o it
result, along wish
1 ol the derivasives o

9 points) Algebrnivaily retate the derlvetive repies in 2y ro the derivative raon o ry. Use this
WE GUEWET L pact e, To rbtaln relationships between a derivative of Az und each
£1 oo 3 that appery in YOI ARSEEDS th Dart f

K=0 X4 X2

A pair of T My nd M e joined by s sprisg of constant & and natucal {onstrerched} leugth Lo,

[
4 (5 puints)  ind the smonnt the spring is extended or mompressed (D) as o funetion of che
mition of % (rp and £y, oespectiveiy), Make sure A is positive when the spring i sxsended
ﬁé 1l neEntive when its compressed,
ks -
e
; a L) 2 puints) Now it's ome o pue it all wgecher - rowrice vhe diferaatial equations from pare b in
s of Sz, The tesnies should Jook familiar, Find vhe sobotion for & oy a function of tine (make
At vnw evalunge, in terms of given information, any ronstanes thie see letermined by the constraetion
Kl of the systen ).
a poimsl U Newron's laws 1o obtnin differensial oquacions {wTitten in cerms of £ and £y}

v will snch lepend
-

ik, dusceiioes the weotion of el muass. Note thas these are coupled” @
s ot il ey - e ot o woery, we'll wddeess that tiber, Make sure the
1 oo e e eoreeret sien when the speing s extended sl conmpressed] -

a, e del (5 puints)  Snppose we were to tie oue wac of the spng uf Lo o will, and the viber end of the
v ro o 3. What wiue would 4 have to have in order for tis new system to osviliate with the

et e s thet Lwanoas system we've been working on? This value, known s the reduced mass.
" v siroplify Hie discission af binaey ayscems (dintonic moleeulos, for instance) i use

sl

|

shae cnn amplitude of & lriven mass-spring sysiem is given by

= L) puinks] 3how shat che feitowing relaciombip hokds toue for a mas

TETEE HYSLRIL

IS
bl

+ 2¢} {10 poinssi O e way to class, you spec s abandoned bird's nest sittng in o low-nanging,

cnore-or-less horigontal branch. Yoo dispince the eud by some small amounr and reloise it and nore
1t o] she tip o about f| vumpiete cycles every secand, und 8] it takes abot ¥ complete ovelas
e <he muplitude of she braneh's vilratious to drop 1o half its initisl value, Fmd the vanral frequency
< 31 for the braneh mese system, | Careful, These are f's, nol )

F's nre easier t ohserve directly.|

10T puinds) Clenvin
N eseUbLToTE. N

143 points) Tuppose we waal fo kooele thie okl uest onr of the tree. W
N Rt Beguency e shake the branch s

ik bl D bl mose




Omss . Tinge a 4r1id pioksl Lo s nor onressonable to assinae thag che domimant fTequency feard from an excired
. i will he chie lundunental frequency associared with that sering. One may change the Gndanensal
MEncy by pressing the sering tighslv inta the Kngerhoard. effectively changing ies teogth. Suppose
1 wancoed o saceease the fundamenal Reononey of o striog by a fwetor £, Where (71 would vy

57 n a violing 1he free fngered nos erpnk to L12 tioes an-stringed
have to press to generate itY

Firgesbaant

# @ dod (5 peonesy  (Caredully] pluck wostring on o vielin, For a brief moment. the pluck senerates uoise
1 ~ b rhat noise quickdy zives way Lo music, Expliin, in terms of physics, what iS hppeting,

e LT

SARrIate]
I P
A SOUYERLC,
[N, e b 00 points)  Auokber way o change tha dosinnoe ogueney yon lisar i to Hahtly peess the
thig f soime mnkgie spok. Since the JiTing 8 oot Lightly pressel, it is sl ahie w vibrae an cithee
o -sie of the tioer - this s the eifect of esposiog wn intecmediabe aode on the systone, erphasizieg
vt lurpaone Gyer the fumdamental, Find enel of these guie spoi (6] and the fregieney associated]
with i (i wermng of Lhe fandamentad ), . - -
: - - N ) . . . ~
= N1} o6 points)  ferie the s of resonawe frequencies for one of the npen (that s, nn-fingered) Sa H
N ~TriIegs B8 Lerins o i  lonpel (B3, the volume muss densiey of she matertn s ols of £, H
sl sdinoetae of ol string (29 s the beusion i bhe string (771 H
RN H
z Y

o el 15 poanes) Dowing uenr Lhe bridge ean onke nomoch uicer sound than bowing off somapds the
- tnanrboard. Fxplain in terns of physics why this i sn,
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