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i ISECOND. ORDER SHM DIFFERENTIAL EQUHT'IONI

" Any equakiony ef dhe fowm, ¢l _ - (P (2e- Xo) JS called amy
N SHM dj%%%ﬂmﬂoi equatien.. Hexg,taw amnd e Must be Censtamts.
| They ane d«esPchvde, Called Om?.xﬂmu Lagqpendl () amd. measy

Pouitien(0C,).
= Hesd o b5 Calleds dhe pe’a’\tfefm 6% dhe pcuctu'de, and, L dsJime.

D Qu) Fexo dhe Ahewmy Spuing amass System, find, dhe am en
b @Z)mcb The. aneamy peﬁitie’rbg dakin G’U'giru%oi: dhe patusal ﬂe:é«ﬁu Od’
pesitieny amd dewmwand, 05 pesittive dixection.

2
M%-K:x; =M (d JC>
dt'a.

. 50 =JE_ ' |
» M l ™M

x i

i
‘ M

amd.
xo = _.[\:]_3/
K

) |
B Z:?&LUTION OF SHM DIFFERENTIAL E(S)UQTION-—<

| The selutien, de dhe genexal SHM diffesatial Qq,uo:trém Js
- Jvery by i— ‘
~ ke 00 o G B Siny (gt dh)

o e X = o+ A Cen (WE+)
) Wheaws A & ¢ wi Q}Lbitlmhtd, Censtamts.

~ [VERIFICATION OF SOAUTIONA]

- 94 x= X+ ASir (Wt+)
dr .

‘ y.

Get More Learning Materials Here : & m @ www.studentbro.in




d%r - -Awtsin, (Wk+9)
di,'z‘
9\3_&_, R - A0y (DC:CCQ)
dir o
d%%. == af foae

N e W (2-Kg)

- [ VERZFICATION OF SONUTION - 2]

ﬂ% o6 = Lo+ ACes (cot+ P)

\ A% = -Aw Sirv (Wwt+9)
. dt

V.,

a d2x = - A’ Cos (wt+d)

dt’?_

Lo = =P (%)

05 i 9/
| dzia = = 2(x'x0>
A dt?
| | FINDING, THE PARTICULAR SO0AUTLON FRoM THE GENERAL SOAUTION
K To aove fotu Jiwve asbl Cemstamits ef The gemeral seludiom,

N we meeds Jwe initiall Cemditiems. Typically | xx @& =0 amd. V@ t=0.
» Using. dhese. o Cenditions wk Cam findo dhe panticulass selutiem
B 5ub5tituj:\'n%, dhese. Cenditioms dry dhe geneal, Sslutiens.

Que) The, 8emexaﬂ, Sl of amy SHM differamtial, €qP. Js
- X = 5+ ASiry (.-&t +¢)

Finds pasticudass sl off @ ©
2 =0, w=0 & V=0
0=5+ASind
+= AX, Ce%(il.tkd))

6 c

0= AL Ces (
2. o (9)

Sing = %
) Cesd = O
domng =td
T
Y we. cheese dhat walue. ok @ feto whichy A Comes pesitive..
N = —%:. , A=5

\ ordl y
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{ [P.LOT oF THE SHM SoduTLON I

Considere dhe gemesall Aslutfers of SHM difgesacitial eqp

%
el I8 A amd. vtetaking withy amu am \:eﬂecité/ W, Ihems

&he,

vecteto Js alse givem ab oC = X, +A Ces (wt+d).

dmogi’ setaking, vectew Cemtered, df IR Mmeasmy positiomy.

Thig

m St s cleaso e 3he phaseto diagrarm dhalt dhe, pasdicle, witl
sepeat Jts cemfiquration a%tex @ FME R/ g This §5 Called,
time pexisd ek oscillatiomy.

B Repelbitiomy e% cemigusealionu meams  wepetitiony pesition,
ab well as veﬁedi%a/%u&hdudi ng- Ihe disections) e%

P!

NOTE : Hext o JS Called. dhe "nRamy pesitiony
becanse, dhe pasticle. oscillates eqpqﬂﬂxj, ‘
© beve amd belsus dhis pesitien. The. dusem A s
Calleds dhe CumPQJtude, k escillation.

Z:gﬁsm REPRESENTATION OF smfs————:Z

0= Xg + A Ces (wt+P)
Wwe. qu%ihe, @ vectete whese Fail Js ab 2, amd. Qumgt}u

Coetdinate e% dhe. Ahadeus @% dhe &Lip of dhe ke‘to:tlh%/
Thws amy SHM Cam be \risualized a5 auv Anadeur of amy

dmaginasuy vecteto ds called dne, phasete e dhe SHM.

Mothejmtfcaﬂﬂxd . T- o1

S

4
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[ [PrAsoR ADDIMION OF SHM ) 3
: %, = A Sirv (WE+)

X, = A Siru (Wb + )
4\

A= AR +AZ+2A A Gs (Pp- )
X famd = A, Sin + Az Sind,

H R GCosd, + A, Cend,
X +Xp = ASirv (wt+§)

X @_ug-) Qdd Ine %@Qﬁ,@unna/ SHM —

(ty oo, = ASin (Wk) f Adz

i Xy = R Ce% (LOt) = A Siru (Lot-t-_&)

& /2

A x+x, = A2 Sin (cot+_J_ET> 4s’ .
(M ac,= ASin (wk) A -

Xz = ASin (wt+ an)
3

n

g Xy = A Sin (wt+ti95);)

ok o3 CI:|+ -I,a‘\" DC3=O A

2 Y
Lﬁ. % METHODS OF DEVELOPING SHM EQEZ |
SHM eqt Cam be deneloped, ufs\’ng, e %e@.ew«ng, methed ¢

(1 Bg, Fetce Metheds ([-“:m_c%ci

(2) 83 T‘e&qﬁe Methéd, (—c= 5% d_{&>
d:t?.

€) [%E (CoME) =0j Bg, Ehex,a%, Methed.

233 )
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i N
[FoRCE METHOD |

T an, dhis mdhed we wdte dhe Newten/s Secend fowr ot
dhe /%eme)w(lise.cL Lesdinates ¢k o System.

Que Findo The. Time, peeds ek dhe Aystem.
- (Pulley Js massluss,)

RS RSP

J

J

M%‘% = Moy

dta
C\Eac, - o -2M
S Tplregleg

T=L150/\J—_ip:

Que) Finds dime, pesieds of Oscillation.

LLLLLLLLLLS

K
: RV
: M4 e
I~ M%"RKL :%d?xé
: o= = nle iy
~ T =g i

s
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[ Quo) The, Hhewn system Js suleased %‘kmru sest fuem mawal,
\ Zo.mg‘ch) com¥ig- of Spﬂihg. Findo
(o) Time point % oscillatieru.
(b) Meam, positiemu e% dhe, block .
() Rmplitude ok oscillationy.

° Measrv pes'lti@m G% bleck 5 X EM%/:_.‘O_@%/ belsus— dhe.
K K
& dndtiol pesitiory @%:H’)Q bleck..

w?) Shewn Systerm ds sultased e swst forn malisal
@r/QQm%‘H’U Cmﬁ%w-miigﬂ.

| w
x N

g o 3 J

2 x
) K K = X
N ™M
E 2X+3x = T 0J
~ FTTT7T) 2. 22
i M%- KA = Mgfig Tk
& o gre 9
< DBE ).
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{ 2 . 29 )
e = i (e- 290
Meam position e% becR = F¢M %17\ Egm}
K = K,
Time. pewiods = 250 [FM
‘ K
(
" NOTE ¢ Meamy P@&itim Cary be qui
i QuicRly feund. by.
£ ecvqoj:ma, dhe, %e&ce, orU am h%mssive, elgje%.tt i
o NYg %Que‘ﬂ‘u% Camn be explained as feliouwes : "
@ weay o dhE g e
dt=
B0 5
Quod ™S
% g
S
' 2O+ = Y
M = T&,Ey:
Meam _pesi e gy e
gm pPeSI tieTy Ka “Mﬂf L@OC=3Q>>
Ao= 2M
T
L BX = FM
EC e
[ ToRQUE METHOD |
This rnethea 68 Similat, I8 fewce methed expept dnat A
ur nake eq/”.)w:%@wsws: Lk o
x - d
TAUR IIHUR .ELE%\
O TR m T, .__d?&
2
[SHM D.E. FoR ANGIUIAR OSCILATLONS
gug L B
r e
“_2=z£ Y
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[ [GENERAJ SOLUTIONSY
Q = O,+ ASIr (wt+d)
oo O = O, ACe (wt+d)

NOTE : Angulaue %&%ﬁmcﬁ, @% escillatigry

rrust henvesc be Cemfuseds withy he
am%u.Qo}u \feQecjtg, of dhe wigid bedg.

(_Sg_u@ Findo dhe, time, pd. @% oscillotien, ef dhe showry Cylindes.
(3ivem: — Mo S,Qipprn%) ’ |

8
IT 7777

| QW) Repeat the. prorisus prghlerm Fer Fhe Sheum, situatien.

«— 2

s

2.
~ - (AKw x2R+ K xR) = 2 MR d©
2
- 5kR* 0 = 3 mr2 e
) S e

W = 'lom
3M

T= 2% [3M
IOK.

S . i . 6 0%
2777777

i~

3 W=7

4
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| PHysICAL PENDUAUM ] S

-Mg.D Sine = T d%e. . T
dta
3% 9 J& somall Frens SO RO D
deo . -™Mg.DO
&t ¥

X L5 RRJ'__L__.

Que) Find, dime, peded forv dhe %eﬂﬂsuﬁng, SiHuadien.

)

iy M
B /\Q
ooy
T= %_.Ma,
(B
2 2
g0 S
- = 2501 2 ade
S

._————_"'——_———_——_.. =
) 2MRR +M(RE) %2 GMR>

Quo) Puove. dhat dime. pesisd 6 Simple pendulusn Js 231‘2,/9{.
T e Bt ] ﬂj&z
Mg & \,o,

\ T = Z,mg \-

B )

138
‘ y
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239

>—-—4 fl;NERGN METHOD H

(1) Waite dne COME  equatiery ok Ihe. %zmemi, C@m%\'%wmifm‘e%
Jhe. Systerv-
R D ﬂ&e}mbate, Ihe, emtine, eq;uatlem: Wt :bme, e dr(COME)=Q
(@) Casncel. au Buitable %acte*u Cﬂmsug
(Usuwolly - de—fetma—SHM—DE \Qi9utg,Gkirn?thU\ﬂdecﬁ3>

(H4) Reaswarmnge, e S SHM DLE.
@_E&D z/
K
J/DC)
Jo >
42x
[ v Jew

L Ko l S =
AKoE - 2Mgx +—_9:M(2v-)

2 : AT
Kae ¥ - 2Mg ¥ + qu% =0 (da%%e»mtwn%)
d%x.

e x4 )
CHEds U &
gk 2Mq

- SN :I)—‘
da® 4M ( K >
o S MLl

<

7 K (_EEC' !
7
; K
7

77777 7777777F
Lis(@eey L. Kad +1.3 MmR2 %= ¢
i 2 2, s

_g'_KR?’Gz +§_P’R2co’ = C [ =Re]
L.‘
5 ko + 3 MR*W B =0
2 2 dt®
3% - -IoK G
T e mK
dt> 3M Gy =

T R

Y4
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(4

. M
Qub %_W&JN—F P Y
ol \r- L B
[#)e\/ o) ur

55 NG 2 =
5 ¢ S s E'M\r.(\’\gl CenstamCT

Koxew +.52 my, doa SHn 20
17 dt2
4P - Mg ~Kt
e gsaM b

i | AEH
LL.K:J@+_1_».“,’\\1’2’4"—12—,'\’\7&72_‘-15’12\"’2'—4{-—'—x3—l\’lf{z.\r1
T B 2 8 oaigRE 2R S ke
+ Lx MR X ®

3 e o e ST T S R

XL =+ ASin ot
V= AW Ces it

K-E. = Jim A% ettt 3

-— o - o

PE. = L Ko™ e
aVoQ Mg,’JC
Coadest = 1 - Sinrast

Ke = 4 MoK [L‘ (DC—-JCO?"
& M A )J ( “szq:>
o 2 2,
"R—'K [Q '-('JC:"x’O J <3:'o: __Pﬁg/
= nga-lK:Le‘-—l—.KI;&‘I"KDQI .
A ;

KE. £ PE. = LKA* - Kye?
2 -l

B G 25) = Constamt
“oum ‘

4
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(4 A « 3
L___fslpsso IN SHM AS A FUNCTION ofF ‘POS\T'O#

- xX = DCO‘*‘H Siru (wt-i-cb)

- V= AW Ces (Lok+ )

. V= AW - (-

. IBRE

: Nr iR (et

N ) NOTE: We, see dhat Aped, ds mnaxinuwm dr

= 00 =00, ard SPE.Q_du JS ™M usheru

& Aymomekedc. abeut Mmeamy pesition.

% :)The, /Shcsu_:m blecg ds dru equilibsiumny dru dhe, vesdical, plame..

- Find dne dime pesied of Small vesdticals osCillatieons of dhe,

. block..

. W g

E 160, K

A 2o K [Yoc

~ K

- ’
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E ] Pui-h'hg/ Cempass hexy, &
A 60 f dkmm'hg, dhe axe

’~ /
M
o]

/

5 :
™M

)
"<J——1

Koe

% e = M Chamge dru foxces ds
\ Suprg Semted. because
2 Jdt was QQ}«.Qnd\/ dru
eCV.Li'fb,Qq‘um

)
)
o

5 QU_%S)QESJ dhe Tme pesied e OScillation e% wakexs dru the, Sheuwsry
\ {QTUL.

25 g +1 mv® = ¢

2
2 PSxv+ mvdixe —o CW-OJQ% e
,\i dt?_ CF&OSS

Secti 6
~ - Sx‘f‘ e .

| d:t’a‘ ¥ : e .. $
\ = R.JL,\J_\
b
- QPS —g.j
~ »Chamge dry positiemy
G%WQSS = &-l-'l\_ =20

~ a a
Q@)Repent dhe prunicys problemn, %em‘cthe Bheumu SHuatiem, .

(m, P

- \PSg,DG X(.OQ_+ QC_Csse> +_'_ M = Q

2 JOS(H—Ce&e):):\?* 4—%\7—%12 =0

. T= ami oy
fS% (1+Ces0)

s
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Quad Wil dhee be SHM
5

-~

¥ 4

X Vv
a0,

v
2 m}ﬁoQF %

Pinod = ’.E%’.PSOC,

Gﬂufhet?

2S
1% 1%

imtial, =«_’2§rn ; ,%‘-mﬂ, - ,?_%D +FPxs

h€3£ec,t dhe Aeizental pasit

) (o -bx)W? + (Cm +dx) v* =

Lle
%@z(_e, Jt ds met amu  SHM.

e /g\ipp{na.

W,3R = WR
w! = 3o,

¢

- Mg_ﬂ SinQ =

= .90
asngullase displacememt of Cylindesc
3. MR? d°
5 dt2

B - S = Qf 4%
AR s 3 e

Pkt d (el

C

2 (-bv) +(m-bx) vidv 4
RS

y \F dS met getting, Camcel et :Uw@ugb@u\: dhe eq,'”. , dhese —

q(‘lQ) Findo dhe dime Pe}uedd e% oxcillatioru e%

Cylindeso assusming

4
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w) B plamk, s placed, e Jwo swugh swllens as sheousre. Hind
sut dhe Hme peded e oscillationu & dhe plamk.
[ AN oy e
) ;
1 ; JN
- M, W P AMHN2,
R 9
: d |
™M ;
N, :’;‘2 8/,\1 T Hese , w Camy dJ'AectQuC-} %ind.@ut
Ny (2 +3c> el ) ;:Qflaberm b/us(ufgi, & Ny because,
exo e abeut i
N&,'_: ﬁa/ (1,-{- X Js mq/“ im&é poine
2 ES PP o= M3t B )+
Ni= Mg {1 oo . . a Lem & = Zews
_??8/ T) (A (Na r\h)) = Mddta,ci m
—Mng’ — rmde-‘r-
& dat®
Toum 23t _;l-'__
249
> (ostrres s
Que) A bleck ds usedoJo Cemprass 3he Sping. Jts mneam
pesitionu dhusughy o distamce, A, amd dhew ds @ podgectly..
elastic wall amd dhewe Js ay distamce A/ enthe, othex Side.
Find dhe dime peod. ef oscillotions o} dhe block whichy
JsS djed, ds Spw’hg-
Rea e B Y
/ M T e pordion ds cut
7 Meamy | R -—"
4 positien A_
7 Letbe the 2
e!u‘glm
X = Xgt+ ASiru (wt+d)
@t=0,x=-A,\¥=0
-A = ASin
0 = AwCesd
SA=A
i
S s
2¢ = ASin (Wt - %>
@ & = T gy X = +_e_
%
AL
’
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T = 2ha iz Yst (OJ

=

~

~ @_ug) Repeat dhe puasdcus pmblefm /%@w Sheuwry CaSe.

)
N

] — -
5 2——'VW\N——IY\ =
e 2 s 1§ R o s
g Meam 2
- o positien
~ @T"‘Tw .,Dc,=fr_
N2
,% = ASIn (it L)

Que) Repeat dhe. prarisus phsblemm Jf bleck Js met died CteSpstu ng.

A
A !
1
2 I( H———),&—ﬂ—a
7 Melam
positien
N I 2;' | e
y ’gKg Em\?”m (V= \)eﬁecitg/ okt
¢ KA =\V.=AW TnRam posikien
W m
A=A
cp = -JC_
2
“ Tmeamy, = 236 ¢ L. = 3t
a W H 20
Tadditional = Az LR L
\rmeom QUO 2
- . Tetol Fime = (200 2®>
h = 3Ju+t|
- (@8]

Qs

s
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\

Qugp oo Eepe et
~ [T ] — wdessed, fuem hee,
S TH
M | — Nabural, Lemgths Csmfiquration
\ < = A Sirw (Wt+P) +Xo
| @0, Ve g
Aw Cosd = 2qH
wA
0 = Xy+ A S
sing = %o = ~M§
S‘ru = =M
il
fomep = -0DIqW
CP KJ'agH
we. Camy alse %de A b% Usih%/ ComE
MgH = JEK <H+3co)a- Mg,(ﬂ-l—:co)
Thws We camy find, dime wher = X +A
Therr addy ,»J2,8H asmd muﬂtiplg/ Jt btftz'
Z?@ BODY PROBLEM i-z
— X, =p o :
m(YFTIOFTE0Ym,
Wiy ) K (oepm56)
o
mac%l = ok )
m, _:l%:. = K (X x) —®
OF L O)
ma My,
de (aca o0 = ( K'-K >(ac2-3c)
df%e ’K< _l+ma>ac
d:t?. mlma
A46 V.
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'\ A (swduced mass) = 0NNy (qmua;j»s IEES)

m|+ma
- T = RJ'CI_":‘LE_

"ANOTHER. METHOD TO S0LNE SuCH PROBIEMS
| (Juem cemitaw ef mMass e)

=N \————‘lmd‘hjspjl’it

[=]

___>V.-

—ml— «—m, 2 —
m+Ma M +My

| New  Censiderw st as @ wall (dhe psint o} Com)
p? We Rnew dhat i ApHing. ds Cub Jhemy K Js dﬂvﬁkseﬂ,'j/ Puspedtional,
L ds the femgth.

o Fere eq: 3% Qungtru ds Aalf dhemo K becemes 2, dimes.
K2= (m|+Ma>K

1

K =Rty

Ke.
£ > ’ZJL/S?).Mg
R (em,+mz) K
Que) Find. Costedimates ev% bleck A ,
K A —’l/z_j—_z'/a_ﬁ\ B
ﬂ aimd i
. o | 2 .
¥ =26 + A Sirv (wt+q)
- Fow bleck (A) dru Cembaa & ™Mass frarme.

.__>\r'°

) @ & =0, 7

=ik sampm ol e
i s & 2 2
~ -2 = ’:&4—‘%5@(})

2 ‘
- §\mq3 .0 —~®
- “__on = QCOCSS(P
. 7
R (b= L
A= N whes, (0= l& = |15

) S A 2m
| QuF ,
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4
{ %: = Sirv (wt+30) Qg«sm chtm, e rmass>
Fagm C(lfz@ude %"LWQ')

) T=L + Vot -2 4+ Yo Siru (wt+30)

& 2. 2 A

? e S A L (wt+50)
o 200

Que) The ghown Systermy Atasits Bem aest. Findu
«, () The omnp\itude, G% dhe. blecks ab Lmu Juems c.M.
N Uh Poesitiorv ef blocks ab geamy %euemv CM

N Gy PoSrbGT'U 9% block. as Seam %‘Bm M.

i A K B

Ae=E
4K

>3
__l___..
H

& (i ALg = Lo+ A Siry <wt+<P>
X @ & =0
S 0k i (feom C.m.)
e

» QuiFind, 3he amax. amplrtude, dhat™ Carmy be Qiverny 3o Te
A0 dhat Ihe. bleck, dees met 2eses Cevtact withu iih&,%egem

: TT‘*m

48

L 3

M SYTIE 0 — m —F (thme,mja)

pEE —gx 2A = L @x) (2AR | By

__m_\__ﬂz

4
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Y= A Sin T (% =0)
w= ~-AwekSinwt
b N-M% = —Mﬁwanmmt
= i % Cy

- N = M[:a Aw S\mw‘t] Sl ol e et
i Nmi, = ™ (%-Hwa) >0 ushemy (wt=%>
AL S

Ve

b Qu Findy Eime pesjedy @% oscillations . 3 all, Cellisiens que
L pe)(%ec,tlg, elastic.

- - — — - ——

/’I
|
PN

/
/
/

v

/A
) T=Ts +Tp ’<TS” Hiie po: Pprung
X & Tt stk Pemduﬂxmﬂ>

T=m§+afi

K

Ly
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