= x+10

(Or intercept form) £5: —+.-.-1 = y=-x+10

10 A(l)

. £ :2y=3 x=]
(b”‘{z 3x—2y=0 {,-3

£3:3x 2y=0 =4
B {(; 1y=-x+10 { me * 5=(46)
Jhai2y=3 l} 3
¢ {t;:y--x+10 { =3 (2 2)
2y >3
(€) {3x=2y>0
y< x+10

(@ Ata, P=(1)+2(;) —~Sm =1
ALB, P=(8)42(6) -5 = 11
ALG, P-( 1(3)-5-2

2 MaxofP—ll. minof P= 1

10D.2 HKCEE MA 1988—-1-12

dzh -
@) G\voptfmu)k.x_o ico = 4x+3y=12

(Or intercept form) L3: ;—‘-&-‘Esl = 4x+3y=12
x<3
() {y<4
ax+3y> 12
) At{0,4), P=(0) +4{4) =16
At(3,4), P=(3)+4(4)=19
At(3,0), P=(3) +4(0) =3
*. Greatest P= 19, least P=3

2i-3y+3=0

At(0,4), P=(0)+4(4) =
At(3,4), P =(3)+4(4) = 19
AL(3,3), P=(3)+4(3)=15
At(15,2), P=(15)+4(2) =95
s Least P=95

10D3 HKCEEMA 1990-1-5

10D.5 HKCEEMA 1992-1-3

By sliding the dashed line, P attains its greatest value at A and y>1 YO EENE 96 31
least value at D. ® {2 y>2 NS/ T T
e {4:2:-(-3}'&18 x=0 3x+5y< 30 : N z-p=2 | |
l5:2x y=-6 =6 ®) 16 N {
*. Greatest? = (0)+4(6)—2=22 i; SN G «,;
biy= 2 x=1 1
*leixty=-3 * \y==2 1p—rfa ~prrrt \ ﬁ"i
. Least P=(=1)+4(=2)~2= ~11 ° 2 3 456789 10’
x.

i e~ Lix+4y=0
& c
10D4 HKCEEMA 1991 -1-8
(a) (Slope-int form) Lz:y-x+52
A Al -
(Two-pt form) L"x-'Sx s = x4+5
(Or intercept form) L;:-g %-l = y= x+5

x<4
®) (y<x+2

y2 =x+5
() () At(4,6), P=(4)+2(6)=3=13
At(4,1), P=(4)+2(1)~3=3
At {1.535), P=(1.5)+2%3.5) -3 =55
.. Min of P =3, atained at (4,1)
(i) P=x+2y=327 = x+2y210
Draw it into the diagram:

The rangeof x that covers the new feasible region is

25x<4

10D.6 HKCEE MA 19931 1(d)

By sliding the given line,

() Greatest value = (1) +2(4) =9, at (1,4)
(i) Least value=(0)+2(~3) = -6, at (0,~3)

10D.7 HKCEEMA1995-1-12
@) () 20x+40y=2240 = x+2y>12
() 25x+37.5y <300 = 2x+3y<24
(iii) x+y< 10
(b) (xand y must be integers!)
(3,5),(3:6). (4,4). 4,5). (5,4). (6,3),(6,4). (7,3)
(¢) Cost=25x+37.5y
By sliding the line 25x+437.5y =0 = 2x+3y=0, the
Jeast cost is altained at (4,4).
Least cost = 25(4) + 37.5(4) = (§)250.
(d) (i) AsCost = 300, the only two points lying on the fine
25x+37.5y =300 are (x,y) =(3,6) and (6,4).
(§) Number of chocolates = 20x+ 40y
At (3,6), Number=20(3)+40(6) = 300
At (6,4), Number = 20(6) +40(4) =280
. Greatest number =300
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10D8 HKCEE MA 1996-1-9
L JLri3x+2y=7=0 =3 N
(a) C‘{Ia:ZX y 7=0 = {"= 1 = (3,~1)
3x+29-720
®) {3x=5y+720
2x=-y=7<0
(c) AtA, 2(1)-2(2)=7=-9
ALB, 2(6)-2(5)=7==5
AtC, 2(3)=2(~1)=7=1 = Maxvalue=1

10D.9 HKCEEMA2002-1-17
s X =
@ l“5§+9k 1 = 9x45y=45k
- — L= =
“'m-.*'st: 1 = Sx+12y =60k
45x+25y <225 = 9x45y<45
®) @) {50x+120y <600 = 5x+12y <60
xand yare non-negative integers.
Let the profit be P = 3000x -+2000y. By sliding the
line;{x+2y=0lnﬂugmphwhhk=l.

.
(0,9)
(0. R .

as t

]
i 1 1! =
k T 1t
o (5,0 (12,0)

the greatest possible profit is attained at {3.3) and
(5,0)

.. Greatest profit =3000(5)+0= (8)15000
45x+25y <450 = 9x+5y <90
(i) {50x+120y< 1200 = Sx+12y<120

xandy arc non-negative integers.
Byd.i;ﬂngtb line3x4- 2y = Oin the graph with k=2,

1

1

(0,18)

’g

-

©.10)
=

*n

-}

+
d
o (10,0) (24,0

the greatest possible profit js attained at (6,7)
.. Grearest profit = 3000(6) +-2000(7) = ($)32000

10D.10 HKCEEMA 2009-1-16

(a) @ Ll-x—'ﬁ=-ﬁ:s—=2 > y=2
Ly 24=:-2§»(x—12) = x4+2y-60=0
yS
_ x+2y<60
® x28
y210
x28
y210

(b) The constramtsare { y < 2x

4x+8y <240 = x+2y<60
x and y are integers.

Let the profit be £ = 4000x + 6000y.

At (8,16). P =4000(8) +6000(16) = 128000

At (12,24), P = 4000(12) +6000(24) = 192000

At (8,10), P =4000(8)+ 6000(10) = 92000

At(40,10), P = 4000(40)+ 6000(10) = 220000

. Max profit = $220000 < $230000

.~ NO.

10D.11 HKDSEMA 2014 -1-18

Ly % _%-0 -2 __,
@ L=t = 3 — XYy 300
6x+7y < 900
.. The constraints are 2x+3’5360.
x20
y20
6x+ 7y <900

(b) The constraints are { 2x+ 3y < 360

x and y are non-negative inlegers.

Let the profit be # = 440x+66Sy.

AL(0,0), P =440(0} +665(0) =0
A1(0,120), £ = 440(0) +665(120) = 79800
AL(45,90), P= 440(45) + 665(90) = 79650
At(150,0), P = 440(150) + 665(0) = 66000
' Max profit = $79800

.~ NO.
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10E Linear Programming (without given
region)

10E.1 HKCEE MA 1980(1/1*/3) ~ I - 12
10x+30y< 720 = x+3y<72
x4+ 15y <60 = 2x+3y<120
x2y
xandy are non-negative integers.

Let the profit be P = kx +2ky. By sliding the line P =0, the
maximum is attained at (48,8).
.*. 48 economy- and 8 first-class scats respectively

10E2 HKCEE MA 1981(1/2/3)~1-8

X+2y 248

10x+ 15y £450 = 2x+3y<90

x2y

xand y are non-negative integers.
Let the profit be P =300x+400y. By sliding the line P=0,
the maximum is attained at (x,y) = (36,6).
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10E3 HKCEE MA 1983(A/B) —1—12

(c) (i) Maxof P=3(60)+2(0) =180
Min of P =3(10) +2(20) =70
@) Max of P=3(45)+2(10) = 155
Min of P= 3(10) + 2(20) =70 (unchanged)

10E4 HKCEE MA 1986(A/B) -1-11

x+y240

x+3y260

Tx+2y 2 140

x and y are non-negative integers.

(b) Constraints:

Let the cost be C = 1000x+ 2000y. By sliding the line
€ =0, the minimum & attained at (x,y) = (30,10).
. 30 days for A and 10 days for B



10E5 HKCEE MA 198%(A/B) ~1- 12
@ 20000 +- 5000y > 60000
6000+ 3000y > 24000
x>0, y>0
2x+3y 212
dx+y212
2x+y28

()

(c) Let the cost be C = 4000x+3000y. By sliding the line

C =0, the minimum is attained at (3,2).
. Least cost = 4000(3) +3000(2) = (§)18000

10E.6 HKCEEMA1980-1-14
(@)

® ) z=100-x-y
Gi) Cost= 6x+5y+4z 6x+5y+4(100~x~y)
= (8)2x+y+400

(iii) 400x+ 600y +400z > 44000
= 243y+2(100~x=y)>220 = y>20
800x 4+ 200y + 400z > 48000
= 4x+y+2(100 x y)2240 = 2u-y>40
z20
= 100 x y>0 = x+y<100

(v) By slidingthe line Cost=0, the minimum s atsined | (:8)-

at (30,20).
ie. x=30,y=20,z=100 30 20=50

242220 = x+y>10
223y
x+2 212
x20, y20
(ii) The feasibleregion is shaded above.
Let the payment be P = 500x-+ 300(x + 2y}
= 800+ 600y
By sliding the line P = 0, the minimum is attained at
(x,y) =(6,4).
. Length= 6m, Width =4m,
Payment = 800(6) -+ 600(4) = (§)7200

® @

10E8 HKCEE MA 1998118
0.32x+028y <448 = Sx+7y<112
0.24x+0.36y <4.32 = 2x+3y<36

@ 24 10y<100 = x+5y<50
x20, y20
Y
200777 1 3
EsesamauEm
IRx it 1
.st\az —
A - :
N 1 :
10 ] N 1
N B L {sy=0
s |
>'\
=36
1 lle
0 s 10 15 20

(b) Let theprofitbe P= 90x+ 120y. By sliding the line P =0
among the lattice poinis in 2, the maximom is attained at

Max profit = 90(6) + 120(8) = (§) 1500

37

10E.9 HKCEE MA 2000 -1~ 15

(a)

®)

The constraints are @)
1000(0.04x) + 800(0.03y) <2400 = S5x+3y < 300
1000(0.01x) +800(0.25y) < 1200 = x+2y <120
x+y<70
x and yare non-negative integers.

The feasible region consists of the latice points in the

shaded region below.

Let the profit be P = 800x+ 1000y. By sliding the line

P =0, the maximum is atained at (x,y) = (20,50).

4
N

0 1 20 30

Extra constraint: x> y.

The new feasible region consists of the lattice points in the
(darker) shaded region below.

P now attains its maximum at (36,34). (Note that (35,35)
is not in the feasible region.)

*. Greatest profit = 800(36) + 1000(34) = (8)62800
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®) ®

R L -

=2y=

S - + X

1 2 3 4 5 6 7 8 9 10

—Nuaunqmoc_‘c
T

(25586666
QOOee9e

1 2 3 45 6 7 8 910

o

(ii) (1) Number of tables in the smoking area =46
24 Pmb-g—g
(2) Number of tables in the non-smoking area &

multiple of 3 14
46 x 14x21 644

W0x89 4005



