Name______________________

Partner Name ___________________________________

Electricity:  P3Rivers Experiment Week 6

Background:

But matchless Franklin! What a few
  Can hope to rival such as you.
    Who seized from kings their sceptred pride
      And turned the lightning's darts inside.
--Philip Morin Freneau—

Benjamin Franklin (1706-1790) was one of many people, whom during their time on Earth, explored the wonders of electricity.  Other significant minds included William Gilbert (1544-1603), Steven Gray (1666-1736), Charles Coulomb (1736-1806), Luigi Galvani (1737-1798),  Alessandro Volta (1745-1827) ,and Heike Kamerlingh Onnes (1853-1926).

The term electricity incorporates both electrostatics, non-moving charges, and moving charges that generate electric current.  A force exists between any two charged particles. This force is represented by Coulomb’s Law,




EQ1: 
F = (9x109)q1q2 /d2
such that q1 and q2 represent charges in coulombs, d is the distance in meters between the particles, and the constant has units of Nm2/c2.

When charged particles move we get a current. Solid materials can be divided into one of four categories based on how easy it is for a current to exist; conductors, insulators, semiconductors, and superconductors. 

Superconductors are a class of materials that have zero electrical resistance below a specific, critical, temperature (Tc).  Once this critical temperature is reached if an  electric current is started, it will flow continuously.  If current is induced in a superconducting ring, the current  will be maintained indefinitely. This ability has been marketed as electrical energy storage devices in the megawatt range.  

Superconductivity was not a predicted property. A Dutch physicist discovered it during “pure” research work in 1911.  The scientific breakthrough that enabled this discovery was the ability to liquefy Helium. Never before had the human race achieved a temperature of 4 Kelvin.  The first reported superconductor was mercury, when cooled to 4 Kelvin.

A second property exhibited by superconducting materials is the Meissner effect.  Like all diamagnetics, superconductors repel magnets. When a magnet approached a superconductor, it induces a current within the superconductor. This current has no resistance against it and thus it continues to flow, creating its own magnetic field that repels the magnet.  This repulsion is so strong that it can, in some cases, counterbalance gravity and levitate the magnet.  This property has been applied to trains in Japan. 

Currents can also pass through fluids, provided a means of charge movement exists. Pure liquids are poor conductors, but when certain solutes are added conductivity can occur.  Materials that conduct electricity when dissolved in a solution are called electrolytes.

Ohm’s law tells us that the current in a material is equal to the voltage applied to the material divided by its resistance.  Mathematically this can be represented by




EQ 2:  I = V/R

where I is the current in amperes, V is the voltage in volts, and R is the resistance in ohms.  

Electric circuits can be constructed in series, in parallel, or as a combination of the two.  A circuit in series divides the voltage between each load (a light bulb is a good example of a load) since the same current flows through each devise.
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                                                  Figure 1:  Light Bulbs in Series

A circuit in parallel “shares” current and the voltage going to each load matches that of the power supply.
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            Figure 2: Light Bulbs in Parallel

As you work through the five experimental parts you will explore electrostatics, both series and parallel circuitry, superconductivity, and solution conductivity.

Prelab Assignment:






         _____checked

1. Match the letter for each scientist with their contribution to the study of electricity.

____ Credited with discovering and describing the force between any two charged particles.

____ Credited with the discovery of superconductivity.

____ Credited with the first discoveries of the role of electricity in the body. (His work and that of his predecessors are central in a famous novel by Mary Shelley.)

____ The terms positive and negative were assigned to represent charges by this person.

____ Terminology coined by this scientist, such as “pole” are still used today.

____ Credited with constructing the first battery.

____ Credited with distinguishing between conductors and insulators.

A) Benjamin Franklin

B) William Gilbert

C) Steven Gray

D) Charles Coulomb

E) Luigi Galvani



F)Alessandro Volta

G) Heike Kamerlingh Onnes

2. Define the following terms and include in your definition the appropriate SI unit for each term.

Current-

Voltage-

Resistance-

Power-

3. Based on the definition of an electrolyte in the background information of this lab packet, present a definition for a non-electrolyte.

4. Calculate the voltage at each bulb, the current at each bulb, and the total current of the circuit for the circuit shown in Figure 1.  Use a 12-volt power supply and assume that each bulb has a resistance of 24 ohms.

5. Calculate the voltage at each bulb, the current at each bulb, and the total current of the circuit for the circuit shown in Figure 2.  Use a 12-volt power supply and assume that each bulb has a resistance of 24 ohms.

Equipment & Chemicals:

Several 4 bulb circuit boards with power supplies

Beakers of : water, salt solution, sugar solution; pickles, potatoes, watermelons, etc.

Rubbing sticks, balloons, fur, etc.

YBa2Cu3O7-x, magnets, liquid nitrogen, tongs, Styrofoam, solid-state model of superconductor

Experimental Plan: Work with one partner. Experimental parts can be completed in any order.

Part One: Circuits and Light Bulbs

1. Obtain one of the four bulb circuit boards. 

2. Construct a four bulb series circuit and diagram your set-up below.

3. Unhook one of the bulbs and describe what happens.  Replace that bulb and remove another. What happens?  Is the result the same regardless of what bulb is removed?  

4. Construct a four bulb parallel circuit and diagram your set up below.

5. Unhook one of the bulbs and describe what happens.  Replace that bulb and remove another. What happens?  Is the result the same regardless of what bulb is removed?   

6. Construct a combination circuit with some bulbs in parallel and some in series. Diagram AND narratively describe your set-up. Clearly identify your bulbs as 1, 2, 3, and 4.

7. Complete the table below with your prediction of what will happen when you remove the bulb from your circuit.

	Removed Bulb
	Predictions

	Bulb #1


	

	Bulb # 2


	

	Bulb # 3


	

	Bulb # 4


	


                       Table 1: Predictions for bulb removal in a combination circuit

8. Test your predictions and describe your observations in Table 2.

	Removed Bulb
	Observations

	Bulb #1


	

	Bulb # 2


	

	Bulb # 3


	

	Bulb # 4


	


                             Table 2: Observations for bulb removal in a combination circuit

Part Two: Electrolytes, Nonelectrolytes, and Circuits

1. Obtain a multimeter and a stripped wire probe.

2. There are three fluids and a collection of fruits and or vegetables to test for conductivity.  Test all three fluids and at least two other items. Record your findings in Table 3.

	Item Being Tested
	Observations and Multimeter reading

	
	

	
	

	
	

	
	

	
	


                            Table 3: Conductivity measurements in fluids and other objects

3. If the demo is available, go to the big charged ball and get your neighbors hair to rise. (We will discuss the procedure at the beginning of lab.) Record your observations.

Part Four: Static Electricity

There are rods of several different materials and also pieces of several different rubbing materials at this station.  Construct the set-up described at the start of lab and test several rods and rubbing materials for static electricity.  Describe your procedure and observations below.

Part Five: Superconductors

To reach the critical temperature of the superconductor, YBa2Cu3O7-x, you must cool the material to 77 Kelvin with liquid Nitrogen.  Liquid Nitrogen can cause severe frostbite or freezing of the flesh. Be very careful when working with this material. There are forceps to use for touching the pellet and the magnet. Place the pellet on a watch glass (or in the demo container) and pour liquid nitrogen over the sample. Place the magnet on top of the pellet and observe as your sample cools. Add more liquid Nitrogen if needed. Record your observations.

AND FROM OUR EXPERIMENT WEEK THREE…Part Six: Seltzer Water Demo 


Record your observations below.

Questions and Data Analysis:

1. Assign each element to the appropriate color representing it in the solid-state model of YBa2Cu3O7-x.

2. Describe how your predictions and observations compared for your combined parallel and series circuit of bulbs.

3. What have you learned from this lab?
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