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RESEARCH OUTLINE 

Universal Gravitation Instructional Module  

• Traditional Gravitational Content 

• History 

• Kepler’s Laws 

• Newton’s Law of Universal Gravitation 

• Computational Science – Parallel Computing 

• Description 

• Components 

• Discovery 

• Modeling  

• Galaxy formation 

• N-body problems 

• Supercomputer 

 

 

 

 

 



INSTRUCTIONAL MODULE 

Universal Laws of Gravitation 

• Newton’s Law of Universal Gravitation 
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2 BODIES 



INSTRUCTIONAL MODULE 

Universal Laws of Gravitation 

• Newton’s Law of Universal Gravitation 

 

 

 

 

 

 

 

 

• N-body Problems 

•  the problem of predicting the  

     motion of group objects that  

      interact with each other. 
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COMPUTATIONAL SCIENCE 

• Computer science subfield  

• Constructs and analyzes mathematical models 

• Uses computer simulation from theoretical 

computer science to solve problems in various 

scientific disciplines. 

• Parallel Computing 

• Definition 

• Design 

• Advantages 

• N-body modeling & simulation 

 



BCCD 

Bootable Cluster CD 

• Facilitates instruction of aspects of parallel 

computing. 

•  BCCD image provides a non-destructive 

overlay to run a full-fledged parallel computing 

environment. 



WORKER NODES 





GALAXSEE 

• Teaching module  

• introducing simulation of N-body systems. 

• Simple implementation of parallelism. 

• Most time in an N-body problem is spent 

calculating forces.   

• Worker nodes calculating accelerations 

are fed every particle’s information 

• Head node runs the main program and 

sends out, collects and visualizes results. 



1000 BODIES 



SPIRAL BANDS BEGINNING? 



10,000 BODIES 



1000 BODIES 



10,000 BODIES 
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# Processors 

Wall Time vs. Processors as Galaxy Time Increases 



1k

2k

3k

4k

5k

6k

7k

8k

9k

10k

0

200

400

600

800

1000

1200

1400

1600

1800

1
2

3
4

5

18 s 

10 s 

1629 s 

1766 s 

830 s 

Number of Bodies 

W

a

l

l

 

T

i

m

e

 (

s)

 

Number of Processors 

Wall Time vs # Processors as N-Bodies Increase 
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X 1000 MYears 

Wall Time vs Galaxy Formation Time as Processors Increase 
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x 1000 N-Bodies 

Wall Time vs Size of Elements as Processors Increase 


