
第二章

直線運動直線運動

Motion along a straight line



Ch t 2Chapter 2

Straight Line MotionStraight Line Motion

本章授課重點

In this chapter we will study kinematics i.e. how objects move along a 
t i ht listraight line.   

The following parameters will be defined:
1. Displacement1. Displacement
2. Average velocity
3. Average Speed   
4. Instantaneous velocity
5. Average and instantaneous acceleration

(2-1)



2.2 Motion

W fi d i bj t ll dWe find moving objects all around us.

The study of motion is called kinematics. 

Examples:Examples: 
• The Earth orbits around the Sun
• A roadway moves with Earth’s rotation



描述物體運動之時空觀念描述物體運動之時空觀念



古典物理對時空的看法

‧ 空間是相對的‧ 空間是相對的

‧ 但時間是絕對的



狹義相對論對時空的看法

‧ 空間是相對的‧ 空間是相對的

‧ 且時間也是相對的



時間之相對性

同時----因不同的觀察者，而有不同的認知



為何從直線運動開始著手？為何從直線運動開始著手？



2.2 Motion

Here we will study motion that takes place in a 
straight line.

Forces cause motion. We will find out, as a result of 
application of force if the objects speed up slowapplication of force, if the objects speed up, slow 
down, or maintain the same rate.

The moving object here will be considered as a 
particle. If we deal with a stiff, extended object, we 

ill h ll i l h b d i hwill assume that all particles on the body move in the 
same fashion. We will study the motion of a particle, 
which will represent the entire bodywhich will represent the entire body.



2.3 Position and displacement

The location of an object is usually given in terms of a standard 
reference point called the origin The positive direction is taken to bereference point, called the origin. The positive direction is taken to be 
the direction where the coordinates are increasing, and the negative 
direction as that where the coordinates are decreasing. 

A change in the coordinates of the position of the body describes the 
di l f th b ddisplacement of the body. 
For example, if the x-coordinate of a body changes from x1 to x2, 
then the displacement Δx = (x2-x1)then the displacement, Δx  (x2 x1).

Displacement is a vector quantity. That is, a quantity that has both 
magnitude and direction information.
An object’s displacement is x = -4 m means that the object has 

d t d d i i b 4 Th di ti f timoved towards decreasing x-axis by 4 m. The direction of motion, 
here, is toward decreasing x. 



2.4 Average Velocity and Average Speed

A common way to describe the 
motion of an object is to show a 
graph of the position as a functiongraph of the position as a function 
of time.

Average velocity, or vavg, is defined 
as the displacement over the timeas the displacement over the time 
duration.  

The average velocity has the same 
sign as the displacement



The magnitude of the slope of the x t graph gives the

2.4 Average Velocity

The magnitude of the slope of the x-t graph gives the 
average velocity 

H th l it iHere, the average velocity is: 



2.4 Average Speed

Average speed is the ratio of the total 
distance traveled to the total time duration. 
It is a scalar quantity, and does not carry 
any sense of direction.

總行走距離？！



Example, motion:



Example, motion:



Example, motion:



思考題

某人欲從甲開車至乙地，且希望能以40 km/hr的某人欲從甲開車至乙地，且希望能以40 / 的
平均時速完成其行程。但當此人恰開至路途的一
半時，方才發覺他一直是以平均時速20 km/hr的
速率在行駛中。問剩下之路程，此人需以多少平速率在行駛中。問剩下之路程，此人需以多少平
均時速行駛，方能達其所願?
(A) 60 km/hr(A) 60 km/hr
(B) 90 km/hr
(C) 120 km/hr( ) /
(D) 不可能如期所願。



2.5: Instantaneous Velocity and Speed

The instantaneous velocity of a particle 
at a particular instant is the velocity of the 
particle at that instantparticle at that instant. 

Here Δt approaches a limiting value: pp g

v the instantaneous velocity is the slopev, the instantaneous velocity, is the slope 
of the tangent of the position-time graph 
at that particular instant of time. p

Velocity is a vector quantity and has with 
it an associated sense of direction.



Example, instantaneous velocity:



2.6: Average and instant accelerations

Average acceleration is the change of velocity over the change ofAverage acceleration is the change of velocity over the change of 
time. 
As such, ,

Here the velocity is v1 at time t1, and the velocity is v2 at time t2. 

The instantaneous acceleration is defined as: 

In terms of the position function, the acceleration can be defined as:

The SI units for acceleration are m/s2.



2.6: Average and instant accelerations

If a particle has the same sign for velocity and 
Colonel J. P. Stapp in a rocket sled, 
which undergoes sudden change in 
velocities

acceleration, then that particle is speeding up. 

Conversely, if a particle has opposite signs for the 

velocities. 

y p pp g
velocity and acceleration, then the particle is 
slowing down. 

Our bodies often react to accelerations but not to 
velocities. A fast car often does not bother the 
rider but a sudden brake is felt strongly by therider, but a sudden brake is felt strongly by the 
rider. This is common in amusement car rides, 
where the rides change velocities quickly to thrill 
th idthe riders.

The magnitude of acceleration falling near the 
2Earth’s surface is 9.8 m/s2, and is often referred to 

as g.



Example, acceleration:



2.7: Constant acceleration
When the acceleration is constant, its average and 

instantaneous values are the same.
means that ……(1)

Here, velocity at t=0 is vo.

Similarly, , which means that

finally leading to …..(2)

Eliminating t from the Equations (1) and (2): 

…..(3)



2.7: Constant acceleration

Integrating constant 
acceleration graph foracceleration graph for 
a fixed time duration 
yields values for y
velocity graph during 
that time.
Similarly, integrating 
velocity graph will 
i ld l fyield values for  

position graph.



Example, constant acceleration:



2.9: Free-Fall Acceleration

In this case objects closeIn this case objects close 
to the Earth’s surface fall 
towards the Earth’s 

f i h lsurface with no external 
forces acting on them 
except for their weight.

Use the constant 
acceleration model with 
“a” replaced by “-g”, 
where g = 9.8 m/s2 for 
motion close to themotion close to the 
Earth’s surface.

In vacuum a feather andIn vacuum, a feather and 
an apple will fall at the 
same rate.



Sample problem



2-10: Graphical integration in motion analysis

St ti fStarting from

we obtain

(vo= velocity at time t=0, and v1= velocity at 
time t = t1). 

Note that 

Similarly, we obtain 

(x = position at time t = 0 and x = position(xo= position at time t = 0, and x1 = position 
at time t=t1), and 



Example, graphical solution:



區分距離與位移分別區分距離與位移分別
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不會(因大於2秒後，速度皆為正)





























往上(因吾人訂定向上為正)往上(因吾人訂定向上為正)




