Lesson Plan for Classical Mechanics and the Wave Motion Paper in PHYSICS at Lucknow University

	Title
	 Law of Gravitation 

	Author
	Murli Manohar Verma

	Name of Paper
	Classical Mechanics and the Wave Motion

	Student Learning Outcome (SLO)
	Student must be able to demonstrate clear understanding of Newtonian law of gravitation and   its   effective applicability to the objects within   our solar system. They will   also be able to   understand and realize   that different    objects fall   together   with the same acceleration, say, under earth’s gravity.

	How this SLO fits within the context of the paper
	It relates to the ubiquitous example of   central forces and is an   essential   part of   classical mechanics that works at sufficiently large scales.

	Prerequisite knowledge of students
	An awareness with concepts like velocity, acceleration, momentum (linear and angular), force, energy.  Basic   knowledge of dimensional analysis,   differential and integral calculus and some navigating skills on internet. An  elementary  understanding of the solar system.

	List of learning materials needed to deliver the lesson
	1. Physics (vol  I): David Halliday, Robert Resnick and Kenneth S. Krane.
2.  A web resource     http://www.lightandmatter.com/html_books/1np/ch10/ch10.html
        3.   The Feynman   Lectures on Physics (vol I-7):  R. P.  Feynman,    R.B. Leighton,   M. Sands. 

        4.   Physics of the Earth :  F.D. Stacey.
       5.  http://einstein.stanford.edu/ (for generating excitement among students   about gravity in the universe). 

               6.   Virtual lab manual   and access to internet.

               7.   Assessment rubric. 



	Step by step description of how the lesson would be delivered
	1. Spend about 10 minutes to build the background. Show the students a piece of chalk falling down on a table   and ask   the whys and wherefores. What attracts it down…, the table, or the earth? Ask for the difference in each case,   if they can guess.

2. Repeat it, now with a cotton pad, a   duster and chalk together (with help of one student) and ask them to note the time accurately   as these items touch the table. If it is same for all items, ask why??  (table or no table… ask them to check time of fall in the two cases).  Surely, it must have something to do   in common with all items …equally well. Tricky?

(at this stage,  let them draw some pleasure by telling they are now doing like what Galileo is said to have done from the Tower of Pisa about 400 years ago)

3. Ask   them what is common to the cotton pad, the   duster and the chalk piece in this demonstration?…. Did they notice something beneath…the big earth common to every item?

4.  Evoke the response that   it is the pull due to earth that plays attractive role in each of the above cases. Make them realize, pause  and wonder…that gravitational acceleration  is democratic, a unique feature to  gravitational  force  (unlike others)!  Why so??

5. Claim that the   similar force applies between any two mass objects…heavy or light, large or small (of course, within classical limits).
6.  Classsroom exercise : Formulate (mathematically) on which factors  this force  should depend.  Ask them to guess by hindsight and convince that:

I. As we Increase the masses of the objects, the  gravitational force increases (earth is more effective than table in pulling down things)

II. Increase the separation between   the objects  and the force goes down…after all it  sounds quite reasonable  that it should tend to disappear when distance becomes larger !

III. Lo and behold! …ask them to do the dimensional analysis and fix an expression   of the force.  If they get it right, it must be an inverse square law force. It’s a  joyful  ‘discovery’   for the students, at the  grass-roots  level (I call it farmer’s approach). Explain now  the actual Newtonian form of the law.

7.  Experimental activity (virtual lab): Advise them to navigate (in the internet room) to the   following website for lively experience for planetary/lunar motions (moon going round the planet at a fixed distance ;  do they notice that actually both move round a common centre ?? ) 

http://www.merlot.org/merlot/viewMaterial.htm?id=89869
A. Change  mass  of moon only ( in suitable steps from 0.1 to 0.9)  and see  the effects.

(i) Does the moon move faster or slower?  NO.

(ii) Does the planet move faster or slower? YES.

Conclusion : changing mass of moon changes the planet’s speed of rotation around the common centre,  but  does  not affect its own speed.

B. Now change mass of the planet only (in suitable steps from 1 to 9) and re-check the effects (i) and (ii). How do the above answers change ?

Ask them to draw a general conclusion … “a body moves with the same speed (and acceleration),   independent of its mass,   at a given distance in the gravitational field of the other body”.

 Here,   recall the demo at the outset… the cotton pad, the   duster and the chalk fall with the same speed and acceleration in the gravitational field of the earth as does the moon in the above experiment.  Emphasize the   gravitation is universal in nature  and, as such, cotton pad, duster and  chalk are none different from the moon…all fall towards the earth in the similar way! 
C. Now systematically note the conclusions of A and  B  above  in tabular form with mass as a variable   and record time of revolution using  a stopwatch.

D. By varying mass of one body (say, planet), they can draw a comparison between different orbital speeds of the other (say, moon) …the ratio of speeds of one body   must be equal to the ratio of square root   of   masses of the other.

E. Analyze the results.

8. Home assignment  to students:
a. Plan the experiment, fix up the observables and draw conclusions about their ratios in terms of the variables.

b. Explain how the moon is falling towards the earth as   does  the apple, and why then  it  still does not  hit  the earth the earth,  unlike the apple. Explore some other unique and interesting features of gravitation (not present in other forces).

c. Searching internet resources,   find real objects within or outside our solar system that correspond to  the mass ratios chosen in the experiment (especially when the masses are nearly the same.) and  using standard value of universal constant of gravitation ‘G’, determine their  actual  orbits speeds and  acceleration.

d. Draw a graph between   square of orbital speed of the revolving body (on Y-axis) and the mass of the other body  at the centre (on X-axis), keeping the distance between them  fixed.  Calculate this distance from  its slope.

e. Estimate the sources of error (systematic and random). Analyze the results and propose some  possible corrections or other effects seen but not mentioned above. How do these effects lead to new discoveries (like of new extra-solar planets)?

f. Look for some other useful websites that provide a clear disposition of   this topic.  

g. Write a comment at the above MERLOT   website http://www.merlot.org/merlot/viewMaterial.htm?id=89869 on how useful it was to enable them to understand the law of gravitation  from virtually observing planetary motions. Suggest some improvements. 



	Estimated  time to deliver the lesson
	45 minutes,  2 hrs  for laboratory work

	Assessment Rubric for lesson
(Minimum marks=0

Maximum marks = 60)
	CRITERIA
	PROFICIENCY LEVEL

	
	
	Not Proficient
	Proficient

	
	Plan of experiment


	No/ Wrong choice of Independent   and dependent variables (later termed as observables). No/wrong conclusions drawn.

Mark 0-4


	Correctly chosen variables i.e.    distance,  or masses of both, moon and planet, separately and the speeds as observables. Conclusions dawn   match with those in A and B. 

Mark 5-10



	
	Explanatory skills and understanding of underlying principles by relating apparently different phenomena
	No/poor   idea of a similarity between moon’s and apple’s fall.

No/poor   reason   given for the moon not hitting the earth.

No   unique   features of gravitation mentioned.

Marks 0-4


	Similarity of Moon’s and apple’s fall explained with correct reason (earth’s matching curvature).

At least one or more unique features   of gravitation correctly explained.

Marks 5-10



	
	Data collection from the existing resources and  numerical analysis 
	Internet resources not searched/ objects not found.

Comparable mass objects not indicated.

Actual speeds not calculated.
Actual acceleration not calculated.

Mark 0-4
	 Required objects found. Speeds and accelerations of some or all   properly calculated.

Mark 5-10

	
	Curve plotting and   extracting unknown quantities
	Data points chosen in a too narrow range.

Untidy graph plotting. No/poor linear appearance.

Slope  not/wrongly  calculated.
Mark  0-4
	Data points spread over a sufficiently large range.

Graph well plotted with visible linearity.

Correct values of distance calculated from slope.

 Mark  5-10  

	
	Analysis of result  and insights
	Errors not found correctly.

No/ less relevant   suggestions for corrections. 

No new phenomena/effects   reported.

Mark  0-4


	Random and systematic errors in   measurements  properly mentioned/calculated.

Suggestions for improvements   made.

New phenomena (such as wobbling or the ‘fixed’ centre) reported.

Mark  5-10

	
	 Ability to search  relevant educational resources
	No / just one or two   websites  reported

Mark  0-2       
	A   good number (more than 2) of   relevant websites reported.

Mark  3-5

	
	Response to the material  used on  MERLOT 
	Did not write a comment.

Wrote vaguely.

No/ irrelevant  improvements suggested

Mark  0-2
 
	Wrote clear comments and one or more improvements suggested   (such as introducing   measurements   of distance on grid   or time with an in-built   clock).

Mark  3-5


