Phys C2601, Physics I1I: Classical and
Quantum Waves Homework Assignment 1:
Solutions

September 28, 2009

1
(a) 5 points
U(t) = Acos(wot — ) ,
, = |Bi=Acosd, By = Asin
= A(cos wpt cos § + sinwyt sin d)
(b) 5 points
U(t) = Cexp(iwgt) + C* exp(—iwpt)
= C(coswyt + isinwpt) + C*(coswyt — i sinwyt)
= 2Re(C) coswpt — i2Im(C') sin wyt
cos Asind ;
= |C = 490 — A5l
U(t) = Re(D coswyt + iD sin wot)
= Re(D) coswpt — Im(D) sin wyt
:>’D = Acosd — iAsiné‘
2
(a) 3 points

The potential energy could be written as below:

V(z) = E(x —a)? -V,

a2

1



mdt2  dr a2

thus the center of the oscillation is .

(b) 3 points
For a simple harmonic oscillator, w = \/% , since
d*x av 2V 2Vo
Femig = = @-ad=k="1y

thus w:,/2—vb2.
ma

(C) 4 points

For a simple harmonic oscillator, try solution z = Acoswt + a, with w =

2Vo
ma?

1 1% Vo A?
By = —mA2w?sin®wt + — A% cos?wt — Vo = —2— — Vg = | A = [ BratVo g2
2 a2 a2 VO
3
(a) 3 points
m m., dx dy
I‘:LSiHQ,y:L—LCOSH - Hmam:ar(jcos(l_z’;_ll)
dr dy
— =—-=0,at emaac
at —dat
(b) 3 points(c) 4 points
L? df
Mp_ M (=)? +mgL(1 — cos )
2 2 dt 7 ,
62 = Asi — L A= 2 7P
1 —cosf ~ E,CODSidering Opmazr < 1 = 0 = Asinwt,w \/ L’ A Lw’T 2 fw

0 = Asinwt,since § = 0 when t=0

= ng—l’Lsin\/%t,t:T/Qzﬁ\/g




4
(a) 3 points

x is the displacement from the equilibrium position.

m dx 1 1
Fiot = —(—)? + k2% + —koa? = |w = itk
o = 5 (Gp)" gkt ghea” = w = /50

(b) 4 points

x1, To, x are the displacements from the equilibrium position of k1, ks and m.

m dx 1 1
T1+To=2x

tot —

s _ k1ko
W= m(k1+k2)

ki1 = koxo

(C) 3 points

x is the displacement from the equilibrium position.

m dx 1 1
Fiot = —(—)? + k2% + —koa? = |w = /nthe
o = 5 (Gp)" gkt ghea” = w = /50

(a) 3 points

Wy = 27Tf )
f=256H>
~ slon
% = e to=1sec (=~ Qo) = Tnz
.

(b) 3 points
Q) = 2Q()




(C) 4 points

0=

.
o= VEm = [Q-12]

|
—=¢e "™ t1=4 sec = v = 0.25 Hz

e

d’z dx

Z ek — b2 vVamk — b2

e ha bdt #I:Ae_%tcos(w/t+a),w’: vy O
T = Aei(wt+a) 2m
= |b=m~vy = 0.025kg/s

6
(a) 2 points

This problem could be considered as a damping oscillator with a solution
Assuming the motion could be described by x = Asin27vt during any one
cycle, the acceleration in this cycle is then a = % = —A(2nv)%sin2mvt, thus
the energy loss per cycle is:

AE = fol/l’ Ki§a2 dt = 8K7r4é/3362A2
(b) 3 points
By = Eyexp (—t) = dE/dt — — oy exp (—t) = — =L At
= xp (— = —Fyyexp (— - =~
Q) 0 €XP 8 07 €Xp Y EO exp (_775) Y
Q= wo _ 2mEgexp (—t) _2#%m(27ﬂ/)2A2 e
- 0l - AFE - 8K7r41/33e2A2 | 2nvKe?
(C) 3 points
EO th anQ In2
EZEOQXP(_6>:>t: @ = NZQ%;WO :7




(d) 2 points

Visible light frequency 790~400 THz. v ~ 5x 10" Hz, m = 9.1x10"3 kg, K =
6 x 10°Nm?/C? e =1.6 x 1071°C,c =3 x 10°m/s

=1Q=5x107|[t = 1.1 x 105




