Mow, to derive the differential equation for g(e), we let oft) be the speed of water
teaving the bath throngh the hole and V() be the volume of water left in the bath at
tiroe f, Tooa Lime interval & the amount of water leaving the hode @ approsimately
Svt)4, and this accounts for a decreese in the volume of water in the bath. Writing
817 as the fncrease in the volume of water in the hath in the time interval 8, we
have

AV = —Suit)hr, {1}
1.i

% = =5u{i), (2]
i the limit a8 & — 0. Since the bath is rectangular, ¥ = Ay, so that (2) ecomes

dy Sr

I 4

dt 4 3

Various forms for o) can be wsed; however, & simple, bol realistic foem st e
shall use iz due to Toricelli.

Toricelli's theorem says that the water particles leaving the hole attain the same
speed as if they were released from rest and aflowed to fall noder the mfluenee of
pravity. Thus, applving conseration of mechanical energy to such a water partichs
of moass e, we have

tmox 0F 4+ mgy = %rm‘i & wngy w0, {4)
Bt
i) = -,,-"'ldzrr,l{.'i {5

The asmsumptions implicit in the form for v in {3) are {a) there s no turbaleneo, wd
(h) there are no viscones, ie. detional, effects, especially at the hole. Combining,
(31 amdd {5) we ohtain the following differential equation and initial condition for y.

i, :
}'g:.i‘ =~k i) =h. (6]
P
whre k= ?‘.-'ﬁy iz & constant. Equation (6) govesns the variation of the depth of
water in the bath with time ¢, and se shadl now concenteade oncthe solution of (6.

The olwvious approach for solving (6] s Lo separale e variald .ﬂ

1 Dheliberate omisgion! JJ_-E;.:
S et e,
Thus h

v = (v — ktf2), (7)

whem k= %,,.-'E‘T; Equation (7) informs us thas the depth of water waries quadeat.

irally with time as shown in Fig. 2.
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