Pegriodic Motion I

A wotioNn tohich TQP&a-LQ alleyr a ﬁ:;xac:l intesval D:f

Hme ig cmlled pediodic motion.

&9 Motion of planet @vound Her sun
Motion of howr hand or minote hand of clock

Simple Hasmonic Motion and €gqua+ions
If = paxtcle moves to and oo about mean pesition in
a etozight Bne such that Hhe acceleration g divected +oecoayAl the
mean position and 18 digecHy poofortional +o the digplacement foom
Hal position ig8 called simple hatnenic notion.
)]
The hasmenic rotion of simplest yre e (eor&tantr amplifude and
of single ?@@qmcg (e called SHM.
Acceleraztion X :big‘::}*ace_'rweﬁ-F
ov, RcceleaoT+HoN — -k X da'gpiﬂcamerﬁ-
coheve
K= oystant (-ve Sign‘showsg Hhat accelevaton 1S divected
in opposite to +the motion 0% obtect)

Charactesetics of Siwple Haorwenic MoHon

i
F-ia. foot of F:ewpend icolar N exyeatﬂn@ SHM on Hhe diameter yoy!

(onsides = Pashcle "'“W”Eﬁ asoLNd A Cciscle c::? yadiws 1) eith =
U P *anau\afa* welmaﬂ-d (e i BNk clockwoi®e digechion a8 Shoeod in
-]D--i'@ure. xox! and Yoy! are ‘ot frw—lua'\ld pespendiculay diaweters of
ciacle: AS +he paoticle goeg in the civele Hhe fool of pegrendicolar
Z!lt:m8 Y-axis execotres ©aci Watewy m™metion.




let =+ ANy +ime ' +he position of pawticie is ‘P’ and *zm@w\aa’
displacement 0. lex ‘™M’ ANd N’ be +the footr of the Pevspendi o= draeon

faom P on xox' and Yoy! resyec+i\9€éj.TRQ dispracement of +he foot
of peopendicular ‘N’ on Adiawmetey Yoy' is ON.

Ih BDNPJ
S :2&.;_5—
no oPp ©
- §y= TSine = TS ot .ecfl@

This 15 cli‘ﬁF\-ncemen'l- =" fox oHM which 1's P‘med IC.- T+ can be

expressed in terms of cesine functHion and similar exprreSsSion <an be
Obt=rirned (n Elr‘&j diametes of ciocle.

Vo_ltyci-l-a (\3)

Pate of change of displacement w o4 +ime. So,

2_ d(fﬁ'Sm@{:) . @ dsinck
d-£

I U= oo lessiaot J eqn@
09, V= 0@ ] L-Girket — -e;(h.é)
07, = T Jhs ¥2/a2

07, \9-1'5'@3\( %2;324

09, @:*xcg “lrﬁ-‘?-__a‘l:
[ S e e@Jfa-‘Z-dz @

(-571;.{5 -ea‘h. showsy Hhat \9&\@&1%—6 'S Not unife:,’trm
C=3e 1L

(e r d’:o,, Gmzyx = @I e a+ mean POSIHON, Yelodidty is mayx.
(=3¢ 2

cHhen 8:?}’ \8=0 e a2+ extaewe F@)QM-“DD, \QQ]M% 128 Zeg0h .

Accelevyation (a)

Pate of change of \9&\@(1%5 O 9+ +Hwe. So,

9= dY -dbwcoswt)_  gpdcoswh _ 8 NWOE
= gt - = U L-aweinwt)




I:: Q= —WO2PYSiNt = —&:::'2*3 |

C=Ke §:
tOhen 5;—_@,_ Amin=0,i-e @t mean posiHoN,the acclera+ion '8 ze9d.
(23e 2°
LOhen d=’fﬂ gy = —@W?’T, i-e A+ extreme PO&'EJHQ!‘) , acceleyotion (S

THAX MO

Aonplit+ude (R)
The wmaximum digpacewent of Hhe p2ar+de from the wean
position 5 called awplitude.
We have, mDiSplacement (Y) = g8inet
eohen Sinwt=1 then Ymax=0 9o,
AmDlitude of motion= 9

Time pegiod(T)
Time +aken bd the paagticle Jo wmplete ore oscillatHon 1n
UM <8 czl|led +Hirre pewied.
@e have,
azcoid

00, W =J El/d'

09, _Q;_Z‘_r___ _ J a/d.

T = Q_TJ J/g
Fcﬁeqwena@ C¥)
Noumbes of oscillations compleded in L gecond.
g- 1 -2

53

Phase
Phage of an asai\\-aﬁrotaa pagtcle =t any rgtant gives Hhe position

and +he diteeton of mokion of the parvHcle with geopett +o 48

Mean Position



@WPP\\*Q‘H\ PQ?WQM*HGD of migF\acemm+; Ve'lcx:i—’@ and

Acceles=+i on

oo patticle execuling SHM,

N SHV

Displgcement (§)= IS NWE
‘Velacﬂ—d (\) = T3t = TWSIN (Wt + N/ )

Accelesation(a)= —g2 sinwit

Valve of + valve of 4 ga\ve of & galve of 3
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Fi‘a- (stvaphical vepresentation 0F  2r displacement

b Getocﬂa and O acceleration in shM




Qne::rﬁy iNn SHV
Paaticle e.xe_cu-\-m@ cHM hay both Hhe potental enevgy (PE) and
Kine-He En@a'ﬁ'éj CX.E)

I;F +hege 's no dams]:ir@ ‘N +he oscillation, +hen 4-'::-4-‘31 E‘_he"ﬂ‘ﬁd E);,e
the paoticle execul-{ha SHM 12 the som DF kE and PE. Since FosiHon
2nd &aloci-l—d of agd\\aﬁ'nﬁ P21 HC)e are C\ﬁnna-u‘na con—i-:nuos'ld
eoi+h Fme , Hrese Em@ﬁ;@ dn_drﬁeg con-l—muos'\& bu+ +o43) ﬂﬁew
s constant =+ evesyy Pol Nt

SUPPoX A pAvHAe of mags ‘m’ 13 ExcecVHNg SHM ©j+h griplitoe
o and zarawl*a‘a \Qelﬂbci-\@ ‘@ TF *CT’ 'S t+he dLSP"aC’E‘-NEN +hen)
RAecelegation () = —w‘zd

Pegtow ¥ foyce (F) = ™3
= - mm‘l&

e,

(ohege, K= Mw? 1S conytant
If the particle s c!ffaplwced TusHher 't@ 2 srv3g)] d;'_c;q::]'ace_V\Aen-L “d@’
g92ins7 Hhe fovtce, +hen
Doy done (d®) = - F%

= - (—-Ka]da
ke

S0, tetal wodk done to displace +he pavticle Foom mean PosiHON
to +he position o¥ aisplacement d S

d
(> = {K@A(j =thtl/zj§ =x (§%-0) = YKy

v g = 1/24452*

The caotk done on the padticle Coill temain 1n the Formn of potent a)
%Eﬁad4m
PE = —‘%ZLU?-

i 2.o2
= /Q_t'l“\Cn_:) — _eﬁ‘“@




ﬁnc:)} K.E — %m@1= l/ngc@Jﬁ.Q_UQ,)(Z—
= L, mwZ(o?%-y2) - egnN@

Tot=| e.ne_rn-atj of raviicle 24 *aﬁd point (TE) = PE 4+ KE
= LmePYyZ + L, meo? (92-42)
= Lpym® (Y2 + 22— y2)

As m,9 anad T are congtant, the total enevygy vemains conktant for
[ Fafercle ?-)?EQU'HI"‘Ja SHM.
C=ge L
Cohen +he potHcle 18 at mean pegition, H=0
Then,  pe=4iLm S l/(z_mc@zcmﬁzr. O
KE = L4 P (22-Y2) = Limw?(9%-0) = L4 me2at
TE= T—}E—l— KE = kb= lLomtgs
O

Czge 2
(Ohen +he PaTHcle 8 at extgeme POSIHON, Y=9
Then, pc-= Loy toto

KE=0 .
TE = PE4+KE =PE= Jomw?y*

Application of enm

2. Vibration of pasticle in Homzental Spaing
— =
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Fg. A mags oacillating hovizenta 1|y on Ligh Stretched @inNg



Let, suppose Hhat one end of Spm'ﬁa (g) of ﬁeﬁ“a—? ble mags s
aHached 4o He wall and +he Othed end +o an obdect of rmgee 4y
The SPTing 's' and objedt are laid on horizon+al smooh 4able. T
the mags is polled slightly +o exterd the spaing and Hen veleased,
the 555+em vibtates ¢oith sHM. ‘0’ i8S the position of mass a+ +he
end of sq:vtrir@ CDW@PDﬁdiﬁa +0 it najuval 'lenca—‘rh.

Let Q! be +he extension of the spen‘h@ and (F) be $he
res-ﬁ-c:"zrinﬁ Fc;we se+t P N e w@ng%n;
Foom Rookels ac ,
Faf L
o¥, F=-KkX eqh@®
(hewe, K = foace constant of épeﬁr@ o1 foace e 0N+ extendion
—ve 51‘6r‘:~ indicate9 Hazmt M%‘Eﬁh@ Fowce acte oppoesite +o Hnae

dicplace men+ of moss

Tf (= (g +he =wccelesation W@c:buced N +he mass, Hhenr
F= ey o < eqn@
Foem eqh® SNa eﬁn@

Ma :.-K.Q

Ov, A= <KferX
0T, g = — X —eﬂh@
tthede, 02 = K/, ‘o corclant Thic ghoeeoge Hhat accele 08Hon
= dn‘@—echo pIopoaHonal +o displacement ana ie digected towads

the mean Position.

Time pessiod (T7)
coe have, ©@©Z2= K/n

0 (?T_Tﬂ(%: v -

Tz 29y \(T —Raguited expression fog +ae
peoiod ©F mags 9PiNg Sy=+er




b. Vibvation of pacsticle in Yeotcal SpPring

b) "

Cr
'l:ia. =) épﬁirﬁ aHached) 40 oi 81’(:1 SpPpoTt b Spoing IS atgetched
-I-h‘a‘DDah ‘D) aohen srgll Mass is aHaches <> Vibration of

mMass as8 SHW

(orsidesr elegtic spoing of fovce “longtant k. Let S one end be abdadhed
jo = vigid support and @ Mase S atiached A+ the oHwey end.
Gohen & load (tmiis atached , $he spoin 9 extends and let 0’
e +he elongation pooduced The vestow 4 foyce on +he spYing s
Fy = Mg = —kQ egh.@
e+ Hre load Ve pulled doewn -!—hqﬂoug\n a smal| dictance ‘9’ +hen
+Hre *aregﬂwrfh@ foyce 18

Fo =-K(R+Y) - eqN@
The effect of westoring force ahich cavse osdllation is

FZFQ-FL
= -k (2+4) - (kO
st —Kﬁ-—- K("j b Wé

F= -Kd

RS, F=m3a
Yo XA & —-kﬁ

Co, Q= —'K/mej

oY g = .-Ce:)i(j

-+ Aot §| Hence Mo+on of veTtical SPoing is SHM




Time peaiod (T)
o9 8HM,
a=-— mﬂd
Foy osciliating lbaded spring,
A= - K/m?f]
ooy — CDQC,{ = - ¥l

o, CD:\] &S
e, 2N :J K
= /)

I T = Q_T{'\Im/K

Simple Pendolum
A simple pendolum s = lneaxs'd point mMaAs8se obgect sog?er)oled
bd 2h inextensible, mei@h-l-iess and Hexible e.r%-f'ﬁna Foorn 2 faﬂiaq'c:*

5UPPW4- cohich v e 'quee ‘o macillatein g wvedrhicm| plane

0
!
0
c P
A J m@CEIS'Q
mﬁs-infa m@

F@- S mFlE’_ Pe nd vl

let ¢ be ‘e vwass of He bob m;ﬁ © 5fm]:>le Penclulum cohose
Renﬁ-l-h is Q') ‘s Hhe point of svgpension and A s the mean
position. cohen +he bop s displaced foom i+ts mean posiHon, it
csciflares along P2 (AP In Yextical Plane and =z any [ &tant
et ara»ul*afa’ diSP\ﬁcemerﬂ- s O.
The foaee acting en e bob 2+ '8’ are
15 (omight g of He bob acking Ge_cr-Hc-aﬂdu downesasd
9 Tension T in +he SEoINA "a\or')@ +S length tecogrd He POint
of suspension



The Q.,_ge_{@\-ﬂ- Mg of +he beb (g yegolved inte +wd CIDMPQWEY]-]-Q maﬂmg@
oppesite to {ension and masi'n@ DepPendicadag o +He Q-Q‘iﬁgﬁTReCmmpsheM
Mgcese balances the tension in +he stwing and mgsind acts Al
vestoTiNg Foace and pooducey acceleration in He oo in 4he
digecton of =agocad

F= - mgsine _egh@
ITf & s the =ceceleyation o.f Hhe bob, Hrer
Fz=rm3 = —maeme
B —-a‘Siﬂ’@ — 1eqh.@

The (-ve) 5{84'1 srowss Fhat he jeorzsz:’e 'S Yooy ad S A, achile Haeo
dicplmcewent el 'S measLred 'a10m@ Hie are foom A in
oppesite digectHon.

Foo armall 0, &n® D

0 )
Frorn egn® and ea[h.@
a=—40 = —§ E:l/(Q

2=~y = &

Since, %_ ‘e conStant ?ew 81’\/2.!*\ pendulum a2+ fﬂ-i'ven place ,
2 &)
LThic shewo simple pendulum execortef SHW
Trme peiod (T)

(De have, 2= —(8/2)5

Lompaoing with =z1= — W

50 8@4- , +4+w?={8n
01y @ = [T/

v 217
- T= ui%@l

- Doesn?+ depend upon mzys of beb
—Doegnld alePend upon QEI@H\ and dcceleraHon due o 5@43“4@




ﬂnﬂwlﬁw Smple Haamenic Motien

ﬂ;r\dwlﬂ‘ﬁ' IHM is deFined @y the Qgc}\\ajr@v(j oation of a bodd
in wohich Hae Jrc:frque (T) Ov 'anau\«aff acceleyation (g direred—la DO POIHong|
‘o the *anaul*aqr displacewent (@) and i+ divecHon is oppeSike 4o Hhat
of 'ﬂh@ul"a‘ﬁ” ditplacement

Daci HaJrofa@ Motion
@gcjilfa«l-wej nokon can be feamed zy Hhe vepeated metion N

tohich an obfect aepeade Hie gcame mMmevemeht Oves and ovey.

Tn abaence of faickion, Hhe oscillatoy mokon eooold
contHnue forevewr which (¢ called faee ogcillation but in vea)
woold, Hhe 5d54em eventually cettles into equilibaivm due
TO  SOImR ‘F’@'iQHOH.
examples oF @gc.ill'ai-ofo‘d motHor
1. Fwee osail\ation

when @ g,dg-%em O boa‘@ tapPable of occillaton is ﬁiveh
gome iniHal aln'QP\ace.meh4- ﬁfmm |+ ez Faﬁﬂ—i on znd lef4 faee,
1t beﬁMS ‘o oacilla e cmith it s oo Nat+uvoal ﬁ'eﬂuenc‘d coiHN conglan+t
amplitude Then Hre oscillakon is called $qee escillation
&. oscillation of perdylom
\f{br*ahha -\-Uhﬂiﬁé ac-’ofark oQ 5+<a~iﬁa T Vaccomw)
Vibra+ om DEE electyic ana WaOf\eHc ;’c_’;e\dg

9. Pampes escil|\laton

cohen doe +6 fgickion or Gisca e ?&r&ee oY ©Hhey 44891'PEJHVQ
Pooce, Hhe =amrmplitodes afrﬂdu‘aﬂd decyeages ang Corme Yo oedt
due +to vesletmnce in wmokon of b@c’@ exec O A suM Haen
His ype ©f mmotion is damped oscillation.

%. MotON of pendulem in a Liguid -
To and foo mokon of metallic \

Sterip 1D m‘a@nﬁh‘c field s |
Deak kefohﬂ(
oF yeretEn: 15 (c)~3>ami:>ed egcil\ation

amplitude
-

:DﬁlmF'iﬂa X -



3. Fooced Wibration and vesonant Wibvyaton

¥ = b@ad (s get in Wilbration by =ain exteanal pegiedic
fosce ashose foequency (g equal +o He natoral faequency of +he
@ibwa-l—‘m@ b@d@,#he «z:m?M-oc:Ie, of vibaakon incgezsel a4 each
Step 2and becorme \9&?«27 \‘a(ira-e-éucln Wilbyation 1 called resonant

Yibtarions and pPhenomena vesonance



