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Preliminary Physics 
PHYS110U Laboratory Syllabus 

Required Materials: Physics Lab Manual: Preliminary Physics 110U, scientific calculator, pencil, pens, eraser, graph paper, geometry set and the set of pre – lab questions located in the lab manual. 
Recommended Materials: Supplemental notes from classroom and the recommended textbook.  

Lab Exemption: A student may be exempt from attending the lab if he/she has completed and passed the lab here at The University of Trinidad & Tobago or at another university (copy of transcript showing lab grade is required). Acceptance of the lab exemption is decided upon by the current program coordinator. Failure to have a lab exemption form on file for the current semester and not attending any labs will result in a grade of zero being given to the course instructor. You still must be enrolled in the lab if an exemption is granted; the exemption only allows the previous achieved grade to be submitted as your current lab grade. A form for exemption of labs can be obtained from the program coordinator.  

Mandatory Safety Training: The University of Trinidad and Tobago requires that safety training be completed for all laboratory classes. 

Teaching Assistants/ Laboratory Assistants: Your TA/LA will give their contact information. 
Lab Policies & Rules as well as Lab Report requirements are given in the Lab manual. The following reinforces and when different supersedes that which is in the manual. 

Grading: The lab grade is part of your course grade and its percentage to the course grade is determined by the course instructor. The lab grade that will be submitted to your course instructor is made up of: 

Each individual lab report grade 

Pre-Lab questions 5% 

Lab report 65% 

Lab participation 30% (use of cell phones is grounds for deducting points) 

Lab reports are due at exactly one (1) week after performing the laboratory session. 

Attendance Policy: As outlined in the lab manual you are expected to attend the lab section in which you are enrolled. It is strongly discouraged to attend another lab section. Permission to attend another lab section can only be obtained from your lab instructor or the lab coordinator and then only on a one time basis. The program coordinator cannot give this permission. The opportunity to replace a single missed lab grade of zero will be given at the end of the semester as shown on the lab schedule. University excused absence policy requires that the student notify the instructor a week in advance or a medical certificated be submitted within a week of absence. Due to the lab schedule, a coordinate effort should be made to attend a lab during the scheduled week. Multiple absences due to chronic medical problems will be handled on an individual basis. 
Students with Disabilities: Students who need an accommodation based on disability should arrange to meet with the lab coordinator to see what arrangements need to be made to accommodate their needs. 

Lab Schedule: 
	Week
	Date
	Topic
	Lab / Tutorial Topic

	1
	08 Sep

12 Sep
	Fundamental Quantities and Units
	Safety & LabWrite Training 
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2
	15 Sep

19 Sep
	Measurement 1
	Measurement and Uncertainty

	3
	22 Sep

26 Sep
	Measurement 2 
	Tutorial 1

	4
	29 Sep

03 Oct
	Forces 
	Hooke’s Law  

	5
	06 Oct

10 Oct
	Vectors & Motion 
	Tutorial 2

	6
	13 Oct

17 Oct
	Dynamics
	Simple Pendulum 

	7
	20 Oct

24 Oct
	Energy 
	Tutorial 3

	8
	27 Oct

31 Oct
	Power, P 
	Density & Buoyancy 

	9
	03 Nov

07 Nov
	Hydrostatics
	Tutorial 4

	10
	10 Nov

14 Nov
	Temperature 
	Specific Heat Capacity

	11
	17 Nov

21 Nov
	Nature of Heat 
	Tutorial 5

	12
	24 Nov 

28 Nov
	Transfer of Thermal Energy 
	Examination Revision Tutorial 

	13
	01 Dec

05 Dec
	Study Week 
	

	14
	08 Dec

12 Dec
	Exams 
	

	15
	15 Dec

19 Dec
	Exams 
	


It is recommended that you do check your grades periodically as these are the records that will be sent to your instructor. Errors do occasionally occur, such as a lab grade not being recorded; it is much easier to make corrections if caught early in the semester rather than at the end of the semester after the labs have been completed. 
How to Behave in a Science Lab
Science labs are place of tremendous excitement and learning, but it is important to stay safe. 

Steps
1. Learn the rules specific to your lab. 

2. Listen carefully to your teacher at all times as you will be working with dangerous materials. Injury or accident could easily occur if directions are not followed. 

3. Dress for lab work. Do not wear bulky clothing as this will be difficult to manage and may come into contact with flame or chemicals. Roll up sleeves, and keep hair tied back. 

4. Familiarize yourself with the location of any and all safety equipment which may be available, including the fire extinguisher and the eyewash station. If you have access to an emergency shower, know where this is located. 

5. Know where the exits to the room are found and follow evacuation procedures quickly and quietly if needed. 

6. Conduct yourself in a responsible and cautious manner at all times. At no time should anyone in the lab engage in roughhousing, pushing, running, jumping or other risky behaviors. 

7. Do not eat or drink while experiments are underway. Chew gum only if this is specifically allowed by the rules of your teacher. 

8. Understand how to use all equipment before you start working with it. 

9. Check your equipment for breakage. If you find a crack in a glass beaker or other container, dispose of the glass in the proper location. If you find a leak in a hose, get a replacement. 

10. Clean your lab station before departing. 

Tips

· Leave most of your books and belongings at your desk, away from the lab station. Bring to the lab station only that which you must have to complete and to record the experiment: instructions, pencil, graph paper, etc. Keep the lab station neat at all times. Accidents are less likely to happen when materials are kept in an orderly fashion. 

Warnings

· Report any accident, no matter how small, to your teacher without delay. 

What is LabWrite?

 LabWrite is an online resource designed to help students take full advantage of one of the most important activities for learning in the sciences—writing good lab reports. Writing good lab reports helps students learn the science of the lab and improves their ability to think scientifically. As a lab instructor, however, you have a lot of other things for you to attend to: preparing your labs, making sure students can use lab instruments, helping students gather and manage lab data, and maintaining a safe lab environment. Given all these tasks, it may be difficult to give the necessary attention to teaching lab reports.

LabWrite provides the teaching tools you need to help your students benefit from the learning potential in writing lab reports. And because LabWrite is online, students can use it when they need it most.

But LabWrite is not just about writing lab reports. It shapes the entire lab experience as a learning experience by structuring each lab into the four stages that provide the foundation for the students’ web site: PreLab, InLab, PostLab, and LabCheck.

PreLab is a set of questions for students to answer before doing each lab. Answering these questions prepares students to get the most out the lab by guiding their understanding of the scientific concept they are supposed to be learning about by doing the lab and by forming the lab as an act of scientific inquiry based on a hypothesis.

InLab is a lab notebook that takes students through the process of collecting, analyzing, and making sense of the data from the lab. Throughout the process, students are provided resources that help them work effectively with data, such as using Excel, identifying dependent and independent variables, making a table for raw data, understanding the kinds of data they have collected, and creating tables and graphs appropriate to the data.

PostLab is a step-by-step guide for writing the lab report. It leads students in using information from their PreLab and InLab responses to write their reports. Students build reports section by section, starting with the ones that they already know the most about, first the Methods and then the Results and working their way to the Abstract and Title. LabWrite’s “inside-out” approach provides students a sensible and logical way of writing the lab report.

LabCheck provides a checklist students can use as a guide for revising their reports before turning them in. Another feature of LabCheck is an evaluation sheet that matches the instructor’s grading sheet. When the graded lab report is returned, students can use the links on their online evaluation guide to find specific help they can use to improve the next report they write.
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Resources are a collection of guides tailored to meet students’ specific needs. For example, if they need help in entering data into an Excel spreadsheet, creating a graph, making sure they have the right format for citations and references, or correcting their grammar, they can find the answers they need in a LabWrite resource. Most of the resources are also integrated into each LabWrite stage to provide immediate help as students use either the Self-Guide or Tutor modes. For an overview of all the LabWrite resources, go to the Resources Homepage, accessible from the LabWrite homepage or from any subpage in the student's site.

TOPIC: 
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?
Topic: 
Hooke’s Law
http://www.emporia.edu/physics/keithron/collegelab1/hooklaw.htm
For a pre-lab demonstration see http://www.4physics.com/phy_demo/HookesLaw/HookesLaw.html
For some interesting comments on series and parallel springs and the potential energy see

http://dev.physicslab.org/Document.aspx?doctype=3&filename=Dynamics_HookesLawSprings.xml
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)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


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 
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 per meter. 
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
How does the straight line graph verify Hooke’s Law for a spiral spring?

8
Give three other applications of Hooke’s Law.

9
Give suggestions on how the lab can be improved.

Topic: 
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 
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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?

Topic: 
Density and Buoyancy

http://hyperphysics.phy-astr.gsu.edu/hbase/class/phscilab/dens.html
http://www.sethi.org/classes/elabs/lab_02.html
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. 

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
	

	
	(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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	(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
	
	


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

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.

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).
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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. 

Topic:

The Specific Heat Capacity of a Conductor

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). 
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Substance Specific Heat (in J/gC)
Water 4.184 (1.00 cal/gC)
Wood 1.76

Aluminum 0.902

Concrete 0.88

Glass 0.84
Iron 0.451
Nickel 0.444
Coppper 0.385
Zinc 0.385

Tin o

Lead 0.129





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.

� EMBED MSPhotoEd.3  ���








PAGE  
2

_1213014521.bin

