I F, cos(awr)




ZFzmjc'

— kx — bx + F, cos(wt) = mx

F,
X+yx+ a)ozx = —Qcos(a)t) Driven SHM
m

steady state: Z o (f ) = Assej (01-0,) (Resistance is futilelll)

@) = steady state freq. = the drive frequency
A, = steady state amplitude

O, = steady state phase lag between drive and motion



(oot — . (ot (oot F o
j'za)zAsseJ( t aSS)+27a)ASSeJ( 4 ass)_l_a)ozAsseJ( t ass) =_0_e.] 4
m
2 F() 15
-0 A, + oA, +o, A i
Real / \ Imaqmar'y
2 2 .
—Q Ass +a)o Ass _ZCOS( e ss = ]—Sln( )
- sin(dy) yoA,,
ratio: = 5 5
cos(S,) —a’d+n,’A,
0,
tan(S. ) = 2}/ -
w, —O (steady state)




sin?(8.,)+cos*(5,,)=1
A 2 2
myo m
] 2 -
A 2
[ ssm) ((0)02 _ 0)2)2 + (ya))Z): 1
I

F,/m

J(woz -0’ )2 + (}/ a))Z (steady state)

4 =

S




steady state solution:

x. (1) = Fyjm cos(a)t - tan'l[ 27/ @ - D
Vo) - 0] + (o) @y =@

®; . Phase lag through 90 deg
Amplitude peaks exactly at natural frequency.
O, just below natural
$ N frequency: s ®,
\/1 1 180
A @, =0, o 2 /
2
Q 8 90
> 0 >
® @

Steady state: 4,, and &,, are not adjustable parameters, they are set by
the properties of the system just like o\l




For the missing part, add our result for the damped oscillator:

. . 2
X+yx+o, x=0

x (1) = Ae""? cos((a)o2 —7 %) 2t 4 ¢) (last lecture)

. . 2 F
i +yx +o x, = —,fcos(a)t ~5)

+ . 2
xtr +]/xtr+a)o xtr _O

(e +x, )+ 7 (5 +3, )+ 0,7 (3, +,) = 2cos(t - 5)

x()=x, () +x,,(t)




) ]

.r
Driven & Damped

r 3

e ~ AN ~ S _I_

transient steady state

\/a)oz—yz/4 and o 0,




High Q = "sharp" resonance 0= 0y
‘ 4
A ~ &
A@ Fwrm
(for high Q only)
Q

v




A simple harmonic oscillator driven by a
sinusoidal force oscillates at the frequency of
the force once the transient motion at the
natural frequency decays. The steady state
amplitude goes through a resonance near the
natural frequency.



