
PHYS 206 Lecture 12 ①

12
. 1) Reference frames with constant velocity
12 . 2) Accelerating reference frames
12 - 3) Fictional forces

12 . 1) Reference frames with constant velocity
④ Until now we have been able to choose the

location of the origin and orientation of
the x

, y , z axes , but we have always

implicitly assumed they were stationary .

④ Once the origin is chosen , all vectors
{ F , I , a- , E , I , I , . . . } can be defined and

physical laws relating them can be derived

{ E - moi , I = Expo , I = did . . . . } .

④ You might ask yourself :
" what if I had

chosen a moving origin or coordinate
system ? Would the fundamental laws
of physics have to be modified ?

"



②
( i) coordinate system moving with constant

velocity S Laws of physics unchanged
Cii) Accelerating coordinate system

> Laws of physics change

Example : Suppose you are sitting on a train
which travels at a constant velocity J = Voix .

At time t -- O you pass person A outside .

Define two coordinate systems : O is centered
on person A and O

'
is centered on you in

the train :

(a) Your position is given by :

O : at = 0 , J = Voix ,
I = Vote

×

O
'

: a-
'

= 0 , I
'

= O , I
'
= O

(b) Throw an apple at horizontal speed Va to
your friend on opposite end of train car .

Apple's trajectory is given by :
O : a- = -giy , X = ( Vo t Va) t

, y
= - I g t

'

O
'
: a'

'

= - g Ey ,
x' = Vat , y

'

=
- Igt 2



③
④ In both reference frames , the normal

laws of physics can be applied . In
particular , we used :
Fx = Max = O ⇒ ax = O and

E = may = - mg ⇒ ay = -g .

④ Constant velocity reference frames
introduce no important complications .

12 . 2) Accelerating reference frames
Example : Now suppose that the train starts from
rest and has acceleration a

×
= x . Your

trajectory in the two frames is :

O : ax = x , v = at , X -
- I at

2

O
'

: a'* = 0, VI O ,
x' = O

④ In 0 we see that Newton 's 2nd law holds :
m N
D→

Normal force from seat causes

(you) you to accelerate

N = ma = m a



④
④ In O

'

there is the same normal force N ,
but you don't accelerate Done N

E - moi is no longer valid !

④ In an accelerating frame , you must
introduce fictional forces in order to

apply Newton 's 2nd Law .

In the previous train example , it would
"

feel
"

to you that some mystery force Fm is
is pushing you against your seat :

Ftota, = N - Fm = 0 Fm¥→ N

But N = ma ( from above)

⇒ Em = -main
④ Note that Em is opposite to the direction

of acceleration . This is a general
feature of fictitious forces in

accelerating reference frames .



Example : Suppose you hang a ball of ⑤

mass m from the ceiling of your train
that travels at constant speed Vo around
a circular track of radius 12 . what will

be the tension in the string and at what
angle will it hang ?

9mi
"

i

:
et:÷:..

is a mysterious force

pushing ball to right .

In reality , there must be a centripetal force
E = - maid i

r
= - m ( YI )

'

i
r pointing

inward toward the center of circle .
This

is produced by the physical tension force

rt *) TsinQ = ma = m ( YE)
'

i y , tooso -mg -
- o

v ⇒ Taos Q = mg
mg



*) TsinQ = m ( Yg)
2

⑥

y ) Taos Q = mg

Divide equations : tan Q = g¥zz
Sum squares of both equations :

T2 shiftT2cost = m2CE)
"

twig2

⇒ T = mfE)4tgT

In your reference frame , the fictitious force to
the right is called the

" centrifugal force
"

.

12 . 3) Fictional forces

General derivation :

(1) Define To as the location of the O
'

(accelerating) origin in the O frame .



⑦
(2) The position of some object is F in
the O frame and I ' in the O ' frame .

(3) Then f = Etr
"

^

dat - doit EI
'

> F '
r dir

⇐
• O

'

at = da + III
• >

o a- = DATE ta '

Em = dI¥ ta'

⇒ F - m d'T = ma
'

dt2

real Ines atonal force Acm:! ! rngatiofraimne .

④ Fictional forces always act opposite to true
acceleration of O

'
in O

' ' inertial frame " .



Eased Suppose O
'

system rotates with
⑧

constant angular velocity w at distance d
from origin O . Then

Fr - f- m d w2) = map ,

⇒ Fr t mdat = Mar .
[Centrifugal force radially outward

casein suppose O ' system rotates with
constant angular velocity w and has constant
radial velocity Vr = dart .

then

Fr t m ro co2 = Mar ,

Fo - m ( root 2 w daff) = mao ,
=

⇒ Fo - 2mWVr = Mao '
t " Coriolis force " acts

tangentially .



⑨

Example : Hurricanes in the northern hemisphere
rotate counterclockwise

,
and those in the

southern hemisphere rotate clockwise .

Eye of hurricane is
t

a low -pressure area that →OF
^

sucks air in
. /

In northern hemisphere , top air actually flows
radially outward

Equator air Coriolis force
•

→¥ I e
v

-2mWVr < 0 (ur so)

F
⑦

(top view)
> F Coriolis forcer E

air

- 2mWVr > 0 (ur co)

Result is counterclockwise I
^

rotation v
>



⑤


