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Figure 5

Water flows at a constant rate into a large tank.

The tank is a cuboid, with all sides of negligible thickness.

The base of the tank measures 8m by 3m and the height of the tank is 5m.
There is a tap at a point T at the bottom of the tank, as shown in Figure 5.

At time t minutes after the tap has been opened

» the depth of water in the tank is h metres

» water is flowing into the tank at a constant rate of 0.48 m® per minute

« water is modelled as leaving the tank through the tap at a rate of 0.1hm?* per minute

(@) Show that, according to the model,

dh
1200 — =24 -5h

dr
(4)
Given that when the tap was opened, the depth of water in the tank was 2m,
(b) show that, according to the model,
h=A+Be™
where A, B and k are constants to be found.
(6)

Given that the tap remains open,

(c) determine, according to the model, whether the tank will ever become full, giving a
reason for your answer.

(2)
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2. A scientist is studying the number of bees and the number of wasps on an island.
The number of bees, measured in thousands, N, , is modelled by the equation
N, =45+220e"
where 7 is the number of years from the start of the study.
According to the model,

(a) find the number of bees at the start of the study,
1

(b) show that, exactly 10 years after the start of the study, the number of bees was
increasing at a rate of approximately 18 thousand per year.

&)
The number of wasps, measured in thousands, N , is modelled by the equation
N =10+800¢e "

where ¢ is the number of years from the start of the study.

When 1 = T, according to the models, there are an equal number of bees and wasps.

(¢) Find the value of 7 to 2 decimal places.
“4)

(o) uwen £ =0 :

Ny = 45 + 290¢ % %°
= 45+« 990e° <« € =|
= 45 * 220
= 265
265 thousand. |
_‘LN_" 0-o5t . . X
(b) "4 = 0:05x%120xe < differenfoke w.r.t Ewe to
= || gek foke of change.
d
when £= 10 : ax ML U
dNb - l‘to:OSx\O
® = 1g-135..

which is approx\mare\j B thousond bees pes year
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(¢) when £ =T, Np=Ny:

45 + 12.0&0‘05‘: = 10+ %Ooe-o-ost \\J -0, - 00e %t
120¢°°% + 35 - 00> =0 ¥
o-ost)l 0-05t _ _ ) xe*° .
® 110 (e +~ e 300 =0 Do Has to remove. the
e:o.-ost 'bm
eo-ost' % e—OaOSb - eo = |
M 18 o quadiahc 220x* + 350 - 300 =0
with x = 0 ¢ Solve. with colculator
ignore n%od'ivg fesult because €” connok
e = 1919 -1983 ¢ be. nagative.
0:05t = Ln(1-229) O
£=12-03 (2dp)

LT= 120 \:\)eo.fs ®
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Figure 1
A tank in the shape of a cuboid is being filled with water.

The base of the tank measures 20m by 10m and the height of the tank is Sm, as shown
in Figure 1.

At time ¢ minutes after water started flowing into the tank the height of the water was
hm and the volume of water in the tank was ¥’'m’

In a model of this situation
+ the sides of the tank have negligible thickness
» the rate of change of V' is inversely proportional to the square root of /

(a) Show that

where 1 is a constant.

3)
Given that
 initially the height of the water in the tank was 1.44m
» exactly 8 minutes after water started flowing into the tank the height of the water
was 3.24m
(b) use the model to find an equation linking / with ¢, giving your answer in the form
3
h* = At + B
where 4 and B are constants to be found.
3)

(c) Hence find the time taken, from when water started flowing into the tank, for the
tank to be completely full.

2
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