Chapter 9 variation Booklet
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Testing understanding

10

11

‘The weight (W) of a square sheet of lead varies directly with the square of it side
length (L). If a sheet of side length 20 cm weighs 18 kg, find the weight of a sheet
that has an area of 225 cm?.

‘The distance (d) to the visible horizon varies directly with the square root of the
height (1) of the observer above sea level. An observer 1.8 m tall can see 4.8 km
out to sea when standing on the shoreline. How far could the person see if they
climbed a 4-m tower? Give your answer to two decimal places.
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Exercise 9B

Building understanding
1 Complete the following tables for the given equations.
20 5
ay=2 3
x x

x[2]a]s
HERE 2

2 Rewite the following expressions of variation as equations, using k as the constant

of variation.
a ! b ! c !
e ree Yo e
1 1 1
dmo - o« — fyoe—
" ey R

3 Write expressions of variation for the following statements.
a Avaries inversely as r
by varies inversely as the square of x
© y varies inversely as the square oot of x
d m varies inversely as the cube of n

@ s varies inversely as t
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Developing understanding
4 For each of the following, determine the constant of variation, k, and hence complete

the table of values:
1 1
a ye- byel
x x
1T x[2]4 0
* N 1
P L 1
2 s
y|lw|s 1
1
€ yo— dyel
x
124 x 05| 1 5
NI 1
¥ 3 5 y| 1 |05 |02
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1
Ifyec —andy = 20 when x = 5, find:
x
a ywhenx=10 b xwheny =50

lfax%anda:lwh:nb:l‘ﬁnd:
a awhenb=4 hbwh:na::E
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7 lfax%anda:iwh:nb:l‘ﬁnd:
a awhenb=4 b bwhena=1
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10

‘The current (/ amperes) that flows in an electrical appliance varies inversely with the
resistance (R ohms). If the current is 3 amperes when the resistance is 80 ohms, find
the current when the resistance is 100 ohms.

‘The time taken (1) to check-in passengers on a flight varies inversely with the number

of people () working at the check-in desks.

a Wite a variation expression to show thi

b When 5 people are working at the check-in desks, i takes 40 minutes to check-
passengers. How long will it take if there are 8 people working?

‘The length of a string on a musical instrument varies inversely to its frequency

vibration. A 32.5 cm string on a violin has a frequency vibration of 400 cycles

per second. What would be the frequency vibration of a 24.2 cm string? Give your
answer to the nearest whole number.
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Testing understanding

11 The gas in a cylindrical canister occupies a volume of 22.5 cm® and exerts a
pressure of 1.9 kg/cm?. If the volume (V) varies inversely with the pressure (P),
find the pressure if the volume is reduced to 15 cm®.
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Exercise 9C

Building understanding
1 Copy and complete the following:
a In direct variation, if the values of x increase, the values of y

b Direct variation graphs are lines that pass through the |

© Ininverse variation, as the values of x increase, the values of y

2 Do the following tables show direct or inverse variation?

P x[3]eo]n2
y |4 il
P56 9 [ 2
y [ 18] 72 ] 162 | 288
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3 Do the following graphs show direct or inverse variation?
a y by
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4 Complete the following tables to give * and ~ values.
x

4

6

8

10

IS

64

oim | | =

o[ [ =
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Developing understanding
5 The following tables show different types of variation. Which one shows:

a direct, y o x b invelse,yixl c direct, y oc X
x

x| 1|23 [4]s
y | 4 |16 |36 |64 | 100

x| 0|36 [9 |12

-
w
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6 Use the x* transformation to check if plotting the values of x* and y is linear.

x| 1 2 3 4 5
y [ 75 9 |15 | 15 | 195

7 Use the x” transformation to check if plotting the values of x* and y is linear.

x| 2 25 3 |35 4
y | 63 15 | 216 | 27 | 305
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8 Use the - transformation to check if plotting the values of  and y is linear.

x| 02 [oa]os
vy 50 [20[u] 2

9 Usea CAS calculator to check if y plotted against +? is linear.

x| 2 4 6 | 8 | 10
y| 9 21 | 41 | 69 | 105

10 Use a CAS calculator to check if y plotted against s linear.
X

x| 2 [ 3 [4afs][n2
vy 2] s [ef3]2
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Testing understanding

11 Given the following data:
x[1]2]3]4a

y | 8193455

1
 would you use the x* or the - transformation to obtain a straight-line graph?

b Perform the transformation that you selected in part a, and check to see that
this gives a straight-line graph.
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12 The time taken to mow a lawn is inversely proportional to the number of mowers.
It takes 2 hours to mow a public area of grass with one ride-on mower. If we have
2 ride-on mowers, it will take half the time. This information is represented in the
table below, where the time taken, 7,is in minutes, and the number of ride-on
‘mowers is represented by 1.
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a Complete the table.
b What transformation would you use to linearise this data?
© Plot the resulting graph.
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Exercise 9D

Building understanding

1 Wite these numbers as powers of 10.
a 100 b 1000 c 10 d1 e 10000

2 Write down the logarithm (log) of the following:
a 10° b 10° c 10 d 10° e 104

3 Use your calculator to evaluate to 2 decimal places:
a 10" b 102 c 10% d 10°7 e 10°

4 Whats the order of magnitude of:
a 10* b 10% c 10
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Developing understanding

‘Write the number as a power of 10, and then write down its logarithm.
a 1000 b 1000000 ¢ 10000000 d 1 e 10

Use your calculator to evaluate to three decimal places.

a log(300) b log(5946) © log(10390) d log(7.25)
Find the numbers, to two decimal places, with logarithms of:

a2s b 15 c 05 do

‘What i the order of magnitude of the following numbers?

a 46000 b 559 © 3000000000
d 421x102 & 600000000000

Acity has two TAFE colleges with 4000 students each. What is the order of magnitude
of the total number of TAFE students in the city?

At the football stadium, 35 000 people attend a football match each week. What
is the order of magnitude of the number of people who attend 8 weeks of games?
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11 Abuilder buys 9 boxes, each containing 1000 screws, to build a deck.
a What is the order of magnitude of the total number of screws?
Once the deck is completed, the number of screws left is 90.
b What is the order of magnitude of the number of screws that are left?
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12 Use the log,,(x) transformation

tocheck if plotting the valuesof | * | 20 | 125 | 250 | 500 | 1000

logio(x) and y is linear. y | 86| 102|108 | 114 | 12
13 Usea CAS caleulator and the

log,(x) transformation to x| 5 | 0|50 | 5000

check if plotting the values v |37 a7 |57 | e

of log;o(x) and y is linear.

14 Use the logarithmic values for the animals’ weights in Example 16 to find how much

‘heavi

a tree kangaroo is than a shrew, to the nearest thousand.
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Testing understanding

15 The radius of the planet Jupiter is 69 910 km. What is the order of magnitude of
Jupiter’s diameter?

16 If the logarithm of a gorilla’s body weight (in kg) is 2.3, what is the gorilla’s actual
weight? Give your answer to two deci

al place
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1 For the graphs shown below, give the slope and the y-intercept.

a by

.14)
(.13) -

2f

0 0

2 Ifyis plotted against x” for the equation y = 3x% + 7. what is the value of:
a the slope b the y-intercept?
3 Ifyis plotted against  for the equation y = 2 5, what is the value of:
x x
a the slope b the y-intercept?
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a the slope

Developing understanding

plotted against log,(x) for the equation y = 4 log,o(x) + 3, what is the value of:

b the y-intercept?

5 The following data has undergone an x* transformation. Complete the table, sketch
the graph of y against x*, and find a rule connecting variables x and y.

x| 1|23 |4

2 4 16

y | 5|2 |35

1
& The following data has undergone a ~ transformation. Complete the table, sketch
x

and find a rule connecting variables x and y.

the graph of y against
x
x| o1 o205 |1
L 2
x
y 2| 2| 2|2
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7 The following data has undergone a log,(x) transformation. Complete the table,
sketch the graph of y against log,(x). and find the relationship between x and y.

x 10 100 1000 10000
logg(x) | 1 4
¥ 11 17 23 29
Testing understanding

& During a mice plague, the population, P, of mice increases as shown in the table,
where ¢ s the time in days. Perform a squared transformation on the variable time, 7,
and find a rule which allows population, P to be predicted from time, £.

It 5 10 | 20

P |15 | 135 | 510 | 2010
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‘The time taken to travel from Santiago to Valparaiso, in Chile, and the average speed
travelled by a car is shown in the graph below.
'

60 80 100

a Find a rule describing the relationship between the time taken to travel from
Santiago to Valparaiso, 1 hours, and the average speed. v km/hr.
Hint: Use ! transformation.

b Ifit takes Pablo two hours and six minutes to travel from Santiago to Valparaiso,
what was his average speed? Give your answer to the nearest kilometre/hour.
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10 The table below gives the number of people, N, infected by a virus after f days.
Apply a log,,(1) transformation to find the relationship between N and 1.

t | 10 | 100 | 500 | 1000

N |15 | 1s | 215 | 285 | 315
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Multiple-choice questions

1 For the values in the table shown, it is known that

y e x. The value of k, the constant of variation, x 3|08
is equal to: y 12|36 |2
Al B3 c4 D9 EI2

2 For the values in the table shown, it is known that
<< x. The value of k, the constant of variation, 2|86
is equal to: 2 | 80 | 160
A2 B4 C10 D2 E6

3 Forthe values in thetble shown, it is known tht ST s
e = The value of k, the constant of variation, *
ey
““:"""‘" . ¥ 151|075
Al Bl ¢1 b2 E3

3 2

4 For the values in the table shown, it is known that y o +°.

‘The value of k, the constant of variation, is equal to: 2]3]6
1 4 3

A3 B9 c3 D2 EZ Slsle
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5 For the values in the table shown, it is known that y o —.
X
The value of k, the constant of variation,

s equal to:

1

A B1 c4 D2 Eg ¥

1
2

6 Assume thata o b, and that @ = 18 when b = 3. If b = 7, thena =
a4 B 6 c1s D22

7 Assume thata o b and that a = 32 when b = 2. If b= 4, thena =
A4 B 16 c R D 64

E 128

x| 2|48
Lo R
i3 |
Ea
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8 Axxumedmlpx%andﬂmlp:%whmq:llfp:l,dmlq:
A -3 B % c V3 D1
9 The given table of values follows the rule: y = k® + .
xf1|2]3]4
yla|2|s2|ou
‘The values of k and c respectively are:
A 6and2 B 6and-2 € 2and-1 D -2and6

E 2and 1
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10 The given table of values follows the rule: y = = +c.
x

x|[1] 2 4 |s

y|6 |35 2|2

‘The values of k and c respectively are:
A Sand 1 B 2and3  C 2and4 D 4and2 E dand1

11 The following data can be modelled by y = k logo(x) + .

x| 10 | 100 | 1000

y | 50 | 350 | 650 | 950

‘The values of k and c respectively are:
A 1and50 B 1and300 € 50and0 D 50and —150 E 300 and 50
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Short-answer questions

1 Ifachanda=8whenb=2,
a find a when b = 50
b find b when a = 60

2 Ifyocx®andy= 108 when x = 6,
 find y when x =4
b find x when y = 90. Give your answer to two decimal places.

2 Iyelandy=3whenx=2,
x

= find y when x = %
b find x wheny = %
4 The distance, d metres, which an object falls, varies directly as the square of the time,

#seconds, for which it has been falling. If an object falls 78.56 m n 4 5, find (1o two

decimal places):

= the constant of variation

b the formula connecting d and

© the distance fallen in 10

4 the time taken to fall 19.64 m (to the nearest second).
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5 The time taken for a journey is inversely proportional to the average speed of travel.
IF it takes 4 hours travelling at 30 km/h, how long will it take travelling at 50 km/h?
& For a constant resistance, the voltage (v volts) of an electrical circuit varies directly

as the current (7 amps). If the voltage is 24 volts when the current is 6 amps, find the
current when the voltage is 72 volts.
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7 The number of square tiles needed to surface the floor of a hall varies inversely as the
square of the side length of the tile used. If 2016 tiles of side length 0.4 m would be
needed to surface the floor of a certain hall, how many tiles of side length 0.3 m would
be required?

@ The time taken to fill a tank with water varies inversely as the volume of water poured
in per minute. It takes 45 minutes to fill a tank using a pipe with a flow rate of 22 litres
per minute. What flow rate is being used if it takes 30 minutes to fill the tank?

9 How many times stronger is a magnitude 6 earthquake compared to a magnitude 3
earthquake?
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Written-response questions

1 A certain type of hollow sphere is designed in such a way that the mass varies directly
as the square of the diameter. Three spheres of this type are made. The first has mass
5 kg and diameter 10 em, the second has diameter 14 cm and the third has mass 6 ke.
Find, to two decimal places:
 the mass of the second sphere
b the diameter of the third sphere.

2 The time taken, 1, to paint a building varies inversely as the number, n, of painters
working. I takes 6 painters 20 days to paint a building.
2 How long will it take 4 painters?
b The building needs to be painted in 15 days. How many painters should be
employed?
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3 a The air in a tube occupies 43.5 cm”® and the pressure is 2.8 kg/cm?. If the volume
(V) varies inversely as the pressure (P), find the formula connecting V and P.
b Calculate the pressure when the volume is decreased to 12.7 cm? (to two decimal
places).

4 The weight (w kg) which a beam supported at each end will carry without breaking
varies inversely as the distance (d m) between supports. A beam which measures
6 m between supports will just carry a load of 500 kg.

2 Find the formula connecting w and d.
b What weight could the beam carry if the distance between the supports were 5 m?

© What weight could the beam carry if the distance between the supports were 9 m?
Give your answer to two decimal places.
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5 The table shows the relationship between the pressure and the volume of a fixed mass
of gas when the temperature is constant.

Pressure (p) | 12 | 16 | 18

Volume(v) | 12 | 9 | 8

2 What

s a possible equation relating p and v?
b Using this equation, find:
i the volume when the pressure is 72 units
i the pressure when the volume is 3 units.

1
© Sketch the graph relating v and ~.
»
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Exercise 9A

Building understanding
1 Complete the following tables for the given equations.
ay=3r by=4x

x[2]4]6
y|6 |2 24

2 Rewite the following expressions of variation as equations, using k as the constant

of variation.
ayox b yoi® €y
daxh e zaw fyeyE

3 Write expressions of variation for the following statements.
a m varies directly as n
by varies directly as the square of x
© y varies directly as the square root of x
d s varies directly as the square of t
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Developing understanding

4 For each of the following, determine the constant of variation, k, and hence complete
the table of values:
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ayax b y«x

x| 3[4 12 x 9 [ 14
y |2 49 | 84 ¥ 45 10
cyxx

x[2]4 6
BERE 128

If yec xand y = 42 when x = 7, find:
a ywhenx=9

b xwhen y= 102

16 M oc n?, and M = 48 when n = 4, find:

a Mwhenn=10

b n when M = 90, correct to one decimal place.





image4.png
7 The area (A) of a triangle of fixed base length varies directly as its perpendicular
height (h). If the area of the triangle is 60 cm? when its height is 10 cm, find:
a the area when its height i
b the height when its area

12em
120 cm?®

8 The cost of potatoes varies directly with their weight. If potatotes weighing 4 kg
cost $15.60, find:
a the cost of potatoes weighing 6 kg
b how many kes of potatoes you could buy for $25, correct to one decimal place.

9 The distance (d) that a car travels at a constant speed varies directly with the time (1)
taken. If the car travels 330 kms in 3 hours, find:
a the time taken to travel 500 kms
b the distance travelled after

i 5hours 90 minutes





