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Looking Ahead....

Soon we will start digging our heels into this key 1-D 
problem and develop a wide array of tools for our 
toolbox....

.... but first let us wrap up some loose ends (projectile motion in higher 
dimensions w/ drag) so to set the stage for later topics/approaches)
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Recall (re Projectile Motion)

A harder problem: What happens if there is “drag” (i.e., air resistance)?

Non-conservative Forces



Non-conservative Forces

Before considering higher dimensional descriptions, let's consider 1-D forces that 
depend upon velocity....

v =
mg

k

⇣
1� e�kt/m

⌘

Knight (2013)
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Separating and integrating gives

Solving for u:

grves

l!-,*= !,, J'"
Itr r' ':',9 - kt-e.

$nl

l, - ry -, ktlrnlc: : r.-C r'-ktf,t

,,_ r# _ ,!s kti,t.,

where A is an arbitrary constant. We find A from the initial condition that the obiect starts frorn rest.
so r, - 0 when t : 0. Substituting

tn0o--+--l'"
, lrl(l

k:

Thus 
.. nlg 'tt'tg - L,tiu,. _ Utt , ktlrn.l 

.,'tt,.
The graph of this function is in Figure 11.215. The horizontal asymptote represents the terminal

veloci4', rn.q f 1.,:.

Air resistance, A'rr Terminal velocity

Force due to
gravily, rn,g

Figure 11.44; Forces acting on a falling object Figure 1 1.45: Velocity of falling dust peulicle assuming
that air resistance is kr.,

Notice that the terminal velocity can also be obtained from the differential equation by setting
tl r'f tlt U and solving lor r':

cl,t,nt*:mS 'kt'' :0 so ?r:

eompartmental Analysis: A Reservclr

trLlJ

k

Many processes can be modeled as a container with various solutions flowing in and out-for ex-
ample, drugs given intravenously or the discharge of pollutants into a lake. We consider a city's
water reservoir, fed partly by clean water from a spring and partly by run-ofi from the surrounding
land. In New England, and many other areas with much snow in the winter, the run-off contains salt
which has been put on the roads to make them safe for driving. We consider the concentration of
salt in the reservoir. If there is no salt in the reservoir initially, the concentration builds up until the
rate at which the salt is entering into the reservoir balances the rate at which salt flows out. If, on the
other hand, the reservoir starts with a great deal of salt in it, then initially the rate at which the salt is
entering is less than the rate at which it is flowing out, and the quantity of salt in the lake decreases.
In either case, the salt concentration levels off at an equiiibrium value.

Recall re drag and terminal velocity:

Note: A heavier object 
does fall faster!



Ex.

https://www.wired.com/2013/10/do-heavier-objects-really-fall-faster/

If I drop a bowling ball, a spoon, and a book at the same time from 
the same height, do they fall at the same rate?
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Ex

Knight (2013)

All the same

What if we were asked to rank re how long it took to get to the bottom?

But be careful re what you are being asked!
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