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SPACE MECHANICS

 (Aeronautical Engineering)

Time: 3 hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.a)
Write a note in detail on (i) The Ecliptic, and (ii) Side real time.



   b) 
Calculate the period and orbital velocity for an earth satellite in a 42,000 km circular orbit. 


2.a)
How does the volumetric composition of the gases vary in troposphere? In addition, draw a neat graph showing temperature variation in the earth’s atmosphere. 

b) 
What are the different properties of the international standard atmosphere at sea level and describe the uses of Ionosphere and exosphere? 


3.a)
Discuss in detail the circular restricted three body problem and state all the assumptions. 









b) Write down different types of satellite orbits usually used by ISRO. 


4.
Explain in detail with regard to (a) Orbit transfer and (b) On-station operations. 

5.
Calculate the nodal regression and apsidal rotation rate per orbit due to the gravity perturbation for a satellite in a 400 km circular orbit with I = 900 or 63.40.
 
6.
Illustrate different phases involved in reentry of a spacecraft.


7.
Discuss in detail about fibre reinforced and metal matrix composite materials. 

8.
Write short notes on the following:


(a)
Reference franmes



(b)
Ecliptic

(c)       Circular trajectory


(d)
Sun-synchronous orbit
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1.a)
Discuss in detail about (i) Solar time, and (ii) Standard time.



   b)
Describe cylindrical and spherical coordinates in space and give suitable relationships between them. 


2.a)
Discuss about the following: 
(i)
Turning angle 

(ii)
Circular and elliptical orbits 




   b) 
What is the velocity at perigee, apogee and period of an earth bound spacecraft in an elliptical orbit having 1000 km of perigee and 15000 km of apogee. Also compare the result when the same spacecraft in a circular orbit of 10000 km.

3.a)
Discuss the various assumptions considered in two body mechanics and what are liberation points. 








   b) 
Discuss various orbital elements required to describe a satellite with respect to the earth. 



4.
What are the perturbations caused because of a non-spherical earth and affect of a third body on orbital variations?







5.
Give a detailed account of patched conic approximation while analyzing a planetary trajectory involving the four-body problem.




6.
Write a short note on (a) Time of flight, (b) re-entry phase, (c) trajectory geometry.

7.
Write a detailed note on earth orbit environment.





8.
Write short notes on the following:

(a)
Polar orbit





(b)
Jacobi Identity

(c)       Patched Conic approximation



(d)
Precession of line of apsides.
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1.a)
Explain in detail regarding (i) co-ordinate systems in space and (ii) Classification of planets.








 

b) 
Explain how celestial sphere concept is used in studying motion of an object in the sky.
2.a)
Define an elliptical orbit and neatly label various elements of the elliptical orbit. What is its significance? 








   b) 
An earth orbiting spacecraft has been observed to have a velocity of 10.75 kms-1 at an altitude of 1500 km and a flight angle of 230; determine the orbit elements, eccentricity and semi-major axis and the orbit type. 




3.a)
Derive the equation of conic section. 






   b)
Discuss heliocentric and geocentric theory and its implication and significance. 

4.
How can we classify the perturbation/variation in the orbital elements based on their affect on Keplarian elements? Discuss in detail each variation and its effects.   
5.
Compare and discuss two-dimensional and three-dimensional interplanetary trajectory analyses.


6.
Write a note on the influence of coefficients on ballistic trajectories.
7.
Describe in detail the solar energetic particle events due to which energetic heavy ions get produced to influence spacecraft systems.






8.

Write short notes on the following:

(a)
Many-body problem



(b)
On-station operation


(c)        Standard time




   (d)
Arrival phase.
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1.a)
Explain ‘motion of vernal equinox’ in detail. 




   b) 
State Kepler’s laws. An earth bound satellite is so positioned that it appears stationary to an observer on the earth and serve the purpose of a fixed relay station for intercontinental transmission and other communications. What would be the height at which the satellite should be positioned and the direction of its motion? 

2.a)
Discuss in detail various characteristics of conic orbits. 



b) 
Given an elliptical earth orbit with a perigee radius of 6500 km and apogee radius of 60000 km, find the true anomaly of the spacecraft position as it enters an altitude of about 500 km. 
3.a)
State the Kepler’s third law and prove that the angular momentum is conserved. 

   b) 
Show that mechanical energy is conserved by using the Newtonian vector equation of motion. 








– 8 M 

4.
Explain in detail GEO. Also, discuss how the final stage of launch vehicle will place a satellite in a nominal orbit.

5.
What are the main points to be considered during launching of an interplanetary space craft and discuss.







     

6.
Write a detailed note on optimal flight considerations while deciding ballistic missile trajectories.








7.
Enumerate salient points about solar system environments.

8.

Write short notes on the following:


(a)
Luni-solar perturbation


(b)
V( of the planet


(c)       Triaxiliaty perturbation




(d)
Atmospheric drag.
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