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4 The distance (in metres) from a point O of an object f seconds after it starts to move in a ﬂ
straight line is given by the function S(1) = £+ £~ 21+ 2,1 2 0. Find the average rate
of change with respect to time of the distance of the object from O
@ in the first 2 seconds b inthe next 2 seconds.

5 A person invests $2000 dollars, which increases in value by 7% per year for three years.
a Calculate the value of the investment after three years.
b Calculate the average rate of change in the value of the investment over that time.

& The depth  cm. of watet i abath tb s minuts i the tap is tarned on s modelled
by the function d(r) 450,12 0. Find the average rate of change of the depth of

6
the water with respect to time over the first 10 minutes after the tap is turned on.
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7 Using the information in the graph on  distance (m)

the right, the average speed from £ = 0 2
tor=3is
A2ms B lmjs 1

c %mls D 1ims

0 1 23 time(s)




image7.png
Exercise 16D

By comsdeing e st hough e s whers = 12 and = 1. st he_ [

instantancous rate of change of y with respect to x at the point on the curve y = x* + 2

where x = 1.3,
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2 Cardiac output is an important factor in athletic endurance. The graph shows a
stress-test graph of cardiac output (measured in litres/min of blood) versus workload
(measured in kg m/min).

candiac
a Estimate the average rate of change aniac 4
of cardiac output with respectto (litres/min)
workload as the workload increases B e —
from 0 t0 1200 kg m/min is
b Estimate the instantaneous rate o
of change of cardiac output
with respect to workload at the s
‘point where the workload is -
450 kg mjmin. 0300 600 900 1200 1500
workload (kg m/min)
3 Lety=10°
a Find the average rate at which y changes with respect to x over each of the following
intervals:
P01 §i (005 i (0,01]

b Estimate the instantancous rate of change of y with respect to x when x
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4 Temperature (7°C) varies with time (¢ hours) over a 24-hour period, as illustrated in
the graph.

a Estimatc the maximum 7 (o¢) A
temperature and the time
at which this occurs. 25
b The temperature rise
between 10:00 and 14:00 20
is approximately lincar: 15
Estimate the rate at
which the temperature i 10
increasing in this period. ™\
© Estimate the instantancous °
rate of change of -
temperature at £ = 2. 0 4 8 12 16 20 24 t(hours)

5 By considering the secant through the points at which x = 1.2 and x = 1.4, estimate the
1

instantaneous rate of change of y with respect to x of the curve y = ~ at x = 1.2

& Draw the graph of y = V16— 22, ~4 < x < 4. Use an appropriate technique to find an
estimate of the instantaneous rate of change of y with respect to x at the points:
0 bx

¢ x=3
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Itis known that the straight line y = 4x — 4 touches the curve y = x” at the point (2,4).
Sketeh the graphs of both of these functions on the one set of axes.

Find the instantaneous rate of change of y with respect to x at the point at (2,4) on the
aurvey =2

‘Water is being collected in a water tank. The volume, V cubic metres, of water in the
tank after £ minutes is given by V = 32 + 41 +2.

a Find the average rate of change of volume with respect to time between times 1 = 1
andr=3.

b Find an estimate for the instantancous rate of change of volume with respect to time
atr=1

A population of bacteria is growing. The population, P million, after time  minutes is

given by P=3x2"

a Find the average rate of change of population between times 1 = 2and 1 = 4.

b Find an estimate for the instantaneous rate of change of population with respect to
timeats=2.

‘Water is flowing out of a water tank. The volume, V’ cubic metres, of water in the tank
after £ minutes is given by V = 5% 105~ 102 x 2,0 <1 < 12.

a Find the average rate of change of volume with respect to time between times 1 = 0
andi=5.

b Find an estimate for the instantancous rate of change of volume with respect to time
when=6.

© Find an estimate for the rate of change of volume when 1 = 12.
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12
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Use the technique of Examples 10 and 12 to estimate the instantancous rate of change
of  with respect to x for each of the following at the stated point:

2422, (L3) b y=2¢+3x (L5)
P43+ (28) dy=20-3-x+2 (.26

a
cy

The volume, V. of a cube with edge length xis given by V = x°.

a Find the average rate at which the volume of the cube changes with respect to x, as
xincreases from x = 2 to.x = 4.

b Find an estimate for the instantaneous rate at which V changes with respect to x
when x=2.

Lety=2¢2-1
a Find the average rate at which y changes with respect to x over the interval [1,4].
b Find an estimate for the instantaneous rate at which y changes with respect to x when
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a Find the average rate at which y changes with respect to x over each of the following
intervals:

0,05 v [0,0.1]

b Estimate the instantaneous rate of change of y with respect to x when x = 0.
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Exercise 168

1 Acartravels from Bombay to Pune, a distance of 200 km, at a constant speed. The
journey takes 150 minutes. Draw a distance-time graph and calculate the speed.

2 Two cars are driven in a straight line for 5 kilometres. They both go from point A to
point B and start at the same time. (They are actually driving parallel to each other)
Each car travels with constant speed. The speed of car ¥ is twice that of car X, and the
speed of car X is 40 knyh. Hlustrate this with a distance-time graph.

3 The exchange rate for the Australian uss
dollar in terms of the American dollar 600
was AS1 = USS0.75. 500

Draw a straight-line graph that llustrates 400
this relationship. The axes should beas 300
shown. 200

100

0100 200 300400 500 600 700 800 AS.
4 Find the speed for each of the following (assuming constant speed):
a distance travelled 120 km, time taken 2 hours
b distance travelled 60 m, time taken 20 scconds
© distance travelled 8000 m, time taken 20 minutes
d distance travelled 200 km, time taken 5 hours 40 minutes
e distance travelled 6542 m, time taken 5 minutes 20 seconds
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Find the rate of flow from the following taps in ltres per minute:
a a tap which fills a 40-litre drum in 5 minutes

b atap which fills a 600-litre tank in 12 minutes

© atap which takes 17 minutes 20 seconds o fill a 180-litre tank

‘Water comes out of a tap at the rate of 15 litres per minute
a Copy and complete this table showing the amount which has come out at time r:

Timeinminutes,t [ 0 [os [ 1 [1s| 2 [3 ][4 [s

Amountin liees, A | 0

b Draw a graph from the table.
A workeris paid $200 for 13 hours work. Whatis their rate of pay per hour?

A spherical balloon s blown up so that its volume is increasing by 8 cm? every second.
Sketch a graph to show how the volume of the balloon changes with time.

Two cars start together and travel with constant speed over a 1-kilometre straight track.
Car 1 has speed 60 knyh, and car 2 travels at three-quarters of this speed. lustrate this
situation with distance—time graphs for both cars on the one set of axes.





image3.png
Exercise 16C

1 The graph of distance travelled (metres)  distance
against time (seconds) for the motion

4
of an object is shown. Find the average o,
speed of the object in m/s over the

interval from £ = 3 to 1 = 8. 4.32)
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2 For each function, find the average rate of change over the stated interval:

a f(x)=2x+5 x€[0,3] b f(x)=32+4x-2, xe[-1.2]
:/(,)=%+4. xe) d f0=V5T% xel0.4]

3 Find the average rate of change of y with respect to x from point A to point B for each of
the following graphs:

a ¥y b ¥y
(15]19)
10
B2, 5)
12 3 N
c v d v
20
/B3, 15) s
10
0.3 (-a. b





