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PHY132-style Practical Guide

University of Toronto, Physics Department 

U of T Lab Practical 2

Electricity, Magnetism and Geometric Optics

OAPT Toronto Conference Workshop 

Apr 30, May 1 2010
Based on materials in the U of T Physics Practicals of PHY131 / PHY132, which are relevant to the Ontario Curriculum, Grades 11 and 12, Physics University Preparation, SPH3U / SPH4U.

Note that all U of T Physics Practicals Materials (excluding instructors manuals) are available for free at: http://faraday.physics.utoronto.ca/Practicals/ . Today you will be looking at a very small portion of the over 200 pages worth of materials available there.  

Original Authors: David M. Harrison, Jason J.B. Harlow    Latest revision: Apr. 19, 2010

How this Workshop Works

Imagine you are in your first year at U of T.  You are taking one of the biggest physics courses, PHY132, which is required for all life sciences majors.  The lectures are in convocation hall, but most of your learning actually happens in Practicals.  Here is where you actually get to explore and get used to what you heard about in lectures, and discuss it with your peers in a friendly environment.

Every pod comes with a note-book.  Please open it now, and write your name and the names of the other people sitting at your pod.

One person should be elected as the Note-taker and another person as the Facilitator.  (In PHY131/132, the roles of Note-taker and Facilitator should change person every week.)  The note-taker is in charge of making everything that is done is recorded in the notebook, and the facilitator is the person who keeps the group progressing in the right direction (i.e., toward productivity).  

Equipment List

	Item
	Qty

	Roll of Scotch tape
	1

	Scissors
	1

	Plastic or rubber rod, fur, glass rod, polyester or silk
	1 each

	Mirror which can be balanced vertically, perhaps 10 cm by 20 cm
	1

	Small sign on thin paper with the bold word “Charles Dodgson” printed on it
	1

	Basic Optics Light Source, Pasco OS-8470
	1

	Glass Rhombus [Hubbard 7-909-60]
	1

	Small semi-circular protractor, 10 cm in diameter
	1

	Ruler
	1

	Flat Convex Lens [Hubbard 7-909-60]
	1

	Flat Concave Lens [Hubbard 7-909-60]
	1


Electricity and Magnetism Module 2 - Student Guide  This module is normally performed in weeks 3 or 4 of a 12-week semester of PHY132: Introduction to Physics II.
Electricity Module 1, Activity 1: Electric Charge and Force

A. Press a length of sticky tape 10 – 20 cm long firmly on the table top or other unpainted surface, with a few cm hanging over the edge. Form a non-sticky handle by looping the tape hanging over the edge onto itself. Do this for a second length of sticky tape. Peel one of the tapes off the table and hang it from the edge of the cupboard. Peel the second tape off the table and holding its handle bring it near the first tape. Try to keep your hand holding the second tape far away from the tapes that are hanging down. What happens? How does the distance between the tapes affect the interaction between them?

B. Place two more strips of sticky tape on the surface as in Part A. Using a pencil or ball point pen, but not a rollerball pen, mark the tapes with B for bottom. Press another strip of tape on top of each of the B strips; label these strips T for top. Pull one pair of strips off the surface, separate them, and hang them from the edge of the cupboard at least 50 cm away from each other. Pull the second pair of strips off the surface and separate them. Describe the interaction between two top strips when they are brought toward one another. How does the strength of the interaction depend on the distance between the tapes? Caution: if the two tapes come into contact with each other the charges on them may change.
In the lab notebook describe the interaction between two bottom strips when they are brought toward each other. How does the strength of the interaction depend on the distance between the tapes?
Describe the interaction between a top strip and a bottom strip when they are brought toward each other. How does the strength of the interaction depend on the distance between the tapes?

C. Rub the supplied plastic rod with the fur, hold the rod horizontally and bring it near but not touching the hanging bottom and top strips. Describe what you observe. Caution: if the tape touches the rod the charge on the tape can change.
Again being careful not to touch the hanging strips, bring the fur near them. What do you observe?
Rub the supplied glass rod with the polyester cloth, hold the rod horizontally and bring it near but not touching the hanging bottom and top strips. Describe what you observe.

D. Following Benjamin Franklin, we arbitrarily call the charge on the glass rod after being rubbed with polyester positive and the charge on the plastic rod after being rubbed by fur negative. For the sticky tape, what type of charge is on the top strip? What type of charge is on the bottom strip?

What type of charge is on the fur after rubbing the plastic rod? Devise and carry out an experiment to test your answer. Describe the experiment and the result in the lab notebook.
Predict what type of charge is on the polyester after rubbing the glass rod? Devise and carry out an experiment to test your prediction. Describe the experiment and the result in the lab notebook.

Please remove all the sticky tapes from the table top when you have completed this Activity.

Ray Optics Module - Student Guide  
This module is normally performed in weeks 1 or 2 of a 12-week semester of PHY132: Introduction to Physics II.
Ray Optics Module, Activities 3,6: Reflection, Refraction, Lenses

This activity uses the “Ray Box” feature of the PASCO Basic Optics Light Source.  Place the light source flat on the table or on your notebook so it is sitting on its four little legs and plug it in.  There is a wheel to select one, three or five parallel rays projected onto the table.  If you place it on your open notebook the rays will be easier to see and you can trace them with a pen or pencil.


You also should have a transparent glass trapezoidal prism, a small protractor and a ruler.

Trapezoidal prism: [image: image1.jpg]



A. Select the 1-ray and shine it on an open page of your notebook.  Place the trapezoidal prism in the beam.  You should see that part of the ray is refracted through the trapezoidal prism, but there also is a reflected ray.  Adjust the angle of incidence.  How does the brightness of the reflected ray vary with the angle of incidence? [Note, the angle of incidence is defined as the angle between the incident ray and the normal from the surface which emerges at the point where the ray touches the surface.]

B. Select the 1-ray and shine it on an open page of your notebook.  Place the trapezoidal prism in the path of the ray so that:

· the angle of incidence is at least 45°, and

· the ray emerges from the other side of the trapezoidal prism.  The side from which the ray emerges should be parallel to the side into which the beam enters.  You should note that the emerging ray is parallel to the incident ray.  

Sketch and label the incident ray and the surface of the trapezoidal prism through which you are refracting, the emerging ray, and the surface of the trapezoidal prism from which the ray emerges.  Remove the trapezoidal prism, use the ruler to clearly mark all three parts of the ray, including the ray when it is inside the trapezoidal prism.  Note that if you sketched the sides of the trapezoidal prism by running a pen along the surface, the line you drew will be about 1 mm in front of the actual glass surface; you should correct for this.  Use the ruler and protractor to sketch and label the normals (perpendicular) to the surface where the ray enters and exits the trapezoidal prism.   Measure the angle of incidence and the angle of refraction for the ray when it first enters the trapezoidal prism.  Use Snell’s Law to determine the index of refraction of the glass.  


You also should have a flat glass convex lens, a flat glass concave lens, and a ruler.

	Convex Lens:
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	Concave Lens:
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C. Select the 5-rays and shine them on an open page of your notebook.  Take the convex lens and focus the rays, so that the focal point is on your page.  Sketch the five rays and the exterior shape and position of the lens.  Label the focal point.  Measure the focal length of the lens, which is the distance between the centre of the lens and the focal point for initially parallel rays.

D. Select the 5-rays and shine them on an open page of your notebook.  Take the concave lens and de-focus the rays.  Leave enough room on the page so that you will be able to sketch the rays backwards to the virtual focal point from which they appear to be emerging.   Sketch the five rays and the exterior shape and position of the lens.  Remove the lens and use a ruler to trace the rays backward to the spot from where they all seem to be emerging.  Label the virtual focal point.  Measure the focal length of the lens, which is related to the distance between the centre of the lens and the virtual focal point for initially parallel rays.  Is the focal length for this lens negative or positive?

If You Have Time: Ray Optics Module, Activity 2: Mirror Reversal. 

A. “Why do mirrors reverse left and right and not up and down?” Alice and Bob stand in front of a large mirror in a dance studio, looking at themselves.  Alice wonders if their images are reversed “left and right” or “up and down”.  She looks at Bob’s image in the mirror and memorizes what he looks like.  Then she asks Bob to turn and face her, so she can compare the image to what Bob looks like in real life.  Bob takes a couple of steps forward, turns around and faces Alice.  Alice notes that, compared his the mirror image, Bob appears reversed left and right!  Alice concludes: Mirrors reverse left and right, not up and down.  Is this true?  Can you see any flaws in Alice’s reasoning?

B. You are supplied with a small sign on which is printed “Charles Dodgson”, which was Lewis Carroll’s real name. Hold the sign up to the supplied mirror with the writing facing the mirror: you will see the text in a mirror image. Now hold the sign up to a light and look at the writing on it from behind. Is there any difference between the appearance of the writing as seen in the mirror and the writing as seen from behind? Now curve the sign so the edges are closest to you and centre, about where the D is, is furthest away from you. Look at the sign in the mirror. In the mirror image are the edges curving towards you or away from you? In Part B, you may have concluded that mirrors reverse left and right. Do you want to change that conclusion? What do mirrors really reverse?  
