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rlarmonic Motion X(t) = Csin(2z ft + @)
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rlarmonic Motion: Basis

(A1

¢

quations

o1 1 ( cycles _ rad
T =period =T (s20) B f=?[ j—>(Hz) = w-zzzf[secj

sec
C = amplitude

C,, = peak to peak amplitude

N

T 1/2
6.- ljczsinz(znmqa)on =Y2c=0.707C
T, 2

rms=root mean square

@-phase=wr=2rfr
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rlarmonic Motion: Basis

x(t)=Csin(wt+¢)

¢

quations

sin(ar+ ) =sin () cos( ) cos(a)sin )

x(t)=Csin(¢)coswt +C%sin ot

A=Csing
B=Ccos¢
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cos (phi)

"cos" is missed in writing!
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rlarmonic Motion: Basic Zquations

X(t)= Acosot + Bsin wt

A _Csing
A=Csing B Ccosg
B=Ccos¢ A:tangé
B

A’ +B? =C?sin’(¢)+C?cos’ (¢)

C?(sin® (¢) +cos’ (¢)) = A* + B? "
oen —
x(t)=C

in(ot+¢)
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rlarmonic Motion

X(t) =Csin(2x ft + @)

> Displacement (w=2zf)
X(t) = Csin(wt + @)
X(t) = @C cos(at + D) Velocity

X(t) = —@*C sin(wt + ®) Acceleration
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rlarmonic Motion

Acceleration
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rlarmonic Motion a
1 ' ' ' ' ' ' x(t)=Csin(at)
/ | or
. | | | | | | | x(t)=Ccos(a)t—%)
i 04 0 08 1 . .
! ' ' ‘ " ' ' ' ' x(t)=Ccos(wt)
D \/ _ Or
_10 | | | | x(t):Csm[a)HEJ
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x(t):Csin(wH%j
ol or
x(t) :Ccos[mt —%j

o4 08 08 1 12 14 18 18 2 or
X(t) = Acos(at)+Bsin(wt)

-1

o

MEEM 3700 8 of 20
Lecture 2-harmonic Motion
& DEQ



PM
Sticky Note
the difference between each diagram is the point that graph is started

so, each diagram & equation have different phases
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Complex Numoer Reprasentation of darmonic Moo

Rotating Vector or
Phasor

Vertical Axis Projection:
x=Ccosmt

Horizontal Axis Projection:
y=Csinwt

FIGURE 1.39 Harmosic motion as the projection of the end of a rotating vects
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Complex Mumper Reprasentation of darmonic Moo

5
Vectors in complex form: X =a+ib

\

REAL IMAGINARY

Complex (FiGONOMEEHc)form: ¥ (imaginary)

. - . X =a+ib=Ce"

Euler’s Identity: e =cos@+isin@ e

Amplitude: C =+/a®+b? ;\ X (Real)
a
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Comples Alyebra

Complex number without vector notation: z=a+ib

7, =a, +ib =Ce"

Suppose ﬂﬂ:> 7,+2,=Ce" +Ce" = (a +ib) +(a, +ib,)
Zzzaz+ib2 =C2e'92 =(a1+az)+i(b1+b2)

L-1 :C1eiy1 *Czei‘g2 =(a,+ib)—(a, +ib,)
=(a,—-a,)+i(b,—h,)

b ) .
.: aZ+b?; =12 .:tan{aj}u:l,Z
i
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Complex Alyebra

9X _ 4 (ae) = imAc™ —iw X Velocity
t dt
2y N
d z( = i('a)Ae‘“‘) = -’ A& = —? X Acceleration
dt dt
Real

Imaginary

Displacement = Re[ Ce" ] = C cos t Displacement = Im|[ Ce" | =Csin ot

Velocity = Re[iwCe" | = -oCsin t Velocity = Im[ iCe" | = &Csin (et +90°)
= wC cos(wt +90°)

Acceleration = Re[ —’Ce™ | =-"C cos ot Acceleration = Im [—a)ZCe“‘"] = w’Csin(wt +180°
=°Ccos(wt +180°)

MEEM 3700 12 of 20
Lecture 2-harmonic Motion
& DEQ



PM
Highlight

PM
Highlight


Differential 2quations (Review
oo . X= X(t)
ax+bx+ex=F(t) o
Tt
2nd order o d?x
-5 ®
linear Required solution
non-homogeneous x(t)=2
constant coefficients x(t) =X, (t)+ X (t)
p
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Differantial Zquations  (Review)
Homogeneous Solution X (t)

aXx+bx+cx=0

Xp (t) =7
assume a solution....
X(t) = Csin(wt) X(t) — sCe*
o R(t) = s’Ce*
X(t) = Ce*
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Diffarantial 2quations  (Review)

aX+bx+cx =0
substituting  x(t), x(t),%(t)
as’Ce" + bsCe* +cCe” =0
rearranging Ce* =0
(as’ +bs+c)Ce* =0
as’+bs+c=0
MEEM 3700 150120
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Differantial Zquations  (Review)
as’+bs+c=0

_ —bx+b’-4ac
. 2a

Therefore there are two solutions

X (t)=Ce™ and x (t)=Ce*

&H-C8 €8 o
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because we have a linear equation , so for the final answer we use super position method
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Diffarantial 2quations  (Review)

x (t)=Ce™ +C,e*

C,and C, are determined by the initial conditions x(0), x(0)

x, (0)=Ce** +C,e*’=C,+C,

% (0) =s,C.e*’ +5,Ce%° =sC, +5,C,
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flarantial Zquations  (Review)

=

X, (t)=Ce* +C,e*

s, S, are real valued

5
t
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Diffarantial 2quations  (Review)
x (t)=Ce™ +C,e*

s, S, are complex valued

s, =—c+jo S,=-0c-jo

Xh (t) _ Cle(—0'+jw)t n Cze(—a—ja))t
X () =e " (Ce " +Ce )
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Differantial Zquations  (Review)

Euler’s Identity ~ e*'* =cos(wt)+ jsin(wt)

X, (t) =e"((C,+C,)cos(at)+ j(C,—C,)sin(wt))
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