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	CA Science Standards Focus on:

Grade 8: Focus on Physical Science: 

Motion

 1. The velocity of an object is the rate of change of its position. As a basis for understanding this concept, students know:

a. position is defined relative to some choice of standard reference point and a set of reference directions.

b. average speed is the total distance traveled divided by the total time elapsed. The speed of an object along the path traveled can vary.

c. how to solve problems involving distance, time, and average speed.

d. to describe the velocity of an object one must specify both direction and speed.

e. changes in velocity can be changes in speed, direction, or both.

f. how to interpret graphs of position versus time and speed versus time for motion in a single direction.

Grades 9-12: Physics: 

Waves

4. Waves have characteristic properties that do not depend on the type of wave. As a basis for understanding this concept, students know:

a. waves carry energy from one place to another.

b. how to identify transverse and longitudinal waves in  mechanical media such as springs, ropes, and the Earth (seismic waves).

c. how to solve problems involving wavelength, frequency, and wave speed. 

d. sound is a longitudinal wave whose speed depends on the properties of the medium in which it propagates.

Electronic and Magnetic Phenomena

5. Electric and magnetic phenomena are related and have many practical applications. As a basis for understanding this concept, students know:

a. how to predict the voltage or current in simple direct current electric circuits constructed from batteries, wires, resistors, and capacitors.

b. how to solve problems involving Ohm's law.

c. any resistive element in a DC circuit dissipates energy which heats the resistor. Students can calculate the power (rate of energy dissipation) in any resistive circuit element by using the formula Power = (potential difference IR) times (current I) = I2R.




I. Websites/Simulations/Lessons on Circuits and Waves
Website 1: PhET simulations at the University of Colorado Website:

URL: http://phet.colorado.edu/new/simulations/

 (You can also Google: “PhET” and click on “PhET simulations” to access the website)
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Example Lesson on Circuits:

A. A simple circuit: How do a battery and bulb need to be connected to make the bulb light up?

	1. Click on Circuit Kit Construction Icon.

Then click on the button:
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	2.  You should get a blank template like the one shown to the right
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	3. Drag the icons on the side to build a simple circuit that will make the bulb light up. 
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	You can click and drag the objects to move them
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	4. Carefully draw a diagram of the circuit you built that lit up the bulb:



	5. Where does the wire have to connect to the light bulb to make it light up?



	6. Challenge:  If you incorrectly connect the circuit you can start a “fire”.  Since this is a “virtual fire” and not a real one experiment with the virtual circuit connections to start a “fire”!




B. Measuring the Voltage and Current in a Simple Circuit:

	1. You can use the voltmeter to measure the voltage “across” the battery or the bulb. Just select the voltmeter from the “Tools” in right panel and connect the probes “across” the device.
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	2. You can use the Non-Contact Ammeter to measure the current through any wire in the circuit. Just select the Non-Contact Ammeter from the right panel and drag it over a wire.
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3. Use the voltmeter to measure the voltage across the battery and across the light bulb. Record your measurements on the diagram above.

4. Use the Non-Contact Ammeter to measure the current going into and coming out of the light bulb. Record your measurements on the diagram above.

Questions:

1. How does the voltage across the battery compare to the voltage across the light bulb

2. Does the amount of current change as it passes through the light bulb?

3. Use Ohm’s Law (V=IR) and the equation for Power (P=IV) to calculate the resistance and power of the bulb.

C. Measuring the Voltage and Current in a Series Circuit.  

If you add an additional bulb in a simple circuit one possible arrangement is to connect the bulb “in line” or “in series” with the first bulb.  An example of two bulbs arranged in series is shown below:

Two bulbs in series
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1. Use the voltmeter to measure the voltage across the battery and across each of the light bulbs and record these measurements on the diagram above.

2. Use the Non-Contact Ammeter to measure the current through each section of the circuit and record these measurements on the diagram above.

Questions:

1. How does the voltage across the battery compare to the voltage across each of the light bulbs?

2. Does the amount of current change as it passes through the light bulbs?   Is there a pattern?

3. Use Ohm’s Law (V=IR) and the equation for Power (P=IV) to calculate the resistance and power of the bulb of each bulb.

4. Use Ohm’s Law (V=IR) and the equation for Power (P=IV) to calculate the resistance and power of the entire circuit.

D. Measuring the Voltage and Current in a Parallel Circuit.  

Another possible arrangement of two bulbs is a “parallel” arrangement. In this arrangement each bulb has a separate pathway. An example of two bulbs arranged in parallel is shown below:

Two bulbs in parallel
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1. Use the voltmeter to measure the voltage across the battery and across each of the light bulbs and record your measurements on the diagram above.

2. Use the Non-Contact Ammeter to measure the current through each branch or section of the circuit and record your measurements on the diagram above

Questions:

1. How does the voltage across the battery compare to the voltage across each of the light bulbs?

2. Does the amount of current change as it leaves the battery and passes through each of the light bulbs?   Is there a pattern?

3. Use Ohm’s Law (V=IR) and the equation for Power (P=IV) to calculate the resistance and power of each of the bulbs.

4. Use Ohm’s Law (V=IR) and the equation for Power (P=IV) to calculate the resistance and power of the entire circuit.

E. Comparing and Contrasting Series and Parallel circuits:

	Concept
	Series circuit
	Parallel circuit

	Voltage
	The sum of the voltages across each resistor is equal to the voltage across the battery.

Vbulb1 + Vbulb2 = Vbattery
	The voltages across each light bulb is equal to the voltage across the battery.

V bulb1 = Vbulb2 = Vbattery

	Current
	I is the same throughout the circuit.  It has the same value where ever you measure it.

Ibulb1 = Ibulb2 = Ibattery
	I is not the same around the circuit.

I bulb1 + Ibulb2 = Ibattery



	Resistance
	Resistance of the whole circuit is equal to the sum of the resistances of each bulb.

The resistance of the whole circuit is greater than the resistance of each bulb.

The more bulbs the current has to go through the greater the resistance.

Rcircuit = Vbattery/Ibattery

Or

Rcircuit = Rbulb1 + Rbulb2
	Resistance of the whole circuit is not equal to the sum of the resistances of each bulb.

The resistance of the whole circuit is less than the resistance of either of the two bulbs.  

The more pathways for current to flow the lower the resistance.

Rcircuit = Vbattery/Ibattery

	Power
	Power used by the whole circuit is equal to the sum of the power of each light bulb.

Pcircuit = Pbulb1 +Pbulb2
	Power used by the whole circuit is equal to the sum of the power of each light bulb.

Pcircuit = Pbulb1 +Pbulb2


Activity F. Other lessons:

Investigating the connection between brightness and current:

1. Use the PhET simulation to conduct an investigation that measures the connection between the number of bulbs in a series circuit and the amount of current that flows through the circuit.

Website 2: Wave simulations at the CSUS Website:

Go to: http://www.csus.edu/indiv/n/newcombc and click on:

“Visit Motion and Wave Simulations Here”

or go directly to: 
http://www.csus.edu/indiv/n/newcombc/CN%20Simulations/CNSimulations.htm

You should arrive at the following page:
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Example Lesson on Waves:

A.
Building models of periodic waves—characteristics

1. To develop models of periodic waves—models with quantitative and predictive features—you will need to decide which characteristics of periodic waves are important and which features can be measured.

a. Consider a periodic water wave or a sound wave produced by the vibration of a tuning fork. Draw a diagram to represent these types of waves and list as many wave features as you can. Especially think about characteristics you can measure, and write down how you would measure them.

2. Minilecture.  Your instructor will briefly describe the tools and standard units used for measuring the different quantities scientists use to characterize waves: wavelength, amplitude, wave speed, frequency and period. 

	Characteristic

Symbol
	Definition
	Tools for measuring
	Units

	Wavelength


	
	
	

	Amplitude


	
	
	

	Wave speed


	
	
	

	Frequency


	
	
	

	Period


	
	
	


B.
Models of waves and their limitations
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In this section, you will examine two models of a wave, a diagram on paper and a computer simulation.

You will (i) to check your understanding of wave characteristics and (ii) to discover the limitations of the models (that is, what characteristics of real waves the models are unable to represent successfully).

1.
Picture/diagram model of a wave. Start by drawing a diagram of a periodic wave (you can envision a water wave or sound wave).

a.
Label all the wave characteristics that can be measured in your diagram. 

b.
List the wave characteristics that cannot be labeled or measured in your picture model. Why can’t these characteristics be labeled?
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2.
Computer simulation of a wave (“animated model”). A computer simulation of a wave is located at <http://www.csus.edu/indiv/n/newcombc>. Go to the site and click on the “Transverse wave”. This simulation is an animated model of a transverse wave. Use the buttons to observe the motion of the medium (in this case the pixels of the computer screen) by adding one point at a time and the wave as a whole by clicking on “add all points”.

a. Using a stopwatch and ruler, measure the wavelength, amplitude, wave speed, frequency, and period of the wave in the simulation. To ensure you are able to reproduce your results, record which tools you use and how you identify the beginning and ending point of each measurement.

b. If this simulation was a model of a water wave what do the computer pixels represent?

c. Although this simulation accurately represents the transverse nature of the water wave there are feature of a water wave that are not represented by this simulation. List one feature of a water wave that is not accurately represented by this simulation.

Go to <http://www.csus.edu/indiv/n/newcombc> and click on the “longitudinal wave” link. Use the buttons to examine how the medium moves by adding one point at a time. Then click on “add all points” to observe how the wave moves. Your display should look like the one on the right.

a.
If this simulation is used to model sound, what do the computer pixels represent?

b.
Explain why this computer simulation wave is longitudinal. Draw a picture to illustrate your explanation.

c.
On the diagram above draw the position of the tuning fork that makes this wave.

d.
Although the simulation represents the longitudinal nature of a sound wave, describe one feature of a sound wave this simulation does not accurately represent.

II. Computer Data Acquisition/Motion/Sound
The Equipment
	The Sonic Ranger: This small black unit is a sonar.  It produces a very short click of sound that bounces off whatever it hits and is reflected back to the unit.  The computer measures the time that elapses between the sending and receiving and calculates the distance to the target.  The sonic ranger can quickly collect x vs t data.
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	The computer interface:  The interface box is controlled by a program called Data Studio.  It accommodates a variety of sensors.  Today it is connected to the sonic ranger.
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	Data Studio:  Data studio is the computer application that will control the sonic ranger and collect the data from the computer interface.  It will also graph and perform mathematical analysis of the data*.
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   * 
Although Data Studio has the ability to calculate instantaneous velocity and acceleration, you will still be responsible for knowing how to calculate these yourself to verify the accuracy of the Data Studio calculations.

Instructions on how to use the sonic ranger.
1.
Make sure the sonic ranger and the interface box are turned on, the computer is connected to the interface box, and the interface box is connected to the sonic ranger.

2.
Open the application “Data Studio” ( [image: image14.png]


 ).

	3.
Double click on “Create Experiment”
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	4.
Select “ScienceWorkshop 750” and click OK
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	5.
Click on any of the yellow channels to bring up the list of available sensors
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	6.
From the “Add Sensor or Instrument” menu select [image: image18.png]& Motion Sensor



 and click OK
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	7.
The top left pane lists the data available.

The bottom left pane lists the display and functions available.
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	The sample rate can be changed from 10 to 50 samples per second.  

	8.
To view the position vs time graph as you are taking data, drag the Position, Ch1&2 (m) icon over the “Graph” icon.  This is the easiest display to look at while collecting data
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	9.
To view the position vs time data, drag the Position, Ch1&2 (m) icon over the “Table” icon.
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	10.
Click back to view the graph display.  Now you can start collecting position vs. time data by clicking on the Start button.  Note that the same button will also stop the data collection.
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Example Lesson on position vs. time graphs

A. Investigating all types of 1-D motion

1.
Consider the following types of motion and predict the shape of the position versus time graph for each type of motion. Record this on a separate piece of paper.

a.
Standing still

b.
A person walks towards a chair at constant speed
c.
A person walks away from a chair at constant speed

d.
A person walks away from a chair speeding up

e.
A person walks away from a chair slowing down

f.
A person walks away from a chair, turns around, and walks back towards the chair, all at a constant speed

g.
An object falls down to the ground, away from the observer 

h.
An object is thrown up away from the observer and then falls back down toward the observer. (This motion will be demonstrated by your instructor.)
2. Use the sonic ranger and data studio system to observe and draw the graph shapes of each type of motion:

	
[image: image24.wmf]
Standing Still
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Walking toward at constant speed
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Walking away at constant speed
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Walking away speeding up
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Walking away slowing down
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Walking away, turning around, walking back at constant speed

	
[image: image30.wmf]
object falling down away from sonic ranger
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object thrown up away from ranger and falling back down toward ranger*

(*this motion will be demonstrated by the instructor)


a.
Check your predictions for a-h.
b.
Examine the graphs and write down similarities and differences between the graphs.

3.
Use these similarities and differences to write down a few rules that will help you translate motion graphs into statements describing the motion.  For example:

a.
A straight line on a distance vs time graph means……

b.
A curved line on a distance vs. time graph means….

c.
A flat line on a distance vs. time graph means…

d.
When the slope of a distance vs. time graph changes direction it means…
e.
… and any other situations you can imagine.
III. Tablet Technology/Electronic Lab Journals/Inquiry
Tablet technology enables the computer to be used as a lab notebook.  Electronic ink allows students to write and draw on the screen in the same way they would write with a pencil on paper.  The advantage of this technology is that this electronic file can be shared among a group of students and with the instructor asynchronously and simultaneously.

Examples of the types of files that can be found in notebook or science journal entries are shown below:

Examples of written and typed text:
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Examples of Photos and drawings:
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Examples of Excel graphs and charts:
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IV. Ways to Get Computers/Grants
Hewlett Packard Grant: Technology for Teaching Grant

General Info: http://www.hp.com/hpinfo/grants/us/programs/tech_teaching/index.html
K-12 grant: http://www.hp.com/hpinfo/grants/us/programs/tech_teaching/k12_main.html
Sacramento State: HP Technology for Teaching Website:

http://www.csus.edu/indiv/t/tashirol/hptechgrant/
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