2.3 ACCELERATION-VELOCITY MODELS

PROBLEM 4° A mdtorboat is moving ot Yoftls when its motor quits,and 40s later its speed is 20ft/s5. Assuming

the vesistance is proporfional o the squave of the velocity, how far does the motorboot coast in the first

minvle affer its molor guits?
Let w(t) be the speed of the motorboot (in £1/s) t seconds after its motor stops.

60
GOAL: co mpute [, w@) dt.
GIVEN: (o) =40, v (10)=20, o) =-kvd)? for some k>0.

PLAN: solve o'=-Kv? (there will be two unknowns, K and C)

Yhen use v0Y=40 ond V(10) =30 Yo solve Hor k and C
SGO

then compute [, w(£)dt

N = = (previovs C)
EXECUTION OF THE PLAN:  ¥'=kv? = v v =-kdt =5 -™* =-KE+C = V= ¢

1)’(0):'-]0 =) "|0='é— =) C= ?‘6

l

= F 4 4
v(40) =30 =>¢20=m =) 40k = 3216"‘!’5"'% => k:-q—o-o

=400 Im ¥} = 338.36

(Pote)dt = [0 5 0t = fon (ot 5 ) Ho00

'-|oo i-\o (0]

ANSWER: The mdlorbool coasted for 338.36 £t in the first minvte offer its motor stopped.



DoES THE ANSWER MAKE SENSE ?
1L Yhere was no resistance, the molorboot would coast for ‘lo% 605 = 3400+t in one minvte, which is
much more than the 338.36 £t we found, ond thot mokes sense.
We found for the speed of the wolorboot the formvla
vih) = (et )

/)

o(t) stacts of Yo ft/s, drops o 20 #t/s in 20s, keeps dropping ot ever slowey

= rotes, which makes sense

ao- ececo oo

IS THE ASSUMPTION THAT RESISTANCE 1S PROPORTIONAL TO THE SQUARE OF VELOCITY REASONABLE?
We dontt know. This has to be found by experiment. The problem we just solved and problem 3 in HW 44

suggest an experiment to find how vesistance depends on speed.



PROBLEM 2: A woman bails ovt of on airplane at 10,000¢T, falls freely for 205, then opens her para -
chute. How long will it toke her Yo hit the qround ? Assume air vesistonce proportional to the speed , with
constort of proportionality 0.45/5 without the parachite ond 4.5/5 with the povachite. Assume constont
gvavitational acceleration of 324t/s?

Let ) be the donword speed in $t|s after t seconds of bailing ovt.

WANT : o time £ syuch that [°wct)dt = £0,000.

GIVEN: ay(0)=0, VM) =]-015u4)+32, t<20
-1.5v(t) +32, t 720

PLAN ‘3)solve A'(H)=-0.145v(%)+32, (o) =0, compute (20).
Asolve v'(t+20)=-45v(t+20)432 with v (20) compvted in the first step.
3) compute f:o'\rf’c)d’t and Solve for the to thot mokes +this inteqml 10,000.
EXECUTING THE PLAN:
1) v'+0.15v =32, v(=0 LINEAR
In'(e%wdm% foctor  exp( foasdt) = ¢

0.15t

Multiply eq. by the int. factor,then infegrote:

(&) = 326015 = %ty = o_3.49._7‘390.«*3%_% = o= %_Fce-o.is;

Use v()=0 to find C and get C=-32bas.

_ 33 _ 32 ,~9
Compute w(20)= 20 - 3e ™ = 203.34



) v =-145v+3Q, v(0) = 20221

-1.5(t-20)
Solve as in step 1 ‘\T(‘H—l&““'e (aoa-:H"%) for 120
wit) = oas(" e >, t<ao
22 113038 T 450
3) Assume to >20. Then
-4.5(4-20
v et = = (0022 (4- et Va4 ja: 22449138, ¢ > )t
~0.15x 20y 3Q -1.5 (1o —20)
03435 0 - 034""5\3(4-6 )+ 55 (t-20) + @%& (A—¢e )

Solving (on a compuler ) we find to % 346.
ANSWER - it takes o;ﬂoroximo:\'ely Smin46s Lor the woman Yo hit the grovnd.



PROBLEM 3: A yockeT of mass 40Kg is lounched vpward with itial velocity 20m/s from o platferm that
i5 3m high. Assume air resistonce proporfional Yo the velocity with constant 4/5,and assume constavl
qravitotiona! accelevation 9.3m/s?

A) Find the maximym heighl’ veached by ‘the vocket:
?) How lomg does it Yake for it Yo veach +the %Tound?

Let w@) be the upward velouly in wmis offer 1 secnds of lounching.
to
A)GoAL: compule [“ar(t)dt + 3, where vlt,)=0.

GIVEN: if t<to (rocket moving upwoard ) then [\m'l"'('l:)=—0’(-lr)"m%'.whem m=40, 9=9.8

w0) =20 if the units of measuremert chonge, the equation
also chonges!
PLAN: 4)solve the TvP

2) solve for 4o “l. w(t,) =0
3) compute 3+ [Pvrtldt = fax = ©~The symbol =: means "+he thing on the right is DEFINED to be
equal Yo the thing on the left
B) Let wit) be the DowNWARD speed,in mls. t seconds ofter reaching wmoximal height.
t
GOAL: find 1, such that [, wlt)dt = fox, compute tots

GIVEN: (1yP,) im“llu\l'((;c\) ol -(\_;U(-l:) ~+mg

PLAN: 1) solve for W in (IV'PQ\
t
) solve for 14 in Yowihdt =fmox  (We Know Rpay From the FHirst pact of the oroblem)



EXECVTING THE PLAN:
A) 4) MUE)=-0E)-MG = v ) + V) =-g =) V() =-mG+ ¢ "Hm (o) +mg)
Plugaing v(0)= 20, m=140, 3=9.2, we 9t v()=-38+¢"°(20+38) = mggto-ag

2) Solve for 1o in vit)=0:
0=13e M0 _ag = t.= _40.4m- 3% =096

3) Integrate speed Yo find distonce Trveled:
.8 -
34 f: C“ge-'t/qo -93 d¢ = 1180(1-¢ L )-98%x4.86 = ad

ANSWER TO (A): the maximum height attained by the vocket is approximately a4m.

B) ) mw'=-wimg =wit)=mg+ e~ Vm [ wio) -mg,)
Plug wie)=0, m=40, 9 =93.8 : wlt)= 98- 93 o /a0
Dsohve for 4, in Jo 98-98e o4 = a4
98t, -980(1- ¢ 1*/10) = 94
ty @49 «— the time from moximum height to hitting the gromd is ~a.ms
Total Yime (going up + falling) ~ @86 +3.44 = Y
ANSWER TO (B): it takes the vocket approximately 4 seconds to hit the ground.



