Scaling pretest Name:

Date:

In class lag week we solvedfor ablock of mas m moving down incline of mass M and angle 6. There
wasno friction, so both blocks could move. We found the aceeleraion of the smal mas down the
incline wasgivenby the equation:

gsin”
16 cos "
m+ M
1. If gisdoubled the accekration

a. doubles
b. increags but doesnot double
c. staysthesame
d. halves
e. decreas but not by half M 6
f. you carOtell

2. Explain your rea®ning

3. If misdoubled, the acceleration
a. doubles
b. increags but doesnot double
c. staysthesame
d. halves
e. decreases but not by half
f.  youcarDtell

4. Explain your rea®ning
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5. If m and M are doubled, the aceeleraton

a.
b
c.
d.
e

£

doubles

increags but doesnot double
staysthe same

halves

decreases but not by half

you carDtell

6. Explain your rea®ning
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Tutorial overview: We often investigate how some fundion dependson variables (such astime
or space). But motionsof a system aso depend on parameters and condants. (Parameters are
valuesthat are fixed for asingle system, butwill vary for different systems.) Today we will

investigate how scaling can hdp usgan adeeper indghtinto how motion dependson parameters
and condants.

gsin@
1 mcos 6
m+ M

1. Wha arethe parametersin this equaion? M 0

2. Given thenumber of parameters, isit easy to plot how the acceleration dgpendsonthe
parameters?

3. Wewill see that scaling hdps make dependence on parameters a bit less complex. Thereis
no procedure that always works for scaling, butone good first step isto find a parameter, or
collection of parameters, that have the same units of thekey variable. Herethekey variable

is acceleration, and the paameter that has units of accelerationisg. Thenyouintroduce a
scaled acceleration:

Qo

a. If gisdoubkd, howdoesthe! change? (We can imaginetha we mightwant the
solution for this problem on othe plands!)

b. If gishdved, howdoes! change?

c. Summarize: howdoes ! dependong?

d. Wha aretheunitsof / ?
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e. Imaginetha thevalues of themasses are fixed, and you plotted / asafundion
of 8. Youthen gave this plot to Bob wholived ona planet where g=10 m/s, and
to Sally wholived onaplanet where g=20 m/s’. Will this plot bevalid for both
of them? If so, what ingructionswould you give them to read the plot so tha
they could determinethetruevalue of acceleration of this system onther plang?

/. When plotting scaled variables we labd thescaled axis asfollows: acceleration in
units of g. 1sthis congstent with theingructionsyou gave to Bob and Sally? If
not, which set of directionsis accurate?

g Summary: asg changes, doestheunscaled acceleration a changein complicated
ways, or does it smply stretch the same shgped function over awider rangeof
values? Feel freeto plot the acceleration as afundion of 6 (take the massesto be
equd to oné with variousvalues of g to convince yourself of your anawer.
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4. Now Ietéfocgsonthe mass dependence. We have two masses. Let@ pick M as our mass
scale (since it@ usudly the bigge mass) and define the scaled mass u

u=-"
M

a. Writethescaled acceleration in terms of u by subdituting ud for m.

b. Imagineyouplot / () with ” fixed, and hand this plot to Sally who has m=3kg
and M=15kg,and to Bobwho has m=7kg and M =3.5 kg. Istheplot ussful for
both of them? If so, what ingructionswould you give them to findthe
accelerationfor ther system from the plot?

c. If youplotted thescaled acceleration as a fundion of u (with 6 fixed), how would
you labd youru axis? Isthis congstent with howwe labded the o axis?

d. Summary: as u changes, does o changein complicated ways, or doesit smply
stretch the same shgped fundion over awider range of values? Feel freeto plot
theacceleration as afundion of 6 for variousu vaues to convince yourself of

your ansver.

5. Thefind parameter is6. Why isit notsurprising tha we have no scale for 6?
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6. Itisaso posibleto scale differential equations This can beuseful to gan insgght before
soloving or even withou solving thedifferential equaion. Let@take thedifferential
equaionfor ahamonic ocillator with quadratic drag.

dx
dt

d—X+£X=O
dd m

d’x ¢
_2 + —
dt m

a. Toget afoothold let@ think aboutthelinearly damped case, where wg?=k/m.

d*x dx
—>+2B—+wix=0
dt? ﬁdt Do

There were three cases and three cases: undedamped, critically damped and
overdamped. Sketch x(?) for these three cases (the phase space plot is provided.)

Undedamped

Critically damped

Overdamped

b. Arethedifferences between these three casesisjust a matter of scale, tha is, of
shrinking or enlarging the axes?
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c. Would you expect the same kindsof general behavior for thequadratically
damped system, that is cases where you get damped oscillations and cases where
there are no o<tillations?

d. Now let@try to scale the quadratically damped case to see wha we can learn.
Wha isareasonable time scale? Hint: think of the time scale in theundanped
case.

e. Defineascaed time #similarly to the scaled acceleration. Write thedifferential
equdionin terms of the scaled time by writing ¢ in terms of #and thetime scale;
simplify.

f. Lengthistheother key variable. Wha combination of parameters gives alength
scale? Defineascaled length w, and write the differential equaionin terms of
tha scaled length and simplify.

g. How doesthescaled differential equaion depend on parameters?
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. For small damping the system o<cillates. Given how the scaled differentia

equdaion dependson parameters, do you expect ostillationseven for large
damping? Explain.

If ostillationsoccur for v=0, x=1, ¢/m=.2, for wha value of x will they occur if
v=0, ¢/m=200? Hint: use scaled variables.

For largedamping the system loses energy rapidly. Given howthe scaled
differential equaion dependson parameters, do you expect rapid decay even for
small damping? Explain.

. Test your expectationsnumerically. Don®forget that initial conditionsare given

in terms of scaled variables.

Wha have you learned from scaling aboutthis system? In paticular , wha have
you learned aboutthe phase space plots and how they changeas dampingis
increased? Does this system differ in important ways from thelinear damping
case? What istheeffect of changing the spring congant?
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