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Abstract. It is generally accepted that training in science is not complete without laboratory experience. Also, connecting laboratory equipment to PC’s requires a mix of software and hardware skills. A new educational program in laboratory physics has been designed to address this need. The laboratory devices could be based extensively on commercial equipment available almost at any school. For example, a TV satellite dish might be used for radio astronomy observations and a conventional cathode ray tube to analyze passage of the charged particles through matter. Prototypes of many important experiments and observations can be made with such educational apparatus, including the Sagnac effect and cosmic ray study in the radio wave region. These experiments were chosen for several reasons. 1) The traditional relativistic experiments could be analyzed as special cases of the more general effect-Sagnac effect on open paths. 2) The role of antimatter in the cosmic ray acceleration might be analyzed. 3) Significant savings in cost and clean space ecology can be realized by exploring this technology for radio astronomy synchronization of ground, flying and deep space mission clocks from one natural frequency standard.

INTRODUCTION

As we live in a highly competitive technological world, the need to improve and enhance the teaching of physical sciences to high school students has assumed major importance. Currently, however, only 24% of U.S. high school students ever take physics courses and only 9% of them take one in college. Therefore, this program has been proposed to make high level science more accessible to students. 

The specific activities to be implemented will be divided into three parts. The first part begins with an introduction to electromagnetism. The second part will be an introduction to radio astronomy. The third part will present widely used mathematical and spectroscopy methods through the analysis of the specific experimental problems in astrophysics. Students will perform group projects that offer them technical experience and solid academic knowledge in simple physical terms.
As our universe is basically quantum universe, the educational foundations of physics should be based essentially on the quantum mechanics concepts. The theory of dispersive waves gives the simplest model for this study [1]. In this case, the Lorentz transformation could be derived as a mathematical tool that leads to invariance of wave equation instead of time invariance in Galilean transformation (see Appendix A).

It is shown that the principle of Galilean relativity satisfies some type of dispersive waves called the nonpropagating waves [2]. The electromagnetic forces are obtained as a description of these wave motions. This approach leads to the natural introduction of the field values (group velocity and intensity of de Broglie waves) into Maxwell's equations (see Appendix B).

1

Radio Astronomy Experiment

 The best introduction in astrophysics is using the radio astronomy observations in a classroom. For example, it could be study of the traditional relativistic effects as special cases of the more general effect-Sagnac effect on open paths. The uniform translation is simply a limited case with infinitely great radius. On another hand, with two signals starting at one point, we have the Sagnac effect on closed path [3]. 

The Sagnac effect on open paths can be analyzed for the following simple situation (Fig.1). The two light or radio signals are sending in the opposite directions along the same path [image: image1.wmf]R
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 is the central angle. When the system is set in rotation with angular rate [image: image3.wmf]W

, path length differences will result for the two signals [image: image4.wmf]2
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It usually had been considered that Sagnac measured only anisotropy angular velocity not linear. But introducing values [image: image10.wmf]R
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The atomic clock is based on condition 
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and essentially represents a frequency standard. A wave train results when a periodical signal lasts for a finite time. To simplify we consider that the train propagates in x direction and consists of exactly n waves of wavelength (=c/(. If the train reaches the point x0 at the t0 and leaves x1 at the time t1, we have c(t1 -t0)=x1-x0 +n( and n=((t1-t0 -(x/c). In a moving system we can compute n exactly in the same way by using Galilean transformation
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We have from (2) that frequency and velocity change proportionally due to motion of light receiving systems (/c=('/c'. This might explain disparity between the experiments on open and closed paths. To estimate the atomic clock frequency effects the radio telescope with simple digital electronics will be used. The signals from the receivers come to the input of the counters controlled by the scaler (Fig. 2). The measurements extending over several hours could be made periodically during the day. 
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FIGURE 1. Simplified configuration 


FIGURE 2. Electronics setup.

of the Sagnac experiment.



1,2-Receivers; 3-Atomic clock;








4,5-Counters; 6-Scaler.

2

Spectroscopy and Cosmic Ray Experiments

The spectroscopy methods widely used today are ultrasound, nuclear magnetic resonance (NMR) and computed tomography (CT). Our first project was a multiplexed ultrasonic setup at JPL (in cooperation with UCLA students). This system has received the NASA award and a U.S. patent. Important application of this experience could be in non-linear analysis of the ultrasonic concept of seismic resistance increasing.

Since the radio astronomy project is based essentially on Fourier analysis, many of the radio astronomy techniques could be directly applicable to NMR study. Also, a simple device based on the conventional cathode ray tube can be used to analyze passage of particles through matter for a monochromatic CT study. Patients would receive smaller doses of radiation with the monochromatic CT and this is its greatest advantage. 

The possible candidates of the target materials are solids with high dielectric constant in optical range of frequency and colored alkali halide crystal to extreme the additional electrical field strength at the target. So students can use safe device to measure electron-stopping power in the heterogeneous targets. Important application of this experience might be in Monte Carlo simulation of cosmic ray acceleration and propagation (see Appendix C). 

Also, a new educational program sponsored by Fermilab and University of California - Quarknet gives to our teachers and students an opportunity to learn about new research in particle astrophysics. Until now it appears impossible to isolate quarks that form protons and neutrons. Recently, a new state of matter in which quarks are liberated was created at CERN. Theory predicts that this state have existed after the Big Bang. Educators can participate in testing the particle detectors for this study.

CONCLUSION

This project makes high level science available on a low cost budget, because the main components of a radio telescope are parallel to those of a domestic TV satellite system. There are an antenna, receiver and amplifiers. Finally, there is a computer to store the output and display the radio signals in some convenient form. Although it may sound like an exotic, high-priced way to teach high school physics and astronomy, basic equipment for this project can now be bought for less than $5,000.
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