Harmonic Oscillator in
Two Dimensions

By
Dr. Mohammed F. Al-Mudhaffer
Department of Physics-College of Education for Pure Science






Example (2) Suppose a particle of mass m is moving in the above force
field, and at time t = O the particle passes through the origin
with speed v.. What will the speed of the particle be at some

small distance away from the origin given by r = A er, where
A<<$ ?

Solution: | The force is conservative because there is a potential
| €nergy exist .
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E=T+V=E=_-mv*+V(r)= MY, + V(0) (4.27)

v? —v2 = —[V(0) - V(r)] (4.28)




From example (1) , we have V (r) defines as following :

V)=V, - %A-.fs?(—;%‘—z asr=fe
T (4.29)
V(0) = V, — —ko*
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Now, we can substitute equation (4.29) in (4.28) to get:
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Example (3)

Is the force field F = ixy + jxz + kyz conservative ?

Solution:
If F = —VV
£ & &
Curl F=VxF=|2 8 & =0 S Thisis a cc?ndltlon of
dr oy Oz conservative force
F, F, F
VY
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EEEEFEE * hence, the f|9|d |S not
VxF=|dlx ddy doz|=i(z—x)+j0+k(z-x) conservative.




Example (4) For what values of the constants a, b, and c is the force
F = i(ax + by2) + jcxy conservative?

Solution: H.W



4.3.1 Harmonic Oscillator in Two

Dimensions

F = —kr

Accordingly, the deferential equation of motion is simply

expressed as
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In the case of motion in a 2D plane, equation of motion is equivalent

to the two component equations

mr = —kxr

miy = —ky




mi = —kx
(4.35)
miy = —ky
r = Acos(wt + a)
(4.36) As ‘w =\ k/m ‘
y = Beos(wt + )

The constants of integration 4, B, « and [ are determined from

the initial conditions in any given case. To find the equation of the
path, we eliminate the time t between the two equations. To do this,
let us write the second equation in the form

y= Beos(wt+a+ A) as f=a+ A (4.38)

y = Blcos(wt + a)cos(A) — sin(wt + a)sin(A)]

Y i i .
‘E = cos(wt + a)cos(A) — sin(wt + a)sin(A)

(4.39)

But from equation (4.36) we have

L
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= cos(wt + a) and sinf = |1 — c-osQH}

(4.40)
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r = Acos(wt + a) = Y




so that , equation (4.39) can be written as following:
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Fe 1005 A)—[1- F] sin(A)] (4.41) — =|cos(wt + a)|and sinf ={[1 — lc‘os.‘!f)]E
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%COS(A) —% =[1- %]%sin(ﬁ) (4.42)

By squaring the two sides and re-range the terms so equation (4.42)
becomes:
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: “ Qf'!lg(xﬁ.) - y— — iycoﬁA = gin* (&) (—143)
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eliminate (sin® + cos”) = 1 from the above equation so we will get

R L R 4.44
A B’ AB(D.&A sin“(A) ( )

which is a quadratic equation in x and vy, from equation (4.44) if the

. So

rul |

phase A =

W I (4.45)
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Equation (4.45) is the equation of ellipse whose axis coincide with the
coordinates axes.

If A =0 then, equation (4.44) becomes:
r? g y* - 21y —0 (4.46)
A? " B2 AB |
B
y=57 (4.47)
ORiIfA=nm
y=-"u (4.48)

If the phase difference is 0 or T then the equation of the path reduces
to that of a straight line

In the general case it is possible to show that the axis of the elliptical
path is inclined to the x-axis by the angle ¥ where :

2ABcos(A)
A2 — B2

tan2y =

(4.49)
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Q1=find the force if the force field given as

1-V= cxyz+c
2-V=ax?+By?+cz?
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