Name: _______________________________ (           )   Class: __________  Date: ______________
[image: QR-Code dieser Seite]P09 – Gravitational Field Simulation-based Practical
(Pre-lecture Activity)

http://iwant2study.org/ospsg/index.php/interactive-resources/physics/02-newtonian-mechanics/08-gravity

Please use Chrome to run all applets,
Simulation 1 – Geostationary Satellites (What’s that? Can eat or not?) 

	[image: C:\Users\s7412027z\Documents\get-frame.png][image: ]You may zoom in to view better or click on any point, drag up and down to change perspective.
https://tinyurl.com/y7udothb
teacher’s copy

1 
Click  and observe the motion of a geostationary satellite near Singapore.

Note the period of the orbit.

2 
Click on  after every run to reset the simulation before selecting another option.


3 Use the drop down menu to run two other geostationary orbits.


After observing all three geostationary orbits, I can safely conclude the 
24 h


period of geostationary orbits is …………………… 

4 
Click on  to reset the simulation. Use the drop down menu to run other non-geostationary orbits. Remember to reset after every run.

After observing different orbits including polar orbits, identify three other characteristic of geostationary satellites.

A geostationary satellite will stay above the same spot throughout its orbit. OWTTE

A geostationary satellite orbits in the equatorial plane or above the equator.

A geostationary satellite follows the same rotation as the Earth (west to east).


1.

2.

3.

5 Suggest possible applications for geostationary satellites. (Why are we studying them?)
Telecommunications - including satellite TV (stays above base station), global positioning or GPS - which is used for sat navs (satellite navigation systems)
continuous monitoring necessary for intensive data analysis – able to monitor storm development and track their movements







[image: QR-Code dieser Seite]Simulation 2 – If Superman Throws a Ball Fast Enough…?! 
https://tinyurl.com/y735eygl

	
Graphs of KE (kinetic energy), PE (gravitational potential energy) and TE (total energy) are plotted against separation from the surface of the Earth.
1 Use the drop down menu to select the initial horizontal speed of a ball projected from the top of a tall mountain.

2 
Select v=2000 and click  to run the simulation.






	3 

Click on  to reset the simulation. Use the drop down menu to select v=4000 and click  to run the simulation.

State and Explain the main difference between the paths of the two projectile motions.
Double the range for v=4000 path because of doubled initial horizontal velocity. (Same vertical height so same time of flight.)






4 

Click on  to reset the simulation. Use the drop down menu to select v=6000 and click  to run the simulation.

How would you explain what is happening here?
As the ball drops towards the surface of the Earth in projectile motion, the surface is “dropping away” or curving away at the same rate.
The ball hence ends up orbiting the Earth, although it is actually falling towards the Earth.








5 What is one question you have after running this simulation?



6 

Click on  to reset the simulation. Use the drop down menu to select v=8000 and click  to run the simulation.

What do you think is happening?
I think the ball has very high kinetic energy which allows it to escape the Earth’s gravitational field.











欢迎来到引力场！你将被深深吸引！  Welcome to Gravitational Field! You will be deeply attracted!

Simulation 3 – Newton’s Law of Gravitation

Weight is the force acting on a mass due to a gravitational field.  
What is a gravitational field? How do two masses interact? Do they need to be in physical contact to do so?https://tinyurl.com/y9k69twq


	1 
Click [image: QR-Code dieser Seite] to run the simulation with the default setting M1 = M2 = 100 kg and 
r = 4.00 m.

Note down your observations. 
The 2 masses accelerate (“move” not accepted, need to observe an increasing speed) towards one another.







	2 
Click on  to reset the simulation.

Use the drop down menu to set 
M1 = 10 kg. 
[image: ]

You can drag the masses further apart if you wish. 

3 
Click  and record your observations.
The two masses accelerate towards one another (due to gravitational forces). (Student may miss out that the 10 kg mass is accelerating at a small rate towards  the other mass. Direct attention to the final position vs initial position.)










	
4 Think about the difference between the two observations in 1 and 3. Thus, explain the motion and final positions of the two masses for the second setting.
Although the forces have equal magnitude (based on observation of the numbers), 100 kg mass has a much smaller (10×) acceleration due to its much larger mass, thus for the same time period the displacement is much smaller and the final positions are very close to the 100 kg mass.



















5 Draw the gravitational forces on two masses below.

· same length of arrowM1



M2






[image: QR-Code dieser Seite]Simulation 4.1 – Gravitational Field Strength near and farhttps://tinyurl.com/ybfa4aju

https://tinyurl.com/ycdljka4

	1 
Use the drop down menu to look at four different gravitational fields ranging from very_outer_space to very_near_Earth_surface.

	2 Copy and Draw the gravitational field of the Earth when viewed from very outer space.



	[image: earth icon]Earth





	3 
	4 Copy and draw the gravitational field of the Earth when viewed from very near the Earth’s surface.





Earth’s surface


	5 Distinguish between the two extreme cases: 
 very far from and  very near to the Earth.

 radial,  uniform (roughly uniform  9.81 m s–2)






[image: QR-Code dieser Seite]
Simulation 4.2 – Gravitational Field Strength relationship and graph

	1 Drag the mass slowly around to see how gravitational field strength varies 
with separation from the Earth.


	2 Draw, on the axes below, the graph of gravitational field strength g against separation from centre of the Earth r.
g
r















	3 Deduce how g is numerically related to r.  

Show your calculations.

By looking at the numbers for g and r, students deduce that g is inversely proportional to square of -r.


[image: QR-Code dieser Seite]Simulation 5 – Binary Stars? Huh? [bookmark: _GoBack]https://tinyurl.com/yd4ehhp9


Google for some background on binary stars.

	

	1 Use the drop-down menu and select M1=M2=1,circular_orbit. 

2 
Click  and observe the motion of both masses, noting the magnitudes of the forces, F1 and F2, on each mass. 

Record your observations.
The two stars move in circular orbits about a common centre which is equidistant from M1 and M2.











	3 
Click on  to reset the simulation.

Use the drop-down menu and now select from the menu M1=1,M2=0.1,circular_orbit.

4 
Click  and observe the motion, noting the orbits of the binary stars.

Record your observations.
The two stars move in circular orbits of different radii about a common centre which is very close to M1 where M1 is 10× M2.







5 Newton’s first law of motion states that an object at rest will remain at rest and an object in motion will remain in motion at constant velocity in a straight line in the absence of an external resultant force. 

Hence, for an object to move in circular motion, there must be a 
resultant force on the object causing it to go around in a circle. 



What would you say cause the stars to move in a such a manner?
The gravitational forces acting mutually on both stars provide the resultant forces for them to move in circular orbits. 










	[image: C:\Users\s7412027z\Documents\get-frame.png]
	
Complete this lesson with an online summary of 

· 3 concepts you feel you have understood, 
· 2 questions you still have, and 
· 1 feedback on the practical.

https://tinyurl.com/y9d7np8e




URLs for students who prefer to use laptops:
Simulation 1 – Geostationary Satellites
https://tinyurl.com/y7udothb

Simulation 2 – If Superman Throws a Ball Fast Enough…?!
https://tinyurl.com/y735eygl

Simulation 3 – Newton’s Law of Gravitation
https://tinyurl.com/y9k69twq

Simulation 4.1 – Gravitational Field Strength near and far
https://tinyurl.com/ybfa4aju

Simulation 4.2 – Gravitational Field Strength relationship and graph
https://tinyurl.com/ycdljka4

Simulation 5 – Binary Stars?
https://tinyurl.com/yd4ehhp9

Conclusion
https://tinyurl.com/y9d7np8e

1
6
image3.png






image4.png




image5.png






image6.png
Geostationary near Singapore M

Geostationary near Singapore
Geostationary near Africa
Geostationary near America
Non-geostationary due to direction
Non-geostationary at R=Re
Non-geostationary at R=2*Re

Non-geostationary circular R=3*Re
Non-geostationary circular R=10.5*Re
Non-Geostationary generally

Polar Orbits at R=1.133Re

Polar Orbits with T=24hrs

Unlikely Orbits







image7.png




image8.png
m Gropdown menu and

m=50

=150
m=200

v=4000

v=6000

v=8000

v=10000

v=12000
circular_motion_case1

e T e A o~y

gies

1200000008
1000000000
800000000K
600000000K

40000000g

-4000000000)

~6000000000

ML | 3B ANY

KE =3.136e+9 J

energies versus distance
away from centre of Ear

y/ TE =-3.432e+9 J

PE =-6.269e+9 J

F100 12756200 19134300 25512400 31890500 38268600 446467

i














image9.png





image10.png
[ Logout x\<M Inbox - im_ai_phir x\(c 2018 Physics - Dro. x\<w Sous-vide - Wikipe x\(g( 713 Gravity Mode X )/ [J Gravitational Forc: X \ §§ epub3e-Bookon( x \| | | Cesl=Mlo @] X
@ ‘@|wan|2smdy.mg/\ookangejss/OZJ\ewlcmanmecham(sjgrav\ty/eJss,modeLgrav\tyOl,D/gravNyOl,O,Slmu\aﬂor\xhtm\ a‘ ®
i Apps ok Bookmarks [) iCon I HRMS @ WhatsApp [T] NLC [E] Booking [ Tricider < RVAMS [ PA
[Basic Gravitational Force Model] -
M1=100"|» [1» [0
M1 =100
M1 =90
M1 =80
M1 =70 |F2|=0.000000041713 N
M1 =60 M2=100 kg
M1 =50 |F1/=0.000000041713 N !
M1 =40 =100 kg :
m:]l :gg -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 5 6 7 8 9 10 1"
- a1/=0.000000000417 m/: '

M1 =10 latl
M2 =100 2|=0.000000000417 m/s?
M2 =90
M2 =80 drag me
M2 =70
M2 =60
M2 =40 2
M2 =30 Lpdox A " declaration property.pdf ~ x

018





image11.png




image12.png
very_outer_space
outer_space
near_Earth_surface
very_near_Earth_surface

user_defined

2 bodies field vectors
3 bodies field vectors
4 bodies field vectors
5 bodies field vectors

print






image13.png




image14.png




image15.png




image16.png
user defined v

> v

user defined

discrete

continuous

M1=1,M2=1 velocities=0

M1 ,circular orbit

M1=1M .5,circular orbit
M1=1,M2=0.25circular orbit
M1=1,M2=0.1 circular orbit

M1=2 M2=1 circular orbit
M1=5.9726,M2=0.073242,Earth Moon
M1=1,M2=1,v lesser than circular orbit

M1=1,M2=1,v more than circular orbit

print

v1=1.05








image17.png




image1.png




image2.png




