WORKED EXAMPLE 14

Variables Vand ¢ are connected by the equation V =5t — 8¢ + 3.
Find the rate of change of Vwith respect to {when ¢ = 4.

Answers
V =5t2—-8t+3
ﬂ =10t -8
di

dVv
When ¢t =4, E=10(4)—8=32




,ariables can be connecteq using the chaip rule ’
Gy dy - dx
: R di  dx " gy
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WORKED EXAMPLE 15

Variables x and y are connected by the equation y = x° — 5x2 + 15.

Given that x increases at a rate of 0.1 units per second, find the rate of change of y
when x = 4.

Answers

d
y=x3-—5x2+ 15 and h 0.1
dy d¢

SR im0
i 3x* —10x

When x =4, ¥ = 5042 —104)
dx

=8
: dy dy dx
Usin : —2-_—:-—-—)("—"
Sing the chain rule, 9 e ar
=8X0.1
= (0.8

Rate of change of yis 0.8 units per second.

\



WORKED EXAMPLE 16

120 cm

The diagram shows a water container in the shape of a triangular prism of length
120 cm.

The vertical cross-section is an equilateral triangle.
Water is poured into the container at a rate of 24 cm?s ™!,

a Show that the volume of water in the container, V cm?®, is given by V = 4043 1,
where /& cm is the height of the water in the container.

b Find the rate of change of » when h = 12.

Answers

h
sin 60°

r

a Length of side of triangle =

=

2J3h
3

X h

Area of triangle = % X

_ 3k
3
V = area of triangle x 120

V3h2
3
= 40/3 A2

x 120

b ﬂ=80\/§handﬂ=24
dh dt

14
When A =12, -3-; = 803 (12)
= 9603
dh _dh _dV
. > = i x —_—
Using the chain rule, @ av s

1
X 24
960/3

_ B
"~ 120

Rate of change of his 120 S™ Per second.




ariables xand y
1 yarle < _') are Connecte

db
Y the €quation y = x2 — By

Given that x increases a4 i
ate of (

hange of y wh - 05 unj
chang ywhen x =4 UNIts per second, find the rate of

. variables xand y are connected
Given that x increases ;
£ al a rate of 0.1 Vgl
change of ywhen x =9, Tits per second, find the rate of

: variables xand yare connecteq b

: ’ th .
Given that x increases at a rate of):) : e ef]uatlon y = (x-3)(x + 5)°.
change of ywhen x = —4, *< Units per second, find the rate of

iven that yin
Giv JIncreases at a rate of 0.1 units per second, find the rate of

change of xwhen x = -2,

5 Variables xand yare connected by the equation y = 2
. 2 :
v e
.Gnen that x increases at a rate of 2 units per second, find the rate of
increase of ywhen x =1.

2x — b

: . g—1
Given that x increases at a rate of 0.02 units per second, find the rate of

change of ywhen y = 1.

¢ Variables x and y are connected by the equation y =

. 1 1
7 Variables x and yare connected by the equation — =

2
5.

0]

Given that x increases at a rate of 0.01 units per second, find the rate of
change of y when x = 8.

8 Asquare has sides of length xcm and area Acm®.
1

- 2 o
The area is increasing at a constant rate of 0.2cm”s ™.

Find the rate of incre
3
9 A cube has sides of length x cm and volurrsle chm :
The volume is increasing at 2 rate of 2cm”s ™.

Find the rate of increas€ of xwhen V=512

10 A sphere has radius 7cm and volu

ase of xwhen A = 16.

me VCII'IS-
-1

te Of —-—CIIlS .
gata ra 1:

i ol in
The radius is increasl vV = 972m.

ume when
Find the rate of increase of the vol

X x cm by bx cm.
d has dianSIO 1

ns x cm by 5
a rate of 0.bcm™s .

11 A solid metal cuboi
The cuboid is heate
Find the rate of incre

12 A cone has base radius 7 cm a

- . in a
The radius of the base 18 increas g o

Find the rate of chang® of the



13 Water is poured into the conical container at a rate of 5cm?s™,

After tseconds, the volume of water in the container, Vcm?, is given by

1

V= = nh*, where h cm is the height of the water in the container.

a Find the rate of change of A when 2 =5.
b Find the rate of change of #when & = 10.

14 Water is poured into the hemispherical bowl at a rate of 4wcm?®s™.

After tseconds, the volume of water in the bowl, Vcm?, is given by
1
V = 8nh? - gnh?’ , where h cm is the height of the water in the bowl.

a Find the rate of change of Awhen A = 2.
b Find the rate of change of 2 when 4 = 4.
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Exercise 12.5

1l a
b

C

d

e

f

3 y=8x-—6,y=—lx+—
4 (0,

y=4x-6
y=-x=2
y=16x~10
=—lx+3
2
y==3x-3
6 14T
e e
1 1
e Sl e
S
1 1
=——x+5—
BT RSY
=lx—3§
4 4
y=2x+75
y=-0.1x - 3.8
y=4x—22

17

8 8
5.2)

v

10

11

12
13

1) | 16
y Sl

(2, %)

y = 2x =~ 2

a y=x+8

b (1,6)

(1, 8.25)

a (7,4)

b 12 unity”

b y=~04x~0.6

216 units?

22.5 units?

Exercise 12.6

1
3

5

8

.21 2 .68

—0.8[1 4 2p
11

25/1 6 ?fl
P

3

20

180
a y=—

X
¢ —254p, decrease

Exercise 12.7
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10
11

12

0.15 units per second
0.125 units per second
—4 units per second
—0.25 units per second

0.5 units per second

1 ;
—— units per second
150
—0.08 units per second
0.025cms™

— cms™!

96
%24 cm?s™!
1 1

— cms
480

127 cm?s™!

16 . 9

13 3 — cms” b — cms™
% IN
14 a i cms’ b ,] cms !
e 12
Exercise 12.8
1 alo 12x% + 6
1% " p
C —— 520(4964—1)
4
X 9
S E | G et % 7
(22 + 1)z (x+3)2

12(x —4)(x—2)
-6
b 5'5964 )

x
8
(x-3)
2(x" + 6x° + 3x + 2)
(%% - 1)(,'
50)
x—5)
102
(3x 1)
b -9

e;,-:(

-

y=

3 a-3
4 b -18,18

c -8

6 .x>2

Exercise 12.9

1 a (6,-28) minimum

b (-2,9) maximum

¢ (-2, 18)maximum,
(2, —14) minimum

2 2
d ("25, 14 -2%) maximum,

(2, —36) minimum

e (-3, ~-18) minimum, (l, 1—4)
maximum 327



