
Homework 3 - Mechanics -Due Tuesday 21212003
Turn Homework in at Dr. Stewart's Mailbox in the Physics office by 12:00pm
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Extra
El: An oscil lator is overdamped such that the damping constant is twice the crit ical damping

;;;;i. writ" gt" trajectory of the oscillator in terms of the natural angular frequency'
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Bonus

I  83.  What  is  the name of  Doc Brown's dog in 1955? ( . :  ik  , '  "  ,  ,  . --  - ' \ '

. 84 . (Russ ianSpor t sT r i v i a )W i th th reeseconds rema in ing in thego ldmeda lgamebe tween theUS
I il ilJis"'"i., union) in 1972, how many chances to inbound the ball was the Soviet team given

by the referees? \

,)
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Chapter 3 OSCILL.{TI

,
s in  0 .  I  z  cos ,u l  -  I  s in ,0  !z  cosr2ra f

z 7 f

. ]

0.187 cos(2ro t )

The resonance denorninators in Equation 3.g.14 are given b.r.
l  '  , - r \ j  . . r r l 2  f  ,  , . 2D , , :  I ( , i  -  r r r ? )  -  + , o t , r . E , , r * l  =  l f  ,  _ , , . ) -  - -[ \  + J  L \  4 /

Thus,

+ f  s in(0.32)  cos(3rur7
o7r

: Fo[0 I + 0.197 cos(raf1 +
+  0 . 1 7 2  c o s ( 3 r , , , f )  +  . . . ]

O.Of  r  r ]  ,E

rrhich gn'es

6 , . : 0

d , : t a n 1

The steadr-st:rte ntot ion ol
t ion  3 .9 .13 t :

Do =  @3 D,  =  0 .7 i7azu

The phase angies (Equation 3.9.I5) are

D" = 0.2ai D, = I.261.,fi

r y ' ,  : 1 x p - r i 9 . 1 3 3 )  =  0 1 3 2
-x  :  z r /2  d ,  :  12n- r1_0.24)  =  *0  236

thc slstem js therefbre gir.en bl the follournq serres

F,,
t { t )  = - J . L 0  l + 0 . : 6 c o s ( a . , f - 0 .  1 3 2 )  + 0 . g 3 5 s i n 1 2 r , . , r )  + 0 . 1 3 4 c o . s ( 3 r r . r f + 0 . 2 3 6

Tlre clorrr inant tertn is the one involr irrg tLe seconcl harrnonic 2a : o)0, l tecause roo rsthe resonarrt frequeno: Note also the piase;i ; ; ;" . ,rr ,  cos(2af _r/2\ =sin(2cof ).

PROBLEIttS

k,",,:::::i,*q,:,*l::]nonicailr 
uith ,r freqrrencr ctt st2 rrz(one octave trbore

3 . I

3.3

3.2

n r i r l d l e .  o '  t 1e  n rus i ca l  s  
^  :  

- - -  " . , r . 1 , , 1  , ' L \  r r t  ' ) t .  r t z  t oDe  r ) c t uve  abo r t

st i, s ir u (rr , ! ,, ::il:,"ll,li:"illl[::l:;:ill",nT,:',,1']:,;,:li;T::i::
at that point?

.i:ll:,^r,i:-::,rtt: 
sirrplc haruronic nrotion *itlr an anrplit,clc of 0.t r'. If it passt-..

:::iffi:::j 
cerrtrr ol its nrotiou nitlr a speecl of 0.5 rrA. s.hat is tlre periocl of

,1,fl'l:,:,:lergoes 
sinrple harmonic, uroti.n *ith a fiequenc.r.of t0 Hz. Find tixplacernent.r- at arrv tirre t for the follou,ing initial condition:

.r : 0,25 rn _r : 0.1 rn,rs
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- , ' : l_.::: l i i t torts 
:1rns11g the four quantit ies ,, p, 60, and A given bv

L " l ! t a t t ( ) U  J  : . 1 9 .

fi* \ lurticie .'cler-qoirtg siniple ltarmonic,rotion has a 'elocitvr-, rvhen the displacernent
, 

,_^,ii]i l )il?:t,l 
t, 'vhen t,e displace'rent is rr. Find the angular frequen*,and the

&3 
; : ;p t l lu r l , -  o l  t i re , rno t ro r r  i r r  te rn rs  o f  the  q iver r  q r ra r r t i t ies .

ffi ' ry, rhe srrriiice of tire moor, trre accelera-tio,, 
"i;;;rjr;,: 

about one-sixth that on the .
r? a::l:..)l]l:,1,lt .the 

half.3eriod of tr sinrple p"n.iuiun, or t"ng.t, r - on'ii" ,,roon?:,*r r ri, sprinqs n,"',1::1,]d1.,. r 
",,;;;:';:;;.,*r.'.'"."= :',':t..1,n'"'1"';c.r positiori to- '.irl'j . 

:llli].,:ll:ct c,f ',ass ,, Show ttut the angular f.";;";"r,;iosci'ation is
, i, - r. i',rrr 1 : if the sprirrgs are tieJ -'p.,-"iiir, 

"ii'il,;;)1i:'; ul,rr ,,, if the' : : - l ng \ , t l t  t i ed  i r r  r e ' i eS
'5!* 

.{ :pritig ol stif'firess A--suPports a box of rnass l.f in rvhich is placed a block of 'rass nr.
. 

iitire sr stenr. is. pLrlled dot,u,'arci o ,lirt"r,.. ./ lrom the 
"qriturtr- o"rition and then:'lc:lsed. fi^nd the forc'e of leaction behveen the block and the bottom of the box as a:'rnctio'r of ti'e. For rvhat'alue of 11 r.i,iil the block just u.g-r"t" l""r; ire bottom of'  : :re bor at t .e tou o{ ' the'ert icar osci l lat ionsi Neglect anr,air resistance.ilfiD :ii.* that th.' .rtin of'h'. srrccessu. ,",.rt,"" in the crisplacernent of a dampecl har-

:i]il:,::.:lll:lLll.l,lllli,,l l,\bi. rhe .rilrinra.lo ,,ut i,"",,.,;ii;p;;,, of contact

i *r3

:l tl

, . , i  t i ie cLsplace'ert crrr 'e *, i th the 
",, .r ." 

; ;  ;  ; '  
aL (1rc PUr't)  ur c

' \  darrPed harrrro. ic oscirator with , , ,  = r0 rg, * :  250 N/nr, and c :  60 kg/s is sub-:€{t to ir clriring fbrce given bv Fo cos r.lt, ruheie Fo : 4g N.

ii],,"ll jll: ::Hif 
results in steadr.state oscilations ri.rth nraximun, amptitude ?

,b) \ \  hat js the rnirr irnunr arnpl i t trr le?
c) \ \ 'hat is t l re pl iase slr i f t?

'* ' i l  \  l rr ' rss rrr rrore's rr ir .rrrg t lre-r-a-r is srblect to i in attract l 'e t ' rce gi 'e, b' t7p:rrr.r- l2 and.i rctirr{lirjq ftrrcc' gi'err I^',iB,rr'. *,here r is its clistance f.o,n tf,e orrgin and B is a con_

;:ilt,i,l'l]l:1.fo'c 
e sir en lr' ,tA c'.s <ot, *4rere A is a constant, is applied to the par-

{a) \\'hat 'iiltre of r''' results irt steacl'n'state oscillations about the origin *ith ma{rrun.r. t r r  rp l i t  r r r  L  , . -

tb )  t t ' i ra t  i s  the  r r r iu i r t r r r i r  a rnphtuc le?
4 tr Tlre i ieqtreno 1,1 of a clanrpeci l iar.ronic osci l lator is 100 t lz, and the rat io ol. the am-l r l l t l rL .  u i  h ro  i r t ( . ( . t ss \ i \ r ,  r r r :n i t r t , t  i r  o r te  l ra l f

(a) \ \ 'hat is the urrr lanipecl f i .e11rreno..f ,  of this osci l lator?
(b) \\'hat is the. resonaut lieqLrencrvf ?

ll,:,: ll: 
arnplit.cle of a clarnped harrronic oscilator drop s to r/e of its i'itla] r.aluearter' (orlpletc c'r'cles tll:ll nr" the ratio of period 

"f "*'iril;i",i* p"r,"a 
"r,rr"

sanie osc'iilator rrith no darnpitig is gir.en bi.
" t , ' - ( ,  

r  \ ' ' '  i. r '  -  
l r  * ; - - , - - l  -  Ir |  \  _ t v _ n - /  g t 2 n 2

r i l tere t l re appror i r r rat ion in lhe last  c.xpression is  \ .a l ic l  i fn is  large.  (See the approxinta_tron tormnl : r -s in . {ppelc l i . r  [ ) .  r
\\b'k all prrrts of lrxiirnpre 3.6. I for the case in *4rich the expo.nentiar darrping factor 7is .rre-half the critir,al rajrre iircl the ,f";;i;;;,'r.r,,, .quur to 2a,,.
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3.15 For a l iqhtlv daruped l tarnonic osci l lator y 11 a,,.  shos-that t l ie cl . i r inq fr-eqlerrcr, lbr
ufiich the steadr'-state amplitude is one-half the steaclr'-state anrplitude at the resonant
f requencv is  q i le l  bv ro : - . r .  t  y f ,  l

3.16 If  a serres 1-CR circr i i t  is corrnected ircross tJic tcrrnir ials of an electnc qeuerator that
prodrrces a voltage \ '  :  \ ' , , , , ,-r .  the f lox,ol electr ic, i t l  cirarqe r7 through i [e circuit  is
qiven bl the fblloli r rq secoucl,oxler. ililfe rcntial eilnatroi,,

t . 'A  =  H_ \  _  I , ,  =  1 .  , , , - .
, l t -  t l t  C '

(a) \ 'entv the correspondence sltonr in f  able 3.6. I  behr.een t lre paranreters of a
drii'en nlechanica] oscillator and the above drivcn electrical c,icillator.

(b) ( lalcrr late the Q of the elec't l ical circ'uit  i rr  terrns of thc'coeff ic ' ients of t6c ab6r.e
differential cquation.

(c) Shou'that. in the case ol srrral l  darrrpinq. p c.an bc \\ .r i t te1 as e = R,,/11. r i . |ere
R,,:  \ ,E/C is the cy'rarzr:1t,r i .st ic irr ipci lan r:r,  of the c. ircrr i t .

3.17 A clarnped harrro' ic osci l lab' is dr. i 'e, bv an external lbrce of t l re forr,

!',., = F,, sin r,.rl

Shorv that t l re steach.state solut iorr rs qiven lx

r i l t  - : \ i 0 t  s i n i o l  -  / I

$ l t e r e . l L t l I a t t r l  < - 6 i t r t '  j r l t ' l t t r t a l  t o t l r e t r p r t ' s s i o r r s g i r e r r  l t r  I l r l r r i r t i g r r s : 1 . 6 . 7 e a r r c l  3 . 6 . \
3 . f  8  Sc i l r t ' t l r e  c l i l f e re r r t i a l  t ' i l t . t t i o r  o i  r no t i o r r  < ,1  t i r c  c l an ipc , r l  I r a r r non i c . osc i l l a t u r  c l r i ve r r  6 r

a r lamplr I  I r i r r r r rc ln ic forct  :

l ' , . , , i 1 r  :  F , , r ,  , ' /  c , os  a t

( L l i n t :  c  " r cos  & r r  :  Rc , t ' ' r r  '  ' | o l  r  -  l i c i r : d l  ) .  u . l t t : r c  f 3 :  
- a  - . r *  i a .  , \ s s t r r r v  u  so l t . , i t , n

o-f tht: .ft,rrn .\( P! i6 
"

3.19 A s i rnple perrchrhir '  . f ' lerrgt l r  1 os<' i l l i r tcs *" i t l r  i r r r  arnpr i t r< le of  .15o.

(a) What is the pt:riod'l

(b)  I f  t t r is  pendrr lur t r  is  uset l  us a la l ro latorr  expt , r i rnerr t  to t l t , terrn ine thc r .a l le 1;1 'g.
f inc l  the error  inc luded in the Lrse ol ' t l re e lerr ient t r r r . fgrprrr la 

' r ' , ,  -  l7( l /o1t  :

(c)  F ' ind t l re a l lproxi rnate anrount of t l r i ld-harnronic,( .o l r tent  in the osci l la t i6n ol  the

Perrluhrm.
3.20 \ 'erih' Equations 3.g.9 and :1.9.10 in the text.
3,21 SLo* that the Fourier series for a periodic sqrrare \\,ave rs

rvhe. re

,rl*"r

^  l [  r  r  I
f , t  :  i l r ' , ,  - t ,  + !  s ini , l r r . r l  - r  ]  s i r l5arrr  -  

I

l i l r  =  + 1

f r t r  =  - l
lor () < o.tt { r. 2r { utt ( llrr. itpcl sct op

tor  z (  ot  I  2r .  3r  {  at  (  -12r.  and so o '

3.22 Use the abor.e result to f ind the steadr.state nrot ion of a darnpecl harrncrnic osci l lator
that is driven br a periodic squal e-\\'avc force of anrplrtrrclc Fi In particular. fincl tl,*
relat i 'e ampli tudes r-rf  the f irst three terrns, A 1 , ,1 3. arrr l  A. of the ,"rpor,r" funr,t ion r
in the case that the third harmonic llr,.l ol thr clrrrirrg f,'"q,,",r"., coinciiles uith the ir*.-
quencv r,.,,., of the ur.)danlped ost.illator. Let tlre qu"litv fai,to. p : 100
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3.23 (a) I)erivc t lre f irst-ort ler di i lerentiai e(iui l t ion. r1ryr 'r l .r ' .  describinq the phase-space tra-
j t 'ctorv o1' the sirnlt le haruronic osci l lator.

(b) Soh e t lre crluatiorr.  proving thirt  t l re trajectol l  is an el l ipse.

3-2-1 .\  sirrrple perrr lr i l rrni s-hose lengti t  1 :  9,6 rn satisf ics the equation

d + s i n d : 0

{a) I1 O,, is thc rurrpl i trrcle o{ 'osci l lat ion. slrou,that i ts period I is given bv

,  :  t  l , :  , ,  -*---- rr l*rr a : , in' I  o,,
J i  I  -  O  \ ) n . @ " -

(b) F.rprLrrcl t l t t '  i rr tcqr: iucl i r i  pori , t  rs oi a. inteqratc tclrrr bl tc.rui,  ancl f ind the period
, l 'us  r r  poucr  s t , r ' i t ' s  r r  r r .  Kcep te r r l s  up  to  ru rd  inc .h rc l ing  Ota : i .

(c) F-r lr i i rr t l  rr  i t t  a po*t 'r 'st,r ics of F),, .  i rrsert t l te rt 'srr l t  intr i  the i torlcl  series l i rrutcl
i r t  l r  .  r r t t t l  f i t r r l  t l r c  p r r io t l  I ' i i s  i r  I )o \ \1 ' r  s ( ' r i cs  i l r  O, , .  Kc ' r 'p  te rnrs  r rp  to  and in -
, l ' r t l i t r l r )  l ) : .

COMPUTER PROBLEMS

C 3.1 Tlrt '  eract rr l turtton ul rt tot ion f irr  a srrnple pc'rrclrrhrrrr o{ ' lcrrgt lr  L lsce Exi lmple 3.2.2)
is  g iv t ' r r  l l

0 + oi;  sin d : 0

ulr e re ro i : ui /-. Fir rc I d t I I ll' nu nreric'allv inteqrating ihis er+ration of ntotion. Let
1- :  1.00 rrr.  l ,et t l r t '  ini t ial  crrurl i t ions be d,, -  r  12 r l td"n. l  eu : 0 rad/s.

(a) I)krt l lLf I  i i 'orrr I  :  0 to -1 s. . \ lso. plot the solutron obtained bv using the snral l-
arrgle approri l tat jon isjn 0 = 0) ol t l ie saure gri iph.

(b )  l l t ' p t 'a t  i t r  f i r l  d , ,  :  l l . l ( )  r ' i u l .

(c )  1 ) lo t  t l r t ' per ro r l  o l ' t l re  penr lu l r ru r  as  r r
:1. I0 rarl .  . \ t  iv lrat ernPli tut le dors the
\  g , / , :

C 3.2 Assun(- t l rat tht r larrrpir ig l i rrc 'c fbr
t l re  s r l r iu  e  o l  i t s  ve loc i tv r  t i i a t  i s .  i t
sur . l i  r r r i  osc i l ]a to r  i s  t l rus

i + 2 7 r . r  + a - l i r : 0

r r l re reT -  c "  2 r tL  i rn r l  a l :  Ar r r r .  F ind , r : i r  bvnunrer ica lh  in tegra t ing the t rbove
equation ol r lot ion. LetT : i l . lo rrr I  r  r  aricl  a, :  2.00 racl l i .  t  

" t i i . t" ini t ialconcl i-t i o r r s  l r e r  0 l  :  1 . 0 0  r t r  a n c l  . r ( 0 i  : 0  r n i s .

(a) i'lot r rl I fionr t = 0 to !0 s. Aiso, on the sarre qraph, plot tire solution for the
clarnpecl hartnontc oscillirtor ri4rele tire damping force is linearh proportional to
the  ve loc ' i t r ' :  tha t  i s .  i t  i s  q iven  br ' -c ,  j .  Agarn .  le t  /  :  c1 /2n :  0 .20  s - r  and
a;n : 2.00 rad, 's,

(b) For the cilse ol li.e.r' cla'pi.q, plot the log of the absolute r-alue of the succes-
si le ertrett ta versus t l tei t  t inre ofocculreltce, Find the slope ofthis plot.  and use
it to estinrate T. This methocl rl"orks n'ell for the case of s,eak danrping.)

I 31

i i rrrct iort ofthe aurpl i trrrk: d,,  l ronr 0 to
pcriocl clcriate ll rnole thrrn 27c llont

the r larnperl l rarnrorr ic osci i l . r tol is proport ional to
is girtrrt  l rr '  -r ' , i  r  .  The ct lrat ion o{ 'nrotron lbr
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