OSCf Hq,+f0ﬂ5

3=l

_Feviodic pﬂm.o._mm ave {Rose H’q}t ave rQFPQJ{eJ
qu fe3u\m’ in}e{‘vw{s of some inc{ef;enr/@nf qj"av.f‘l'que
— Ydime : s.r::ate oY com‘oth}-‘ow.

‘DT\Sij\-aj *mo*{on of ‘lle\e ra‘oune'{'f)
¢ Pev\clo(owx <lock

© WSS - 't‘owf;.

sgotem
2 a7l~0mic uim(w“ions

Oacilicknry motion. s one that s {OEN'OJt'C b
+iwme . Mt)%-{ovu N trate of C.JA'S'YlUrIoQMt'f-S C'QUsEC{ b
osciual‘iow rt-t{ore'se\f\:pS UMUf-'M‘D'ILfON. 3

c«}. Efe‘:}w(omqtne)lﬁc Wave s (9.03) ' qu(wef[g ?outioas.

TK« -5t'm,(3fé’$+ qn‘:!: mos’l' a‘mPov’fa,rd' osc:’/(d‘w moTiow
'{‘O U\&J{\"z'{‘mcl fs fp\e Vl-LD V'QJLJ'OW 01_0 < ch\/‘"‘kc {t" Qé)OU-{—
a a{‘aifa[? e uf‘f{arc'um }onbfll‘r'om ~— u/lv(er '/Pe :'H‘ﬁ/demf‘f’

/bq, Hﬂok?ra K.Qul) mea{o rinj ‘povce.

“_F_G\Lc_f'_ m(iacﬁ is fgf‘_f)fﬁ_o_xff{'_?'f\ﬁj_'{o _z_‘ﬁe__ Jz's_p.[a_amz\e_nf

0[3 @ }Dafhr_\p —gromq its ggu;/{[on‘um ani (s “r_e_sfwjgj '.‘

A badg Nk {;AE wotion qé)ou'{‘ JRe
{Q(l‘?, 3 Tﬁ.i‘b =i {e ‘! £ owp unigue veguenc U{[:rwl((ow
r £ ¢
IS ta Her_\ i_i\rnfh’ HWWYV‘OW&C .ﬂflgé_ma (é Hm J‘j In Re
M@z;k i:ms:‘( Cast awn Olo.h‘ed D.SC:'”ﬁlﬂcs. ée{weem _{MJD

Sfm‘l‘(o«f Posilﬂ'ons Q)r awn ‘mc(PCEhh[@ /o?\f‘t'o({ o\G #:‘mel

Eu{ A éw’u m 44]«5




31-2

wetl no loss  in mecQan[CJ enevgd . In o | S?JCM.S}
fc{‘af\ch"\ ~Eo~rCt5 (prt'c{‘r'om) rcéuce yf mfcgafvvt'(aﬂ eneVJJ,
qwé +€f obc(u«)hcms ave gqr'c! ‘I!'o Ee C(czm'\foec{. 1
an cx}cW\aﬂ “{:mrte' 'S qv:-ra(iec{ sucQ —&Qca‘ ‘f(\)£ enevw fosJ
(3 LDCJQMCEA b.,k an Aevxewg‘% in'pu‘l(; TLQ mo"‘l’a-& IS a
'Q)\(CQA osd\\a:“:om.

ﬂ'” osl‘{'l(q_‘J‘iOV\S qv‘(‘s:'n? ‘ﬁr‘om elas]ta'c(‘,'lz ()‘\P maﬁl(r’
ayve SHM oy «© comrosi e of SHM.

5 Fenéd\u wn

: 'fdvn'ncp ‘C:)fk
-&rm er_’ iv\'S‘Lrow\Pvd'

8 {30\‘[ 'W\?:S :sum(aing, e"c.

—Dif»'s'tfa'}i\fe ‘GD\’CES{ SUCQ as 'ﬁ'ic‘l‘c'OV\‘ Caus® recuvviw

mokcons 4o be Xuqsi—faevloul{c . O.sct'”a)“:'ons Qlecaa wi‘f’E ime.

—?001‘(@{': ! An...& -finif P.ewr'lodfc, mo"“t'OV\ cawn Z{’
n-g(arcs,evfgcé s summu)l‘s'om 0{3 oJ 'nuw\Lev O‘P

I —_— : g
<O\ t 0‘\:9 i«a FQ\or:.e o SHM/s _tFouviey .E.?lﬁ'j_s'_.

ﬂmﬂfﬁev imror{am* ‘o\r‘\’nt(‘ol? IS 1{24} I N Gm'j Iﬁ}t"‘j
si-{‘uca.%Limg:,} aom{c{tvdﬁ ama/(( c:[.'spﬁacemen{s 'prom oS
cm(l{.#;ow o-? :_-,#J_r_oﬁ\__/‘qif__L Ji .{l\r_‘m_p;n: resdH' h qFfarorime[zl
éim{ﬂi__.__kﬂ_‘f,mg‘/_\/:\&_._ ﬂlﬂ'\l@\r\ O\L:)o u+ +G~e F)_Q_g_ rJf X% M 'in 1 mvin -




Siw\?lg Haywonic mo‘l‘{om 3|-3

A qu'\'.‘cle MoV (N ajom f?e A -aniS e:rgc'éf'ls SHM
LOQ{V\ 1‘1'5 A}Srlac‘emf ‘ﬁrom PZU.F/:'LTI'UM 3(’ ~Navies i

‘Hme qcco\rnl(vxz ‘f‘o

x= A cos(ut + %) . j%\tKQ?\’

—A

—_—

ﬂ‘ wD G-.\'\(l b @Al cCONS CIV\_\-S i Figure Displacement versus

time for a particle undergoing sim-
ple harmonic motion. The ampli-
tude of the motion is A and the pe-
riodis T.

A-'__G:“\%p“ni';ut\e of e mb‘hom, 'S a'osjr e  waximom

J(sr]acem«:v\‘i o-P ‘HZP ’.aaY‘Jfl'C(G' tn ei'}ee\f ml(\r’ﬂcl‘[ohn

o Q»Y\__ﬁ/l‘-}&q‘f 'R‘QEQ‘?\Y\_E.‘,& of ‘}Qe mo'lLfo'U.

_E_:' {’WQ\_‘ES@;C O“S{QVQL (\Pgase cmgfe’)

Aaml 2 ave J-a\(‘ei‘m{nc(‘l [01 +Qt ini“;r'a/( Jl's{?/qfemd
awi wlodl o JrQe (aqvhc‘e. ftl} 3:’\:( Js ‘{’Re J;'s/o/cm-—
et o Ao,

(“5&‘*-8) — FQQM ot +e~e mo'[‘iom,
1({'3 1 o F-evio::l(( *[Duv\c}iov\ mE{CQ V‘Q(ucdl‘s fﬁe‘f

mP\-QV\ uZ)J( neyeases b% ATV .




31-4

s '|‘Re *ime Lov “}Q—e r,av*.‘c[e 4\

TRe evioél T‘
LV

V‘OUI one U cycle o 14 WOl (o
601@ qQQ - Lol \d‘ £ s of

Sl Wt + 3427 = wE+T) +S
T= am (s)
W
f29=- 1 . w (Hz)
W ST
_ -
5

\Je‘o\:i%-x, o? ere a.\r“fitk uv\cL?v oin SHm
5 pee 1

AT = SLX_ - —wA s':n(u)'t +S)
dt

ﬁcCe{ew’aJriovx of -}QQ rqr*.‘(\?

@z IV = —w A cos(wl+3)

dt

R = __wixm

0~E AJS aXe _-fu)ﬁ

Bibeewme '\I"a.ldeﬁ
+ Q
0-? QO ave - W H

EKJN{ e f\ru-lues

:\)—md:wﬂ
iy
- wA




3-S5

2
C

o

B

y
N

o
e

<

(=]

3
&

P

e e e b e i

C

(c)

Graphical representation of simple harmonic motion: (a) the displacement versus
time, (b) the velocity versus time, and (c) the acceleration versus time. Note that the velocity is
g0° out of phase with the displacement and the acceleration is 180° out of phase with the
displacement.
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A mass-spring system that starts from rest at x, = A. In this case, =0, and so '

= A cos wt.
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Figure Displacement, velocity, and acceleration versus time for a particle undergoing
simple harmonic motion under the initial conditions that at t = 0, x, = A and v, = 0.
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Figure (a) Kinetic energy and potential energy versus time for a simple harmonic oscillator
with & = 0. (b) Kinetic energy and potential energy versus displacement for a simple harmonic
oscillator. In either plot, note that K + U = constant.



Definitions and equations of simple harmonic motion

equation of motion
period

natural frequency

natural angular
frequency

restoring force

displacement

velocity

acceleration
speed

potential energy

kinetic energy
total energy
initial conditions:

amplitude

phase constant

time-average
energies

<
]

d*x k
— — _— 0
ar + m.r

T = ezl 2
V%

F = —kx = —muwlx

x = Asin(wt + ¢) = asinw,! + fcosw,!
a = Acos¢, B = Asing

A = + ¢ =tk
o
v = Aw,cos (w,! + ¢)
= aw,Cos w,! — fw,sinw,!
a = —Awlsin(w,t + ¢) = —wlx
o] = w, VA ~ &7

thx?! = +kA'sin’ (0t + @)
= kA1 — cos2(wyt + ¢)]

K =1kA® — U = {kA[1 + cos 2(w,t + ¢)]
E =K+ U=+4m’ + {kx’* = kA

2
W,

e
¢ = sin"' 2 = cos™' —2
A w,
w, X,
= tan~' =2
Uy
v
a =— f=x
wﬂ
U =K = 4E

31-13



31-12

2 A :
E= K+W = Lwv -+ LkRx' = 1hA
2 2 >
-+ o)
vt R (-
™
yan : : - - - U
FETRTE l |
|
b SWWWWWWWWWW' 0 A 0 |-w®Ai 0 ék“l
|
T/4 0 |-wA |- 0 %W 9
T2 | -A | 0 | WA | 0 [l
cl“;l!
3Ti4 | 0 | wA | 0 é‘“‘z 0
T | A4 ] 0 |[~ea] 0 [lpp

Simple harmonic motion for a mass-spring system and its analogy to the motion of a
simple pendulum. The parameters in the table at the right refer to the mass-spring system,
assuming that at t = 0, x = A so that x = A cos wt (Case I).
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