(i)

e The water in Uhe bath can be treated as aeollection of particles which
obey the law of conservation of energy.

#  The plug hole is circular.
%  The cross-sectional area of the bath is the same at every height.
e  The taps are turned off throughout.

Finad orie more necessary assumption, wot mentioned in the st abowve. Use
wonr own wards for your answer - do nol. merely copy froam Lhe passapge.

Formulete e mathemationd problen

In part (i)(h) above, we said that the mathematical model is the differential
equation given in Equation (6}, Which of the following would yon rogard as
the ‘mathematical problem’ in this article?

Ti sodve Equation (4} For o],

-
/)_{-. e  Tocalenlate the value of & from the formula given after Equation (6).
.

fiv)

[v}

{vi)

To firwd the solution of the differential equation with the initial eondition
given in Equation (6).

e« Toealeulate the value of 2 + 1 correct. to one decimal place
{Ir i3 it sommething else entirely™

Solue the rupthenatical proflem

The steps leading from Equation (6} to Equation (7) have been ommttted from
the version of the passage printed above. Reconstrect them. [Merely showing
that Equation (T) gives asolution, by substituting it into Equation (6}, will
nl veceive any marks.]

Triterpret the solulion

fa) One qualitative chiock of the solution is 1o sketeh a graph of ¥ against &, Lo
condinm that the salution kas the features one would expect from ordinary
ohservation. The anthor does include such a graph, in Figure 2 - but we
Buave ommitted the actnal curve, Complete Figure 2, and describe what
features of your graph correspoad to the expeeted behaviour of emplying
Tiath=.

b

(] The passage concludes with the following statements: . the last hadl
takes approximately 2.4 times as long b emply as the first hall. Further-
more, the first hralf and second hall take approcamately 30 per cent anad ¥
per eent, respectively, of the total time taken.” Expldin how these veults
are deduced from Equation (7). Your answer should begin by explaining
e Fapuation (8] 8 derieed, and shonld include the expressions which
have besen deliberitely omitted from Eoquations (9 and (103

Comiprre witlh reaiy

{a) Here are sorne data obtained by carcying oul measurements with a dom-
stic bath of standard shape, The measurements were carried out with
a ruler to mensare the depth of water above the plug hole, and a digital
cliek ti pecord the time, The bath was filled 1o a depth of 8 inches. and
took 1 minute amd 46 seconds to emply. The time taken for the water
level to drop to 4 inches was 42 seconds. Compare these ohservations
with (he predictions of the model by calealating (fy, — tpu) ity ra Tor these
data, 1F there is any disagreement, sugpest why it may have arisen whien
uskng o domestic bath for validation purposes.

(11 Tn the light of part (vi){a), say which one of the assamptions woarld need
tor b pevised or relaxed so that the model conld be improved in order to
deal more realistically with the emptying of a domestic bath. Deseribe
how the assumption should he changed, and sapliin bricfly what effects
the change will have on the derivation of Equation (6}

[51

[#]

[4]

[%]

5]



