Text-Dependent Questions and Writing Prompt Answer Key

Article Title: Exploring the Heart of Matter
Vocabulary Questions:
1. Use inferences and context clues to define the term underpinned as it is used in the first sentence. 
The term underpinned strengthened, supported, or fortified.

2. What does the author mean when she states that scientists push the particle accelerator incrementally in the section subtitled Energetic Electrons?
The author means that the particle accelerator’s speed has been increased by tiny amounts.

Text Evidence/Content Questions:
1. What kind of information does a particle accelerator, like the CEBAF at Jefferson Labs, give us about atoms? 
The accelerator tells us the mass, speed, charge, location, and behavior of subatomic particles in the atom and inside the nucleus. 
Misconceptions/common errors: Students may believe that we have discovered everything there is to know about protons, neutrons, and electrons. 
2. Describe the result of accelerating electrons into an atom’s nucleus as explained in the text.
When electrons are accelerated, they smash into subatomic particles inside the nucleus and either bounce off them or cause them to ricochet out of the nucleus into the detector chambers. Scientists can reconstruct the types of collisions that took place.
3. Why is the particle accelerator considered to be a “giant microscope?” Use evidence from the text to support your answer.
The accelerator is a kind of microscope because it allows us to study the behavior and characteristics of an atom’s nucleus, which is at least 10,000 times smaller than the atom itself. Microscopes magnify minute substances. 
Misconceptions/common errors: Students may associate microscopes with life; remind them that atoms are not alive.

Writing Prompt: 
New information from discoveries and investigations constantly adds to the body of science knowledge and often contributes to revising or changing ideas. Preliminary findings gleaned from the previous CEBAF machine indicate that scientists are gaining knowledge about the characteristics of atomic particles. 
· Write to explain at least two of those findings. 
· Explain how utilizing this more precise machine will change our understanding of sub-atomic particles, and how this may benefit science and society. 

Scientists at the Jefferson Labs have used previous models of the CEBAF to study sub-atomic particles. They applied 4 billion electron volts of energy to electrons and then steadily increased the voltage to 6 billion electron volts. This energy in the particle accelerator sent electrons, pushed close to the speed of light, flying into the nucleus of atoms, causing collisions with the sub-atomic particles inside.
When these collisions took place protons and neutrons were often sent careening out to collect in the detection chambers. Scientists then analyzed the “debris” of the collisions to find out more about protons and neutrons and to refine the theory that “describes the subatomic realm.”
In terms of structure, scientists determined that protons and neutrons are made up of even smaller particles called quarks and gluons, and they have been able to use the electrons to probe inside the protons and neutrons. They have been further able to analyze the collision debris to measure the mass, speed, charge and behavior of these nuclear particles. 
Further investigation of the atom using this machine will allow scientists to study the quarks and gluons inside protons and neutrons. Not only will it tell us more about how these particles contribute to the interactions and behavior of protons, neutrons, and electrons. but it promises to yield information about the forces that hold atoms. Our work with these forces has proven it to be a tremendous force which we harnessed with the atom bomb and with nuclear reactors for producing energy. A better understanding of this force may revolutionize atomic theory and the reactions that govern the workings of our universe, and it may allow us to better utilize that energy for future endeavors.
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