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Outlines:

Example 2 and 3
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4.3.1 Harmonic Oscillator in Two Dimensions
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Suppose a particle of mass m is moving in the above force 
field, and at time t = 0 the particle passes through the origin
with speed 𝑣𝑣°. What will the speed of the particle be at some 
small distance away from the origin given by 𝑟𝑟 = ∆ 𝑒𝑒𝑟𝑟, where 
∆ << δ ?

Example (2)

The force is conservative because there is a potential
energy exist . 

Solution:

𝐹𝐹 = −𝑘𝑘 𝑖𝑖𝑖𝑖 + 𝑗𝑗𝑗𝑗 𝑒𝑒−(𝑥𝑥2+𝑦𝑦2)/𝛿𝛿2

Thus , the total energy given by:

By solving equation 4.27 we obtain

𝐹𝐹 = −𝛻𝛻𝑉𝑉
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From example (1) , we have V (r) defines as following :

𝑎𝑎𝑎𝑎 𝑟𝑟 = ∆ 𝑒𝑒𝑟𝑟

Now, we can substitute equation (4.29) in (4.28) to get:

(                    )    (                             )

_

_

_

(               )_



Is the force field 𝐹𝐹 = 𝑖𝑖𝑖𝑖𝑗𝑗 + 𝑗𝑗𝑖𝑖𝑗𝑗 + 𝑘𝑘𝑗𝑗𝑗𝑗 conservative ?
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Example (3)

Solution:
If 𝐹𝐹 = −𝛻𝛻𝑉𝑉

=0 This is a condition of 
conservative force

hence, the field is not
conservative.
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For what values of the constants 𝑎𝑎, 𝑏𝑏, and c is the force 
𝐹𝐹 = 𝑖𝑖(𝑎𝑎𝑖𝑖 + 𝑏𝑏𝑗𝑗𝑏) + 𝑗𝑗𝑗𝑗𝑖𝑖𝑗𝑗 conservative?

Example (4)

Solution: H.W



4.3.1 Harmonic Oscillator in Two 
Dimensions

Accordingly, the deferential equation of motion is simply 
expressed as
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𝐹𝐹 = −𝑘𝑘𝑟𝑟

𝑚𝑚
𝑑𝑑2𝑟𝑟
𝑑𝑑𝑑𝑑2 = −𝑘𝑘𝑟𝑟

In the case of motion in a 2D plane, equation of motion is equivalent
to the two component equations
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As

The constants of integration 𝐴𝐴,𝐵𝐵,𝛼𝛼 and 𝛽𝛽 are determined from
the initial conditions in any given case. To find the equation of the
path, we eliminate the time 𝑑𝑑 between the two equations. To do this,
let us write the second equation in the form

But from equation (4.36) we have
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so that , equation (4.39) can be written as following:

By squaring the two sides and re-range the terms so equation (4.42)
becomes:
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Equation (4.45) is the equation of ellipse whose axis coincide with the 
coordinates axes.

If the phase difference is 0 or 𝜋𝜋 then the equation of the path reduces 
to that of a straight line
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Q1=find the force if the force field given as 

1-V= cxyz+c
2-V=ax2+By2+cz2
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