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6 (3.16) Shooting out of the fire hydrant

By Newton’s second law, the reaction force is equal to:

Ll deutcr 3 d{nlwateriﬁj) = I’b—d{pwﬂierifj

df dt dt

In the last equality we used that in time df the volume of the shot out water would be V = SdL, with dL = Vpdt.

= Pwater SIT‘H-I:I-2 . { 1 ?:I




Problem 3.18
A raindrop of initial mass M, starts falling from rest under the influence of gravity.

Assume that the drop gains mass from the cloud at a rate proportional to the product of its

instantaneous mass and its instantaneous velocity:

(ii_M = kMV , where k is a constant.
t

Show that the speed of the drop eventually becomes effectively constant, and give an
expression for the terminal speed. Neglect air resistance.

Solution:
According to equation (3.11),

F-
dt

where F = Mg ,and P = MV

write the equation in its scalar form, one obtains:

ve L 4O v avt
A a T ar

since a;_]\tl = kMV , we see that:

Mg = My
dt
that is: kV> L g

dt
Then we can see, as the drop falls, it’s velocity increases due to gravity. However, there
is a limit for this velocity because as the drop speeds up, its acceleration decreases rapidly
and will become negligible as the time goes to infinity. So the speed of the drop will
eventually become constant.

: dv
To compute the terminal constant speed, we could set - 0
t

Then we have: kV* = g

Or

Problem 4.2
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