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



• vector:


• Unit vector


• Position vector


• adding, scalar product, vector product


• Newton’s 1st & 2nd law


• 1D & 2D motion

Reminder of  the Lecture II: 
Keyword:



Lecture III : Force & Energy Again 

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

Newton’s first law

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

Newton’s second law



Lecture III : Force & Energy again 

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

Newton’s first law

If  no net force acts on a body ( ,), the body’s velocity cannot 

change; that is, the body cannot accelerate.

⃗F net = 0, ∑
i

⃗F i = 0

Newton’s first law is not true in all reference frames, but we can always find 
reference frames in which it (as well as the rest of  Newtonian mechanics) is true. 
Such special frames are referred to as inertial reference frames, or simply inertial 
frames.



Lecture III : Force & Energy again 
Example of  non inertial frame:



Lecture III : Force & Energy again 

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

Newton’s second law

⃗F net = m ⃗a

System           Force                Mass                Acceleration 

SI                   newton(N)        kilogram(kg)     

CGS              dyne                  gram(g)           c

m/s2

m/s2

International System of  Units (SI)



Lecture III : Force & Energy again 

The gravitational force:

Some forces
⃗F g = m ⃗g

International System of  Units (SI)

Weight: W

The normal force: N

Friction force

Tension



Lecture III : Force & Energy again 

When two bodies interact, the forces on the bodies from each other are always 
equal in magnitude and opposite in direction.

Newton’s third law

FBC = FCB
⃗F BC = − ⃗F CB

 third-law force pair



Lecture III : Applying Newton’s Laws 



Lecture III : Applying Newton’s Laws 



Lecture III : Applying Newton’s Laws 



Lecture III : Force & Energy again 

1. Static frictional force 

2. Kinetic frictional force

Properties of  Friction



Lecture III : Force & Energy again 
Properties of  Friction



Lecture III : Force & Energy again 
Properties of  Friction

Fs = μsFN

Fk = μkFN



Lecture III : Force & Energy again 
Properties of  Friction

T =
μkmg

cos ϕ + μk sin ϕ

M=10kg ϕ = 45o

⃗T

ϕ

⃗T
⃗F N

⃗F g

⃗F k

⃗v
⃗T + ⃗F N + ⃗F g + ⃗F k = 0

Tx + 0 + 0 − Fk = 0
T cos ϕ − μkFN = 0 } X-axis

Ty + FN − Fg + 0 = 0

T sin ϕ + FN − mg = 0
} y-axis



Lecture III : Force & Energy again 
Drag force
A fluid is anything that can flow—generally either a gas or a liquid. 


When there is a relative velocity between a fluid and a body (either because the body 
moves through the fluid or because the fluid moves past the body), the body 
experiences a drag force  that opposes the relative motion and points in the 
direction in which the fluid flows relative to the body.

⃗D

⃗D

⃗F g

drag coefficient C



Lecture III : Force & Energy again 
Drag force

⃗D

⃗F g

drag coefficient C

the body’s speed no longer increases. The body then reaches at a constant 
speed, called the terminal speed Vt

Terminal speed

D − Fg = ma



Circular motion

θ

⃗v = vx
̂i + vy

̂j = (−v sin θ) ̂i + (v cos θ) ̂j

sin θ =
yp

r
cos θ =

xp

r

⃗a =
d ⃗v
dt

= (−
v
r

dyp

dt
) ̂i + (

v
r

dxp

dt
) ̂j

⃗a = (−
v2

r
cos θ) ̂i + (−

v2

r
sin θ) ̂j

F = ma = m
v2

r
a = a2

x + a2
y



Lecture II : Energy
Energy can be transformed from one type to another and 
transferred from one object to another, but the total amount 
is always the same

unit: joule



Lecture II : Work
Work W is energy transferred to or from an object by means of  a 
force acting on the object. Energy transferred to the object is 
positive work, and energy transferred from the object is negative 
work.

W = ⃗F ⋅ ⃗d

To calculate the work a force does on an object as the object moves through 
some displacement, we use only the force component along the object’s 
displacement. The force component perpendicular to the displacement does 
zero work.

unit: joule



Lecture II : Work
Gravitational force: 

Spring force:



Lecture II : Kinetic energy
Kinetic energy K is energy associated with the state of  motion of  
an object. The faster the object moves, the greater is its kinetic 
energy. When the object is stationary, its kinetic energy is zero.

unit: joule



Lecture II : Work-kinetic Theorem

Kf = Ki + W

ΔK = W

change in the kinetic energy︎ of an object 

=


 ︎net work done on︎ an object



Lecture II : Power

unit: watt, horsepower

The time rate at which work is done by a force is said to be the 
power due to the force.

Pavg =
W
Δt

P =
dW
dt



Lecture II : Conservative &            
                    Nonconservative force

In a situation in which W1 = ︎- W2 is always true, the other type of energy is a 
potential energy and the force is said to be a conservative force.


Others are called nonconservative force.

Property of conservative force: Path independence 

The net work done by a conservative force on a particle moving around any 
closed path is zero.



Lecture II : Conservation of  Mechanical  
                   Energy

Emec = K + U

In an isolated system where only conservative forces cause energy changes, the 
kinetic energy and potential energy can change, but their sum, the mechanical 
energy  of the system, cannot change.Emec

principle of conservation of mechanical energy.
ΔEmec = ΔK + ΔU = 0





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!!


