
TsungChe Liu

General Physics I
Mechanics, optics, thermal dynamics, and other basic fundamental 
things.



Grading
• Mid Exam 50% 

• Final Exam 100% 

• Others:  
Class Interaction:  +1% each positive feedback in class, please inform me the scores 
before the end of  the day. (special rule: upper limit of  electrophysics  or physics 
department 30%, other department no upper limit) 

    Homework: 50% (special rule: I will insert some questions into the mid-exam and final 
exam, if  you answer the question of  home-work well but cannot complete the similar 
question in the mid-exam or final-exam, The score of  that home work will be reset to 
zero)



• 15 people don’t like the original schedule(10:10-12:00 2:20-4:20) of the class 
and hope to complete the class ASAP, even with in 4 hrs.


• Lunch break (30 mins or take a rest until 13:00)


• No one like the special rule. T_T


• One people want to know the range of Mid-exam & Final-Exam. 


• One people hope the loading of home work will not too heavy (<10 questions)


• Upload the slides: pre.tir.tw/077/GP.html 

Lecture: Update of  Grading and Rule 

http://pre.tir.tw/077/
http://pre.tir.tw/077/


• Physical quantity:


• Length, Time, & Mass


• Unit (dimensional analysis)


• Order of magnitude (f p n  m 0 k M G T P E )


• Scale & Vector.

μ

Reminder of  the Lecture I: 
Keyword:



• Key word: Motion, time, displacement, vector, dot product, velocity, 
acceleration, energy, & kinetic energy. 

Lecture II : Motion, Velocity, Force, & Energy 



• Positions of point


    t = 0


    t = t  = 1s


    t = t  = 2s


    t = t  = 3s …
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Lecture II : Motion along Straight line

X
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Lecture II : Motion along Straight line

X

If  no force acts on a body, the body’s 
velocity cannot change; that is, the 
body cannot accelerate.

Newton’s first law



t = 0.   t =1s  t = 2s.   t=3s   t=4s.  

Lecture II : Instantaneous velocity & Average 
velocity

Average velocity 

    

Average speed 

   

⃗V avg =
Δx
Δt

Savg =
total distance

Δt

X



Lecture II : Instantaneous velocity & Average 
velocity



Lecture II : Instantaneous velocity & Average 
velocity



Lecture II : Instantaneous velocity & Average 
velocity

Instantaneous velocity 

   ⃗V = lim
t→0

Δx
Δt

=
dx
dt

You have now seen two ways to describe how fast something moves: average 
velocity and average speed, both of  which are measured over a time interval t. 
However, the phrase “how fast” more commonly refers to how fast a particle is 
moving at a given instant—its instantaneous velocity (or simply velocity) v



Lecture II : Instantaneous velocity & Average 
velocity Instantaneous velocity 

   ⃗V = lim
t→0

Δx
Δt

=
dx
dt



t = 0.   t =1s  t = 2s 

Lecture II : the change of  velocity

Instantaneous velocity 

   ⃗V = lim
t→0

Δx
Δt

=
dx
dt

x

x



t = 0.   t =1s  t = 2s 

Lecture II : the change of  velocity

Instantaneous velocity 

   ⃗V = lim
t→0

Δx
Δt

=
dx
dt

x

x

?



t = 0.   t =1s  t = 2s 

Lecture II : the change of  velocity

Instantaneous velocity 

   ⃗V = lim
t→0

Δx
Δt

=
dx
dt

x

x

Some thing 

happen?



t = 0.   t =1s  t = 2s 

Lecture II : the change of  velocity

Instantaneous velocity 

   ⃗V = lim
t→0

Δx
Δt

=
dx
dt

x

x

Acceleration

Acceleration: 

    ? = lim
t→0

Δv
Δt

=
dv
dt



t = 0.   t =1s  t = 2s 

Lecture II : Acceleration
x

x

If  no force acts on a body, the body’s 
velocity cannot change; that is, the 
body cannot accelerate.

Newton’s first law



t = 0.   t =1s  t = 2s 

Lecture II : Acceleration
x

x

The net force on a body is equal to the 
product of  the body’s mass and its 
acceleration.

Newton’s second law

Acceleration: 

    ? = lim
t→0

Δv
Δt

=
dv
dt

=
d2x
dt2



Lecture II : Acceleration: ex

(b) Describe the particles motion for t>0
(c) Is there ever a time when v=0



Lecture II : Acceleration

(b)Describe the particles motion for t>0
(c)Is there ever a time when v=0



Lecture II : Acceleration = C
 = constant


 =               

 x = 

⃗a
⃗v



Lecture II : Acceleration = C
Question 1:


Spotting a police car, you brake a Ferrari from a speed 200 km/h to a speed 
100 km/h during a displacement of 100m, at a constant acceleration.


(a)what is that acceleration


(b) How many time is required for the given 


decrease in speed.



Free-Fall Acceleration
The free-fall acceleration near Earth’s surface 
is a = -g =-9.8 m/s, hence g = 9.8m/s



Free-Fall Acceleration
The free-fall acceleration near Earth’s surface 
is a = -g =-9.8 m/s, hence g = 9.8m/s



Vector
•Scalar:  
•A scalar is a physical quantity that has magnitude but no direction. 
•Vector: 
•Vectors are physical quantities that possess both magnitude and direction. 
• Components of  vectors 
• Adding vector



Vector
•Scalar:  
•A scalar is a physical quantity that has magnitude but no direction. 

•Vector: 
•Vectors are physical quantities that possess both magnitude and direction. 
• Components of  vectors 
• Adding vector



Unit Vector
•A unit vector is a vector that has a magnitude of  exactly 1 and points in a particu- 
lar direction. It lacks both dimension and unit. Its sole purpose is to point — that 
is, to specify a direction. The unit vectors in the positive directions of  the x, y, and 
z. Unit vectors are very useful for expressing other vectors;



Position Vector
•Magnitude-angle notation  



Multiplying Vectors
•Multiplying a vector by a scalar 

   Multiplying a vector by a vector  
   (scalar product) 
    ⃗a ⋅ ⃗b = ab cos ϕ



Multiplying Vectors
•Multiplying a vector by a scalar 

   Multiplying a vector by a vector  
    
    Scalar product: 
     

    Vector product: 
     
       If   and  are parallel or anti-parallel, 
       What is the vector product of   and  

⃗a ⋅ ⃗b = ab cos ϕ

⃗a × ⃗b = ab sin ϕ
⃗a ⃗b

⃗a ⃗b



Rotation matrix & Vectors

 
cos θ M12

−sin θ M22

cos θ

sin θ

⃗a = 1
0

θ⃗a ′ = cos θ
sin θ

= 
M11 M12
M21 M22

1
0

cos θ
sin θ

M11 * 1 + M12 * 0 = cos θ
M21 * 1 + M22 * 0 = sin θ



Rotation matrix & Vectors cos θ M12

sin θ M22

cos θ

−sin θ

⃗a = 0
1

θ
⃗a ′ = −sin θ

cos θ

= 
cos θ M12

sin θ M22

0
1

−sin θ
cos θ

cos θ * 0 + M12 * 1 = − sin θ

sin θ * 0 + M22 * 1 = cos θ

cos θ −sin θ
sin θ cos θ

 cos θ sin θ
−sin θ cos θ

For clockwise

For anti-clockwise



Identity Matrix, Unit matrix

,
1 0 0
0 1 0
0 0 1

…

When A is m×n, it is a property of  matrix multiplication that

I = ,1 ,1 0
0 1

 Im × A = A, A × In = A



Axis rotation (Ex: 3D)

Rx =
1 0 0
0 cosθ sinθ
0 −sinθ cosθ

Ry =
cosθ 0 sinθ

0 1 0
−sinθ 0 cosθ

Rz =
cosθ sinθ 0

−sinθ cosθ 0
0 0 1



Axis rotation (non-commutative)

Rx =
1 0 0
0 cosθ sinθ
0 −sinθ cosθ

Ry =
cosθ 0 sinθ

0 1 0
−sinθ 0 cosθ

Rz =
cosθ sinθ 0

−sinθ cosθ 0
0 0 1

A

A

RxA

RyA

Ry Rx A

Rx Ry A
Y

X

Z
A

C
C



Position vector

position vector , which is a vector 
that extends from a reference 
point (usually the origin) to the 
particle. In the unit-vector

⃗r

⃗r = x ̂i + y ̂j + z ̂k

⃗r(t) = x(t) ̂i + y(t) ̂j + z(t) ̂k



Position vector
then the particle’s displacement ︎  
during that time interval is

⃗r

⃗r1 = x1
̂i + y1

̂j + z1
̂k







Δ ⃗r = ⃗r(t2) − ⃗r(t1)
= ⃗r2 − ⃗r1

= (x2 − x1) ̂i + (y2 − y1) ̂j + (z2 − z1) ̂k

⃗r2 = x2
̂i + y2

̂j + z2
̂k



Consider Peter’s walk

⃗r = x(t) ̂i + y(t) ̂j

x(t) = − t2 + 2t + 1

y(t) = t2 − 2t + 1

What is the path of  Peter 
from 0 s to 3 s?



Velocity again

Instantaneous velocity 

   ⃗V = lim
t→0

Δx
Δt

=
dx
dt

Acceleration: 

    ⃗a = lim
t→0

Δ ⃗v
Δt

=
d ⃗v
dt

   ⃗V = lim
t→0

Δ ⃗r
Δt

=
d ⃗r
dt

   ⃗a = lim
t→0

⃗v 2 − ⃗v 1

Δt
=

d ⃗v
dt



Consider Peter’s walk

⃗r = x(t) ̂i + y(t) ̂j

x(t) = − t2 + 2t + 1

y(t) = t2 − 2t + 1

What is the velocity of  
Peter?



Consider Peter’s walk

⃗r = x(t) ̂i + y(t) ̂j

x(t) = − t2 + 2t + 1

y(t) = t2 − 2t + 1

What is the acceleration 
of  Peter?



More practice



Projectile motion

⃗V = V0x
̂i + Voy

̂j

V0x = Vo cos θ0

V0y = Vo sin θ0 θ0



Projectile motion

X = V0xt = Vo cos θ0t

Y = V0yt −
gt2

2
= V0 sin θ0t −

gt2

2
θ

X axis:

Y axis:

, Vy = V0y + gt V2
y = V2

0y + 2g(y − y0)



Projectile motion

X = V0xt = Vo cos θ0t

Y = V0yt −
gt2

2
= V0 sin θ0t −

gt2

2θ

X axis:

Y axis:

t =
x

Vo cos θ0

= tan θx −
gx2

2V2
0 cos2 θ Trajectory!!



Circular motion

θ


