PH 404 First Exam

Ideas  December 11, 2005

Simple Harmonic oscillators  (SHO)


examples are mass - spring  ( = ((k/m),   and simple pendulum  ( = ((g/L)


acceleration:    ax = -(2 x for SHO

from a sketch in the complex plane (pp. 7,8) show that


velocity leads displacement by (/2


acceleration leads velocity by (/2

Energy alternates between KE and PE:  Etotal = KEmax = PEmax
Damped HO   (maybe driven, maybe just underdamped)


mass



m


force due to damping:  
-R dx/dt


spring force


-Kx


driving force (if driven)
Fo exp(i(t)


Quality factor Q



Q = stored energy / energy loss per radian



Q = stored energy * (/Power dissipated 



Q = (/(2()   in lightly damped systems
[ ( = R/(2m) ]



( = exponential decrease coefficient in exp(-(t)



Q = (max((2 - (1)

in lightly damped systems ( Q ( 10 or so)







(2 and (1 are points where the amplitude is Amax/(2



Z = impedance = Force/velocity = R + i((m - K/()  ( analogous to voltage/current)



electrical equivalents







mass m


inductance L







spring constant K

1/capacitance = 1/C







R



electrical resistance R

Some specs

Short derivations


Given
m (2x/(t2 + R (x/(t  + Kx = Fo exp(i(t),

and 
given Z = force/velocity, show that for a driven damped oscillator




Z = R + i((m - K/()

For waves on a string, given that Z = -[T(y/(x]/[(y/(t], and that c2 = T/(, 



a) show that Z = (c  for a travelling wave on a string, or



b) for a standing wave y(x,t) = A sin kx exp(i(t) that Z = i(c cot kx .

Given a graph like Fig. 1.6, find  (.

From a graph of amplitude response vs. frequency, find Q.

Problems like 1.1 through 1.5, 1.7 through 1.11, 1.21 through 1.24, 1.26 through 1.28. 

Chapter 2.

phase velocity c = (/k = (f = ((T/()

know the difference between standing and travelling waves

be able to calculate transverse particle velocity on a string from and equation for displacement

I won't ask you to come up with fourier coefficents like An and Bn on p. 48

Be able to calculate energy on a string like we did on the worksheet

Problems like 2.1, 2.5, 2.6, 2.7, 2.16 and 2.17

You should be able to show that for the wave equation on a string    T(2y/(t2 = ( (2y/(t2  it can be satisfied by  a function y(x,t)  = A exp(i(t - ikx) , and by plugging it in you can show that c2 = T/(.

You should be able to identify the direction of travel of a wave when it is given, or be able to write down the equation of a wave when given parameters like


amplitude


displacement or velocity at t=0


direction of travel


frequency


phase velocity

