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

1. When Nicolium crystals are placed in solution, they dissolve in such
a way that their volume, V mm?3, is given by

t2
V=20t—-—+2.
4

(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?

(c) 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 B =2¢t+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 m
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 |
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?
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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+ 10
2t+2

, where ¢ is time in minutes.

(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 T

i
i

(d) How many grams of the compound are formed in the first:
5 minutes of the chemical reaction? 1

|
1
|
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. A hazardous chemical leaks out from the bottom of a storage tank at .

the rate

A%
=30 —O‘OOGt,
dt ¢
where V is the volume of the chemical remaining in the tank in litres

and ¢ is time in hours.

(a) At what rate is the chemical leaking out of the tank after 5 hours? |

(b) If R= %—‘;, draw a sketch of R as a function of ¢.

(¢) How much chemical leaks out of the tank in the first 20 hours? J
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. ‘ ‘
1. (a) V=20t—t—4-+2 - ~(~80)/(-80)2 - 4(1)(~ 8) (c) R represents the rate of flow, |
2x1 | ie YoRr=2t+2
A Note 122142 _ —(-80)+ /6432 ; TR
4__4 =2 Therefore, the total volume
=20t——1-t2+2 _ 80 + /6432 80-~/6432 of oil.tha't flows through
4 = 2 or b} : the pipe in the first
dV—ZO——t (Rate—ﬂ) | ~80-0998 or —0-0998 10 minutes is given by:
dt 2 dt | | 10 10
. . | =80-1 . or -0-1 (1dp) Rdt=| (2t+25)dt
whent=17, == 20——2->< 7 l = —0-1 is meaningless, and 0 0 o {
165 ; dxscarded'. Therefore the = [t 24 25;:]0 ‘i
) i crystals dissolve completely '
Therefore, the rate at which f after 80 minutes. [102 +25( 10)] -[o+0] f
Zg;i;y;tal‘s dlsso'lve at the . 2.V =2(20t-£2+100) = (100 +250)—(0) f
Tminutes is 16:5 mm® | [y~ 40¢- 242 +200 =350. |
per minute. 4 o ) ‘ . i
(b) The initial rate - ﬂnd dV | (a) Initially (i.e. t = 0), Therefore, 350 litres of oil
when ¢ = 0. " V =40x0-2x(02)+200 flows through the pipe in
Vo1 - =200 . the first 10 minutes.
t=0, 7 20 _Et Therefore, initially there were { 4. (@) R=1-4¢ v
1 200 litres of water in the tank. dv Note R= dt
 =20-5x0=20. | () The tank is completely full TR
Therefore the initial rate is ‘ after 10 hours. and when ¢ =0, V =5000.
20 mm?® per minute. Whent=10, P Vo4
(c) In this question we are asked ’ V'=40¢-2¢%+200 L dt
to ﬁndt, glVenﬂ:lO. V=(40X10)—2X(102)+2‘00‘ V:J‘]_.,;t dt
- dt = 400. Lo
ﬂ—zoult when & —10 | Therefore, there were | V=0-7t2+c,
dt 2 Todt ‘ 400 litres of water when when ¢ =0, V =5000,
20,--;4 =10 - . the tank was full. 5000 = 0+ ¢ = ¢ = 5000
(Multiply both sides by 2.) (©) V=40t-2¢%+200 | s V'=0-T¢%+5000.
40-¢=20 AV _so_4t [d_V_nate} | ® Whent=s,
) £=20. dt . dt | V = 0-7¢2 +5000
Therefore after 20 minutes Whent=5, * =0-7x82+5000
the crystals dissolve at the 4V _40-4x5 1 =5044-8.
rate of 10 mm® per minute? t Therefore, after 8 minutes
(d) The crystals dissolve ‘ =20. ‘ the tank contains approxi- |
completely when V= 0. : ~. After 5 hours water mately 5045 litres of water.
.2 poured in the tank at the 10
V=20t~T+2 ‘ rate of 20 litres/h. | 5 @ E=20+_=
When V =0, 3. (a) R=2£+25 whent=4, R= 20+
.2 ) When ¢ =10, R=2x10+25 8+2
208 -=+2=0 _ =45. 3 =20+22
(Multiply both sides by 4.)  Therefore, the rate of flow of o051
80¢—£248=0 f:il at tl;e end o.f10 minutes :§g+1
(Multiply both sides by ~1.) (b;s 45 m” per minute. | Therefore, at the end of
-80t—~8=0 5 R 4 minutes the compound is
(Use Quadratic Formula formed at the rate of
ato= s;lvl(:): 80 omog g Zlé‘grains per minute.
C (b) As ¢ becomes very large,
t=—bi,/b2—4ac (i.e.t—00)
2a R>2040-20 |
10 |
Note Jim & 2=°
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Therefore, as ¢ becomes : ,6 (a) -ii—‘:-- 30— 0"006¢ : _

very large, R approaches dv _ —0:006xE = 565-397 82
20 grams/minute. ‘ R Whent 5 'd——302 ¢

‘ ' 29-1. =565 (nearest whole |
2 I ) ) | _ number). -

(c) To sketchR =20+ i - ‘Therefore, after 5 hours, the

2t +2 || ea hemical is leaking out of i1 Therefore 565 litres of the
- i -che isle i , ‘
Note When £ = 0 ; the tank at the ratge of f compound leaks out of the 5
R=920+—"_ | . '} tankin the first 20 hours.
= 0+2 |~ 29.1litres per hour.
'=20+5 =25 | (b) To sketch 1
as t 3o, R—20 | . p=8V o0 o006t ‘
= 30e L
£20, R>20. - dt
‘ IF Note
}F 10 |- 30 Whent=0, R=30
25?.\ ’~—'R=20+2t+2 : t— oo R—‘)Q
P71} =S
‘--..'R = 30e'°'ooet
0 14 : o >
(c) The amount of chemical that 1‘
leaks out of the tank in the

+2
i first 20 hours is represented

|

5
} by the area under the curve |
| "R = f(¢)betweent= Oand |
1 t = 20. "
. ) “ R |
0 5 - F 1 304

The amount of compound |
formed is given by the shaded | |
area under the curve, “

=f Rt
0

4n B = 30 -0'006¢

5 .
10 -
=1 |20 I -t
L(z +2t+2)dt S 20
= [20t +5In(2¢+ 2)-]g Area under curve
=(100+5In12)—(0+5In2) ("R
" =100+5In12~51n2 -
=100+5(n12-1n2) 20
12) - =f 300006t gy
—100+51n( ) 0 i
2) - 30e-0006t 77 |
Note Iog%;loga—logb “| -0-006 o ‘
=100+5In6. . . B =[—5ooo -°°°6‘]
Therefore, the amount of _
compound formed in the first _—5000[ -0 oost]”
o

"5 minutes of the reaction is
100+5In6 = 109 grams.

=—5ooo[e—° 006 % 20
~e~0006x0 ]

= —5000[e'°'12-e°]

=-5ooo[ef0'12_ 1]




