


Earth and its Motions

• It moves with our galaxy in respect to other 

galaxies

• It circulates with the solar system with in 

our galaxy

• It revolves around the sun , together with 

other planets

• It rotates around its instantaneous axis of 

rotation



Earth’s annual motion

• Kepler’s lows:
1. The orbit of every planet is an ellipse with the

Sun at one of the two foci.

2. A line joining a planet and the Sun sweeps out
equal areas during equal intervals of time

3. The square of the orbital period of a planet is

proportional to the cube of the semi-major axis

of its orbit.





ecliptic
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Radius of the Earth's Orbit = 1 AU = 150,000,000 kilometers 
Circumference of the Earth's Orbit = 2*pi*R = 942,000,000 
kilometers 
Time to complete one Orbit = 365.2422 days = 8766 hr

Speed of Revolution = Distance/Time = 942,000,000 km / 8766 hr
= 107,000 km/hr = 30 km/sec 



Why do we have seasons?

• Seasons are the result of the 
tilt of the Earth's axis. 

• Earth’s axis is tilted 23.5°.

• This tilting is why we have 
SEASONS like fall, winter, 
spring, summer.

• The number of daylight 
hours is greater for the 
hemisphere, or half of Earth, 
that is tilted toward the Sun.

http://www.windows.ucar.edu/tour/link=/earth/climate/images/seasons_lg_gif_image.html


Equinoxes

• A day lasts 12 hours and a 
night lasts 12 hours at all 
latitudes.

• Equinox literally means 
"equal night".

• Sunlight strikes the earth 
most directly at the equator. 

• This occurs twice a year. 

http://k12.ocs.ou.edu/teachers/reference/e

quinox.gif

http://k12.ocs.ou.edu/teachers/reference/equinox.gif


Equinox

• The vernal (spring) 
equinox occurs March 
21.

• The autumnal (fall) 
equinox occurs 
September 21.



• The 2013 perihelion is around 05:00 UTC on 
January 2(دوازدهم دیماه), 2013 and the aphelion is 
around July 5 (چهاردهم تیر ماه) , 2013 at 15:00 UTC. In 
2014 the perihelion is around 12:00 UTC on January 
4, 2014 and the aphelion is around 00:00 on July 4, 
2014

• The earth is farthest away from the sun around July 
4 when it is 152,171,522 km from the sun. This 
point in the earth's orbit is called aphelion.



• The earth takes 365 days, 5 hours, 48 minutes, 
and 46 seconds (365.242199 days) to make a 
full revolution around the sun.

• Scientists utilize the average distance from the
earth to the sun as the standard for one
astronomical unit (1 AU). This average
distance from the earth to the sun is
149,597,870.691 km. It takes light from the
sun about 8.317 minutes to reach the earth.



Earth’s spin ,precession and nutation

• Earth's rotation is the rotation of the solid 
Earth around its own axis. The Earth rotates 
from the west towards the east. As viewed 
from the North Star or polestar Polaris, the 
Earth turns counter-clockwise.

• solar day 

• sidereal day 





• A sidereal year (365.256363 days) is the time
taken by the Earth to orbit the Sun once
with respect to the fixed stars. Hence it is
also the time taken for the Sun to return to
the same position with respect to the fixed
stars after apparently travelling once
around the ecliptic. This differs from the
solar or tropical year (365.242199 days) which
has length equal to the time interval
between vernal equinoxes in successive

years





Platonic year=25765  y

360/25765=0.014 degree
Or 50.3 second+/- 0.002 second



• The motion of the vernal point along the
ecliptic is clockwise , i.e. , against the annual
motion of the earth.





http://en.wikipedia.org/wiki/File:Praezession.png


Free nutation

• In addition to precession and nutation, the 
spin axis also undergoes a torque-free 
nutation, also called a wobble, with respect to 
the earth. More accurately, the wobble should 
be viewed as the motion of the earth with 
respect to the instantaneous spin axis. It is 
governed by famous Euler’s gyroscopic 
equation: 

















Earth’s free nutation

Euler’s equation

J tensor of inertia



Observational evidence shows that the earth’s two
equatorial moments of inertia I1 and I2 are to high degree of
accuracy , equal to each other but significantly different
from the polar moment of inertia I3.

By differentiating with respect to time ,the first two equation 
we have:



Earth’s angular velocity(frequency)

Since the free nutation period 
P is equal 2π/frequency 



This value equal 305
sidereal day. This value
is usually referred to as
Euler period. But the
actual value is about
40% longer than the
Euler period.
The non-rigidity of the
earth tends to increase
the wobble period.
Which is now known to
be about 435 days and
is called the Chandler
period.
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Fluctuations in the length of day

• There are various factors which cause the 
orientation of the Earth to change with time. 

• - Polar motion 
• - The secular variation (linear increase in the 

length of the day , about 0.0015 to 0.0020 
seconds per day per century.

• - The irregular changes in speed appear to be the 
result of random accelerations,

• - Periodic variations are associated with 
periodically repeatable physical processes 
affecting the Earth. 





Secular change: Tidal friction

Earth’s rotation is indeed slowing down at 

a present rate of 0.0018 seconds per century






