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Given equations aytby Cy F we can

use educatedguesses to find aparticularsolution

when F is in certain popular forms
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So our eq becomes
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Se 0,112 and is the smallest valueof s that
ensures eachterm one right of our table is
not a solution ofaj by Cy 0
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We want to use ypCt Ct D é ᵗ but cte

is inthe homog sold ya We need 5
2 to over come

this
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VariationofParameters

Consider y t pct y getly FCA

Suppose we have 2 Solts yr yr of

y t pct y'tgetly 0

Thinkingof yi y as basisvectors we guess that

Yp Uct y Ctl Uz t yet

Thisgives yp u yi v2y's viy vi
We will assume vi vi yr yr 0

this givesTyp yy Uzyz

Differentiatingsome more

Yp vigi u y uzy's u y

So yp tpctyp getyp

4 gift y y qyz uiyitui.gs Fct

So vigi uzy Fct

OurAssumption fig viy 0

ByKramer'sRule
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Our particularsold is

yp.lt Uct y
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Ex Solve y 2g t y 2Eᵗ y101 1 y
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Sef ByVariationofparameters

r 28 1 0 r l is a doubleroot
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I ef2f at ofestdt fest
so yp uy way t f eat test
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THISmethodwillalwaysworkBegtheintegrals can bevery
tough UndeterminedCoefficients can be an un lookedfor
friend
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Uct isangulardisplacementH

MÉE Tension F ingeosco

ngs
mycosco

mg
Addingall forces and using F ma

F mysin u ma

so a gamut Now act offset
where s is displacementfrom eqt this is



arclengthalong the circular are the

pendulumfollows

Since we wah in radians

giving act

i e U IS E SINN

U E SIN V O

If V is small sinner 4T 1

we find a small oscillation modelofangular
motion

U t EU O

Cto vo initialangularposition
Cto V1 initialangular vel

Note Thecharacteristicpolya is r't

and has ComplexRoots

T Fyi re Efi



Solutions are

vict SIN LITE
UCA COS It

and the general soft is

U t ASIN JETT BOSCEE
So the pendulum oscillateswith a period

p 211T

Friction adds the force Fri 8s t IU.CH
our equation is modified to

T myosin U IV EU FCH where Fis

is 8 anyexternalforce
actingalongthe arc

Ingsino
mycosco

Thisproduces damped criticallydamped and

overdamped oscillations

Damped OCT 2Th
Critical 8 2Igt
OverDamped 872Gt



Animating a pendulum FREEOscillations

set
98 0

Solutions UCT ASIN Not BOSFOE

ef.ua 42 0107 0
UCO 112 B

U O TOA 0 A 0

Uct COS Tot

to animate supposetie is at Coo Thependulum is a circleof
radiusr so aboutthe centrepoint

Ca L cos Itu sin Eu
ÉdÉÉÉatn

L COSBIASED SIN 31 0 4

The line connecting 10,0 to our pendulum is parametrized
by L t W Ct where WE 0,6

In Desmos For L 1

Enter q COS 35 f COS Tot

l SIN II COS Tot

where t is on a SLIDER from t o to t step 0.025

Enters s e

Ente Eau y eye



ExternalForcesactingon a freeoscillation

AssumeOurExternalforceisperiodicand decays as

Fct éᵗᵗCOS Not
Usethemethodof VD C to solve

F if youcan animatethesolution
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ypCt e cos rot 2 SIN Not

Y t yp t COS Not DSIN Tot
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so D 430
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Canyou animate this one


