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 List of Experiments and Cost of Materials
	Serial No    
	Experiment
	Material required
	Approximate cost in Rupees

	1

Unit one
	Motion in One dimension

1.Observing and analyzing the motion of  a ball on horizontal and inclined planes
	2 meter long and 2cm wide railing, a bob of radius 1 cm, 19 cm long angular railing, 5 stop    [image: image1.jpg]Activity Based Physics Teaching
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watches, sticking tapes and a marker

{* the cost of stop watches is not included as these are available in physics lab.}


	       120.00

       

	2.

Unit two


	Motion in Two Dimension

1.To demonstrate and analyze the motion of two balls when one ball is released from rest and simultaneously the second ball is thrown horizontally from the same height 


	Two small steel balls of radius 1 cm, a smooth PVC pipe 15 cm long having a diameter of 6 - 8 cm, with a hole nearly equals to the size of bobs, a meter scale, a carbon paper and L - shaped plastic or wooden piece that can easily move in the pipe.
	      120.00

	3.

Unit three
	Forces and Newton's Laws

1. Inertia

1.To remove tablecloth underneath the objects placed on it

2. A block with mass ‘m’ is supported by a cord C from the ceiling and a similar cord D is attached to the bottom of the block. 

Action and Reaction

1. To measure the action and reaction by applying force on a block 

2. Balloon jet

3. To observe recoil force of balls

	A smooth tablecloth covering a table of size 50cm X 90 cm

  Objects like hard-cover books, duster and beaker with half filled water

A wooden block of size 6cm X 3cm X 4cm, a long thread, hooks. 

A piece of brick l0 cm x 4cm x 4cm, or 10 kg weight and Two spring balances 

A balloon, thread, straw, scotch tape 

A 40cm x 40cm light weight wooden piece, 2 PVC pipes 15 cm long and 6cm

[image: image56.emf]diameter, 3 nails 8cm long, ordinary rubber bands usually wrapped on news paper and match box, a hammer to fix the nails, a meter scale to measure the recoil and 3 balls of different sizes and weights, spring balance with a pan and thread.
	     X

      60.00

    200.00

      50.00

     200.00

	4

Unit four


	Application of Newton’s Laws

1. Static Friction

To investigate static and sliding friction and effects of  surface area on force of friction

2.  Tension in a string

To find the tension in the string when two equal weights are attached to the two ends of the string and it passes over two pulleys

	A piece wooden plank 20cm x 50 cm with smooth surface. Wooden blocks, spring scale, tape or screw-eyes
Two equal weights, two cords 1.5 m long, a spring balance, two pulleys, screws to fix pulleys on a wooden board of size 20 cm X 40cm. 
	     240.00

       600.00

	5.

Unit five


	Equilibrium of rigid bodies

Center of mass; 

1.To observe and analyze the effect of motion of two trolleys on center of mass placed on a wooden board which balanced on a wedge

2.Rolling up hill;  

Demonstration
	A friction less railing 2 cm wide and 1 meter long, a wedge to balance the plank, two trolleys, and two bar magnets, thread and scissor.

Two tube light, two funnels scotch tape, wooden piece
	       300.00

       300.00                                                                                                                                                

	6.
Unit six


	Conservation of momentum and energy.

1. To find the dissipated energy in inelastic collision.

2. Thus Impulse equals change of momentum and force equals rate of change of 

momentum.

3. By releasing the metallic bob from different height along a track of 4 or 5 loops, determine the velocity of a bob that keeps it on track.

4. To measure the apparent weight of a suspended object while it is Swinging.


	Tennis Balls, plastic balls, bouncing and non bouncing rubber balls, Marbles, a stand with a clamp and meter stick.

A 5-8 cm wide clear glass pipe or a smooth grooved ruler (30 cm), 2 small smooth and almost weightless plastic cups, 3 steel balls of different sizes, small wooden blocks to raise one end of the pipe, paper, masking tape to fix one end of pipe on the paper.

A track with loops having a straight track of 80 cm long as shown in the diagram. The other end of the track is kept horizontal. A bob of 2 cm diameter and a meter scale to measure the height. 

A spring balance of 500 gm maximum range, 10 hanging masses of 50 gm and 80 cm long string.


	      250.00

       300.00

       600.00

  300.00



	7.

Unit seven


	Rotation of rigid bodies

1. Demonstration of Bicycle Wheel Gyro

2. A CD Gyro

3.Study of motion of toy top

4. Orbital motion 

5. To distinguish between net torque and net force 


	A bicycle wheel, two wooden handle fixed in axle of wheel 

A CD ,string

A toy top and string

Match box, thread, a pencil

Two spool of thread and meter stick 


	     1000.00

         30.00

         20.00

         30.00



	8. 

Unit eight
	Static and fluid dynamics

1. Fluid Static

1.Air pressure demos

2. Pressure difference

3. Pressure Differentials
Fluid Dynamics 

1. To suspend a ball in the stream of air
2. The Bernoulli's effect.


	A hammer, 2 long thin wooden strips (50cm x 3 cm), 2 sheets of note book paper and of news paper.

A bottle having neck little less  to the size of the egg, a boiled egg, pieces of paper and matchbox 

Shallow dish, candle matches, drinking glass,  

A ping pong ball, hair dryer

Glass of water, drinking straw and single edged razor blade 


	       200.00

       300.00

       600.00

       600.00

         60.00

	
	
	Total
	6,480


INTRODUCTION
In this module there are eight units based on different concepts in mechanics. Some very basic concepts were selected for activities in each unit in order to develop clear understanding of physical phenomena amongst the students. The selected activities are simple in terms of materials and cost but create interest and develop deep understanding of physics. These activities provide a new way of teaching where students spend much of the time in active learning and discussion. Our purpose of holding workshop is to create an interactive learning environment. For students, these activities will be a joyful and learning experience in the class. The demonstrations are also added to fascinate the students. Some of the experiments for demonstration are challenging in terms of physics concepts. In designing these activities, our focus was on understanding of basic principles; therefore, we have added tutorials with conceptual questions. We are not claiming that we have designed new experiments and demos. In fact we have gathered the activities from various tested sources and tried our best to present them in our teaching learning context.
Eight units of this module are:

1. Motion in one dimension

2. Motion in two dimensions

3. Laws of motion

4. Application of laws of motion
5. Equilibrium of rigid bodies

6. Impulse and Conservation of Momentum and Energy

7. Conservation of angular momentum and Rotation of rigid bodies

8. Fluids (static and dynamics)

There are more than two experiments in each unit. You are required to complete each unit by managing your classroom time so that each student of your class should be able to complete the activity. 
Each unit includes

1. List of materials required to perform the experiment 

2. Instructions for performing the experiment

3. The tutorials to discuss the concept

4. Simple problems related to the concept
5. Teachers’ notes  
Instructions for teachers at workshop:

· You are requested to avoid writing on the printed sheets in this manual. 

· Plain paper worksheets are available at the desk for writing your observations etc. 
· Please write your name at the top of the sheet. Also enter the module name and activity number. Just write the question number and write your answers against it. These sheets will be collected on completion of each module. A new sheet should be used for each module. 
· For each unit, all materials will be available.
· Read the experiment given in the unit carefully.

· Set the materials as stated in the experiment.

· Write down your prediction about activity on work sheet.

· Perform the experiment and compare the results with your prediction.

· Complete the tutorial and join in the discussion.

· Solve the problems if any are given in the activity.

Unit 1
 Topic: 

Motion in one dimension



1. Observing and analyzing the motion of  a ball on horizontal and inclined planes
2. Tutorials on motion in one dimension

3. Teachers’ notes ( Appendix-1)
Concept: 
    Position, Velocity, Displacement and Acceleration
Time: 45 minute
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Experiment-1: To study the relationship between position, velocity and acceleration of a moving body along a horizontal track.
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Materials:    2 meter long railing, a bob of radius 1 cm, 19 cm long angular railing, 5 stop

    watches, masking tapes and a marker
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Diagram:
[image: image61.jpg]


[image: image62.jpg]Marble
Cup  rul

paper




[image: image63.jpg]


[image: image64.jpg]F= constant




[image: image65.jpg]


[image: image66.jpg]


[image: image67.jpg]A



[image: image68.jpg]


[image: image69.jpg]NS

v




[image: image70.jpg]


[image: image71.jpg]


[image: image72.jpg]


[image: image73.jpg]


[image: image74.jpg]


[image: image75.jpg]String

Magnet 1

Magnet 2




170            150          130       110        90              70              50

   0.0 cm
Questions to test students’ prior ideas:

Before performing the experiment answer the following questions on a separate sheet of paper.
1. After releasing the ball from rest, the motion of the ball at 50cm will be:
a) Uniform

b) Accelerated

c) Decelerated

d) Not sure

2. At what points do you think the motion will be uniform---------------------------------------
  Activity:
1. Set the apparatus as shown in the diagram. Five persons will be needed to record time at   

      various interval
2. Hold the ball at inclined part of the plane which should be at an approx. angle of 30o.
3. Mark the horizontal plane by sticker to note down the positions.

4. Set the watches at zero.
5. Release the ball and start the stop watches at point marked zero.

6. When the ball reaches the selected position, the observer at that position should stop the clock.

7. For better result, the first mark should be at 50 cm and the difference between each position should be 20 cm.

8. Note the times of each watch in the observation column.

9. Calculate displacement, velocity and acceleration. Plot graphs for each of the three with respect to time and analyze the graphs. 
	No of obs
	Position x
	Time t
	Displacement 
D= x2 – x1
	Velocity     v= dx/dt
	 acc                                                                          

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Experiment 2: To study the relationship between position, velocity and acceleration of a moving body along an inclined track.
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Questions to test students’ prior ideas:

Before performing the experiment answer the following questions on a separate sheet of paper.
 1) After releasing the ball from rest, the ball will have ------------- motion at 50cm

a) A uniformly accelerated
b) An accelerated

c) A uniformly decelerated

d) not sure

2) At what points do you think the motion is uniform?  -------------------------------

Activity:
1. Set the apparatus as shown in the diagram by raising the marked bar (50, 70, 90, 110 –etc) from exp. #1 at one end. The angle should be small.
2. Hold the ball at one end of inclined plane at mark zero.

3. Set the watches to zero.

4. Release the ball and start all the stop watches at the marked points.

5. When the ball reaches the selected position, the observer at that position should stop the watch.

6. For better result, the first mark should be at 50 cm and the difference between successive positions should be 20 cm.

7. Write your observation of times in the observation column.

8. Calculate displacement, velocity and acceleration and plot their graphs with respect to time and analyze the graphs. 
	No of obs
	                              
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Analysis of data and some questions:
1. Plot graphs between: 

a) Position and time
b) Velocity and time
c) Acceleration and time
2. The motion of a body is represented by the following graph. Describe its motion and write down an equation for the motion of this body
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From the above graph, draw a velocity- time graph 
for the moving body.                                                               









Velocity
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3. A bead is sliding in one dimension along a wire with constant velocity. Draw position
 vs. time and velocity vs. time graph for motion of this bead. Write equations to express these motions. 
position
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4. Two examples of accelerated motion are give by following equations
a) x(t) = A+ Bt + Ct2 

assuming that C is positive

b) x(t) = D cos ωt.
Plot graphs between position x and time t for both equations.
TUTORIAL
Motion in one dimension
Sample problem 2.6 page 25 Physics by Resnick, Halliday & Krane (fifth edition)
Figure shows six successive “snapshots” of a particle moving along x- axis. 

· At t = 0 it is at position x = +1.00m to the right of origin;

· At t = 2.5s it has come to rest at x = + 5.00 m;

· At t = 4.0 s it has returned to x = 1.4 m
t(s)
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  0.0 A                                                                                 Note: *The arrow through the particle 
                                                                                                    shows its instantaneous velocity 
 1.0 B                                                                          
 






   * The arrow below the particle shows             

 2.0 C                                                                                             Its instantaneous acceleration




2.5 D 
 
 3.5 E

 
 4.0 F
            0           1           2           3            4          5         6
x (m)
1. Plot a graph for position x versus time t for this motion
2. From the graph, can you tell the type of motion the particle has? Explain____________________________________________________
3. Plot a graph for corresponding velocity of the particle with respect to time t?
4. Plot a graph for corresponding  acceleration of the particle

5. Write down the formula to calculate average velocity. 
6. Find the average velocities for the intervals AD and DF.
7. Estimate the slope of x(t) at points B and F and compare with the corresponding points on the vx v/s (t) curve
8. Find the average acceleration in the intervals AD and AF.
9. Write down the formula to calculate average acceleration.
10. Estimate the slope of vx v/s (t) at point D and compare with the corresponding value of ax(t).
Unit 2
Topic:

MOTION IN TWO DIMENSIONS
1. Observing and analyzing falling balls 

2. Tutorials on motion in two dimensions
3. Teachers notes ( appendix-1)
Concept:
Projectile motion




Time: 45 minutes 
Experiment: Observe and analyze the motion of two balls placed in a short PVC pipe where one ball is dropped and simultaneously, the second ball is thrown in a horizontal direction. 
Materials: Two steel balls of radius 1 cm, a paddle shaped wooden


        paddle piece, or a strong plastic spoon, a smooth PVC pipe 15 cm long and a 
diameter of 6 - 8 cm. a carbon paper, a plumb line (you can make this easily).
Before performing the experiment, discuss following with your colleagues 
1.   A PVC pipe is placed at a known height h. Ball A is released and ball B is thrown  

      horizontally at the same time. Assume negligible air friction
2. Draw the path ( position versus time) of simultaneous fall of both balls 
3. At each position show the direction of velocities of both balls

4. From the paths that you have drawn, is it possible for Ball A and ball B to hit                             
5. the ground at the same time? If yes, explain ________________________________ . 
6. Draw a free body diagram showing forces acting on both balls.

7. If the height from where the balls are dropped is known to you, is it possible to measure the time taken by the ball to reach the ground?

8. If yes write down the equation.________________________________________


9. How can you calculate the initial velocity of ball B in horizontal direction? 

10. What information do you need to find the initial velocity of ball B? Time / range 
    Low cost version –1. Electric release of 2 balls 2. Manual release of 2 balls  
[image: image3.emf][image: image4.jpg]
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Activity: 
1. Prepare the piece of PVC pipe (15 cm long by diameter 6-8 cm). Cut a hole, little greater than 
diameter of the bob and also cut a slit of 2cm wide and 3cm long on the opposite side of hole. 
    (The purpose of making slit is to move L- shaped piece or plastic spoon freely inside the pipe).

2. Clamp the pipe in a stand and place the stand on a table. Be sure that the pipe is horizontal.

3. Insert the paddle into the pipe through the slit so its handle remains outside the pipe. 
4. Insert both the balls inside the pipe in such a way that the paddle holds the ball A at 

the hole and is touching the ball B which is near the open end of the pipe.

5. Push the ball B by L-shaped piece in horizontal direction so that it moves out of the pipe and              

     lets the ball A to drop from the hole at the same time.
Analysis of the motion of balls:
1. Observe the fall of both balls when they hit the ground. 
2. A strobe photo of falling balls is shown to you on the screen. Compare the paths you have drawn.
3. Do the balls A and B have same or different type of motion? Explain...
4. Did the balls hit the ground at the same time? Yes / No
5. If you are not sure about the time, ask your partner to perform the experiment. Close your eyes and listen to the sound when they strike the ground. Compare your observation with your prediction 
6. Why do both balls hit the ground at the same time? Explain………..
7. If time of fall is same for both the balls, do you agree that the balls are falling with the same acceleration? If yes, name this acceleration _________________________.
8. Describe the motion separately. ______________________________.
9. Measure the height from where the balls dropped ________________________________.
10. What is the initial velocity of ball A ____________________________________________
11. Write down equation to find final velocity of ball A and calculate it __________.
12. Calculate the time of fall_________________________________________________
13. In order to calculate the initial velocity of the ball B, measure the horizontal range using following method. 
14. Find out where the ball B hits on the floor. To be sure, repeat a couple of times. 
15. Tape a carbon sheet to the floor and repeat the experiment. Get the impression of the ball on the carbon paper. Repeat three times to get a good value for the range.
16. M ark a point on the floor underneath the pipe's opening (you may use a plumb line). 
 
Measure the horizontal distance R between this point and where the carbon paper shows the 
mark of ball B. 
17. From the measured range and time, calculate initial velocity of the ball B

Tutorials 
Motion in two dimensions
Tutorial-1:







45 minutes       Position, Velocity and acceleration
In kinematics we describe the motion of a particle using vectors to specify its position, velocity, and acceleration. In two dimensional motion the position, velocity and acceleration are considered in xy plane. In order to get a clear picture of position, we are defining the position of a body xyz coordinate system.
*Position:

An arbitrary path of a particle is shown in the diagram. To locate the particle at any time we consider the motion in xyz coordinate system or in three dimensions.
1. Draw xyz coordinate system and the path of the particle as shown in the diagram

2. Draw position vector r to locate the particle at any  time 

3. Find three components of r on xy and z  
4. Draw three Cartesian unit vectors i, j, k

5. The position of a moving body is completely
6. specified by position vector r, its components        z




x, y, z and unit vectors i, j, k.



          r



r = xi + yj + zk                                                                                   k
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*Displacement:
1. Draw xyz coordinate system and same path for a particle. 
2. Mark two positions of the particle at the path and name it P and Q.
3. Draw position vectors at P and Q and name these vectors as r1 and r2.
4. Suppose that r1 at t1 and r2 at t2 
5. Find change in position by drawing a vector from P to Q and name it Δr
6. Δr is the displacement of the particle.
7. Δr = r2 - r1 for an interval Δt 
8. Is displacement a vector quantity? Yes / no ____________________
9. Is the distance traveled by particle same as the displacement? Yes / no _____________ 
10. How the physical quantities displacement and distance are defined? ____________
11. Using graphical head-to-tail method, write equation for r2 =  ______________________
*Velocity:
The average velocity in any interval is defined as the displacement divided by the time interval during which the displacement occurs.

Vav  = Δr/Δt  
1. ‘The direction of average velocity is same as the direction of displacement’. Explain ___________________________________________________________________

2. Suppose a body is moving at an arbitrary path and returns to its starting point. What is its average velocity? 
*Instantaneous Velocity:
3. The position vectors are r1 and r2 for points P and Q at the path. Bring the point Q closer and closer to P so the vector Δr approaches to P. 
4. What is the direction of Δr?  Is it in the direction of r1 or tangent to the path? ________________________________________________________________
5. What is the limit of Δt? Is it approaching to zero or remain same?____________
6. If the limit of Δt is approaching to zero, what do you say about average velocity? Is it zero or have some value? Yes / no ____________________________________________
7. If it has some value, which of the following equations is suitable to express instantaneous velocity of the body?
a) Vav  = Δr/Δt  
b) V  = limitΔt     0    Δr/Δt 
c) V  = Δr/Δt  

8. What is the direction of this velocity ___________
*Speed:


Speed is a scalar quantity and tells us only with what magnitude the body is moving. It 
does not specify the direction. Average speed is defined as 
average speed = total distance traveled / total time elapsed

Question: 

A Boy throws a ball up in the air from a height of 1 meter above the ground. The ball rises to a height of 4 meters and falls back to boy’s hands 1 meter above the ground. The time taken by the ball during this round trip in air is 4 seconds. Find

1. The average velocity of the ball _____________________________________
2. The average speed of the ball ________________________________________
3. Do you get the same answer for both quantities? Yes / no

4. Explain your answer _________________________________________________

5. Is the magnitude of instantaneous velocity same as the instantaneous speed? ________________________________________________________________

*Acceleration:
1. A moving body may change its velocity by changing magnitude or direction. The change  

1. in velocity with time is called acceleration. 
2. Draw instantaneous velocity vectors V1 and V2 at points P and Q, selected earlier for path 
a. of a body.
3. Describe the direction of these velocity vectors at point P and Q     

4. _________________________________________________________________

5. Move velocity vector V2 toward V1 so that the tails of both vectors meet at point P.
6. Draw a vector that joins the heads of vectors V1 and V2.
7. Name that vector as ΔV. The change in velocity means Vfinal - Vinitial 
8. The change in velocity ΔV divided by the time lapsed Δt is the average acceleration.
9. aav = ΔV / Δt 
10. Write an equation for instantaneous acceleration. _______________________________________________________________________
Tutorial- 2 (Optional)





(From “Tutorials in introductory physics” by Lillian C. Mcdermott and Physics Education group at University of Washington)

Time: 45 minutes
1. Velocity:

An object is moving around an oval track. Sketch the trajectory of the object on a large sheet of paper given to you. (Make your diagram large.)

A. 
Choose a point to serve as an origin for your coordinate system

1. Draw the position vectors for each of the two locations A and B and draw the vectors that represent the displacement from A to B.

2. Describe how to use the displacement vector to determine the direction of the average velocity of the object between A and B. Draw a vector to represent the average velocity

3. Choose a point on the oval between points A and B, and label that point B`. As

    point B` is chosen to lie closer and closer to point A, does the direction of the average velocity over the time interval AB` change? If so how?
4. Describe the direction of the instantaneous velocity of the object at point A.
5. How would you characterize the direction of the instantaneous velocity at any point on the trajectory?
6. Does your answer depend on whether the object is speeding up, slowing down or moving with constant speed? Explain 

B. 
If you were to choose a different origin for the coordinate system, which of the vectors that you have drawn in part A would change and which would not change?
II. Acceleration for motion with constant speed
Suppose that the object in section I is moving around the track at constant speed. Draw vectors to represent the velocity at two points on the track that are relatively close together. (Draw your vectors large.) Label the two points C and D.

A. On a separate part of your paper, copy the velocity vectors vc and VD. From these vectors determine the change in velocity vector, Δv.

1. Is the angle formed by the "head" of vc and the "tail" of Δv greater than, less than or equal to 90 degree?

2. As point D chosen to lie closer and closer to point C, does the above angle increase, decrease or remain the same? Explain how you can tell.

3. Does above angle approach a limiting value? If so what is its limiting value?

4. Describe how to use change in velocity vector to determine the average acceleration points C  

   and D.

5. What happens to the magnitude of Δv as point D is chosen to lie closer and closer to point 
    C?

6. Does the acceleration change in the same way? Explain....

7. Consider the direction of the acceleration at point C.

8. Is the angle between acceleration vector and the velocity vector greater than, less than or equal to 90 degree?
III. Acceleration for motion with changing speed

Suppose that the object is speeding up as it moves around the oval track. Draw vectors to represent the velocity at two points on the track that are relatively close together. (Draw your vectors large.) Label the two points E and F.
A. 1. Draw the velocity vectors VE and VF.





         2. What happens to the magnitude of Av as point F is chosen closer and closer to point E?           3. Describe how would you determine the acceleration of the object at point E?                           4. Is the angle between the acceleration vector and the velocity vector (placed tail to tail) greater 
than, less than, or equal to 90 degrees?
B.
Suppose the object started from rest at point E and moved towards point F with increasing speed. How would you find the acceleration at point E?
Describe the direction of the acceleration of the object at point E.

C.

1. At several points on each of the diagrams, draw a vector that represents the acceleration of the object.

Acceleration vectors for constant speed 


Acceleration vectors for speeding 








        up .from rest at a point


Top view diagram





Top view diagram






2. Characterize the direction of the acceleration at each point on the trajectory for each case.
3. Is the acceleration directed toward the center of the oval at every point on the trajectory for either of the cases?
Sketch arrows to show the direction of the acceleration for the following trajectories

Acceleration vectors for constant speed      Acceleration vectors for speeding up from rest at a point

Unit 3
Topic:



Forces and Newton's Laws
1. Removing table cloth

2. Hanging block

3. Action reaction

4. Tutorial on Newton's Second and third laws
5. Teachers’ notes
Concept:       
 Inertia 


Time: 40 minutes
Experiment-1: To remove a tablecloth from underneath the objects placed on it

Materials:   A smooth tablecloth covering a table of size 50cm X 90 cm,   Objects like hard-cover books, beaker half filled with water, bowling ball or other heavy but smooth objects.
Questions to test students’ prior ideas:

Q-1 Will all the objects will fall down with the removal of tablecloth.
Q-2 Will other objects will be displaced but beaker with water will fall down
Q-3 All the objects will remain at their places as were before the removal of the table cloth

Q-4 Is there any difference between net force and balanced forces? If yes, describe the difference between them by examples.
 Q5 There are many different types of forces, some of them are contact and some are non contact forces. Categorize the forces as many as you can. 
Contact forces


Non-contact forces
Activity :
1. Spread the table cloth on a smooth table
2. Place all the objects on the tablecloth, not too far from the edge of the table. 
3. Hold the cloth from the two corners near you and pull the tablecloth fast by giving a strong jerk
4. Note down your observation
5. Check your answers with your prediction and discuss with your colleagues. 
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Inertia (cont)


Time: 40 minutes
Experiment-2: 
A block with mass ‘m’ is supported by a cord C from the ceiling and a similar cord D is attached to the bottom of the block. As shown in the diagram below. To locate the points from where there is a break occurs when i) the it is given a jerk at point D and ii) when it is pulled from point D.

( Question 12 chapter 3 Force and Newton's Laws)

Material required: 
A wooden block of size 6cm X 3cm X 4cm, a long thread, hooks. 
 Before performing the activity, here are questions that will help you 
 to find students' own ideas about inertia.


Questions for prediction

Q-1 A sudden jerk to D will break the thread from


a) point D

b) point C 
c) point C and D 

d) not sure

Q-2 If the string is pulled slowly on D, the thread will break from


a) point D

b) point C

c) point C and D d) not sure

Activity:

1. Take the piece of wooden block and screw the hooks into opposite side of block.

        2. Tie the thread as shown in the diagram and hang it from ceiling or at a height visible to 


students.

3. Hold the string and give a strong jerk at point D.

4. Note down your observation _________________________________________.


5. Hold the string and pull slowly from point D

6. Note down your observation _________________________________________.


7. Compare your observation with predictions made earlier.

Investigate the misconceptions about inertia in motion by posing following questions 
Q-1: A small child is playing with a ball on a leveled surface. She gives the ball a push to get it rolling then, the ball rolls a short distance before coming to a stop. The ball slows to a stop because


a. the child stopped pushing it


b. speed is proportional to force


c. there must have been force on the ball opposing the direction of motion.


d. the force on the ball was zero, so it wanted to remain stationary.

Q-2: An interstellar space craft, far from the influences of any stars or planets, is moving at high speed under the influence of fusion rockets when the engines malfunction and stop. The spacecraft will
a. immediately stop, throwing all of the occupants to the front of the craft.


b. begin slowing down, eventually coming to a rest in the cold emptiness of space. 

c. keep moving at constant speed for a while, but then begin to slow down. 

d. keep moving forever at the same speed.
Q-3: A car continues in uniform motion in a straight line. There are forces acting upon the car. A  is a driving force. B is a force which impels it backward, such as air resistance


or frictional force​

a. A<B


b. A = B

c. A> B

d. None of the above


Q-4: At what speed will the cart, if it is pulled with constant force continually? Ignore friction.
a. The cart will continue in its state of constant speed.

b. The cart will initially accelerate and then move with constant speed.

c. The cart will move with changing speed 


Q-5: Which of the following objects is not experiencing a net force directed north?

a. An object moving south at a decreasing speed. 

b. An object moving north at an increasing speed 

c. An object instantaneously at rest then begins to move north. 

d. An object moving north at a constant speed.

Experiment-3: 
Place a coin on a card paper that is placed on an empty cup or glass water. 
Ask the student to pull the card, first slowly, and observe what happens to 
the coin. Then replace the coin on the card above the cup and ask the 
student to pull it out fast. 

Experiment-4: 

A hammer with a broken head can be fixed easily using Newton’s laws. 
Hold the wooden handle of the hammer over the table top and place the 
loose head on top of the wooden handle. Raise the hammer about 12 inch 
above the table and quickly bring it straight down. The handle will be fixed.

TOPIC:
Force and Newton's Laws 

Concept:


 Action and Reaction


Time: 10 minutes

Experiment-5: To measure the action and reaction by applying force on a block
Material: A wooden piece l0 cm x 4cm x 4cm, Two spring balance 
Diagram:









Questions to test student’s understanding about action and reaction.

Q1. In the diagram given below, a force W is exerted downward by earth on a block placed on a horizontal surface and the force N is exerted by the surface on the same block, perpendicular to itself. The reaction force to W is

a. The force N


b. The force W- N

c. The force N-W

d. None of the above

Q 2: A book is at rest on a table. The earth pulls downward with a force FBE and this force is balanced by an equal and opposite force FRT. Are they forming an action-reaction pair?

How many action-reaction pair are involved in this diagram?

( Use the above diagram to draw forces)

Activity (a): 
1. Hook two spring balances together, showing scales in opposite direction. 

2. Use the spring system to pull the block.

3. Draw a free body diagram for block and spring system. 

4. Predict the reading on the spring balances.__________


5. Now pull one spring to pull the block.

6. Is the block applying a force?

7. Note down the reading on the scales of two balances. 

8. Draw action-reaction pair for spring block system

9. Repeat the experiment by increasing the weight

Exercise:

A:

1. Sketch a free-body diagram for a book resting on a table 

2. Label each force that is indicated in your diagram

3. What evidence do you have for the existence of each of the forces on your diagram?

__________________________________________________________

4. What observation can you make that allows you to determine the relative magnitudes of the forces acting on the book?

_________________________________________________________

5. How do you show the relative magnitude of the forces on your diagram?
B:

6. A second book of greater mass is placed on top of the first. 

7. Sketch a free body diagram for each of the books. 

8. Label all the forces as in part A

9. Specify which of the forces are contact forces and which are non-contact.

Activity (b): Balloon jet




Time: 30 minute
Materials: A balloon, drinking straw, long string 10 to 15 feet, scotch tape and two chairs. 
1. Place a chair on each side of the room. Pass one end of the string through the straw.
    Tie each end of the string to each chair

2. Blow up the balloon and tie it or pinch it in such a way that it is it is easily untied. 

3. Tape the balloon to the straw in a couple of places and push the straw near one of chairs.

7. Release the air in the balloon and observe it's motion.
Activity (c): 
To observe recoil force of balls 
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Materials: A 40cm x 40cm light weight wooden piece, 2 PVC pipes 15 cm long and 6cm

diameter, 3 nails 8cm long, ordinary rubber bands usually wrapped on news paper, a match box, a hammer to fix the nails, a meter scale to measure the recoil. 3 balls of different sizes 
and weights, spring balance and thread.
Activity

1. Fix the nails on the wooden board as shown in the diagram. 

2. Hook the rubber band between two front nails.

3. Stretch the rubber band by a thread and tie the thread with the 
    third nail so that rubber band makes a semicircle trap.

4. Weigh each ball with the help of spring balance.
5. Place one ball into semicircle trap.
6. Mark the initial position of board on the left side. 

7. If the thread is cut or burned by match stick, what will be the 
    direction of motion of the board and ball?     
8. Burn the thread by match stick and observe the movement of the board and ball. 

9. Measure the displacement of the board.

10. Repeat the experiment with other balls

11. Measure the displacement in each case and compare it with the weight of the ball
	Weight of the ball

M gm
	Displacement of wooden board x cm
	Comparison of weight and displacement
	Inference

	
	
	
	


Q: A worker pushes two crates, each of which on a wheeled cart that can roll with negligible friction. Following forces are involved in crates- worker system. 
1) Write down the force that is forming pair with each of the following.

F1w = 



F21=  


FWG = 
2) Draw the direction of forces acting on the system.
3) Which action-reaction pair is responsible for moving the crates.

Tutorial: 
(From “Tutorials in introductory physics” by Lillian C. Mcdermott and Physics Education group at University of Washington)

On Newton's second and third laws



Time: 45 minutes
I. Applying Newton's laws to interacting objects: constant speed

Three identical bricks or wooden pieces are pushed across a table at constant speed as shown. The hand pushes horizontally. (There is friction between the bricks and the table)


1. Call the stack of two bricks system A and the single brick system B

2. Draw separate free body diagrams for system A and system B. Label each of the forces in


your diagram by identifying: the type of force, the object on which the force is exerted, and


the object exerting the force.

3. Is the magnitude of the force exerted on system A and system B greater than, less than or equal to the magnitude of the force exerted on system B by system A? Explain

4. Would answer change if the hand were pushing system B to the left instead of pushing system 
A to the right?  If so, how?  If not why not?

5. Identify all the action-reaction force pairs in your diagram (Newton's third law).
6. What criteria did you use to identify the force pairs.

7. Rank the magnitude of all the horizontal forces that you identified on your free body diagrams 
in part 3.

8. Did you apply Newton's third law in comparing the magnitude of the horizontal force? If

so how?


II. Applying Newton's laws to interacting object: varying speed  
1. Suppose the bricks were pushed by the hand with the same force  


as in section 1; however the coefficient of kinetic friction


between the bricks and the table is less than that in section I.
2. Describe the motions of systems A and B. How does the motion compare to that in part I. 
3. 
Compare the net force (magnitude and direction) on system A to that on system B. 

4. Draw and label separate free body diagrams for system A and B. 

5. Rank the magnitude of all the horizontal forces hat appear on your free body diagrams in


4th step.

6. Describe explicitly how you used Newton's second and third laws to compare the magnitude of 
the forces.
Unit 4
Topic: 

Application of Newton's Laws 

1. Static Friction

2. Tension in the string

3. Tutorial on Tension in the string
4. Teacher’s notes (Appendix-1)






Time: 30 minutes
Experiment-1:   Static and sliding friction for various areas.
Materials: A piece wooden plank 20cm x 50 cm with smooth surface. Wooden blocks, spring scale, tape or screw eyes.
Activity:
1. Place a block on a smooth surface like glass.
2. Draw a free body diagram and label the forces.
3. Attach a spring balance and pull the 
block with a small force.
4. Is the block moving with this force?

5. If yes reduce the force.

6. If not, draw the free body diagram and identify the forces acting on the block _______.
7. What name do you give to the force that is balancing the applied force? __________________
8. Increase the force but a little so that block remains stationary.

9. Draw a free body diagram showing increase in the magnitude of forces.

10. Further increase the force and read the scale as the block just begins to move. 

11. Write down the reading on the scale _____________ .This gives static friction.


12. Is there any acceleration in the block when it starts moving? 

13. If yes, reduce the weight to let the block move with constant speed.

14. Note down the reading on the scale ________________. This is kinetic friction. 

15. Add one, two and three blocks and repeat steps above and record. 

16. Plot a graph of friction f against weight (must be same units).

Q. What can you conclude from your results concerning the relationship of weight and friction? 

Does surface area affect friction?
If your block is not equally smooth on all faces, attach fine sandpaper to each face as it is placed on the surface.

Measure static and kinetic friction as above by resting the block on different faces. Based on your observations, does area affect friction?
	Blocks
	Weight

W (N)
	Static fs
(N)
	Sliding fk
(N)
	Block

Surface
	Area of

face cm2
	Static f
	Sliding f

	1
	
	
	
	Widest
	
	
	

	2
	
	
	
	Medium
	
	
	

	3
	
	
	
	Smallest
	
	
	

	4
	
	
	
	
	
	
	


Inspect your results and describe the relationship between W and fs and between W and fk. ______________________________________________________________________
Questions:
1. With 0.95 coefficient of static friction between shoes and road, the greatest acceleration generated by a runner will be

a) amax  =  fs /m   ,  b) amax  =  N- mg / µ  ,  c)  amax = - µ x g  ,    d)  amax = N/(m xµ)
2. Will the soles of your shoes wear out (deteriorate) faster when hiking (long walks) or backpacking (long walks with weight on your back)? Explain.___________________
3. From your results, does surface area affect friction? Explain._________________________

4. If friction between a tire and the road is the same whether the tire is wide or narrow, what is 
the advantage of using wide tires?
5.Mountain bicycles use wide tires while racing bicycles use narrow tires. Explain.

Experiment-2 : Tension in the string



Time: 30 minutes
Objective:
To determine the tension in the string in two cases. 

a) When two equal weights are attached to two ends of a cord passed over a pulley. 

b) When a single weight is attached to one end of the cord and passed over a pulley and the 
other end is attached to the wall. This is shown below.
Materials:
 
Two equal weights, two cords 1.5 m long, a spring balance, two pulleys, screws to fix pulleys on a wooden board of size 20 cm X 40cm.
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Questions to investigate prior ideas about tension before performing the activity.

1. When two equal weights are attached to a cord that is passing over two pulleys, the tension in   the cord will be;

a. Zero



b. Sum of the weights


c. Average of the weights
d. Equal to one of the weights.

2. Draw a free body diagram for each weight on your sheet.

3. Draw a free body diagram for tension at the middle point of string.

4. What would be the spring balance reading for the magnitude of tension T? Explain.
5. In case ‘a’ and ‘b’, the spring balance will read the tension in the cord; 


a. Same
     b. Different because there are two weights in case ‘a’
          c. Not sure

Perform the activity to find tension in the cord.
Activity: ‘a’
1- For this activity use a wooden board of size 20cm X 50 cm and fix pulleys at the ends of board so that it can be placed at any table or stool.

2- Place the board on a table in such a way that weights can be hung over pulleys. Be

    sure that the board is in a horizontal position and on a level surface.

3- Tie the weights with the ends of the cord and pass them over two pulleys. 

4- Write down the tension ____________________


5- To observe the value of tension in the cord, cut the cord from middle and attach spring 
balance.

6- Note down the reading on the scale.

7- Compare with your predictions and explain


Activity: ‘b’
1- Tie one end of the cord to the weight and pass it over the pulley.

2- Hold the other end of the cord and keep it parallel to the board. 

3- Predict and write down the tension that you think would be in the string.


4- To observe the value of tension in the cord, cut the cord from middle and attach

    spring balance.

5- Note down the reading on the scale.

6- Compare your observation with your predictions

Here are some questions that will help you to create discussion in the classroom. 
Q1. A small sphere m is hung from the ceiling of an accelerating train by a string. The

string makes an angle θ with the vertical, as shown in the diagram. The acceleration a’ of the bob will be;       

I. a = g sin θ

II. a = g cos θ
III. a =  g tan θ
IV. a =  g cot θ
Q2. A real rope is hanging by one end from the ceiling. The other end dangles freely. If the mass 
of the rope is 100 g, then the tension is

a. 0.98 Newton along the entire length of the rope


b. 0.49 Newton along the entire length of the rope


c. 0.98 Newton at the bottom of the rope, and varies linearly to zero at the top of


the rope

d. 0.98 Newton at the top of the rope, and varies linearly to zero at the bottom of the rope

Q 3. A magnet is supported by another magnet as shown in the diagram


i) Draw a free body diagram for magnet 2.


ii) Label each of the forces on your diagram
 


iii) Describe the type of forces (i.e. gravitational, normal....) 


iv) Indicate the object that is exerting force.




Tutorial:



 Tension in the string

(From “Tutorials in introductory physics” by Lillian C. Mcdermott and Physics Education group at University of Washington)
I. Blocks connected by a rope:




Time: 45 minutes
1. Two blocks A and B are tied together with a rope of mass M.

2. Block B is being pushed with a constant horizontal force as shown at right.
3. Assume the there is no friction between the blocks and the table and that the blocks have already been moving 
for a while at the instant shown.

4. Describe the motion of block A, block B and the rope.

5. Draw a separate free body diagram for each block and for the rope.

6. Identify all the Newton's third law (action-reaction) 
force pairs in your diagram rope
	Free body diagram for block A


	Free body diagram for rope


	Free body diagram for B




7. Rank from largest to smallest, the magnitudes of the horizontal components of the forces on 
your diagrams. Explain your reasoning._____________________

8. Consider the horizontal components of the forces exerted on the rope by block A and B. Is 
your answer above for the relative magnitudes of these components consistent with your 
knowledge of the net force on the rope?

9.  Discuss the reasoning with your colleagues before proceeding.

II Now consider the blocks are connected by a light, flexible, and inextensible of mass      

   m< M

1. If the motion of the blocks is the same as in section 1, how does the net force on the string 
compare to the net force on the rope?

2. Determine whether the net force on each of the objects is greater than, less than, or equal to the 
net force on the object in section 1. Explain

The system composed of the blocks and the connecting rope or string

 3. Compare the horizontal components of the following pairs of forces.

4. The force on the string by block A and the force on the rope by block A. Explain

5 The force on the string by block B and the force on the rope by block B. Explain….

6  Suppose the mass of the string that connects blocks A and B becomes smaller and smaller. But the motion remains the same as in section I. What happens to?
7 The magnitude of the net force on that connecting string?
8 The magnitudes of the forces exerted on that connecting string by block A and B
9 A string exerts a force on each of the two objects to which it is attached. 
10 For a mass less string, the magnitude of both forces is often referred to as tension in the string.
11 If you know that the net force on a mass less string is zero, what if anything can you infer 
about its motion?
12 Is it possible to exert a non zero force on a mass less string?
13 Is it possible for a mass less string to have a non zero net force? Explain__________

Unit 5
Equilibrium of rigid bodies

· Center of mass

· Rolling up hill

· Tutorial on center of mass

· Teachers’ notes( Appendix-1)
Topic:

Centre of Mass and System of particles

Time: 30 minutes
Experiment -1: To observe and analyze the effect of motion of two trolleys on their center of

mass when placed on a wooden board balanced on a wedge

Material: A friction less aluminum railing 5 cm wide and 1 meter long, a wedge to

balance the railing, two trolleys or toy cars, and two bar magnets or cow magnets available at the toy shop, thread and scissor.

Diagram

Questions to investigate prior ideas about center of mass and velocity of center of 
mass of a system.

Q1: An empty can of cold drink is placed on a table







a) Place a dot to show the center of mass of a can.

b) Now fill the can with water and show the center of mass.

c) Show the center of mass for half filled can.

d) Will the center of mass change its position?
e) Show the center of mass for the same can when placed 

in horizontal position.

f) Roll the can on the table and draw center of mass for different positions


g) Throw the empty can or Styrofoam cup in air and draw the trajectory of the center  

                of mass during flight
Activity:
1. Place the railing on the wedge and balance it.

2. Mark a line on the railing to show the balanced point.
3. Tie magnets on each trolley with same pole facing each other

4. Tie the trolleys with a thread and place it on the railing.

5. Balance the plank carefully. This is a system of plank and trolleys balancing itself on the 
wedge

6. Where does the center of mass of whole system lie? Draw the diagram to show it.
7. What will happen to trolleys when the thread is cut? _____________
8. What will happen to the center of mass of the system?

9. Will it change its position? Explain 

10. If not Explain

11. Perform the experiment and cut the thread.

12. Observe the motion of trolleys and balance of the board

13. Note down your observation and compare it with your predictions. 

Experiment-2 To demonstrate the upward motion of funnel on inclined glass tubes.
Materials:  Two one meter long glass tubes of diameter 5cm similar to resonance tubes or tube 

                   lights, two glass funnels of normal size, scotch tape, wooden piece or books to 

                  incline  the tubes.




Activity:

1. Tape the two funnels to form a double cone.

2. Place a wooden piece of 15 cm high or a book and put the tubes on the book as shown in the diagram.

3. Keep the double cone at the bottom of tubes as shown in the diagram.

4. Predict the behavior of the double cone.  Will the cone roll downward or remain stationary?

5. Place the double cone on tubes and observe.

6. Compare your observation with your prediction.

7. Explain why the double cone is rolling upward.
8. Discuss the statement that “in this case the centre of mass is rolling upward”
Further Questions:

Q-1

Two objects of unequal are connected by compressed spring. The combined object is thrown vertically into the air. At the highest point of the trajectory the spring releases, resulting in one of the objects being projected even higher into the air; the spring remains attached to other object. Shortly after the spring releases, the centre of mass of the objects is 
a. Moving upward and accelerating upward

b. Moving upward but accelerating downward.

c. Moving downward but accelerating upward

d. Moving downward and accelerating downward

e. There is not enough information given to answer the question

Q-2

A neutron of mass mn is moving with velocity V m/s collides head on with a nitrogen nuleus of mass MN at rest and is absorbed. What is the velocity of center of mass of both objects before and after collision.
Tutorial
               Equilibrium of rigid bodies and Center of mass
         Time: 45 minutes
(From “Tutorials in introductory physics” by Lillian C. Mcdermott and Physics Education group at University of Washington)
Activity:
1. Drawing extended free body diagram 


2. Interpreting Center of mass 

1 A:

1. A ruler is placed on a pivot and held at an angle as shown at right The pivot passes 
through the center of the ruler. 
2. Predict the motion of the ruler after it is released from rest. 


Explain your reasoning.

3. Check your prediction by observing the demonstration

4. Is the angular acceleration of ruler is clockwise sense, in a 
counterclockwise sense, or zero? Explain how you can tell.

5. What does your answer imply about torque on the ruler about the pivot?

6. What is the direction of the acceleration of the center of mass of the ruler? 

7. If a cm = 0, state that explicitly. Explain how you can tell.

8. What does your answer imply about the net force acting on the ruler? Explain

1 B.
9. Draw the free-body diagram for the ruler (after it is released from rest). 

10. Draw your vectors on the diagram at your right 




11. Draw each force at the point at which it is exerted. 

12. Label each force by identifying:

· The type of force

· The object on which the force is exerted, and

· The object exerting force.

13. The diagram you have drawn is called an extended free body 
diagram.

14. How would your free body diagram change if the ruler were twice its original length and 

      the same mass as before? Explain
2. Interpreting Center of mass

1. A T- shaped board of uniform mass density has two small holes as shown. Initially, the pivot 
is placed through the right hole, which corresponds to the center of mass of the board. 

2. Predict the motion of the board after it is released from rest. Explain 

3. Describe the angular acceleration of the board. Explain how you can 
tell.

4. What does your answer imply about the net force acting on the ruler? 
Explain

5. Explain how your answers about net torque and net force would 
change, if there is appreciable friction between the board and the pivot and the board remains 
at rest.

6. Imagine the board is now hung from the hole to the left of the center of mass. 
7. Draw extended free body diagram. Indicate each force explicitly 

8. Explain how the diagram can be used to support you prediction for the motion of the board.

9. Obtain a T shape board and pivot and check your prediction by performing experiment.

Unit 6
 Topic: 
Conservation of Momentum and Energy
1. Bouncing balls

2. Impulse and force

3. Loop the loop

4. Apparent weight of a pendulum

5. Tutorial on Conservation of momentum & Energy

6. Teachers’ notes ( Appendix-1)
Experiment-1: To find the dissipated energy in inelastic collision. 
Concept:
Elastic and inelastic collision                   Time: 40 minutes
Materials:
Tennis Balls, plastic balls, bouncing and non bouncing rubber balls, Marbles, a stand with a clamp and meter stick.
Questions to know prior ideas about conservation of momentum and energy. 

Q1: When spherical balls collide, they behave like springs.

a. true

b. false

c. not necessary

Q2: When you push a ball's surface inward, it exerts an outward restoring force

a. true

b. false

c. not necessary

Q3: When you do some work on the ball to distort its surface, it stores some of this work as

elastic potential energy and when you let the ball return to its equilibrium


shape, it releases that stored energy.

a. true 

b. false

c. not necessary

Q4:  When the ball strikes the surface it converts some of its kinetic energy into

a. elastic potential energy plus thermal energy

b. elastic potential energy plus thermal energy and some other form of energy 

c. thermal energy plus some other form of energy

Q5: Draw a free body diagram for a ball while it is in contact with the surface during collision.

Activity:
1. Place all types of balls on a table whose height is known.
2. To drop the balls from a fixed height, use a stand and place the ball into the clamp.

3. Loose the clamp and note the height of rebound ball.

4. One by one release the balls from fixed height and note down the height attained by the 
    balls after colliding the surface with the help of a meter stick.
Observations
	No of

observa

tion
	Type of ball
	Height h1
from which the

ball is

dropped h1
	Calculate final

velocity by

equation

mgh =½ mv2
	Height h2
attained by the

ball after

colliding the

surface 
	Calculate the

loss of energy

	    1
    2

    3
	
	
	
	
	


5. Find loss of energy for each ball. 
6. Compare the percentage of loss of energy with the percentage of loss height from which it was 
dropped.

7.  Explain the percentage loss in height _______________________________________
8. Explain the role of material of the surfaces in contact with the loss of energy. 
8.  How do you interpret this loss in height? Explain.

9.  Can you apply first law of thermodynamics to this situation?
10. If yes, apply and explain……………….

Experiment-2: Impulse and Force

              

Time: 45 minutes

Impulse is the change of momentum. Force is the rate of change of momentum. 3 marbles of different mass roll down on a ruler. As the marble rolls down, it picks up speed. We say it is accelerated. You will investigate two things:



1. Does the bigger momentum (mass x velocity) cause a bigger ‘punch’? 

2. Does speed of the object change with changing angle of incline? 
Materials:

A 5-8 cm wide clear glass pipe or a smooth grooved ruler (30 cm), 2 small smooth and almost weightless plastic cups, 3 steel balls or marbles of different sizes, small wooden blocks or sheets of paper to raise one end of the pipe, paper, masking tape to fix one end of pipe on the paper.

Activity:
1 Raise one end of the ruler by 1-1.5 cm using the block. Measure the height of the block near the edge with a ruler. Place a white paper under the other end of ruler, place a piece of masking tape


across it to fix its position. Put a small inverted plastic cup in contact with the ruler and mark its position by a small point on a line.

2. Release the smallest marble at the top end of the ruler so it rolls down and hits the cup (do not push the marble). The cup will move some distance. Mark and measure the distance dl that. the cup moved. Enter dl in the table.

3. From the same height of the ruler, release the medium size marble #2 and record the distances 
d2 moved by the cup. Repeat for the biggest marble #3 and record d3.

4. Raise the height of the ruler by ~0.5 cm using a bigger block and repeat the above steps 1 -3.

5. Raise the height again by ~0.5 cm again and repeat the above steps 1 -3. You will have 3 sets, 
A, B, and C of data for each of the 3 heights. 

Data Table:

	
	Marble

#
	Height from

which the marble

rolls
	Distance moved

by cup
	Order of distance

from biggest to

smallest

	SET

A
	I
	        1.0 cm
	dl=
	

	
	2
	
	
	

	
	
	
	d2=
	

	
	3
	
	
	

	
	
	
	d3=
	

	SET

B
	1
	        1.5 cm
	dl​
	

	
	2
	
	
	

	
	
	
	d2=
	

	
	3
	
	
	

	
	
	
	d3=
	

	SET

C
	1
	       2.0 cm
	dl​
	

	
	2
	
	
	

	
	
	
	d2=
	

	
	3
	
	
	

	
	
	
	d3=
	


Examine set A

6. What is the speed of the marbles as you release them at the top? 

7. Is the speed of the marbles at the bottom the same as at the top? 

8. If the speed at the bottom is different from that at the top, what can you say about the motion 
of the marble? Is it uniform or accelerated? _____________________

9. What makes the marble roll down? _______________________ Is this acceleration the same 
as that of a freely falling object or do you think it is more or less? ________________
10. From your observation of the d1 in sets A, B, C, does the angle seem to have an effect? What 
do you conclude, is a bigger angle causing the marble to produce the same or bigger ‘punch’? 
11. The acceleration of the marble as it rolls down is given by "g sin θ”. How will you measure 
  sin θ if you want to calculate the acceleration of the rolling marble?________________
12. Compare the distance moved by each marble for the 3 situations in the sets A, B, C. In which 
 of the 3 sets is the marble moving fastest before hitting the cup? ______________
13. All marbles undergo the same acceleration (g sin θ) and therefore arrive at the bottom of the incline with the same speed. Examine one set. If all marbles have the same speed at the  bottom of the track, why then does the bigger marble give a bigger distance?
_________
14. With the given setup, what will you do to obtain a bigger "punch" to the cup from the same 
  marble? _____________________

15. If you taped a 20 gram mass to the cup and repeated the above experiment, what difference 
 would you expect to observe?

If the groove in the ruler is rough, what effect do you think this would have on your experiment and why?

This activity is good to give the distinction between force and impulse. However, we have not considered the effect of rolling of balls.

Experiment-3: 
Conservation of energy


Time: 45 minutes
 (a) By releasing the metallic bob from different heights along a track of 4 or 5 loops, determine the velocity of a bob that stays on track.
(b) To find the magnitude of velocity of the bob that continues its motion inside the loop without falling out of track.
Materials: A track with loops having a straight track of 80 cm long as shown in the diagram. The other end of the track is kept horizontal. A bob of 2 cm diameter and a meter scale to measure the height.
Diagram: 


A









  D 





      
    C
       B

Activity:
1. Place the track in an inclined position approximately making an angle of 80 degree with the

    horizontal.

2. Measure the maximum vertical height from which the bob can be released. Release and observe it rolling through loops ( be happy when it goes through all loops).

(a) To find the velocity of the bob:

3. Draw a free body diagram when the bob is about to be released from point A on the track. 

4. Write down the magnitude of acceleration with which it is coming down ____________

5. While falling from point A to point B, the apparent weight of the ball will be 

a) Increasing 

b) decreasing 


c) same

6. Give reason for you answer __________________

7. Draw a free body diagram at point B

8. At point B, calculate the velocity of the bob (the velocity of the bob will be maximum). ___

9. Passing from point B, the bob will start rising into the loop

10. Draw free body diagrams for the bob while passing through point C (on one side) and point D 
which is at the top of the loop.

11. Let's concentrate on point D.

12. At point D what is the direction of normal force N in your free body diagram? ________

3. Apply Newton's second law of motion to the bob at point D, and write the equation. 
14. The bob is moving around the circle, what type of acceleration will it have? 

15. Rewrite the above equation by including the acceleration.

16. If the bob leaves the track at point D, does the normal force N affect the motion? 

17. What value of acceleration will keep the bob on the track at point D?
a) mv2/R > mg 
b) mv2/R < mg 
c) mv2/R = mg 
d) mv2/R > mg

18. Find the minimum value of v2 for the bob to stay on the track.

19. Apply law of conservation of energy and see if ‘v’ satisfies the condition.

(b) To find the height from where the bob may be released to complete the circle:
a. Now measure the inner diameter D of loop by meter scale and note down in the table. 

b. Release the bob from height equals to D, 2D, and 3D....

c. Observe the bob's motion in the loops

d. Find the velocity of the bob that let the bob to pass through the upper part of the loop.
	No of

Obs.
	Releasing

height of

bob
	No of loops it

Covered
	Velocity of the bob
	Inference

	
	
	
	
	

	
	
	
	
	


Exercise:

1. Calculate the height "h" of straight track of a roller coaster from which the car should be 
released so it will make the circle.

2. Find approximate weight of a person at lowest point of the circular track and at highest point.


Topic:

Conservation of Momentum and Energy
Experiment 4: The apparent weight of a suspended object while it is swinging.

Materials: A spring balance of 500 gm maximum range, 5 hanging masses of 50 gm and an 80 cm long string.

Some questions for the explanation of theory. 

Q1. Draw a free body diagram of the pendulum when it is at equilibrium position and at extreme position
Q2: A swinging pendulum clearly explains the conversion of kinetic and potential energies. When 0 is very small K.E = P.E. 
But for a measurable angle 60 degrees, the potential energy at extreme 
position where velocity equals to zero, will be
a. mgl sin θ0

b. mgl ( 1- sin θ0)


c. mgl ( 1- cos  θ0)


d. mgl cos θ0
Q3: For the same pendulum, the velocity of swinging pendulum at the bottom of the swing will be


a. v=√2g1( l- sin θ0)


b. v= √ sin θ0

c. v= √ cos θ0

d. v=√2g1( 1- cos θ0) 

Q4: When the swinging pendulum is at the bottom of swing, the upward centripetal acceleration ‘      

         a = v2/ 1 will be


a. a= 2g ( 1- cos θ0 )


b. a= 2g ( 1- sin θ0)


c. a= 2g sin θ0

d. a= 2g cos θ0
Q5: At the bottom of the swinging, there will be an apparent increase in the weight of the

object. The apparent weight will be 

a. w’ = mg ( 3- 2 cos θ0) 

b. w’ = mg ( 1- 2 cos θ0) 

c. w’ = mg ( 3- 2 sin θ0) 

d. w’ = mg ( 1- 2 sin θ0)




Activity:
1. Tie one kg weight with the string and other end of string with scale.

2. Hang the scale to a stand ( A long pendulum is desirable so as to slow down variation


in scale reading

3. Swing the pendulum by keeping the angle 30 degree with the equilibrium position.

4. Note down the weight at extreme and at the bottom. 

5. Change the angles and note the value of weight
	No: of

Observation
	Angle of the pendulum

with equilibrium position


	Weight at the

extreme

position
	Weight at the

bottom

	1

2

3

4
	30

45

60

θ0
	
	


Q6: A pendulum is swinging. When it is at the lowest position, as shown below, 

tension T of a string will be; 

a. T > W 

b. T = W 

c. T< W




Q7: Would you be in trouble when you try to swing from the tree top with the help of a strong rope? Have fun....

Exercise:

1. A pendulum reaches the lowest point in its path, the string is cut. What is the most probable path the pendulum bob will follow?

_________Draw the swinging pendulum with bob when it is at lowest point in its path

_________Show the direction of velocity at this position on either side of swinging

_________Draw the path of the bob after cutting the string

_________ Explain the path that will be followed by bob.

2. Discuss the difference between the physical content of the two laws F = ma and F = mg. (Do NOT just give a one sentence statement describing each. 
3. Think about what they mean and how they are used. Are they similar in some ways? Are they different in some ways?

             Unit 7
Rotational motion of rigid bodies
1. Dynamics of rigid bodies

2. Bicycle gyroscope 
3. A gyroscope CD

4. A toy top to study torque and angular motion
4. Tutorial on rotation of rigid bodies

Experiment 1: Demonstration of Bicycle Wheel Gyro

Time: 40 minutes
Topic: The relationship between torque and angular motion.
 A bicycle wheel acts like a giant gyroscope.
Material: A bicycle wheel, preferably with the rubber tire still on, 2 handles (Plastic or wooden handles) A low friction rotating stool or platform. (Typing or computer chairs often work well.) Adult help (some one strong enough to hold the wheel), and a rope.
Activity: Setting of the bicycle wheel.

1. Screw the handles on to each side of the wheel's axle. You may have to remove the outer nuts to clear enough axles for the handles. You may want to put plastic spoke guards on the hubs first to protect your fingers from the spinning wheel. If you have the eyebolt, drill a hole in the end of one handle for it. Mount the screw eye in the hole.

2. Hold the wheel by the handles while another person gets it spinning as fast as possible. Sit on the stool with your feet off the floor, and tilt the wheel. If the stool has sufficiently low friction, the stool should start to turn. Tilt the wheel in the other direction.
3. Get the wheel spinning, and then use the eyebolt in the end of the handle to hang the wheel from a hook mounted to the free end of rope. Hold the wheel so that the axle is horizontal, and 
then release it. The axle will remain more or less horizontal while it moves slowly in a circle.

4. Perform the experiment by hanging some weight first at one side of handle and then on the 
other side of the handle and observe the behavior of wheel.

[image: image8.jpg]



Classroom activities. 

Activity (a): A gyroscopic CD



Time 10 minutes
Materials: Length of string about three or four feet, a match stick, a CD 
Performance:
1. Tie one end of string around the middle of the toothpick and thread it throughout the hole in the CD.

2. Hold the other end of the string and suspend the CD a few inches above the floor. 3. Start the CD to swing slowly from side to side like pendulum. 

4. Note down the movement of CD __________________.
5. Now try it again, but this time hold the CD level and give it a spin 

6. Note down your observation___________.


Activity (b):
A toy top to study torque and angular motion

Material:
A toy top and string                       Time: 40 minutes
Performance:

1. Try to place the toy top in upright position on the table 

2. Why does it fall? Analyze the situation……………….


3. In this situation, is there any force that exerts a torque on the top? Draw a force diagram
4. What is the role of gravitational force W? Is it applying a torque? 

5. How? Explain_____________________________________________________

6. If the gravitational force W is applying a torque, write down the equation for the that torque τW=   ___________


7. Due to this torque τW, is there any angular momentum?

8. If yes, write down the equation for change in angular momentum for this angular

    impulse i.e. τW X Δt.

9. In what direction the top will rotate.

10. Why the top will fall. Discuss by drawing diagram

___________________________________________________________________

Now consider the case when top is given a torque to spin with the help of string.
11. Explain when the toy top is spinning, how the situation is changed. Explain by drawing a vector diagram of the top. Discuss with the teachers
12. While the top is spinning, consider an initial angular momentum L; for time t1 _

13. What is its direction of L; with the torque τ? Explain


14. At instant t2, suppose there is an angular momentum Lf, what is the direction of Lf? 

15. Do Li and Lf have same direction with torque?


16. Write down the equation for change in angular momentum for Δt.

17. What is the role of this torque in changing angular momentum? 

18. Is this changing direction only or magnitude also? 

19. Explain____________________________________________________.
20. Describe the whole situation and explain briefly why the top does not fall.
Tutorial: 
(From “Tutorials in introductory physics” by Lillian C. Mcdermott and Physics Education group at University of Washington)

Concept:
Dynamics of rigid bodies



Time: 45 minutes

Experiment: 
To distinguish between net torque and net force 


Materials:
Two spool of thread and meter stick 


Diagram;
Activity:





   A


B

1. Take two identical spools of thread and hold them 
      apart but at the same height above the floor. 

2. Tie thread from spool A to a support.


X

X
3. Spool B should be held without any support. Both should at the same height.
4. Draw an extended free body diagram for each spool just at releasing 
5. Which spool will reach the floor first? Explain your answer. 

6. Predict that the spool A will strike the floor.
7. a) to the left of the X      b) to the right of the X        c) at X by falling straight

8. Describe how the net force is related to the individual forces on a free body diagram when the forces are exerted at different points on the object .
9. Perform the activity

10. Release the spools from same height
11. Observe the fall of both the spool. Distinguish their fall. ____________________________
12. Suppose spool A takes time t1 to hit the ground and spool B takes t2.  Write equations for t1 and t2  for height ‘h’. ______________________________________________________ 
13. Compare the magnitude of the acceleration of the centre of mass (k) of spool A compare to that of spool B?
14. Is this consistent with your free body diagram? Explain __________________________
15. Why both spools have different acceleration.
16. How does the magnitude of acceleration of the centre of mass (acm) of spool A compare to 
that of spool B? ____________________________________________________________
17. Write down Newton's second law for each spool by considering mass of each spool as m and acceleration as acm ___________________________________________________
18. Write down the rotational analogue to the second law of motion._____________________
19. Express your answer in terms of the relevant rotational quantities i.e., in terms of angular acceleration α, the rotational inertia I and the torque τ. ______________________________            
20. Express the torque in terms of the individual forces and appropriate distances.
Exercise:

21.You have observed that the time is different for fall of two spool.
22. Write down the equation for torque for spool A if the height from where the spools are dropping is known to you, τA = _______________________________
Equation for Spool B τB =
Unit 8
Fluids (Static and Dynamics)
1. Air pressure demos

2. Balls and hair dryer

3. Tutorial on air pressure

4. Teachers’ notes

Topic:

Fluid static

Experiment 1: 
Air pressure demos

Material: 
A hammer, 2 long thin wooden strips (50cm x 3 cm), 2 sheets of note book paper and of news paper.

Activity:


1. Place the wooden plank on the table with 20 cm sticking out.

2. Cover with 2 sheets of notebook paper and press to remove the air from under the sheets.


3. Record the area of a sheet.___________________________________________

4. With the hammer, strike the extended portion of wooden slat. 

5. Record what happens_______________________________________________

6. Replace the paper sheets with two sheets of unfolded news paper fully spread over the wooden slat with air removed from under it. 

7. Record the area of the news paper.______________________________________


8. Strike the extended portion of wooden slat.


9. Record what happens._________________________________________________

	
	Notebook paper m2
	Unfolded newspaper m2

	Area of paper

Atmospheric pressure

Force upon the paper

Does wood break
	101,300 N/ m2
	I01,300 N/ m2


Questions:

1. Is air pressure the same on notebook paper and newspaper? Explain

___________________________________________________________________________

2. Is force the same on notebook and newspaper? Explain

___________________________________________________________________________

3. Explain the reason for the wood breaking

4. Since air pressure is independent of surface are, why do large ships require large sails? 
2. Pressure Differentials:





Time: 20 minutes
Materials: Shallow dish, candle matches, drinking glass,  

Perform the activity:

1. Place a lighted candle in a basin and half fill the basin with water. 

2. Mark the level of water in the container.

3. Invert a tall glass over the candle and mark the initial level of water by a line on the glass.

4. Observe the flame and level of water n the glass and record.

5. Water level in the jar at the beginning____________________________________________

6. Water level after 5 sec ___________________________________________________

7. Is the flame burning at 5 sec? yes/no ______
8. In figure B, note the level at which pressure is maximum____________ and the level at which it is minimum.

3 Observing the effect of pressure difference



Time: 30 minutes
Materials: One hard boiled egg, a bottle that has mouth little smaller than the                              

                  diameter of the egg, matchbox, some pieces of paper.
Diagram:


Perform the activity:
1. Peel the shell from a hard -boiled egg.

2. Crumple a piece of paper, light it with fire, and quickly put it inside the bottle.

3. Immediately place the egg over the mouth of the flask so that it touches the mouth of  


  the bottle. 

4. Observe the egg fall in the bottle.

5.  Why the egg fell down in the bottle? _______________________________________
6.  Is this b/c of the hot bottle that got expanded and let the egg in? Yes / no _________

7.  Is this because of the pressure difference between outside and inside of the bottle? Yes/no. Explain _________________________________________________________

8.  If it is the pressure difference case, where is the pressure greater outside bottle or inside the bottle? Describe the effects of pressure difference in this case. _______________________________________________________________________

9. What principal of physics will you apply to bring the egg out? _____________________

10. How will you create a pressure difference? By sucking the egg or by blowing air inside the bottle with mouth.

11. Turn the bottle upside down and bring the egg at the mouth of  bottle and grip the mouth tightly by your mouth. 

12. Blow air in the bottle by your mouth. 

13. What happened to the egg. Did you get it back the whole egg?

14. Have fun!!!! 
Questions:


1. Was the water in part l pushed or pulled into the jar?


2. Was the egg pushed or pulled into the bottle?


3. What causes a reduction in air pressure inside the container in the two cases? 


4. Explain how a syringe draws withdraws blood.___________________________


5. Where is the pressure higher and where lower? 


6. Are fluids pushed or pulled by suction in straws?


Topic:

Fluid Dynamics
Experiment 15: Application of Bernoulli's Theorem:  
Activity (a) To suspend a ball 
in the stream of air
Materials:
A ping pong ball, hair dryer
Here are some questions about the basic ideas before performing the experiment.


Q: When the ball is suspended in the air stream, the air flowing upward hits the bottom of the ball, predict about the flow of air stream:
Is it going to slow down the ball?

If yes, what will happen to the air pressure under the ball?
What is holding the ball up against the pull of gravity? the
 pressure under the ball should be _________________
Activity(a):
1. Blow a stream of air straight up.

2. Carefully balance the ball above the air stream.

3. Pull the hair dryer slowly out of the flow.

4. Note down your observation when only half the ball is out of the air stream.

5. Can you feel the ball being sucked back in? Explain


6. Let the ball go of and note down the observation.

7. Does it oscillate back and forth and then settles down near the center of the air stream? Explain the phenomena


8. With one hand, pull the ball partially out of the air stream.

9. With the other hand, dangle a piece of tissue paper and search for the air stream above the ball.

10 Note the movement of the ball.

11. Does it deflect the air stream outward?
12. Can you feel the deflected air stream hitting your hand?_____________________

13. Tilt the air stream to one side

14. Can the ball still be suspended?________________________________________

15. Balance the ball in the air stream and then move the blower and the hall toward a wall (try the corner of a room).

16. Note the great increase in height of the suspended ball.

Ask the students to perform following activity and discuss it in your classroom. 
Activity (b): The Bernoulli's effect.

Materials: glass of water, drinking straw and single edged razor blade 

Activity:

1. Carefully cut a slit, crossways in the straw about 10 cm from one end. Be sure not to   cut all the way through.

2. Flatten the longer part of the straw and bend it at the cut.

3. Put the short length in the glass of water so that the bend is just above the surface of the water and at the far edge of the glass

4. Blow hard through the straw.   5. Write down the observation.              
Air


Tutorial

To analyze pressure inside liquid filled in a container.  

Time: 40 minutes

1. Applying Newton's laws to liquids

A rectangular container filled with water is at rest on a table as shown. Two imaginary boundaries that divide the water into three layers of equal volume have been drawn in the diagram. ( no material barrier separates the layers)


A) For each layer draw a free body diagram in your sheet. Label for each force should 
indicate:

· Type of force

· The object on which the force is exerted

· The object exerting the force

B) 1.Rank the magnitude of all vertical forces you have drawn in the three diagrams from largest to smallest.

2. Explain how you determine your ranking.

3. How does the weight of layer I compare to that of layer 3? 4. Consider the liquid as incompressible.

5. How do you define incompressible liquid?

C) Imagine that a small hole is opened in the container wall near the bottom of each layer. 6. Explain what will happen to the wall near each hole.

7. Check you prediction by observing the demonstration. Record your observations by drawing a sketch.

8. What do your observations suggest about:

9. The existence of horizontal forces on the three layers of waters in part A?.

10 The relative magnitudes of the horizontal forces on the three layers? 

II: Pressure and force

A. Recall the relationship between force and pressure.

1. Which force would you use to determine the pressure at the bottom of layer 2? 

2. Refer to your free body diagram and explain your reasoning 

3. Which area would you use to determine the pressure at the bottom of layer 2?
 B.

1. Suppose you wanted to determine the pressure at the top surface of layer 1.

2. Which force would you use to determine this pressure?

3. If necessary modify your free body diagrams to include this force.

4. Three points L, M, and N are marked at the bottom of the three layers. 

5. Rank the pressure at points L, M, and N.

6 Explain how your answer is consistent with your ranking of forces in section 1. 

7. Describe mathematically the pressure P, at a point in an incompressible liquid. 

III:

1. Now draw an imaginary boundary that outlines a small volume of water. 

2. Draw a free body diagram for a small volume of water separately. 

3. Compare the magnitudes of the horizontal forces that you have drawn
Appendix-1

Teachers’ notes 
Unit-1:


Motion in one dimension
Position, displacement, velocity and acceleration in one dimension are the basic concepts of kinematics and their relationships are important to understand physical phenomena for further study in physics. Here in this unit we have emphasized equations and graphs which are more important for conceptual understanding. Our objective of introducing activities is to enable students to clearly recognize the type of motion that is either represented by a graph or an equation while studying mechanics. Also, we have presented different activities in order to develop students’ various learning skills.

The experiments have been designed to develop students’ process skill. Following are the guidelines for activities.
· Provide the materials and help the students in setting the experiment and instruct them how to start. Groups of six students are recommended.

· Before starting the activity ask the students to discuss the questions and write down the answers. Carefully check the answers but do not discuss with them. Encourage every student to participate in discussion.

· If you have a class of 200 students, set up the experiment at the table in front and perform it. Ask the students to observe it and ask them to write the answers of questions in 10 minutes. 

· Select a group of six or more students if you have enough stopwatches and let them perform the experiment. Because each student has a stopwatch, a data of six or seven readings can be obtained in 5 minutes. Ask them to perform three times and take out the mean value of each set of observations.

· Draw the observation columns on black board and ask students to write their noted observations in the column of position and time. Also ask whole class to copy down the data. from black board

· Supply graph paper to each student for plotting graphs 

· Open discussion among students.

· Tutorials can be assigned as homework.

Unit-2:


Motion in two dimension
Throwing a ball in air is the common example of motion in two dimensions. To show the trajectory to the students take a water pistol and shoot out water in horizontal direction from it and explain why water is following a curved path.

· In prediction questions, carefully observe how students draw the trajectory of both the balls. It has been observed that most of the students and teachers draw the position of the balls for each second at equal spacing. You should have a copy of strobe photo with you from the book to show the class that the spacing between the positions of both the balls is increasing when coming down. Why it is so? Discuss with student and also show that both balls are at same height from the ground at each interval of time.

· Open the discussion on free body diagram. Collect their ideas to reveal misconceptions. We will appreciate if you send us students’ own thoughts about force.

· In tutorial 1, introduce vector methods to understand position, velocity and acceleration in two dimensions by drawing a three dimensional coordinate system.

· A card paper sheet pasted at board and paper arrows will clearly help students to understand change in position or velocity vectors and their directions.

· Tutorial 2 is purely for BSc students. Before giving exercise discuss with your colleagues. The best way is to use paper arrows for this exercise. Arrows should be cut according to magnitude. 

· The purpose of these tutorials is to open the discussion among teachers also.   
A
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Unit-3:


Force and Newton’s Laws
Clear understanding of concept of force and motion is very important for students at this level. Students own thinking about moving objects drawn from common observations mislead their understanding.  Before performing any activity, students should be asked to answer the prediction questions.
Students always try to relate force with the velocity. Some questions are given in exercise for students to understand this relationship. Pay attention to the answers given by the students and create open discussion. Concept of inertia should be clearly explained to students with activities given in the manual.

Table cloth removing activity requires some practice. The cloth should be smooth and pulled downward under the objects placed on it with a jerk.  

We have not designed experiment for second law but we expect you to discuss balanced force and net force with your students. The questions given with activities reveal their misconceptions. We request you to document the answers of these questions as a data for research in physics education. 

Tutorial is based on second and third laws of motion. Practice to draw free body diagram of moving objects will increase students’ deep thinking on the subject.

Start the balloon jet activity to attract the students’ attention. Third law of motion is simply recited by students as “reaction is always equal and opposite to action” without learning that there must be two bodies.

There are two questions, asking to recognize action & reaction pair of weight W and normal reaction N. Explain to students that W & N are not forming action reaction pair. We suggest you to follow Halliday Resnick and Krane’s book and discuss with students.

Three wooden blocks are recommended to show how the applied force by hand works to move the set of block system on a smooth plane.

Tutorials should be performed by each student in the class. Discuss each step of tutorial with students.   
Unit-4:
Application of Laws of Motion
Force is not imaginary or an unseen agent (as written in our secondary school level textbooks) that changes the position and remains with the moving object. Students keep these wrong ideas in their minds and do not accept teachers’ explanation. They avoid reasoning and memorize facts. To scrutinize the answers of prediction questions and compare the answers after activity is very important. It will help in assessing the activity’s effectiveness for understanding concepts. 
Here in the application of laws of motion, we tried to build the concept of force through simple activities and exercises.

Friction and tension are the example of contact force. Normal force exerts on a body when another body pushes it. Microscopically, these forces originate with the forces exerted by one atom on another. This microscopic basis is ignored and we use single effective force of a specified magnitude and direction. It is important to tell the students what is happening at microscopic level when bodies are in contact. 

While using blocks for finding relationship with different surfaces in contact or with different areas, care should be taken in keeping the block in straight position and string parallel to the surface. Sometime the block, when starts moving, it changes its direction slightly and students find that applied force depends on area of a sliding object which is wrong. It should be performed carefully with all precautions. String should be straight and parallel to the surface. 

During performance of experiment, explain the difference between static and dynamic friction and discuss the results with the students. Explain what objects have greater static equilibrium and low dynamic equilibrium. Also explain their advantages. This explanation is important to solve the questions given in the activity. Mention that bicycle has low static equilibrium and greater dynamic equilibrium.  
Tension in the string has many misconceptions among students. The difference between net force and tension in the string should be explained during the performance of experiment. Open a discussion among students about how tension is created in the string. 

Tutorial helps the students to understand how objects like blocks or other act like a system when applied by single force.  By resolving the interactions between different blocks, one will find an effective value of force that will keep the system in motion.
Unit-5: Equilibrium of Rigid Bodies
The purpose of introducing activities on equilibrium of rigid is to provide clear understanding centre of mass and its behavior during motion. Define centre of mass and explain that centre of gravity in a uniform field is same as the centre of mass. The activity of toy cars and magnets explains that centre of mass of a system remains same either the cars are in rest position or in motion. If one of the cars is loaded with some weight they will cover different distance but will remain in equilibrium. Explain them why it is so.
This activity should be performed in the class to create interest among students Explain when the system of many bodies remains in equilibrium. 

Help the students to design a method to obtain centre of mass of empty can and filled with water and half filled water. 

Also use Styrofoam cups to find centre of mass

Discuss the answer of the question 2 that velocity of the centre of mass will remain same before and after collision. Apply law of conservation of momentum.

Demonstration: To show that bodies can move up on the inclined plane if released from the bottom will be an interesting demonstration. Take a ring of 30 cm diameter and place some clay in side the ring. Prepare an inclined plane by putting smooth wooden plank of 1 meter long on a book of 10 cm thick. Now place the ring in such a way that the clay attached to the ring is upward and hidden from students. As you place the ring, the clay side will try to move downward and the ring will start moving up the incline plane. Discuss the phenomena with the students and tell them the centre of mass always lower toward the earth. Then keep the ring without clay on the incline plane. Ask the student why it is moving downward. An empty can of 2 liter oil will work perfectly.

Tell the students, that if an object is tipped or slightly disturbed and it comes back to equilibrium position. It means that its centre of gravity is raised to higher position and its potential energy is increased. If an object does not come back to equilibrium position means that the centre of gravity is lowered. A turning effect will be produced and the object will tumble down.

The tutorial is also based on the concept that the bodies which are not in equilibrium their centre of mass lower the body toward earth or a gravitational torque acts to turn the body.  

Many examples can be presented for this concept.

Take a wooden stick which is thick at on end and thin at the other end and find the centre of mass by balancing it on a wedge. Cut the stick from the centre of mass and ask the student that whether these pieces have equal weight or not. Discuss with the students and note down their answers to know students’ own perception about centre of mass.

Unit-6:  Conservation of Momentum and Energy
A simple experiment is given for demonstration of conservation of momentum and energy.

1. Buy one meter long railing from hardware shop that hardly cost 20 rupees.  Place same size of 6 steel balls on the railing.

2. Pull out one of the ball and hit the stack of balls with that ball.

3. Observe the behavior of the balls.

4. How many balls come out from the stack?

5. Increase the number of hitting balls and observe the number of coming balls.

6. Before performing the activity, ask students to predict about the balls coming out.

This simple activity clears the students’ concept about conservation of linear momentum. 

All the activities given in this section are important for concept building. Usually Students memorize the definition of impulse, momentum and force without knowing the relationship between them.

A traditional game of glass marbles will attract the students’ attention instead of talking about billiard ball game in the class.

During workshop we have shown you a track of 4 or five loops. This loop was purchased from motor car workshop. This was the shock absorber of a truck and the two ends were straightened up to have a long vertical and horizontal track. That cost about 600 rupees. You may easily construct a one loop track by taking help from a motor workshop. 

We always ask students to keep the amplitude of the simple pendulum very small by telling them that we want a straight line motion of the bob. But we ignore the discussion about large amplitude of the pendulum. There are some questions based on  theory of the experiment. The question 1 asks about potential energy at maximum position where velocity is zero. Force diagram at mean and at extreme position should be drawn by the students. The correct answer is ‘c’. Once you find the answer of first question correctly other questions will easily be solved. 

Unit-7: Rotation of Rigid Bodies
An activity of two thread spool is given as tutorial for students to let them clearly distinguish between net force and net torque. Ask the students to observe carefully the movements of spool A when it is released. Discuss types of motions the spool A has. Emphasis should be on free body diagram will allow the students to understand the concepts of force, torque and their relationship.

There are three activities on gyroscopic motion. A used CD, a simple toy top and a bicycle wheel.

What is gyroscope? Explain the role of angular momentum to students by free body diagram during activity or demonstration.

For a perfect demonstration of gyroscopic motion, the wheel should have very low friction between its axle and rim. Do not remove the tire and tube of the wheel. Fill some water through the valve by using syringe in order to increase its inertia.

Explanation:

Gyroscope is a very sophisticated instrument with very low friction. It is designed to use in inertial guidance systems for planes, rockets and ships. 

Suppose the wheel is not spinning. By holding the rope at one end and releasing the other end, we observe that the wheel will hang down. The gravitational force ‘w’ will exert a torque on the free end of the wheel. The initial angular momentum Li is zero. The torque will produce an angular momentum Lf  in a time Δt; 

Lf = τ . Δt

Since the torque τ = r x w and the resulting angular momentum are directed perpendicular to r and w the wheel rotates clockwise and falls.

In the situation when wheel is spinning, there is an initial angular momentum Li along the wheel axis and also τ is perpendicular to Li. After a short time there is a final momentum is 

Lf = Li + τ . Δt. 

Since τ . Δt is perpendicular to Li , τ acts to change the direction but not the magnitude of the angular momentum. Thus Lf and Li have the same magnitudes but different direction. The torque causes the angular momentum and the wheel to precess in a circle.

Draw a clear diagram while explaining the wheel gyroscope. You may apply it to toy top. Bring the toy top and discuss the physics when it is at rest and it is in motion.

Unit-8:

Fluid Static and Dynamics
Pressure in static fluid and also dynamic fluid requires clear understanding of application of Newton’s laws. In this module, activities explain the relationship between force and fluid pressure.

The explanation of ping pong balls and hair dryer activity is provided by the Bernoulli principle. 
If you pull the ball far enough out of the air stream, then the air flows over only one side of the ball. In fact, the air stream speeds up as it flows around the ball. This is because the middle of the ball sticks farther into the air stream than the top or bottom. Since the same amount of air must flow past all parts of the ball each second, it must flow faster where it is pinched together at the middle. The Bernoulli’s principle states that where air speeds up, its pressure drops. The difference in pressure between the still air and the moving air pushes the ball back into the center of the air stream.

Explain to the students how the airplane lifts it up in the air.
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List and cost of Materials
Waves and Oscillations:

	No.  


                               1.  

      2.  

      3. 

      4. 

      5. 

      6.

      7. 

      8.

      9.

    10.

    11.


	Activity

Simple Harmonic Motion

Longitudinal oscillations of 2 coupled masses.

Beats with tuning forks

Beats between two oscillations using light

Interference of sound

Diffraction by grating 

Single slit Diffraction

To study Polarization of light 

To Verify Malus’  law

Rotation of Plane of Polarisation.

Brewster’s Law
	Materials
A turn-table with variable speed and graduated in degrees, a source of light, a screen, 3 plastercine balls of diam. between 1.5 and 2.5 cms. a stop watch,a 4 inch rod with two mutually perpendicular wires at one end.

3 identical springs, two identical trolleys(as frictionless as possible), a table with a well-polished surface, (glass may be used), a stop-watch.

2 identical tuning forks on sound boxes, some plastercine, a stop-watch. 

A laser pencil, 2 metal foot-scales, 2 small mirrors (1x1 cm), a plane mirror about 5x8 cm., 3 stands

A tuning fork, a rectangular tube made out of 6 pieces of pvc pipes so that the length of the path can be changed, a meter scale.

Two diffraction gratings with about 5,000 lines per cm, a grating holder made with foam core, a laser pencil, a stand with clamp, a meter scale.

A laser pencil source of light, a plane mirrors (about 5x5 cm) with a thin straight line of polish removed from the back, a meter scale, stand with clamp.

2 polaroid filters, a thin glass slide, cellophane tape, hard plastic protractor.

A laser light, 2 polarising sheets, one  of which is mounted on a circular cardboard with 360o graduations and having a 3x3 cm window, a photocell, a micro-ammeter.

Two Polaroid filters one of which is  mounted on a circular cardboard graduated in degrees and having a 3x3 cm window, 2 narrow containers  of lengths of 9 and 6 inches ( they may be of cylindrical or rectangular x-section but their ends must be flat and made of glass) a laser pencil, 3 stands with clamps.

A sheet of paper, a protractor, a glass and a plastic rectangular slabs (5x8 cm ) , a laser pencil and a polarizer.

                                      Total Cost


	Cost in Rupees

Rs. 2000

Rs. 200

Rs 2000       

Rs. 800

Rs. 300

Rs. 600

Rs 180

Rs. 1000

Rs 1500

Rs 2000

Rs 1200

Rs.13,800
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Experiment 1- SIMPLE HARMONIC MOTION

Time : 50 – 60 minutes
Activity :   In this activity you will see the projection of the shadow of a rotating ball on the screen. Its motion will be studied and analysed.

 Materials : A  turn-table graduated in degrees, a metallic bob, 3 plastercine balls varying from 1.5  to 2 cm in diameter, a rod about 4 inches high with two arrows ( about 2.5 inches each) mounted perpendicular to each other, a stop watch, some string, a stand, a source of light and a screen. (You may use the wall as a screen)

Activity : 
1. Place one of the plastercine balls on the turn-table at a distance of  about 5  inches from the center.
2. Predict what will happen to the shadow of the ball on the screen when the turn table is switched on. Will the shadow of the ball: (a) rotate or  (b) oscillate about a mean position?
3. Now switch on the turn-table and note the motion of the shadow. Does it rotate or oscillate?

 For an oscillating body, the time taken to complete one oscillation is its Time Period. Its Displacement is measured from the mean position. The maximum displacement is the Amplitude.
4. Measure the time taken by the shadow of the ball to make 5 oscillations. From this time find the time period as well as the frequency of the oscillations. Take two more observations and find the mean time period and frequency. Record.

5.  Predict if  the frequency of the rotating ball is different from that of its shadow.

6.  To verify, take the time for 5 rotations of the disk with ball and calculate the period and frequency. Was your prediction correct? 

7.  If the ball is moved closer to the center, will there be any change in the period, frequency or amplitude of the shadow of the ball compared to the measurements in step 4?                     

8.  Move the ball to about 3 inches from the center and take the time for 5 oscillations to get the period and frequency. Also observe the amplitude. Which ones have changed?

So we can conclude that a change in amplitude does not produce a change in time period or frequency.    

9.  Place the ball so that the oscillations of its shadow have maximum coverage on the screen.    Stick the rod with the arrows into the ball so that one arrow shows the instantaneous  velocity of the rotating ball and the other its acceleration.

 


Remember that the velocity will be tangential to the circular path and the 
acceleration will be directed towards its center
The shadows of the two arrows will serve as the velocity and acceleration vectors of the oscillating shadow of the ball..
10.  Switch on the turn-table and observe the velocity and acceleration vectors. Fill in the table below

	 Position of shadow of ball 
	Magnitude of velocity
	Magnitude of acceleration
	Direction of acceleration compared to displacement

	Extreme left
	Max/ zero 
	Max/ zero
	Same/opposite

	Mean position
	Max/ zero
	Max/ zero
	 

	Extreme right
	Max/ zero
	Max/ zero
	Same/opposite


 Drawing an inference from our study
 Select the characteristics of the motion of the shadow of the ball from the following. You may select more than one if necessary). Its motion is: 

(a)  oscillatory  

(b) periodic  
(c) rotatory  
(d)  irregular

 The direction of acceleration is always

(a) constant 

(b) in the same direction as displacement           (c) opposite to displacement

 The magnitude of the acceleration is 

(a) proportional to the displacement  

(b)  inversely proportional to displacement

 A  periodic motion with acceleration proportional to the displacement and directed towards the mean position is called SIMPLE HARMONIC MOTION.
 Do you think that the motion of the ball on the rotating table is simple harmonic? Yes/ No

 A mass suspended from a spring and a simple pendulum both are examples of bodies performing simple harmonic motion.
A simple pendulum consists of a heavy bob suspended by a very light, inextensible string suspended from a rigid support.
Its time period is given by T= 2π √ (l/ g)
11.  Calculate the length of a simple pendulum that has the same time period as the shadow of     the ball in step 4.  Tie the string to the metallic bob so that you have a pendulum of the calculated length. 

12. With the help of the stand  suspend the pendulum just above the plastercine ball on the  turn-table. Switch on the turn table. You will see shadows of both balls now.

Set the pendulum moving with small amplitude and synchronize its motion so that the   shadows of both balls move in the same direction at all times.   

Since the displacements of the two shadow-balls are always in the same direction, the velocity of the plastercine ball shadow will also always be in the same direction as that of the pendulum bob.  

The two shadows are said to be in the same phase as the magnitude of their periods /  frequencies are equal and the directions of their displacements and velocities are always the same.
 The shadow-balls are said to be in opposite phase when their periods/  frequencies are the same but their displacements and velocities are always in opposite directions.
13. In case of opposite phases, predict the position of the pendulum bob's shadow in each of  the 
cases when the shadow of the plastercine ball is

       (a)   at the extreme left
(b)   at the mean position
 (c)   at the extreme right
14. Switch on the turn table and move the pendulum so that it is moving in opposite direction 
to that of the plastercine ball's shadow. Were your predictions correct? 
15. Switch off the turn table and remove the simple pendulum.


Place plastercine ball 2 next to the ball 1.

   
       (a)  Will the periods/frequencies of the 2 shadow balls be the same or different?
       (b)  Will the velocities and accelerations at all instants be the same or different?

       (c)   Are the two shadow balls in the same phase?

16. Switch on the turn table and verify your predictions.

17. Place ball 3 on the turn table ( but away from balls 1 and 2 )so that its shadow is in phase with the shadows of balls 1 and 2.  

   Switch on the turn table to see if you have placed ball 3 correctly. If not, re-locate it till you get it moving in exactly in the same phase as 1 and 2. 

   Switch off the turn table and note the positions of all the three balls on the turn table in        degrees.
18.  Remove balls 2 and 3 from the turn table. Place ball 2 so that its shadow can be in opposite phase to that of ball 1.

 19. Place ball 3 at some other location on the turn table so that its shadow is in opposite      phase to the shadow of bal1 1 but in the same phase as that of the shadow of ball 2.       Switch on the turn table to see if the balls have been correctly placed. When you are satisfied, note the positions ( in degrees ) of all three balls on the turn table and convert to radians.

	Ball 1
	                         rad

	Ball 2
	                         rad

	Ball 3
	                         rad


 The rad difference between the positions of: 
balls 1 and 2 =___________, balls 1 and 3 = _______  ,    balls 2 and 3 = _______
The difference in angles is called phase difference.

Inference
From your observations you can conclude that: 

The phase difference between bodies in the same phase is __________and the phase difference between bodies in opposite phase is ______________ 

 20. Remove balls 2 and 3.  Now place ball 2 so that there is a phase difference of 90 degrees or π/2 radians between balls 1 and 2. Predict where the shadow of ball 2 will be when the shadow of ball 1 is at its: (a)  mean position   (b)  extreme right position   (c)  extreme left position

21. Switch on the turn table to verify your answers.

22.  Without moving 1 and 2, place ball 3 so that its shadow is opposite in phase to that of ball 2. What is the phase difference between the shadows of balls 1 and 3? 

TUTORIAL

1.The mass of a pendulum bob is halved, other things remaining constant,                                 

a) its period will become half  

b) it will slow down  
c)it will have the same frequency 
  d) its period will become one fourth.       

 2. Throughout the cycle of a body performing simple harmonic motion:      a) the speed is constant    b) the amplitude is constant  
c) the acceleration varies
d) the frequency is constant  

 3.  A simple pendulum had a frequency f. In order to double its frequency, the length of the 
pendulum should be:   a) doubled              b) halved       c) increased by a factor of 4                        
d) decreased by a factor of 4            

4.  In simple harmonic motion, there is always a constant ratio between the displacement of the   
mass and its:    a) acceleration   
b) speed   
    c) period   
d) mass     

 5. Consider 2 simple pendulums oscillating with the same frequency, such that when one has 
maximum kinetic energy, the other has maximum potential energy. What is the phase difference 
between the two?

   a) 00         b) 900         c) 1800 
 6.  Consider two identical spring/ mass systems oscillating in opposite phases

At any one instant, when the velocity of one of the masses is maximum, the acceleration of the other will be

    a) maximum        b) between zero and maximum           c) minimum  

  Answers to Tutorial:

 1.   (c)


2.   (c) and (d)


3.   (d)

4.   (a)


5.   (b)



6.   ( )
Experiment 2-LONGITUDINAL OSCILLATIONS OF TWO COUPLED MASSES









Time: 45 min
Objective: To study the frequencies of two masses coupled with 3 identical springs. 

Materials:    3 Identical light springs , 2 bobs or trolleys of equal masses, stopwatch.

                     The masses are connected to 3 identical springs and the whole system is

                     attached to 2 fixed supports S and S/ as shown in the figure.
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         The whole arrangement is placed on a smooth glass table so that the bobs or trollies

         can move with minimum friction.

Activity :  

 1. How  many degrees of freedom does this system have? How  many modes of oscillations are   there? How many frequencies are there?

2. Predict the kind of motion when the two masses are given equal displacements to the right and then let go. Now, displace both masses equally to the right and note your observation.

3.  For a displacement of 10 cm what is the

            (i )   restoring force on each of the masses  when the spring constant for each

                    spring is  k  and the mass is  m .

           (ii)    frequency of oscillation due to this restoring force.

4. With a stopwatch take the time for 5 oscillations after giving the masses a displacement of about 10 cm to the right. Repeat 3 times and note your observation. With the mean, find the value of T, f and (.

	No. Of Observation
	Time for 5 oscillation
	Time period T

	1
	
	

	2
	
	

	3
	
	


Mean             
T  = 


f = 1/T =  

               

ω = 2 π f =  2π / T =

 5.  What effect will be produced on the frequency if the displacements are increased?

           The frequency will        a) increase   
(b)  decrease      (c)  remain the same

            Displace the bobs (or carts) 15cms to the right.  Find T, f and (  as in  step 3.

	No. Of Observation
	Time for 5 oscillation
	Time period T

	1
	
	

	2
	
	

	3
	
	


6.  Predict what happens when the masses are given equal displacements of 10 cms but in

     opposite directions. 

    The frequency will         a)  increase        (b) decrease     (c)   remain the same

7.  What will be the restoring force on each of the masses in this case?

      From this value of the restoring force, calculate the new frequency f(  in this mode of  

      oscillation.

      From the calculated values, find the ratio of the frequencies f( and f 

8.  Displace the masses about 10 cm in opposite directions, i.e. one to the right and the other to the left. Measure the time for 5 oscillations and find the mean frequency f(. Repeat three times.

      From the experimental values, find f(/ f  .

9. Compare the calculated and experimental ratios and discuss the sources of errors.

TUTORIAL

1. What is a damping force?  Identify the damping forces in the above experiment. 

2. When damping occurs the amplitude 

  a) remains constant   b)  decreases exponentially  c) decreases linearly   d) increases

Answers to Activity question:

1.   2,    2,   2.

2. The motion is oscillatory. 
3.  (i ) 0.1 KN           (ii)  [1/2π] √ ( k/m)
5.   (c)


6.   (a) 



7. 0.3 KN  ,   [1/2 π] ((3k/ m) , ((3k)
Answers to TUTORIAL

1. Air resistance, friction between the wheels and table surface etc.

2.  (b)

Experiment 3- AUDIBLE  BEATS   


Time : 20 minutes
Objective : 1.To study the change in sound by loading a tuning fork.

                    2. To find an unknown frequency through beats.  

Materials :  Two tuning forks of known and equal frequencies mounted on sounding boxes,

                 
 some electric tape, hammer for striking the tuning forks, stop-watch.

Concept :    The phenomenon of ‘beats’ is the increase and decrease in the resultant intensity  of two superposed waves or oscillations. The frequency of the beats is equal to the difference between the two frequencies. 

Activity :  1. Strike the tuning forks one by one separately and attentively listen to the sound 
  produced by each.

2. Next strike both the forks in succession and listen to their combined sound. Is it different from the sound in step 1? Explain.

3.  Are the tuning forks of exactly the same frequency?    Yes / No. Give reasons for your answer.    

4. Predict what change in the sound of a tuning fork will be produced if you stick a small piece of piece of electric tape on one of its prongs?  .

5. Now stick the tape on one of the prongs of one tuning fork, strike it and listen to the sound.  Has the pitch (frequency) increased or decreased?

6. Predict what you will hear when the tuning fork with the tape is sounded together with the other tuning fork. Now perform this step and listen to beats.

7. Measure the time for 5 beats (minimum sound to the next minimum sound is one beat) and then find the Beat frequency (number of beats per sec).

8. Take 3 observations and then find the mean beat frequency.

	Number  of

 Observations
	Time for 5

Beats in sec.
	Frequency

of beats/sec

	
	
	

	
	
	

	
	
	


 TUTORIAL
1. A tuning fork with a frequency of 280 Hz is played simultaneously with a fork with a frequency of 284 Hz. How many beats will be heard over a period of 10 seconds?

2. The phases of two pendulums of different lengths that are oscillating freely are

   a) always the same 
   b) always different 

   c) the same at certain instants.

Answer to Tutorial: 
1.  40 beats.

2.   ( c )
Experiment 4 - VISUAL BEATS 


Time :   50 minutes

Objective :    i) To produce beats by using light reflected from two oscillating pendulums 

                     ii) To show that the beat frequency is equal to the difference between the 

                          natural frequencies of the individual pendulums.

Materials :   Two 1- foot steel scales, one of which is cut to about 10 inches in length, two

                      clips for hanging the steel scales, 3 stands with clamps, a laser pen, a plane mirror 

about  2x4 inches, 2 plane mirrors (½ inch x 1 inch),a  screen for viewing the


light spot,  a stop watch, black electric tape.


[image: image11.emf] 
Activity:   
1. With the help of the tape attach the two small mirrors to the pendulums about an inch from the lower ends of the scales

2. Suspend the scales from the stands by the clips so that they move freely. You have now two physical pendulums of different lengths.              

3. Adjust the stands so that the mirrors of the two pendulums are at the same height and face each other.

4. Move the stands so that the pendulums are about 12 inches apart and are able to oscillate in the parallel vertical planes.

5. Will the two pendulums oscillate with the same frequency when pushed?

6. Find the frequency of each by noting the time for 10 vibrations. Repeat three times for each to find an average. Calculate the difference in the two frequencies.

7. Predict the number of beats that the two frequencies will produce.

8. Fix the third (larger) plane mirror on a stand so that it is in a vertical plane and it is at the same height as the two mirrors of the pendulums

9. Place this mirror on the perpendicular bisector of the pendulum mirrors about 9 inches behind them. Rotate it so that its plane is at right angles to those of the small mirrors.
    See the arrangement of the mirrors in the figure below.

                                                        
 Large mirror

    

                                Pendulum with                                         
Pendulum with 



      mirror 1





 mirror 2  





      






Laser

                                            Translucent 
    

   




  Screen
10. Fix the laser pen on the fourth stand and set it so the light is reflected from the 
     pendulum on the left to the fixed mirror and from it to the pendulum on the right. The 
  light spot reflected from here is seen on the screen or nearby wall.                
11.  Gently set the two pendulums vibrating. The spot of light on the screen will appear and   disappear at equal intervals displaying the phenomenon of beats. Take the time for 3 beats. Repeat the observation twice more and find the beat frequency.

	No. of  Obs.
	Time ‘t’ for 3 beats 
	Frequency of beats 3/t

	
	
	

	
	
	

	
	
	


               Mean beat frequency =

        12. Compare your result with the difference of the individual frequencies in step 6.

TUTORIAL

Beats produced in this experiment are between


(a) light between the two mirrors


(b) the oscillating pendulums

Experiment 5-  INTERFERENCE OF SOUND

Time :   30 minutes

Objective:          a)  To study in the interference of sound waves.

                           b)  To measure the wavelength of sound produced.

                              c)  Use the wavelength to determine the velocity of sound.

Materials :   A tuning fork and a meter scale. An apparatus consisting of two tubes, A and B,
       
         forming a rectangle whose length can be changed by moving the tube B.           

             
[image: image12.png]



Concept :    Sound waves produced by the tuning fork at T will pass through 2 paths through tubes A and B to superpose at E and interfere. By moving B, the path difference between the 2 sound waves is changed causing a phase difference in the interfering waves.
        When the path difference is n(, the waves are in the same phase and they interfere constructively. ( n = 0,1,2,3 ………)     
         A path difference of ( n+1/2)(   causes waves to interfere in opposite phase. The result is destructive interference. 
        Thus, the path difference between two consecutive maxima  or two consecutive minima is (. 

The path difference between any consecutive minimum and maximum is ½ ( 

                             

[image: image13.emf]
Activity :         
1.  Predict the effect on the intensity of sound produced by the vibrating a tuning fork when the tube B is being pulled outwards continuously.                     

2. Perform the experiment and note your observations.

3. Push B  back so that the lengths of tubes A and B are equal i.e. the path difference is zero.


Strike the tuning fork and listen to the intensity of the sound at E. This should be a relatively loud sound  i.e. a maximum. Measure and note the lengths lo of tubes A and B.

     (The length of tube A will be measured from T via A to E. Similarly the length of tube B is the length from T to E via B).      Io =   

4.  Strike the tuning fork and listen to the sound with your ear at E. Pull B outwards until    the sound at E becomes minimum. Note the length I1 of B. I1 =       

5.  Strike the tuning fork. Pull B outwards and stop when the sound increases to the next maximum. Note the length l2 of B.       l2 =   

6.  Similarly measure the length of B for the next minimum. l3 =

                        Frequency of fork =                   cps                         

	No. of Obs.
	Intensity
	Length of B
	L N -  L N – 1    = (/2             
	  Mean (/2

	           1
	1s t   Max.
	
	
	

	           2
	1s t   Min
	
	
	

	           3
	2 n d Max
	
	
	

	           4
	2 nd  Min
	
	
	


                                   Mean  ( =


, Velocity V =  f ( =                   

TUTORIAL
1. Two coherent sources vibrating in a large ripple tank are 120 mm apart. Maxima

     formed 2 metres away are 180mm apart. If the frequency of the vibrators is 100 Hz, 

     calculate the speed of the ripples.

2.  How, if at all, would the position of maxima and minima change if the whole

     apparatus was immersed in water?

3. On a piece of white paper, mark a small point near the middle. This represents a point source. With this as center, draw several concentric circles using a compass and a felt pen. The radius should increase by the same amount from one circle to the next. This is a representation of rectilinear propagation of a wave from a point source. 

    Make a photocopy on a transparency. Overlay the transparency on the paper so the two sources coincide. This is a model of when two sources are in phase and at the same location.

4. Gradually increase the source separation and observe when the first nodal lines occur. What is the source separation when this occurs? 

Continue to increase source separation and observe the effect on the number of nodal lines and their locations.





One transparency 

and one white sheet

with this pattern


Answers to Tutorial:

1.  (i)   d     ; (ii)  a      ;  (iii) destructive

2.  1 m/s

3.  The distance between them would decrease.
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Experiment 6-    DIFFRACTION BY GRATING

Time :  35 minutes.

Objective:   To study the diffraction pattern formed by a diffraction grating.

Materials: A laser pen, 2 diffraction gratings with different number of lines (10,000 lines per inch and more), two  1-meter scales, a stand with clamp, styrofoam pieces for holding the gratings, a large (1m long) cardboard or wooden box to place all the equipment inside it (so that the whole room does not need to be darkened).  


Laser light source


                         grating                                                                       meter scale









   as screen
Activity:  
1. Mount the laser light, grating with the smaller grating element and a meter scale as shown in the figure. The planes of the grating and scale should be parallel. The screen is placed inside the card board box.
2. Predict what kind of a pattern you will see on the screen when you switch on the light.

3. Switch on the light. Was your observation correct?   Yes/ No.

4. The images of the slit for a given order should appear at equal distances on either side from the centre (maximum?). If they do not, rotate the grating slightly. 

5. With the distance ‘s’ between the grating and the scale at 15, 20 and 25 cm, note the position of the lines (Maxima) in the first and second orders. Fill in the table.

	 Distance between grating and scale
	Dist. Of   first line from the centre line.            

 Left      right
	Mean dist.   
	Dist. Between first and second lines.

Left         right
	Mean dist.

	       15 cm
	
	
	
	

	       20 cm
	
	
	
	

	       25 cm
	
	
	
	


6. Predict what will happen to the diffraction pattern if a grating with smaller line spacing is used.

7. Repeat the experiment using the grating with smaller line spacings.
	Distance between grating and scale
	Dist. Of   first line from the centre line.            

 Left      right
	Mean dist.   
	Dist. Between first and second lines.

Left         right
	Mean dist.

	       15 cm
	
	
	
	

	       20 cm
	
	
	
	

	       25 cm
	
	
	
	


Inference: 

 1) When the distance between the screen and grating decreases the distance between the different orders __________________________.

 2) When the grating element decreases, the distance between the different orders

       __________________________ .   

TUTORIAL

1.  What difference in the pattern will be produced if the above experiment was performed in 
water instead of air?

2. Is the pattern produced by a grating due to interference or diffraction?

3.  Consider a pattern produced by a diffraction grating. What part, if any, do the following 
factors produce in forming a well defined pattern:

    (i)  The total number of lines/slits, N, of the grating?

    (ii) The grating element or line spacing of the grating?

   (iii) The order, m, that is being viewed?

    (iv) The wavelength of light?

Answer to Tutorial:

1. The pattern will shrink because-----------.

2. It is interference between different parts of a wave-front.

3.  (i)  The resolution increases when N is increased.  ( R=Nm )

     (ii) The amount of Dispersion and hence the distance between the spectral lines increases 
when the grating element d decreases.  ( D = m/d cos( )    (iii)  See (i)  and (ii)

    (iv)  No effect 

Experiment 7-           POLARISATION


Time :  50 minutes.

Objective :   To study  the behavior of light from different sources using polarizers.

Materials :     Two Polaroid filters, a thin glass slide, cellophane tape, hard plastic pro-

                        tractor ( or any thin plastic object ), a lamp with about 40-60 W light bulb.

Activity : 
1. Look through one of the Polaroid filter at a light from a lamp. As you rotate the filter through 180o , describe whether the brightness of the lamp remains the same or changes.

2.  Get the second Polaroid filter, put one in front of the other and look through both the filters at the lamp. Slowly rotate the filter that is closest to you through 180o .  Describe what you observe.

3.  Repeat step 2 but this time keep the filter closer to you stationary and rotate the other one. Describe your observations.

 4. Start with the two filters lined up so that maximum amount of light comes through both

     of them. Rotate one of the filters so that no light comes through the two filters. Roughly,                                                          how much rotation was required?

5.  If the brightness of light changes when viewed through a Polaroid filter that is being rotated, the light is called ‘polarized’ light. If you want to find whether light is polarized, you should look at it through a Polaroid filter. The filter is rotated. If the light becomes dimmer or brighter, it is polarized.

     Determine if the light from the lamp is polarized. Explain how you know.

6.  Look at the light of the lamp reflected from the top of a glass table or from the floor. Determine whether it is polarized. Explain how you know.

7.  Use the Polaroid filter to determine whether the blue color of the sky is due to                  

      Polarized light.

8.  People often use Polaroid sunglasses to avoid the sun’s glare. Explain why.

9  Place the plastic object between two Polaroid filters and look through this ‘sandwich’ at a bright light. Rotate one of the filters and describe what you observe.

10. Repeat step 9 using your own special object. To make this wrap some of the cellophane     tape on the glass slide so the thickness of tape varies at  different places on the slide.

     Look through this ‘sandwich’ at a light source and rotate one of the filters.

    Describe your observations and explain your results. 

TUTORIAL

1.  Are the AM waves broadcast from a radio station polarized? How can you tell? 

2.  If the electric vector of a plane polarized wave is given by the equation

                Ey= A sin ( (t – kx ), what is 

               a)  the direction of polarization of the wave?

               b)  the direction of propagation of the wave?

               c)  the plane of polarization of the wave?

               d) the equation of the magnetric vector of the wave?

Answers to Tutorial

1.  AM radio waves are polarized. Moving the antenna or radio in different directions causes

     changes in the intensity of the sound.

2.  (a) z  direction

     (b) x  direction

     (c) xz  plane

     (d)  Bz =  A (sin(t - kx)  

Experiment 8-  MALUS’  LAW


Time : 20 minutes 

Objective :      To verify Malus’ law.

Materials :  A polarizing sheet P, a milliammeter, a  (4x4 inch) cardboard piece in which a (1x1inch) window has been cut to one side of the center, a sheet of white paper on which a protractor has been photocopied to give 360o, a thumb tack to attach P to the cardboard piece so that it allows P to be rotated on it, a stand with clamp, a laser light, 2 blocks of wood (2 x 2 x1in), plastic or glass about 1 inch in height. 

[image: image14.emf]
Activity :   
1.  Place the photometer on the table 3-4 inches below the laser light which is fitted vertically on a stand so the laser beam will point downward. Note the current.

2. Will the current change if a polarizer is rotated between the laser and photometer?                                                                                                       

3. Place the polarizing sheet and the graduated scale on a pair of blocks so that it lies below the laser and above the photometer. 

        4.  Rotate the polarizer and bring it to a position where the current in the milliammeter


is maximum. Note the maximum current, Io, and the position of the polarizer in degrees. 

5. Take successive readings of the current, I, rotating the second polarizer through 15 degrees each time. Fill in the table and compare the observed


and calculated values of I.

Io =                               

	No. of  Obs.
	Angle between the axes ‘(’
	Cos 2 (
	Observed Current ‘I’
	Calculated           Difference                       I =   Io cos2(

	        1
	          150
	
	
	

	        2
	          300
	
	
	

	        3
	          450
	
	
	

	        4
	          600
	
	
	

	        5
	          750
	
	
	

	        6
	          900
	
	
	



Discuss the sources of error in this experiment.

TUTORIAL

1. A polarizing sheet lies in the xy plane. Its axis is parallel to the y- direction. A beam of polarized light is incident normally on the sheet such that its electric vector, E, makes  an angle, (, with the axis of the polarizer. 

      If the sheet lies in the xy plane and the light is propagated in the z direction,

    a) Write an equation for the incident electric and magnetic vectors, E and B, with amplitudes 
E0  and B0 respectively.

    b)  resolve E0 into two components: one that is emitted by the polarizer and one is absorbed by the polarizer.

    c)  What is the direction of the transmitted electric field? How is it different from that of the   
incident electric field?

    d)  Write an expression for the intensity of the transmitted light in terms of I0, the intensity of the incident light.

2.  How would the emergent intensity change if a third polarizer is:

    a) placed between two crossed  polarizers. If there is a change, does it depend on the angle of 
the third polarizer?

    b) placed behind the two crossed polarizers?

    c) placed in front of the two crossed polarizers?

Answers to Tutorial:

1. a)   E =  E0 ( sin (t – kz )  ;   B = B0 ( sin (t – kz )

    b)  For the emitted ray the electric vector has amplitude E0cos(
          the amplitude of absorbed ray  is E0sin(
   c)  y direction. Its direction is different and its amplitude and therefore its intensity is 

        smaller.

   d)  I = I0cos2(
2.  a) The intensity of light will no longer be zero. The intensity will depend on the angle

         at which the third polarizer is placed.

     b)  No change. Intensity will be zero.

     c)   No change.
Experiment 9-  Brewster’s Angle



Time: 50 minutes

To show that:
a) at Brewster’s angle the reflected ray is plane polarized,

b) at Brewster’s angle the reflected ray is perpendicular to the refracted ray.

c) Brewster’s angle depends on the relative refractive index of the reflecting surface.  i.e. to verify Brewster’s law.
Important Note:  Looking directly at light from the laser pencil is dangerous.

Materials :    A circularly graduated ( in degrees ) sheet of chart paper, a collimated source       

                   of light or a laser light, a polarizer, a screen to view the reflected light, a stand,

      rectangular glass and plastic slabs about 0 .5 to 1 inch high and a cross –

                   section of about 2x4 inches.
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Top view

Activity :  
1. Put the graduated sheet on the table. On it place the glass slab with one side along the diameter of the scale. Let the laser light fall on the slab at an angle. Place the screen to view the reflected light.

2. Predict what you will observe when a polarizer, placed in the path of the reflected light, is rotated.


        3.  Switch on the light so that it is incident on the slab at roughly between 30o and 60o.                           
 Place the polarizer in the path of the reflected ray and rotate it through 360o. Note your 
 
 observations. Was the light passing through the polarizer ever reduced to zero? 

       4.  What would you see if you placed a polarizer in the path of the refracted light?

5. Starting with a an angle of incidence of about 45o , keep moving the light so as to gradually increase the angle of incidence until the reflected and refracted rays become perpendicular. You will be able to see the refracted light if you look down from the

upper surface of the glass slab. The angle of incidence at this point is Brewster’s angle.  
Note the angle of incidence on the graduated card and calculate the refractive index.

       6.   At Brewster’s angle of incidence, study the intensity of the reflected and emitted rays 
when they pass through the Polaroid which is rotated. (Remember, only a plane  

             polarized light can have zero intensity when passed through a Polaroid). Note your 
observations.

      7.    Perform the same experiment using a plastic slab to find its Refractive Index.  

TUTORIAL

1.  Select the correct answers:

     The polarizing angle depends on

    a)  The size of the surface of the reflecting medium.

    b)  The refractive index of the medium.

    c)  The speed of light

    d)  The wavelength of light

    e)  The medium of incidence

    f)  The angle of incidence

2. A flint glass slab (refractive index 1.69) is placed in a trough of water ( n=1.33)

    What will be the polarizing angle when light is incident on the glass slab after

    passing through the water?

3.  Light strikes a certain medium at polarizing angle. If the angle of refraction is 320 ,
        calculate the angle of  incidence and the refractive index of the medium.

Answers to Tutorial:

1.  b) ,  c) ,  e) .

2.  520
3.  1.6

Experiment 10- ROTATION OF THE PLANE OF POLARISATION    Time : 50 mins.

Objective :     To study the behavior of polarized light when passing through an optically   

                       active medium.

Materials :   Two Polaroid filters, 2 one-inch diameter glass tube or one inch diameter PVC containers, one of length 4 inches and the other 6 inches. Their ends must be flat, a flash light , four stands, a circular cardboard about 15cms. in diameter. Make an opening of about 3x3 cms, about 4 cms. from the centre of the card board, masking 
tape, electrical tape, enough Sugar to make a concentrated solution. See apparatus below.






[image: image15.emf]
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    Flashlight                       Container with slit                          

                                                                               

      Protractor with polarizer


polarizer




Schematic Diagram

Activity :
1.  Attach a polaroid to the flash light., and the two polaroids filters on stands and place them so that the filter without the protractor is closer to the light. 

2. Looking through the filter on the protractor, rotate the filter until no light is seen. The polaroids are now said to be ‘crossed’.  Note the angle from the pointer on the protractor.

3.  Stir 6 dessert-spoonfuls of sugar into a glassful of water. If you are using a standard glass tube that comes from the manufacturers with this activity, one end comes closed with a clear glass and the other end has a screw cover which also has a glass centre. You can fill the tube and screw in the top and the tube is ready for use. We used PVC pipe in which we cut out a ( 3 x 0.5 cm) rectangular hole along the length through which we could pour suger solution. We used resin glue to fix two glass slides to the ends of PVC pipe that had been sanded flat. This container had the added advantage that it did not require a dark room to operate as the tubes were opaque.

4.  Place the smaller container between the crossed polaroids as shown in the figure above. Observe the effect on the intensity of the emitted light. It will no longer be zero.                           

5.  Rotate the filter on the protractor till the light disappears now. Note the angle on the protractor.

6.  Subtract the reading in step 2 from the reading in step 5.

7.  Perform the same experiment with the longer container.

8.  In which case did you have to make a larger rotation?

9.  Make another solution with 3 spoons of sugar in a glass of water.

10.   Fill the smaller container with the solution and then repeat step 4 and 5.

11.  Comparing steps 4 and 10, which needed a bigger rotation? 

12.   What conclusions do you draw from this experiment?

TUTORIAL

1. Select the correct answers.

 To increase the angle of rotation the medium should have:
 a)  greater surface area

 b)  higher concentration
 c)  longer length

 d)  molecules further apart

2.The rotation of the plane of a polarized ray when passing through an optically active medium is

   explained by the break up of the original ray into: 

  (a) two plane polarized rays  (b) two circularly polarized rays  (c) a plane polarized and an 
unpolarised ray?

3. For rotation to be produced by an optically active medium, the incident polarized ray

    must strike its surface

    (a) normally    (b) polarizing angle  (c) at any angle? 

Answers to Tutorial:

1.  b)  and  c)

2.  b)

3.  c)                 
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List of Experiments/ Demos and  Cost of Materials

	1.

2. 

3.

4. 

5.

6.

7.

8.

9. 

10.


	Concept of Magnetic Domains
Strength of a magnet Does it depend on its shape and size

Magnetic Shielding Testing shielding ability of various materials

Tutorials on Magnetic fields

Electrostatics

How to make low cost demonstrations to show: Charges, induction, 

an electroscope, an

Electrophorus, capacitor

Tutorials  and problems on Electrostatics

Current Electricity

Path of least resistance

Electrical circuits with light bulbs

Electromagnetism Faraday’s law

a) Changing Magnetic Field can generate a current

Currents interact with magnetic field

Tutorial

Lenz’s Law

Electric Motor

How to build a small electric motor

Force on a current carrying conductor placed in a magnetic field

Conversion of Electrical Energy

Testing the energy of capacitor by mechanical work
	Test tube with stopper, Iron filings to half fill the test tube, magnetic  compass, a bar magnet

Several magnets of different shapes and sizes, magnetic compass, a box of paper clips, graph paper, stack of paper or a book

Open-ended pipes (length ~8cm, diameter ~ 5-7 cm,) made of various materials, e.g. iron, brass, copper, Aluminum, card board, plastic, PVC, two bar magnets, magnetic compass.

a) Stacking several magnets and its effect

b) How the presence of iron changes the pattern of magnetic field lines

c) Magnetic field of the earth

2 PVC pipes (~30 cm long), wool, a coke can, plastic ruler or PVC pipe, a glass jar with a cork stopper, a stiff wire, Aluminum foil, pie pan, scotch tape, foam cup, a small 35 mm film can.

Gauss’s law- Electric flux through closed surfaces

Concepts in Capacitance

Three mounted light bulbs, connecting wires, battery and switches

3-6 V Batteries, connecting wires, 3 switches, 3 light bulbs

A strong horseshoe magnet, a freely suspended loop of wire, a stand, a 3V battery, a switch, a 2.5 light bulb.

A wire loop of 10 turns, a galvanometer, a switch, a strong horseshoe magnet

Determine the direction and size of induced current when various sized loops move through a magnetic field with uniform velocity

A 1.5 battery, two stiff wires ~ 8 cm long, masking tape, a coil of wire with 10 turns and diameter 2 cm, a flat strong magnet.

Two smooth narrow rods or pipes of copper, ~0.8 cm diameter and 18 cm long, a thin smooth wire of Al or copper, 3-6 V battery, light bulb, connecting wires

A 10 mF capacitor, a morse key, a 5 gram mass, 3-6 V battery, wires

  Total                                                                                                                             

	Rs. 360

Rs.1200

Rs. 840

--------

Rs. 600

-------

Rs 480

Rs 600

Rs 600

Rs 600

---

Rs 420

Rs. 900

Rs 1200

Rs 7800


Introduction:

With a grant from HEC, this is a first time effort to help College Teachers address and evaluate their own concepts and their method of teaching of physics. While occasional workshops have been held in methodology, none has addressed the content of science subjects. Many teachers have never had any opportunity of professional development since graduation. Lack of funds and non-availability of relevant literature in their libraries has also been a problem in acquiring knowledge of various new and effective teaching techniques.
Keeping in mind the budgets of government colleges and higher secondary schools which teach physics, we have tried to develop activities that are very low cost and can be set up easily and performed by students in a lab or at least as a demonstration by the teacher. By no means do we claim to completely cover all topics in the syllabus nor that all activities and new ideas originate with us. Such work has now been going on for about twenty years in many countries where dedicated teachers realized that students were loosing a grip on understanding physics concepts. Many excellent ideas and experiments have been placed on the internet and are freely available to all. Our aim is to give the Pakistani teachers an idea of the tools that they can use in their teaching to enhance the understanding of their students. In this respect, this is a first effort specific to physics teaching.
From the feedback that our college teachers have provided us, generally their teaching loads are very heavy, in some cases up to six class periods daily. The class size can be over one hundred students. New material is constantly added to the syllabus to keep it updated while nothing is reduced causing the syllabus to be too extended. With less than two hundred working days in a year due the announced holidays and many others due to political situations, the teacher has to be a marathon runner in teaching to complete the required syllabus. This leaves no room for innovative techniques to be tried. Such pressures lead many to seek a quick fix and teach according to the expected questions from previous year’s exam papers. In many cases, large sections of the syllabus are not taught and students are advised that they could omit those questions in the choice of five out of eight questions given on the examination papers. These omissions result in lack of continuity and large gaps in the student's knowledge, thus encouraging them to memorize a few topics to pass the examinations.

Here are some recommendations that we would like to make to the Education Ministry and to Higher Education Commission since we must educate our students to be well prepared and knowledgeable to compete in the world. 

1. Modify the syllabus. Reduce it to a size which can be taught well in the assigned time. This can be done if teachers do not spend time deriving equations in class  which are derived in the book. This should be assigned to the student to satisfy him/ her self. The teacher should clear the concept and use the equation to solve a real problem.

2. The style of examination should test a student's conceptual clarity and his ability to solve problems, not derive book work. With this rule, demand the exam-setters to formulate new questions every time. (A-level and O-level questions are good examples and could be used with moderate changes initially). No questions should be allowed from previous years' examination papers. The exam-setters should be given clear instructions that the system was changing and examination questions must not be about derivations. Asking students to reproduce derivations from the book or from the solutions manuals to old question papers should be completely banned. This would give results that are fair to the students and reward the hard working teachers.

3. Every province should have a reviewer from one of the universities in the province to check out exam questions when the above change takes place.

4. The teachers should have a bearable teaching load, smaller class sizes and a realistic syllabus. 

I believe that HEC, with co-operation from the Education Boards, will always support efforts such as this, with funding to provide teachers opportunities for continued professional development. Our goal must remain to properly educate and enlighten our youth rather than push barely qualified ones on to the next wrung in the educational ladder. Teachers want to discharge their duties honestly and must be supported by giving them decent sized syllabi, good opportunities for professional development at least every three years so they can inspire their students and give them critical thinking skills for life.

Tahira Arshed  
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Activity 1: What happens when you magnetize an iron nail?

Materials: A test tube with stopper, iron filings, a bar magnet, a compass. (b) Two long 


Nails (nearly the size of the bar magnet you have) that are not magnetized, two permanent bar magnets, thread, pliers or tongs, a Bunsen burner. 
Activity (a): Magnetic Domains
1. Fill two thirds of the test tube with fine iron filings and plug tightly with a stopper.

2. Identify the N- and S- ends of the compass by bringing a bar magnet with marked poles near it. How will you find the direction of earth’s geographic north and south poles, using the compass? Do so and mark it on a paper.  

3. Hold the tube horizontally and spread out the filings evenly along the length of the tube.

4. If you bring a compass near A, predict if it would be attracted or repelled by the iron filings at end A in the tube. Test both ends A and B and record your observation.

5. Hold the tube from the end B horizontally,
     
      B


        A
at eye level. Start rubbing the test tube with


A

A

the S-pole of the bar magnet, from end B toward   
 S
  


          

A along the arrows. At A, pull the magnet away

and repeat rubbing from end B to A. Observe 

what happens to the iron filings during the motion        N

of the magnet. Holding the tube steady, repeat 

20 times.

6. Without shaking the tube, bring end A near the N-pole of the compass. Does it attract or repel? Now bring end A near the S-pole and test. Record. A becomes________.

7. Bring end B near N-pole and then near S-pole of compass to verify the polarity of the “filing magnet” as determined in step 6. End B becomes ___________.

8. From this activity, what can you infer in each of the following?

a) Rubbing from B to A with S- pole of the magnet appears to have made the iron filings into a magnet (like a nail magnet). Which end becomes the N pole? ________

b) If you rub from B to A with N- pole of the magnet, would the iron filings behave like a bar magnet (like a nail magnet)? Which end becomes the N pole now? ________

c) Place the test tube gently on a paper. Test the shape of the magnetic field of this magnet by moving the compass around it. Is the shape of this field similar to that of a bar magnet?

d) If you repeat this activity but use common salt in place of iron filings, would you expect same or different results?

e) Do you think mercury or molten iron can be magnetized in this manner? What would be the difficulty?

9. Now shake the tube vigorously back and forth several times. Spread out the iron filings again along the length and test ends A and B. Do you still have magnetism? Explain your answer.

10. What is the difference between ferromagnetic, paramagnetic and diamagnetic materials as far as magnetic domains are concerned? Does each type have domains? How do they differ? Explain.

Activity (b): Comparing Magnetization of a heated nail with an unheated nail

Materials: Two ~15 cm long un magnetized nails, nearly the size of the bar magnet you have,           two permanent bar magnets, thread, pliers or tongs, a Bunsen burner. 
Curie temperature: It is the critical temperature above which the domains disappear and a permanent magnet looses its ferromagnetic properties. If a metal is allowed to cool after reaching Curie’s temperature, new magnetic domains form that will align with the existing magnetic field at that place.








Heated nail


Unheated nail


  Pliers

    Burner    

                   
          











Bar magnet

     
Bar magnet

1. Hold a long nail in pliers and insert the nail into the tip of the blue part of the Bunsen burner which is hottest. When the nail begins to glow, lay it down along the length of the permanent bar magnet. Also place an unheated nail on the second permanent bar magnet and leave both for about 2 hours. The hot nail will cool down in this period.

2. Both nails will become magnetized by the magnetic field of the magnets. Test the strength of both nails by how many paper clips each one pulls. Record. Which one has greater strength? Explain why.

Activity (c): Showing magnetic field on an overhead projector
Materials: iron filings, a bar magnet, a horse-shoe magnet, magnets of any other shapes, 
overhead projector, two transparencies, masking tape or scotch tape about 2-3 cm wide.
1. Place a transparency on the table and position 4 lengths of the tape so half the width of 
tape is under each of the four sides.
2. Sprinkle enough iron filings on this transparency to form the magnetic field pattern.

 3. Place the second transparency on top of the first
     and fold the tape over it so the all four sides are    

sealed. The demo is ready.
4. Put a bar magnet on the overhead projector     
 and place the demo on it. On tapping the demo, 
 the filings will arrange around the magnet according to the shape and strength of the field. Try  various shaped magnet so students can see the field patterns.
Activity 2- Comparing the strength of Magnets of different sizes and 


  shapes.

Materials: 


A compass, a box of smallest size paper clips, sheets of paper or note book, a piece of graph paper, several magnets of different shapes and sizes and known N, S poles (if various shapes are not available, just use two), 3 bar magnets and 6 small circular disk magnets (available at co-operative market or used parts electric stores for under Rs10), foam chips and some aluminum foil. We use long bar magnet, a small bar magnet and a flat magnet (with a central hole- not yet available in the market).



Activity (a): 

1. Determine the position of North and South Pole of each magnet. Mark the N-pole with a 
small piece of paper tape or a color marker. Shake the box of paper clips well. (why?) 


2. Place the bar magnet on a smooth table. Bring a    S

            N



paperclip near the N pole. Bring another paperclip next to the end of the first and then another to make a chain of paper clips. Pull the magnet to see how many clips remain attached to the magnet. Count the number of clips and record this number. 

3. If you repeat step 2 with S-pole, do you expect the same result? Perform with south and count the paper clips. Do N and S pole of your magnet have equal strength? _ 

 
Must they always have the same strength? Why or why not?________
Activity (b):

4. Place a paper clip on top of about 100 pages of your paperback notebook and hold the N-pole of the bar magnet under the sheets to see if its field penetrates the sheets. If the paper clip slides when you move the magnet, increase the number of sheets until the paper clip does not slide. If the paper clip does not move with 100 sheets, reduce the number of sheets until it does slide. Note the number of pages. Repeat with N-pole of other magnets and record in the table.





Test if all parts of the magnet are equally strong. You can test 


this by suspending paperclips from different points.

Activity (c):
5. On the graph sheet, place the N pole of a magnet        
S
           N

on the y axis. Place a clip in front of it at about 10 

squares distance. Slowly move the clip forward by 

one or half a square. At some distance, the clip is pulled 

to the magnet. Count the distance in squares and record.

6. Repeat the steps for N-pole of all magnets you have and enter in the table.
	Description of magnet


	No of clips pulled
	No of sheets of paper
	No of squares of graph

	a) Long bar
	
	
	

	b) Short bar


	
	
	

	c) Flat


	
	
	


Compare the numbers in each column. Which magnet appears to be strongest? ____

Does the strength of the magnet appear to depend on its shape or size? ___________

7. Place the set of 2 or 3 small flat magnets in a stack. Support them along the length if they are circular disks. Test the strength of the stack as in step 2 or 5. Describe your result.____________

8. This stack can be regarded as a small bar magnet. Suppose you add 3 more magnets to this stack, predict if its strength will increase more. Increase the magnets in the stack and test your prediction. What is your conclusion? ___________







     C



    C








NA


9. Borrow your neighbor’s stack and make it a longer magnet. Will the strength continue to increase indefinitely?________ Explain why or why not. ________Test the center C of the stack with a compass. Is it as strong as the poles or weaker or stronger? Describe.___

10. Predict, based on your results, if you can greatly increase the strength of a bar magnet by placing it end to end with another bar magnet as shown below. Explain why or why not.


    N




  S  N




      S



Consider a short bar magnet with N and S poles as shown. 

     N
       S  


If the magnet is cut along the dashed line as in Fig. I,


predict what will happen to the two  halves of the magnet.

     


(Will they stay together or repel?)__________


S           N











   (I)

(II)

If the magnet is cut as shown in fig II, predict 


what will happen to the two  halves.___________
11. Predict if placing the magnets as shown below, will give you a stronger or weaker magnet than that in step 10?


N











   











   N

Place a rubber band around the magnets in this position and test the strength by 


using step 2 or 5.  Was your prediction correct? ___________

12. Three cases A, B and C are shown below. A cylindrical piece of iron is placed in positions as indicated, near a bar magnet. It is left there for a long time. Predict:

Which cube/cubes will become magnetized?

Where will the poles be located on the cube? 

Discuss your prediction with others and come to a conclusion.

   

        N


 S        N

         S        N


    S


          
  






Case A



Case B


     Case C

 

13. Is it possible to have a magnet with only north or only south pole? Explain.___

Tutorial on Magnetic Fields and Earth’s Magnetism:

1. You have studied the magnetic field of a bar magnet. Draw a picture of the magnetic field of the bar magnet on your sheet showing several lines. 


A magnetic field line at a point represents the direction of magnetic field at that point. Draw arrows to show the direction of a magnetic field line at several points. The concentration of magnetic lines through a small unit area represents the strength of the magnetic field at that area.

a. From your diagram, at which places around the magnet is the magnetic field strongest?
b. Points 1-4 are numbered in this diagram. Compare with your field map for the bar 
magnet and show at which of the 4 points, is the magnetic field strongest and where is 
it weakest.
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2. If you place two identical magnets along the arms                   S

     N
  •P   


of a square so that N and N poles are near each other, 


predict what would be the direction of magnetic field 


(i) at the center O of the square and (ii) at point P.




N

If time permits, use two magnets and verify your prediction.

                  O






           









  
 a
       c
              e
   




 


   

3. Three iron rods are labeled 1,2, 3. The poles are 




unknown and are labled a,b; c, d; and e, f.








Suppose end b repels e, a attracts d and d attracts f,

1
     2
           3


Predict which end of each magnet is a N-pole


and which end is the S-pole.




   b
         d

  f

4. A compass is used to find direction while traveling since its N-pole always points towards north geographical pole. We say that North repels north so how do we explain the why the N of compass points to N of earth? __________
5. The earth behaves like a bar magnet. Is there really a long a bar magnet along the axis of rotation that passes through the center of the earth? What can be the possible cause that makes the earth behave like a bar magnet?  ________

Geologists believe that the earth core mainly contains iron and nickel. The temperature of the core is about 4500 oC which far exceeds Curie temperature for iron (770 oC) and nickel (358 oC). Also the earth rotates on its axis. Could this possibly explain why earth behaves like a bar magnet with North and South magnetic poles along the axis of rotation?
6. How does earth’s magnetic field protect us from dangerous radiation from outer space? ____ What are Van Allen Belts? ____________
7. What are northern lights? What is their connection to earth’s magnetic field? _____________
Teacher’s Notes:

1. Special attention should be paid to Q. 13. Students will often miss the words that the small iron piece is left in place “for a long period” and thus choose Case A as the only one which becomes a magnet. Discuss why all pieces will become magnetized to some degree over time. Also ask why the opposite pole will develop in the nearer part of the cube and the similar pole in the farthest part.

2. Many student will not remember that magnetic field lines are continuous and pass through the body of the magnet. They would usually show the field as being outside the magnet and have to be reminded of the continuity of magnetic field lines.

3.  Draw a diagram to show the students how the presence of a ferromagnetic material in the vicinity of a magnet modifies the magnetic field of the magnet. The iron provides a preferred path for the field lines compared to air. This is very important to understand the use of iron as a magnetic shielding material.


4. This is a good place to introduce the connection between current 


electricity and magnetism. Make a simple circuit with a 1.5V 

battery and a small light bulb (so a sufficient resistance is 

included in the circuit). Ask if the compass will show some 

deflection when placed near the current carrying wire. 

     Using right hand rule, students can easily figure out the direction 


of magnetic field when current is flowing through a straight wire. 
    To find the direction for a loop or solenoid, they have difficulty.

To help them in this 3-D case, you can use a clear plastic or glass pipe 

on a piece of paper so they can easily move their hand around and


check the direction of magnetic field.
Activity 3- Magnetic Shielding
Materials: 


A strong bar magnet, compass, cylinders of ~5 cm length and 3-5 cm diameter made of different materials (heavier tin cans with both ends removed work well or iron cylinder made from iron sheet, foam cups with base removed, card board rolls, pieces of wide copper and aluminum pipes, PVC pipe and any other metal or non metal), small size paper clips, thread, ruler,  about 3x3 inch sheets of various materials (paper, plastic, copper, aluminum, iron or the top of a tin can will do).

Activity (a):






















 S

N

1. Support a strong bar magnet horizontally in a stand. Attach a 

paperclip to a piece of thread. Let the clip touch the magnet while you  
    Clip

stick the loose end of thread under a weight or book. Slowly pull 

loose end of the thread so the clip stands near the magnet without touching it. 

In this position, the magnetic force is greater than the weight of the clip. 

2. Carefully insert a piece of paper between the clip and magnet without touching 


either. Does the clip drop? If it does, the paper interferes with magnetic field. 

3. As in step 2, test a plastic sheet, a copper sheet, AL foil, cardboard, iron etc. Do

 
any of these interfere with magnetic field that is holding the paperclip in place? _____
4. What can you say about the material that prevented the magnetic field from reaching the paper clip so it fell? What are such materials called?__________
5. You will notice that only ferromagnetic material appeared to “provide an alternate path” to the magnetic field lines so the paperclip fell off.

Activity (b):

6. Place a compass in the center of a sheet of paper. Tape the paper to the table. Mark the geographical north-south direction on the paper. Draw the boundary of the compass.



S

         N








   S












  S

   N

Cylinders to be tested for shielding effect


Card board

         PVC


   Glass


   Iron

7. Place two bar magnets, one with its N-pole and the other with its S-pole towards the compass, on the east-west line from the compass and each ~10 cm away. Record if there is any angle of deflection. If not, explain why not. (Remember that earth’s magnetic field is always present).
8. Remove the magnets. Place the small PVC cylinder over the compass. Now replace the magnets in the same position. Observe any deflection shown by the compass._______
9. Repeat step 8 with other cylinders and observe which ones produce a deflection of the compass. ________
Schematic diagram: Thick line is the shielding cylinder. Inner circle is the compass.



    

                    

   S


N




   S


N
10. From your observations, which of the substances best protects (shields) the compass from the magnetic field? ______________
11. What is meant by the word “permeability “? Which of the materials you tested has a higher   permeability? ____________
12. We know that a magnetic field can effect delicate components of an electric circuit. Which devices in your home do you think use this type of shielding?______
Electrostatics: Discussion and Questions:

In Karachi, ES activities and demos will work well in the month of January when humidity is low. In humid weather, they do not succeed. However, we should point out the possibilities when teaching ES. A PVC pipe rubbed with wool or cotton napkin gets negatively charged. An acrylic rod rubbed with cotton napkin becomes positively charged. Some demos are set up for observation.

1. To show attraction and repulsion of charges, foam chips suspended from two threads can be charged by touching them with comb rubbed on hair or a PVC pipe rubbed with woolen cloth. Both chips become negatively charged and repel each other. If you insert the charged comb or PVC in between the two foam chips, they repel.

2. Many students do not know about a very basic device for testing the presence of or sign of charge- the gold leaf electroscopes. It is very easy to make and may be a good idea to ask students to make their own and test things at home. See demo.


3. Many students do not fully understand the word ‘induction of charge’. This is an important concept since electrostatic fields, Gauss’s law and capacitors involve knowledge of induction. Some easy and fun demos of this can be shown. All we need is a comb and our hair. Comb clean, dry hair and hold the comb near: a) pieces of paper. These will jump up and stick to the comb, b) near a thin stream of water, the stream will bend towards the comb, c) near an empty can of soda placed on its side on a table, it will roll towards the comb. You can make it roll over the whole table and then make it go back. These will interest the student and show induction very nicely. 

4. Since our teaching is mostly formula based, it is important to find examples of use of these equations in our lives and point them out. Most have some application in the medical/ health related fields, which quickly draws attention of the student. Cyclotrons used in hospitals to produce short-lived radio-isotopes and MRI scans are good examples. 

5. In teaching Coulomb’s law, we should point out the existence of positive and negative charges (ions) in our bodies and the continuous electrical forces. We should point out how Coulomb’s law will modify if the charges were placed in a medium other than air. The ions in our body are immersed in water or saline water. Simply pointing out this minor application to our system makes physics more real for the student. 


Activity 4. Construction of an Electroscope and testing the charged on an object

Materials:
An empty soft drink can with the ring still attached to the lid, transparent tape, thin strip of light-weight aluminum foil or foil from a cigarette wrapper, a glass rod and a piece of woolen cloth, OR a large glass bottle with a cork through which a hole is drilled, a stiff wire of diameter 2mm, some saran wrap, plastic ruler.

(Note: In Karachi, this activity will work well only in the dry season, November – January)


Activity (a): 

1. Place a soft drink can on an inverted Styrofoam cup.

2. Cut a foil strip ~ ½ cm wide x 3 cm long and fold it to hang


through the ring of the can. This makes a good enough 

version of an electroscope. The leaves are conductors and 

will repel each other if a similar charge is given to both.

3. If you rub a plastic ruler with wool, what type of charge appears on the plastic and what type 
on the wool?--------

4. Predict what will happen if rubbed end of a plastic ruler is touched to the can. ---------------. 
What type of charge will appear on the can and leaves?__________
5. Now rub the ruler with wool and touch the can with it. Observe the leaves and record. ----------

6. When you remove the ruler, what happens to the leaves and why?--------

7. Is there any possibility that leaves of electroscope may attract each other? Explain.----- 
8. Predict if the leaves will show repulsion if you bring a charged ruler near the can but do not touch it. 

9. Rub the plastic ruler with wool and bring it just near the can. 
Note your observation. ______


Activity (b): 


1. Make a hole in the cork of a glass jar. Bend the thick wire 


In the shape of U at one end and push the straight end 


through the hole and twist the end back on itself.


2. Fold the Aluminum strip in two and place it over the U-


Shape end.

3. Touch a charged ruler to the top end T of the electroscope.

    The leaves will diverge.

Activity 5: HOW TO MAKE A Demo ELECTROPHOROUS 

Materials: A (~24 cm x 24 cm x 1.5 cm thick) Sheet of high density Styrofoam or PVC sheet, a piece of wool fabric, a styrofoam coffee cup, a 15-20 cm diameter aluminum pie pan, masking tape.
ELECTROPHORUS is a device for transporting charge from one place to another. 
Activity: 

1. Tape a styrofoam cup to the middle of the inside of a pie pan. Always handle the pie pan by this Styrofoam cup handle.

2. Rub the Styrofoam sheet briskly with wool. What type of charge is produced on the Styrofoam sheet?

2. Remember that wool is always a “giver” of electrons. So on rubbing the sheet, it causes electrons from the wool to be
 rubbed off on


       Foam cup


to the surface of the Styro sheet.

Place the pie pan on the Styrofoam sheet,




and gently touch the edge of the pie pan

     -

          Pie pan


with your finger tip. 




        -  -   -   -   -   -   -   -   -  -









        
+  +  +  +  +  +  +  +  +  

You should feel a small shock. Explain what sign charge   - - - - - - - - - - - - - - - - - - - - -     

     is moving through your finger and in which direction.


3. What type of charge is on the pie pan when you lift it up? Use the handle to lift the pie pan from the Styrofoam sheet and touch it again. You should feel a small shock again. Explain what sign charge is moving through your finger and in which direction.


4. Return the pie pan to the Styrofoam sheet and touch its edge again. Record your observation.---

5. Lift the pie pan and touch it again. Record what happens now?-------------------

6.
When you repeated the activity in Step 4, you did not have to rub the wool across the Styrofoam sheet again. What could be the reason for this? -----------------------

7.
Put some small foam chips on the pie pan and repeat step #2. Lift the pie pan from the handle and gently shake it. Do the foam chips move? What does it indicate?-------------------------

Teacher’s Note: It is essential that students clearly understand the direction in which the charge is moving in each case. You can also stress that it is only the negative charge that moves.
Activity 6: HOW TO MAKE A Demo-CAPACITOR
Materials: A 35 mm film roll container, aluminum foil, a large paper clip, An 8" x 8"  or so Sheet of high density Styrofoam or PVC, a piece of wool fabric, Styrofoam cup, an 8" aluminum pie pan, masking tape

Activity:

1. Remove the lid from the film canister and set it aside. Cover 3/4th of the outside of the film canister with aluminum foil, leaving only about 1 cm around the top edge uncovered. Cover the inside of the canister with Al foil to 1 cm from the top. Make a small slit shape cut in the lid on the canister.











         P

2.  Link the loops of 4 paper clip and push one through the cut in the

   Lid

center of the lid while the others touch the inside Al foil.


    You have constructed a "mini" Leyden Jar,




   AL foil
     a device that can be used to store charges.


3. Using your electrophorus, charge the pie plate positively as in steps 1- 3 of previous activity. While holding the film canister in one hand, touch the + charged pie plate to the end of the paper clip P.


4.  Recharge the pie plate positive as done in the previous step and again touch it to the end of the paper clip P. Repeat this procedure three times. Each time, you are increasing the amount of charge stored in your Leyden jar. What type of charge is being stored in the jar?--------------
5. Bring your knuckle or finger near the paper clip. Do you receive a shock? In what direction  are the  electrons moving though your body which give you the shock?
6. Is any charge induced on the outer aluminum lining? ----- What happens to it when you are 
holding the film canister in one hand during the experiment?--------
7.  Make a list of all possible uses of storing charges.-----------------------

Tutorial: Electrostatics (Some questions are modified from Lillian McDermott’s Tutorials) 
1. Two point charges are held fixed in place as shown. One is +Q and the other is –Q. A point charge +q is placed at rest half way between the charges.

 




●
       ●

●





+Q
       q

-Q

a) The net force on +q will be: (i) to the left
(ii) to the right   (iii) zero ?
b) You apply Coulomb’s law to the case where five identical positive point charges are placed in a row as shown. Will the force on charge 2 due to charge 5, be effected by charges 3 and 4 because they are intervening between 2 and 5?




 ●
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2. A charge +Q is uniformly distributed along a rod of length L. 

            

  L

a) A test charge +q is placed at A which is to the left of the midpoint 
         A ●


of the rod. What is the direction of force on test charge +q? Is it to

the left, right or some other direction? Explain how you got your answer.


  +Q

b) What is the approximate direction of the force if +q is placed at B near the top?


3. The rod in step 2 is bent to form a semicircle and carries a total charge - Q which is uniformly distributed on it. A positive point charge +Q is placed as shown. A test charge +q is placed half way between +Q and the semicircle. Charge q experiences two forces due to +Q and –Q (spread over semicircle).







a) Compare the two forces on q and determine if




           

there will be a net force on q.





        +q●
●+Q










   - Q

b) Explain how you can tell if there is a net force on +q.

4. A positive charge +q is placed at P on a straight line to the right of two charges A and B which are fixed in place such that AB=BP.  It is found that the force on +q is zero.

a) What can you say about the signs of charges A and B? Explain.


(i) A, B are positive


 A

B

P


(ii) A, B are negative


●

●

●




(iii) One is positive, the other negative




+q

b) Which charge will have to be of a larger magnitude? A or B? Explain why.

c) What would be the ratio of the magnitude of charge at A to magnitude of charge 

at B?  Explain.

5. A large uncharged, conducting ball A is on an 

Ball A

insulating stand to the left of a negative point charge         

of magnitude –Q as shown. 





  ●
   ●-Q
    ●

Show the distribution of + and – charge on the 


  X
  
    Z

conducting ball. 

Compare the magnitude of the electric force on a test 

charge when it is placed at point X to the magnitude of 

electric force on an identical test charge when it is placed at Z? Explain.





















    
   B

   A                   










●-Q

6. A second, larger uncharged, conducting ball B, 

on an insulating stand, is placed so that it touches 

ball A. Show the distribution of + and – charge on 

ball A and B. Charge – Q is still in place.













     B
     A

7. Ball B is now moved a short distance to the 


                
    ●-Q


left as shown. Determine the sign of the net 
charge on ball B. Charge – Q is still in place. Explain.

8. Compare the magnitude of net charge on ball A 

to the magnitude of net charge on B? Explain.










   B       
9. Now the point charge –Q is removed. 


Determine the direction of electric force 




A

on ball A by ball B and on ball B by ball A. Explain.


10. Two small spheres attract one another electrostatically. 

Which of these statements must be true? 

a) Both spheres are charged

b) at least one sphere is charged


c) both have the same charge
d) neither sphere is charged.
    












11. A negatively charged rod is held near two identical, metallic 

         

      uncharged spheres that are in contact. You then remove only
 
    
       1
  2
      sphere 2. The sphere 2 will have: 

a) no charge  

b) a positive charge


          - 
      c) a negative charge     
d) can have either positive or                         -






     negative charge. 
Explain the reason for choosing your answer.
Tutorial: Capacitance
Students have some serious misconception regarding capacitors. Some questions can be asked to help students. 
1. 

(i)   When a capacitor is connected to a battery, does the amount of charge drawn from the battery depend on the voltage of the battery or the capacitance of the capacitor or both?----

(ii) If you connect a bigger capacitance to the same 2V battery, will it draw more charge from the   battery or draw the same charge? -----------------

(iii) How can you increase the charge on a capacitor plates? ----------
(iv) What will increase the potential on the capacitor plates? ------------
(v) What happens to capacitance when you increase the battery potential?-------------

2. (i) The potential difference of a capacitor is reduced by one-half. Is the energy stored in that 
capacitor reduced to one-quarter or increased to four times?

(ii) The potential difference across a capacitor is doubled. The capacitance of the capacitor will: 
 double /  four times/ remain unchanged? 

(iii) The potential difference across a capacitor is doubled. The charge stored on the capacitor   will be: four times/ double? 
(iv) If the charge on a parallel plate capacitor is increased 3 times, and at the same time, the plate   separation is tripled, the energy stored in the capacitor will change by a factor of: 1/3 or 27?

(v) If the charge on a parallel plate capacitor is decreased 3 times, and at the same time, the plate   separation is tripled, the energy stored in the capacitor will change by a factor of: 1/3 or 27?  
3.

Two large flat plates of area A are distance d apart. Their capacitance C is 

given by C = εo A /d. When the plates are connected to a battery, the potential

difference P.D.  V between the plates is the same as on the battery. The charge on

        A

the plates is Q = CV.

Suppose you form a new capacitor by attaching 2 uncharged metal plates, each with 
Area A` to the plates of area A, as shown while the battery remains connected.
(i) After the new plates are added, the capacitance C will be more, 


 less or remain the same?

(ii) After the new plates are added, the PD between the plates will be more, 


 less or remain V?

(iii) How much work will be done by the electric field on a charge q if 

      
        A


 it travels from left plate to right? Explain.












        A`


(iv) If E` is the new field between the larger plates, is the magnitude and direction 
        


of E`greater than, less than or equal to the electric field E between the plates

                               


before A` were attached?

         






        
(v) Will the charge density σ` on the plates of the capacitor be more, less or the same as σ before A` were attached? Explain.

(vi) Is the total charge on the plates more, less or the same as σ before A` were attached? Explain.

4. 
The right plate is moved closer to the left plate so the distance now is smaller (d`). Describe if any of these quantities will change, whether they will increase, decrease or remain unchanged. Explain.-----













a. The charge density on each plate

b. The electric field both outside and between the plates

c. The potential difference between the plates

5. If you put three identical capacitors of capacitance C in series, their equivalent capacitance will be more or less than C?-------
6. If you put two identical capacitors of capacitance C in parallel, their equivalent capacitance will be 
more or less than C?-------
7. A capacitor of capacitance C has air as the medium between the plates. A dielectric medium of 
dielectric constant 2 is inserted between the plates. The capacitance will become 2C or C/2? 
A dielectric medium is inserted between the plates of a capacitor that is connected to 100 volt battery. Choose the correct answer from the following.

(i) Electric field between plates decreases.

(ii) Voltage across capacitor decreases.

(iii) Electric field between plates increases.

(iv) Charge on the capacitor plates decreases.

(v) Charge on the capacitor plates increases.
8. A capacitor is connected to a variable voltage source. As the voltage in the circuit is increased, does the capacitance increase, decrease or does not change? Explain.------
Activity 7- Electric Field, Potential Difference, Flux and Tutorial Questions

Materials: Paper, paper, skewers, a foam sheet or long nails through a wooden board, thick copper wire to form a loop.
Electric Field E;
Electric field is a vector quantity. For a positive point charge, it is represented by lines diverging from the charge. For a negative point charge, they are shown as converging on the charge. The number of lines leaving a positive charge or ending on a negative charge is proportional to the magnitude of the charge. Presence of other charges will modify the field lines accordingly. 












•-q

1. In the diagram here, four charges  -2q, +4q, - q and – q are shown. 


Two lines of electric field are drawn that end on the charge - q. 


Complete the diagram by drawing the electric field lines for all




charges in this configuration.






            • +4q










Fig.1











• -2q

             •












          -q


2. Compare the electric field at points A and B.


Is the field at A greater or less than at B?





•A

Explain your reasoning. ---------------------


Fig. 2


  E










•B



3. Compare fig 2 with fig 3 and discuss the following possibilities to 

    come to a reasonable conclusion.

Both fields start with a single positive point charge on the left.

Both fields start with many negative charges on the left.

     Fig. 3

Both fields are uniform.

Both fields become stronger as you move from left to right.

Only field 3 becomes weaker but field 2 is uniform.

Both fields become weaker as you move to the right.

Some facts about Electric Conductors:

Under electrostatic equilibrium, excess charge in a conductor resides on the outside of the conductor. Therefore, the electric field inside a conductor is zero at all points. The electric field just outside the surface of a conductor is perpendicular to the surface.


4. A charge +q is suspended at the center of an uncharged hollow spherical 


conductor. Draw a diagram of how the electric field lines will appear 


to be inside and outside the sphere.










      Fig.4

5. A charge – q and a charge +4q are placed on a line. The electric field 


is zero at one of the five numbered dots shown. Which point is it?

 



         1



     -q      2        3       4
 +4q

       5

6. A uniform electric field of magnitude 2000N/C is 


directed 37o below the horizontal. 


(a) Find the potential difference between P and R. 


(b) If we define reference level of potential so 

         


that the potential of R is 500V, what is the 


      P
  37o             R

potential at P? 

Representing an area as a vector:










        A

1. Hold a paper in front of you so it is inclined with the table. 


By which single line will you specify the orientation of its plane 


so that others can hold it in the same or parallel plane?


2. The area of a flat surface can be represented by a single vector, called area vector A. The magnitude of this vector equals magnitude of area and the direction of this vector is perpendicular to the flat surface representing the area.

3. Fold the piece of paper into 4 equal parts (like a tube with rectangular sides). 

How many area vectors are needed to describe the 4 surfaces?

Draw the area vectors. 

4. The paper is rolled into a cylindrical tube. How will the orientation of each 

part be represented by dA vectors? Draw some vectors and explain.-----

5. When the area of the loop is perpendicular to the electric field, what is the angle between the area 

vector A and the field E? ----------------------

Flux:

1. Flux through a surface can be easily demonstrated by using a foam sheet and wooden skewers. The foam sheet can be the packing sheet that comes with computers. Stick enough skewers, in the foam so you get about five rows of six skewers.  


2. Make a square loop of 8 cm x8 cm with the wire. You can show that 


maximum skewers pass through the loop when its area is perpendicular


to the skewers (area vector will be parallel to skewers) and minimum when 


area is parallel (area vector is perpendicular) to the skewers.



When the loop is tilted at an angle, the lines represented by the


Skewers will depend on the tilt angle.

3. Flux ф through a surface is the product of electric field E through the surface 


times the area perpendicular to the field. When the folded paper is placed    
   E


in a uniform electric field E , the flux through the left and right sides of the 


surface is maximum but through the top and bottom is zero. If the area is not 


perpendicular, we should take the component of area vector perpendicular to 


the field. Flux outward is taken positive and inward as negative. What would be the net electric flux фnet through the square surface shown in terms of the area vectors and the electric field vector E.


4. If the paper is into a cylindrical tube, what would be the net flux through 
E


the curved sides of the cylinder? Explain.


Note that: For a given surface, the electric flux Φ is proportional to the E-field lines passing through the surface perpendicularly. For a uniform E, the maximum electric flux Φ is equal to the product of E and A so Φ = EA. 

If E and A are not perpendicular but make an angle with each other, then Φ = E . A = E A cos θ where θ is angle between E and vector A (not area A which is not a vector).

If vector E has a component in the same direction as area vector A, Φ is positive.

If vector E has a component in the direction opposite to area vector A, Φ is negative
Tutorial: Gauss’s Law: Electric Flux through closed surfaces. 


  (Some questions are selected from Lillian McDermott’s Tutorials)
From Coulomb’s law, electric field at distance r from a charge q is given by: E = kq/r2
Or E =q/(4π εo r2). The surface area A of the sphere is 4πr2. The product of E and area A, called electric flux is then q/ εo. A closed imaginary surface is called a Gaussian surface. Gausses law for a point charge q placed at the center of an imaginary spherical surface of radius r is, then written as E = q/(εo A) or E A = q/ εo.
If there are several positive and negative charges enclosed inside the imaginary surface which has a uniform electric field E through it, then we can write:     фnet = Σ Ei • dAi

The area vectors at each point of a closed surface are chosen (by convention) to point out of the enclosed region. 


1) Suppose the Gaussian surface is a cylinder of radius r and length L.  Let us call 
        A
the circular surfaces A and C and the curved surface B. Answer the following.












B

a) A uniform external field E which lies along the length of the cylinder.

What is the sign of charge through each of A, B, C?




    C    What is the sign of the net flux through the cylinder?




      E
b) If a charge –Q is enclosed in the Gaussian while E is removed,

    What is the sign of the flux through each surface. 

    What is the sign of net flux through the Gaussian surface?

    A

c) If in the same cylindrical Gaussian, a charge +Q is placed below side A 

         

and –Q is placed the same distance above side C, what is the sign of


the flux through each of the surfaces A,B,C?

 
      

        B

    What is the sign of the net flux through the cylinder?












    C

d) If both charges are removed from inside the cylinder and instead, a positive charge +Q


is located above the Gaussian cylinder outside surface A,


What is the sign of the flux through each surface?

    What is the sign of the net flux through the cylinder?
2) A closed Gaussian surface in air is shown in the diagram. It is a 


hemisphere 
with a flat plane surface closing it at the end. The 


charge +q is placed outside the surface.

a) What is the flux through the entire surface?
   



       +q

b) Is the flux through the left surface different from flux

     through the right surface?







   


c) If the curved surface was larger with +q remaining in place,



+q

will the flux through the left surface change? Explain.







         

d) If the curved surface is such that the charge +q

is now inside the closed surface, does the
flux

through the left surface change? Explain.












  +q

f) Is the flux through the new enlarged curved portion the 


same as in part (a)? 



 

g) If a second charge +q is placed to the right, outside of the new Gaussian surface,

wills the flux through the entire Gaussian surface be increased, decreased or remain unchanged? 









      










      



       -3Q



3) Each of three spherical Gaussian surfaces 

enclose a charge +Q. The radius of (b) is double 

the radius of (a) and (c). In case (c), there is

additional charge – 3Q outside the surface.

   (a)



   (c)







    
    (b)



(i) Is the flux in (b) the same as in (a)? Explain.

(ii) Is the flux in (c) different from flux in (a) and (b)? Explain.

(iii) Comparing (a) and (c), the outside charge changes the field over the whole surface. The areas are the same so the flux must be different.

Activity 8: Electric Current 
To understand the path that current follows in a circuit

Material:
Three ordinary torch bulbs, three switches or crocodile clips, a source of emf (3V), a card board or bread board (6״ long and 3״ wide).

Diagram:


[image: image18]
Activity:

1. Connect bulbs A, B and C with switches S1, S2 and S3 or use crocodile clips (connections are shown in the fig).

2. Predict what will happen when you close only S1. Now close S1. Did the bulbs light up as you predicted?----------

3. Predict what will happen when you close only S2. Now close S2. Did the bulbs light up as you predicted?----------

4. Predict what will happen when you close only S3. Now close S3. Did the bulbs light up as you predicted?----------

5. Predict what will happen when you close S1 and S2 but leave S3 open. Now do so. Did the bulbs light up as you predicted?----------

6. Predict what will happen when you close S3 and S2 but leave S1 open. Now do so. Did the bulbs light up as you predicted?----------

7. Predict what will happen when you close S1 and S3 but leave S2 open. Now do so. Did the bulbs light up as you predicted?----------

8. In your opinion, which of the above steps is most helpful for the students to see that current 
follows the path of least resistance?-------------------

9. You are making a circuit and need a certain low resistance. You only have





access to a rectangular metal piece with longest side a, medium side b
         
 c

and smallest side c (shown here enlarged). Which sides of the block should     
b


you connect in the circuit to obtain the minimum Resistance? Explain.

             a    

Activity 9: Detecting and Measuring Electric Current
Materials: A medium sized magnetic compass, two 1.5 volt batteries, a 1.5-2.5V flashlight bulb in a socket mounted on a base, about 5 meters of insulated 22 to 26 gauge copper wire, a variable voltage supply (or 3 batteries), a multi range ammeter, connecting wires with crocodile clips (to act as an easy switch).

Theory: We shall show that current can be measured by a simple Galvanoscope. Its principle is based on Oersted’s discovery that electric currents produce magnetic fields. 








East









        Bulb



  
North






West







Activity: 

1. Using the magnetic compass, determine the magnetic North-South direction. Wrap about 30 turns 
of insulated wire around the compass in the north-south direction.

2. Connect a 1.5V battery and a 1.5 volt light bulb in series with this wire. This simple device is called a galvanoscope and can be used to indicate the presence of current. Since it is not calibrated to measure in current units, it is not an ammeter. On completing this circuit, the bulb should light up.

3. Note the angle of deflection θ of the compass needle. ----------If the deflection is small, you should 
increase the number of turns. If it is too large, decrease the number.


(i)  What would increase the angle of deflection?-------

(ii) What would increase the brightness of the light bulb?--------

(iii) If you reverse the terminals of the battery, what would you observe?---------

(vi) If you wind the wire on the compass in an east-west direction, will the needle move?-------

(v)  What will be the effect if you increase the number of turns of the wire from 30?---------

4. Ohm’s law states that the current I in a closed circuit is directly proportional to the voltage V and 
inversely proportional to the resistance R. This is written as I = V/R. 


Add the second battery in series with the first in the same circuit. 


Note the brightness of the bulb and the deflection of the needle. Does 

  I


your finding verify Ohm’s law.

5. To calibrate the galvanoscope G, put G so it points north-south and fix it in place. 

6. Connect the variable V source, the ammeter, the light bulb and G all in series.

7. Note the current on the ammeter and the deflection of the galvanoscope needle 


for various applied voltages.







     θo
8. Plot a graph of measured current from ammeter vs deflection of needle on galvanoscope to obtain  a calibration 
curve. You can then use G and the graph to convert deflection to amps.

Activity10: Series and Parallel circuits.
Materials : Three (2.5V) flashlight bulbs in holders, four 1.5 V batteries or one 6V battery, 2 holders that hold two batteries each, connecting wires- some with crocodile clips to work as switches, voltmeter (0-3V), wires to connect. 


Here, light bulbs are used instead of resistances since we can immediately see if current is passing around the circuit.

I. Bulbs in Series: Compare the brightness of two bulbs with a single light bulb. 

Note: Always leave one connection to the battery open till you have checked the remaining circuit. Always disconnect the battery when you are writing.



        


I. Bulbs in Series. Pay attention to brightness of bulbs.




       





        

1. Very briefly, connect one 1.5V battery to a single bulb, note the brightness 
  A                   B
and disconnect the wire from the battery. Mark the bulb A.

1. Connect a second bulb B so that A and B are in series with a 1.5V battery. 


      Are the two bulbs as bright as when the single bulb A was connected? -----


2. If the bulbs are not as bright as in step 1, do you think current is used up in 

the first bulb or is the current the same in both bulbs?---------


3. Do you think the current through the single-bulb circuit is more than the 
         A         B


current though the same bulb when it is connected in series with a second bulb?     ^^^^^   ^^^^


Equivalent book 
diagram
4. Is the current through the battery in a single bulb circuit more than the current 

through the battery in a 2-bulb series circuit? Explain.---------------

5. Will the current through the battery increase, decrease or stay the same if we increase the number of light bulbs in series in a circuit.-----------


II. Bulbs in Parallel: 


Set up two bulbs A, B in parallel with a battery as shown. Leave switch 


A
(connection to battery) open.





      


    B

1. Compare the brightness of the bulbs in this circuit with each other. From the 

 brightness, what can you conclude about the current through each bulb? -----------

   Compare the brightness of the two bulbs in this circuit to the brightness of a single bulb circuit.---------

2. Compare the amount of current through the battery connected to a single bulb to the current through battery connected to a two bulb parallel circuit. Explain.------

3. How will the current through the battery change if we increase the number of light bulbs in parallel circuit? --------------

4. Does the amount of current through the battery seem to depend on the number of bulbs in the circuit and how they are connected?---------------

5. If you unscrew one of the light bulbs in the 2-bulb parallel circuit, predict if the current through the branch that contains the other bulb change? Verify and explain.----------------

III. Potential Difference:

1. Measure the voltage of the given battery by connecting each probe of the voltmeter to it. Connect a single light bulb to the battery and measure the voltage across it. Quickly disconnect.

2. Add another bulb in series with the first. Measure the voltage of the battery, and voltage across bulbs A and B. Record.---------

3. Connect the bulbs to battery in parallel and measure voltages across the three elements again. Record in the table.-----------------

	Single bulb
	V(battery)
	V (bulb A)
	V (bulb B)

	
	
	
	       _______

	2 Bulbs in series
	
	
	

	2 bulbs in parallel
	
	
	


4. How does the potential difference across the bulbs compare to the potential difference of the battery in each case?-------------------. Would you say that the current through the battery depend on the circuit to which it is connected? Explain-----------------

5. Does the potential difference across the battery depend on the circuit to which it is connected? Explain.------------------
IV. Combination of Resistors and short-circuiting: 

1. The circuit shown has 4 identical light bulbs and an ideal battery.

A
    D













2. If a wire is added to the circuit across bulb C as shown,



 B
    Will the brightness of bulb C increase, decrease or remain


the same? Explain.---------
 C
    Will the brightness of bulb A increase, decrease or remain the same? 

Explain.--------------



Will the current through the battery increase, decrease or remain 



the same? Explain.----------

3. Would you say that the current through the battery depends on the circuit to which it is connected? Explain-----------------

           
4. Does the potential difference across the battery depend on the circuit to which it is connected? Explain.------------------

Tutorial: Current Electricity

1. Three light bulbs 1,2,3 and three switches s1, s2, s3 are connected
    in a circuit as shown. Answer the following questions.











      1


(a) For an open circuit, what should be the position of the switches?

      2
       3

(b) For a short circuit, what should be the position of the switches?

(c) What would be the position of the switches if bulb 2 is to light 

      up without lighting bulb 3? Show how.



         s1             s2         s3

(d) What should be the position of the switches if only bulb 1 is to 

      light up without lighting bulbs 2 or  3? Show how.

2. An ammeter is a very low resistance instrument used to measure 


current in a circuit when connected in series. What effect 

 L

         A


will the ammeter A have if, instead of connecting


it in series, it is connected across the bulb L (as shown

by dashed lines).


3. Some wires are connected as shown and currents together with 


directions are indicated in some branches. What would be the 

 a
     c
   1A


magnitude and direction of current at point b?


  
  •
      •









6A








                            •b

       5A

4. Indicate which of the 2 points a, b, c, d could be 


connected with a copper wire in order that                 a     10Ω       b     10Ω      c      10V   d
 

which ever resistor the current passes through,           •    ^^^^^     •    ^^^^^    •
   
     •

it is always equal to 1A?
5. Part of a circuit diagram is shown here. It is labeled with all the information needed. Potential  at A is 50V and at D is zero. A 10A current flows from left to right. Determine:
     a) the potential at B.

     (b) the emf of the battery.

(c) Is the battery being charged or

          A
     2 Ω       B
     C     ½ Ω    D


 discharged in this process?


            •    ^^^^^     •           •     ^^^^^    •
   





          VA= 50V
            ξ                   VD= 0









        10A
Activity 11-Interaction between a magnetic field and Current: 
Materials: A U-shaped magnet or a strong bar magnet , a compass, a long wooden dowel of ½ cm diameter (or a long pencil), stand and clamp, 1.5-3V battery with leads of length ~30cm and crocodile clips, paper clips, a flexible connecting wire about 30cm with bare ends for connections, a small flashlight bulb ~2.5V.

    Demo A: Magnetic Force on a Current-Carrying Wire Placed in a Magnetic field

Please note that if the resistance in the circuit is coming from connecting wires only or is very small, the battery must only be connected for a very short time to avoid draining the battery. It is best to include a 2.5-3.5 V light bulb in the circuit. If the effect you are looking for is small, the bulb can be removed for a very short time and battery must be disconnected immediately.

[image: image19.jpg]



1. Hold the pencil horizontal in the clamp of a stand. Bend two paper clips in an S shape so that one end goes over the pencil and the other is bent to hold a suspended wire.


2. Bend the wire into a U-shape with a horizontal section of about 10 cm.

    Hang the wire with stripped ends from the paper clips, making sure 

    there is a horizontal part of wire.  Connect the circuit as shown, leaving 

    out the last connection to the battery.











  Wire   S
3. Sketch the magnet and the wire in your notebook. Show the 

     direction of current in the wire and the magnetic field of the U- magnet

 N


between the poles of the magnet. Let us say it points upward.
   
    


4. How will you determine the direction of the force exerted on the 

    Wire by the magnet when the circuit is completed. Explain.

        
         

5. Now connect the battery for a short time and move the U-magnet right angles. Observe         what happens to the wire as you insert the magnet . Check if the direction of motion of the wire matches your prediction in step 4. 

6. Now pull the magnet away from the wire and again note what happens to the wire. Does it      move in the same direction or in opposite direction than before?

If you are using a bar magnet instead of a U-magnet, you can bring the N-pole quickly near the wire as shown in the schematic diagram and observe the motion of the wire.

7. Now turn the U-magnet so direction of the magnetic field that the wire cuts is reversed (if it was upward before, now it points downward). Repeat steps 6 and 7. Note your observations and briefly explain. Disconnect the battery.

8. Now if the battery leads are reversed when field is upward, in which direction will the wire move? Briefly connect the battery and check your answer. Disconnect the battery.

9. What will happen if while the battery is connected, the magnet is turned sideways so its magnetic field is parallel to the wire and then moved towards the wire? Now perform, observe and record. Disconnect the battery.----------------

Review your answers in the light of the vector equation F = iL x B.

Does this simple activity show a connection between a magnetic field and electric current?

Demo B: Magnetic Field of a Current-Carrying Wire:

We shall use a magnetic compass to test if the current carrying wire produces a magnetic field of its own.



1. Place a compass under the wire and complete the circuit briefly.

    Note the direction of deflection of needle. From the direction of the 


current, what is the direction of magnetic field below the wire 


and above the wire?







  Compass













2. Check with a compass if the magnetic field is producing the 


deflection in the compass needle correctly.

3. Sketch the magnetic field of 4 current carrying wires: 

a) when the current in the wire is going left.

b) when the current is traveling right


c) when the current is traveling out towards you and 

d) when the current is going away from you and into the paper.


    

Activity 12- Faraday’s law of Induced Currents:

Materials: Two strong bar magnets, 2 circular loops of insulated wire, #1 with 10 turns (n) and diameter ~15 cm and #2 with 5 turns and diameter ~15 cm, a sensitive galvanometer or micro/milliammeter, some thread, extra connecting wires. Remove about 3 cm insulation from the ends of the loop wire to make connections. (Optional- A straight copper wire, a U-shaped strong magnet).


Activity:  Possible difficulties in this experiment can arise if the 

magnet is not strong enough. It works best with a very strong 


     N      S
horseshoe magnet whose poles face each other. A demo type large 

galvanometer works best with the coil. 









0











         U-shaped magnet











         With poles facing






Each other

Large Demo Galvanometer


1. Connect the #1 loop to the sensitive galvanometer. Quickly move a U-magnet toward the loop so that the loop cuts the magnetic field at right angles. Note the deflection of the needle. After a few seconds, quickly pull back the magnet horizontally out of the loop completely and observe the deflection of G. Is it in the same direction in both cases? Repeat and observe.--

  

2. Repeat step 1 with #2 loop and observe. Is the deflection greater or smaller than before?__

3. Repeat steps 1 and 2 for 5-loop wire but move the magnet slower than you did before. Observe and record in the table form as shown below.  
	
	Fast Inserting G,readings 
	Fast Withdrawing  G,readings 

	10-wire 
Loop
	1.
2.

	1.
2.


	5-wire 
loop
	1.
2.
	1.
2.


4. Hold the field steady inside the loop and observe if the needle shows any deflection when the magnet is stationary. Explain why we get deflection only when the magnet is in motion relative to the loop? 

5. Now we need to check the opposite- i.e. have a steady magnetic field but move the loop through this field. Ideally, a uniform magnetic field needs two large pole pieces of a magnet. It can also be generated by an electromagnet (a solenoid curved in a way so that the ends face each other). Think of ways to use two bar magnets with space left between them so you can move the loop through that space. 
6. a. Move the loop quickly in to the magnetic field. Observe the deflection.

    b. Hold the loop steady between the magnets polesand observe if there is a deflection

    c. Move the loop quickly out of the magnetic field. Observe the direction of deflection.

        Does this step support your observations in the table? --------------------

7. Hold the loop in the field and quickly rotate it so that fewer lines of field B pass through it and observe if there is a deflection.--------------------

8.  Hold the loop in the field and pull from opposite sides so area of the loop exposed to the field changes. Observe the deflection.------------------

9. Do these observations verify Faraday’s law and dependence of induced emf on the variables you tested? Write the equation and check with your partner. ---------------

10. If the number of turns is increased, will it be more difficult to push a magnet through a coil?--
Tutorial: Faraday & Lenz’s Law 
1. A wire loop is placed in a uniform magnetic field B. Consider the 4 cases given  below. Determine 
if a current will be induced in the loop. Explain your answer in terms of magnetic forces acting on 
the charges in the wire of the loop. 


a. if the loop is moving to the right.
b. if the loop is moving to the left.


S


    N
c. if the loop is stationary.




B

d. if the loop moves upward.

2. The diagram below shows a solenoid with the open switch S and a battery. The single loop is placed near one end of the solenoid. When the switch S is closed, a magnetic field is established in the solenoid coil. Determine if a current will flow through the single loop in the following cases. Explain your reasoning.

a. Just after the switch is closed

b. A long time after the switch has been closed

c. Just after the switch is re-opened

d. A long time after the switch has been re-opened.


3. For each of the cases in step 2 in which you predicted that there 

     will be an induced current, draw a diagram to show:


 -     +

           

  S

a. the direction of current through the wire loop.
b. the direction of magnetic field at the center of the loop and of the magnetic moment (μ=IA) of the loop.
c. the direction of the magnetic force exerted on the loop.
4. What is the direction of the force on the wire loop? Does it tend to increase or decrease the change in net flux through the wire loop? Explain.

5. You make a copper wire loop so its area can be changed by changing its shape. It is held so the area is facing the end of the. The solenoid has a constant current flowing through it.

Suppose the radius of loop is increasing. Use Lenz’s law to explain why there would be an induced current through the wire and what will be the direction of that current?

6. Is the direction of induced current in the circular loop clockwise           ^^^^^^


or counter clockwise as the switch is (i) closed; (ii) opened?









      S




7. A small circular loop of wire of radius 5cm and resistance 


10-3Ω is centered inside a large circular loop of wire of radius 


50cm. The current in the large loop is cut from 8A to zero in 


10-6 s. Determine the average current in the smaller loop in 


this time interval.
8A

8. Two cases are shown in these diagrams. Region II has no magnetic field, region I has field B in the direction indicated.



       

Four loops are formed of a copper wire. The loops 1,3 are identical and 2, 4 are longer but with same height. In the diagram, at one time, all loops are moving with constant speed indicated    

by arrows. B in region I is coming out of the page. (Ignore any interactions between the loops)
.
a. Indicate the direction of induced current, if any, in each case.


        





               
b. Which loop will have the greatest induced current? Give the order in terms of decreasing currents.


         




Region I          Region II

 
Region I
          Region II


B

(No B)


 B

          (no B)










CASE I





CASE II

Compare your answers with your colleagues and discuss any disagreements to arrive at the 
correct answer.
9. A loop rests in the XY plane. The Z axis is normal and positive above the XY plane. The arrow  by Z-axis indicates the direction of changing flux (whether B is increasing or decreasing). 

The direction of induced current in the loop is shown in 5 diagrams out of which, only one is 
correct. Figure out which diagram gives correct direction of induced current.


     z


z

    z

        z


 z 


          B

       B

            B

  B

        B




  B increasing
       B decreasing
B increasing
     B increasing          B decreasing

(1)

   (2)

        (3)


(4)

 (5)

Activity 13-  Building a simple Electric Motor
Materials: One dry cell size D (regular 1.5V battery), a small piece of soft wood or foam sheet (optional), one (or 2) flat magnets, 2 paper clips, approximately 2 meters of gauge 26 insulated copper wire, 2 thumb tacks or 2 large safety pins, a small piece of 2.5 cm diameter PVC pipe or D-battery, Sand paper, connecting wires with crocodile clips, two rubber bands, stop watch or any watch with a second’s hand.  

Activity:

1. Figure out how much wire you will need if you wish to make a 10 turn loop of diameter ~2.5cm. Record your calculated length. Add 20 cm to the calculated length and cut this length L of wire.

2. Leaving about 7 cm of wire at each end, make the loop of 10 turns by winding the wire on the PVC pipe or pen marker or a AAA battery. Give one turn to loose ends over the coil so as to hold the turns of wire together. This is shown in fig. (iii) below.
3. To make a support for the loop, open up the 2 large paper clips and bend one end into a small horizontal part that can be tacked to the wood by thumb tack and bend the other end upward as shown at c, d.

4. Using 2 thumb tacks, hold the straight portion of the two clips to the           c
               d

wood. The vertical parts can be used to send current from the

battery through the coil. Place the battery between the two vertical 
wires and wrap two rubber bands (dashed line) around it to make 

good contact. Thumb tacks can hold the wires upright on the wood. 



(i) Insulation removed from
    (ii) X-section of



upper half of wire end 1.                  wire end 1      

(iii)          










  a

          b




















   
  

lower half





Insulated wire loop

5. Lay the loop flat on the table. With a piece of sand paper, remove the insulation from ~ 5 cm of the upper side of the wire at one end (not all around the wire). Remove insulation from ~ 5 cm of the end 2 all around. (why?)
6. Place a flat magnet on top of the battery and put the coil ab loosely on the holder cd. This is so that the coil is able to rotate freely when a current from the battery flows through it.


7. The coil should rotate. If not, move the magnet slightly and give the coil a little push to start. 
8. After a few revolutions, disconnect the battery to keep it from being drained.

9. Why do we remove coating from only half side (along length) and not all around it? Explain.
10. Count the number of revolutions the coil makes in 15 sec.
11. Suggest ways to increase the number of revolutions of your motor?

12. Is this an AC or a DC motor? 
13. If we remove insulation all around the ends of the coil wire, what would we need to do to 

      get a DC current?

14.
What is the purpose of the magnet here? Explain.

15. Suggest ways to increase the strength of the magnetic field so we get a faster motor?

16. Think of a way of making this motor if you do not have a magnet available. You can have any number of batteries and wires but no magnet. Can you still make a demo of an electric motor? Draw a picture of how you think you could do it. Explain.

Tutorial:

1. The region of space around a moving proton contains:


a) a magnetic field only


b) an electric field only


c) both an electric and magnetic field

d) neither electric nor magnetic field.

2. An electron is traveling horizontally eastward near the equator in the earth’s magnetic field. 
Determine the direction of force on the electron.

3. A current I flows in a horizontal wire from right to left. What should be the direction of the 
magnetic field that will result in a maximum force on the wire?

Activity 14.      Interaction between two current carrying wires

Materials: Two stands with clamps, two aluminum strips (cut strips from aluminum foil 10 cm in length & 0.5 cm wide), two sources of EMF ( 9V ), a little amount of mercury, two small caps of bottles (must be of plastic or such material which does not react with mercury), an ammeter and connecting wires(4 feet long), 2 small resistors ~5 ohm to insert in the circuits.

Diagram:





[image: image20]
Activity:

1. Pour some mercury in 2 plastic caps or 2 small glass dishes and put them on the base of the stand.

2. Hang aluminum strips from clamps of the stand.

3. Dip one end of the strip into mercury and connect the battery through switch, resistance and  ammeter to the end of the stand where the AL strip is attached.

4. Connect the other terminal of the battery to a connecting wire with its end dipped in the mercury cup to complete the circuit when the switch is closed.

5. Set the other aluminum strip in the same way.

6. Place both the sets close to each other in such a way that strips are ~2 cm apart.

7. Predict what will happen if you allow the current to pass through the strips in opposite direction?

8. Now pass the current in opposite direction and write your observation and explain. 

9. Suppose you reverse the polarity in one of the sets to pass the current in the same directions through Aluminum strips. Predict about movement of the strips. 

10. Now change the polarity in one of the sets to pass the current in the same direction through  strips and write down your observations and explain.                                                            
11.  Calculate the strength of the magnetic field of a current that you measured from the ammeter at 3 cm distance from the wire, on the side of the second wire. 

Tutorial:







x    x   x   x   x   x   x


1. A current is flowing clockwise in a loop placed in


x    x   x   x   x   x   x


an external magnetic field B shown here. Will the


B


magnetic field tend to stretch the loop or compress it? Explain.
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2. Two long current carrying wires are depicted in the figure. 


The current in each is 3A. What is the value of B at P due to 

               30o

 the two currents. P is 1 m away from the crossing point.   


  30o














  




                  •P                     
3. Two sets A, B of two wires are shown. In set A, the currents are in the same direction.

    In set B, the currents are in opposite directions to each other. Draw a picture of the approximate      magnetic field of each set in the plane perpendicular to the wires.


         I1
   
   I2



                I1
          I2



A





      B




4. A square current loop is close to a long, straight, current 


carrying wire.





    I1

     I2
(a) would you say there is a resultant magnetic force on the 


loop? If so, what is its direction?

(b) Does the loop exert a net force on the wire?


Discuss.

5. Two circular loops of wire have a diameter 10 cm and are 



separated from each other by 1 cm. The current loops top 



loop carries 200A and the bottom loop has 300A in direction 



shown. Estimate the force between the two circular. 

Activity 15- Force between current carrying wires (Second method)
Materials: Battery (9-12V), leads with clip, compass, copper wire, paper clips, a long nail, two rectangular strips of wood, foam board (approx.6cm long, 2cm wide and 2cm thick) or 2 lumps of clay).



Andre Ampere noticed that, depending on the relative direction of the currents, 

an attractive or repulsive force exists between two current carrying wires in a circuit.      Holders
If parallel wires carry currents in the same direction, they will attract each other.

If parallel wires carry currents in the opposite direction to each other, they will repel each other.

Activity:

1. Make two cuts in the rectangular strips of wood 


(called holders) ~ 2cm apart to hold the current carrying strips of Al foil.

2. Using soft molding clay (plasticene), stand the two holders 

     on the table about 5 cm apart. Cut two thin strips of Al foil


about 10 cm x1 cm. Stick the strips of Al in the two cuts       
      
 -
in holder so they are parallel with about 1 cm out at
         +



        B

both ends. Use wires with alligator clips for connections.








  

A

3. Complete the circuit as shown with battery set at 6V with                                                                              the last connection to the + of battery left open which will act as a switch. 
     Make sure the parallel AL strips  are loosely placed in the holders near          A
        B                                each other. Currents through A and B are in the same direction (in parallel).       IA
       IB
                          Do you expect them to attract or repel?

3. Suppose you are viewing foils A and B from the right hand side. 

Draw the magnetic field lines for each strip

.

            

4. Connect the source to the two strips in series as shown       

here. Always leave one end of the battery disconnected    
+

     

B

for the last moment so you can break the circuit quickly. 

    (why is this needed?) Briefly close the circuit and see what


A

    Happens. Do you expect attraction or repulsion?


     



















         IA

  IB

5. Suppose you are viewing setup A and B from the right hand side. 
   
A
     B

Draw the magnetic field lines for each current carrying wire. Using 
your diagrams, explain the attraction and repulsion of the conductors.

6. If several wires are carrying current in the same direction and are placed parallel to each other, what would be the effect? Would the attraction increase? 


7. One way of achieving this is by using a single wire and winding it

 
in to the shape of a coil. Such coils are known as solenoids and 

 
they have the properties of a bar magnet. To test this:


8. Wrap about 10 turns of a piece of wire on a nail, briefly connect it to the battery, bring the end near a compass needle, note the deflection, then bring paperclips to the end one by one and  see how many paperclips it picks up. Record.

9. Now double the number of turns to 20 and briefly connect to the battery and test the nail. What is the relationship between the number of turns and the magnetic field strength?

10. If you reverse the polarity of the battery, would the compass deflect in the same direction as before? What will happen to the clips held at the end of the nail if you change the poles of the battery?

11. Ampere’s rule for the solenoid states that if you hold the coil in your right hand so that your fingers curl in the direction of conventional current, then your thumb points in the direction of magnetic field of the N-pole of the core of the coil.

12. In your electromagnet, the tip of the nail will become north or south pole of the coil core? How will you test this in the lab?

13. Your electromagnet has an iron core. Iron has great permeability (capacity to increase magnetic flux density). To test if it does, pull the nail out of the core and just try the coil with the compass and paperclips. Is this magnet stronger or the one with the iron core?

14. Junk yard cranes lift heavy cars with huge electromagnets. How do you think they release these junk cars?

15. What are three ways to increase the strength of an electromagnet?

16. A cyclotron uses super-conducting electromagnets which are immersed in liquid helium at –232 oC. At this temperature, electrical resistance in the coil is almost zero. This causes the magnet to be very strong. What could be the reason for this?

Activity 16- 
Force on a Current Carrying Conductor in a Magnetic Field 
Materials:

   Two smooth conducting rails (made of copper pipe of diameter of ~1cm and length ~0.3m), a source (6-12V), a rheostat, a light weight conducting rod made of non-ferrous material (an uncoated, metal knitting needle, a pin of large size or a hollow tube of aluminum foil rolled over a pencil or long nail can be used), four wooden blocks or pieces of foam sheet (about 3-5 cm high depending on the shape and size of the magnet used) to raise the copper rods, two strong flat or slightly curved magnets.


Diagram:






Rod
       Pin
 


 Rheostat











          +    - 
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   Block
Activity:

1. Place the two rails on the foam sheets or wooden blocks side by side. Adjust the distance between them to be around 5cm (this distance between the rails should be slightly less then the length of the pin so it can be supported on the rails).

2. Connect rails to the source of EMF through rheostat, leaving one end of battery open for last minute. Place one pole of the U-magnet, say north, below pin so the B-field is upward. If using two flat magnets, you can hold the south pole above the pin by hand when ready to make observations.

3. If you allow current to pass through the rails and pin as shown, predict the direction in which the pin will move on the rails.

4. Now hold the south pole above the wire and connect the battery. Note your observation on the movement of the wire. Was your prediction correct?

5. Reverse the direction of current by interchanging the connections at terminals of the battery and record your change in the observation.

6. Is it possible to try this experiment by holding the copper wires 
vertical and the pin between them horizontal? What should be the           •   •   •

current in the pin so that the magnetic force upon it can

       •   •  •









       •   •   •
balance gravitational force? 
  




REF: Halliday  Chap 32,  Pg 745, Q 29, Chap 34, Pg 795, Q17 & 18                
   
(This type of setup is called a current balance).
                   


   
7.  The motion of a conducting rod through a magnetic field creates a motional 


emf ξ. If the rod accelerates to twice the speed, what will be the motional emf? 


a) half

b) double
c) 4 times
d) remain the same
Electricity &Magnetism-examples, observation and some applications in everyday situations. (Summarised from Physics by J. Cunningham and N. Herr) 

1. Electrically conductive tire trucks. (So charge produced by friction can be earthed).

2. Metal chains from Gasoline trucks, aircrafts at re-fuelling and nozzles at petrol stations (to conduct away the charge to earth and reduce the risk of fire).
3. Air Purification can be achieved by attracting charged smoke particles by passing through charged plates.(Charge induction and attraction between opposite charges)
4. A lightening safety by being inside an airplane or car or metal lined room (since charge resides on the outside).

5. ES shock on touching metal door knob after scuffing your feet on a nylon carpet. (Friction produces charge. Metals are conductors).
6. Monitors and TV tubes contain a cathode that emits electrons on heating. These electrons rush through two sets of parallel electrodes receiving the signals and hit the screen. (electrons are emitted, energy provided by heating)
7. Photocopiers use a Selenium Coated Drum which is photoconductive. The ES image of the original is formed on the drum which then attracts the toner. The toner is then transferred to the paper where it is fixed by heat. .(Charge induction and attraction between opposite charges)
8. Computer or other Electronic gadgets are enclosed in metal boxes to shield them from outside electric and magnetic fields and discharges. (Shielding. The computer technicians ground themselves to avoid discharges to component parts of computers).

9. Lightening occurs when bottom of the clouds induce opposite charge on the tall buildings and the air between them breaks down, causing lightening strike.(Breakdown potential).
10. Electron Microscope uses electric fields as a lens to focus a beam of electrons to “view” very small objects.(very useful where optical microscopes are ineffective)

Currents
11.  Nickel Oxide-Cadmium batteries are used in calculators, cell phones, hearing aids. These have a long life.(Small size is useful for small size gadgets)
12. Metal filling of silver/ gold in a tooth can cause pain when touched by a steel fork. (This can make the steel and tooth-metal as 2 electrodes with saliva as the electrolyte causing a current to the nerves in the area).

13. If electricity is forced through a thermopile, one junction A cools and the other B heats up. If you switch the current flow, A becomes hot and B is cool. (Used in car batteries for currents, portable heaters and coolers).

14. The handles of many electrical tools are made of insulators (wood or plastic) to protect workers from electrical shocks. (Insulators do not conduct electricity)
15. Most houses have 3 or 4 circuits, controlled by 15 amp fuses, why not one big fuse? (Appliances that require more power are distributed to different circuits to avoid overloading).

16. Electric heating requires tungsten and nichrome wires of high resistivity. These are used in space heaters, toasters, heat lamps, hair dryers, irons, heaters and electric blankets. (Resistance increasees as temperature rises and heating (I2R) depends on resistance)
Magnetism

17. Protecting electronic gadgets requires placing them inside iron or steel containers. The reason is that steel has a high magnetic permeability so outside magnetic field lines pass through the steel part of the box and do not penetrate the box with sensitive components. (Video and audio Tapes and disks degrade over time so they should be placed in protective shielding and after some time transferred to new ones).
18. The maglev trains run by magnetic propulsion. The tracks and the bottom of the train have the same ‘polarity’ so the train is repelled and raises up slightly, thus reducing friction.(Friction does negative work).
19. Absence of a magnetic field around moon means it does not have metallic core like earth. (Magnetic fields are an indicator of the presence of ferromagnetic materials)
20. Identity cards and security cards provided by banks and hotels use magnetic code linked with a personal identity number of the user. (Useful and safe for security).
21. Some home alarms use a magnet on a window and a sensor connected to alarm on the window sill. If a window is opened, the change of flux through the sensor rings the alarm.(Lenz’s law)
22. EM fields are produced by all electrical appliances but maximum magnetic fields are produced by blow dryer, color TV, microwave oven and refrigerator. (To minimize any unknown dangers, keeping a safe distance from these is advised). 
23. Automatic sprinklers in gardens, lawn and crops are common in dry regions Each water line is controlled by a solenoid switch connected to a timer. At fixed times, the timer directs a small current to the solenoid which produces a magnetic field. This field moves the iron core which allows the water to flow through the line. After a fixed time, the current automatically stops and the water flow stops. (Without this, constant supervision by humans would be required to turn on or off the water supply to the system)
24. Use of fixed and movable magnets connected to electrical signals in loudspeakers and telephone receivers is well known. (The sound vibration is replicated by a diaphragm). 

25. The battery chargers have step-down transformer to reduce voltage to the required value usually down to about 6V and 150-300amp. (A rectifier is first used to change AC to DC. 

26. Seismometers are used to detect the movement of the earth in earthquakes, underground explosions or mineral explorations. A huge magnet is suspended by a spring inside a solenoid. When the ground shakes, the solenoid moves up and down, while the magnet’s inertia relatively motionless. It induces a current in the coil which is proportional to the relative motion between solenoid and magnet. This motion indicates how much did the earth move. (Used in tsunami warning systems)
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Purpose and considerations:

· The goal is to develop simulations for all of the topics in Physics that students find difficult but initially we are targeting those concepts and experiments of Modern Physics which students find hard to visualize. 

· The obvious purpose is to modernize the teaching in the class and increase the efficiency of teaching and learning, making use of the fast expansion in global knowledge. This speed requires that our teachers be more efficient in facilitating student learning. 

· Form and structure of the simulations are aimed to get a better viewing possible, by computer or multimedia.

· This should help the teacher present modern physics in a way that will make the modern concepts clear for their students. The students can also use the CD at home to enhance learning. 

· Computer’s primary skills are required to install and run the program. The installation method is described ahead. 
· Feedback is an important factor in perfecting this activity of Simulation Programming. Therefore any suggestions would be gratefully acknowledged.
· Hardware and software requirements:
· Windows XP Operating System or Windows Vista.

· Intel or AMD processor at least Pentium 4 or equivalent.

· Memory at least 512 MB. You may not get good results for 256MB memory.

· An R/W DVD or CD Drive.

· It is preferred that you have installed Dot Net 2.0.  If you do not have it on your computer, the runtime version will be installed with the installer program provided to you here.


· If there is any problem in the course of installation, reinstall it or contact Mr Naveed Alam at Department of Physics, FUUAST.

· Required resolution of monitor is 1024x768. 

· Source code of the application or part of it can be downloaded from http://www.profmsaeed.org. An intermediate-stage knowledge of  C# and OpenGL is required to modify and develop further topics. If you need any help we will be glad to provide it. 





General Review of Application

As the application’s architecture has to be tuned to the classroom teaching we tried our best to keep it simple and interactive. Following are the general features. Every simulation consists of 4 main activities in different frames simultaneously:

1) All the frames containing different aspects of the topic are well synchronized with each other. If you change one parameter the effect is observable in different forms in different frames.  

2)  Graphs, almost all the simulations have graphs to manipulate.

3) Graphs are synchronized with other frames for simultaneous display so the related effects may be observed for better understanding of the subject.

4)  Simulated display or animation in a frame can be interactively changed to observe and calculate.

5) Values, calculated are displayed in a window when needed by a simple press of button on the main page.

6) Values can be interactively changed in the input window and can be observed in an output window

7) The values of physical constants are displayed in a window when you press the right button of mouse at any point in the application window.


8)
To get good animation effects on any computer, a speed correction Dialog Box appears when options button is pressed. After adjusting the two speed bars a smooth animation will result.

9) A scientific explanation of any topic covered in the application can be viewed by pressing “about” button on the page. It is read only.

10) Numerical examples can be solved.

11) Colors of graph can be modified through option button.

12) The animation or simulation can be stopped or run again, any time.

The enclosed CD will install the program to run simulations on modern physics.

If you would like to develop simulation programs for other topics in physics and need guidance, please contact Professor M. Saeed at IT- department, FUUAST.


Activity-Based Physics Education
Computer Simulations of Modern Physics 

It is one of the four parts of HEC sponsored project, “Activity-Based Physics Education”, implemented successfully at the workshops held at Federal Urdu University of Arts, Sciences and Technology, Karachi. Fifteen topics of ‘Modern Physics’ have been simulated on computers using C# and OpenGL languages. The simulations are interactive and informative covering the graduate courses and attempting to step a little outside too.

The topics simulated are as under:







1) Atomic Structure
2) Barrier Tunneling







3) Blackbody Radiation

4) Compton Effect
5) Crystal Structure

6) Energy Bands

7) Fission

8) General theory of Relativity
9) Harmonic Oscillator(Quantum Model)
10) Particle In A Box

11) Photoelectric Effect

12) Quark Model
13) Radioactivity

14) Special theory of Relativity
15) Wave Particle Duality















There are many topics of Physics to come in the near future with much greater speed as more teachers get involved with the program. We plan to expand this program to other units and topics in Physics. This can be done with much greater speed if more teachers get involved with the  continuing exercise. If you are interested, please contact Naveed Alam at the Physics Department, FUUAST.

Purpose and considerations:
     The goal is to develop simulations for all of the topics in Physics that students find difficult but 
initially we are targeting those concepts and experiments of Modern Physics which students find 
hard to visualize. 
     The obvious purpose is to modernize the teaching in the class and increase the efficiency of teaching 
and learning, making use of the fast expansion in global knowledge. This speed requires that our 
teachers be more efficient in facilitating student learning. 
     Form and structure of the simulations are aimed to get a better viewing possible, by computer or  
multimedia.

     This should help the teacher present modern physics in a way that will make the modern concepts 
clear for their students. The students can also use the CD at home to enhance learning. 
     Computer’s primary skills are required to install and run the program. The installation method is 
described ahead. 
     Feedback is an important factor in perfecting this activity of Simulation Programming. Therefore 
any suggestions would be gratefully acknowledged.

Hardware and software requirements:
· Windows XP Operating System or Windows Vista.

· Intel or AMD processor at least Pentium 4 or equivalent.

· Memory at least 512 MB. You may not get good results for 256MB memory.

· An R/W DVD or CD Drive.

· It is preferred that you have installed Dot Net 2.0.  If you do not have it on your computer, the runtime version will be installed with the installer program provided to you here.    


· If there is any problem in the course of installation, reinstall it or contact the people concerned at Department of Physics, FUUAST.
· Required resolution of monitor 1024x768. 

· Source code of the application or part of it can be downloaded from http://www.profmsaeed.org. An intermediate-stage knowledge of  C# and OpenGL is required to modify and develop it. If you need any help we will be glad to provide it in any manner. 




General Review of Application
As the application’s architecture has to be tuned to the classroom teaching we tried our best to keep it simple and interactive. Following are the general features. Every simulation consists of 4 main activities in different frames simultaneously:

8) All the frames containing different aspects of the topic are well synchronized with each other. If you change one parameter the effect is observable in different forms in different frames.  
9)  Graphs, almost all the simulations have graphs to manipulate.

10) Graphs are synchronized with other frames for simultaneous display so the related effects may be observed for better understanding of the subject.

11)  Simulated display or animation in a frame can be interactively changed to observe and calculate.

12) Values, calculated are displayed in a window when needed by a simple press of  button on the main page.

13) Values can be interactively changed in the input window and can be observed in an output window

14) The values of physical constants are displayed in a window when you press the right button of mouse at any point in the application window.

15) To get good animation effects on any computer, a speed correction Dialog Box appears when options button is pressed. After adjusting the two speed bars a smooth animation will result.

16) A scientific explanation of any topic covered in the application can be viewed by pressing about button on the page. It is read only.
17) Numerical examples can be solved.

18) Colors of graph can be modified through option button.

19) The animation or simulation can be stopped or run again, any time.


Details of the above follow.



The Structure:

1) Application GUI :

i) List Group Box: 
When the application starts it is at Top-Right and remains there throughout the life of application. To select a simulation in this box, click the small triangle on the right of the box, a list of simulations appear as shown in Figure (1) and then click any simulation in the list. Only one simulation can be selected at a time from a simulation list and it can be switched to another anytime.




ii) Command Box Buttons:

There are eight buttons to be used by every simulation in the Command Box as shown in 

Figure (2). File and Image buttons will be enabled in future.










· About: This button when pressed opens a window containing a brief theoretical overview of the topic of simulation you are using.


· Clear: This button is required to repaint the screen.

· Stop: This button is to stop and run the simulation, toggling the moves.
· Options: This button, when pressed, displays a tabbed window which contains two tabs on the left-top, one for controlling speed and other for changing graph colors. Speed has to be changed if the hardware creates viewing problems. Unusually it is faster on the left side. The particular adjustment frees you from display problems. See Figures (3 and 4) below.
· DataIn: When this button is pressed a window containing blank fields, opens up ready to get the data for the running simulation. Enter data and press ‘Done’ button. Now press ‘DataOut’ button to display the data. The calculated data based on your input will be displayed. In this way it works as Physics Calculator. 
· DataOut: The output button displays the calculated values whether values are entered through ‘DataIn’ window or calculated dynamically while simulation is running. The following two windows(Figure (5) and Figure (6) explain data in/out for special theory of relativity simulation.

· Constants:
 The button when pressed displays physical constants as shown in the following Figure.
· 
Basic of physical constants are available when you press right button of Mouse for quick menu and then select “constants.
· DataReset: It initializes the values and display with default values.
· File: Currently it is disabled, in the next version users will get it enabled along with Image button.       












iii) Trackbar Group: This group at the top of the main window contains four trackbars as shown in Figure (7). Their number and working differs from simulation to simulation. The trackbar group is to change the simulation data to get the result in real time without suspending or stopping the simulation. The small button on the trackbar can be moved by dragging the mouse ( keep the left mouse button down and move the mouse to the right).The effects of the change of parameter are visible in real time. The changes take place in all the frames as expected. The trackbar group obviously must change with the requirement of the simulation.   

















iv) Graph Box: It is at the Right-Top of the main window (Figure (8)). Its visibility and number of graphs are determined by the simulation. As before, press the small triangle and the select a graph by clicking in the list of graphs, the graph frame is populated now. As the graph frame appears, the trackbars interact with the graph changing data of the simulation and shape of the graph synchronously and with other changes. Many simulations’ interactivity is achieved by trackbar movements and getting results in real time.  



v) Updown: In some of the simulations a numeric updown control may become visible. The integer numbers change while small ‘up’ or ‘down’ triangles are pressed. The ‘up’ triangle increases the number by 1 and ‘down’ triangle decreases the number by 1 as shown in Figure (9).



vi) Constants List: At any moment in any simulation press right button of the mouse in the main window you get a list of contents then click at constants( The other options are not available now)  and you get a list of physical constants.
2) Simulations: Fifteen simulations are briefly explained with screen shots as follows. 




[image: image22.emf]





Figure (10)

· It explains the stationary nature of orbits expressing graphically the relationship between wavelength of electron and radius of the orbit. 

· Similarly it shows how quantum numbers affects orbits and energy levels. 

· Radius is changed by ‘Radius’ Trackbar control.

· Quantum number is changed by ‘N’ Updown control. 

· You have to click Ok or Cancel buttons to close ‘DataIn’ or ‘DataOut’ windows.

· See Figure (10) and Figure (11)
· Figure 11 shows input value of 25, representing number of energy level entered by the user clicking ‘DataIn’ Button in the Command Box. The calculated values for energy level 25 will be shown by clicking ‘DataOut’ Button in the Command Box.

· Any energy level value can be entered and calculated. It does not depend on the range of Trackbar or Updown control values.
· You have to click Ok or Cancel button to close ‘DataIn’ or ‘DataOut’ windows. 

· If Cancel button is clicked no values will be calculated and the values in the ‘DataOut’ window will be the last computed values.






Figure (11)


· After entering energy level value, the user has to click ‘DataOut’ Button to get the calculated values displayed.
· You have to click Ok or Cancel button to close the ‘DataIn’ or ‘DataOut’ windows.


[image: image23.emf]








Figure (12)
· In Barrier Tunneling Simulation as displayed in  Figure (12),  the energy of the incident particles, barrier height and barrier thickness can be varied by the Trackbars.

· Left side expresses particle behavior and the right one wave behavior.

· There are 100 incident particles in the 10x10 matrix shown in Figure (12). 

· Energy changes are in the range 0.1 to 5.1 eV.
· Barrier height varies from 3.0 to 10 eV.
· Barrier thickness remains in the range, from 0.1 to 0.517 nm.
· Simulation can be viewed and computed for electrons, protons and alpha particles. 







Figure (13)
· The values of number of striking particles, energy of striking particles, height of the barrier and thickness of the barrier can be initialized to any value through ‘DataIn’ window.

· Graphical representation goes out of hand if the input value are not in the range associated with the Trackbars but the values, how much out of range may be, are computed and shown in the ‘DataOut’ window. The ‘DataIn’ window in Figure (13) shows the number of particles entered as 100000. Output data will be computed for the values entered as shown in Figure (14).

· You have to click Ok or Cancel button to close the ‘DataIn’ or ‘DataOut’ windows.

· If Cancel button is clicked no values will be calculated and the values in the ‘DataOut’ window will be the last computed values.
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Figure (14)
· The values calculated for the input values are shown in the ‘DataOut’ window of Figure (14) 

· If  you need the simulation to slow down or run faster click ‘Option’ button and enter your choice by Trackbar values. It is better to change both the Trackbar values.

· You have to click Ok or Cancel button to close the ‘DataIn’ or ‘DataOut’ windows.
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Figure (15)
· In addition to the already given explanation, the peak of the graph is displayed by a white vertical straight line. As the temperature Trackbar is moved so moves the white line.

· In the above graph normally the peak at lower temperatures is not visible. To make it visible ‘SetGraph’ Button  sets the graph for a temperature on the Trackbar so that its peak is visible.

· ‘ResetGraph’ resets the graph for default y-values (Radiance).

· The temperature value in the input box is not limited, at any temperature the results can be displayed in the output window as shown for 20000 degrees centigrade in the next diagram.
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Figure (16)
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Figure (17)
· Photon strikes an electron, scattered angle is set to 122.25 degrees in the above figure.

· The effect can be viewed and computed for electron, proton, neutron and alpha particle. “ParticleType” combobox provides selection for different particles.

· As before the graph can be drawn by moving trackbars changing wavelength and scattered angle

· The color of photon changes as wavelength changes with trackbar.
· Photon scattering and electron recoil is graphically expressed and calculated too as shown in Figure 18.
· Enter values in the window displayed by pressing DataIn and get the answer in DataOut window as mentioned before. Figure 18 displays the output values.
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Figure (18)
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Figure (19)
· Miller indices (h, k, l) can be varied in this simulation from 000 to 333 for cubic lattice only. (1, 1, 1) is displayed in the right window and corresponding multicolored plane is also visible. The atomic planes in a cubic lattice can be viewed by changing Miller Indices.
· 14 Bravais Lattice Cells are displayed in the left window and their primary definitions too, as in the above figure, Figure (19) the name “Simple Cubic” and its definition”a=b=c and α=β=γ=90” is displayed. Figure (20) shows the list of 14 Bravais Lattices and Hexagonal Lattice Cell on the left of diagram.

· The Cells can be rotated through 360 degrees in X, Y, Z directions making it possible to rotate the cells in any direction.

· In Figure (21) value of lattice parameter equal to 4.5x10-10 m has been entered using “DataIn” window. In “DataOut”, as shown, the distance between atomic planes is calculated.
[image: image30.png]Crystal Structure Crystal T

X-Rotation Y-Rotation Z-Rotation
—_—
209 Degrees 306.0 Degrees 0.0 Deg
Hexagonal

a=h#c

@=B=90 ¥=120

Plang











Figure (20)
[image: image31.png]Crystal Structure

Y-Rotation

Face Cer Values
Miller Indices
Lattice Parameter (a)

Interplanar Distance (d )

Moo |_comsans |
[oaainpaion] Daamesl]
[opuons oo [seplces]

E & £ "8 Physcssmutations - < Woderm Physis | [ Output Display











Figure (21)
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Figure (22)
· This simulation graphically depicts Kronig-Penny Model in solid state. In the above window “Draw Graph”  and conductor “Material Type” has been selected.

· Trackbars represent:

i) Width of Potential Barrier (a)

ii) Width of Potential Well (b)

iii) Height of Potential Barrier (V0)

The above 3 values can also be changed to any value in DataIn window.

· In the top-right window 8 atoms far apart are shown. In the bottom- right energy levels are drawn for the 8 atoms. Upper levels depict conduction band and the lower levels represent valence band.

· As the distance between atoms is decreased by moving the first Trackbar “Width of PB(b)” more and more atoms are shown as they come closer. The bands change and the graph too. You may have to reset the graph to view clearly the bands expressed in the graph. The result is shown in Figure (23) for semiconductor type material. 

· If there is some problem in viewing graph, you can set it by using “Reset Graph” and “DataReset” Buttons.

· The output calculated values are shown in Figure (24)
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Figure (23)
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Figure (24)
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Figure (25)

· The velocity of neutrons is controlled by the trackbar.

· When nucleus is split into fragments two or three electrons are emitted as shown in Figure (26) and Figure (27).

· The corresponding nuclear reactions for two or three neutrons appear as the reaction occurs. The 3 neutron emission is shown in Figure (26) and two neutrons emission is displayed in Figure (27).

· DataIn and DataOut buttons have no function. In the coming versions the simulation will be further developed.
· The “DataReset” and “Constants” buttons  work.
Figure (26)   Three neutrons are emitted.
Figure (27)   Two neutrons are emitted
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Figure (24)
· ‘Red Shift’ and ‘Deflection’ or Bending of light near surface of a star can be seen and calculated. Figure 24 shows Deflection of light near a star surface. Press the ‘Red Shift’ for Red Shift phenomenon and press ‘Deflection’ button to get simulation of bending of light near a star. 

· In the case of ‘Deflection’ of light as shown in Figure (24), trackbars ‘Wavelength’ and ‘Radius of Star’ are disabled. 

· In the case of ‘Red Shift’ of light as shown in Figure (25), trackbar ‘Min. Distance’ is disabled.

· As can be seen in Figure (25) the future of the star is also predicted. If the star has become a black hole there is no light emission from the star.

· Schwarzchild Radius is calculated too. Figure (25).

· The Data output is shown in Figure (25)

· Values for each phenomenon can be entered through ‘DataIn’ button as described before.

· Graph 1 and Graph 2 for both simulations can be selected through ‘Graph’ combobox.

· If you need basic theory just press ‘About’ as in any simulation.  
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Figure (25)
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Figure (26)
· Quantum Harmonic Oscillator is displayed. Wave function and probability are calculated.

· The checkboxes on the left, if checked will display the corresponding, i) Energy Levels, ii) Wave Function ψ and   iii) Probability in different colors as shown in the colors of the spheres.

· Frequency of the harmonic oscillator is adjusted by the solo trackbar name ‘Frequency’.

· Energy Level Number or quantum number is varied by Numeric Updown, “N” at the top.

· You can observe simultaneous changes in right and left simulation areas by changing energy levels and frequency of the harmonic oscillator.

· The Figure (26) shows harmonic oscillator, levels, wave function, probability function and frequency of oscillator. The spheres on the right oscillate proportionally with 

the frequency applied.
· The next Figure (27) shows output calculations. 
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Figure (27)
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Figure (28)
· Simulation Particle in a Box  is displayed in Figure (28). Wave function and probability are calculated.

· The checkboxes on the left, if checked will display the corresponding, i) Energy Levels, ii) Wave Function ψ and   iii) Probability in different colors as shown in the colors of the spheres.

· Width of Box and Mass of particle are adjusted by the two trackbars on the top.

· Energy Level Number or quantum number is varied by Numeric Updown, “N” at the top.

· You can observe simultaneous changes in energy levels, ψ function and probability by changing number of energy levels, width of the box and mass of the particle.

· The Figure (28) shows particle in a box, levels, wave function, probability function and frequency of oscillator. The sphere on the right oscillates in the box.

· When the number of levels go higher and higher ψ function and probability function are plotted on the right side.

· Probability for any range can be calculated.

· In the Figure (29) output calculations are also displayed. You can enter any number to get the output result.

· Figure (30) shows the quantities that can be input.
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Figure (29)
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Figure (30)
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Figure (31)
· As before the left side of Figure (31) displays graph and right side simulaton and circuit diagram.
· Names the metals are displayed in the simulation quadrant as the ‘Work Function’ trackbar is changed. In the above figure, the trackbar shows value of work function as 4.0eV and the metal displayed is Copper. The work function values are not precise the metals are displayed for a range of work function values.

· The voltage trackbar is active for graph 3 only. Graph 3 displays the stopping potential whereas Graph1 and Graph2 show relation between frequency and work function.

· Circuit diagram is static but it may be animated in the future with other new simulations.

· Output calculated data is displayed in Figure (32).
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Figure (32)
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Figure (33)
· In the above figure Particles combobox displays the list of particles. The List contains proton, neutron, pi-meson and kappa-meson. Proton is selected and its name is shown in the top-left and in brackets the three component quarks are given( up, up and down ). As a particle is selected its quark structure is shown on the left. 

· A gluon is exchanged between two quarks. Quarks are of three colors; red, green and blue. A gluon has a color and an anticolor. Anticolor is shown as lighter color as expressed on the right. Nine gluons are displayed with color and anticolor.

· When the gluon is exchanged between quarks in the particle, colors of both the quarks change 

· Stretch bar stretches the particle and it is shown that as the distance between quarks gets greater much more force is required to pull them apart. Strong force come into play. Force between quarks increases as the distance increases.

· The next figure, Figure (34) displays PION meson comprising of two quarks and exchanging a gluon.

· Figure (35) shows the stretched neutron. Stretching is made possible by ‘Stretch’ trackbar.

· The stretch result on the particle is not linear. The stretching slows down quickly as the quarks are pulled out.
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Figure (34)
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Figure (35)
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Figure (36)
· Alpha, beta and gamma activity is shown  on the right side.
· α- particle after emission from the nucleus gets two electrons and become an atom of Helium.
· Second down on the left represents β-particle emission and the last nucleus emits a γ- particle.
· With graph (number of nuclei vs. time) gives half life, expressed by vertical white lines in the graph.
· Graph changes by changing disintegration constant on the lone trackbar, “Disint.Constant”.
· In Figure (37) user has entered 0.002.0x10-9 /years for the disintegration constant. The corresponding output calculated values are displayed in Figure (38).
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Figure (37)
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Figure (38)
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Figure (39)
· There are 4 trackbars to change Velocity, Length, Mass and Time.

· Three Graphs as shown by the combobox, ‘Graph”  in List Figure (39) . The graphs exhibit Length contraction, mass increment and time dilation.

· In velocity trackbar velocity is given in c units.

· Figure (39) displays length contraction of special relativity.

· The simulation of three phenomena of special relativity is displayed by clicking the three buttons at the top, titled as  “Length Contraction”, “Time Dilation” and “Mass Increment”.

· Input values for the three phenomena are entered in one window and output values in one output window.

· Figure (40) displays the values entered by a user and the corresponding out values are displayed in Figure (41).
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Figure (40)
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Figure (41)
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Figure (42)
· Mass and Velocity of the particle is varied by the trackbars, “Velocity” and “Mass of Particle”.

· A graph, Velocity vs. Wavelength can be plotted by varying the trackbar values.

· On the right side the Figure (42), particle-wave duality is represented by a moving particle and a wave underneath. The changes in mass, wavelength and velocity,  synchronized with graph is the complete simulation displayed in the Figure(42).

· Figure (43) represents as before the input values entered by a user

· Figure (44), as before, represents output values corresponding to the input values entered by the user.















Figure (43)
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Figure (44)











Figure (44)
3) The Application:

· Application, PhysicsSimulations, is available in the form of an installer EXE file. When run it gets installed on the hard disk and asks for installation of Dot Net 2.0 if not available on the user’s PC.

· Architecture of ‘PhysicsSimulations’ is specially designed for easy interactivity mostly using Trackbars, and the corresponding changes in the simulation’s graphs or figures are displayed synchronously without pressing any button or any control.

· The design of ‘PhysicsSimulations’ is such that it can easily be viewed conveniently on a Multimedia Screen too .  Other simulations available on the internet are difficult to view on the Multimedia screens due to smaller figures, fonts and implicit changes.
· It may also be applied to solve problems in the respective fields using input and output windows. In this manner it acts as a numerical solver too.

· It is in the development process, there will be newer versions after every month or two.

· After a short span of time , the  Intermediate and B.Sc. level Physics simulations display will be  a common sight for every student and teacher of Physics provided a developers group of students and teachers takes a creative form. 
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