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Duties and Responsibilities of the:



1.
Leader 





-
must lead the performance of the experiment.



2.
Assistant Leader





-
must assist the leader.



3.
Procurer





-
secures apparatus from the Laboratory Assistant.





-
checks and returns the apparatus after the performance or completion of experiment.



4.
Secretary





-
records the results and measurements gathered.



5.
Members





-
must provide on-line assistance to the performing officers.





-
must make the necessary observation while the experiment is underway.





-
clean and arrange the tables, chairs, apparatus and materials, and even trashes before and after the experiment session.


FOREWORD



Laboratory experiments are a necessity in the physical sciences. For they not only give the students the chance to verify theoretical formulae but most importantly, enable them to explore and discover new ideas in substantiating their acquired knowledge from classroom instruction. They can technically deliberate or reason out as they progress in their study and acquire the much needed disposition that would basically help them succeed in the course of their study program.




This laboratory manual is designed to help the students achieve the said purpose. The laboratory activities, used to be impossible to perform due to the unavailability of the needed apparatus, were revised extensively to satisfy the students' needs. Each experiment procedure was simplified by the concise-yet-pithy discussion or summary of the topic to help the students understand the significance and the application of the principles as applied in actual situations.




Observation difficulties were reduced through substantial instructions in getting the observed or experimental values. The supplied data tables are efficient enough in providing the needed information to be used for comparative results. Altogether, this eliminates the tedious work usually shouldered by the students in the preparation of their report for evaluation and they can spend more time in the research and evaluation of the results.




We greatly appreciate the encouraging efforts of Engr. Wilfredo A. Lorca, the former Director of formerly Center for Computer Science, now College of Information and Communication Studies, in making this piece of work a success.











THERESA V. MACALALAG











AARON D. DIAZ











JUVANI C. DE LOS SANTOS

LABORATORY POLICIES AND SAFETY PROCEDURES
Laboratory Policies


1.
Experiments should not be performed without the supervision of the Physics Instructor. This also includes make-up laboratory experiments.



2.
Students are not allowed entrance in the laboratory stockroom. They should transact business at the laboratory counter. The laboratory assistant will be very much willing to entertain them.



3.
The group procurer must properly fill the borrower's slip with the needed apparatus and the complete list of members at the back of the slip.



4.
Experiment procedures must terminate fifteen minutes before dismissal time. Students should return all borrowed apparatus as in borrowed conditions, making sure that the laboratory assistant has properly checked the same.



5.
Students must report immediately to the instructor any damage to or malfunctioning of the apparatus used during the experiment. The equivalent cost of the said damage will be charged to the group concerned - that is, if the damage or malfunction is deliberately done or as a result of mishandling and negligence.



6.
Chairs and tables must be returned to their proper arrangement.



7.
Any additional instructions will be enumerated by the Physics Instructor if necessary.

Safety Procedures


1.
Read and study carefully the experiment at least a day before it will be performed. Incorrigible results are eminent if the experiment is done hastily without proper direction.



2.
Set up the apparatus free from obstructions and in a satisfactory location in the laboratory room. Let the instructor inspect your set-up before starting the experiment.



3.
Handle the apparatus with caution. Accidents can be readily prevented by careful scrutiny of the devices and enhanced discipline among members.



4.
As the experiment progresses, never leave the laboratory room without proper consent from your instructor. Otherwise, any mishap inside while you are outside the class premises will be your personal responsibility.



5.
Do not instigate a situation that will inflict harm or cause panic. Stop at the very instant the probable cause(s) of accident. Be observant and cautious. Remember that the very purpose of Safety Rules is to protect human life and property.

Experiment No. 1

MEASURING BODY TEMPERATURES
PURPOSES:
· To orient with the proper use of liquid-in-glass thermometer and/or digital thermometer.

· To determine the hottest and coolest parts of the human body.

APPARATUS:





( Thermometer



( Timer (watch)

PROCEDURE:

   

Place/point/insert the bulb of the liquid-in-glass thermometer on each of the indicated parts of your body for about 5 minutes and read the measurement. Do it at least twice on each part of your body and record the average in the appropriate cell of the Data Table.

DATA TABLE
	Name of Member
	Temperature Measurement (in Degree Celsius)

	
	Armpit
	Forehead
	Neck
	Mouth
	Navel
	Genitals
	Sole
	Scalp

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


OBSERVATION:

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

CONCLUSION:

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________
Experiment No. 2


VOLUME EXPANSION AND CONTRACTION
PURPOSE:
To prove that gases/liquids expand when heated and contract when cooled..

APPARATUS:



( Balloon

( Ice cubes
( Bunsen burner
( Tripod



( Match

( LPG

( Flask (test tube)



( Boiling pot or water container
( Pot/test tube holder

PROCEDURE:

1.
Blow air into the balloon enough to fit its normal (uninflated) size or volume, then attach or fit it onto the flask or test tube (just make sure that the mouth of the balloon is sealing the mouth of the flask to ensure no leakage or entry of air.

2.
Place the coupled items over the ice cubes until their temperature gets cold. Observe what happens to the balloon. Remove the couple from the ice bath. 

3.
Put water into the pot or container just half its volume, then set up the Bunsen burner to boil it.

4.
While the water is gradually heating up, submerged the flask into the water (that is, if it fits into the container) or just hold it directly above the heating water. Observe what happens to the balloon when the water is already boiling, then remove or move away the couple from the boiling water and put off the fire.

5.
Repeat from Step 1, but this time, pour water first into the flask or test tube to the brim.

OBSERVATION:

1.
What happened to the balloon when the fluid inside it was cooled?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2.
What happened to the balloon when the fluid inside it was heated?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
CONCLUSION: 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Experiment No. 3


COEFFICIENT OF LINEAR EXPANSION
PURPOSE:
To measure the coefficient of linear expansion of one  or more metals.

APPARATUS:

· Coefficient of Linear Expansion Apparatus

· Meter Stick

· Steam Boiler

· Tripod (for steam boiler)

· Rubber Tubing (for steam delivery)

· Thermometer

· Burner and rubber tubing

· 100-ml Beaker (for catching condensate)

· Rods or Tubes of Aluminum, Brass, Copper, and/or Steel

INTRODUCTION:
Nearly all substances expand when heated and contract when cooled. The increase in length of a unit length of a solid when heated through a temperature change of one degree is called the coefficient of linear expansion. Such an increase is difficult to measure directly. Generally, a rod about 1.0 meter long is heated through a temperature change of about 80(C and the expansion is measured by a device that multiplies the small amount of expansion actually occurring.



With the type of apparatus described, the rod, with one end fixed, is placed in a steam jacket.  When the steam passes through the jacket, the rod expands and the movable end pushes against the short arm of a bent lever. This pushes the long arm of the lever along a graduated scale.

DRAWING: (draw the setup of this experiment on the space provided)
With the other types of coefficient of linear expansion apparatus, the amount of expansion is measured directly by means of a micrometer screw or by an axle that rotates through a measurable angle as the expanding rod or tube moves over it.

PROCEDURE:
The general method for this experiment regardless of the type of apparatus used is to cause a metal rod or tube of known initial length and known initial temperature to undergo a known increase in temperature and to measure the resulting amount of expansion. One end of the metal rod or tube is kept stationary. The other end is free to expand under the heating effect of the steam used. Its movement is measured by some suitable device.

1.
Inspect the apparatus to determine how the amount of expansion is to be measured.  In the bent lever type, the amount of expansion is the product of the change in scale reading (usually in millimeters) and the ratio of the length of the short lever arm to the length of the long lever arm. In the micrometer type, the expansion is the difference between two micrometer readings - one taken with the rod at room temperature, the other taken with the rod at steam temperature. (Make sure you "back off" the micrometer screw during the expansion.) In the rotation method, the expansion is the product of the number of degrees of rotation and the circumference of the axle divided by exactly 360(.

2.
Make a determination with as many different metals available as your instructor directs or requires.



Record all necessary data in an appropriate table on a separate sheet. Compare the experimental coefficient of linear expansion and the accepted value for the metal(s) used. Compute the relative error for each trial. The experimental coefficient of linear expansion value is computed based on the data you would obtain through this experiment. Simply used the derived formula to determine the α of the said metal. The accepted value of the selfsame metal is obtainable by referring to the appropriate table in your notes. Relative error above 20% requires re-trial(s) for the corresponding metal experimented until a value less than or equal to 20% is obtained.

FORMULAE:







New Length - Initial Length


     Lt - Lo
         ΔL




α
 = 
------------------------------------------------------  = -------------   = -----------------





    Initial Length  x  Change in Temperature
          Lo  ΔT
   Lo  (Tf – To)






Difference on Experimented & Accepted Values



%Error = -------------------------------------------------------------------- x 100%







Accepted Value

* Note: Computations should be written on a separate sheet (Preferably, on the same sheet following the data table required earlier).

QUESTIONS: (State each answer in a complete statement).


1.
On the basis of this experiment, do you think that the linear expansion of the metal rods was the same for each degree rise in temperature? Justify your answer.


_______________________________________________________________________

_______________________________________________________________________


_______________________________________________________________________


_______________________________________________________________________


2.
A metal sheet has a round hole in it. When the sheet is heated, will the hole get bigger or smaller? Justify your answer on the basis of this experiment.


_______________________________________________________________________


_______________________________________________________________________


_______________________________________________________________________


_______________________________________________________________________


3.
List three factors that determine the precision of the experiment.

_______________________________________________________________________


_______________________________________________________________________


_______________________________________________________________________

Experiment No. 4


MECHANICAL EQUIVALENT OF HEAT
PURPOSE:
To make an approximate measurement of the mechanical equivalent of heat.
APPARATUS:
· Heavy Cardboard Tube (about 1.0 meter long and about 4.0 cm in diameter)

· 1 kilogram of Buckshot


( Thermometer
· Asbestos-lined Box


( Meter Stick
· Large Metal Pan


( Platform Balance
· Ice Cubes



( 2 pieces Cork Stopper

INTRODUCTION:
The relationship between heat and mechanical energy is expressed by the equation,









   W








J     = 
 -------









   Q


Where W is mechanical energy in joules, Q is heat energy in calories, and J is the mechanical equivalent of heat. The unit abbreviation of the equivalent, J, honors the English physicist James Prescott Joule who measured the relationship between the heat energy and mechanical energy in a series of experiments that extended over a period of almost thirty years.




The apparatus used by Joule is too complex to be used in this experiment. But an approximation of J can be obtained by using rather simple materials. You will drop a specific mass of buckshot inside the cardboard tube and measure the resultant increase in temperature.  When the buckshot fall the length of tube and hits the cork stopper at the other end, virtually all the kinetic energy of the buckshot will be converted into heat energy. Because of the insulating energy of the cork and the cardboard walls of the tube, this heat energy will be confined mostly to the buckshot and consequently raise their temperature. The mechanical equivalent of heat is a factor for converting units of energy into heat units. It has the value 4.1868 joules per calorie. 
PROCEDURE:


1.

Weigh the mass of the buckshot.



2.

Place them in the metal pan, and cool them by setting the ice in the pan. Be sure to keep the buckshot dry during the entire experiment.



3.

Pour the buckshot into the asbestos-lined box and carefully measure the temperature of the buckshot 3 times. Be sure to shake up the buckshot between readings.



4.

Take the average of the three (3) readings and record it in the data table.



5.

Close one end of the cardboard tube with the cork stopper and pour the buckshot into the tube.



6.

Close the other end of the tube with the other cork stopper.



7.

Invert the tube 100 times or more in quick succession. Do not raise or lower the tube as you invert the tube and you must do it fast enough to let the buckshot fall through the entire length of the tube. It can be best done by holding the tube at its center.



8.

After performing the suggested series of inversions, one end of the tube should be resting on the floor or on the top of the laboratory table as the buckshot hit the bottom of the tube.



9.

Quickly pour the buckshot back into the asbestos-lined box and make three (3) temperature readings as in Step No. 3. Compute and record the average.



10.

To obtain the average distance of the buckshot falls during the inversion, pour them back into the tube and measure from the top of their pile to the bottom of the cork stopper at the top end of the tube.



11.

Repeat the entire procedure for two (2) more trials and record all the necessary data.

QUESTIONS (Write your answers in complete statements)



1.
Could this experiment be completed without measuring the mass of the buckshot? Explain.




_____________________________________________________________________



____________________________________________________________________




____________________________________________________________________




_____________________________________________________________________



2.
Why should the buckshot be cooled below room temperature before starting the experiment?




_____________________________________________________________________




____________________________________________________________________




____________________________________________________________________




_____________________________________________________________________



3.
What are the main sources of errors in this experiment?




_____________________________________________________________________




____________________________________________________________________




____________________________________________________________________




_____________________________________________________________________



4.
How does this experiment help to explain errors in other heat experiments?




_____________________________________________________________________



_____________________________________________________________________




_____________________________________________________________________




_____________________________________________________________________

5. Taking into account only the mechanical equivalent of heat, how much warmer does the water in a waterfall become by dropping 40 meters.




_____________________________________________________________________



_____________________________________________________________________




_____________________________________________________________________




_____________________________________________________________________

Data Table
	Quantity
	Trial 1
	Trial 2
	Trial 3

	1. Mass of the Buckshot (g)
	
	
	

	2. Average Distance of a Single Fall (m)
	
	
	

	3. Number of Falls/Inversions
	
	
	

	4. Total Potential Energy(J)
	
	
	

	5. Average Initial Temperature((C)
	
	
	

	6. Average Final Temperature((C)
	
	
	

	7. Temperature Change (C()
	
	
	

	8. Specific Heat of the Buckshot (cal/gC()
	
	
	

	9. Heat Gained by the Buckshot (cal)
	
	
	

	10. Experimented Mechanical Equivalent of Heat (J/cal)
	
	
	

	11. Accepted Mechanical Equivalent of Heat (J/cal)
	
	
	

	12. Relative Error (%)
	
	
	



Experiment No. 5


SPECIFIC HEAT
PURPOSE:
To determine the specific heat of one or more metals.

APPARATUS:


1.

Calorimeter


6.
Tripod (for Steam Boiler)



2.

Thermometer


7.
Burner and Rubber tubing



3.

Stirring Rod


8.
Platform Balance



4.

Steam Boiler


9.
Set of Masses



5.

Ice Cubes


10.
Dipper



11.

Metal Block (Lead, Aluminum, Brass, and/or Copper)

INTRODUCTION:


The method of mixtures is used to determine the specific heat of a metal. A certain mass of water in a calorimeter is warmed to a measured number of degrees by a solid of known mass as it cools through a measured number of degrees.



The heat gained or lost by a substance when it undergoes a change in temperature is calculated as the product of the mass of the substance, its change in temperature, and its specific heat. According to the law of heat exchange, the total amount of heat lost by a hot object equals the total amount heat gained by the cold object with which it comes in contact. Consequently, in this experiment, the total heat lost by the solid on cooling equals the heat gained by the water and calorimeter as they are warmed.

PROCEDURE:
1.
Determine the total mass of the metal block. Use the platform balance and the set of masses (weights).

2.
Place the block to the dipper and lower it into the steam boiler.

3.
The boiler should be about half-filled with water.

4.
While the water is being heated to boiling, determine the mass of the inner cup of the empty calorimeter.

5.
Fill the calorimeter cup about two-thirds full with water that is several degrees colder than room temperature. For best results, it is desirable to have the water approximately as many degrees below room temperature when starting the experiment as the mixture will be above room temperature at the end. (It may be necessary to use ice cubes to set the initial temperature low enough.) The temperature change of the water should be at least 10(C.

6.
Determine the mass of the calorimeter cup and water.

7.
Re-place the cup in its insulating shell.

8.
Read and record the temperature of the boiling water with the aid of the thermometer. Since the solid is being heated in the water, its temperature is the same as the temperature of the boiling water.

9.
Stir the water in the calorimeter and record its temperature. When making temperature readings with the thermometer, you should estimate it to the nearest 0.1( by using a hand magnifier. Make sure the thermometer bulb is completely immersed in the liquid, and keep your line of sight at right angle to the stem of the thermometer. (Considerable error may result from a poorly taken temperature readings.)

10.
Lift the solid by means of the dipper and hold it just above water, in the steam, long enough to let the water that adheres to the solid evaporate.

11.
Quickly transfer the solid to the calorimeter cup of cold water, and re-place the cover.

12.
Agitate the solid in the calorimeter and stir the water.
13.
The temperature of the mixture should be carefully read to the nearest 0.1( when it has reached its highest point.

14.
If time permits, make additional trials with the other metals available.

QUESTIONS: (state each of your answers in a complete statement).

1.
Why was it desirable to have the water a few degrees colder than room temperature when the initial temperature was taken?


___________________________________________________________________________

___________________________________________________________________________


___________________________________________________________________________

___________________________________________________________________________

2.
Why was the mass of the outer shell of the calorimeter and the insulating ring not included among the data in this experiment?


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________

3.
How did the heat conductivity of the metal(s) used in this experiment affect the accuracy of the results?


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________

4.
Why should the hot metal be dry before it is introduced into cold water?


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________

DATA

	Quantity
	Trial 1
	Trial 2

	1.
Kind of Metal

	
	

	2. Mass of  the Metal (g)
	
	

	3.
Mass of the Calorimeter Cup and Stirrer (g)
	
	

	4.
Mass of the Calorimeter Cup, Stirrer, and H2O (g)
	
	

	5.
Mass of H2O (g)

	
	

	6.
Specific Heat of the Calorimeter (cal/g(C)
	
	

	7.
Initial Temperature of the Solid



(or Temperature of the Boiling H2O) ((C)
	
	

	8.
Initial Temperature of H2O & Calorimeter Cup((C)
	
	

	9.
Final Temperature of the Solid, H2O,



and Calorimeter Cup((C)
	
	

	10. Temperature Change in H2O and Calorimeter ((C)
	
	

	11. Calories Gained by Calorimeter Cup and Stirrer
	
	

	12. Calories Gained by H2O (cal)
	
	

	13. Total Calories Gained (cal)
	
	

	14. Calories Lost by the Solid (cal)
	
	

	15. Temperature Change in the Solid(C()
	
	

	16. Computed Specific Heat of the Solid (cal/gC()
	
	

	17. Accepted Value of the Solid's Specific

      Heat (cal/gC()
	
	

	18. Absolute Error (cal/gC() 
	
	

	19. Relative Error (%)
	
	


* For this experiment and the succeeding ones, calculation should be written on a separate sheet.
Experiment No. 6

HEAT OF FUSION
PURPOSE:
To determine the heat of fusion of ice.

APPARATUS:



1.
Calorimeter



5.
Stirring Rod



2.
Platform Balance



6.
Ice Pan


3.
Set of Masses



7.
Ice Cubes



4.
Thermometer



8.
Towel

INTRODUCTION:


The energy (number of calories) needed to melt a unit mass of any substance at its normal melting point without any change in temperature is called its (latent) Heat of Fusion. In this experiment, the latent heat of fusion of ice will be determined by using the method of mixtures. The temperature drop of a given amount of hot water in a calorimeter when a certain quantity of ice is added will be measured. The heat lost by the water does two things, namely: (1) it melts the ice; and (2) it warms the water formed by the melting ice from zero up to the final temperature of the mixture.

PROCEDURE:
1.
Weigh the empty inner cup of the calorimeter.

2.
Fill it with about half full of water that has a temperature of approximately 35(C.

3.
Weigh the calorimeter cup and its contained water.

4.
Replace the calorimeter cup and its content into its insulation shell.

5.
Stir the water in the calorimeter cup and read its temperature with the best precision - that is, to the nearest 0.1(.

6.
Wipe the adhering water off the ice cubes with the towel.

7.
Plunge the ice cubes into the calorimeter cup slowly making sure there is no splashing or spillage of water.

8.
Stir the mixture rather rapidly until all the ice is totally melted, and then read the temperature with the greatest accuracy possible as in Step No. 5.

9.
Remove the calorimeter cup from its shell and weigh the combined mass of the cup and its contained water.

10.
Record all the necessary data in the data table on the next page and calculate the heat of fusion of ice based on the said data.

11.
Compare your result with the accepted (standard) value.

12.
Calculate the absolute and relative errors. If there is still available time, have a second trial.

QUESTIONS (State your answers in complete statements.)

1.
Since heat of fusion does not result in a temperature change, where does the energy go?


__________________________________________________________________________

__________________________________________________________________________


__________________________________________________________________________

2.
What source of error is present in this experiment that was not present in previous heat experiment?


__________________________________________________________________________


__________________________________________________________________________


__________________________________________________________________________

DATA

	Quantity
	Trial 1
	Trial 2

	1. Mass of the Calorimeter Cup and Stirrer (g)

	
	

	2. Mass of the Calorimeter Cup, Stirrer, and H2O (g)
	
	

	3.
Mass of the H2O (g)
	
	

	4.
Mass of the Calorimeter Cup, Stirrer and H2O



(after the Ice has melted) (g)
	
	

	5.
Mass of the Ice (g)
	
	

	6.
Specific Heat of the Calorimeter (cal/g(C)
	
	

	7.
Initial Temperature of the H2O and Calorimeter    Cup with the Stirrer ((C)
	
	

	8. Final Temperature of the H2O and Calorimeter    Cup with the Stirrer ((C)
	
	

	9.
Temperature Change in the H2O and Calorimeter    Cup with the Stirrer ((C)
	
	

	10. Heat Lost by the Calorimeter Cup (cal)
	
	

	11. Heat Lost by the H2O (cal)
	
	

	12. Heat Lost by the Stirrer (cal)
	
	

	13. Total Heat Lost (cal)
	
	

	14. Heat Used by the Warm H2O formed from the Melted Ice (cal)
	
	

	15. Heat Used to Melt the Ice Cubes (cal)
	
	

	16. Computed Heat of Fusion of Ice (cal/g)
	
	

	17. Accepted Value of the Heat of Fusion of Ice (cal/g)
	
	

	18. Absolute Error (cal/g) 
	
	

	19. Relative Error (%)
	
	


Formulae for the computation of the absolute error and relative error:

Absolute Error 
= 
Difference of the Two Values






=    
Computed Value - Accepted Value (or Vice Versa)











versa)







Absolute Error


Relative Error 
= ----------------------------- x 100 %







Accepted Value

Note:
Make sure that the Relative Error does not exceed 20%. If it exceeds 20%, you are entailed to redo the experiment.

Experiment No. 7


HEAT OF VAPORIZATION
PURPOSE:
To determine the (latent) heat of vaporization of water.

APPARATUS:



1.
Steam Boiler, fitted with about 20-cm long Rubber Tubing, and a Piece of Glass Tube


2.
Tripod (for steam boiler)

8.
Calorimeter



3.
Platform Balance`


9.
Set of Masses



4.
Thermometer


10.
Stirring Rod



5.
Burner and Rubber tubing
11.
Asbestos Board



6.
Asbestos Paper


12.
Wooden Dip Stick



7.
Magnifier



13. 
Barometer



(a few chunks of ice are desirable but not required)

INTRODUCTON:

The (Latent) Heat of Vaporization is the amount of heat required to vaporize a unit mass of substance at its normal boiling point without any change in temperature. In this experiment, the (latent) heat of vaporization of water will be established using the method of mixtures. A known mass of steam at a measured temperature will be passed into a known mass of cold water at a measured temperature. The heat that the steam yields as it condenses can be calculated through the rise in temperature of the water. Two things happen when the steam loses heat, namely: (1) the steam condenses; and (2) the hot water formed from the condensed steam heats up the cold water in the calorimeter and consequently adds to the mass and volume of the existing cold water in the calorimeter.

PROCEDURE:

1.
Set up the steam boiler and partly fill it with water.

2.
While the water is being heated, weigh the inner cup of the calorimeter and record its mass.

3.
Fill the calorimeter with about two-thirds of its capacity at an approximate temperature of 5(C and weigh their combined mass.

4.
Replace the calorimeter cup into its insulating shell.

5.
Stir the water thoroughly. Take and record its temperature reading with the best accuracy possible - that is, to the nearest 0.1(C. (Do this just before the glass tube is placed in the calorimeter and steam flows in.)

6.
Let a steady current of steam pass into the water, stirring continuously, until the temperature rises to about 35(C.

7.
Take the glass tube off the calorimeter and stir the water thoroughly.

8.
Read the thermometer with the same precision as in Step No. 5 and record the temperature of the stirred water when it reaches its highest point.

9.
Remove the calorimeter cup from its outer shield and weigh its combined mass with water. The increase in mass equals the mass of steam introduced or condensed.


For best results, about 15 grams of steam should be introduced into the cold water. This can be determined by using a wooded dip stick and marking it at the height to which 15 more ml of water will raise the surface of the water in the calorimeter cup.



The temperature of the steam may be read directly from the steam boiler or computer from the barometer reading. In making your calculations, you must remember that the steam furnishes heat upon condensing, and that it formed an equal mass of water at about 100(C. The water thus formed also furnishes heat as it is cooled from the boiling point down the final mixture temperature.



Record all the necessary data into the data table and calculate the latent heat of vaporization of water. Compare your result with the accepted (standard) value. Calculate the absolute and relative errors (refer to the formulae in Experiment No. 3). Have a second trial, if there is still available time.

QUESTIONS (Do your answers in complete statements)

1.
Since the (latent) heat of vaporization does not result in a temperature change, where does the energy go?


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________

2.
Why does steam burn a person more severely than an equal mass of boiling water?


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________

3.
Why should the heat gained by the cold water, stirrer  and the calorimeter equal to those lost by the steam in the condensing and cooling to final mixture temperature?


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________


___________________________________________________________________________

DATA
	Quantity
	Trial 1
	Trial 2

	1. Mass of the Calorimeter Cup and Stirrer (g)

	
	

	2. Mass of the Calorimeter Cup, Stirrer, and H2O (g)
	
	

	3.
Mass of the H2O (g)
	
	

	4.
Combined Mass of the Calorimeter Cup, Stirrer, Cold H2O and Condensed Steam (g)
	
	

	5.
Mass of the Steam (g)
	
	

	6.
Specific Heat of the Calorimeter (cal/g(C)
	
	

	7.
Initial Temperature of the H2O and Calorimeter    Cup with the Stirrer ((C)
	
	

	8. Temperature of the Steam ((C)
	
	

	9. Final Temperature of the H2O and Calorimeter    Cup with the Stirrer ((C)
	
	

	10. Temperature Change in the H2O and Calorimeter    Cup with the Stirrer ((C)
	
	

	11. Temperature Change in the H2O from the Condensed Steam ((C)
	
	

	12. Heat Gained by the Calorimeter Cup (cal)
	
	

	13. Heat Gained by the Cold H2O (cal)
	
	

	14. Heat Gained by the Stirrer (cal)
	
	

	15. Total Heat Gained (cal)
	
	

	16. Heat Lost by the H2O formed from the Steam in Cooling to Final Temperature (cal)
	
	

	17. Heat Lost by the Steam in Condensing (cal)
	
	

	18.Computed Heat of Vaporization of H2O (cal/g)
	
	

	19.Accepted Value of the Heat of Vaporization of H2O (cal/g)
	
	

	20.Absolute Error (cal/g) 
	
	

	21. Relative Error (%)
	
	


Experiment No. 7
SIMPLE AC ELECTRICAL CIRCUITS

OBJECTIVES:

1. Make measurements of electrical quantities (i.e. voltage, current, impedance) with a multi-tester.

2. Describe the difference between the series and parallel circuits.

3. Verify Ohm’s Law, Kirchhoff’s Laws (Voltage & Current), and the Voltage and Current Divider Principles.

APPARATUS:

(
Multi-tester





( 3 pcs. switch (@ least 2 amperes)

(
Connecting Wires





( Alligator Clips

(
Electrical Tape





(Electrical Plier/Wire Splicer

(
3 pcs. of 220-v,5-watt/10-watt Light Bulb (the same color)
( Screw Driver

PROCEDURE

Reminders: Use the appropriate meter and be careful with the measurement of current and voltage of each bulb. Do not touch any open wire or connection.

1. Measure the impedance (resistance) of each bulb with the ohmmeter and record on the appropriate data table.

2. Construct/connect the circuit as shown in Figure 1/2/3.

3. Ask your instructor to check the correctness of the circuit connections.

4. Connect the circuit to a 200-240 volt source.

5. Turn ON the individual switches of the bulbs.

6. Alternately turn OFF switches (that is, while one switch is OFF, the others are ON) and observe the effect on the circuit in each occasion.

7. Also observe the brightness of the bulbs.

8. Measure the voltage across each bulb with the voltmeter and record.

9. Measure the current through each bulb with the ammeter and record.

10. Repeat this procedure for the circuits shown in Figures 2 (Parallel) and 3 (Series-Parallel).
DATA TABLE 1 (Series Circuit)

	Bulb

Number
	Impedance (ohms)
	Current (amperes)
	Voltage (volts)

	
	Measured
	Measured
	Computed
	Measured
	Computed

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	Total
	
	
	
	
	


DATA TABLE 2 (Parallel Circuit)

	Bulb

Number
	Impedance (ohms)
	Current (amperes)
	Voltage (volts)

	
	Measured
	Measured
	Computed
	Measured
	Computed

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	Total
	
	
	
	
	


DATA TABLE 3 (Series-Parallel Circuit)

	Bulb

Number
	Impedance (ohms)
	Current (amperes)
	Voltage (volts)

	
	Measured
	Measured
	Computed
	Measured
	Computed

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	Total
	
	
	
	
	


DATA ANALYSIS

1. What can you say about the individual currents, voltages and brightness of the bulbs connected in series with each other? 

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. What can you say about the individual currents, voltages and brightness of the bulbs in parallel connection?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. What happened to the circuit in Figure 1 when you turned OFF any one of the switches while leaving the other two ON?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. What happened to the circuit in Figure 2 when you turned OFF any one of the switches while leaving the other two ON?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. What happened to the circuit in Figure 3 when you turned OFF:

a. Switch 1 only?

__________________________________________________________________________________________________________________________________________

b. Switch 2 only?

__________________________________________________________________________________________________________________________________________

c. Switch 3 only?

__________________________________________________________________________________________________________________________________________

Formulas:

Use Ohm’s Law, Kirchhoff’s Laws, and/or Voltage and Current Divider Formulas

( Figures to reference will be drawn on a separate sheet/whiteboard.
Experiment No. 8
BASIC RESISTORS COMBINATIONS

OBJECTIVES:

1. Verify the rated value of a resistor according to its color code with its measured value.
2. 
Determine the total (equivalent) resistance of resistors connected in series, in parallel, series-parallel, and parallel-series.
3. 
Establish the general effect in the total resistance of resistors when connected in series and in parallel.
4. Prove that the equivalent resistance of resistors in series, accumulates, and reduces in parallel.

APPARATUS:

(
Multi-tester




( Resistor Board with @ least 5 Resistors
(
Connecting Wires





PROCEDURE

1. Read the color code of the first resistor on the resistor board and interpret its rated resistance value. 
2. Measure its resistance using the multi-tester. Write the color code, its interpreted value and its measured value on the appropriate cells in the data table that follows.

3. Repeat from Step 1 with the remaining resistors in the resistor board.
4. Connect the resistors (on the resistor board) in series with each other and measure the total or equivalent resistance. Repeat this step with parallel, series-parallel and parallel-series connection according to the four configurations prescribed by the circuit diagrams provided subsequently.
DATA TABLE
	Resistor
	Color Code
	Rated Value 
(Ω)
	Measured Value (Ω)

	R1
	
	
	

	R2
	
	
	

	R3
	
	
	

	R4
	
	
	

	R5
	
	
	

	Total
	Series
	
	

	
	Parallel
	
	

	
	Series-Parallel
	
	

	
	Parallel-Series
	
	


CIRCUIT DIAGRAMS

Series Resistors

[image: image1.jpg]



Parallel Resistors

[image: image2.jpg]



Series-Parallel Resistors

[image: image3.jpg]



Parallel-Series Resistors

[image: image4.jpg]-






OBSERVATION:

1.
What happened to the equivalent resistance when the resistors were connected in series?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.
What happened to the equivalent resistance when the resistors were connected in parallel?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

CONCLUSION: 

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________[image: image5.png]
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