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Segment 1: Brutus

Introduction: In the last show, we spoke quite a bit about the fundamentals of science. We introduced various concepts about scientific method and the various steps involved in it. We have also discussed the scientific method being used to develop technology in order to improve human lives. The audience had many pertinent questions about Science as well as technology and today we are back to address these questions as well as to provide more information about the relationship between science and technology.

As always, we have on studio Dr. Pierre-Richard Cornely and in a few minutes we will call on his experience and expertise about science, scientific research and a their applications to technology to help elaborate on these concepts and to answer questions from the audience.

Break 

Segment 2: Word From Brutus - Intro to Dr. Cornely

Q1: Most people do not understand why we need to do science. Most people may also not have a clear understanding or idea about the benefit of scientific research and how it relates to their daily lives. Can you help make the connection between science, scientific research and the rest of humanity?

Answer: 

As we discussed before with the listening audience, science provides us with a system that allows us to develop theories (explanations) based on what we observe in the world around us

· To develop these theories, we collect data from the specific phenomena of interest from the environment and we use the collected data together with a set of rules commonly referred to as “the scientific method” in order to interpret the data.

· Once the data is interpreted correctly and once we understand wat the data means within the context iof the environment from which it is collected, we can begin placing the data in context and we can begin to use the results of our interpretation to improve systems from the environment.

· Sometimes these improvements can be limited only to the systems from which the data is derived. Other times, the conclusions we reach while studying the data as well as the scientific insights we gain from the data can allow us to provide improvements to many other areas outside the systems where the data is derived.

· To explain how this can be achieved, let us take a common example on the current phenomenon under intense study by scientists called “global warming”.
· Global warming is the increase in the average temperature of the Earth's near-surface air and oceans since the mid-twentieth century and its projected continuation. The average global air temperature near the Earth's surface increased 0.74 ± 0.18 °C (1.33 ± 0.32 °F) during the hundred years ending in 2005.

· The Intergovernmental Panel on Climate Change (IPCC) concludes "most of the observed increase in globally averaged temperatures since the mid-twentieth century is very likely due to the observed increase in man-made “greenhouse gas” concentrations (in particular carbone dioxide and Nitrogen Oxide as well as aerosols or cleaning products) via the greenhouse effect (the deterioration of the ozone layer, or concentration of atmospheric oxygene, which protects human from ultraviolet rays from the sun).

· Natural phenomena such as solar variation combined with volcanoes probably had a small warming effect from pre-industrial times to 1950 and a small cooling effect from 1950 onward

· These basic conclusions have been endorsed by at least thirty scientific societies and academies of science, including all of the national academies of science of the major industrialized countries.

· While individual scientists have voiced disagreement with some findings of the IPCC, the overwhelming majority of scientists working on climate change agree with the IPCC's main conclusions

· Climate model projections summarized by the IPCC indicate that average global surface temperature will likely rise a further 1.1 to 6.4 °C (2.0 to 11.5 °F) during the twenty-first century. The range of values results from the use of differing scenarios of future greenhouse gas emissions as well as models with differing climate sensitivity.
· Increasing global temperature will cause 
· sea level to rise
· increase the intensity of extreme weather events
·  Change the amount and pattern of precipitation
·  Other effects of global warming include changes in agricultural yields, trade routes, glacier retreat, species extinctions and increases in the ranges of disease vectors.

Word From Brutus

Break 

Segment 3: Word from Brutus 

Q2: Now that you have provided us with a better idea of the connection between science and our individual lives, we want to get deeper in that connection and we want to provide concrete example to our audience on our science can affect what they do in an every day basis. One such instance where the science affects our lives is related to a question posed by one of our listeners about airplanes. In the last show one of our listeners asked us to explain how planes can fly and how they can fly with so many people in them. Can you answer these questions within the context of our discussion on science, scientific research and technology?

Answer: We must begin this discussion by remarking that humans learn how to fly by looking at birds. Number of years of observation looking at the way birds were able to create upward forces by using the movement of their wings allowed scientists to develop a body of data, knowledge and later evidence on the fact that it is possible to have a body of mass fly through the air using the same principles birds use.

· What scientists discovered is that the birds were using a “thrust” force (which is an upward force) that they created with their moving  wings 

· Birds further controlled this upward force by setting their wings in various positions especially dependent of the direction and strength of the wind 

· By controlling the position of their wings they could control the speed at which they fly as well as the direction in which they fly.

· Scientists used these basic observations and the resulting data collected to begin studying how they can make a body of mass fly in the air.

· Scientists eventually arrive at the conclusion that the upward force can be created by various methods and the ability to produce and control this upward force will depend on the condition in the atmospheric environment, i.e, the weather. 

· Scientists went further and studied how variable weather conditions can affect the way in which the upward force can vary and can be affected

· The results of these scientific studies are what were used to develop the first generations of flying planes and aircrafts.

Flying bodies used a upward thrust force called lift force, or simply lift, which is a mechanical force, generated by a solid object as it moves through a fluid, directed perpendicular to the flow direction. 

Lift is commonly associated with the wing of an aircraft, although lift is also generated by rotors on helicopters. While the common meaning of the term "lift" suggests that lift opposes gravity, the lift force is related to flow direction and doesn't necessarily oppose gravity.
· According to Newton's Second Law, an object will accelerate in proportion to the net force acting upon it and in inverse proportion to the object's mass.

· This observation would suggest that the heavier the object, the more lift force is required tio keep it flying.

· Finally we have reached a point where we can answer the question from the listener. As we just mentioned, the heavier the body we want to fly the more lift force is required to keep it flying and therefore, a lot of technology has been developed over the years to provide not only enough lift but also to provide better means of controlling this lift.

· The history of the development of this technology began with a couple of brothers.
· The Wright brothers, Orville (19 August 1871 – 30 January 1948) and Wilbur (16 April 1867 – 30 May 1912), were two Americans who are generally credited with inventing and building the world's first successful airplane and making the first controlled, powered and sustained heavier-than-air human flight on 17 December 1903. 
· In the two years afterward, the brothers developed their flying machine into the first practical fixed-wing aircraft. Although not the first to build and fly experimental aircraft, the Wright brothers were the first to invent aircraft controls that made fixed wing flight possible.

· The brothers' fundamental breakthrough was their invention of "three axis-control", which enabled the pilot to steer the aircraft effectively and to maintain its equilibrium. This method became standard on fixed wing aircraft of all kinds.




· Control over how the airplane can rotate around itself with respect to an axis through is nose, (as if it would become upside down), called Roll

· Control over how the airplane can airplane can be lifted up or down with respect to an axis through its wings (as when you are flying in an airplane and the wings are opening and closing depending on the motion of the airplane), called Pitch

· Control over how the body of the airplane can rotate clockwise or counterclockwise with respect to an axis through the middle of the human compartment.

· These three-axis control provide complete control on the movement of the airplane

· In addition to controlling the airplane, we have developed various technologies to provide the lift force.

· Gliders or sailplanes are aircrafts designed for unpowered flight. Most gliders are intended for use in the sport of gliding and so have high aerodynamic efficiency. Lift-to-drag ratios may exceed 70 to 1. After launch, the energy for sustained gliding flight is obtained through the skillful exploitation of rising air in the atmosphere.
· Propeller aircraft make use of reciprocating internal combustion engines that turns a propeller to create thrust. They are quieter than jet aircraft, but they fly at lower speeds, and have lower load capacity compared to similar sized jet powered aircraft.
· Jet aircraft make use of turbines for the creation of thrust. These engines are much more powerful than a reciprocating engine. As a consequence, they have greater weight capacity and fly faster than propeller driven aircraft. One drawback, however, is that they are noisy; this makes jet aircraft a source of noise pollution.
· Supersonic aircraft, such as military fighters and bombers, Concorde, and others, make use of special turbines (often utilizing afterburners), that generate the huge amounts of power for flight faster than the speed of the sound. Flight at supersonic speed creates more noise than flight at subsonic speeds, due to the phenomenon of sonic booms. This limits supersonic flights to areas of low population density or open ocean. When approaching an area of heavier population density, supersonic aircraft are obliged to fly at subsonic speed.
· Experimental rocket powered aircraft were developed by the Germans as early as World War II (see Me 163 Komet), and about 29 were manufactured and deployed. The first fixed wing aircraft to break the sound barrier in level flight was a rocket plane- the Bell X-1. Tis technology is being used with the shuttles use by NASA to explore space.
From the answer to this question, we have discussed how the process of scientific research can be connected to our daily lives. We have discussed how the process began with observing birds fly, gathering data from the observations, studying and interpreting the data and then finally using the data to develop flying bodies. Technology has used the scientific knowledge acquired from scientific research to produce the class of airplanes and jets that we fly and use today.

Word From Brutus: promo for HSS

Break 

Segment 4: Word from Brutus 

Q3: In the last show one of our listeners asked us about training involved in scientific research. The listener talked about scientific research being divided into four activities: Observation, compilation of data, interpretation of data and treatment of data. The listener wanted to know what kind of training is required for each one of these activities? Can someone have a uniform preparation and participate in all four activities?

Answer: In general, an individual with a basic scientific preparation, as provided by most four years colleges, should have the required background to do scientific research. The basic preparation would include the following:

· Some understanding of nature, by that I mean philosophy

· Some understanding of the basic math and sciences, by that I mean: calculus, differential equations, and probability

· Some of understanding of Physics and Chemistry

· Some basic understanding of computer architectures and computer languages.

· Some basic writing and critical thinking skills (the critical thinking also being provided in part by philosophy)

All of these skills should be provided with a solid four year degree but the refinement of these skills may require that the individual go for advanced studies such as masters or phd degrees. 

· As with any other endeavors, a certain amount of experience is required in order for the individual to be completely succesfull in performing scientific investigations. 

· As a result, the more the individual has seen and learned about the methodology and laws that science uses, the better equipped and more successful he will be at performing scientific investigations.
Additionally, over the years the way in which scientific investigation has proceeded has changed. 

· In the early times, (time of the greeks or romans, and egyptians) the focus was on the individual possessing overall knowledge about nature and how it works. 

· In this case, the individual was trained at looking at science as a product of nature and the more nature was understood, the better scientific research that can be done.

· However, in the current times we live, the methodology has evolved to “expert knowledge” in specific fields. In other words, most current scientists have expertise in very specific areas of scientific endeavors. 

· As a result, the training has also changed to be in line with the new approach to scientific research.

Word From Brutus

Break 

Segment 5: Word from Brutus 

Q3: In the last show, a listener wanted us to elaborate on the scientific method being repeatable. The listener wanted to us to discuss the fact that results coming using the scientific method should be repeatable. As a result, anyone who has the set of steps used to investigate a phenomenon, and the proper scientific background should be able to repeat these steps and reach the same conclusions. Can you talk more about that?

Answer: First, we want to thank the listener for bring asking thuis question. Indeed one of th ereasons why the scientific method was created is to make the process repeatable. The philosophy is to develop a body of knowledge that all scientists can use effectively not only to investigate various aspects of science but also to use what has already been uncovered in specific areas and to further the state of knowldege in these areas.

As we discussed before, the way in which scientific research is currently being conducted has been changing over the years to more specialized and expert fields within the many branches of the sciences

As a result, there are various bodies of knowledge being kept by various groups and organizations involved in the various branches of scientific research.

For example, the mathematical research is kept with a number of bodies, the physics by others, the engineering, chemistry etc. yet by other bodies.

Within each of these disciplines, there are many sub-disciplines that are also maintained by subgroups in these fields.

For example, we have many bodies such as: 

· The American Mathematical Society (AMS)

· The Institute of Electronics and Electrical Engineering (IEEE)
· The American Geophysical Union (AGU),
In these bodies of knowledge, we can find publications from scientists that describe the current state of the scientific research in various areas.

Scientist are encouraged to publish the results of their investigations for many reasons:

1. The scientific community wants to preserve the work made and results obtained by scientists

2. The scientific community wants to make these works and results available so that they can be investigated, replicated and improved  by other scientists
3. In this case, the results and works must be published with a certain quality swo that they can be refereed and reviewed by experts in the field and so that the results from these investigations can be repeated easily by other scientists.
4. The main goal is to facilitate the expansion of knowledge in various fields by making the current state of knowledge in the field readily available and usuable by others.
5. The derived goal is for technologists to use the advancement in the state of our knowledge about natural phenomena to develop products that can make life easier for humans.
Break 

Word From Brutus: Next time, we can look at global warming in more details. We will also look at the scientific research being done as well as the technology being developed to address global warming.

Break/END
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