
Chapter 11 a Oscillation

constrained objeds that more possess some
degree of oscillation
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Hooke's Law Fs=-RAx



* Nomenclature "equilibrium
a" (spring does not e

have a force)
Fsp = 0

A Ampl i tude)

cycle when drystem completes motion and

starts over

17 Icycle

cycle
*cyc le

o n e  c y c l e .

? Time to complete the cycle is called the
per iod of oscillation T '

[TI = sec.

? "freguency: f = (f] = per sec or =5

= Hertz
f=#cycles/sec = One cyclesec.

Let music ware 262H2 that is, the string
on 2 guitar Vibrate 262 cycles /sec.



EX

m o d e r

girl on swing has 5 seconds /cycle

T= 5 sec/lyde
f  = cycles 0.2 H7 on fifthof

sec a cycle

Car shock absorber everyses

restores theshut's shock absube@ spring spenty and

dampens the chuck hole is the
road

older

sealholes

liquid

Faster you try to push/ pull the thore

resistance you have.
(a) Four familymembers lated 200kg in the family

car. The 4 springdisplace 3.0 cm each.
Findthespring constant of all springs.

R - AF/x=(200429844 - 165.000 N

= 4, 4-16, 250)per spray.



Ex cont.)

tos how much lover will the car drop wher your
100 kg cousin hops in?

F= RAx ? Ax=E=@00+100 kg (4.8)=0.045m.

65,000 N/m

o r14.5 cm total drop.

add't Dx =4,5-3,0 cm= 1.5 co additional drop.

@ Equations of Motion
- FsI

I  c i t

b u t  a = b u tb u t  v = A x
s t

-  2 x  =  m a x

S o ?  =
A t

? (ka)=. 1°X ?M ? m + 2x=0At'

?  A  ( 8 7 )  1 E x = 0

? Solutio: x (t) = A cos (Wt +8)

wherew =w%= frequency,

A t

A X

A t

difference egn.
(differential

phase"
, angular freg

linear

freg.

Recal l  phase
D - s h i f t

[w]=rat/sec.
[+7= cycles/sec



o plotting oscillations

Strip chart recorder

7s

x I t s

50 F  = E

It linear frog

~xt) = Acos (wt)

@=0 since
we start@top.

W = forsprings

angular freg.
bu t  W= lT i f .

m

but = 2T

p e r i o d



O energy

? SHO = Simple Harmonis Oscillation
I costme or sine ware

W V . +

? non SHO ?

periodie, but no t
simple.

@equilibrit
V=0, x=0

1 1 1
X=0

E = P + K  , P = 2 k x "
K=1mv'

m Y

Now..!
E q u i l i b r i u m

Pullitout @  M a x  s t e t c h

E T o r = 0

No Motion, No
stetch, Otrot

P = - K

= 0  5 0 K = 0
X=A soP= max=kA?

Etor = EkA" we then let go.
oscillation occurs.

@Inbetween eg i max stetch Er = PAK



? Stretch to value, Acm
pull to X=A, let go

ETO+=ERAZ
defines tota
energy

X=0 A

X = 0

? total compression

I T I T x = 0

?  I n b e t w e e n

max ,  No  PE .

ELA' =EMViar Solve to Umax

Vmax = TEA

V=0, max. stetch/compressi

ETOE EK(-A)*

2

S o l v e  f o r V * 2

÷ m

x = 0

E X

velocity at amy

p o s i t i n  x
1=1600 N/m,

m= ?3kg ? V=?

X = 0 x = 1 0 c m

V

VIE A FE(1-CA)')

A = 10cm., what is V wher x=3cm

v (3cm) = 10cm
1680M/m

0.33kg 10 ch

vC@3cm) =660-904s 6.6 k/s
x=3 cm



Lets build out formulas...
? max velicity can be computed fom A, kim

V = A : R2(1(7)) ) factor out

@X=o we have V=max as the mass
Hys through the origh

Umax = AVi VI- same

?? Umax = AVYm

this letsus write V (x) = Vm 111-7)
Now Since X(+) = A cos (wt)

plug into V (E) = Ymax

2 + 5 2 = 1

= Vmaxy 1-cos (wt)

50 V(t) = Vmax sin (cut)

Q :  W h a t  a b o u t  a c c ' l s ? F = m a  ?  d = =

b u t  F = R X 50 2 = - k x ? @X=Am Amax==RA
m

Fe(+) = - RAcos (wt)?

÷ m a lt) =-Amax cos (ut)



F o r m u l a s  f o r  G e n e r a l  S H O

? ????

? X(+) = A cos (2Tift)
V (t)=-Vmax sin (Zift) but
V ( t ) = -  Aws in (2u t t )

V ( t )  = - A z i f s i n  ( 2 T f  t )

a (t) =-Amax Cos (2uft)

a (t) = _ RA cos (2nft)

a  ( t | = -A40 ' f ° cos (2u f t )

?Adapt these to our.
spring mars system: A, R, m

X(t) = A cos (JEt)

Vuay = AJI

f =

Aw

T =  2 T  V m/12

R A
A max =-

am =-(WJA

am =-(2uf) A

a (t)=-Al Cos (VIt)

energy:

o plots

V

a

127.
a  = - .

m

, ETor-ÉRAZ

t

90° out of phase

180 out of phase



(10)

vertical hanging spring is supported at its
natural length. When released it stetches
0.15m it a 0.3 kgmass is suspended bay the spring

( a )

-  - - -
1 = 0 . 1 5 m

Find the spring constant, k?
FF= 12x ?  R = _mg (319) 9849)

0.15m

So k = 1 9 . 6 N / m

(b) We pull the spring down an addel 10cm.

Find max velocity once whe release the

spring. 19.6N/va

1 1 1 1 1 1 0.3 kgm

Umax =0.81m/s as the black
0.15

passes through the equilibrin
y =0 position



C )  W h a t  i s  t h e-  max imum acc ' l n?

KAa m a x  = - - (19.6 m) (0.10 m)
= - 6.53m/52

m 0.3 kg

This occurs at max displacemet (170.10m or
2-0.10m ie. 0.25 m or 0.05 m

between an

y = 0

We- need v as a function

of x, herex=A

So V(x) = A J.

V (x) = 0?10m)
19.6N/m

0.3k29
1 - 7

V(x)=0.70m/s

(e) Total energy?

Etor =0.0983

(f) What is the PEEKEa t 2  ? A p o n t ?
= 1 0 . 0 2 4 5 5

= 0 . 0 7 3 5 5

0.09805 TOTAL
BTW as a Test

KE.= ETOT-PE%



* For genea (SHO) we have tor any l
X(t) = Acos (wt|
V (+ =-Umax Sin(ut) WILTS, fiT
a (t) =-Amax cos (wt)

Xmax = A, Viax =2TAF, Qmax: (278) A

W is given by the physical structure that oscillate

An observer models an inflatig/deflating balloon
using ans Ho model. The change of radius about

an equilibrima radius maxes out at X=0.3m

and the angular freguency is 8/see =w

Find
(a) Max displace mont?

A  = 0 . 3 m

(6) Freyvency?
f = w 8.0 = 1.27 Hz

2T

( period? T= += 7-274/342= 0. 795/gle

(1) max speed? Vinax =27 60.3m/1-2712) =2.4ml5

(el max acc'ln? Amax = (ETE'A = WA
(8.0% (0.34) =119143



0D Pendulum

E N

extémea

It is shownsh an advanced phyies.

treatment that 9 / e
01) - Oncos (VIt)

WIt) = Wmax Sin(fIt)

(Don't mix osc. freg with ang velocity &(t): - Kmax Cos (fet)

Note also that arelength s=10
50 S(t) = Omax ecos (1%t)

= 2 I  =  2 T
T = W/2? W

A pendulum at the planetarium has a length
of 10m (Note: For these SHO formulas to work
the angular displacement, Omax, must be lus than

5°
@) Period? T=Za = 2T

10m
9.5m/5= = 6 sec

-10° 6) IF Omax=5what  is  Smax,
2T%

Smax=10max=40ml5, 360°

(c) max accen?

= 8 7 c m

= 9A 9.8)
0.87

10m

S= A

Amax

(d) s (t) =?

= 0.85m/st

s ( t )  =  Acos  /w t )  =10mcrs
10m



Physica l  pendulum compand 14
pen lulun

? A physical Pendulum is any object hung trom a pont
not its Centerut
Mass. Oscillato

will occur.
=  m o m e n t  o ti n e r t i a

center of mass i s  a b o n t  t h e  C . M .

? ? ?
W

T h e n f = ?2T

and T  =  2 T

m g a
T

I .

n g

Nofe: I = ma? for traditonal pendulma

50, T= 20/ ???
=  2 T

simple pend. famula,

E X H a n g  a  r o d  b y  i t ' s  e n d .
11=-

Review

T = 271

-  m X

????
CM.

I = smer
= 2?

T = 2 T

a = 1/2

m e ?

3mg (E)

2

3

l -

? .



@ Damped SHO

Here we add some dampening, or trictin

or drag y shock

1 2 1 1 1 1
x= 0

drag a velocity
The amplitede de cays

No dampening

dies out .

The pisten (drag) convets enorgy into heat.

*There are three forms of damped motion;

? under damped (wom out shock)
? Criticaly damped)Coptimal shock)

? Overdamped (shock is too stiff)
"drag to mass

ratio..



Forced (Driven) harmonic Oscillater

rubber band

1 6

driving the tor
? natural frequency

Wo= /k/m to =

? drivin frequend is Wa
When we drive the system at Wo, iC. WHEW.

then we are pumping energy into the system

and if the damping is not sufficient to bleed"

awdy the extra energy we will have a
resonance situation "Tacoma Narrows
bridge Collapse" §'practical Engineering Bridge Collapse

? Qfactor.:A Focuses on how well a system retains
low dampening energy driven into it

strong dampening

driving enegy, diss pated as heat.

? END part I : S H O
? Next part II: waves on a string (Guitar


