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is told’ that ‘helnsedsite
complete, a,construction |
project in a shorter period |
of time. Assuriing that/all
the workers:work at.the
samme rate, how many mors |
workers does . he.neadtin |
order to complete. the
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Direct Proportion

In Singapore, if we borrow hooks from a public library and are late in returning the
books, we will be fined 15 cents per day for each overclue hook. Table 1.1 shows the
fines for an overdue book.

Numberofdays( 1 | 2 3 4 5 6 7 8 9 10
—— —— = 3 4 - - 5 - -+

Fine (y cents) 15 30 45 | 60 | 75 90 | 105 120 135 150

4

Table 1.1
1. Ifthe number of days a book is overdue increases, will the fine increase or decrease?

2. If the number of days a book is overdue is doubled, how will the fine change?
Hint: Compare the fines when a book is overdue for 3 days and for 6 days.

3. i the number of days a book is overdue is tripled, what will happen to the fine?

4. If the number of days a book is overdue is halved, how will the fine change?
Hint: Compare the fines when a book is overdue for 10 days and for 5 days.

5. If the number of days a book is overdue is reduced to —;— of the original number,
what will happen to the fine? '

From the investigation, we notice that as the number of days, v, a book is overdue
increases, the fine, v cents, increases proportionally, i.e. if x is doubled, then v will
be doubled; if v is tripled, then y will be tripled.

Similarly, as the number of days, x, a book is overdue decreasces, the fine,
v cents, decreases proportionatly, i.c. if x is halved, then y will be halved;

AP 1 = .. : | . i . .
if vis reduced to . of its original value, then v will be reduced to = of its original value.

This relationship is known as direct proportion. We say that the fine, v cents, is
clirectly proportional to the number of days, v, a book is overdue.

@ Chapter 1
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Class

Discussion

Real-Lifc Examples of Quantities in Direct Proportion

Work in pairs.
1. Give a few more real-life examples of quantities that are in direct proportion.

2. Explain why they are directy proportional to each other.

Complete Table 1.2,
Number .
of days | i 2 3 3 6 7 ¥ i £h]

@) | | | | | | | | | | |
Fine :
(v cents)

Rate 15
I

(%)

wn

3} 45 60 7 90 1G5 120 135 50

L

N|"A’
=

£
bad V)

Table 1.2

=
What can we observe about the rate = ?
X
v s .
What does - fepresent? What does the constant “15" mean in this context?
. . V. . 3
In direct proportion, the rate = is a constant. In this case, = = 15.
X R

Let the number of days a book is overdue be v, = 3. Then the corresponding fine is
v, =45,

Let the number of days a book is overdue be v, = 6. Then the corresponding fine is

v, =90,
v 45 - v 90
FromTable 1.2, =L == = |5and 22 = ZX = |5,
x 3 X2 6
Y v, . Y Vi in Book 1, we have learnt that
o=k === =15 (constant), i.e. the two rates =L and 22 are equal LA NT e
Ay X, X X & rdie compares bwo or more
quantities of different kinds.
o6 Y290 S ) 1 _ Yer 4
Moreover, ;= 2and = 25 = 2 beyis doublec when v is doubled. In this case, * {or 2 ) compares
X AY ; -
the fine with the number of days
Wy ¥y . el vl : < i overdue. We have
==L j.e. the two ratios =% and =2 are cqual {This can also be obtained by A book is BRI Ly
NN z v rearranging the equation learnt that a ratics compares two
. ; ar more quantities of the same
"‘_-' = l_ ) kinel. In this case, : QUM

Y
b companson of the number of
To conclude, we have: . vy
davs & book s overdue and 4

I

- I0r v 3y s a compaison of the

" “ . . \Y} Vs R Va fines.
It v is directly proportional to x, then Pl S
A A2 33 Al
o |

OXFORD
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Worked
Example

If 6 kg of biscuits cost $27, calculate the cost of 13 kg of

hiscuits.

Solution:

First, we note that the cost of the biscuits is directly proportional to the mass of the

biscuits. ‘.%9’44 =

Method 1: Unitary Method Methad 1 is called the it
method because it involves iinding

6 k]‘," of hiscuits cost $27. the costof Lkg tor ! urnit)of hiscuits
first.

. 27
) kg of biscuits costs 36

13 kg of biscuits cost $2T7 x 13 = 558.50.

Method 2: Proportion Method

Let the cost of 13 kg of biscuits be Sx.
X 27 [ \s
Then 13”6 ( o= ‘_‘.]

i =%x 13

= $58.50

Alternatively,

X "EI YW N
27 61
12555
v= 6x._7
= $58.50

. 13 kg of biscuits cost $38.50.

[ CTISE NO SIMILAR
Pl !

(a) If 50 g of sweets cost $2.10, find the cost of 380 g of sweets, giving your answer F.'xvr('ilsc 1A Questions 1-2,
Siai-bi, 6
correct to the nearest 5 cents.

Xe - . : . 2 . ;
(b) 5 of a piece of metal has a mass of 15 kg. What is the mass of = of the piece of
metal? ‘

OXFORD
@ Chapter 1




Algebraic and
Graphical

4l @) Representations of

045 Direct Proportion

FR &

In the example on overdue hooks in Section 1.1, we have found that ): = 15, which

is a constant. If we represent this constant by &, then-':-' =k or y = kv, where k£ = 0.

Hence, we have:

. 5 ¥
| W xis directly proportional to x, then ==kory=ky,

| where kis a constant and & 2 0. |

2 @’ﬂlinking
7 Time

If we substitute & = 0 into v = kv, what can we say about the relationship between ¥
and y7

T~ Investigation

- - =% S— —

Graphical Representation of Direct Proportion

—onsider the example on overdue books in Section 1.1, Table 1.3 shows the fines,

. ) v
: cents, for various number of days, x, a book is overdue, where c=150ry= 15

Mhat does y = 15x mean in this context?

Number of days (x) 0 I 2 | 31 4|5 6 7 8 9 10
Fine (y cents) 0 15 30 45 60 75 90 105 120 135 150
Table 1.3

OXFORD
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1. Plot the graph of v against xin Fig. 1.1.

Fine (v cents)
Fy

_
for]
tn
|
I
1
1
|

751+ } iz
60T

ast+—t—1—A——1—

l | -

- ! E T Humbe
I 2 3 4 5 & 7 & 9 1o (umber
of days (x)

Fig. 1.1
2. What is the shape of the graph?
3. Does the graph pass through the origin?

To conclude, we have:

————— el

If v is directly proportional to x, then the graph of ¥
against x is a straight line that passes through the origin.

1
'l

1. If vis directly proportional to v, is x directly proportional to y? Explain your answer.

2. Suppose v is directly proportional to x. If we plot the graph of x against v, will we
get a straight line that passes through the origin? Explain your answer.

3. If v is directly proportional to x, then the graph of y against x passes through the
origin. If the graph of v against x does not pass through the origin, is v directly
proportional to a? Explain your answer.

4. As v increases, v also increases. Can we conclude that v is directly proportional
to +? Explain your answer,

()XF(_)RD
@ Chapter 1




Worked

Example

Ty is directly proportional to v and v = 12 when v = 4, tind
(i} an equation connedting x and v,

(i) the value of v when oy =8,

(i) the value of 1 when v =21,

Solution:

(i)

(i)

Since v is (“l‘L‘Ct')’ |)l’()|)()rl3.()['l.3| loa, Since v dhirecthy proportional to

. \
then v =4Ax, where £ is a constant, v then 3 Lorv=Ay where £ s

When v =4, v=12, dconstant and £ 20,
12=4x4d
k=3
Loy=dx

When v =8,

v = Ix§
=24
Alternatively,

when v =8, s doubledd
y=2x 120 s doubled

=24
We can also use —:ll =l‘]"
Lo = 4
12 4
v=2x12
=24
(iii) Substitute y =21 into y = 3
21 =3x
21
=3
=7

__ SIMLAR [
PRACTISE NW e i i QUESTIONS ;

I.

12

If y is directly proportional to v and v = 10 when x

l

Dak-ily

() an equation connecting v and v,
(ii) the value of v when v = 10,
(i) the value of ¥ when v = 60.

I v is directly proportional to v and v = 5 when v = 2, find the value of v when
v="7.

Given that vis directly proportional to x, copy and complete the table.

! x ' 4 5 7

F———I- + 1 + T

S S| 3 | 48 | 7
{}:}ZF_()RII)

Chapter 1

, find Exorcise 1A Questionrs 34, 7-8,
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AT
Worked _
E 1 The expenses, $E, of a tea party are directly proportional 1o

-Xampic the number of guests, N, present. When there are 30 guests

present at the tea party, the expenses incurred are $210.

{i) Find an equation connecting K and N,

(i) Calculate the expenses incurred when there are 80
guests present at the tea party.

(i) Draw the graph ot £ against M.

Solution:

(i Since E is directly proportional to N, Worked Example 3 can also be
solved using the Unitary Method
or the Proportion Method 1sed
When N = 30, £ =21, Worked Example 11, However, as
210 = & % 30 there are forms of direct proportion
where these two methods will
v k=T not work, we need to learn the
s E=TN algebraic method to solve them
see Worked Example 6)

then F = &N, where & is a constant.

{(ii) When N =80,
E=7x%x30
= 560
. The expenses incurred are $560.

s

(i JE=N
-]- r)‘{-lr-?} [:.=?N
i When N =0, £=0,
I When V=1, E=7.
(0, O)
1 Ld - -
ot : » N

; '
| || SIMILAR
| PRACTISE NOW 3

The cost, SC, of transporting goods is directly proportional to the distance covered, dkm. - Brerase 1A Questions 1014
The cost of transporting goods over a distance of 60 km is $100.

(i) Find an equation connecting C and d.

(i) Findl the cost of transporting goods over a distance of 45 km.

(iii) If the cost of transporting goods is $120, calculate the distance covered.

{iv) Draw the graph of C against d.

OXFORD
Chapter 1 vy uad T A




Worked
Example

The total monthly charges, SC, for a mobile plan consist
of a fixed amount of $20 and a variable amount which
cepends on the usage. For every minute used, $0.20 s
chargedl.

(i) I the duration of usage is 120 minutes, calculate the
total monthly charges for the mobile plan,

(ii) If the total monthly charges for the mobite plan are
$50, find the duration of usage.

(i) Write down a formula connecting € and n, where n
is the number of minutes of usage.

(iv) Draw the graph of C against a. Is C directly proportional
to n? Use your graph to explain your answer.

Solution:
(i} Total monthly charges for the mobile plan = $20 + 120 x $0.20
$d4
(i) Variable amount = $30 - 8§20
=330
Duration of usage = 0
0.20

= 50 minutes
(iii) Variable amount = 1 x $0.20
$0.2n
Total monthly charges = variable amount + fixed amount
S C=020+ 20

* Since # cannot be negative, the
C=02n+720 line must start trom i = O,
* When g = |20, (=34,

(5. 21) C=02n+20 When = 150, C= 50

When n =0, ¢ =20,

L3 s ¢
Since T30 % 130« » 1S NOT
\’Vhen n= 5; C=21. constant.

: s Cls notdirecthy proportional
-

O 5 H HONIR

C is not directly proportional 1o » because the line does not pass through
the origin.

PRACTISE NOW &
— . QUESTIONS

The total monthly cost, SC, of running a kindergarten consists of a fixed amount  Tercise 1A Questions 1516
of 5000 and a variable amount which depends on the enrolment. For every child
enrolled, the monthly cost increases by $41.

() I the enrolment is 200, find the total monthly cost of running the kindergarten.

i) If the total monthly cost of running the kindergarten is $20 580, calculate the
number of chilcren enrolled in the kindergarten.

i) Write down a formula connecting C and n, where n is the number of children
enrolled in the kindergarten.

i) Draw the graph of Cagainst 2. Is € directly proportional 1o #? Use your graph to
explain your answer.




- Exercise

1A

BASIC LEVEL

1.

108 iclentical books have a mass of 30 kg, Find

{1} the mass of 150 such books,

(i) the number of such books that have a mass
of 20 ke.

In a bookstore, 60 identical books occupy a length

of 1.5 m on a shelf. Find

(i} the length occupied by 50 such hooks on
a shelf,

(ii) the number of such books needed to completely
occupy a shelf that is 80 ¢m long,

If x is directly proportional to v and x = 4.5 when
Y= 3, fire!

() an equation connecting vand v,

(i) the value of v when v =6,

(iii) the value of ¥y when v= 12,

If Q is directly proportional to 2 and Q = 28 when
P=4,

(0 express Q in terms of P,

{ii) find the value of Q when P =5,

(iii) calculate the value of P2 when @ =42,

Finct the cost of

(@ 10 ke of tea leaves when 3 ke of tea leaves
cost S18,

(b) « kg of sugar when b kg of sugar cost Se.

s . . .
g ofapiece of metal has a mass of 7 kg. What is
2

the mass of =

of the piece ol metal?

It - is directly proportional to v and = 12 when
v =3, find the value of v when ;= 18,

IF B is directly proportional to A anck 8 = 3 when
A =18, find the value of B when A =24,

10.

11,

12,

13.

14.

For each of the tollowing, v is directly proportional
to v. Copy and complete the tables.

(a) - )
x | 4 |2 | 2]
y | | 6 | 9 1
(b)
X 2 3 55
e} 4 I
oy 36 96 | 114
If v is cirectly proportional to x and y = 20 when
x=35

4
() find an cquation connecting v and v,
(i) draw the graph o v against x.

If - is clirectly proportional to y and : = 48 when
v=1>0,

(i) fiind an equation connecting v and ¢,

(i) draw the graph of z against v,

The netlorce, £ newtons, needed to push a block
along a horizontal surtace is directly proportional
to the mass, m kg, of the block. When m =5,
=49,

() Find an equation connecting F and m.

(i) Find the vatue ot Fwhen m = 14,

{iii) Calculate the value of nrwhen F=215.6.

(ivy Draw the graph of £ against m,

The pressure, P pascals, of a gas in a container
is clirectly proportional to its temperature, Tkelvin.
When 7= 10, P =25,

i) Find an equation connecting P and 7.

(i) Find the value of Pwhen 7= 24,

(i) Calculate the value of T'when P = 12.

(iv) Draw the graph of P against 7.

The amount of voltage, V volts, needed to send
a fixed amount of current through a wire, is directly
proportional to its resistance, R ohms. Whoen R =6,
V=4,

i) Find an equation connecting Vand R.

(i) Find the value of Vwhen R =15,

(i) Calculate the value of R when V= 15.

(iv) Draw the graph of Vagainst K.

OXFORD
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ADVANCED LEVEL

15. The total monthlyv income, $42, of a salesman who

sells tyres consists of a basic salarv ol $600 and

a variable amount which depends on the

number of tyres he sells, Tor cach tyre he sells,

he receives S8,

(i} It the salesman sells 95 vres in a particular
month, find his total income for that month.

(i) M the salesman’s monthly income for a particular
month is S1680, calculate the number of
tyres he sells in that month,

(iii) Write down a formuta connecting D and
where n is the number of tyres the salesman
sells in a month.

(iv) Draw the graph of D against n. Is D directly
proportional to n? Use your graph to explain
VOUT answer.

4 ¢) Other Forms of S
Direct Proportion

DL\® )

o
I I' I :
W
=

Investigation

Jther Forms of Direct Proportion

he variables v and v are connected by the equation v = 3.

16. Amachine which manufactures ice needs 1o be run for

10 minutes to warm up before the production of
ice begins. The mass, in tonnes, of ice procluced
is chirectly proportional 1o the number of hours of
procuction. Given that 20 tonnes of ice are procluce
when the machine runs for half an hour, find the
mass of ice manutactured when the machine runs
for 1.75 hours.

5 v 5 5
Some values of v, and the corresponding values of v and L aregiveninTable 1.4.

=

"~
el
i

306 9 | 12
| |

Table 1.4

OXFORD




Fig. 1.2 shows the graph of ¥ against x.

i
-~
50+ v=3dc
x
fll.l.ll
!
I
a0+ : /
0+
201 :
10
= } t 1 >
1 2 3 4
Fip. 1.2

Is v directly proportional to x? Explain your answer.

2. Now, fet us plot the graph of ¥ against v,

5 ¥ : z
Some values of v, and the corresponding values of &%, yand 3 are given in
RY
Table 1.5.

Table 1.5

OXFORD

@ Chapter 1




Plot the graph of v against 1 in Fig. 1.3. The first three points have been plotted

for you.
¥
A
5{'...—-
4‘}——-
m.—..—.
X
201
X
104
X
L L 1 1 L 3
1 | 1 - "
0 4 8 12 6
Fig. 1.3

Is ¥ directly proportional to +*? Explain your answer.,

rom the investigation, when v = 3¢, v is not directly proportional to v because

v . . . . J ¥ A
RS 3vis not a constant. However, v is directly proportional to 1 hecause == 3 s 0
AT

| constant. Another way to look at this s to let
X = v such that v = 3¢ becomes
v=3\ e %:: 3. Therelore, v is

directly proportional 10 X ( = x).

OXFORD
iRivemats Tas Chapter 1 @




Worked

Exan lple For each of the following equations, state the two variables
which are directly proportional to each other and explain
vour answer.

(@) v =51 by v =Jx
Solution:
(a) Sincey =54 i, ‘— = 5 is a constant, then v is directly proportional to .
=
() Since vy =y, e 2= 1 is a constant, then v is directly proportional to v .
] NS A Y prog W

B PRACTISE NOW 5 [§

For cach of the following equations, state the two variables which are directly
proportional to each other and explain your answer.

(@ v=o6v b fr=x

h

1. In Worked Example 4, we have found that the formula connecting C and n is
C =021 + 20 and that C is not directly proportional to i, However, n is directly
proportional to a variable. What is this variable?

2. In the equation v - 1 = 4, state the two variables which are directly proportional
to cach other and explain vour answer,

Worked
Example If vis directly proportional to .« and v =20 when v =2,
(iy find an equation connecting 1 and v,

(i) calculate the value of y when v =3,

@) find the values of v when v = 1.25,

(iv) draw the graph of v against x°.

@ Chapter t

SIMILAR |
QuUESTIONS &

Fxeecise 18 Questions -dial-(d
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Solution:

(1) Since v is directly proportional to 1,
then v = &2, where £ is a constant,
When v=2, v =20,
W=~Ax2
200 = 4k
k=
s

A

o

iy

)

(i} Whon v=3,
X 3*
45

A

v o=

1
PN

(i) When v = 1.25,

1.25 = 5¢°
=025
Ly= 2025
= =05

(iv) Since v is directly proportional to v, then the graph of v against v 15 a straight
line that passes through the origin.

Yo lfx=52

51 4(1, 5)
/ V=S
When v =0, v =0,
Wheny= 1, v=5.
(©,0) |,
o | ol

PRACTISE NOW B

If v is directly proportional to v and v = 18 when v = 3,
(i) find an equation connecting v and v,

(i) find the value of v when v = 5,

(i) calculate the vatues of v when y = 32,

(iv) draw the graph of v against .

. Wy s directly proportional to v* and v = 21 when v = 2, find the value of v when
v=4

- Given that v is directly proportional to +*, where v is a positive real number,
copy and complete the table.

x 2 3 5
¥ 36.23 51 441
()X]—(_)I{l?

s difficult to use the Unitany
Mothod o the Proportion AMethed
see Worked Example 160 solve
direct propertion problems like in
Warked Example 6. Thus we need
to learn the algehraie method isee
Warked Example 31,

A< cannot be negative, the e
mist start from the origin where
vmi)

i SIMILAR f
QUESTIONS |

b 5= Tk

Exercise T Questions 1




Worked

Example

The volume, Vem', ot a solid ts directly proportional to
the cube of its raddius, r em. When the radius of the solid
is 6 om, its volume is 905 cm'.

(@ Find an equation connecting Vand s,

(i) Calculate the volume of the solich when its radius 15
10 cm.

Solution:

() Since Vis directly proportional to r',
then V= 40" where & is a constant.
When r =6, V=905,

905 = A x 6°
903
k= T2
905
V= ml’

{iiy When r= 10,

_ 905

V= 2I6x 10

4189 2
=189 52

|32 C¥]

: T 22 .
= The volume ot the solid is 4189 o5 em’.

. SIMILAR  §]
§ quesTions [
The length, £ em, of a simple penculum is directly proportional to the square of its Exercise 18 Questions $-10, 1.2
period itime taken to complete one oscillation), T seconds. A pendulum with a length
of 220.5 cm has a period of 3 5.
i Find an equation connecting / ancl 7.
(i) Find the length of a pendulum which has a period of 5 5.
4
[}
Ja‘
|
i -

e

(i) What is the period of a pendulum which has a length of 0.98 m?

L,

H’*’"’"

OXFORD
@ Chapter t kel ooty




BASIC LEVEL

It xis clirectly proportional to v' and x = 32

when
yv=2,
(i) find an equation connecting x and ¥,
(ii) find the value of x when v =6,

(i) calculate the value of ¥ when v = 108,

(iv) draw the graph of x against y*.

It 2 is directly proportional to w and z = 4 when
w=§,

(i) find an equation connecting w and z,

(i) find the values of z when w = 18,

(i) calculate the vatue of w when =5,

(iv) draw the graph of =* against w,

It is given that v is directly proportional to ¥,
Write down the value of # when

(i) ¥y m¥is the area of a square of fength x m,

(i) v em'is the volume of a cube of length v em.

For cach of the following equations, state the two
variables which are directly proportional to cach
other and explain your answer,

@ v=4v b yv=3/x
(c) v =5y d) p'=4f
If = is directly proportional to x* and = = 8 when

x =4, find the values of z when v = 9.

It g is directly proportional to (p - 1)* and ¢ = 20
when p = 3, find the values of p when ¢ = 80.

Given that y is directly proportional to ¥, copy and
complete the table.

X 3 4 _ 0
y 375 o048 1029
OXFORD

PN IVaEniry

10,

Given that the mass, m g, of a sphere is directly
proportional to the cube ot its radius, » em, copy
and complete the table.

r jro2sy
m (3.25

02 | 15 | |
675 11.664

Puring a certain period in the lite of an carthworm,
its length, L cm, is directly proportional to the
square root of N, where N is the number of hours
after its birth. One hour aiter an carthworm is born,
its fength is 2.5 em,

(i Find an equation connecting L and N,

(i) Find the length of an carthworm 4 hours aiter
its birth,

(iii) How long will it take for an earthworm to grow
to a length of 15 cm?

If v is directly proportional to " and the difference
in the values of v when vy = 1 and v = 3 is 32,
find the value of y when v = -2.

ADVANCED LEVEL

11. v is directly proportional to 1% and v = « for a

12,

particular value of x. Find an expression for v in
terms ot a, when this value of v is doubled.

The braking distance of a vehicle is directly
proportional to the square of its speed. When the
speed of the vehicle is & m/s, its braking distance
is d m. Il the speed of the vehicle is increased
by 200%, find the percentage increase in its
braking distance.




Investigation

Inverse Proportion

Table 1.6 shows the time taken for a car to travel a distance of 120 km at different speeds.

Speed (x km/h) 0 20 30 40 60 120

Time taken (¢hours) 12 6 4 3 2 | \\“ L ¥ L ¥ . "
Table 1.6
abie “.

1. if the speed of the car increases, will the time taken increase or decrease?

2. If the speed of the car is doubled, how will the time taken change? —t
Hint: Compare the time taken when the speecds of the car are 20 km/h and

St
el
B
40 km/h. a
3. If the speed of the car is tripled, what will happen to the time taken? \‘\‘v

4. If the speed of the car is halved, how will the time taken change?
FHint: Compare the time taken when the speeds of the car are 60 km/h and
30 km/h,

5. If the speed of the car is reduced to 3ol its original speect, what will happen to
the time taken? ‘

From the investigation, we notice that as the speed of the car, v km/h, increases, the

time taken, v hours, decreases proportionalfy, i.c. if vis doubled, then y will be hatved;

if v is tripled, then v will be reduced to 3 of its original value.

Similarly, as the speed of the car, v km/h, decreases, the time taken, v hours, ingreases

proportionally, i.e. it x is halved, then y will be doubled: if vis reduced to S of its

original value, then y will be tripled.

This refationship is known as inverse proportion. We say that the speed ot the car,
vkwvh, is inversely proportional to the time taken, v hours,

@




Class

Discussion

Real-Life Examples of Quantitics in Inverse Proportion

Work in pairs.

QSIMILAO';JS |
. . ; - - S . UESTI |
1. Give a tew more real-lite examples of quantities that are in inverse proportion.

2. Explain why thev are inversely proportional to each other, Exercise 1C Questions 1)

Complete Table 1.7,

Speed
N 0 0 B [§1h] 120
{x km/h)
Time taken
12 g 4 3 2 |
(v hours) '
Product
Wx12=12 2Hxb6=120)
xy km

Fable 1.7
Vhat can we observe about the product 1w?

ninverse proportion, the product ay is a constant. In this case, xv = 120
= dlistance travelled.

et the speed of the car be v = 20. Then the corresponcing ime taken is v = 6.

et the speedt of the car he v, =40, Then the correspondling time taken is v = 3

rom Table 1.7, x v =20 x 6= 120 and vy, =40 3 =120

Xy =y, = 20 (constant)

carranging,

BN Y We have learnt that 1or direct

I 5 proportion, ~= = 2 but for
\ v

o conclude, we have:

IV OTse i)l’!)i arhon, we h(]\-’(‘
Vi

v

"I

or vy = v, Note the
Vs :

order ot voand
- S . Vs 1)
it vis inversely proportional to x, then =5 = \—' HE Y, =08

OX F_()l{_l)
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Worked
Example

10 identical taps can fill a tank in 4 hours. Calculate the
time taken for 8 such taps to fill the same tank.

Solution:

First, we note that the time taken to fill the tank is inversely proportional to the
number of taps used because as the number of taps increases, the time taken to till
the tank decreases.

Method 1: Unitary Method

10 taps can fill the tank in 4 hours.

I tap can fill the tank in (10 x 4) hours. teveer taps reguire more time

= . 10 x .
8 taps can fill the tank in more taps require less time

= 5 hours.

Method 2: Proportion Method

Let the time taken for 8 taps to fill the tank be y hours.
Then 8v=10x 4000
Lo lox4d
R
=5

. % taps can fill the tank in 5 hours.

PRACTISE NOW 8

Four identical taps can fill a tank in 70 minutes. Find the time taken for 7 such taps
to fill the same tank.

@ Chapter 1

1

AT N A N N A A G N N

Tank

4h 4h 4h 4h 4h b 4h dh dh dh

. o |
Fach tap can fill 5 o1 the 1ank
in 4 hours.

>

It is more contusing o use
Vi .

= “L tosolve inverse propaortion
\ (¥

problems like in Worked Fxample
# because we need 1o switch the
order of v and a, .

E
| QUESTIONS |

Excecise 10 Questions 2, 5-7, 15

OX 1-'_(_)RD



Worked
Example

5 men can paint 2 identical houses in 3 davs. Assuming
that all the men work at the same rate, how long will it
take 10 men to paint 8 such houses?

L7 .
Solution: >
The three variables are ‘number of men’, ‘number of houses’ and ‘number of days’.  wWhen theee vanables are involved
) we heep one variable Constant
First, we keep the number of houses constant. atatime

Number of men  Number of houses  Number of davs

5 2 3
2 k] H’(‘\\ ©F NYCeH rid Uil'(' nmore
s J X,
davs
5.3 The number ot davs required
10 2 AL 15 MOTe MeR require feswer ta paint the houses is inversely
1} woportional to the nuniber of men.
HECH

davs

Mext, we keep the number of men constant.

Number of men  Number of houses  Number of days

10 2 1.5
1.5 Hewer houses require
10 I 2 tewer dave
iP5 ) The nuntber of days required
10 8 8 x T' =0 more houses require mose to paint the houses s directly
= s proportianal to the number of

houses that need to be painted
= 10 men will take 6 days to paint 8 houses.

1
! | | SIMILAR ]
=T [ 2a, |

a) 3 men can dig 2 identical trenches in 5 hours. Assuming that all the men work  Fxercise 1C Questions 13-14, 16
at the same rate, how long will it take 5 men to dig 7 such trenches?

b) 7 identical taps can fill 3 identical tanks in 45 minutes. How long will it take 5
of the taps to fill ane of the tanks?

OXTORD
Chapter 1 @




Algebraic
and Graphical _
Representations of {4 3 M\,

L |

=~
9J) Inverse Proportion

In the investigation on page 19 of Section 1.4, we have found that ay = 120, which

is a constant. If we represent this constant by &, then xv =k or y ==, where k2 0.

Hence, we have:

If v is inversely proportional to x, then xy = & or v =

where & is a constant and & 0.

: k . ;
It we substitute £ = 0 into ¥ = ©, what can we say about the relationship between
i X
xand v?

Investigation

Graphical Representation of Inverse Proportion

Consider the example on the car in Section 1.4. Table 1.8 shows the time taken,
v hours, for the car to travel a distance ot 120 km at different speeds, x km/h, where

7
w=1200ry= 20

Speed .\ 5, 3 40 S0 60 70 80 90 100 110 120
(x knt/h)

Timetaken ., 4 3 94 2 17 15 13 12 L1 1
(v hours)

Table 1.8

@ ONFORD




1. It we plot the graph of v against x, what type of graph would we obtain?

2. Plot the graph of v against v in Fig. 1.4.

Time taken (v hours)

2t
b1

10—

T+
10 20 30

44—+ Speed
4 50 60 70 8 90 100 110 120 (xkm/h)

Fig. 1.4

3. If the value of x is doubled, how will the value of ¥ change?
Mustrate this with an example by choosing two appropriate points on the graph you
have drawn in Fig. 1.4.

What if we plot the graph of v against %? How would the graph look like?

I . P . .
Let X = —. Some values of v, and the corresponding values of X and y are given in
=

Table 1.9. Complete the table.

Speed

0200 300 40 50 60 70 80 90 | 100 110 120
(x kin/h)
X=i 0.1 005 0033 002 0017 0014 0013 001 0.009 0.008
Time taken | |, | =, 3 24| 2 a3 las {3l a2l
(v hours)

Table 1.9

OXTORD
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4. Plot the graph of v against X in Fig. 1.5.

Yy

2t

HT

10+

1 i 1 | ] i ] ] | |
0 ] 1 1 1 1 i 1 1 1 T X

001 002 003 004 005 006 007 008 009 0.1

L J

Fig. 1.5
5. Describe the graph obtained. What can we say about the relationship between
y and X?

6. Although v is inversely proportional to x, what is the relationship between y and
X?

7. Write down an equation connecting ¥ and X. What does it tell you ahout the
relationship between y and X?

In general,

if v is inversely proportional to x, then
k . i
e ww=korv=s =, where kis a constant and & # 0,
X
; = . . k :
e the graph of y against x (and of equation y =~ tis a hyperbola (see Fig. 1.4},
YEe )

« the graph of y against l‘ is a straight line (see Fig. 1.5).

OXFORD
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- f-@"[hinking
a’ Time

If yis inversely proportional to v, is vinversely proportional to v¢ Explain your answer.

Worked | Jaall
It ¥ is inversely proportional to x and v = 3 when
Example sdgifind

i) the value of v when a =8,
(if) an equation connecting v and v,
(iii) the value of v when v = 48,

Solution:

(M

(i)

When v =8, i is doubled
= % (v is halved
|

2

Allernatively,

Ty, =AY
Exy=4x3
12
Vg
1
= ;5

Since v is inversely proportional to v,

k .
then v = =, where & is a constant.
»

Whenay=4, v=3,

k

Bi= 3
wh=12
12

V= —
X

(i) When v =48,

OXFORD

WmiERAET N PEE A

since s inversely proportional 1o
k :
tthenav=kory= where ks
i e

aconstant and k=0,

Rap and Fthan are gomng to compete
N arace. Raps average speed s
twice that of Ethan's,

Fthan wants to start 10 m in from
of Raf. Ethan says, "After Raj runs
W m, 1 witl he 5 m in front ot
him. After Raj runs another §m, |
will he 2.5 min iront of him, Thus
Raj will never ¢atch up with me !
Is Ethan correct?

This ts a variation ot ine of Zeno's

paradoxes. Zena 90 - 430 B.C.
was a Greek phitosopher

Chapter 1 @




SIMILAR |

& QUESTIONS |
1. If v is inversely proportional 1o 1 and v = 5 when v = 2, find Evercise 1C Questions 34, 8-9
5 " 10104y
(iy the value of v when v =8,
(i) an equation connecting v and v,
(i) the value of vwhen v = 10.
2. i v is inversely proportional 1o v and y =9 when v =2, find the value of ¥ when
r=3
3. Given that v is inversely proportional to x, copy and complete the table.
x 0.5 2l 3
4 2 08
Worked
E I Bovle’s Law states that the volume, Vdm', of a fixed
xalnp ¢ mass of gas at constant temperature is inversely
proportional to its pressure, P pascals (Pa). The N
pressure of 1 dm' of a gas in an airtight container 5 | dm' = 1000 cm
50 Pa. Assuming that the temperature in the container (g, means “cubic decimetre’)
is constant, calculate the volume of the gas when its
pressure is 1250 Pa.
Solution:

Since V 1s inversely proportional 1o P,

k .
then V=5, where k is a constant.

When P =350, V=1,

k
=50
k=50
50
V=,

When P = 1250,
50
1250

=0.04

V=

~. The volume of the gas is 0.04 dm’.

#
i practise Now 11

The current, 1 amperes (A), flowing through a wire is inversely proportional fo its  Erercise FOQuestions TH-12
rosistance, R ohms (€1, Given that the current flowing through a wire with a resistance

of 0.5 Qs 12 A, find

() the current flowing through the wire when its resistance 1s 3 €,

(i) the resistance of the wire when the current flowing through it is 3 A.

OXFORD
@ Chapter 1 STy Ry




- Exercise

1C

BASIC LEVEL

-

Which of the tollowing quantities are in inverse

proportion? State the assumption made in each case.

(@ The number of pencils Farhan buys and the
total cost of the pencils.

(b) The number of taps filling a tank and the time
taken to fill the tank.

(€} The number of men laying a road and the time
taken to finish laying the road.

(d) The number of cattle to be fed and the amount
of fodder.

(e) The number of cattle to be fed and the time
taken to finish a certain amount of the fodder.

Eight men can build a bridge in 12 clays. Find the
time taken for 6 men to huild the same bridge. State
the assumption made.

If x is inversely proportional to y and x = 40 when
v=35, find

() the value of ¥ when vy = 25,

(i) an equation connecting v and v,

(i) the value of v when x = 400.

It Q is inversely proportional to P2 and Q =0.25 when
p=2

(i) express @ interms of P,

(i} find the value of Q when P=5,

(i) calculate the value of P when @ =02

35 workers are emploved to complete a construction
project in 16 days. Before the project starts, the boss
of the company is told that he needs to complete
the project in 14 days. Assuming that all the workers
work at the same rate, how many more workers does
he need to employ in order to complete the project
on time?

OXFORD

10.

11.

A consignment of foclder can feed 1260 cattle for

50 days. Given that all the cattle consume the

iodder at the same rate, find

(i) the number of cattle an equal consignment of
fodder can feed for 75 days,

(1) the number of days an cqual consignment of
fodder can last if it is used to feed 1575 cattle.

At a sports camp, there is sufficient food for 72
athletes to last 6 days. If 18 athletes are absent from
the camp, how manyv more days can the food last
for the other athletes? State the assumption made.

If = is inversely proportional to x and = = 5 when
x =7, finc the value of » when z = 70.

It Bis inversely proportional to A and 8 =3.5 when
A =2, find the value of Bwhen A= 1 4.

For each of the following, v is inversely proportional
to x. Copy and complete the tables.

(a) :
2 | 25
y | 4 1S
(b) '
3 4 25
B 9 | 8 | 23

The frequency, f kilohertz (kHz), of a racio wave

is inversely proportional to its wavelength, 4 m.

The frequency of a racdio wave that has a

wavelength of 3000 m is 100 kHz. Find

(i) the frequency of a radio wave that has a
wavelength of 500 m,

(i) the wavelength of a radio wave that has a
frequency of 800 kHy.

Chapter 1 @




12. The time, 1 hours, needed to complete a job is 14, A consignment of fodder can feed 1000 sheep for
inversely proportional to N, where N is the 20 days. Assuming that all the sheep consume the
number of men employed for the job. 3 men can fodcler at the same rate, how many consignments
complete the job in 8 hours. of fodder are neecded to teed 550 sheep for 400 davs?
(i) Find an cquation connecting ¢ and A,

(i) Find the number of hours needed by 6 men 15, Tap A takes 6 minutes to fill a tank and Tap #

to complete the job. takes 9 minutes to fill the same tank. Pipe C can

(i) If the job is to he completed in : hour, how empty the tank in 15 minutes. How long will it

many men need to he employed? take to fill up the tank if the pipe is in use when
both taps are turned on?

16. A contractor agrees to lay a road 3000 m long

in 30 days. 50 men are employed and they work
for 8 hours per day. After 20 working days, he finds
that only 1200 m of the road is completed. How
many more men does he need to employ in order

13. 12 plasshlowers can make 12 identical vases in
9 minutes. Assuming that all the glassblowers
work at the same rate, how long will it take

8 glasshlowers to make 32 such vases? . ) o
to finish the project on time if each man now works

10 hours a day?

Other Forms of
Inverse Proportion

_1.6

We have learnt that if v is inversely proportional to x, then

k
xy=kory=-—,
. Alatier

where & is a constant and £ = 0.

Similarly, if v is inversely proportional to x*, then Another way to look at this is 1o
k let X =47 such that
AMy=kory=—,
A vy=k becomes Xy =1
where & is a constant and & 2 0.

k i
or v=— hoecomesy= O
. ¥ X

where & 1s a constant and £z 0
Therefore, v s iversely
proportional to X (= v)

OXFORD
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Vorked

hl

' « . . .

,xample For cach of the following equations, state the two
variables which are inversely proportional to each
other and explain vour answer.

2 3
@) v= = (b) y=—=
v Wy
Ll
olution:
. 2 : ; v ; ;
) Sincey =, Le vv=2is aconstant, then v is inversely proportional to v
A
. 3. . . . -
) Since v = ik e, yylx =3isa constant, then v is inversely proportional to v,
~

PRACTISE NOW 12 |

r each of the following equations, state the two variables which are inversely
oportional to cach other and explain your answer.

) y=2 ) e © y=—0

H v’l[' Xt
Vorked
[l < ) 3 1 ~ v = i -
.xample It v is inversely proportional to Jx and v =6 when vy =4,

(i} calculate the value of v when v =16,
(i) find an equation connecting v and y,
(i) find the value of v when v = 4.

olution:

When x=16=4 x4 1604 times o1 4

1 | ! ; .
N7 6 v is o times ot 6 since v is inversehy proportional to Vv
N

I

]
B x
> 6

=3

OXFORD
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SIMILAR [
QUESTIONS

Exercise 113 Questions Hai-fe)

The square root sign  is used
to denote the posine square root
only, Thus JF = 2. However, i
= then v = £ JF = 122, 1 we
want both the positive and the

negative square rools, we need to

write ::J—.
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(i) Since vis inversely proportional to Jx | then vy = T where & is a constant.
R

Wheny=4d, v =6,

Ol= A
¥
6= %
k=12
12
Vs —/—
Jr
(i) When y=4,
4 12
“Jx
N
=t
=3
v=9
. SIMILAR |
4 e ! | aUesTions |

I xercise 1D Questions 1-2, 4-0

1. M yisinversely proportional to x* and v =2 when x =4, !
! -10

(i) tind the value of v when x = 8§,
(i) find an equation connecting v and v,
(iii) calculate the values of vwhen vy =¥,
2. If visinversely proportional to v and v =6 when x=9, find the value of v when

X=25.

3. Given that vis inversely proportional ta Jv, copy and complete the table.
B L .

x ] 4 16

ONXFORD
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Worked '

1 In a computer simwlation of an experiment, a drug
Examp c is added to two identical flasks, cach containing

the same amount of a certain bacteria. The drug
is allowed to react with the bacteria for various
times in ¢ hours. 1t is Tound that the amount of

bacteria left, s umits, is inversely proportional to
(1= 2) hours. In ane flask, there are 6 units of bacteria
left after 5 hours. Calculate the amount of bacteria left
in the other flask after 7 hours.

Solution:

Since s is inversely proportional to 1 - 2,
A ‘
then s = T— 5. where & is a constant.

Wheni=5, s=6,

k
Ts5-2
k

6=

6

3
k=18
_ I8
Y=
When 1= 7,
18
-2
2

6

¥= 3
3.

. The amount of bacteria left in the other flask after 7 hours is 3.6 units,

PRACTISE NOW 14
. ] OUEONS

The force, F newtons (N), between two particles is inversely proportional 1o Exercise 1D Questions 7-8, 11
the square of the distance, d m, between them. When the particles are 2 m apart,
the force between them is 10 N. Find

() the force between the particles when they are 3 m apart,
| b I

@) the distance between the particles when the force between them is 25 N.

OXFORD @




“Exercise

1D

BASIC LEVEL

1.

If x is inversely proportional to ¥* and x = 50 when
y=2,

(i} find the value of x when y =4,

(i) find an equation connecting x and y,

(iiiy calculate the value of ¥y when x=3.2.

If = is inversely proportional to Jw and z =9 when
w=9,

@ find an equation connecting w and z,

{ii) find the value of - when w =16,

(iii) calculate the value of wwhen z = 3.

For cach of the following equations, state the two
variables which are inversely proportional to
cach other and explain your answer.

@ y=~> )y = =
X LTy
(€) v= % () n= -
v m -1
e) g =_——4—\1
ip+l)

If = is inversely proportional to v and z =5 when
v = 64, find the value of z when x = 216.

If ¢* is inversely proportional to p+3and g =3 when
p =2, find the values of ¢ when p=17.

Given that 1 is inversely proportional to 5%, copy and
complete the table.
s l 2 4

1 S0 0.08 001

The force of repulsion, F newtons (NJ, between two

particles is inversely proportional to the square of

the distance, ¢ m, between the particles.

(Y Write down a formula connecting F and d.

(ii) When the particles are a certain distance apart,
the force of repulsion is 20 N. Find the force
when the distance is balved.

For a fixed volume, the height, & cm, of a cone is
inversely proportional to the square of the basc
radius, r cm. Cone A has a hase ;
raclius of 6 cm and a height of

5 ¢m. The hase radius of Cone B
is 3 ¢cm and the height of Cone €
is 1.25 em. If all the cones have
the same volume, find

(i) the height of Cone B, - t' \
(i) the basc raclius of Cone C. L34

hem

ADVANCED LEVEL

9.

10.

11.

if v is inversely proportional to 2v + | and the
difference in the values of y when x=05 and x=2
5 09, find the value of y when x = -0.25.

v is inversely proportional to x* and v = b for
a particular value of x. Find an expression in
terms of b for v when this value of x is tripled.

The force of attraction hetween two magnets is
inversely proportional to the square of the
distance between them. When the magnets are
# em apart, the force of attraction between them
is F newtons (N). If the distance between the
magnets is increased by 400%, the force ot
attraction between them becomes ¢f N. Find the
value of ¢.

OXFORD




Summary]

1. If yis directly proportional to x, then

e Yofkor ¥ =kx, where & is a constant and k= 0,

B R
or ="
S| »n’

¥
X

ta

-

i =]

[

* the graph of y against x is a straight line that passes through the origin.

3

2. |If yis inversely proportional to x, then

* xy=kory= ; where k is a constant and k20,

. Y2 X
2 _ e s
= X, orx ¥y=Xv,,

* the graph of y against x is a hyperbola,

o

v
T P
-
ra
.'//
¥
P
r s
# o 1
(_)-1: X
OXFORD
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‘ Exercise

=

If v is dircctly proportional to v anct ¥ = 6 when
P

) express v interms of x,

(i) find the value of y when v =11,

(iii) calculate the value of v when y = 12,

(iv) draw the graph of ¥ against .

If A s directly proportional to Band A =1 5 when

, find

al o

S
B_

. . |
(i) thv value of A when B = 3

e |

| —

(i} the value of Bwhoen A =
If v is directly proportional to v' ancl ¥ = 108 when
r=3

(i) finc an equation connecting v and v,

{ii) find the value of v when v =7,

(i) calculate the value of x when v = 4000,

(iv) draw the graph of ¥ against x".

If ai is dlirectly proportional to s and n = 9375
when m =25, find

() the value of n when m =3,

i) the values of nrwhen = 18135,

If 1 is directly proportional to /s and 1 = 4 when
s =64, find

() the value of rwhen s
(i) the value of y when ¢

g —

If v is inversely proportional to v and v = 4 when
=3,

(i) cxpress v in terms of v,

(i) finct the value of v when v =06,

(i) calculate the value of xwhen v = 24,

If ¢ is inversely proportional to p*and ¢ =3
p =35, find
(i) an equation connecting p anc ¢,

winen

(1) the value of g when p =10,
. ; 1
(iii) the negative value of pwhen g = 2.

Chapter 1

10.

11.

If = is inversely proportional tow + 3 and - =
when w =3, find

(i) the value of zwhenw =9,

(i) the value of wwhen =24,

Given that v is inversely proportional to 24, copy
ancl complete the table.

0.2 0.5 2

15 096 | 0375

The total monthly charges, $C, for a fixed phone line
consists of a fixed amount of $9.81 and a variable
amount which depends on the usage. For every
minute used, $0.086 is charged.
(1) 1i the duration of usage is 300 minutes, find the
total monthly charges for the fixed phone line.
(i) If the total monthly charges for the fixect phone
line are $20.56, calculate the duration of usage.
(i) Write down a formula connecting C anctn, where
n is the number of minutes of usage. Hence,
state the two variables which are directly
proportional to each other

The gravitational potential energy, G joules (J),

of an ohject is directly proportional to its height,

i m, above the surface of the Earth. When the

object is at a height of 40 m above the surface

of the Earth, its gravitational potential energy is

2200 1. Find

(i) an equation connecting G and £,

(i) the gravitational potential energy of the object
when it is at a height of 22 m above the surface
of the Earth,

(iii) the height of the object above the surface of
the Earth when it has a gravitational potentia
energy of 3025 ).

OXFORD



12, Kate makes a donation to a charitable organisation

on a monthly basis. Her monthly donation is directly
proportional to the square of her monthly savings. If
she saves S900 and $1200 in January and February
respectively, her donation increases by $35 irom

14. 5 men are hired to complete a job. It one more man

is hired, the job can be completed 8 davs earlier.
Assuming that all the men work at the same rate,
how many more men should be hired so that the
job can be completed 28 days earlier?

January to February. Find the amount of money she
donates to the charitable organisation in each of the
two months.

13

Boyle’s Law states that the pressure, P pascals (Pal, o

a fixed mass of gas at constant temperature is inversely

proportional to its volume, V dm?®. The pressure of

4000 dm’ of a gas in an airtight container is 250 Pa.

Assuming that the temperature in the container is

constant, find

() the pressure of the gas when its volume is
5000 dm’,

(i) the volume of the gas when its pressure is
125 Pa.

Challenge .
Yourself

1. Ii Ais directly proportional to C and 8 is directly proportional to C, prove that cach of the following is
clirectly proportional to C.
(@) A+ 8
by A-B
() JAB

2. Itis given that ¢ is directly proportional to x* and inversely proportional to /¥ .
{i) Write down an equation connecting x, v and -,
(i) 2= 16 when v = 2 and v =9, finc the value of - when v=5 and v = 4.

3. Thetime, T days, needed to paint some buildings is directly proportional to the number of buildings, B, that
nced to be painted and inversely proportional to the number of painters employed, P. 18 painters can paint
3 buildings in 20 days.

(i Find an equation connecting 7, B and P.
(i) Find the number of days neecled by 16 painters to paint 4 huildings.
(i) If 10 buildings are to be painted in 24 days, how many painters neecl to be employed?
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