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RULES AND REGULATIONS OF THE PHYSICS LABORATORY

1
Students are expected to be in the lab on time.
2
The Laboratory Exercises contributes a total of 20 marks to your final grade. Each lab will be marked out of 20 and the average taken after all labs are completed. 
3
Students are required to read and prepare adequately for the experiment before entering the lab. Eight (8) marks will be awarded for preparation of the lab and performance during the lab session.
4
The written lab report accounts for a total of 12 marks, and is to be written in the following order with the associated marks in brackets:


(i)
Title (0)


(ii)
Introduction (2)


(iii)
Method (0)

(iv)
Theory (1)

(v)
Results (1)
(vi)
General Analysis (2)

(vi)
Discussion/ Questions (5)


(vii)
Conclusion (1)
5
Students must remain at their experiment stations during the lab session unless permission is granted by a lab assistant or teacher.
6
Students must always bring appropriate stationery and calculator to the lab.
7
Results should be verified and signed by a lab assistant or teacher before leaving the lab. Changing results without approval from a lab assistant or teacher will be considered as cheating.
8
Students who do not finish the lab on time will be penalized by a deduction of 2 marks to there performance.
9
All lab reports are to be submitted on the next day of class. Failure to do so will result in a deduction of 2 marks for each day that the lab report is late. Lab reports should be stapled securely together.
10
Copying is strictly forbidden and will result in an automatic F.
11
No eating and drinking is allowed in the lab.
How to write up PHYS 110U Labs

1
Aim: This will usually be given to you.

2
Introduction: The introduction should introduce the lab. It should be short and to the point and it should answer the questions like “What is the purpose of the lab” or “why did you do the lab” or “why should the reader be interested in what you are studying?” It is worth two marks so do not write an essay. In general it should make clear the following. (i) What is interesting about the problem, (ii) The part played by the experiment in the investigation of the aim and (iii) the relation of the experiment to previous work (in these labs the historical significance). It should also provide some historical account of the results or the method used in the lab. The last line or two should state very clearly the objectives of the lab.
3
Apparatus, Diagrams of equipment and Method. Not required in these labs.

4
Theory: Give a brief outline of the theory and the necessary equations. One mark is given for theory.

5
Results: Label figures for future reference. Tabulate results and do not forget to put in units and the associated error in the determination of the physical quantities contained in the table. Results carry one marks as your performance really determines your results.
6
General Analysis: Graphs, calculations and other methods used in analyzing the results. This carries (two marks)
8
Discussion: A discussion is not a method, nor a theory. Discuss results, explain them in light of the theory (are they what was expected from the theory and why). It should include comparisons with other methods if there are any, and the limitations of the approach used. Do not start your discussion by listing a summary of your results (this belongs in results). You may restate results if it helps clarify what you are saying. It will be marked out of a total of 5 marks. It must include answers to questions like “What problems did you have in getting your results?” This will be the source of your major errors. “How could I get rid of such problems, perhaps using a completely different method”? Also specific applications of the results go here. Answers to questions go at the end of the discussion.

9
Conclusion: Do not write for conclusion the objectives of the lab was met, or the lab was successfully completed. Your conclusion is the key results and inferences from the lab as well as what you have learnt from the lab.  The essential points of the conclusion are contained in your abstract. It is worth 1 mark. 

10
References: List references used (including internet addresses). Throughout the lab write up indicate where you made use of these references. 

Lab 1

Measurement, Density and Buoyancy

The following material is mostly taken from the following:
http://hyperphysics.phy-astr.gsu.edu/hbase/class/phscilab/dens.html
Students are required to go to the first website for information on key terms appearing in blue below. This second website http://www.sethi.org/classes/elabs/lab_02.html can be done as a pre-lab. 

To the Instructor: The first part of this lab is to have students get accustomed to using a vernier callipers and a micrometer screw gauge to measure lengths. You would have to lead them trough this exercise as it pertains to measurements required for this lab.
Objectives: 

To learn the methods for measuring the density of

1. liquids and regularly shaped solids by direct measurement of mass and volume

2. solids by indirect volume measurement

3. liquids and irregularly shaped solids (e.g. mineral samples) by using Archimedes principle.

To become acquainted with measuring instruments and the estimation of measurement error.
1 :Measurement and Errors

Objective:

To appreciate the importance of the proper choice and use of some instruments for measurements, and to evaluate the experimental errors with special reference to the errors associated with the measurements made by those instruments.

Introduction:

By the very nature of physical experiments, it is not sufficient to just perform the experimental procedure, but measurements must be carefully recorded throughout the procedure if one is to make any tangible sense and derive significant results or trends from the exercise. The observations should be accurate and methodical and be made with intelligent realization of the capabilities of the instruments provided. The choice of the instrument depends on (1) the range required (2) the necessary sensitivity. The accuracy to which the unknown property can be determined depends on the level of calibration of the instrument.

Measurements and results should be reliable and reproducible, and as such it is of utmost importance that they are quoted with the associated errors. Random errors can be reduced by repeated observations of a particular quantity. This also increases precision.

Apparatus   : the following measuring instruments are provided for the measurement of quantities whose units are the basic units.

Length:        Metre rule, vernier caliper, micrometer screw gauge

Mass:            Spring Balance, Beam Balance.

Time:            Stop clock, stop watch.

Also provided  - capillary tube.

Experiment:

You   are expected to make the appropriate choices of measuring instruments depending on the level of accuracy required for the assignment below. As an exercise in learning, repeat the measurements deliberately using instruments that give lower accuracy and compare the associated error in each case.

1. Make a table of all instruments provided and give the associated error in each one.

2. Determine the volume of glass used in the construction of the capillary tube provided.

Questions:

1. Define "unit" and give an example of it.?
2. Distinguish between accuracy and precision
3. What should be the appropriate number of decimal places for your 'ruler'?
4. Are any of the time measurements 'really' different from the others? If so, briefly explain why?

Density

Introduction

Mass is a physical property which all objects possess, but objects of the same size can have different masses and weights. This difference is characterized by another property, density. Density is defined as the ratio of an object's mass to its volume:
	d= m/v

	Calculation


	
	(1)


Since it is rare to find two different substances with identical densities, density is of value in helping to identify materials.
The specific gravity of a substance is defined as the ratio of the density of the substance to the density of water (1 gram/cm^3). This ratio is a convenient physical property since it has no units and is therefore independent of the system of measure you use to determine it.

Archimedes' principle states that the buoyant force experienced by a submerged object is equal to the weight of the liquid displaced by the object. Experimentally this appears in the fact that the submerged object apparently weighs less by an amount equal to the weight of the liquid displaced. The buoyant force can be expressed as
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	Calculation


	
	(2)


where d is the density of the liquid, g is the acceleration of gravity and v is the volume of the immersed object (or the immersed part of the body if it floats). In this experiment the pan balances will compare masses in grams rather than weights. Since W=mg, the apparent change in mass when submerged is
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	(3)


Archimedes' principle will be used in two ways in this experiment:

1. 1. To determine the volume of an object by submerging it in a liquid of known density.

2. To determine the density of an unknown liquid by submerging an object of known volume and mass.
	Procedure
	Data Sheet

	Equipment Needed



I. Determination of metal density by direct measurement of volume and mass.

1. Using the pan balance, determine and record the mass of the metal cylinder provided.

2. Use the vernier caliper to measure the length and diameter of the cylinder. Determine the volume in cm^3.

3. Calculate the density of the metal.

Archimedes' principle will be used in two ways in this experiment:

1. To determine the volume of an object by submerging it in a liquid of known density.

2. To determine the density of an unknown liquid by submerging an object of known volume and mass.
Procedure:
II. Determination of metal density by direct measurement of volume and mass.

1. Using the pan balance, determine and record the mass of the metal cylinder provided.

2. Use the vernier caliper to measure the length and diameter of the cylinder. Determine the volume in cm^3.

3. Calculate the density of the metal.

Holding the string, lower the metal into the water until it is completely submerged. Record the new water level.

3. Determine the volume of the metal and recalculate the density using this volume and the mass from part I.
III. Testing of Archimedes' principle with metal sample.
1. Make use of the movable platform on the pan balance to support the graduated cylinder of water. Hang the metal cylinder on the hook above the pan so that the metal is suspended and submerged in the water without touching the sides. Determine its apparent mass using the scale. Find the difference between the actual and apparent masses and compare this to the mass of the water displaced using relationship (3).

[image: image3.png]aroun:
cylinder off

tie on

Gpposite
SHe

loop

slide Io
on cyli
suspend
balance

-

=





IV. Measurement of mineral sample densities using Archimedes principle.

1. Two mineral samples will be supplied. One is a light-colored mineral typical of the material of which the continents are made, and the other is a dark basaltic mineral characteristic of the ocean floors. Carefully determine the mass of each with the pan balance. This mass determination should be made while the rocks are dry- they will pick up a significant mass of water when wet.

2. Tie a light string on each sample so that they can be suspended from the hook above the pan of the balance. Fill a beaker with enough water to submerge the sample and use Archimedes principle to determine the density of each mineral.

V. Determination of liquid density by mass and volume measurement.

1. Determine the mass of your graduated cylinder while dry and then fill about half full with the unknown liquid supplied.

2. Measure the liquid volume and determine the liquid density.

VI. Determination of liquid density using Archimedes principle.

1. Suspend the cylindrical metal sample in the liquid as in part III and measure its apparent mass when submerged.

2. Use Archimedes principle to determine the liquid density.
Data Sheet - Density and Buoyancy

I. Mass of metal ____________________

Length ____________________

Diameter ____________________

Volume ____________________ Density ____________________

II. Water level 1 ____________________

Water level 2 ____________________

Volume ____________________ Density ____________________

III. Apparent mass ____________________

Actual mass ____________________

Mass difference ___________ Mass of water displaced __________________

IV. Light Colored Mineral

Mass ____________________

Apparent mass ____________________

Volume ____________________ Density ____________________

Dark Mineral

Mass ____________________

Apparent mass ____________________

Volume ____________________ Density ____________________

V. Graduated cylinder mass(dry) ____________________

Liquid mass ____________________

Liquid volume __________________ Density of liquid __________________

VI. Apparent mass of metal ____________________

Actual mass ____________________

Volume ____________________ Density of liquid ____________________
Questions:
1. Why does wood float? How can a steel barge float?

2. Equal volumes of lead and aluminum are submerged in water. Which feels the greatest buoyant force? Explain.

3. Would the Archimedes principle method give accurate densities for minerals with enclosed air bubbles? Explain.

Equipment: Density and Buoyancy
	· Short metal cylinder

· Vernier caliper Beaker

· String
	· Light and dark rocks

· Unknown liquid

· Graduated cylinder

· Scales


Use envelopes to store metal cylinders with their names on them if the lab stretches over two days, so they won't have to re-measure the cylinder

Lab 2
Galileo Galilei’s Inclined Plane Experiment - Measuring the acceleration due to gravity.
Purpose: The purpose of this lab is to measure the acceleration due to gravity.

Procedure:

1 Set up the inclined plane using the track, wooden blocks or books under the track, and something at the end to stop the marble. 


L

H



2.  Measure and record the total length “L” and the height of the top of the track. The distance the marble rolls down is recorded as “S”. The 1st run of the marble is to be the entire length of the track. Record this total length as “L” at the top of your data table. Measure the height of the track “H” and record this at the top of the table. Once you have set up your track and recorded your value for “H” DO NOT CHANGE THE HEIGHT OF YOUR TRACK.


Since H and L are constants, if we measure the acceleration down the incline we can get a value for the acceleration due to gravity using equation 1 below. 


EQUATION 1:   Acceleration due to gravity (g) = acceleration down the incline* (L/H)
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(1)

      3.   Sign out a marble and stop watch from your instructor.

4. Measure and record the length of the incline “L” and the height “H”.

5. Set the marble on the incline, record “s” the distance-in cm-it will roll to the bottom of the track. The marble MUST always roll to the bottom of the track. 
6. Release the marble and time it down the track. DO NOT PUSH THE MARBLE. Record this as T1. Have your partner release the marble from the same place and time it. Record this as T2. Think about using the stopwatch effectively to minimize human error.

7. Change the distance and repeat steps 5 & 6 at least 5 times over a wide range of distances so you have a total of 6 distances. (For example if your track is 200 cm long you might use 50 cm, 100 cm, 150 cm, 175 cm, and 200cm.) As the marble rolls less distance it MUST take less time. If it doesn’t, repeat the measurement.

8. Repeat steps 5-7 with a different sized marble. 

Analysis:     To be done after you are finished with the lab measurements and your marbles & stopwatch have been checked back in with your instructor.

1. Calculate taverage for each distance. Do this for both your large and small marbles & record it in your data table

2. Honors only – graph distance on the Y-axis and taverage on the X-axis and draw in the best fitting parabola for both marbles. (Start both axis at 0- do not abbreviate or break your axis scale)

3. Square your value of taverage for both marbles and record this in your data table.

4. For each marble, graph distance “s” on the y-axis and (taverage)2 on the x-axis. (Start both axis at 0- do not abbreviate or break your axis scale)

5. Draw in the best fitting straight line for the data for each marble and calculate the slope. You will have 1 value of slope for EACH marble.      

   (Honors will have 4 graphs, regular only 2)
EQUATION 2   2 x slope = acceleration of incline

6. Use equation 2 to find the acceleration down the incline for your two straight line graphs.

7. Use equation 1 to calculate the acceleration due to gravity. DO NOT USE EQUATION 1 UNTIL YOU HAVE ANSWERS FROM EQUATION 2.
8. Compare using % error your value for the acceleration due to gravity with the accepted value of 980 cm/sec2 for both marbles.

Conclusion:

Here you are to: 1) restate your purpose. Did you accomplish your purpose or not? Justify your answer by stating your values for the acceleration due to gravity for both marbles and their % errors. Discuss how these two values compare to each other.  Answer the following questions in proper English with proper spelling. 

a) How accurately do your graphs of distance vs (taverage)2 go through the origin? Should they go through the origin? Why or why not? If they don’t, what is the Y-intercept for each? 

b) What possible sources of scientific error are there? These should not include mistakes made by you or your partner.

c) Which marble gives the least error for the acceleration due to gravity? Why might this marble give the least error?

d) Is the marble with the least error also the one that comes closest to the origin?

Honors additional questions:
e) How would changing the height of the incline affect the slope of your best fitting line? 

f) How would changing the height of the incline affect your value for the acceleration of the incline? WHY?

g) How would changing the height of the incline affect your value for the acceleration due to gravity? WHY?

    L=  ______cm

H= __________cm    Note: do not choose H to be so large that you 
  ( Length of entire incline)     (Height of incline)
cannot accurately time the marble!
Marble size __________

	S  (cm)   
	t1  (sec)    
	t2 (sec)
	
	taverage (sec)
	tav2 (sec2)


You will need to prepare 2 tables, one for each marble.

Lab 3

Measurement of acceleration due to gravity (g) by simple pendulum.

Apparatus

Spherical bob B, thread T, stop-watch, tall stand and clamp, cork pads D, P, pointer for reference mark. 

Method

Attach a piece of thread, about two meters long, to the pendulum bob. Fix the top of the thread between the cork pads D,P, placed in the jaws of the clamp, so that the bob just clears the floor. Place a reference mark, using a pointer, at the equilibrium position of the bob. Now set the bob oscillating through a small angle, and beginning your counting through the equilibrium position of the bob, find the time for 30 complete oscillations. Measure the length l from the point of suspension to the center of the bob, and enter the results in meters (m).

By raising the thread each time, diminish the length of the pendulum by about 25 cm, 50 cm, 75 cm and 100 cm. On each occasion find the length of the pendulum in meters and the time for 30 complete oscillations. Record your results below.
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Fig. 1a

Measurements
	Length l (m)
	Time for 30 oscillations (s)
	Period T (s)
	T2  (s2)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Calculations

Find the period, T, the time taken for one complete oscillation, then calculate T2 and enter in the table of measurements.

Graph
Plot l against T2, and draw the best straight line passing through the points and the origin. See graph , Fig 1b. Measure the gradient, a/b, of the line.
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Fig. 1b

Now 
[image: image7.wmf]g

l

T

p

2

=

, then 
[image: image8.wmf]2

2

4

T

l

g

p

=

.

Therefore 
[image: image9.wmf]´

=

2

4

p

g

gradient of the line = __________

Conclusion

The acceleration due to gravity was _______ m/s2.

Questions

How can the height of a room be determined by the use of a simple pendulum?
Lab 4

Measurement of Elastic Constant of Spiral Spring, and earth’s Gravitational Intensity using a spiral spring.
1
Elastic Constant of Spring by Hooke’s Law

Hooke’s Law states that providing the elastic constant is not exceeded, the strain in an elastic body is proportional to the stress producing it. (For the spiral spring, the strain is the increase in length and the stress is the load applied to produce the extension).

Apparatus

Light spiral spring, ruler, two clamps and stands, known masses, pointer for spring, stop-watch.

Method

Suspend the light spring from the clamp of the stand, and attach a pointer to the spring. Set up a fixed vertical ruler beside the spring with the zero mark uppermost. Attach suitable weights to the spring to extend it. Note the reading of the pointer and record in the table below. Do this for about eight different masses M, starting with the heaviest, remove weight each time and recording the reading of the pointer each time. If the spring has not been permanently strained the reading of the pointer will return to its original reading (zero reading) when all the masses have been removed. If the extension is very different, then the spring has been permanently deformed. Repeat now adding on masses in the same increments as was removed in the first part, again noting the scale reading and load M. 

Results
Zero reading of the spring = ______ m

	Load Mass (M) (kg)
	Reading on ruler by load decreasing (m) 
	Reading on ruler by load increasing) (m)
	Average value of reading on ruler (m)
	Extension (Ave reading minus zero reading) (m)

	0.05
	
	
	
	

	0.06
	
	
	
	

	0.08
	
	
	
	

	0.10
	
	
	
	

	0.12
	
	
	
	

	0.14
	
	
	
	

	0.16
	
	
	
	


Calculations
Plot a graph of extension (Ave reading minus zero reading) m against the mass M whose weight extended the spring. Draw the best straight line through the origin. From the graph calculate the gradient. This is the mass 
[image: image10.wmf]m

 per meter. 

2
To determine the Earth’s gravitational intensity.

Method

Using the spring again attach weights as before. The extension of the spring with no weight attached as before is to be considered as the zero position. Pull the mass down gentle and release it, setting the spring and attached weight into simple harmonic motion. Time 30 complete oscillations. Add increasing masses as before, and observe the time for 30 complete oscillations on each occasion. With the heaviest load attached, remove masses by the same increments that they were added and repeat readings. Record all readings in the table below.

Results

Zero reading of the spring = ______ m

	Load Mass (M) (kg)
	Time for 30 oscillations (s)
	Time for 30 oscillations (s)
	Average time for 30 oscillations (s)
	Period T (s)
	T2  (s2)

	0.05
	
	
	
	
	

	0.06
	
	
	
	
	

	0.08
	
	
	
	
	

	0.10
	
	
	
	
	

	0.12
	
	
	
	
	

	0.14
	
	
	
	
	

	0.16
	
	
	
	
	


Calculations

Calculate the period T, and the T2 , and enter in table of measurements. Plot T2 against M (the mass on the spring in kg). Draw the best straight line through the points. Measure the gradient of the line.

Theory
The period T is given by 
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, where m is a constant depending on the mass of the spring itself and 
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is the elastic constant of the spring in Newton per meter. Therefore
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and thus the gradient of the T2 against M graph is 
[image: image14.wmf]l

p

2

4

 and the y-intercept is m. Hence
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(2)

Thus the force 
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 per meter extends the spring. From part 1, the earth exerts a gravitational force 
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 on a mass 
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.

Thus the Earth’s gravitational intensity (g) =
[image: image19.wmf]m
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= _______ N/kg.

Questions

1
What are the possible errors incurred in the experiment?


2
What measures can be taken to minimize these errors and hence improve the accuracy of the experiment.

3
What are the forces that act on the spring?

4
Describe the forces acting in the system when the spring and mass are in equilibrium.

5
How would you determine the weight of an unknown object using the spiral spring?

6
If the spring had a very slight kink in it, how can one still perform the experiment with minimal error.

7
Why did the second graph not pass through the origin? What must you taken into account if you wanted to make it pass through the origin?

8
How does the straight line graph in the first part of the experiment verify Hooke’s Law for a spiral spring?

9
Give three other applications of Hooke’s Law.

10
Give suggestions on how the lab can be improved.
Lab 5

The Specific Heat Capacity of a Conductor

The following is taken from the website http://teachers.henrico.k12.va.us/deeprun/lavender_a/chemistry/calorimetry_lab.pdf
Introduction

Experience tells us that if a hot piece of metal is added to water, the temperature

of the water will rise. If several different metals having the same mass are

heated to the same temperature and added to the same amount of water at the

same temperature, will the final temperature of the each mixture be the same?

What is Specific Heat?

The ability of any material to retain heat energy is called that material’s heat

capacity. The measure of heat capacity, or the quantity of heat needed to raise

the temperature of one gram of a substance by one degree Celsius, is termed

specific heat and is represented by the symbol s, Cp, c. The SI units for specific

heat are given in Joules per gram per degree Celsius (J/gC). See Table 1 at the above website.

Substance Specific Heat (in J/gC)

Compare the heat capacities of concrete and wood. Because the specific heat of

wood is twice as great as that of concrete, it takes about twice as much heat to

raise the temperature of wood than concrete. This can be verified by comparing

the feel of walking on concrete versus walking on wood on a hot, sunny day with

bare feet. The concrete feels hotter. The sun gives off energy which is absorbed

by the concrete and the wood equally. However, because the wood has a greater

specific heat value, it is able to absorb more heat before its temperature rises,

and therefore it does not feel as hot as the concrete feels to the bare feet.

General Rule #1 - The greater the specific heat value, the less the temperature will rise when a given heat energy is absorbed.

Not only does the specific heat value describe how much heat may be absorbed

by a substance before its temperature rises, it also describes the ability of a

substance to deliver heat to a cooler object.

General Rule #2 - As the specific heat value decreases, the ability to deliver heat to a cooler object increases.

For example, imagine holding two hot pieces of metal - X (Cp=2 J/gC) and Y

(Cp=3 J/gC). If the hot piece of metal X was held in one hand and the hot piece of

metal Y in the other hand, the hand holding the metal X would get hotter.

Because metal X has a specific heat less than metal Y, the metal X sample

transfers heat to a cooler object (your hand) more readily.
Why do different materials possess different specific heat values?

One reason for the variation is that each substance is made up of atoms that

have different masses. The mass of each copper atom is larger than the mass of

each aluminum atom, for example. Therefore a give mass (such as 58 g of

copper) has fewer atoms than the same mass of aluminum. When heat is added

to 58 g of copper, fewer atoms need to be put in motion (remember temperature

is related to kinetic energy). Thus, less heat is needed to increase the kinetic

energy of the atoms in the sample, and raise the temperature by 1 C. As a result,

the specific heat value for copper is lower than the specific heat of aluminum.

Notice that copper and zinc have identical specific heat values. This is due to the

similar mass of the atoms.

General Rule #3 - The larger the metal atom, the lower is specific heat value.

How is the specific heat of a material determined?

Heat transfer or heat flow always occurs in one direction - from a region of

higher temperature to a region of lower temperature - until some final

equilibrium temperature is reached. In this experiment, heat is transferred

from a hot metal sample to a colder water sample. Because each metal has a

different specific heat, each metal will cause the temperature of the water to

increase to a different extent. The transfer of energy can be detected by

measuring the resulting temperature change, ΔT, calculated by taking the final

temperature minus the initial temperature, according to Equation 1.


ΔT = final temperature - initial temperature = Tf – Ti


(1)

For the hotter object in this scenario (the metal), the amount of heat (q)

delivered by the metal (qmetal) is equal to the mass of the metal (mmetal)

multiplied by the specific heat of the metal (Cpmetal) multiplied by the

temperature change of the metal (ΔTmetal). This relationship is given by

Equation 2.


qmetal = (mmetal)(Cpmetal)(ΔTmetal) 




(2)

For the cooler object in this scenario (the water), the amount of heat absorbed by

the water (qwater) is equal to the mass of the water (mwater) multiplied by the

specific heat of the water (Cpwater) multiplied by the temperature change of the

water (ΔTwater). This relationship is given by Equation 3.


qwater = (mwater)(Cpwater)(ΔTwater) 




(3)

By convention, the sign of q is a signal showing the direction of heat transfer.

When heat is transferred out of a material, the sign of q is negative. Conversely,

when heat is absorbed by a material, q is positive. The signs of q, along with the

necessary associated temperature changes, can be found in Table 2 of the above web-site.

According to the Law of Conservation of Energy, the heat delivered by the the

heated metal, qmetal, must be equal to the heat absorbed by the water, qwater,

and its surroundings. Incorporating the sign convention given in Table 2 gives

Equations 4 and 5.





qmetal = - qwater 




(4)


(mmetal)(Cpmetal)(ΔTmetal) = - (mwater)(Cpwater)(ΔTwater) 

(5)

In this laboratory activity, Equation 5 is used to calculate the specific heat of a

heated metal added to a water sample. For calculation purposes, it is important

to realize that when the metal is added to the water, the final temperature of

both materials will be the same. The calculated specific heat value will then be

compared to the known specific heat value given in Table 1.

To make accurate measurements of heat transfer and to prevent heat loss to the

surroundings, an insulating device known as a calorimeter is used. A

calorimeter is a device used to measure heat flow, where the heat given off by a

material is absorbed by the calorimeter and its contents (often water or other

material of known heat capacity). In this laboratory, a set of two Styrofoam cups

will be used as the calorimeter.

Sample Calculation

If a 58 g sample of metal at 100 C is placed into a calorimeter containing 60 g of

water at 18 C, the temperature of the water increases to 22 C.

a. Calculate the amount of heat absorbed by the water in Joules.

b. Determine the identity of the metal by calculating its specific heat.

(Note: Assume no heat is lost to the surroundings).

Materials

Unknown metal Stirring rod

Balance Styrofoam cups (2)

Beaker Test tube holder

Grad cylinder Test tube, large

Hot plate Thermometer

Paper towels Tap water

Safety

Handle the hot metal samples with care to avoid burns. Wear goggles!

Pre-Lab

1. How much energy (in Joules) is needed to heat an iron nail with a mass of

7.0g from 25 C until it becomes red hot at 750 C? Show all work.

2. Calculate the amount of energy (in Calories) released during the combustion

of a peanut that heats up 100 g of water from 20 C to 65 C. (Note: Food Calories

are given in kilocalories where 1 Calorie = 1 kcal = 1000 cal) Show all work.

Procedure

1. Fill a large beaker about half-full with tap water. Heat the water to a boil

using a hot plate.

2. Weigh 40 - 50 g of the assigned metal shot and place it in a large test tube.

Record the exact mass of the metal in the Data Table.

3. Put the test tube in the boiling water bath for approximately 10 - 15 minutes.

Be sure the test tube is in the water so the metal is completely submerged.

4. Stack 2 styrofoam cups, one inside the other. This set of cups will be the

calorimeter. Mass the empty calorimeter and record its mass in the Data Table.

5. Pour 25 mL of tap water into the calorimeter and mass the calorimeter again.

Record this mass in the Data Table.

6. Measure the temperature of the water in degrees Celsius. Record this

temperature in the Data Table.

7. Determine the temperature of the metal sample. To do this, measure the

temperature of the boiling water bath. An assumption is made that the

temperature of the metal is equal to the temperaure of the water bath. Record

this as Tmetal in the Data Table.

8. Hold the thermometer in the calorimter with the tap water. Caution: DO

NOT LEAVE THE THERMOMTER SITTING IN THE CALORIMETER BECAUSE IT

WILL LIKELY CAUSE THE CUP TO TIP OVER AND BREAK THE THERMOMETER.

9. Using a test tube holder, lift the test tube containing the heated metal shot

from the boiling water bath and quickly, yet carefully, pour the metal shot into

the calorimeter. Make sure no hot water from the outside of the test tube drips

into the calorimeter.

10. Gently stir the water and metal shot in the calorimeter with a stirring rod.

Measure and record the highest temperature the mixture reaches. Record this

temperature in the Data Table as temperature of mixture (Tmixture). Caution:

DO NOT STIR THE MIXTURE WITH THE THERMOMETER AS IT COULD BREAK.

11. Drain the water out of the calorimeter and pour the metal shot onto paper

towels. Pat the metal dry thoroughly. Dry the calorimeter. Repeat steps 2-10

for 2 additional trials using the same type of metal shot.

12. Repeat steps 2-10 for the other type of metal shot.

13. Return the metal shot to the front counter.

SEMESTER 2

Fundamental Properties of Waves

Aim
To determine the properties of waves in a ripple tank

Introduction

The behavior of water waves, which are progressive transverse waves can be studied using a ripple tank.

Materials

Ripple tank and apparatus for its operation, dowel (~1.5 cm in diameter), 2 stopwatches, ruler, two paper clips, light and stand to project waves onto screen, screen (a large sheet of newsprint works well), power source.

Procedure

1)
Set up the ripple tank as instructed by the lab technician. The water should be about 1 cm 
deep. Make sure that energy-absorbing buffers are placed around the edge of the tank to prevent unwanted reflections. NB- liquid soap can be used as such a buffer.

Check your assembly with your instructor.

2)
(a) Place a tiny spot of paper in the middle of the ripple tank.


(b) Dip the end of your finger once into the water about the middle of the ripple tank to create a single, circular, wave front. Observe the speck of paper as the wave front passes it. Sketch what you observe. Describe the motion.
3)
(a) On the screen, place the two paper clips at a measured distance apart, approximately 30–40 cm.


(b) Position your finger so that its shadow is over one of the paper clips and generate another

single wave front.


(c) Using a stopwatch, measure the time for the wave to travel from one paper clip to the other. Record the distance and time. Calculate the speed of the wave. Do a few trials for accuracy.
4)
(a) Place the dowel horizontally in the water near one edge of the tank. Tap the dowel gently and observe the wave front. Sketch and describe the motion.


(b) Position the paper clips in the wave’s path and measure the speed of the straight wave front.

Questions

1. When a wave front passes the speck of paper, what motion does the paper make? Does it move in the same or the opposite direction to the motion of the wave front? What does that tell you about the motion of the water as the wave moves through it?

2. On your sketches, draw several vector arrows along the fronts to indicate the direction in which they are moving. What is the angle between the line of the wave front and its motion? In Procedure 4(a), what is the angle between the edge of the dowel and the direction of the motion of the wave front?

3. Which wave front moves faster, the circular wave front or the straight wave front?
Students Activities

Use the apparatus to generate the following.

1)
An interference pattern of circular wave using the point source dippers and sketch your observations.

2)
A diffraction pattern around the plastic obstacles provided. Sketch your results. 

3)
A diffraction pattern through a through a gap created by suitably placing objects in the water. Vary the size of the gap. Comment on how the diffraction pattern changes with the gap size. Lastly vary the frequency at which the waves are generated and comment on the diffraction pattern for a given gap width. How do the diffraction patterns change for circular and plane wave fronts?

4)
Examine the law of reflection for water waves for two suitable angles. Sketch the results.

Speed of Sound

If a vibrating tuning fork is held above a closed pipe of the proper length, the air in the pipe will vibrate at the same frequency, f, as the tuning fork. By placing a glass tube in a large, water-filled graduated cylinder, the length of the glass tube can be changed by raising or lowering it in the water. The shortest column of air that will resonate occurs when the tube is one-fourth of a wavelength long. This resonance will produce the loudest sound, and the wavelength at this resonance is described by 
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, where L is the length from the water to the open end of the pipe. In this lab, you will determine L, calculate 
[image: image21.wmf]l

, and calculate the speed of sound.

QUESTION

How can you use a closed-pipe resonator to determine the speed of sound?

■ Collect and organize data to obtain resonant points in a closed pipe.

■ Measure the length of a closed-pipe resonator.

■ Analyze the data to determine the speed of sound.

Safety Precautions

■ Immediately wipe up any spilled liquids.

■ Glass is fragile. Handle with care.
Materials

Three tuning forks of known frequencies, graduated cylinder (1000-mL), water, tuning fork mallet, metric ruler, thermometer (non-mercury), glass tube (approximately 40 cm in length and 3.5 cm in diameter)
Procedure

1. Put on your safety goggles. Fill the graduated cylinder nearly to the top with water.

2. Measure the room air temperature and record it in Data Table 1.

3. Select a tuning fork and record its frequency in Data Tables 2 and 3.

4. Measure and record the diameter of the glass tube in Data Table 2.

5. Carefully place the glass tube into the water-filled graduated cylinder.

6. Hold the tuning fork by the base. Swiftly strike it on the side with the tuning fork mallet. Do not strike the tuning fork on the laboratory table or other hard surface.

7. Hold the vibrating fork over the open end of the glass tube and slowly raise the tube and the fork until the loudest sound is heard. Once this point is located, move the tube up and down slightly to determine the exact point of resonance. Measure the distance from the water to the top of the glass tube and record this distance in Data Table 2.

8. Repeat steps 3, 6, and 7 for two additional tuning forks and record your results as trials 2 and 3. The three tuning forks that you test should resonate at three different frequencies.

9. Empty the water from the graduated cylinder.

Analyze

1. Calculate the accepted speed of sound using the relationship 
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, where v is the speed of sound at temperature T, and T is the air temperature in degrees Celsius. Record this as the accepted speed of sound in Data Tables 1 and 3 for all the trials.

2. Since the first resonant point is located when the tube is one-fourth of a wavelength above the water, use the measured length of the tube to determine the calculated wavelength for each trial. Record the calculated wavelengths in Data Table 2.

3. Multiply the values in Data Table 2 of wavelength and frequency to determine the experimental speed of sound and record this in Data Table 1 for each of the trials.

4. Error Analysis For each trial in Data Table 1, determine the relative error between the experimental and accepted speed of sound.
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5. Critique To improve the accuracy of your calculations, the tube diameter must be taken into consideration. The following relationship provides a more accurate calculation of wavelength:
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, where 
[image: image25.wmf]l

 is the wavelength, L is the length of the tube above the water, and d is the inside diameter of the tube. Using the values in Data Table 1 for length and diameter, recalculate 
[image: image26.wmf]l

 and record it in Data Table 3 as the corrected wavelength. Calculate the corrected experimental speed of sound by multiplying the tuning fork frequency and corrected wavelength and record the new value for the corrected experimental speed of sound in Data Table 3.

6. Error Analysis For each trial in Data Table 3, determine the relative error between the corrected experimental speed and the accepted speed of sound. Use the same formula that you used in step 4, above.

Conclude and Apply

1. Infer In general, the first resonant point occurs when the tube length 
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. What are the next two lengths where resonance will occur?

2. Think Critically If you had a longer tube, would it be possible to locate another position where resonance occurs? Explain your answer.

Going Further

Which result produced the more accurate speed of sound?

Real World Physics

Explain the relationship between the size of organ pipes and their resonant frequencies.

Data Table 1

	Trial


	Temperature

(°C)
	Accepted Speed of Sound (m/s)


	Experimental

Speed of Sound

(m/s)

	1
	
	
	

	2
	
	
	

	3
	
	
	


Data Table 2

	Trial
	Tuning Fork

Frequency

(Hz)


	Diameter

(m)


	Length of

Tube Above

Water (m)


	Calculated

Wavelength

(m)



	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


Data Table 3

	Trial
	Tuning Fork

Frequency

(Hz)


	Accepted

Speed of

Sound (m/s)


	Corrected

Calculated

Wavelength

(m)


	Corrected

Experimental

Speed of

Sound (m/s)


	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


Lab 3
Aim:  To verify the Laws of Reflection and Refraction for Light
Objective:

· Investigate angle of incidence and the angle of reflection using a plane mirror.

· Locate the Image formed by a plane mirror.

· Determine refractive index of a block of glass, using Snell’s Law

Apparatus: 

Plane mirror, Rectangular prism, Protractor, optical pins, glass block, Meter rule, protractor, paper

Introduction: 

A wave is a disturbance of a medium which transports energy through the medium without permanently transporting matter. Waves can be viewed as a transfer of energy rather than the movement of a particle. Waves carry energy from one place to another, for example water waves and sound waves. Due to dual nature of light its motion can also be ascribed to a flow of little particles (photons), the direction of their motions can be illustrated by the use of a single line on a diagram called a ray.
A ray of light is a narrow beam of parallel light which can be drawn as a single line on a diagram. Rays are helpful in determining the effects of obstacles (i.e. mirrors, lenses, gaps, prisms, etc) on light waves. There are two practical ways of tracing rays in the lab:

1. Ray-box method: sending visible rays across a sheet of paper and drawing their position

2.        Pin methods: fixing the positions of rays by means of pins and joining up the pin-holes with  

           Straight lines. The utilization of two pins minimizes the occurrence of parallax    

For this lab, the pin methods will be utilized
Water waves, sound and light can be observed with respect to the phenomena of reflection, refraction, diffraction and interference. In the following experiments we will seek to investigate some of these phenomena. 

REFLECTION

Reflection is the term which refers to the “bouncing” of light off of objects. In regular or spectral reflection all parallel rays of light are reflected in the same direction e.g. mirror-like surfaces. Images are obtained which resemble the object. The laws of reflection are stated as follows:
Law 1:    The angle of incidence equals the angle of reflection (i=r).

Law 2:    The incident ray, the reflected ray and the normal at the point of incidence all lie in the same plane.

REFRACTION

Refraction is the bending of light which occurs when it passes from one transparent medium to another. One of the key observations pertaining to the phenomena of refraction is that a ray of light enters an optically denser medium; it is bent towards the normal.  The laws of refraction state.
Law 1: 

The incident ray, refracted ray and the normal at the point of incidence all lie in the same plane. 

Snell’s Law:

 For light rays passing from one transparent medium to another the sine of the angle of incidence and the sine of the angle of refraction are in a constant ration, called the refractive index, n.

Experimental Method:

Section 1: Reflection of Light Waves

Part A: Measuring the Angle of Incidence and the Angle of Reflection using the Pin Method.
Step 1: Fasten a sheet of paper to a flat surface into which pins can be pressed easily. 

Step 2: Mark the reflecting line, MM’ on the paper.  

Step 3: Draw a normal, at right angles to this line. 

Step 4: Using the protractor, measure and draw an incident ray at 30o to the normal. ( i = 30o)

Step 5: Stand the mirror upright, with its reflecting surface on the reflecting line, MM’.  

Step 6: Press pins A and B into the paper at the position shown in Figure 1 along the incident ray. 

Step 7: With your eye at bench level, at position E, look into the mirror and find a position where the image of pins A and B. 

Step 8: Place the pins C and D so that they cover the images of A and B. Pins C and D indicate that position of the reflected ray. 

Step 9: Remove pins C and D and draw the line through the holes created by the pins. 

Step 10: Measure the angle of reflection, r

Step 11: Repeat the experiments for the other angles given and record angles of reflection in Table 1, below.
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Figure 1: Using the Pin Method to measure angles of incidence and reflection

Table 1: using the pin method to measure the angle of incidence and reflection

	Angle of Incidence, i
	Angle of Reflection, r

	15o
	

	30o
	

	45o
	

	60o
	

	75o
	


Part B: Locating the Image formed by a Plane Mirror using the Pin Method.

Step 12: Fasten a new sheet of paper to the flat surface into which pins can be pressed easily.

Step 13: Draw the reflecting line, MM’ half way across the sheet of paper, shown in Figure 2.  

Step 14: Stand the mirror upright, with its reflecting surface on the reflecting line, MM’

Step 15: Place the object pin at O. 

Step: 16: Put the pins (i) B and C (ii) D and E in line with the image of O seen in the mirror. 

Step: 17: Measure OA, and IA and one of the angles between the line OI and the mirror. 
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Figure 2: DIagram of setup to locate the Image formed by a Plane Mirror
	Object distance, 
OA / cm
	Image distance, 
AI / cm
	Angle

	
	
	

	
	
	


                        Table 2: Using the PIn Method to locate the image formed by a plane mirror
Section 2: Refraction of Light Waves
Part A: Finding the Refractive Index of a Block of Glass using Snell’s Law.

Step 1: Fasten a new sheet of paper to the flat surface into which pins can be pressed easily.

Step 2: Place the glass block on the sheet of paper and draw round its edges (Hint: use a sharp pencil to get he point way under the edge of the block).

Step 3: Stick two pins A and B to fix the direction of the incident ray, B. B must touch the glass block and A position some distance away.

Step 4: Look through the block and move your eye until the images of A and B, appear in a straight line. 

Step 5: Place pin C, touching the block where it blocks out the image of pins A and B, then place D to line up with C, further away from the block. (See Figure 3.)

Step 6: Remove the pins, marking their positions as you do so. 

Step 7: Remove the block, draw AB and CD to mark the incident and emergent rays, and BC to give the refracted ray. 

Step 8: Measure with a protractor, the values of the angle of incidence and the angle of refraction for each ray. 

Step 9: Complete Table 3 below. 

Step 10: Repeat this process for three different positions of pin A. 
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Figure 3: DIagram of setup for USING the Pin Method to find the refractive index of glass

Table 3: Using the Pin Method to find the refractive index of glass, using Snell's Law

	Angle of Incidence, i  / degrees
	Angle of Refraction, r / degrees
	sin i
	sin r
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Calculations: 

Graphing: 


1. Utilizing the data recorded on Table 3, plot a graph of sin i vs sin r. 
(Hint: This should be a straight line which intercepts the y-axis at the origin)


2. Calculate the gradient of the line produced. 
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3. Using the equation:
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This is of the form
 y = mx + c  
 where   y = sin i 
 



          gradient, m= 
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x = sin r    
and 
intercept on y-axis,  c = 0 

4. Determine the refractive index for the air to glass boundary,
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5. The refractive index from glass to air is
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 Calculate this value.
Please note:

 Include copies of the ray diagram sheets for every section of the lab.  Diagram should be 
large, clear, accurately drawn and clearly labeled. 
Questions:

1. What is “parallax”? How has it affect the results you obtained in this experiment?

2. What were some of the sources of errors in this experiment? How were they minimized?

Section 1: Reflection of Light Waves

3. Copy and complete: The angle of incidence ______ the angle of reflection. 

4. Copy and complete: The image in a plane mirror is _____ behind the mirror as the object is in front of it and the line joining object and image is ______ to the mirror?

Section 2: Refraction of Light Waves

5. For the light travelling into the rectangular block, does the ray bend towards or away from the normal when:

a. Entering the glass at B

b. Leaving at C?

6. As the incident angle is increased, does the angle of refraction increase or decrease?

7. What was noticeable about the directions of the incident and emergent rays?

8. What is the refractive index of the air to glass boundary? How does it compare to the theoretical values provided in texts? 

9. What is the refractive index of the glass to air boundary? 

LAB 4
Title: Investigation of convex lenses
Objectives:

i) To find the focal point of a convex lens (by a distant object method)
ii) To find real images formed with a convex lens

iii) To measure the magnification produced by a convex lens

Apparatus: 

i) Convex lens with holder 
ii) Meter rule 

iii) Illuminated object 

iv) Screen

In geometric optics, the ray approximation is combined with the laws of reflection and refraction and geometry to determine the location and size of an image formed by a reflecting or refracting surface. This approach can be applied to (i) single surfaces, such as mirrors, (ii) multiple surfaces, such as lenses, or (iii) multi-component systems, such as telescopes. In this lab, you will investigate how images are formed by converging or convex lenses. When parallel light rays are refracted through a converging lens, they focus at the focal point, F, of the lens, as shown in the figure below. Convex lens are thickest in the center bending light inwards. The distance from the focal point to the center of the lens is called the focal length, f and the image formed is a real image that can be projected on a screen.

[image: image37.png]focal point
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Section A: To find the focal point of a convex lens (distant object method)

Procedure:
· Place the object on the optical bench near one end, and place the screen at the opposite end, for example at 0 cm and 100 cm and the lens close to the center. 

  

· Slide the screen along the bench towards the lens and find position where the lens produces a sharp image on the screen. 

  

· Label this point as the focal point of the lens.

DIAGRAM:

[image: image38.png]lamp (object) lens screen (image)

— i —>
_-_£_¢_ opcalberch





Section B:   To find real images formed by a convex lens
Real images can be obtained on a screen; virtual images cannot. 

1. An object situated beyond twice the focal distance (2F) from the principal plane of the convex lens, forms a blurry, inverted image just beyond the focal point, increasing in sharpness until a distance (b) from the lens.

2. When the object is exactly 2F away from the principal plane, a = b a same size but inverted image, located at 2F from the principal plane.

3. When the object is between the focal point and 2F, a real, inverted and magnified image formed beyond 2F after the lens as in figure 3 above
Procedure:

· using plasticine fix the lens upright at the center of the meter rule

· Using the focal length of the lens obtained from section A, label the positions F & 2F on both sides of the lens.

· Place a small illuminated object on the rule beyond 2F, and a move the screen on the other side until a sharp image of the object is obtained on it.

· Note the position and record in the table below, the image position as “beyond 2F”, “between 2F and F”, or “between F and the lens” 

· Also note in the table if the if the image is “larger or smaller” and if it is “upright or inverted”

RESULTS:
	OBJECT POSITION
	IMAGE POSITION
	LARGER/SMALER
	UPRIGHT/
INVERTED

	Beyond 2F
	
	
	

	At 2F
	
	
	

	betwen2F AND F
	
	
	


Section C: To measure the magnification produced by a convex lens

As the object moves farther from the lens and focal point (i.e. increasing a), the magnification magnitude decreases
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Procedure

· Similarly as in section A&B, using plasticine fix the lens upright at the center of the meter rule

·  Place and object about 3-4F form the lens.

· Adjust the position of he screen until a sharp image is obtained on the screen

· Record in table below the object and image height, and the object and image distance from the lens

· Move the object to a position closer to the lens and repeat the above procedure

Results:

	Object

Distance

u/ cm
	Image

Distance

v/ cm
	v\u
	Size of object

a / cm
	Size of image

b/ cm
	Magnification

m = b/a

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Questions:

1) Illustrate the result for section A on fully labeled ray diagram, including object distance and image distance and the focal length.

2) Illustrate each result (beyond 2F,at 2F and between 2F & F) for section B on a fully labeled ray diagram, specifying if the image is real or virtual, inverted or upright, larger, smaller or the same size.

3) Illustrate the result obtained for section C, as well on a fully labeled ray diagram, stating the dimensions of the object & image and the object & image distance

Lab 5
Random Processes, Half-life and Atomic Properties

1)
How can identifying different spinning


coins model types of atoms?

Question

When a quarter, a nickel, a penny, and a dime are spun on a tabletop,

what characteristics allow you to identify the type of spinning coin?

Procedure

1. Hold a quarter up on its edge and flick it with your index finger to set it spinning. Note the appearance and sound of the spinning coin until it comes to a stop on the table.

2. Repeat step 1 three more times using a dime, a nickel, and a penny, respectively.

3. Have a classmate spin the coins, one at a time, in a random order. Observe each coin only after it is already spinning and then try to identify the type of coin that it is.

4. Repeat step 3, except this time, keep your eyes closed while trying to identify each of the spinning coins.

Analysis

How successful were you at identifying the individual coins when you were limited to listening to the sounds they made? What are the characteristics of a spinning coin that can be used to identify its type? What instruments might make the identification of the spinning coins easier?

Critical Thinking

Excited atoms of an element in a highvoltage gas-discharge tube dissipate energy by emitting light. How might the emitted light help you identify the type of atom in the discharge tube? What instruments might help you do this?
[image: image40.emf]
2)
Finding the Size of an Atom

Ernest Rutherford used statistical analysis and probability to help analyze the results of his gold foil experiment. In this experiment, you will model the gold foil experiment using BBs and cups. You will then analyze your results in terms of probability to estimate the size of an object that cannot be seen.

QUESTION

How can probability be used to determine the size of an object that cannot be seen?

Objectives

■ Interpret data to determine the probability of a BB striking an unseen object.

■ Calculate the size of an unseen object based on probability.

Safety Precautions

■ Be sure to immediately pick up BBs that have fallen onto the floor.

Materials

shoe box three identical small paper cups 200 BBs centimeter ruler large towel or cloth

Procedure

1. Use the centimeter ruler to measure the length and width of the inside of the shoe box. Record the measurements in the data table.

2. Use the centimeter ruler to measure the diameter of the top of one of the cups. Record the measurement in the data table.

3. Place the shoe box in the center of a folded towel, such that the towel extends at least 30 cm beyond each side of the shoe box.

4. Randomly place the three paper cups in the bottom of the shoe box.

5. Have your lab partner randomly drop 200 BBs into the shoe box. Make sure he or she distributes the BBs evenly over the area of the shoe box. Note that some of the BBs may miss the shoe box and land on the towel.

6. Count the number of BBs in the cups and record the value in the data table.

Analyze

1. Calculate the area of the shoe box. The area of a rectangular shape is given by the equation

Area = Length x Width.

2. Calculate the area of a cup using the diameter you measured. The area of a circle is given by the equation 
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3. Calculate the total area of the cups by multiplying the area per cup by the total number of cups.

4. Calculate the percentage of shoe box that is occupied by the three cups by dividing the total area of the cups by the area of the shoe box and then multiplying by 100.

5. Calculate the percentage of BBs that landed in the cups by dividing the number of BBs in the cups by the number of BBs dropped, and then multiplying by 100.

6. Determine the percentage of the shoe box occupied by the cups based on probability. Note that this percentage is (ideally) equal to the percentage of BBs that landed in cups.

7. Calculate the total area of the cups based on probability. To calculate this value, multiply the percentage of the shoe box occupied by the cups (based on probability) by the area of the shoe box.

8. Calculate the area of each cup based on probability by dividing the total area of the cups based on probability by three.

9. Record the experimental data from the other groups in the data table and then calculate classroom averages for all of the data.

10. Error Analysis Compare your calculated value for the area of the cup based on probability (experimental value) with the area of the cup calculated from the measured diameter (accepted value). What is the percent error in your value based upon probability? Calculate the percent error using the following equation:
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Conclude and Apply

1. Were you able to accurately determine the area of a cup based on probability? Explain in terms of the percent error.

2. List the error sources in this experiment and describe their effects on the results.

Going Further

If larger cups were used in the experiment, do you think you would need fewer, the same, or more BBs to achieve accurate results? Explain.

Real World Physics

Your teacher polls the class about postponing a test. Does the accuracy of the poll depend on how many students are surveyed? Explain.

Data Table

	
	Your Data
	Data from

Group 2


	Data from

Group 3


	Data from

Group 4


	Data from

Group 5


	Class

Average



	Shoe box length (cm)


	
	
	
	
	
	

	Shoe box width (cm)


	
	
	
	
	
	

	Shoe box area (cm2)


	
	
	
	
	
	

	Measured diameter of cup (cm)


	
	
	
	
	
	

	Calculated area of a cup (cm2)


	
	
	
	
	
	

	Total number of cups
	3
	3
	3
	3
	3
	3

	Total calculated area of cups (cm2)


	
	
	
	
	
	

	Percentage of shoe box occupied

by cups (%)


	
	
	
	
	
	

	Number of BBs dropped
	200
	200
	200
	200
	200
	200

	Number of BBs in cups


	
	
	
	
	
	

	Percent of BBs in cups


	
	
	
	
	
	

	Percent of shoe box occupied by

cups based on probability


	
	
	
	
	
	

	Total area of cups based on

probability (cm2)


	
	
	
	
	
	

	Number of cups
	3
	3
	3
	3
	3
	3

	Area of one cup based on

probability (cm2)


	
	
	
	
	
	


Lab 6 – Alternative Radioactivity Lab

1)
Random process
Objective

To investigate the random nature of radioactive decay

Theory & Research

What is half-life of a radioactive substance?

Variables

Manipulating variable: n – the number of throws

Responding variables: t – the number of undecayed atoms

Apparatus

100 coins, large can with lid

Diagram

[image: image43.png]



Procedure

1. Note the number of coins present (undecayed atoms) when n = 0.

2. Allow heads to represent a decayed atom and tails to represent an undecayed atom. Pace the coins in the can and snap on the lid.

3. Shake the can vigorously. Then remove the lid and pour out the coins. Record the number of tails i.e. the number of undecayed atoms t for n = 1.

4. Put the number of heads to one side (decayed atoms)

5. Place the undecayed atoms back in the tin

6. Repeat steps 3-5 at least 4 times (until n = 5).

Data collected

Record your data in a suitable table.

Data analysis

1. Plot a graph of the number of throws (n) on the x-axis against the number of undecayed atom (t) on the y-axis

i. If your classmates do the same experiment, would they get the same results?

ii. If one coin is marked with an X, can we predict when it will decay?

iii. Complete the following statement:

Radioactive decay is said tot be random because




(a)




(b)

2. If we repeat the experiment several times, on average how many coins out of 100 would we expect to decay after one throw? Explain how it is a radioactive substance is said to be random and still have a half-life?

3. Use your graph to estimate at least three values for the half-life. Is it constant?

Conclusion

Write a suitable conclusion stating what you have learnt during the experiment.
2) Half - Life
Objective
To investigate if the half-life of water dripping from a burette is constant

Theory & research

Include information about half-life of a substance.

Apparatus

Burette, water, stop-clock/stopwatch, beaker

Diagram of Apparatus (Must label diagram)
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Procedure 

1. Set up the apparatus as show in the diagram with the burette filled above the 0cm3 mark.

2. Adjust the tap so that it is dripping quickly. If necessary, refill the burette above the 0cm3 mark.

3. Start the stopwatch when the water level drops to 0 cm3 mark.

4. Record the time, t, on the stopwatch at every 5cm3 decrease in volume without stopping the stop watch.

5. Record the volume of water remaining, V, and the corresponding time, t, noted on the stopwatch until the volume remaining falls to 10cm3 [N.B. The volume of water remaining in the burette is 45cm3 at the 5 cm3 mark] 

6. Repeat procedure without adjusting the tap.

Data collected

	V/cm3
	50.0
	45.0
	40.0
	35.0
	30.0
	25.0
	20.0
	15.0
	10.0

	t1/s
	
	
	
	
	
	
	
	
	

	t2 /s
	
	
	
	
	
	
	
	
	

	t /s
	
	
	
	
	
	
	
	
	


Data analysis

1. Plot a graph of volume against time.

2. Determine the time it takes for the volume to fall to half for four different values of volume.

3. Does this system have a constant half-life?

Conclusion

Write a suitable conclusion stating what you have learnt.

Semester 3

Lab 1

Making a Simple Cell

  

Aim:   To make a working voltaic cell out of a pieces of zinc, copper and sulfuric acid.

Introduction:   It is Alessandro Volta in Italy who invented the battery for the first time in 1800. That used the zinc and copper plate in the dilute sulfuric acid. This electric cell is a prototype of a dry battery today. 
  

Materials:  You will need a zinc plate, a copper plate, diluted sulfuric acid, a beaker, a graduate cylinder, insulated electrical wire, and a voltmeter.

 

Procedure:

1. Place the apparatus listed above as shown in Figure 1 below (DO NOT CLOSE THE CIRCUIT).

2. Connect the positive end of the voltmeter to the copper plate using insulated wire and clips. 

3. Connect the negative end of the voltmeter to a switch and with the switch OPEN, connect the switch to the zinc plate using insulated wire and clips. 

4. Measure and record the value of the maximum voltage and record the time it takes to fall to zero.. 

5. Observe and record what happens to the dilute solution and to each plate.
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Figure 1

Questions:

1. Why does the voltage eventually go to zero?

2. How can a steady voltage be maintained for a longer period?

3. Why does bubbling occur in the solution? 

4. Why is there a voltage?

5. Consider the following circuit, explain why it is different from figure 1 above. What magnitude of current do you expect and explain why?

[image: image46.emf]
Figure 2

6. What would you have said if someone told you it possible to make a battery with ordinary fruit and vegetables? Consider the diagram below and explain how it occurs.
[image: image47.emf]
Figure 3

7. Go to the following site and perform the three animations in section 2.0. http://www.coolschool.ca/lor/CH12/unit5/U05L01.htm. Then play the video just above the Example 1.  Explain why in the experiment you did in Figure 1 above the zinc plate did not deteriorate. Explain in detail the all the particles that carry charge in the simulation and in which part of the circuit they move.
8. State the difference between a wet cell and a dry cell and give two examples of each.
9. Give a brief outline of how a fuel cell works.
10. What is a primary cell? 
Conclusion:
The above was adapted from the following sites and are recommended reading for the lab.
http://alexteoh.com/emap-electrochem/SimpleELECTRICcell.html
http://jicapkscience.com/Chemistry/9Electriccell.pdf
http://www.tpub.com/neets/book1/chapter1/index.htm (See chapter 2 – Batteries).

Laboratory 2: OHM`S LAW LAB
PURPOSE:
The purpose of this lab is to investigate the relationship between the three variables involved in Ohm’s Law – Current, Voltage and Resistance.

MATERIALS:
· Resistors

· Power Supply

· Digital Multimeter (DMM)

· Connection wires
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PROCEDURE:
1. Choose one of the resistors that you have been given. Using the Chart at the bottom of this page or your notes, decode the resistance value and record that value in the first column of the Data Table.

2. Construct the circuit above, leaving the wire between the resistor and the battery unconnected. Have the instructor check your wiring before going on.

3. When your circuit has been approved, connect the remaining wire and read the current that is flowing through the resistor. Record this value on the second column of the Data Table.

4. Now replace the original resistor with the remaining resistors, one at a time, each time recording the resistance value and the current you measured.

5. When you have completed measuring all of the currents, disconnect the meter and connect the circuit shown below.
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6. Measure and record the voltage across the resistor for each of the resistors.

7. When finished making measurements, turn the meter off, secure all of the resistors and disconnect the wire(s) from the battery. 

DATA TABLE:
	Resistance

	Current
A
	Voltage
V
	Voltage/Resistance
V/

	 
	 
	 
	  

	 
	 
	 
	  

	 
	 
	 
	  

	 
	 
	 
	  

	 
	 
	 
	  

	 
	 
	 
	  

	 
	 
	 
	  


ANALYSIS:

1. For each of your sets of data, calculate the ratio of voltage/resistance. Compare the values you calculated with the measured values of the current.

2. Construct a graph of current (vertical axis) vs resistance.

DISCUSSION:
1. Why do you think there was an unusual occurrence in the voltage readings you obtained with different resistors?
2. Ohm`s law states that current is equal to the ratio of voltage/resistance. Does your data concur with this?
3. What were the possible sources of error in this lab? 
___________________________________________________________________Laboratory 3: Measurement of Resistance
Objectives:

1. To measure resistance values using both analog and digital meters.

2. To demonstrate correct care and use of both digital and analog meters.

Procedure:
Select 10 resistor values from your parts kit and using both the analog and digital meters complete the table below. 

	Resistor No.
	Colour code
	Resistor value
	Measured Value Analog
	Measured Value

Digital

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	


Laboratory 4: Logic Gates
Objectives:
1. To introduce you to digital circuits.

2. To introduce you to the OR concept of electronic wiring.

Procedure: 
[image: image50.jpg]



1. Build the circuit shown.

2. Notice that if you turn on the slide switch (S1) AND press switch (S2) the LED (D1) lights up. Once again, there is no partially lit state here, the LED is either totally on or totally off. Two switches like this may be used to turn on the same light in your house, the room switch and the master switch in the electrical box.  You could also have more than two switches and the circuit would function the same way.

3. Combinations of AND and OR circuits are used to add and multiply numbers together in modern computers. These circuits are made of tiny transistors in massive integrated circuits.

[image: image51.jpg]



4. Build the circuit shown.

5. Notice that if you turn on the slide switch (S1) OR  press switch (S2) the LED (D1) lights up. There is no partially lit state here, the diode is either totally on or totally off. 

6. While this may seem very simple and boring, it represents an important concept in electronics. Two switches like this may be used to turn on a light in your house, or they might be two sensors at a railroad crossing used to start the ding-ding sound and lower the gate. You could also have more than two switches and the circuit would function the same way.

Discussion:
1. Discuss your overall experience and how it relates to digital logic and electronics concepts.

Lab 5

Magnetic Fields

Introduction:

The purpose of this lab is to study the shape and strength of the magnetic field of a bar magnet using the Earth’s magnetic field and to use iron filings to determine the shape of the magnetic lines of force between two or more magnets. In the first part of the experiment, the magnetic pole strength of the bar magnet and the magnetic force around it will be determined using a magnet, a compass, and a piece of paper. In the second part magnetic field lines will be observed using magnets set on the table covered with a piece of paper. Iron filings sprinkled over the magnets will follow the shapes of the magnetic lines of force to be sketched.

Theory:

One way to study the nature of magnetic fields is to use a piece of paper placed over a magnet and to sprinkle iron filings onto the paper. The iron filings will line up along the direction of the magnetic lines of force (magnetic field lines). If an individual magnet is used, the lines of force that are displayed are for that single magnet with its respective north and south poles. When more than one magnet is placed in a particular region, the individual magnetic fields are superimposed on each other (superposition) and the iron filings when sprinkled on the paper will display the net resultant magnetic lines of force. 

The earth also acts has a magnetic field, and this field superimposes on any magnetic field from magnets you may be using in lab. The combined magnetic field of a bar magnet and the earth can be mapped using a compass, which (unlike the iron filings) is sensitive enough to detect the effects of the earth’s magnetic field. The neutral point of the earth and lab magnet combined field is determined when the compass displays no clear direction. Then, using vector analysis for the components of the magnetic fields from the earth and each pole of the magnet, the field strength of the magnet can be calculated from from the known (measured) strength of the earth’s magnetic field and the relative lengths of the magnetic field vectors. (See attached sketch for help in understanding the vector components.)

Procedure:

A. Mapping Magnetic Field Lines Using Iron Filings

In all of the cases below, identify the north and south poles of the magnets on the sketches.

1. Place one bar magnet under a piece of paper and sprinkle iron filings on the paper above them. Sketch the magnet and the resulting lines of force.

2. Place two bar magnets parallel to each other with the north poles on the same end and sprinkle filings on the paper above them. Sketch the magnet and the resulting lines of force.

3. Repeat the experiment, but place the north pole of one magnet opposite the south pole of the other magnet. Sketch the magnet and the resulting lines of force.

4. Place a horseshoe magnet under the paper, sprinkle the filings over it and sketch the magnet and the resulting lines of force.

5. Place the metal core with the wire wound around it under the paper, connect to a power supply, and sprinkle filings over it. Sketch the magnet and the resulting lines of force. Compare these lines of force to the lines of force of the single magnet in number 1 above.

6. Try any combination of magnets you desire. Sketch the position of the magnets and the resulting lines of force.

B. Using Earth’s Magnetic Field to Find a Bar Magnet’s Magnetic Field Strength

1. Obtain an 8 ½ by 16 inch piece of paper. Use the magnetic compass to determine the north-south magnetic meridian for the particular location of your experiment. Place the bar magnet parallel to and on the short edge of the paper so that the north pole of the bar magnet is toward the geographic north pole of the Earth. Tape your paper in this position. Draw an outline of the magnet on the paper and construct a line that is the perpendicular bisector of the magnet.

2. Place the compass on the perpendicular line close to the bar magnet; the north end of the compass needle will point south. Move the compass along the perpendicular line away from the bar magnet until the compass changes directions and points north. Between the positions on the perpendicular line where the needle points south and where it points north, there is a neutral point where the compass needle is in equilibrium (compass points east and west). At this point, the magnetic field of the bar magnet is equal and opposite to the magnetic field of the earth. Because of friction in the bearing of the compass needle, the neutral point is difficult to determine exactly and appears as a small neutral region. Move the compass and find the two sides of this neutral region. Assume the neutral point to be at the center of this region and mark it with the letter P.

3. Plot several lines of magnetic force using a small compass. Make a dot at each end of the compass needle with a nonmagnetic pencil. Move the compass so that the south pole is at the dot that was at the position of the north pole. Repeat this procedure until the line runs off the paper or is completed. Connect the dots to map the magnetic fields lines.

4. Locate the apparent positions of the poles of the magnet by extending several of the lines that approach the magnet at an angle. The intersections of these lines inside the magnet may be considered the location of the poles.

5. Construct to scale the vector H, the horizontal component of the Earth’s magnetic field, at the neutral point P. In Lewiston the magnetic field is 1.83x10-5 T.

6. To find the magnetic field strength of the bar magnet, construct the vector B at point P to equal H, but in the opposite direction. The magnetic field intensity of the magnet at point P can be considered the sum of the field intensities A and C at P due to the north pole and the south pole of the bar magnet. To determine the magnitude of A and C, complete the parallelogram about B with A directed away from the north pole and C directed towards the south pole. The magnitude of vector B is the total magnetic field of the bar magnet, and A and C are its components due to its north and south poles, respectively.

7. Measure and record the length of vector A, and calculate the magnetic field intensity due to the north pole of the magnet at point P.

8. Estimate the distance between magnetic field lines at P and at the edge of the bar magnet on the North Pole side. Use this data to estimate the magnetic field intensity at the edge of the magnet on the north pole end.

Report Sheet for Magnetic Fields

A. Mapping Magnetic Field Lines Using Iron Filings

1. Single Bar Magnet (sketch showing magnet, poles and field lines)

2. Parallel Bar Magnets (sketch showing magnet, poles and field lines)

3. Anti-Parallel Bar Magnets (sketch showing magnet, poles and field lines)

4. Round Magnet (sketch showing magnet, poles and field lines)

5. Electromagnet (sketch showing magnet, poles and field lines)

6. Combination of Magnets (sketch showing magnet, poles and field lines)

B. Using Earth’s Magnetic Field to Find a Bar Magnet’s Magnetic Field Strength

Earth’s magnetic field strength

Vector length _____________cm

Magnetic field strength: _____________ T

North Pole magnetic field strength at Point P

Vector length _____________cm

Magnetic field strength: _____________ T

Calculation for magnetic field strength:

North Pole magnetic field strength at edge of magnet

Field line separation: at P ___________cm at magnet edge ___________cm

Magnetic field strength: _____________ T

Calculation for magnetic field strength:

Question:

1. Find the magnetic field strength for two common objects you may use in the home and

for magnets in two different industrial applications.

http://www.lcsc.edu/ttutschig/physics212/lab/lab6-magneticfields.pdf
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