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Harmonic Oscillator

ሷ𝑥 + 𝑐𝑥 = 0

Definition: any system with the equation of motion of the below form is 
called a simple harmonic oscillator.



Solution about the Harmonic Oscillator (just copy it) 

From “Solutions to 
differential equations in 
vibration (summary).pdf” 
in canvas



Continue: (just copy)

Critically damping refers to the 
damping level where the system 
achieves the fastest return to 
equilibrium without oscillation. 



Wave:

Wave: the disturbance of a 
medium propagating through 
space

Transverse wave: the direction 
of displacement of medium 
particles is perpendicular to the 
direction of wave propagation.

Longitudinal wave: the direction 
of displacement of medium 
particles is parellel with the 
direction of wave propagation.



Basic Concept:

Sinusoidal (Harmonic) Waves:
A propagating mechanical wave in the shape of 
a cosine or sine form is called a harmonic wave.
The disturbance of the medium is :
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Normal Mode:

A standing wave is formed by the interference 
of two waves of the same frequency and 
amplitude traveling in opposite directions.

The characteristic feature of a standing wave 
is the presence of fixed nodes and antinodes, 
where nodes are points of zero amplitude and 
antinodes are points of maximum amplitude.



Gravitation

Source: any mass
The gravitation is much weaker than the other 
three Fundamental interactions

Gravitational Field
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Gravitational Potential Energy

We always set the infinite far place as zero potential.
Then the gravitational potential energy equals the work 
done by gravitation from infinite far place to now

𝑈𝑝 = −
𝐺𝑀𝑚

𝑟

Then we can have first cosmic velocity, second 
cosmic velocity and the third cosmic velocity



Kapler’s Law 1 and 2

1: Each planet moves in an elliptical orbit with the Sun 
at on of the focal point.

2:The line from the Sun to the given planet sweeps out 
equals areas in equal time.
If at time Δ𝑡, The area swept by the line between the 
planet and the sun in Δt is Δ𝐴. Then this swept area is 
constant over any equal interval of time. 

∆𝐴

∆𝑡
is constant



Kapler’s Law 3

3:The square of the orbital period of a planet is 
directly proportional to the cube of the semi-major 
axis of its orbit.

𝑇 =
2𝜋𝑎
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Where, m1m2 is the mass of the two corresponding 
planets, T1T2 is the period of the two corresponding 
planets moving around the same star, and R1R2 is the 
average orbital radius of the two planets moving around 
the same star



Simple Questions: 



Solution :



Challenge Problems:



Long Long Solution:



Continue:

Tips:
When you encounter such problems with more 
than 3 objects, what you need is just your 
patience.
And to simplify your calculation, you can use 
new variable from the relationship between 
original variables.
Like this:



Wave Comprehensive Questions:



Solution:

Maybe the most important part



Continue:



Continue:



Celestial Motion Question:



Solution:

Tips:
Hidden conditions that are most easily overlooked 
when doing planetary motion problems:

Angular momentum conservation and energy 
conservation



Continue:



Orbit Problems (most important)

As shown in the figure, a spaceship is orbiting Mars in a 
circular orbit with a speed of 𝑣0​. It is known that the radius 
of Mars is R, and the height of the spaceship's circular orbit 
above the surface of Mars is H. Now, the spaceship fires a jet 
radially outward from the circular orbit in a very short period 
of time, so that the spaceship gains a radial velocity toward 
Mars of 𝑎𝑣0, where a is a constant much smaller than 1. 
Because the amount of gas ejected is very small, the mass of 
the spaceship can be considered unchanged after the jet. 
After the jet, the spaceship orbits Mars in a new elliptical 
orbit.
Find: 1. The height ℎ𝐴 of the perigee of the spaceship's 
elliptical orbit from the surface of Mars and the height ℎ𝐵 of 
the apogee of the elliptical orbit from the surface of Mars. 2. 
The orbital period of the spaceship in the elliptical orbit.



Solution :



Solution :



Thank you !
From Mass Effect Legendary Edition



Grade is not everything !
Hope you can enjoy Physics itself !!!

From Watch Dog2



最后我们都会共坐古舟，行至人间
那些沿途的春秋冷暖，再见已难

临水忘川，总觉得月落比日出更好看
从容些

生活会更好
——司徒登


