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YEAR 12 - 2 UNIT REVISION - RATES OF CHANGE PAGE 1

. When Nicolium crystals are placed in solution, they dissolve in such I
a way that their volume, V mm?, is glven by -

|
V=20t-tr 2. :
2 Vo !

(a) At what rate do the crystals dissolve at the end of 7 minutes?

(b) What is the initial rate at which the crystals dissolve?

(¢) After how many minutes are the crystals dissolving at the rate
of 10 cubic millimetres per minute?

(d) How long does it take for the crystals to dissolve completely?
(Give your answer correct to the nearest minute.)
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2. Water was poured into a tank for 10 hours until it was full. At any

“time, ¢ hours, the volume, V litres, of water in the tank was given by |

V =2(20¢—£2+100). |
(a) How much water was in the tank initially?

(b) How many litres of water were in the tank when it was full?

(c) At what rate was water poured into the tank at the end of 5 hours? |
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3. Suppose that oil flows out of a pipe at the rate, R cubic metres per |
minute, where R =2¢+25 and ¢ is time in minutes. |

(a) Find the rate of flow of oil at the end of 10 minutes.
(b) Draw a sketch of R as a function of £.

(c) Calculate the total volume of oil that flows through the pipe mI
the first 10 minutes. :
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4. A water tank had 5000 litres of water in it. Water is flowing into the|
tank at the rate R litres per minute, where R =1-4¢ and ¢ is time in f
minutes.

|
(a) Find the formula for the volume, V litres of water in the tank at |
any time ¢. |

(b) How much water is in the tank after 8 minutes? i
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5. The rate, R grams per minute, at which a certain chemical compound
is formed during a chemical reaction is given by the relationship

R=20+ , Where ¢ is time in minutes.

2t+2
(a) At what rate is the compound formed at the end of 4 minutes?

(b) What is the value of R as ¢ becomes very large?
(c) Draw a sketch of R as a function of 7.

(d) How many grams of the compound are formed in the first
5 minutes of the chemical reaction?
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: A hazardous chemical leaks out from the bottom of a storage tank at
the rate

dv

——=30¢~0006¢

dt ’

where V is the volume of the chemical remaining in the tank in litres .

and ¢ is time in hours. A
(a) At what rate is the chemical leaking out of the tank after 5 hours? |
(b) If R= —‘-il:-, draw a sketch of R as a function of ¢. |
(c) How much chemical leaks out of the tank in the first 20 hours? ,
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t2

2
Note -t—=lt2
4 4

1
=20f-—¢2
4 +2

av av
Tit——zo— (Rate-.—d?)

av 1
whent=7, —=20-=
.7 20 2><7

=16-5.

Therefore, the rate at which
the crystals dissolve at the
end of 7 minutes is 16-5 mm?
per minute.

(b) The initial rate = ﬁnd

when £ = 0.
av 1

7 20—§'t

dV

t=0,

1
=20—-— 0= .
2x 20

Therefore, the initial rate is
20 mm? per minute.

(c) In this question we are asked
. dv
to find ¢, —_—
ind ¢, given = 10.

av vel av
=20~—¢, —_—
7y 25 when < 10

1
20-—¢=10
2 1

(Multiply both sides by 2.)
40-£t=20
t=20.
Therefore, after 20 minutes
the crystals dissolve at the
rate of 10 mm? per minute?

(d) The crystals dissolve
completely when V=0.

V=g20t-L2
= —T-{— 2
WhenV =0,
2

zo:-i-+2= 0
(Multiply both sides by 4.)

80¢t-t248=0
(Multiply both sides by —1.)

t2-80t-8=0
(Use Quadratic Formula
to solve)
a=1, b=-80, c=-8

—bi,/b2—4ac

2a

t=

i
|

<V =2(20£-12+100)

3. (a) R=2t+25

When ¢t=10,R= 2x10+25
=45. ;

Therefore, the rate of flow of 5,

oil at the end of 10 minutes

is 45 m® per minute.

_ =(~80)£/(~80)%-4(1)(-8),
2x1 '

_ —(-80)+~/6432

2z

_ 80++/6432 o 80— /6432
- 2

2
=80-0998 or —0-099 8 |
~80-1 or —0-1 (1dp)
=-0-1 is meaningless, and I
discarded. Therefore the '
crystals dissolve completely

after 80 minutes.

V =40t-2¢%2+200

(a) Initially (i.e. ¢t = 0),
V =40x0-2x(02)+200 l
= 200 ] i
Therefore, initially there were |
200 li?res of waterin the tank. |
(b) The tank is completely full
after 10 hours.

When ¢=10, §o
V=40t-2624200 5 |
V=(40x10)-2x(102)+200

= 400. P

Therefore, there were
400 litres of water when
the tank was full.

() V=40t~-2t2+200

dv av
—d;-—40—4t [—a—t-—rate]

Whent=35,
iV_ =40-4x5
=20. |
~. After 5 hours water

poured in the tank at the
rate of 20 litres/h.

(=
[

(c) Rrepresents the rate of flow,

i.e. ﬂ=R=2t+25
dt

Therefore, the total volume
of oil that flows through
the pipe in the first

10 minutes is given by:

10
Rdt=

10 ;
(2t+25)dt !
0 0

=[t2+25t]:0

i
i
i
|

=[102+25(1o)]v—[o+o]i
=(100+250)—(0)

=350.
Therefore, 350 litres of 0il |
flows through the pipe in
the first 10 minutes.
4. (a) R=1-4¢ v
Note R=-—
ﬂ- =1-4¢ dt
dt
and when ¢ =0, V =5000.
dv
—=1-4¢
2t
V= f 1-4¢ dt
V=0-Tt2+c,

when ¢ =0, V =5000,
5000 =0+c = ¢ = 5000
V=0-7t2+5000.

(b) Whent=38,
V=0-7t2+5000
=0-7x82+5000
=5044-8.
Therefore, after 8 minutes

the tank contains approxi- |
mately 5045 litres of water:

10
. =20+

5. @R 2t+2 1o
whent=4, R=20+——r
8+2

10

=920 +——

2 +10

=20+1

=21.

Therefore, at the end of
4 'minutes the compound is
foretned at the rate of
21igrams per minute.

(b) As ¢ becomes very large,
(i.e.t—>00)

R—20+0-520

1n

Note lim ===
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Therefore, as ¢ becomes

very large, R approaches | %

20 grams/minute. |
(c) To sketch R =20+ 10 -
2t+2
Note Whent=0
R=20 +-—-10—
0+2
'=20+5 =25
as t >0, R—>20
t20, R=>20.
2 10
25 -*'-'R=20+2t+2
- 1 )} S py
0 14

+2

o] 5
The amount of compound
formed is given by the shaded
area under the curve,

5
=f Ra:
o
10

5
=L(20+2t+2)dt

=[20¢+5In(2t+2)]]

=(100+5In12)-(0+5In2)
" =100+5n12~51n2
=100+5(In12-1n2)

12
=100+5In| —
n( 2 )

Note Iog%; loga—1logh

=100+5In6. .
Therefore, the amount of
compound formed in the first
"5 minutes of the reaction is
100 +51n6 = 109 grams.

|
|
g
a
!
|
|

t

|
],
!
|

i
|
|

av _ .o —ooost
. (a) 7 =30e

dt
=29-1.

- -chemical is leaking out of
‘the tank at the rate of
29.1 litres per hour.

(b) To sketch

R:iv_g‘aoe-("wﬁt
dt

Note
When¢t=0, R=30
t—o R—0

a—sR = 30-0006¢

o

leaks out of the tank in the

by the area under the curve
R = f(t)betweent=0and
t=20. ’

Lo

) 20

Area under curve

300006
-0-006

%],

=[~5000 0006t ]:"

= ~5000[ e~ 0006 ]:"

= -5000 e~ 000620
_e-0'006x0}

= —5ooo[e-°'12_30}

=-5000[et 012 1]

first 20 hours is represented

. Whent¢= 5,-£Z-= 30 ¢~ 0"006x5

i

Therefore, after 5 hours, the |

|
|
l

(c) The amount of chemical that

=565-397 82
=565 (near’qst ‘whole J
number).
Therefore 565 litres of the |
compound leaks out of the |
tank in the first 20 hours. |




