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Basic Operational Rule

𝑎 × 𝑏 × 𝑐 = 𝑎 ∙ 𝑐 ∙ 𝑏 − (𝑎 ∙ 𝑏) ∙ 𝑐

𝑎 × 𝑏 × 𝑐 + 𝑏 × 𝑐 × 𝑎 + 𝑐 × 𝑎 × 𝑏 = 0

𝑡 = 𝑟 × 𝐹

𝐿 = 𝑟 × 𝑝

Tensor: A tensor relates two(in general non-
parallel) vectors, its mathematical structure is 
that of matrix



Basic Coordinate System

𝑣 = 𝑣′ + 𝑣0相对运动



Relative Motion(almost without any physics knowledge)

You just need your eyes

It is in the midterm exam last year

相对运动：
1：读题，画大概的示意图
2：找参考系/参考点，一般选取不动的/与运动点距离一样（瞬心）/或者运
动轨迹已知/或者你觉得你喜欢的
3：写相对运动关系式，如果你觉得不熟悉不确定，参考下面书写方式：

𝑣𝑎→𝑐 = 𝑣𝑎→𝑏 + 𝑣𝑏→𝑐
      这个式子可以帮助你理解相对运动，一般c点为地或者绝对不动点



Solution:



Trajectory(almost without any physics knowledge)

You just need your hands

轨迹问题：
1：寻找坐标系，看有没有明显的不变量或者几何关系
如果存在定长“摆”长/定角度或者摆长与角度的关系已知，选取极坐标
如果告知运动过程中切向和法向上物理量的关系，选取自然坐标
如果什么都不明显或者计算技巧强，直接直角坐标
2：列坐标系里的运动方程，观察
3：取t→t+∆t 或者解简单微分方程(见rc2-math part)，解运动学微分方程组时常用洛必达或者两个
式子（x，v，a）形式相近，可以发现比例或者线性关系



Solution:



Cartesian Coordinate system

Cylindrical Coordinate system



Cylindrical Coordinate process Spherical Coordinate system 



Spherical Coordinate process Natural Coordinate 

常常与牛顿定理结合，变综合题



Force and Inertial Frame of Reference 

牛一牛二牛三
考试的默写题
部分应该会考
察（确信）



Similar but still difficult problems:

这题不想讲了，但是可以提供大概的思路
1：列动力方程 𝐹 = 𝑚𝑎
2：（看限制条件忽略一些加速度）
3：解运动方程



Solution:



Force Field



How to check if a force field is conservative

Irrotational field = conservative
力场在某点的旋转程度
旋度的大小是矢量场在某点周围的旋转强度



Kinetic Energy

Maybe used rule



Divergence of Potential Energy

Potential Energy

散度描述的是矢量场在某点的发散程度
散度为正表示矢量场在某点是源，有流出
散度为负表示矢量场在某点是汇，有流入



Key Concepts about Energy

功：
Work: measure the effort put into moving particle from one place to another
动能定理：
Work-KE Theorem: work done by net force on a particle is equal to the change in 
particle’s KE(Kinetic energy)

Key Concepts about Momentum

冲量定理：
The momentum-impulse theorem relates the change in momentum of an object 
to the impulse applied to it. It states that the impulse J acting on an object is equal 
to the change in momentum ∆p of the object.
动量守恒：
Conservation of momentum states that the total momentum of an isolated system 
remains constant if no external forces are acting on it. 



Simple Question

Just do it



Solution



绳子滑落模型

绳子下滑两种解法：
1：对一段微元的绳子做受力分析，得加速度
2：对整根绳子受力分析，再微分求dl的动力学变化
（不要忽略绳子一端固定时可能存在的拉力/支持力）



Solution：



Conservation of MomentumMomentum-Impulse Theorem

𝐹 = 𝑚𝑎 = 𝑚
𝑑𝑣

𝑑𝑡
=
𝑑𝑝

𝑑𝑡



Simple Question



Solution



The complex questions continue ⋯⋯
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