33-231 Physical Analysis Fall 2003

Problem Solutions. Set 2 (September 10, 2003)

6. a Unitsof a aem's? i.e, (metersy!” (seconds) 2.

2
b) x=— :
at“ + (constant)
2
d xX=——.
) 4t* +1
g t=zx12s
7. & From S=ma, % = - g - bv. Separatevariables and integrate:
dv = - Bdt, In(v + EJ = - Rt + const.
v + 9 m b m
b
v +% — g (b/mt+const — (const) o (bmt

Attimet = 0, v, +F =const. Subdtitute and re-arrange to obtain

Ve @Jr( mg)e.(b/m)t _dy

v, +— :
b b dt

Separate variables and integrate again to obtain

y=- m“(Vo +mj( m)e‘ ®mt 4+ const. Attime t=0,
b b b
_ mgy m o : : :
Y, —(vo + T]( E) +const. Subdtitute into previous equation to obtain

_ mg m mg _ (b/m)t
=y - =2+ |y + —2 |(1- e @™,
vy, - Bee Zv + et

b) See bboard post for Maple code.

C) Subditute into previous results and smplify.
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i b b?t?
8. e®mMt = . —t + — +
9 m 2m?
2.2
b) V:_@+(Vo+@)1_£t+b_t+...
b b m 2m?

Because t isfinite, the last three terms (and al successive terms) go to zero

as b® Oleving Vv =V, - gt, asexpected.

2,2
c) y:yo'%t+%(vo+%)|:l'(l' %t+b—”t]2+ )]

Multiply out:
2
_ mg mg v tb 1 -
=Y, - —tHyvt+ —t - 22— -

The second and fourth terms cancel and the fifth (and dl successveterms) goto
zeroas b® 0, leaving

y=y, + Vvt - %gtz, as expected.

9. a -bv2+mg=m%. When %=O, V= v = @.

force _ kg m/§ _ kg

(velocity)® ~ m?/$  m

JM = mfs, asexpected.
kg/m
b) v=,/%tanh\/§r:t. Let t =\/g; then v=thanh%.
: kg
Theunitsof t are [—————=s
| (my/<)(kg/m)

(asrequired to make the quantity t/t dimensonless).

Theunitsof b are . Theunitsof vt arethen

(continued)
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9. (continued
C) y = My cosh ,/g—bt = v,tIn cosh(lj .
b m t
€) From Maple taylor command, thefirst term in the Taylor expansion of

v(t) reducesto gt. All other terms contain positive powers of b and
therefore gotozeroas b® 0. Smilarly, thefirgt term in the Taylor series
expanson of y(t) is gt%/2. All other terms contain positive powers of b.

CAr _ (08)(Am?)(12kg/m®)

10. @) b= 5 5 = 05 kg/m.
vr = J@ = \/(80 EQS)IE;OI 2/52) =40 m/s=90mi/hr.
_|m _ 80 kg _
t= gb J (10 ny<?)(0.5 kg/m) s

b) With given numbersv = (40 m/s) tanh(t/4s) and x = (160m) Incosh(t/49).
At90%of vy, v=36m/s t90 := fsolve(36 = 40*tanh(t/4), t); yidds
too=59s Subdtituting thisinto the expresson for x , we get

x =130m = 430 ft.

c) Letthebdl radiusbe R From above andysis, b isproportiona to A and
henceto R. Mass m of bdll is proportiond to its volume, and henceto R.

Thetermind velodity vy isproportiond to ,/myb and henceto +/R.



