/SY

SIMPLE  Hagrerws o Morront
T, /INTRoDUCTI A
A ANY SYSTEM N STABLE EQWLIBRIUM WILL
_OSCILLATE WITH HARMDMIC MoT/oN ABoyT THE
| EQUILIBRIM PONT IF WE DISTURE /7, REcALL
AN ORTECT s N EQUILIERIVM [F ND FDRCE ACTE
DN /T, STABLE EQUILIBEIUM MEANS THAT |5
. WE DISTURE AN OBEIECT, A RESTORING FORCE
Wil TRY TO PUSH DR PULL THE OBTECT BACK

T THE EQUILIBRIYM FPOSIT/2N,
UNSTABLE EQUILIBRIKIA

Va
7~

L -8 " STABLE F@A//L/ER»WM
R : C ML S
B RBAS/C FPDRMULAS [W\j DI PLACEMEAT

Xx=Aces{wt) . AP
e =Awswnlwt)  [nS] oy ELociT]

= mAwreos(wt)  [m/s] accEFEATION
 F=ma = -mAw®cos(wt) [N] pRreE
W= ANGYLAR FREQUENEY [ RADIANS /2]
.t = w/2m = FregueNcy [eyoes/see [ [HZ]
T =% =22/ = PER/sL = [sec foyeLE]
A= ampuTube [m] | |
e FREGUENCY DF OSCILLAT/ON eNty DEPENDS
____UPODN THE PhYsicAL CHARACTER/ST/eS OF THE
. SYSTEM.  THIS FREPUENCY, CLALLED THE
- NATURAL FREPUENCY pF AN ORIECT] /s
| THE EREQUENCY AT WH/H AN DBIECT wouch
PREFER. To VIBRATE, LF wes D/sTHRE AN DB-
TECT™ /N STAELE EQUILIBRIIM AND RELEASE IT, -
THE OBITECT WILL VIBRATE AT 1TS NATUCAL FEEQUEACY,




IL, MAss oN A SPRING Ly
A, BAS/cS : 7YY I
1/14/ M K= SPRING CONSTANT = MA4SS
. 7“ AT Ym = em P
INTUITIONS® é‘%?e%@-?:;ixc—j 7/5'”5 ’-DNé' Pfﬁ/ﬂb_
EXAMPLE 1 GIVEN T I =/2,645 ke k=20 N/m,
_FPNp THE F/eé-'zp&/wucq AND PERIOD OF THE M>TION,
Fs _Lyf2e =,z 4 T3=Ll= Ssc
2T!' ..p (’YCLE'
F//Vb THE T/ME‘ k,sm//km To M,o/cs‘ 4/0 cYel S,
t= VO)cycaEs( ssm) = 20D sce,
CYcLE .
._F,wa THE CYOLES MAKE In 220 SEC, |
Lyees = 220 Sec.( 2 ﬁzcté‘s)f-‘ 69 cycess
.‘ ,"B, E&MAT/U/US OF /1497’;,9,\/ -
_ma = THE NEGATIVE SIEN NI~
S ma = ""ISX CATF S A RESTpR/NG Fapkc€,

L THE Sotut/on OF THS EDUATEN IS =

ExaMpe s e T

- x= Acpes vl
Aﬂ,-) -Aw* eps wt =

WE RELEASE _THE MASS FRom REST,

Py W, WwW=¥k/m =<5 sect
e X= Y oeps ST
v -20 swSt
A= -/00 Cos 5T




CAL (L LATORS /N RAD)ANS, /56
CaLcuweATE )(}“U"'ANb A AT ‘[‘ = 2 sECc oS,

Xz Yeos(S)N3)] = -3,04 me
A4 F =0 s /ST= T om /s F

LarToon AT € =3, «— U =-13
Fs a=76
1>

)
t 1

o | -4 -3 ¥
SuppLem ENTAEY INFORMATI %N, |
L F=E-kx.. e FE K _(Ac:;swf)
FEma 2 F = oml-Aw* cos wt
KE =)o ms® = Tt m-Aw swwt]”
PE T £kx® = 2k [ Aces wtl]”
. Se’ PrEWHYS
CoNTINUWE THE EXAMPLE ABoVE =( PAGE )
FINYS THE LOCAT/oN AT wHICH THE SPEED /S |5
 PEs ThEo =PEFLE S KATrO=zRXT4Lmp
(22840 = 2 ts)x* + 5 (3)(1s)*
D . /®0D = ?/.,,(llg)x‘“,-f- /o72.5 X =245 Wm/fg
A,_w_._____A.Mrz:e__:-_,.W__Egmc‘oA{s;s;gvea_rm/ OF CNEREY ) THE
 TRTRAL ENEREY (S CONSTANT, Ar an Y TIME
ANS AT ANY PoT, PEFKE = ETorac
SINCE THE MASS STARTED AT REST, |
, { { 2z
Erprar = PEatE, = TkAT +0 = 2KkA]
Ar omver TIMES
PEAKE = T AL my T =
5k (Aces w't)L + % pa (—Awsuvte/f‘)z
'/zKA“'c@szwf‘ + }i mAT st
% kd* o520l + o mA (Y m) sttt |
- kAo pt A5t




(. GRAPHS For. MASS an A SPRING
.

TAKE THE Stops
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T ,__UE_F_OF A L

Y] oK 4= =

A 0 ZmTh EEO L TET

| <« V= —Aw

— Y7 | AT = %

= a=o t=7 T

—A o A

1 D=0 o= Aw?®
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EBecate - F=—kx PE= 4 kx®

PEy +K& = PE #£E
CEkAT 4p = g RXT +EE

ke brAT ke
/}v wofbws | THE To7AL FA/F/(‘&7.0FT#E‘ SYSTEM 13
2 kA ) THE ORIEINAL 5/\/6@9!7 we sSTAEEN N THE
 _SPRING, AFree w2 RSLEASE THE MASS , AT LOCA—~
. V.,,'J’,'/ON, i( , The PE€ REMAWING /N THE SPrINE IS
M kxE THE PE LosT Ry THE SPRING VAS
,,,,, BEEN CONVGeTED NTO THE KE pF THE MASS,
GrAPHS - | -

pe = - [(F)dx

~A PE = = ((~kN)ofx
PE= | kx*
&




D, Comamwations oF SPRNEs

/59

/. PARALLEL Krorae = K| + Kz + K3

D G e S Sy g gy g ‘ : e~
}f;mm“—’;m ALL SPRMES Ame STRETCHED
K CTTETI | THE SAME DISTAaNCe X,

° X THE go74L FORCE oM THE p445

IS HUEE = 7-7 +FotFy. THE Te7hL PE Stpp€d /N
L THE SPR/NJ—S /S HuEE: P5¢a7:4c, = PE, +P&y +FE

= 2 Kix*+ /7,&(2,)(?—4-72;:3)(  THESE HARrE€ THE
EFASD/JS TRAT THE NET SP,cmé- CONSTANT /5
HUEE,  Fhr THE RESULT/INEG HARM oN/c; MET/ o0 -

W= Erezac T = zTrV/
o o o KTa:rAz_
2, SER/ES A S R |
X KTerac L x Ky Kz
1 Ky i C ka X Kg 3 _ .
f ] m
0 X

m_‘EACH SPR/NG— /s o/w.7 ST/@FTf&Je‘b ,4 L)TTLE

BT X, X2 And Xy | RESPECTIVELY , To PRODUCE.
THE TDTAL DISPLACEMENT, X oF THE MASS,

THE FoRcE N _THE MASS /S CoNSTANT THROYSH =
OUT THE ENT/RE. _SPRING SYSTEM., S/NCE EVEN

THE STRONEEST SPRING (S NOT STEETLHED VERY
MUCH, THE FDRCE ON THE MASS /S SMALL, [ymvALY,

_ S/INCE _EAcHKH SPRWNG /S ‘D,Azz.f,,e]_,, STRETCHED A LITTLE

BT, THEY oMLy STORE A SMALL ARNGUNT OF.

PRE, o Kremaw /S SMALL,
£, TwWo _Boby ODSCUAT/HNS 1 = 1 4 _ 1
m /rra’j “1 ma m M) my

/S LA k&é‘ S/NE

THeE FRE(DUEN oF THE SYSTEM WIS REDUYCED MaASS
67 THE JNERT/IA DF

THE SYSTEM /S SMALL, A SPE/mnE Q) VK-/W\- -

_ATTACHED T A WALL HAS ONE

END W/TH INFIN/TE /NERTIA,

TETTY M S
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77, PEnDULYM
A MASS HANEGINE ON A STRINE~ IN A GRAVTAT ONAL
F/ELD /S /N STABLE EQU/ILIBE/ WM. /F WE
PDISTURE THE MASS.J /7 WL DOSCIHLATE N
 HARMONIC MOTION ABDUT THE ERUYILIBR 2
_PO/NT, o s L

A. CAERTDDON -

L= LENGTH L mj
= 285ery L]
& = D/SPLACEMENT
S ,-5 B=[RAVIANS ]
| THE RESTORING- FORCE /s fgsmnB or Mg S,
THE NET IMWHRE FORCE | Fr = facos8, CAUSES
THE MASS T ACCELER AT E /3(7 C'/-v!»d/\/é—/fué' TS D EC —
ToN oF MoT/ON, 9 SN CAUSE ACCELELATION
. Bs/C#A/J&/N& THE SPEED oF THE MASS,
B, FORMUtAS
w= 32 [sec'] = 5= 9/, [Heerz]
_T=2ni5/q’ [secfeyece]  g=s0 mA4*
INTUITIONS ¢
4 LONG PENDYLUMS LHAVE LDN&— PER/IODS,
2. PLANETS W/ITH SMALL 6RA w*ry HAVE PENDYLyMS
 WITH LONE~ PEERISDS, .
3, MASS HAS NO. //w:u;é/vcs ON THE Ps'a/ab
JF THE MASS /S LARYL | Fy 43 AREE, ByT
LARSE MASS YAS 4 o7 OF yNEELT!A, -7- 17
- _NEEPS A LARGEF_Z] To ACCELERATE, THESE Jwo
OPPOSIMNG~ EFFECTS FXA 7Ly CAMNCEL OUT,
A THE AMNGLE AT WHiCH wE START THE PENDU-
UM HAS NO_INFLUENCE ON THE PCER/D, [F_
WE START A7T- A4 LAREE 4[NGLE, THE MASS HAS

S=.8




/61
A LoT oF PE, THWS, THE MASS WLl HAYE A Lo7
OF KE AND yT° il MPVE FAST,  Bur /1 MEEDS 7O

MOVE FAST SINCE )T HAS A FURTHER DISrANCE To

TRAVEL, JHESE Tewp OPPOS/NG- EFFECTS EXACTLY
CANCEL YT

EXAMPLE = 4 PENDULYUM b i conNs HAS A PER-

/0D oF 5 S€oneS, FINL THE PERpD oF 4

PENDULYM |2 m LONE, T = 27T VL/%"’

T - 2w Nexdg [ 4x
T, zm /‘/41/ 4

LT =T 4/1,7..//_,, ’, 5_' /1-/6 = 7 S ECoNbS.
EXAMPLE = ON EARTH, A PENDULYM HAS PERIOD
oF & SEcoMNbdS, Pn A4 Afs*w PLANET, wou-;o/u

THIS SAME PENDULUM HAS PERIDD /zS' sﬁaczmag

FIN> THE RN T jZ ON WoLEsOoN,
4} } ﬁ 2

T 2mNL/4, 7 g2

922 9,71/ 7) = 10l 645)"= fo wh>

. EQUATIONS oF MeTion

G = Bo Cos Wt [RAD/ANS] g LoCATON
S =Se coswl = LB, os wt L[m] |

{_{2_ = - bowsmwwt L[ R,wms/secﬂj sPESD
U= = LBl Smwawl [M/S]

| ix = -G Cos wl [ sec?] ; CHANGE N

o+ = — LB eoswlt [ wmrsr] | speep




- , | /6T
CEXAMPLE 2 A PENDULYUMN pAs LENETH 625

PAyL PULLS /T AS/PE TO ANEULARZ LoCAT»N .26
_RADIANS AND RELEASES |7 FRrer RESTT |
L L L &) FIND THE ANGucsz Fﬁg@&!@f'

N 626 m oy, FREQUENCY AND PER/vH.
et . OF OSC/tLATIHN,
-, 26 126 RAD/AIJS

w={4 /L /V/a/é'z': Yy sec”

_f "w/rrr = Uw WA/ = sz Hr
L TE% =2m¥/Y = 157 sscaubs/cycae.
b weiTe EQUATIONS FOE 6, 2 And %

B=.,26 cos ¥+ .4;-9CAT/M JN RADIANS

T — 0¥ S ¥t aNBUtAR SPEED sy SEDANS

T —4/b cos St AMGUCAR. ACCELRATION m SED.
C) L(/R/Te szpuﬁ/pns Fore S, U~ anp Qe

—2

S= ,/625 cos Yt H.,(,‘..AQCAWDN /N METEES
_ VU = —,65 sindté  cpeep 4:/.. ;',"/s,
Ar = "2'6 Cos ‘/‘t“' | ReOEELS /N ”*‘/s**

S ﬂ() CALC!/LLATF THE ADCA'T‘/D/V SPEED AND TANEEAN —
T/AlL ACCELERATION) OF THE MASS wien T= , & sec,
S—; L Ib2S Cos (Wé)) ET/Z o
= =4S sl ) = LYY m /s
‘.A___@,- =—2.4 Cos [2.4) = LYT mAT




